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ADVERTISEMENT.
The publications of the United States Geological Survey are issued iu accordance with the statute
approved March 3, 1879, which declares thatThe publications of the Geological Survey shall consist of the annual report of operations, geological and economic maps illnstrating the resources and classifications of the landa, and reports upou'
~tlueral and economic geology and paleontology. The auuual report of operations of t.he Geological
l:lurvey sball accompany the anuual report of the Secretary of the Interior. All special memoirs and
reports of said Survey shall be issued in uuiform quarto serie~ if deemeu necessary by the Director, but
otberwise iu ordinary octavos. Three thousand copies of each shall be published for scientific excbanges
and for sale at the price of publicatiou; and all literary and cartographic materials received in excbauge
shall be the property of the United States and form a part of the library of the orgauization; Aud tbe
mouey resulting from the sale of sllch pUblications shall be covered into the Treasury of the United
States.
ANNUAL REPORTS.
From the above it will he seen that only the Annual Reports, which form parts of the reports of
the Secretary of the Interior and are printed as executive documents, are available for gratuitous distribution. A number of these are furnished the Survey for its exchange list, but the bulk of them are
supplied directly, throngh tho document rooms of Congress, to members of the Senate and Honse.
Except, thcrefore, in those cases in wbich an extra number is supplied to this office by special resolution,
application must be made to members of Congress for the Annual Reports, as for all other executive
documents.
Of these Annuals there have been already published:
1. First Annual Report to the Hon. Carl Schurz, by Clarence King, 8°, Washington, 1880,79 pp.,
1 map.-A preliminary report describing pIau of organization and publications.
II. Report of the Director of the United States Geological Survey for 1880-'81, by J. W. Powell,
8°, Washington, 11::82, Iv., 588 pp., 61 plates, 1 map.
CONTENTS.

Report of tbe Director, pp. i-Iv., plates 1-7.
Administrative Reports by Heads of Divisions, pp. 1-46, plates 8 and 9.
The Physical Geology of the Grand Canon District, by Capt,. C. E. Dutton, pp. 47-f66, plates 10-36
Contribution to the History of Lake Bonnoville, by G. K. Gilbert, pp. 167-200, plates 37-43.
Abstract of Report on the Geology and Mining Industry of Leadville, Colorado, by S. F. Emmons,
pp. 201-290, plates 44 and 45.
A Summary of the Geology of the Comstock Lode and the Washoe Disr.rict, by George F. Beckilr,
pp.~91-330,plates 46 and 47.
Production of Precious Metals in the United States, by Clarence King, pp. 331-401, plates 48-53.
A New Method of Measuring Heights by means of the Barometer, by G. K. Gilbert. pp. ,103-565,
plates 54-61.
Index, pp. 567-588.
The Third and Fourth Annual Reports are now in press.
MONOGRAPHS.
The Monographs of the Survey are printed for the Survey aloue, and can be distributed by it only
through a fair exchange for books nE'eded in its library, or t.hrongh the sale of those copies over aud
above the number needed for such exchange. They are not for gratuitous distribution.
So far as already determined upon, the list of these lllonographs is as follows:
1. The Precious Metals, by Clarence King. In preparat.ion.
II. Tertiary History of the Grand Canon District, with atlas, by Capt. C. E. Dutton. Puhlished.
III. Geology of the Comstock Lode and Washoe District, with atlas, by George }'. Beckel'.

'

ADVERTISEMENT.

11

Pnblished.
IV. Comstock Mining and Miners, by Eliot Lord. In preRs.
V. Copper-bearing Rocks of Lake Superior, by Professor R. D. Irving. In press.
VI. Older Mesozoic Flora of Virginia, by Prof. William lI1. Fontaine. In press.
Geology and Mining Industry of Leadville, with atlas, by S. F. Emmons. In preparation.
Geology of the Eureka Mining District, Nevada, with atbs, by Arnold Hague. In preparation.
Coal of the United States, by Prof. R. Pnmpelly. In preparation.
Iron of the United States, by Prof. R. Pumpelly. In preparation.
Lesser Metals and General Mining Resource!!, by Prof. R. Pumpelly. In preparation.
Lake Bonneville, by G. K. Gilbert. In preparation.
Dinocerata. A monograph on an extinct order of Ungulates, by Prof. O. C. Marsh. In press.
Sauropoda, by Prof. O. C. Marsh. In preparation.
Stegosauri a, by Prof. O. C. Marsh. In preparation.
Of these monographs, nnmbers II. and III. are now pnblished, viz:
II. Tertiary History of the Grand Calion District, with atlas, by C. E. Dutton. 1882, 4°, 264
pp., 42 plates, and atlas of 26 donble sheets folio. Price $10.12.
III. Geology of the Comstock Lode and Washoe District, with atlas, by George F. Becker. 1862,
40, 422 pp., 7 plates, and atlas of 21 sheets folio. Price $11.
Numbers IV., V., and VI. are in press and will a.ppear in quick succession. The others, to which
numbers are not assigned, are in preparation.
BULLETINS.
The Bulletins of the Survey will contain such papers relating to the general purpose of its work
as do not come properly under the heads of Annual Reports, or Monographs.
Each of these Bulletins will contain but one paper and be complete in itself. They will, ho,,'ever, be numbered in a continuous series, and will in time be united into volumes of convenient size.
To facilitate this each Bulletin will have two paginatious, one proper to itself and another whicb
belongs to it as part of the volume.
Of this series of Bulletins No.1 is already published, viz:
1. On Hypersthene-Andesite and on Triclinic Pyroxene in Augitic Rocks, by Whitman Cross,
with a Geological Sketch of Buffalo Peaks, Colorado, by S. F. Emmons. 1883. 40 pp., tl°. Price 10
cents.
Correspondence relating to the pUblicatiolls of the Survey, and all remittances, should be addressed
to the
DIRECTOR OF THE UNITED STATES GEOLOGICAL SURVEY,

W/Ultingtoll, D. G.
WASIITNGTON, D.

C., Marck 1,1883.
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AMERICAN MUSEUM OF NATURAL HISTORY,
NgW YORK CITY.
Hon. CLARI<:NCE KING, Director:
SIR: In compliance with yOUI' imltrl1ctiom; of March 6, 1880, dil'ectiug
llle to report upon the Geology, Mineralogy, Chemistry, and Physic:; of the
COMSTOCK LODE, I have the hOllor to transmit the tlecompanying report,!
Although several reports on the COMSTOCK LODg have appeared during
the past twenty years, the great extension of the mille workings and the
advances in geological science made it probable that additional informatioll
of value would result hom a reexamination of this famous ore-deposit.
Administr.ative duties unfortunately pl'eYented you from undertaking the
8tndy of the lower -portions of the LODI<:, the upper part of which YClU have
made so familial' to geologists. Under these circumstances, you did me the
honor to :.;elect me as your substitute; yet yon did not abandon all sliare in
the investigation, since at every stage of it I have had the advantage of
your ~ordial support and wi:;e counsel.
Very re8pectflllly, YOUl' obediellt :;erv11nt,

..
I

GEO. F. BECKER,
Geologist-ill-charge.

See Secou<i Auullal Report of the Director U. S. Geological Survey, page xl.
(iii)

PREFACE.

The field work for thi::; report was begun ill April, ] 880, and concluded
in March, 1881. In the ::;pring of P380 the qensm; of the Mineral Industries West of the Rocky Mountains was placed in my charge in addition to
my duties a::; geologist, and occupied much of my time both dnring the
period of field work in thE' WASHOE DISTRICT and since.
My assistants were a::; follows: Dr. Carl Barns, physicist, who was
invited at my request to join the Survey for the express purpose of resuming the question of the electrical activity of ore bodies, a subject in which
I had long felt an intere::;t. He also made experiments on kaolinization,
and the two chapters in this volume devoted to these subjects s~fficiently
attest how ably he has conducted the investigations to which he was
assigned. 1\11'. F. R. Reade, assistant geologist, made a large portion of the
collections, which embrace nearly three thousand numbers, and, with Dr.
Barns, carried out many of the computations involved ill the discussion of
the increment of heat. I also contracted with Mr. R. H. Stretch to assist
me in mapping the underground geology. Mr. Stretch was for some years
one of the official surveyor::; of the COMl:lTOCK, and his t~lmiliarity with the
old !lnd inaccessible workings was of much assistance. In preparing the
sections it was necessary in many cases to infer the structure of localities to
which there was no approach ii'om that shown in galleries on other planes,
a difficult task in which Mr. Stretch's aid was also very valuable. I visited
almost every foot of ope.n ground, and the structural and lithological geology,
.as
well as the
,
. conjectural portions of the sections, are my own. Mr. Stretch
was very zealous in the collection of the specimens necessary to prove the
lithology of the sections, and forwarded the work of the Survey in every
way in' his power.
Iv)

VI

PREFACE.

The claim lllap was prepared by Messrs. Hoffmann _& Crav ell , surveyors, on contract, and the mine maps were obtained through the ~ame
firm from official sources. Some additions have been made to the claim
map by Mr. L. F. J. Wrinkle.
All the mine officers were most courteons and offered every facility for
the examination, often at great inconvenience to themselves. Mr. 1. E.
JameR, superintendent of the Sierra Nevada, had prepared a considerable
number of slides, which, as well as his microscope, he placed at my disposal.
Mr. Forman, superintendent of the Forman Shaft,. Captain Taylor, superintendent of the Yellow Jacket,. and MI'. I. Requa, superintendent of the
. Chollar, gave access to their collections, and to their temperatnre observations, as did also Mr. C. C. Thomas, superintendent of the Sutro Tunnel.
Mr. George J. Specht, surveyor, compiled the temperature observations of
the Tunnel and many other data, most of which will appeal' in another
volume. Mr. Forman also presented the Survey with a duplicate collection
of the rocks encountered in sinking his shaft, a specimen having been takeu
every.five feet. Mr. W. H. Patton gave me extraordinary facilities in the
set'ies of mines (from the Union to the Consolidated Virginia) under his superintendence; and MI'. Hugh Lamb, foreman of the Consolidated Virginia and
the California, spent much time in exploring with the party, and communicated many acute and valuable observations gathered in his long experience
on the LODE. In short, from mine owners to common miners, an intelligent interest in the objects of the Survey and a willingness to forward them
were manifested by all concerned. It is believed that the facts made 'out
with reference to the occurrence of ote will prove of sufficient practical
ad vantage to justify this interest.
The lithological illustrations were all drawn and co~ored under my constant supervision. The endeavor was to reproduce the objects with absolute
fidelity, avoiding even the temptation to emphasize characteristic outlines or
tints, and the figures were not considered complete so long a~ an additio~
or a change could be suggested. The work was put on the stones, of which
110 fewer than eighteen were requisite, by the same draughtsman who made
the 'drawings, 1\11'. G. K. Gardner, and the originals have thus not. suffered
ill lithographic reproduC'tioll. It is safe to say t.hat no lithographic illus-

PREFAUE.

Vll

trations were ever more conscielJtiou~ly prepared, amI I have met with none
which seem to represent microscopical effects more exactly.
Special thanks are due froll! Ille to Dr. Barns and to 1\1r. J. P. Iddings
(assistant geologist 011 )Ir. Arllold Hague's staff), with whom I have
repeatedly consulted on the snbjects treated in Chapters IV. alld IlL,
respectively. But for the stimulus of their criticisms the proofs offered
wonld be less satisfactory; and in enabling me to meet the objections
which occurred to them, they have placed me more in their debt thall if
they had made positive additions to the discussions of lithology and faulting.
The office work has been done at the American Musenm of Natural
History, New York, that institution having conrteously placed SOllle of its
admirable working rooms at the disposal of the Survey.
G. F. B.
~EW Yom,:: , lJ£ay 6, 1882.
16.-l\1r. Albert Willianls, jr., Statistician of the Survey, has
kindly given me the benefit of his extremely efficient assistance ill the
proof correction of the vohmw.
G. F. B.
OCT.
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BRIEF OUTLINE OF RESULTS.
The economical importance of the COMSTOCK LODE appears from the fact that in twenty.one years a little over
$306,000,000 worth of lmllion has been extracted from it. Of tbis abont $132,000,000 worth was gold. Tbe mine·s are the
de~pcst in America, reaching a distance of over 3,000 fect from the eurface, and they contain about 185 milee of galleries.

Besides the scientific importance a.ttaching to tbe occurrence of the immense "ccumulatioo of or~, tbe LODE and
DIsTnrcT preaent other features of great intereet. The Daturo of tbe rocks associated with the ores, some points of etrnet·
ure, and eveo the character of tbe deposit, ba ... e receiTed diiferent explanations at tbe bands of different obaervers. A
digest of tbe memoira of Messrs. von Ricbtbofen, King, Zirkel, and Cburcb forms ono cbapter of tbe volume.
The eubject of rock decomposition has received especial attention in the examination dcscribed in tbis report.
This study bas led t<l some lithological and mineralogical observations of interest, and to tbe identification of aU of the
WASHOE rocka with well·established rock species. Tbe greater part of the hanging wall of the LODE ie diabase; tbe "black
dike" is also a variety of diabase, and tho supposed tracbyte of tbe DISTRICT is a hornblende.andesite. Tbe so·called
propyJite of WASHOE compriees a number of Tertiary and pre· Tertiary rocks, reduced to a nearly nniform appearance by
decompesition. Tbe erroneous dAtermination of these altered rocks as an independent species arose mainly from aconfoeion
bstween greeo and fibrous hornblende and chlorite. Tbe suppose(l propylites from the other districts in the United States,
microscopical determinations of whicb bave been publisbe(l, were al.o examined aod found to afford no sufficient evideoce
of an independent rock species.
A di.coseion of faolting leads to an oxplanation of tbe similarity of the ehape of the west wall of the LODE and the
form of the adjoiniog face of the Virgioia range. The ravioes of tbe latter are a direct result of fanlting, and are only
slightly modified by eroaion. A crose·section of the country on tbe Sutro Tunnel line .how" tbat the "urface forms a
logarithmic curve in accordauce with the tbeory, which ia further sopported IJyexperiments. Th" ebeeted structure of tbe
country seems to 00 r$ferable t<l fll1lltiog and not to eruptive bedding. The tbeory leads to mle. applicable io preapecting
disturbed but not greatly eroded districts. The detail. of the topo~aphy of /:1"assy hills are chielly (lue to landslips, wbich
come nnder the law of faults in 0. modilied form, aod tbe cbaracteristic cur... es of smootb hill·slopes are logarithmic.
Tbe order of Ruccession of rocks in the WASHOE DISTRICT is: Granite, metamorphics, granw~r diorite, porphyritic
diorite, metamorPhiC diorite, quartz.porphyry, earlier diabase, later diabase, earlier hornbleude·audesite, augite.andesite,
later hornblende.aod,site, and basalt. Horoblende·andesite tbus followed as well as preceded augito·audesite.
Chemical evidence i. offered to sbow tbat tbe pyrite of the region is" resolt of j,be action of soluble sulphides on the
ferro-maf:;Desian ailicates oftbe rocks. Chlorite is held to be a product of tbe decomposition of hornbleode, augite, or mica,
while epidote forms at tbe expense of cblorite nnder certain conditions, but never from feldspar. Tbere is extremely little
kaolinization at W AsnoE, the feldspars ha ... iog yielde(l to anotber kind of (locomposition Tho diabase of the hanging wall
when fresh was argentiferous amI anriferous, ami the precious met.als of the LODE are traced to tbis rock wit,h mnch
probability, the lateral·eecretion theory beiog thus affirme<1. It is furtber supported by the dependenco of tbe otber ore
hodies of the DISTRICT on the character of tbe inclosiog rock.
The hypotbesis tbat the heat of the LODE is due to tbe kaoJinizatioo of feldspar is not coo firmed either hy theor.v
or experimeot. 00 tbe other hand, there iR much geological eyidence pointing to a deep·seate(l source of heat, probably of
... olcanie origin. This conclosioo is coo firmed by extensi ... e temperature observations, from which it appea.rs tbat from the
surface downwards the increase of heat is uniform, about 10 F. for c ... ery 33 feet, whils iD a horizootal direotion the heat
,lecrea.ee io a geometrical ratio to tbe distance from the LODE.
Experiments on the kaolinization of feldspathic rock, condncted at the boiliog point of water and extending over a
uuruber of weeks, shew tbat. 00 heating eff"ct dne to this cause coold he detected with an apparatus delicate enough to
register a change of temperature of 0°.001 C.
The numerous geological flectioDs a.re di.cussed in Chapter VIII., and the application of the explanations snggeated
in tbo preceding cbapters is thereshoWD io detail. All t.he important and profitable ore bm1i6S oftbe COMSTOCK, itappeare,
h ...... e occurred at or close to the west face of t.be earlier diabase; and it i~ near tbal. surface, and thcre oDly, tbat exploration
iR at all likely to be eDcceseful. The mode of occurrence of bonanzas is considered, and hopeful pregnostication" are ma(lo
for at least twa portions of tbe LODE; hnt a eerics of booanzas nearly DO the same level, socb as was found in the east
vein near the surface, is not likely to recur.
F.lectrical snrveye were made bot.h 00 tbe COMSTOCK and at Eureka. At Virginia only negative resnlts were
obtained. At Enreka a distinct thongh smlill differeoce of pot~ntial occurs near ore bodiee, and with sufficiently delicate
• apparatus the metbod might there be used for preepecting. It ia bt.lie... ed that sulphuret ores would bave giveo reanlt.
of "more convenient magnitude th"n the carbooate orea of Eureka.
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GEOLOGY OF TI-IE OOMSTOOK LODE AND
THE WASHOE DISTRIOT.
BY GEORGE F. BECKER.

CHAPTER I.
THE COMSTOCK MINES.
Importance of the Comstock mines.-The geology of the COMSTOCK LODE, though
of great interest from a purely scientific point of view, derives its chief
significance from the economical, industrial, and technical importance of
this extraordinary ore-deposit. rrhe yield of the COMSTOCK is supposed to
have exerted a seriously disturbing influence on the monetary system of the
civilized world, and its treasures have been exploited with an unexampled
rapidity. It is the chief focus of mining activity in the region west of the
Rocky Mountains, and represents the most highly organized phase of technical mining which has been reached west of the Mississippi River.
The present report deals exclusively with the geology of the LODE,
and of so much of the surrounding country as is supposed necessary to a
full comprehension of the occurrence of ore. The Geological Survey, however, will issue other volumes dealing with the COMSTOCK from different
points of view. Mr. Eliot Lord has prepared a report upon the history of
mining on the COMSTOCK; and Mr. W. R. Eckart has in preparation a volume
on the mining machinery in use. The volumes no~ being prepared by
members of the Survey on the census of the mineral industries, will also
contain much technical information concerning the mines of the LODE.
Some of the readers of the present report, however, are unlikely to refer
to the other volumes relating to the subject, and to them a few introductory
1e
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remarks setting forth in the briefest possible marmer some of the most important facts concerning the mines may be of interest.
Geographical position.-The CO~lSTOCK LODE lies on the eastern slope of the
Virginia Range, a northeasterly offshoot from the Sierra Nevada. From
Mount Davidson the snow-capped peaks of the Sierra can be seen stretching
far away to the southeast, their flanks partially covered with trees; but to the
east and northeast lies the desert region of the Great Ba;sin, visible through
the clear air for a hundred and fifty miles. Comparatively low ranges,
running north ~nd south, break the surface of the Great Rasin at short
intervals, and as seen from Virginia these appear in seemingly endless succession, like the waves on a stormy sea. They are clothed only by the low
growing, gray-green desert shrubs known as "sage-brush," and every detail
of the mountain sculpture is visible through the vaporless atmosphere at
great distances. White alkali deserts appear here and there in the valleys,
and now and then one catches a glimpse of the Carson River, which dwindles almost from its source, and is at last wholly absorbed in the parched
earth. The Great. Basin, which is five hundred miles wide, is bounded to
the east and west by high ranges. During the greater part of the year these
mountains precipitate almost all the moisture from the air-currents passing
over .them, and at certain stations in the Basin ordinary meteorological
instruments sometimes fail to show any moisture in the air.
The parallelism of structure expressed by the disposition of the ranges
in California and the Great Basin finds a correspondence in the distri~ntion
of metalliferous minerals, as was long since pointed out by Prof. ·W. P.
Blake. The coast ranges of California carry quicksilver, coal, and chromic
Iron. On the western slope of the Si.erra Nevada is a lower belt of copper
deposits, and a higher and more easterly one of gold. Along the eastern
base of the Sierra is a zone of silvei' deposits, the richest known point of
wllich is the COMSTOCK, while still farther east in the Great Basin there are
less sharply defined belts carrying complex silver ores and argentiferous
lead.
Difficulties of mining.-Mining on the COMSTOCK began in ] 859, and has been
carried on ever since, but only in spite of obstacles of the mo:;t formidable
character. Only the scantiest supplies of potable water existed on the spot,
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and that obtained from the mines was not fit even for the production of steam.
After many difficnlties this want was overcome by laying lines of pipe to a
source in the Sierra Nevada, 25 miles from the LODE, at a cost of $2,200,000. Up to ] 870 not only all the machinery, but almost all the food of the
settlement was transported by ,yagon froUl beyond the Sierra, mainly from
Sacramento, a di~tance of 165 miles. The freight charges were of course
enormous; ill the earliest days as high as fifty cents a pound; bnt later from
five to ten cents. The Carson Valley, however, furnished a small portion of
the necessary food supply. In 1870 a bl;anch railroad from the Central
Pacific was completed. The jnnction is at Reno, 22 miles from Virginia;
but the railway connecting the two points is 52 miles in length, a fact which
indicates the character of the conntry through which it passes. Fuel and
timber are obtained from the Sierra at ]Joints from 10 to 30 or more miles
distant; bnt transportation down the slopes of the range is effected i'n flnmes
by water with a great saving of expense. The difficulties to be overcome
in mining on the COMSTOCK were DOt less formidable than those met with in
establishing a settlement. The ground has been in great part very bad, the
size of the ore-bodies required the development of a new system of timbering, and floods have burst into the mines which it took years to drain; bnt
by far the greatest obstacle has been the heat, which increases abont 3°
Fahrenheit for every additional hundred feet sunk, and which seems likely
eventually to put an end to further sinking. According to Mr. Church, the
amount of air passing through the mines is nearly 300,000 cubic feet a
minnte, while, except at the change of shift, there are probably ne:ver 1,000
men below ground; yet ~here are few spots where the miners can work more
than each alternate hour during the eight hours' shift, so that double gangs
to relieve each other are practically always necessary, and at many points
the conditions are still more disadvantageous. Besides every alleviation
which artificial ventilation can afford, the men must also be supplied with
unlimited quantities of ice-water both for drinking and washing. With all
these unheard-of easements, many men have died from overheating, and
some from contact with scalding water. Many more have fainted while
('oming to the surface on the cages when they met the cool air, and have

4

GEOLOGY OF THE COMSTOCK LODE.

been dashed to pieces in the shafts.l N one of the miners III the hot
mines receive less than $4 a day (eight hours), and a few get more.
Good condition of the miners.-In spite of the trying conditiolls the men are, with
very rare exceptions, in excellent physical condition. This appears to be
attributable to two causes. Even those who desire to practice close economy find th_emselves unable to live on the coarse fare on which miners in
other districts frequently subsist. They must have not only fresh meat but
fmit at any cost, and are large consumers of raw oysters brought from San
Francisco on ice, and similar delicacies. In short, they are compelled by
the physical effects of the conditions to which they are exposed, to employ
a much better diet than most workingmen. Moreover, while in the mines,
they are almost constantly in a perspiration as profuse as that induced by
a Turkish bath, a condition almost incompatible with bilious disorders.
They are thus much less liable than other workmen to derangements of the
digestive system, and are well nourished and extremely vigorous. The
average weight of the men is IGG pounds. It is said that short as the hours
of labor are, the work accomplished per man is as great as in cool mines.
In the California in 1877 the average amount of ore raised per man, including employes of every kind, was 1.13 tons per day.
Population.-The average ·number of miners employed from 1860 to 1870
was, as nearly as can be ascertained, about 1,500. From 18iO to 1880 it
was probably as high as 3,200, but in January, 1880, the number had
fall~n off to 2,770. The population of the towns of Virginia, Gold Hill,
and Silver City has fluctuated greatly with the condition of the mines
and the number of miners at work. Silver City has never had many inhabitants, while Gold Hill and Virginia long since extended over the space
which originally separated thein, and are divided only by artificial lines. In
round numbers the population of the three settlements in 1860 was 4,000;
in 1870, 13,000; and in 1880, 15,500. The maximum number of inhabitants thus far was about 21,000 in the year 1876.
1 It may not be improper to remark that geological examinations, which cannot of course be confined to actual workings where everything possible is <lone to k eep the air good, are ('xceedingly trying.
All the members of my l)arty were at times more or less overcome by heat and bad air. I once fainted
on the cage, and owe my life to the firm grasp of Mr. Hugh Lamb, foreman of the Consolidated Virginia '
and California mines.

•
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School statistics.-It would be easy to mustrate the wild life characteristic
of the mining camps of the far West by citing the liquor 'consumption of
Virginia and Gold Hill, or the statistics of gambling, which is a legal occupation in the State of Nevada; but it is pleasanter and, in some respects, ~ore
just, to turn to the school statistics of these towns. The methods employed in
the primary and grammar schools appeared to me fully equal to those in use
in the larger cities of the Union, and the results reached at least as good. The
proportion of children attending school is certainly remarkable, when it is
considered that of those reported as not attending either public or private
schools a very large number must be considered by their parents too young
to be sent, while many more have left school after a number of years'
instruction. The official figures for Storey County are as follows:
School attendance.
Number of children hetween 6 and 18 years not attending school. .•..•...................•..•.......... , .•..
Number of chilJrcn between 6 and 18 years represented as attending private schools ......................
Number of children between 6 and 18 years represented as attending public schools .............. """ ....

1870.

1880.

62

763

211

543
2,565

493

The number of boys and girls in the schools is very nearly equal. The
proportion of children to adults is of course far smaller in these towns than
in ordinary settlements, a very large part of the miners being unmarried, and
some having families elsewhere.
Extent of the mines.-The total length of galleries and shafts on the COMSTOCK
up to January, 1881, is, as nearly as can be ascertained, between 180 and
190 miles. Of this about 154 miles is a matter of record on the official
maps, but though all more important galleries are run by survey and plotted
on the maps, many drifts of subordinate importance are cut without the help
of the surveyor. These are estimated at a total of 30 miles, after consultation with surveyors and superintendents. An immense consumption of timber is a necessity of mining on the COMSTOCK. This is due to the shifting
character of much of the ground, to the great size of the ore bodies, and to the
necessity of keeping a large extent of workings open to .secure rapid ventilation, and as great a diminution of temperature as practicable. The timbers
are all sawn square, the commonest size being 12 by 12 inches. They are cut
in lengths and the ends fitted in shops on .the surface, and they are placed
underground without the use of nails. The system is described in Mr. J.
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D. Hague's admirable memoir, "The UomstockMines,lH and has undergone
no essential modification since the date of that work. The consumption of
timber in the mines up to the close of 1880 is estimated at 450,000,000
board feet.
The only fuel used on the COMSTOCK is wood, derived from the same
sources as the timber. The larger part reaches the town by rail, but a considerable quantity is floated down the Carson River to convenient points,
and hauled to Gold Hill in wagons. The consumption of fuel at the mines
in hoisting and pumping is increasing rapidly, for the quantity of water is
greater year by year, as well as the distance through which it must be
forced. During the census year, ending May 31,1880, about 110,000 cords
were burned; alld from 1860 to 1880 the consumption cannot have been
less than about 900,000 cords. The mills have burned about as much.
Milling.-In the early days of mining on the CmIsTocK considerable quantities of very rich and complex ores OCCUlTed, and these ,~ere treated by roasting and barrel-amalgamation. Later the ores became more facile, and the
system of pan-amalgamation was developed and applied with success. For
many years it has been found practicable to beneficiate all the ores met
with by this process, with the aid of "bluestone" (cuprous sulphate) and
salt. The success of the process is unquestionably due in a large measure
to the chemical activity of the iron. Formerly the l"!lills gnaranteed a retnrn
of 61) per cent. of the assay value of the ores, but of late years 72 per cent.
is guaranteed, and above 80 per cent. is often returned. The slimes and
tailings belong to the mills, which work them np for their own account or
sell them from tillle to time to other mills having especial facilities for their
treatmellt. Tailings not caught by the mills and deposited at considerable
distances in the streams have also Qeen treated with success in a small way.
On the whole, however, it is improbable that more than 75 per cent. of the
bullion contained in the ore has been recovered from it, and it is therefore
#>
fair to estimate that the are received has contained at least four hundred
million dollars, of which about three-quarters has reached the market.
Relative quantities of gold and silver produced.-The qnestion of the proportion of
gold to silver in the COMSTOCK bullion is one of considerable importance in
I
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discussions upon the price of silver and kindred subjects. It has often been
assumed that the product of these mines is almost wholly silver, but as will
appear from the tables it would be much nearer the truth to ass~lme that the
LODE yielded an equal value of each of the precious metals. I find that the
published and accessible mine reports give the assay values of nearly twothirds of the total product, and there is every reason to snppose that Baron
v. Richthofen's estimate, made when the total product was comparatively
small and very recent, was a very close approximation to the truth. Some
of the mining companies reported only the total value of bullion produced;
and others gave the gold and silver assays in some years, but not in others,
or only for certain lots of bullion. The figures, however, cover portions of
all the important ore bodies excepting that in the Justice, and it appears
certain that not far from 57 per cent. of the product of the LODE has been
silYer, or, say, $174,000,000, and that 43 per cent., or $132,000,000, has
been gold. The table from which this conclusion is drawn is given in considerable detail, chiefly for the purpose of showing the differences in the
ratio of gold to silver in the various mines. In the Belcher, for the time
over which the record extends, about 57 per cent. of the value of the .bullion
produced was in gold, while in the Yellow Jacket only about 31 per cent.
was in gold, Even in the great bonanza of the Consolidated Virginia, California, and Ophir mines, the California or central portion of the body was
far richer in gold than the. northern and southern ends.
The table of production is due to Mr. Eliot Lord, who has taken great
pains to sift the records and to ascertain the truth as closely as is now
practicable. This and the other appended t.ables need no further explanat.ion.
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SUPPLIES BROUGHT TO THE COMSTOCK TOWNS DURING THE CALENDAR YEAR 1879, AND ESTIMATED
CONStnIPTION.
Total
amount.

Unit.

Character.

Mineua6.

Millnse.

liO,OOO

40,000

Wood ................. "" .......•........ Cords ............ .
Timber .....•........•••.•.•......••.....

Board feet ........ 31,443,771

Iron .•.••................ . ...............

35, 622~

25,000,000

6,443.771

Pounds .......... .

2,373,919

873,919

Steel. .................... . .................... do ......... . .. .

183,366

122,244

Candlee ......... . .............. " .. , .......... do ............ .

725,092

725,092 .............•.•......•.

Powuer .....•............•.................... do ............. .

520,319

520,319 ............ . .•... • ..•.. . ......•....

Fnee ...•.................•.................... do ............ .

51,594

51,594 ...••....•.. • ....•..........••....•

Mining machinery ............................ do ............ .

1,500,000

6l,l:l2 _____ ... ___ . 1. . _._ • .........

i........... .

I

5,910,355 .. ---_ .........

Nail. ...................................•..... do ..•.....•.•..

462,442

......... -_.

Nnts .....................••.....•......... . ... do ......... . . .

32,514

._-_ ....... -

............... --

... ._ .. _--- "
" .

____

0- ••

5,910,355 --_ ..............
462,442 . ........... _32,514 ..

-'

._0. __ _...... . _- --- --_ ..

Pipo ..................... .. ................... do ............ .

1, 003,808

Shovels .................. . .................... do ............ .

29,251

27,251

1,000

Lard oil ..•.. ..... . ... .. .. .... . . . . . . . ... .. Gallon •.......... .

li9,207

89,405

29,802

Ln hricating oil ............................... do ...... . ..... .

16,672

11,115

5,557

_---- .. --.

1,003,808 ... _- .. - .. --__ __ .

0

1,000

••••••

... .. -... -_.
............

_.....

"-----

. 0--------_·

ADDITIONAL, USED BY THE MILLS.
Quicksilver. . . . . . ... . .. . ... ... .....• . ..... Ponnus ......•.•.. . ...................... .

300,000

Blueetone ...............•.. . .................. do .................................... .

2,500,000

Salt ...................................... .. ... do ............ . .. . ... . ............... .

450,000

MINE AND MILL tiUPPLIES CONSUMED ON THE COMSTOCK DURING THE CALENDAR YEAR 1879.
COST.
\

Character.

Mine nse.

Wood ............ . .... . ...•..........•.••........... ··· ......... .. ........ .

$1,100,000 00

Timber ...........•....•......................................... . .........

500,000 00

Iron ..••.......................................•.................••.........
Steel .....................•...........•..•...•.....•........................

Mill nse.

Total.

$400,000 00

$1, 500, 000 00

52,435 14

90, 000 00

142.43514

92

II, 001 96

22,003

Candles ............ . .....••..........•....••.•............................ .

123,265 64

Explosives . . .. . ........ .. .........................•••...........••........ .

208,127 60

50li,OOO 00

33,005 8S
123,265 64
20~,

127 60

Quicksil ... er ........... . ...........•......••••.•.•.•...•••••...•............................

135, 000 00

135, 000 00
25,000 00

Salt ................................................................. . ..................... .

2S, 000 00

Bluestone ...................................................... . ............ : ............. .

45, 000 00

45,000 00

Lard oil .................. . ................................................ .

29,802 00

119,207 00

89,405 00

Lubricating oil ...........•..•..............••.•...••..•....................

4,446 00

2,222 80

6,668 80

Sundries .................................................................. .

*106,149 00

175, 000 00

181.149 00

1 - - - - - ·/- - - - · - - - - - - -

Total.. . •.. .. .... . .•.••• . . . . ... . . . .•.... .... .. ... . .. . ... . . ...... .... . .
• Including ice, water, charcoal. coal oil, etone coal, toole, etc.
I Including water, tools, liJ:;hts, chemicals, ctc.
t Does Dot include mnchinery, etc., entering into permanent construction.

2,205,832 30

813, 02676

t3, 018, 859 06

THE COMSTOCK MINES.

9

PROPORTIONS OF GOLD AND SILVER IN COMSTOCK BULLION.
[From official reports of the mining companies. so faT as accessible. The prodnct is not. in all cases, thus segregated into
gold and silver in the compani~s' reports. The figures quoted are of assay (not market) values.]

Percentage.
Source.

Gold.

Silver.

Total.
Gold.

Silver.

GOLD HILL GROUP.

Crown Point, from May 1,1864, to May 1.1877 ........

$10, 166, 656 88

$13,762,812 77

$23.929.469 65 .......... ..... . ....

Belcher, froDi January 1.1871, to December 31. 1873 ...

8.813,196 06

6, 716, 231 05

15, 529. 427 11 .......... . __ .......

Yellow Jacket. year cnding June 1.1872 .•.•. .. .......

170.133 12

363.123 80

Imperial. from Juno 1.1864. to May 31.1870.: .........

1. 973. 021 60

2. 588, 138 85

Empire. from Decembel' 21.1g64. to December 16.1868.

563.121 83

786,713 69

Total fol' Gold Hill gl'oup ......................

21. 686. 129 49

~4.217.020

533.256 92 ..........
4. 561. 160 45

.

---_ ......

__ ....... ..... - ....

1, 349. 836 52 .......... ..........

16

45. 903. 149 65

7,090,573 61

10,751,794 31

47.25

52.75

CEliTRAL GROUP.

:;<Lvage. July 1. 1866. to Jnne 30. 1873 ..................

3.661,220 70

...... ... .. . .........

Gould & Curry, December 1, 1865, to N ovem ber 30,1867 .

577, 72~ 22

1,219.113 16

1, 796, 642 38 .......... ...........

• Hale & Norcros" March 1.1866. to Jannary31, 1874 ...

2. 772, 468 28

4.774.187 26

7.546.655 54

CholIar·Potosi. June 1.1867. to May 3t, 1874 ...........

3, 868. 4.88 14

6. 314. 261 66

Total for Central group ............... . ........

10,879,906 34

19,398,135 69

...

__ .. -.-

"'.".-- .

10,182.749 80 .......... .............
30, 278. 042 03

---35.93

- --

64.07

---- ---"BONANZA. It GROUI>.

Consolidated Vu-ginia, to December 31.1880 ..........

29, 075, 338 97

35. 895, 438 98

64, 970, 777 05

Califomia. to December 31.1880 ........... ..........

23,308.012 69

23,428,818 75

46, 736, 831 44

Ophir. 1865, and 1875.1876. and 1877 ... __ .............

2.172,60051

2, 60H. 744 28

4. 781. 344 85

Total for IIBouanza" group ....... ... .. . .......

54. 555, 952 23

61. 933, ~02 01

116,488,954 24

.... ·.... l· .... ·..

:::::::::J:::::::::
1 -_

-

46. 83

53.17

RECAPITULATION.

Gold Hill group .. : ................................. ..

21.686,129 49

24,217.020 16

45, 903. 149 65

Central group .....................................• "

10. 879, 906 34

19, 398, 135 69

30. 278, 042 03

"Bonanza" group ..................................

54,555,95223

61. 933. 002 Ul

116.488, 95i 24

Total.............................. ..... .......

87.121,988 06

105.548,157 80

192,670,145 92

45.22

54.78

Comstock to close of 1865 ..........................

15,250,000 00

32.750.000 00

48,000,000 00

31. 77

68. 23

Total. .. . .. ...... . . . . .. .......... ..............

102,371, 988 06

13S, 298, 157 86

240, 670.145 92

42.54

57.46

Baron von Richthofcn's estimate of the yield of t.he
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BULLION PRODUCT OF THE COMSTOCK LODE TO JUNE 30,1880.
[So far as ascertainable from the offidal reports of the mining companies and the assessors' r eturns.]
1 ounce silver=$1.2929.
Ore treated.

Mine.

Tons.
(2,000Ibs.)
.Alta. .•.••.... . ....••••.• .• .. ••••. .••.
.AmericDJ] .••.•••••..•••.•••.•.•......
Andes ...•.•.••...•...... • ...•.••••.•
Bacon ....................... . .......
B elcher ................ .. •...•.•••...
Bowers .................. . ...........
Burke & Hamiltou ..•• . ..••.•........
Caledonia ....•...•..••••. •••••.•••••.
California ... . ...... . .....•....••.•...
Chsllenge . ...•••••••.• • •. •••..•..••..
Chollar . . ....•..••.. • • ..•• ..•. . ......
Chollar·Potosi ••••....• .. ....•.• . ....
Confidence . •..........•..•• . •••......
Consolidated . . •. . .......•• ••.••.••...
Consolidated Imperial .•.• •....••.••.
Consolidated Virginia ....... . •.....•.
Crown Point ...••••••.. . . . •.•••.••.•.
Eclipse ..........•..... .. . • •...•...•.
Empire ......•...••••••••••.•.• . ...•.
Gold Hill M. & M. Co .. .. .. '" .......
Gould & Cnrry . ...••.••••...••••...• .
Hale & Norcross . ••..•... •. ......... .
Hartford .........•••...•. . .• . .•. . ... .
Imperial ...•...••.. . ••• •• •...••......
Justice . ...... .. .•.. .. .•• . ....•. . ... •
K entuck .•.•.•••••.•..•••••..•..•••.•
Luzerne _.. _.... _. _0_ ... _. _... __.. __ .
Mexican ............................ __ .
Midas .••..•..•...•....... . ..•..•••.•.
Ophir ...••••.••••..••.•.•••••••••.••.
O\"erman .....•......•... .. .••..••....
Plato ..•...•.•••...••••.••.•••..••••.
Potosi ......... --_ ......... . ...........
Savage _____ ... __ ....
Segregated Belcher ......•... . .•.....
Sierra Nevada ...•••.•• ..•. .. . • : .....
Silver Hill ...............• . .... . .....
Succor ........................ . .............
Trojan ....•. . ...•... . ...• •• ...•....• .
Union Consolidated .•.•.• . •••••...•..
Woodville . . . •.... . .....••.••....•••.
Yellow Jacket. .•...•... •. .•...•.••..

1879 to June 30, 1880 • . . . . . . .. . .. . ..
1871. .•• . ...••....•••• .• ..•• . . •.•..
1875 to 1878, inclusive .... . . . . . . -.
1867 to 1869, inclnslve . .• . .••. . •••.
1868 to June 30, 1880 .•. ... •. . .• . ..•
1867 to 1875, inclusive .... .• •...• : .
1868 ..........•..•••••.. . . .• ....••.
1871 to 1873. inclusive ... . . • •. .. .. .
1876 to June 30, 1880 .••..•• . ..••••.
1867 to 1873, inclusive . . ... . • .. ....
1879 ..•••...... ••. . .....•••• • .••.•.
1866 to 1878, inclusive ...•. • ...... .
1867 and 1868 .••.••..•..•• .• , •••••.
1867 and 1868 . .....................
1876 to June 30, 1880 ..•.... • .......
1873 to J nne 30, 1880 ......••....•..
1864 to 1878, inclusive .•. . ..... . .. .
~868 ..................•.. . •••••..•.
1864 to 1877, inclusive . . .. .. .......
1867 to 1872, inclusive . • : ..•• _ ....
1860 to 1873, inclusive. . . . . . . . . . ..
1866 to 1875, inclusive .••.. • .• " .•.

18i3 to 1879, inclusive .... . ........
1865 to 1872 ..•..•••• . .•••• . •..... .
1871 and 1872 .....••.. : ..•. • ....••.
1867 .••....•..•.••••....... • .......
1871 and 1872 .•.....•.•.... . •....•.
1860 to June 30, 1880 .•..... • •.. . •..
1866 to 1877, inclusive ••••.... . .•••
1868 ...•.....•.••...•••...• •. ......
1879 ...•.........•.••..•••.•••..•..
1863 to Jnne 30, 1880 . . .•• ..•. . .. ...
1867 to 1871, inclusive .••••• . ••••••
1868 to June 30, 1880 .....• . •. . ..••.
1873 to 1879, incluaive ..•••••••••••
1871 to 1873, inclusive .. ..• •. . . . • ..
1877 to 1879, inclusive •••••• .• ••..•
1879 to June 30, 1880 ...••.•....•••.
1872 to 1875, inclusive •••••• ...........
1864 to 1876, inclusive .... .• •......

463
2,233
2,532
22,846
702,236
4,795
1,008
26,957
559,422
1,943
1,026
556,351
10,470
11,831
37,787
7R4,216
815,605
3,174
162,164
10,150
306,205
320,592
2,101
223,047
183,174
142,289
11,386
811
1,263
*165,038
77,623
797
8
482,286
4,961
119,660
13,346
16,200
12,810
30,247
7,076
443,747

Tota.l .................................. ....................................................

6,281,885

_0

•• _

••• •

•• •

••••••••

Average
p er
ton.

1- -...:.....---,--- -1 yield

Date.

I

~!~.~~ ~~~~~ h,~~~~~~~ :::::::::::::1

P

d

oun e.

Prodnct.

655

$10 38
1438
1686
24 99
4652
1736
2822
1250
8272
2256
14 21
2421
20 74
42 65
15 42
82 26
36 84
25 65
21 05
2370
5070
2491
9 02
2342
1940
34 47
5 08
35 32
997
37 79
18 18
1971
1553
3432
20 44
8 64
10 53
10 03
11 27
38 84
17 21
2929

$4,808 66
32, 116 66
42,705 00
570,931 25
32, 672, 166 29
83,245 95
28,465 99
337,028 10
46, 278, 999 72
43, 839 05
14,585 02
13, 471,917 97
217,217 28
504,561 49
583,012 49
64, 508, 470 23
30,049,673 50
81,431 04
3,414,594 12
240,525 67
15,525,110 13
7,986,675 49
18,951 18
5, 224, 672 75
3,554,461 69
4,905,271 01
57, 853 61
28,645 79
12,601 53
13, 659, 622 33
1,411, 489 06
15,728 47
12427
16, 552, 254 23
101,466 81
1,035, 363 16
140, 657 17
162,440 51
144,392 81
1,174,80345
121,813 33
12,998,170 82

221

4426

I 278, 012, 865 08

250

~OO

1,000
1,450
1,135
333
1,540

700
21
1,010

256
230
1,740
1,073
1,220

1,725
448
1,000
210
1,000

750
175

• Tonnage from 1860 to 1870 not ascertainable; average stated is for IG5,038li1i& tons produced from 1874 to 1880, inclusive.
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BULLION PRODUCT OF OTHER MINES IN THE WASHOE DISTRICT TO .JUNE 30,1880.
Ore treated.
Date.

Mine.

Tons.
(2,000 lbs .) Pounds.

Average
yield pcr
ton.

Prodnct.

- - -- Brophy.. •.. • . .. . •.. . . .. . . . .••• •• . . .. 1873 ...............................

- 240

$8 11

Lady Bryan ........•................. 1868 to 1876, inclnsive .............

3, 425

18 83

64,507 96

Montc·Christo.... .•..... .•.......... 1879 to .Jnne 30,1880...... .••... •..

1,004

10 98

11,033 00

Occidental .• _........................ 1868 to 1873, inclusive ............

7,849

19 25

151,152 87

Vivian............... .••..•.......... 1875 and 1876......................

2,161

15 81

34,165 00

17 90

262,806 93

Total ....................•..••..•.•••.••.•.••••....•...............

14,679 ..•....•..

$1,948 10

BULLION PRODUCT FROM ,TAILINGS OF COMSTOCK ORES TO .JUNE 30, 1880.
[So far as ascertainable from official reports of the mining companies and the assessors' returns.]
1 ounce silver =$1.2929.
Mine.

Date.

Belcher .......•.................

Product.

1868 . ............•.......... ....... ..•...••...... •• .

$229 97

Bnrke & Hamilton .•••••..•..••...•••••.••.•••••....... 1868 ....••••....•••.••.•....•...•..••.•...•........•..

4,811 96

Chollar·Potosi .......... ..•... . ...•..•. •....... ••....

1868 and 1869 ..........•.......•...••.••••••.•........

45,406 63

Gold Hill M. & M. CO ........•.......•.....•.....•.... 1871 and 1872....... ....... ••........ ... ••...........

8,342 45

Gould &- Curry....... •••••..•... ..••••..•....•••.••... 1865 to 1869, inclnsive............................... .

334,918 94

Hale &- Norcross ....•.........••......•....•••...•..... 1867 aud 1868::.. .....................................

1,55089

Hartford......... .....•..............•...•.•.......... 1871..................................................

195 50

Overman •••••••..•• , ......•••••.••.••..•.....•...••..•. 1870..................................................

29,36201

Savage.............. ...••............•............... . 1866 to 1870, inclusive................................

81,828 94

Sierra Nevada ....•........•..•.••..........•.... . ..••. 1871. ......•.• ...••. ..••.•.••.. .... ....••....... ......

10,000 00

Yellow .J acket. . .. .. . •. . ..•.• . . . . . . . . . . . . .. . . .. . •. .. . . . 1868 and 1869 .••..•...•...•.•.•...••..••...•.••••.••
Tailings worked hy various mills .....••••....•.....••. 1871 to .Jnne 30, 1880 .....••...... ...... .•..........•.

24, 983 99
3,765,000 74
4, 306, 632 02

RECAPITULATION.
Product of the lode traceable by miues .. .. ......... ................•...................•..........•......•. . $278,012,865 08
Product of other mines in tbe district ..••••. •....... ........•..........•••.•.....•....•.......•..•.......•..
Tailings .......................•......................................•...•.........................•........

4, 306, 632 02

Total product dir~ctly traceable .••..••......• ,........... ••••••.•••. ••••••.••. •••••. .•.....•....•.....
Estimated additional production, chiefly in early years............ .•••.•.••...••••••.••.....•...............

282,582,304-03
23,598,947 02

262,806 93

Total yield of tbe Washoe District to .June 30, 1880........ .•.•.. .••.• ••••••. ••••••. .••••.••. ••••...... 306,181,251 05

CHAPTER II.
PREVIOUS INVESTIGATIONS OF THE COMSTOCK LODE.
Richthofen's report.-In 1865, Baron Ferdinand von Richthofen made an
examination of the COMSTOCK for the Sutro Tunnel Company, a report of
which was issued by that corporation, but never published in the proper sense
of the word. 1 It met the ordinary fate of mine report~, and is now scarcely
obtainable. It was, however, a very important co~tribution to American
geology, and no one who has studied the LODE has failed to acknowledge his
indebtedness to it. The mines are now about six times as deep as at the
date of von Richthofen's examination, but his opinions and predictions have
for the most part been verified in a very remarkable manner; and had his
lithological determinations been as accurate as his insight into structure was
keen, I should have had little to do beyond confirming and amplifying upon
his views, in spite of immensely increased facilities fo: observation. In lithology, as is well known, there has been almost a revolution since von Richthofen wrote, ana nothing is less strange than that some of his determinations should fail to stand microscopic tests. On account of the rarity of
Baron von Richthofen's report, I take the liberty of reproducing almost
entire and verbatim its geological portions, In these days of diffuse writing
its conciseness must be regarded as one of its important merits.
v.

Rocks of the distrlct.-The more important rocks of the Washoe district are
as follows:
Syenite, containing both orthoclase and oligoclase,2 mica and epidote,
1 The Comstock Lode: its character and probablo mode of continnance in depth.
By Ferdinand
Baron Richthofen, Dr. Phil. (Nov. 22d, lS(5), San Francisco: published by the Sntro Tunnel Company.
Towne & Bacon, printers, 1866. S3 pp. Svo.
~Professor Zirkel showed ten years later, by the help of the microscope, that this rock contains
exclusively plagioclase, and is therefore a diorite.
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but no quartz. It forms the prominent topographical feature of the district, Mount Davidson. Adjoining the syenite to the north and south are
metamorphic rocks, the most recent of which Prof. J. D. 'Whitney has shown
to be Triassic. Overlying a portion of the metamorphic strata is quartzose
. porphyry.l
The foregoing form the ancient series. Of the Tertiary rocks only
tW,?2 have any close relation to the COMSTOCK LODE. Propylite has this
remarkable peculiarity, namely: that it resembles many ancient rocks
exactly in appearance, and yet is among the most recent in origin. It is
prominent among the inclosing rocks of the COMSTOCK vein and, besides,
incloses several, perhaps most, of the largest and most productive silver veins in
the warld, as those in the Karpathian Mountains, of Zacatecas and other

places in Mexico, and probably several veins in Bolivia. Mineralogically
it consi~ts of a fine-grained paste of ordinarily greenish, but sometimes
gray, red, and brown color, with embedded crystals of feldspar (oligoclase),
and columns of dark-green and fibrous, seldom of black, hornblende, which
is also the coloring matter of the ba:-;e. A peculiarity of the rock is its
ferruginous character when decomposed. Probably it contains other metals
besides iron. Geologically it is an eruptive rock, but it is accompanied by
vast accumnlations of breccia, which is' sometimes regularly stratified. The
fiats of Virginia City, Gold Hill, American City, and Silver City consist of
propylite. It lies, in general, east of the monntains consisting of the ancient
formations, and contains several mineral veins besides the COM~TOCK LODE.
Its distribution in other countries of the world is not very general. Several different kinds of volcanic and eruptive rocks followed the outbreak of
propylite, but only one of them demands attention in reference to the COMSTOCK vein, as it probably caused its formation, besides taking a prominent
part in the structure of the country. This is sanidin trachyte.
lIn his memoir 011 The Natural System of Volcanic Rocktl, p. 41, Baron von Richthofen says:
"Quartzose porphyry occurs to some extent in 'Washoe under circumstances which make the exact
determiuation of its age difficult, but render it certain that it is intermediate in this respect between
granitic and volcauic rocks." This rock was later regarded by Mr. King as quartz'propylite, and
determined by Professor Zirkel as dacite. (v. Quartz·porphyry.)
'In his Natural System of Volcanic Rocks, p. 31, Baron von Richthofen, speaking of the
Washoe district, says: "Audesite is insignificant in bulk in that region. It composes a few hillocks on
the propylitic plateau, and in some cuts and tunnels andesitic dikes may he seen."
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The mode of occurrence of the trachyt.e shows that it has been ejected
through long fissures in a viscous or liquid state, alld at a high temperature. In some places the eruptions were subaqueous, as in the "icinity of
Dayton. The ent.ire table-land around that place is built up of stratified
trachytic tufa. (rhe solid trachyte rises from it in rugged mountains, which
form an elevated and veFY conspicuous range, passing east of the intersection of Six-mile and Seven-mile Canons across the Seven-mile Canon
(where, for inst.ance, the Sugar-Loaf Peak consists of it), and bending in a
semicircle ronnd to ",Vashoe Lake. Farther north this rock covers the
country to a great extent. Sanidin trachyte has never been found to contain silver-bearing veins, and in Washoe none occur in it; and yet it has
been mainly instrumental in the formation of the COMSTOCK LODE and. other
veins in that region. No geological events after that epoch are worth men- ,
tioning for the present object.
Mode of occurrence of the Comstock.-In 1865 only about 11 ,000 feet of the LODE
had been explored to any extent, mainly the ground lying between the
Ophi1" North mine and the Overman, and a few only of the mines had reached
a depth exceeding 7UO feet. At an average depth of 500 feet both walls
were found dipping to the east at from 42° to 60° . . Above this level the
west wall preserved the same slope, while the east wall curved rapidly
toward the vertical, and then to the east, giving fhe cross-sect.ion of the
vein the shape of a funnel, a great part of the space in the enlarged portion
next the surface being occupied by fragments of country rock or "horses,"
hetween which was the vein matter. The width of the belt in which these
branches came to the surface, and there form scattered Cl'oppings, is gener~Ily more than 500 feet.
To the west of the LODE a number of small
veins show as croppings. They probably unite with the CO~~STOCK in depth,
and form with the latter what the Germans call a "Gangzug."
The course of the west wall, as far as explored, is somewhat dependent
on the shape of the slope of the range at the base of which it lies. It partakes of all its irregularities, passing the ravines in concave bends, and
inclosing the foot of the different ridges in convex curves; the greatest
convexity is around the ~road uninterrupted foot of Mount Davidson itself.
These irregularities are of importance, as they influence the ore-bearing
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character of the vein. The west wall of the main vein is well defined; not
so the east wall, where, as is often the case with true fissure veins, the country
rock is impregnated with matter similar to that which fills the fissnre. It
is frequently concentrated in channels running parallel to or ascending from
the vein, but in fact forming parts of it.
The rocks which accompany the COMSTOCK vein change in its course.
They are different varieties of propylite on the eastern side throughout its
whole extent. In some places the freqnent and large crystals of feldspar
give it a porphyritic character, which in certain varieties is rendered more
striking by green columns of hornblende; at others, the rock has a very
fine grain, and the inclosed crystals are of minute size; again, the rock is
either compact and homogeneous, or it has a brecciated appearance from the
inclosure of numerous angular fragments; the color also changes, though
it is predominantly green, and the different degrees of decomposition create,
finally, an endless variety. The causes to which it is due will be considered presently.
The western country offers more differences. Along the slope of
Mount Davidson and Mount Butler, from the Best d!; Belcher mine to
Gold Hill, it is formed by syenite, which at some places is separated from
the vein by a fine-grained and crystalline rock of black color, having the
nature of aphallite, but altogether obscure as to the mode of its occnrrence.
It is from 3. to 50 feet thick, and the elucidation of its real nature may
be expected from further developments. As syenite to the west, and propylite to the east, occur just in that portion of the COMSTOCK vein which has
been most explored, and where works, more than anywhere else, extend in
both directions into the country, it has been generally assumed in Virginia
that the LODE follows the plane of contact between two different kinds of
rock, and is therefore a contact deposit. Bl.1t immediately north of Mount
Davidson, where propylite extends high up on the western hills, this rock
forms the western country as well as the eastern, as at the California and
Ophir mines, though at the latter metamorphic rocks and syenite are associated with propylite on the western side. On Cedar Hill syenite again
predominates, but farther north propylite forms the country on both sides.
South of Gold Hill the syenite disappears from the western wall, and its
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place is taken to some extent by propylite, but in greater part by metamorphic rocks. Nowhere have syenite and metamorphic rocks been fonnd
occurring on the eastern side.
The formation of the fissure was only in so far dependent on the contact between propylite and syenite, as it follows the same accidentally in
part of its course, probably because the resistance along it w'aR inferior to
that offered by the solid masses of rock on either side. It is characteristic
of fissure veins in general, not only that the country rock on one side has
moved downward on the other, but also that within the space formed by the
opening of the fissur~ powerful dynamic action has taken place. Few veins
present these phenomena so distinctly as the COMSTOCK, the eastern side of
which has apparently moved downward on the western; and the action
within the vein is amply evinced by the brecciation of the vein matter, the
presence'of masses and seams of clay, the crushed condition of the quartz, etc.
There is a mark~d difference between the western and the eastern croppings. Those of the western branches of the vein carry principally crystallized quartz of a very glassy appearance, light color, and comparatively
of a pure quality. Large angnlar fragments 'of the country rock are embedded in the quartz and form centers of its crystallization. Metalliferous
minerals are scarce, though nowhere entirely wanting Nothing indicates
underground wealth, nor indeed has such been found by subsequent mining.
The only exception is Cedar Hill, where native gold was found abundantly
in places, but its scarce distribution never justified great expectations. In
the eastern outcrop particles of country rock, together with those of clayey
matter and metallic substances, pccur finely disseminated through the quartz,
which is reddened by metallic oxides.
Contents of the Lode.-The vein matter is composed of fragments of country
rock, clay, quartz, and ores. Near the surface about five-sixths of the mass
of the COMSTOCK vein consists of horRes, the shape and size of which vary
with the different nature of tbe rock of which they consist. Those of propylite are confined throughout Virginia City to tbe east side, and they are,
as a rule, longer and thinner than those of syenite. From the large horses
every variety occurs down to the smallest fragments. '1'be quartz is often
so thickly filled with angular pieces as to have a brecciated appearance.
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Propylite is mnch more common than syenite. Few large veins are so abundant in clay and clayey matter as the COMSTOCK. It forms the western and
eastern selvages from north to south in continuous sheets sometimes of from
10 to 20 feet in thickness. Other sheets divide horses from quartz, or different
bodies of the latter from one another. Most horses terminate at the lower
end in clayey substances. The differences mentioned before as prevailing
in the quartz of the outcrops ~ontin11e downward, but are not so conspicuous
in depth on account of the general white color of the quartz. Finely dissemi~ated particles of wall rock 'are always abundant where the quartz contains ore. The quartz is generally fractured, and at numerous places the
effects of dynamical action on it are such as to give it the appearance of
crushed sugar. The principal si.lver ores of the COMSTOCK are stephanite,
vitreous silver ore, native silver, and very rich galena. Quartz is the only
gangue, though carbonate of lime and gypsum occur in places. Zeolites are
limited to the northern portion of the vein, where chabasite and stilbite fill
small fissures and cavities in propylitic breccia within the body of the vein.
The ore is ~istributed in a different way in the northern and southern
parts of the vein. The passage between the two modes of occurrence is
gradual. In the northern part the ore is concentrated in elongated lenticular
masses, of which the greatest axis is not far from the vertical. The different
ore bodies often ,?-djoin each other in s11'ch a way as to make a nearly continuous line, as was the case in the Gould & C~trry and the Savage mines.
The ore has been exceedingly rich in the center of the different bodies,
where, at the same time, it was soft and could be easily removed, while the
outer parts were hard, and consisted of second-class and low-grade ore.
Near the center of the LOVE, at the Bullion mine, quartz fills the entire
width of the vein from the western to the eastern wall, though it is too poor
for extraction. '1'he occurrence of ore in chimneys and in barren portions
between them ceases in this neighborhood. 'ro the south the ore is concentrated in continnous sheets, the principal one of which is very BeetI' and
parallel to the eastern wall. '1'he second sheet occlllTed farther to the west,
extending from the outcroppings to a couple of hundred feet in depth. This
sheet dipped to the west at an angle of about (jOo, flattening in depth and
terminating in horizontal layers of clay. It was particularly rich in gold.
20L
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The yield of the ore has decreased in general from the surface downward. The deposits of the Ophir and jJfexican and of the Gould & Cur'ry
were the richest. The former yiGldedoll an average $107 per ton; the
latter $70 and $80, notwithstanding the imperfect processes of extraction
which were formerly applied. Ores of $600 to the tun were then no rarity,
and considerable shipments could be made of such as yielded from $2,000
to $3,000 to the ton. It would now scarcely be possible to collect one ton
of such ore. The general average of all the ores extracted in 186') will not
be more than $37 to the ton. The prQPortion of gold to silver decreased
during the early period of the working on the COMSTOCK LODE, but is now
again on the increase.
Source of the ore.-The COMSTOCK vein has neither bee'n filled from above
nor from the sides, as none of the surrounding rocks could have yielded the
immense quantity of vein matter and ore; and had it been formed in this
way, the mass would have a banded and comby structure, which is by no
means observable. The eastern rock may, on account of its extensive
decomposition, appear ·to favor the assumption of lateral infiltration; but
this decomposition was effected by ascending currents, which have left
distinct traces, and which could not have removed any matter in a lateral
way. Thermal springs, which a1:e considered by many authorities as the
agent which carried mineral matter from below into fissures and to have
formed every true vein, would not explain the formation of the COMSTOCK
LODE.
Silica, in such cases, is accumulated round the mouth of the fissures,
and though ordinarily removed by denudation, it could hardly be supposed
to be so at the COMSTOCK vein, as since its formation the surface has under- .
gone but slight changes. But, besides, the decomposition of the eastern
country for miles in extent cannot be explained by the action of thermal
springs.
The COMSTOCK fissure is, of course, of more recent origin than the
rocks which it traverses; and as propylite is predominant in the latter, the
fissure must necessarily have succeeded it in age. The only event after
the outbnrsts of propylite capable of producing such powerful action' was
the eruption of trachyte, which accompanies the vein at 11 distance of two
miles to the east. As there is other evidence of its intimate connection with
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the COMSTOCK vein, we may take it for granted that it caused the rending of
the fissure.
Applicability of the ascension.theory.-"\Ve have in the elements evolved dnring
the first two periods of solfataras, namely, flnodne, chlorine, ann sulphur,
all the conditions required for filling the COM:-'TOCK fissure with such substances as those of which the vein is composed. Steam, ascending with
vapors of fluosilicic acid, created in its upper parts (by diminution of pressure
and temperature, according to well-known chemical agencies) silica and silicofluohyelric acid, the former in solid form, the latter as a volatile gas, which
acts most powerfully in decomposing the rocks it meets on its course. The
chloride of silicon in combination with steam forms silica and chlorhydric
acicL Fluorine and chlorine are the most powerful voiatilizers known, and
form volatile combinations with almost every substance. Besides silicon,
the metals have a great affinity with them. All those which occur in the
COMSTOCK vein could ascend in a gaseous state in combination with one or
th8 other of them. They must then be precipitated in the upper parts as
metallic oxides or chlorides, and in the native state. Thus the fissure was
gradually filled from its upper portion downwards, with all the elements
which we find chemically deposited in it. A fissure is ordinarily not stationary after its first opening; but by subsequent action may from time to
tin1e widen anel frequently contract again. New channels would thus be
opened where the old ones were obstructed. If such widening or opening of
an empty space within the matter filling the old fissure was followed by
emanations rich in metallic vapors, then the conditions would be given for
the formation of a body of ore of the shape of the newly-opened chasm,
which corresponds precisely to most of the bodies of ore in the COM~TOCK
LODE. Contemporaneously with the filling of the fissure, the adjoining rock
would be acted upon by the ascending acid vapors, and its nature by them
entirely changed. Cracks wonld form in it, and be filled with substances
similar to those of the vein itself. As the COMSTOCK vein has an eastern
dip, and the action of forces manifests itself towards the surface, only the
rock on the hanging wall, or the eastern country, would be influenced in
this way. Crevices branching off ii'om the main fissure would probably pene.trate into the hanging wall, and it may reasonably be expected that deeper
I

20

GEOLOGY OF THE COMSTOCK LODE.

workings will disclose such branches filled with vein matter, and probably
of ore-bearing chara<;!ter, east of the main body of the vein.
Alteration of minerals in: situ.-A transforming action must necessarily take
place from the very commencement of the decomposition of matter in the
fissure. Sulphurous acid and sulphuretted hydrogen, which were among the
escaping gases in the first period, together with combinations of fluorine
and chlorine, gradually became predominant, marking the second period of
solfataric action. But little more matter could be introduced into the fissure,
as the combinations of sulphur with mineral substances are ~ot volatile.
Chemical transformation was now the principal action within the vein. Silica
is deposited from its combinations with fluorine and chlorine in a gelatinous
state, very different in its physical character from those of the crystalline
quartz which fills the vein. It must undergo a solution in water, with which,
in the form of steam, it was impregnated, in order to assume this character.
Metallic oxides and chlorides were converted into sulphurets, and the presence of antimony caused the formation of sulph-antimoniurets, the principal
one of which is stephanite. By such processes the entire vein matter was
gradually converted from its former condition into that which it presents at
this day.
Fluorine and chlorine.-It is a fact worthy of notice that there is scarcely a
single ~hemical agent, excepting fluorine and chlorine, which would not
carry metallic sub'stances into fissures in exactly or nearly the reverse quantitatiye proportion from that in which they oCCllI' in silver veins. Iron and
manganese are not only more abundant in rocks, but also much more easily
attackel and carried away by acids than silver and gold. The proportion
of these to the former ought, therefore, to be still smaller in mineral veins
than it is in rocks, and lead and copper ought to be more subordinate, if
their removal from their primitive place had been effected by other agents
than fluorine and chlorine. Only these two will first combine with those
metals which are most scarce in rocks, and relatively most abundant in silver veins; and they are probably the only elements which have originally
collected them together into larger deposits, though these may subsequently
have undergone considerable changes, and water may have played altogether
the most prominent part in bringing them into their present shape.
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Wide-spread solfataric action.-Though it seems that the COMSTOCK fissure was
the principal theater for the emission of steam, and all those phenomena
which may be comprised by the name of solfataric action, yet the latter left
its traces over a wide extent of the adjacent country. The entire belt of
rounded hills, extending east of the vein for two miles, to the foot of the
trachytic range, shows its effects very conspicuously. It consists of propylite, which, however, can scarcely be recognized on account of the complete
decomposition it has undergone, and which has transformed it into a clayey
rock of red and yellow color, but still showing distinctly the inclosed crystals
of feldspar and hornblende. It is traversed by numerous crevices from
which the decomposition originated, and shows everywhere evidences of
vertically ascending currents whi,9h caused it. Whoever has seen active
solfataras will be struck bv the resemblance of chemical action on the snrrounding rocks to that displayed in the region east of the COMSTOCK LODE.
Near some of the crevices the decompo~ed rock is strongly impregnated with
silica, producing the ranges of red-colored bluffs which accompany the
CO~ISTOCK vein to the east, and which have been partly located as outCI'oppings of veins, while at about two miles' distance real metalliferons
veins occur, promising in their outcrops, but not yet explored. Besides
this belt the former action of solfataras is plainly visible in many parts of
the country. The formation of the COMSTOCK vein is but one of its manifestations.
Continuity of the Lode in depth.- As it has been shown that the vein was filled
from a deep-seated source, it is certain that it is continuous in depth. '1'he
inclination is not likely to vary considerably, for not only is the west wall
remarkably regular, tending to show its continuity, but the previously mentioned solfataric action to the east is an evidence that the vein underlies the
country rock in this direction for a long distance. As for the mean width of
the vein in depth no definite prediction can be made. In some places the vein
at a distance of 500 feet from the surface forms a channel of 120 feet 01' more
in width; at other points it is contracted. Such places must necessarily occur
in an inclined vein of some magnitude, since the hanging wall, during the
long periods of the filling of the fissure, required some support. The walls of
every true fissure vein are uneven planes. The downward movement of one
oJ
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side of the fissure on the other, at. the time of the formation of the vein,
caused protuberances of one wall t6 meet such of the other, and concave
places to come opposite to each other. This is the reason why every large
fissure vein is liable to repeated expansions and contractions, .though the
former prevail largely over the latter. It is to be expected that the n)MSTOCK LODE will exhibit the same feature in its downward course to indefinite depth, as it has done heretofore, though its general width will probably
remain nearly equal to that which it possesses in the lowest works. The
formation of large horses is, from the nature of their origin, more peculiar
to upper than to lower levels, since their. breaking down from the hanging
wall will in every fissure be most apt to take place where the latter is of
comparatively inferior thickness, than where it is hundreds or thousands of
feet wide. But small fragments may separate from it at any depth, and
their quantity will chiefly depend upon t.he nature of t.he rock and the power
of decomposing agents. If any e;hange as to the inclosing rocks should
occur in depth, it is probable that propylite will disappear on the western
side and syenite predominate there more and more.
Probable character of the Lode in depth.-AJI the evidences in the upper levels
justify the expectation that the foot wall will continue with its smooth and
regular clay-selvage, while the irregularity and indistinctness of the eastern
side will not diminish but rather increase as its true character as hanging
wall will become more conspicuous. 1.'he vertical sheets of clay which
have from time to time been cut in the adits east of the vein, rise undoubtedly from the hanging wall. Clay seams within the body of the vein will
probably diminish with the increase of unity in inclination. Those which
are at present observable at upper levels are particularly occasioned by
the vertical position of the vein-matter, which of course facilitates slidingmotions. Larger accumulations of clay will especially continue near th"e
old ravines.
The ores, through all the levels explored, retain the character of true
silver ores which they had near the surface. The amount of lead, copper,
iron, and zinc ha::; never been large in the COMSTOCK ores, and these metals
preserve now at the lowest levels nearly the same relative proportion as
formerly. Their increase, especially of lead, would be the most unfavora-
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ble indication for the future of the COMSTOCK LODE j as, b esides the growing
difficulty of metallurgical treatment, the conclusion would be j\lsti?ed that
lead ores would more and more replace those of silver, and the limits of
profitable productiveness wonld soon be reached. But as it is, no deterioration is to be expected, even if an impoverishment takes place. It thus
approaches in its ore-bearing character the great mother-veins of Mexico,
and is different from those of Hungary.
conc1usions.-Considering these facts exhibited by the COMSTOCK vein
itself, and comparing them with what is known about similar argentiferous veins, we believe we are justified in drawing the following conclusions:
1st. That the continuity of the ore-bearing character of the COMSTOCK
LODE in depth must, notwithstanding local interruptions, be assumed as a
fact of equal certainty with the continnity of the vein itself.
.
2d. That it may be positively assu_med that the ores in the COMSTOCK
LODE will retain their character of trne silver ores to indefinite depth.
3d. That it is highly probable that extensive bodies of ore equal in
richness to the surface-bonanzas will never recur in depth.
4th. That an increase in size of the bodies of ore in depth is more
probable than a decrease, and that they are more Iikel:f to increase than
to remain of the same size as heretofore.
5th. That a considerable portion of the ore will, as to its yield, not materially differ at any depth from what it is at the present lower levels; while
besides there will be an increasing bulk of low-grade ores. Weare led to
this supposition by the similarity in character of all the deposits outside of
the rich surface-bonanzas, and the homogeneous nature which almost every
one of them exhibits throughout its entire extent.
6th. That the ore will shift at different levels from _certain portions of
the LODE to others, as it has done up to the present time. "More equality
in its distribution may, however, be expected below the junction of the
branches radiating toward the surface, when the vein wiII probably fill a
more uniform and more regular channel. Some mines which have been
heretofore almost unproductive, as the Central, California, Bullion, and others,
Lave therefore good chances of becoming metalliferolls in depth. But
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throughout the extent of the vein it is most likely that the portion which
lies next to the foot wall 'will continue unproductive, as it did from the surface down to the lowest works, while the entire portion between it and the
hanging wall must be considered as the probable future source of ore. As
remarked in the foregoing pages, it is also probable that repeatedly, in following the LODE downward, branches will be found rising from its main
body vertically into the hanging wall, and consisting of clay and quartz.
Many of them will probably-be ore-bearing. Such bodies of ore should be
sought for at all mines, in what is generally supposed to be the eastern
country. Experience in the upper levels would lead to the supposition that
such eastern bodies might carry richer ores than the average of the main
portion of the vein.
7th. That the intervention of a barren zone, as is reported by good
authorities to occur at the Veta Madre of Guanajuato, at the depth of 1,200
feet, is not at all likely to be met with in the case of the OOMSTOCK LODE.
The argument which we have to adduce for this conclusion has some weight
from a geological point of view.. It is a well-known fact that the inclosing
rocks have usually great influence on the quantity and quality of the ores
of certain metals in mineral veins, and that a rich lode passing into a differentformation frequently becomes barren or poor. At the Veta Madre of
Gnanajnato a suaden decrease in the yield of the ore, at the depth of 1,200
feet, attends the passage of the lode into a different formation, which from
thence continues to the lowest depth attained. No such change can ever
be anticipated for the OO~STOCK LODE, -since the strncture of the country
seems to indicate the continuity of the inclosing rocks to an indefinite
depth.
King's memoir.-In 1867-'68 Mr. Olarence King, Geologist-in-charge of
the Exploration of the Fortieth Parallel, made an examination of the OOMSTOCK Lom:. l In regard to lithology Mr. King mainly followed Baron v.
Richthofen, but he recognized a much greater area of andesite than his
predecessor, and the affinity between certain propylites and andesites. Of
the latter he says: "The balance of probability points to a close alliance
'Exploration of the Fortieth Parallel, Vol. III..
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between this rock and propylite, and it will not be at all surprising if it
should finally prove to be chemically identical and, in reality, only a different
form." The rock determined as quartz-porphyry by Baron v. Richthofen,
Mr. King rega.rded as qual'tz-propylite.
In discussing the relation of Mount Davidson to the vein, Mr. King
calls especial attention to the agreement between the contours of the west
wall of the LODE and those of the exposed face of the range. He considers
this similarity as evidence that the wall is merely a continuation of the face
of Mount Davidson, and that the syenite has undergone very little erosion
since the opening of the fissure. It is not necessary to summarize Mr.
King's very graphic description of the structure of the COMSTOCK.. LODE in
detail here, as I shall be obliged to use it in my own account of the vein,
the portion which he examined having long been inaccessible.
Mr. King closes his memoir with the following summary:
King's summary.-" The ancient Virginia Range, prior to the Tertiary period,
was composed of sedimentary beds of the great Cordillera system, which,
in the late Jurassic epoch, had been folded up, forming one of the corrugations of that immense mountain structure which covers the western front of
our continent. Accompanying this upheaval were outponrings of granite
and syenite. The erosion which followed this mountain period escarped
the ancient rocks, and modeled the eastern front of Mount Davidson into a
comparatively smooth surface, whose average angle of slope sank to the
east at about 40°. In the late Tertiary, at the time of the volcanic era, the
Virginia Range shared in the dynamical convulsions which gave vent to successive volcanic outflows of immense volume and very remarkable character.
The first and, so far as the COMSTOCK LODE is concerned, the most important was of propylite, or trachytic greenstone, which deluged the range from
summit to base, covering large portions of its ancient sUliace, and leaving
here and there isolated masses, which rose like islands above the wide
fields of volcanic rock. Subsequently followed the period of the andesites
which, at their commencement, in the form of fa thin intrusive dike, penetrated a new-formed fissnre on the contact plane of the ancient syenite and
the propylite. This earlier andesite period gave birth to the solfataras,
which, bursting from a hundred vents, rapidly decomposed the surrounding
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rocks, and gradually filled the fissures of the COMSTOCK with t4eir remarkable
charges of metal-bearing quartz. The latest flows of andesite poured out
over the decomposed propylite; and since they are themselves unaltered,
their appearance marks the period when solfataric action over wide areas
had ceased. While it no longer maintained its energy through the broad
zone of propylite, it still continued intensely active within the chambers of
the COMSTOCK LODE. Metallic co~tents were introduced into the quartz,
the clay seams were formed by a rapid decomposition of the neighboring
propylite materials, the horses reduced to a spongy, semi-plastic condition,
and at last the final solidification of the quartz took place. Outside the
vein two events of geological interest have occurred: first, the period of
trachyte eruptions, when from the ruptures of the crnst, parallel to the
COMSTOCK LODE, vast volumes of sanidin-trachyte overflowed the country;
and, secondly, the less powerful but still important outpouring of basaltic
rock, which marked the close of the volcanic era. Within the vein, and
probably caused by one or both of these latter volcani~ disturbances, a
pressure has been exerted which has crushed and ground the masses of
quartz into minute fragments. It is interesting to observe that while this
force was great enough to crush quartz masses 150 feet in breadth into mere
angular pebbles, the disturbanees were insufficient to canse any actual
faulting of impOl~tance. Both within and without the vein the solfataras
gradually came to a close. The heated currents of water which even yet
ascend into the lower levels of the mines, are evidence that at no very
great depth a considerable temperature is still maintained; but this is only
a faint relic of a once intense action."
Zirkel's report.-In 187fJ Prof. Ferdinand Zirkel made a macroscopical and
microscopical examination of the lithological collections of the Exploration
of the Fortieth ParalleP Among the slides which he described are thirtythrE:le from the Washoe district He confil'ly~ed the independence of hornblende-propylit~ and quartz-propylite as lithological species, regarded most
of the quartzose rock as dacite, corrected the determination of the granular diorite (which had been considered as syenite), and added augite-ande1
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site, rhyolite, and a strange variety of basalt to the list of rocks previously
recognized. Professor Zirkel formulates the diagnostic differences between
propylite and andesite as foIlows: 1
Propylite.-"a The general color of the pl'opylitic groundmass has more
of a greenish-gray, while the andesitic groundmass has more of a pure gray
or brown tinge.
"b. In s~ructure and in the behavior of its constituents, the propylite
still resembles the older ante-'Tertiary diorite-porphyries.
"c. The grollndmass of the propylites is rich in minute particles of
hornblende, while in that of the andesites this mineral appears only in the
larger individuals, fine hornblende dust being wanting.
"d. The propylitic feldspars are usually filled with a considerable
quantity of hOl'llblende dust, while the andesitic feldspars are entirely without it: the latter not infrequently containing glass-inclusions, which do not
seem to occur in the propylitic plagioclases.
"e. The color of the proper hornblende sections in propylite is always
gr~en (never brown), while the color of those in andesites is almost without exception brown; and the propylitic hornblende never shows the curious
black border which is so common to that of andesites; and again, propylite
in some cases contains, besides the largely predominating green hornblende,
a few sections of the brown mineral, presenting, in many points, a strikingly
peculiar aspect, while in andesites two kinds of hornblende never occur
together.
"I The propylitic hornblende is often distinctly built up of thin
needles or staff-like microlites, and therefore is not regularly cleavable;
which has never been found to be the case in andesites.
"g. The prodnction of microscopical epidote (mainly by the alteration
of homblende), so very common in propylites, has, with one exception,
never been observed in these andesites, and it is also unknown in the European occurrences.
"h. Augite often occurs as an accessory constituent in andesites, but
it is .comparatively very rare in propylites.
·"i. The andesitic groundmass here and there seems to possess a halfglassy development: a glass-bearing propylitic gronndmass has never been
I

Exploration of the Fortloth Parallel, Vol. VI., p.132.

28

GEOLOGY OF THE COMSTOCK LODE.

found; and herein is another point of resemblance to the old diorite-porphyries.
"All these differences between propylitic and andesitic hornblende also
extend to both of the quartziferous members, quartz-propylite and dacite."
On page 117 Professor Zirkel states that the quartz of quartz-propylite
contains fluid inclusions, and "behaves exactly like that of the ante-Tertiary
dioritic porphyries, and differently from that of all other Tertiary quartziferous rocks, dacites and rhyolites, whic~l only contain glass inclusions."
Church'. memoir.-In 1877 Mr. J. A. Church made an examination of the
COMSTOCK,! as a member of the United States Surveys West of the One
Hundredth Meridian, under Captain Wheeler. Mr. Church accepted the
lithology of his predecessors with some modifications a little difficult to follow, but though he mentions slides of the rocks, describes none.' His
memoir contains a number of ingenious hypotheses which would posse::;s
great importance if sufficient ~vidence in their favor could be adduced. .
Lithology.-Mr. Church appears to, use the terms porphyrite and propylite
interchangeably for all strikingly porphyritic rocks of light color.2 Rocks
of dark color, whether from the presence of abundant hornblende o~ from the
transparency of the feldspars, he appears to have regarded as ande::;ite,3 and
asserts that it is quite safe to put the minimum number of north and south
dikes of this rock at between twenty-five and fifty. Besides the masses
which had hitherto been regarded as trachyte, he determined the rocks
about the new Yellow Jacket shaft, and at other points, as remnants of the
trachyte eruption. This leads to the supposition that he employed the term
merely to designate soft, rough, light-colored, porphyritic rocks. In Mr.
Chnrch's opinion the diorite, propylite, an.d probably the andesite, were laid
down in thin regular layers, which he compares to those of sedimentary
rocks. This he considers proved by the sheeted character of the rocks in
the east and west country.
1 The CmIsTocK LODE, its formation and history.
By John A. Church, E. M., Ph. D., member
of the American Institute of Mining Engineers, mining engineer. Illustrated by six plates and thirteen figures. New York: John 'Wiley & Sons. I S7!!.
·L. c., p. 40 to 42 and 52.
3L. c., pp. 37 and 47. The McKibben tunnel tlhows only diorites and quartz.
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History of the lode.-l\{r. Church divides the history of the COMSTOCK LODE
into nine epochs;1
1. The diorite epoch.-The horizontal deposition of diorite, which is one
of the fine-grained, thin-running la;vas, 2 in stratified layers, by a series of
eruptions.
2. The subordinate pressure.- The system of diorite strata was acted
upon by a pressure which produced broad folds with east and west axes,
an uplift in Virginia, and a trough in Gold Hill. This important force
continued to affect the rocks through the greater part of their history,
and is the dynamic cause of the LODE.
3. The propylite epoch.-The horizontal deposition of the propylite, also
in stratified layers from succeR8ive fissures. The members of the new rock
are essentially parallel to the older layers.
4. The principal elevation.-After the propylite, came a movement by
which the two series of eruptive depositions were raised into a mountain
system. This elevation took place about a north and south axis, and its
folds are therefore at right angles to those of the former movement.
5. The andesite epoch.-A third period of eruption follows, the seat of
which is the upturned strata of the diorite and propylite. These are not
fractured except near the eroded surface, but the layers are separated, and
the andesite rises through the crevices, establishing an extensive system of
bedded dikes. The whole mass of erupted andesite is assumed to have
been some thousands of feet thick, and to have played an important part in
the history of the LODE by its weight and rigidity.
6. The opening of the strata.-The crests of folds already produced were
lifted forcibly against the rigid andesite cap, while the intervening troughs
were bent downward, relieving them from its weight. Under this action
the uplifted portions of the strata were squeezed sidewise into the relieyed
troughs, opening slightly the partings between the layers.
7. The' silicious epoch.-Through the small partings of the strata thus
opened, rose currents of water holding silica in solution. The strata subjected to their action were dissolved or carried off mechanically, and quartz
with" base" metals was deposited in their place. This action went on in each
I
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of the open seams, the intervening rock being attacked from both sides
until the meeting of several depositions of silica composed quartz bodies,
which in many cases had a thickness of several hundred feet. This quartz
was not argentiferons, and no ore was f~rmed. A second important result
of this appearance of silicious waters is the almost entire removal of the
immense andesite cap, which was decomposed ill the same manner as the
deeper-)ying rocks.
8. The trachyte epoch.-New crevices opened in the eastern part of the
district, and vast floods of trachyte poured out. Instead of resisting movement like the andesite, it loaded down the hanging .wall of the LODE so
heavily that it slid upon the fuot wall. This action resulted in an entirely
new system of openings. N en,r the surface the new crevices abandoned the
old line of qnartz deposition, and broke through the hanging wall in a more
or less nearly vertical direction.
9. Th e argentiferous epoch.-Into these new crevices poured a second
stream of water containing minerals in solution, but differing from the first
in holding not only silica, bnt also ~i1ver and gold.
"The facts here brought forward," sa.ys Mr. Church, "show that no
vein and nothing like a real vein exists in gronnd that has for years been
supposed to contain the boJdest example of true fissure vein formatioh in
the world; that the largest bodies of ore can be formed from deep sources
of mineral supply without the agency of a fracture even of the smallest
dimensions; and that it is quite unnecessary to seek for great dynamical
convulsions to account for the formation of thick masses of ore withili the
solid rock, a sufficient
cause being found in the quiet action of the same
,
forces which have everywhere molded the crust of the earth."
The Justice ore body Mr. Church regards as a deposit wholly distinct
from the COMSTOCK, though attributable to the same general causes, and as
formed in a similar way.
Physics.-Of the finely-divided quartz known as sugar quartz, he says:l
"The grains are remarkable in never being crystalline, the microscope not
revealing one crystal in millions of particles." And again: 2 "The lesson to
be derived from the sugar quartz is not that it has been crushed, but that it has
I
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been preserved from crushing. It was formed in the state of powder, and
since its deposition the LODE rocks have not i'eceived any addition which
could weigh it down. On the otheLhand, the barren quartz 'was probably
laid down in a similar state of powder, and has been consolidated by th e
load of trachyte upon the surface."
The heat of the LODE Mr. Church ascribes to the kaolinization of feldspar, supporting this view by the statement, that as kaolinization involves
hydration, heat must be liberated, and by the assertion that flooded drifts
grow hotter. He believes the heat to be diffused by hot aqueous vapor
permeating the rocks. The latter, he asserts, are in large part perfectly dry.
Technicalliterature.-Though most of the scientific and technical journals
contain papers on the COMSTOCK, or items referring to it, and much sp~ce is
occupied by the same subject in the reports of the United States Mining
Commissioners and of the State Mineralogist of Nevada, I am not aware
of any further noteworthy contributions to its geology. The numerous
geological suggestions thrown out by en,g ineers writing from a more or less
technical point of view, were never intended as matured geological opinions,
and it would be unfair to treat them a.s such.

-.

CHAPTER III.
LITHOLOGY.
SECTION 1.
THE ROCKS OF THE WASHOE DISTRICT.

Importance of lithology to the theory of ore.deposits.-Though the present memOIr IS
intended as a contIibution to mining geology, the importance of the lithology
of the' district is certainly not les~ than it would be, were no economical
problems involved. The slightness of the advances which have been made
in the theory of ore-deposits is regarded by business men as a reproach
to geological science. But the influence of the inclosing rocks on the character and tenor, and to some extent npon the occurrence of ore bodies, was
recognized before geology became a science; and the fact of this influence
has received confirmation from more extendeq observation. Whatever, then,
may be the true theory of the genesis of ores, the indications are clear that ·
exhaustive studies of the nature of the inclosing rocks, and of the influences
to which these have been subjected, are essential to its elucidation; for even
if it should prove that ores are derived from immense depths, and are brought
to the surface under conditions which are wholly removed from observation
and study, the influence of the wall rocks on their deposition is still within
the accessible field of. inquiry. The way to such investigations is already
paved. The microscopic analysis of rocks initiated by Mr. SOl'by, and raised
to its present rank as a science by Messrs. Vogelsang, Zirkel, Rosenbusch,
FOllqUe & Levy, and their fellow workers, enables llS to reach very definite
conclusions respecting the mineralogical composition and physical structnre
of rocks; while Prof. F. Sandberger and others have of late years made great
advances in proving the chemical relations which, in many cases, exist
between the wall rock and the contents of veins. On the other hand, tIle
mineralogical study of decomposed rocks under the microscope has made
32
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but little advance. Geologists who do not deal with the phenomena of ore
deposits are commonly satisfied with determining thE? species of the rocks
with which they have to do, and recording the mere fact of decomposition.
They therefore select only the freshest specimens for microscopical examination. If the resources of the microscope are to be fully bronght to bear
upon the study of ore deposits, mining geologists must pursue a different
method. They must trace the mineralogical course of decompositiou-processes, and leam to recognize highly altered rocks, even when fresh specimens are unattainable.
Disputed character of Washoe rocks.-There is a further I:eason for the cOllsiderable and, as it may seem to some readers, the undue space which this chapter occupies. Baron von Richthofen based the independence of the Hew
rock propylite largely upon the occurrences in the 'YASHOE DISTRICT. Later
investigators in the same field without exception have adopted his vIews.
Professor Zirkel's characterizations of the microscopical peculiarities of propylite were also founded chiefly on the 'YASHOE occurrence. Though at
the beginning of the present investigation I was fully persuaded of the independence of propylite, I subsequently fonnd reason to doubt it; but to prove
a negative is notoriously difficult, and the great authority of my predecessors made the task still more onerous. It was necessary to demonstrate that
the whole superficial area and all the accessible mine-workings were occupied JJy other rock-species, and to give in this report a sufficient number of
instances, with detailed descriptions, to enable geologists to decide for themselves whether the elimination of propylite and the redetermination of some
other rocks is justified by the facts.!
1 Special localities.-Thc rocks of t.he 'VASIIOE DISTRICT may be advantageously studied in tlle following localities: Granlliar dioritc in nearJ~' all varieties occurs along the line of the Virginia 'Va(.,'r
Company's flume within a distance of a thonsalltl feet north of Bnllion R,tyine. Porpb!Jl'itic dim'ites can
be satisfactorily examined. either in tbe JlcKibbm TUll1lCi or in Ophir Ravine, 1etween the most. westerly point of the HilDIe and the more southerly of the bluffs marked" crnppings" 011 tbe mal'. Earlier
diabase, in all varieties, is to be found from tbe Sam.'lc coonection witb t.he SlItro TIII/llcl to the junction of the main t.unnel with the 11'01'111. Lateral, and from this point to I.he JIlillt connection. YOlllI!lcr
diaba8c (" black dike") is well seen on the west wall of the Belcher associated with black graphitic slates.
The foregoing are the rocks most important to miners on the LODJ~.
. Granite is well developed close to the Red Jackct, C. D. 6, and on the dnwJI of that mine. Qllal't::lJOrph!Jr!J is excellently exposed by a little quarry about 2,000 feet sonthwest of the JU8tiCC. The felsitic
variety OCCllfS near the drainage ef Gold Canon (American Flat Canen is the name given on former
map.), just east of Roux' Ranch. The little basalt mesa in the same locality is ver~' accessible. Meta-
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GRANITE.

Character.-Grallite does not playa large part in the geology of 'VASHOE.
Besides the small area laid down on the map, it has been struck by a tunnel
near McOlellan Peak, and in the Rock Island and Baltimore mines; so far a&.,
I know, nowhere else in the neighborhood. '1'he rock is a fine typical granite,
consisting of orthoclase, quartz, biotite, a little oligoclase, magnetite, and
some accessory minerals. The apatites are colorless, the zircons are numerous
and beautiful, and the titanite occurs in typical rhombs, with well developed
cleavages. Finally, it contains a colorless regular mineral, seemingly in
ill developed rhombohedrons, which answers to soc1alite. The microscopical characters of sodalite, however, are rather negative than positive, and
it may be some other physically similar mineral.
N ear the Reel Jacket the granite shows very distinct parallel partings,
suggesting, but by no means conclusive of, a metamorphic origin. Some
of the granite has been mistaken for diorite, and a part of the metamorphic
diorite has been called.granite; but these are errors which can readily be
avoided by careful inspection.

ERUPTIVE DIORITE.

Genera; relations.-The development of diorite 1ll the WASHOE DISTRICT is
very extensiYe, and the variations of lithological character which it presents
lIIorphic diorite occurs close to t.he granite. It is found as a very volcanic looking breccia, just east of
thc Volcallo at poiut 5,44·1, C. D. G. The western portion of the small patch of this rock in C. 7 is
extremely similar to the erlljllice diQrite of 1\Iount Davidsou. Earlicr iwrnblcllde-a/ldcsite in a fresh sta.'-e
i, found on thc north Twin Peak C. D. 4. An abandoned qnarry 500 feet north of this point shows the
stages of its decomposit.ion to admiration. The sonth Twin Peak is an occurreuce of leose texture and
gray color, somewhat resembliug the younger horn blende-andesite of the Utah neighborhood. The variety
with large henrblelldcB is well d"veloped at point 5,678, about 1,000 feet east iJf the Succor, D. 5. Other
varieties, inc]ll(liug olecompositiou-protluct~ charged with epidote, may be fonnd on the north flank of
Cedar Hill Calioll, say 500 teet west of the Brewery. Fresh augite· andesite can be couveuiently
cxallliued at poiut 6,158, close tu tile Forman shaft. The cuts of the Occidental Grade, say from the Fo/'man shaft road to the i'rospect, show many beautiful examples of the decomposition and disintegration
of lJlocks. TIIC croppings of lJreccia marked 6,5G!> ou the Ophir Grade, B. 4, show lllany trausitions and
the development of epidote. Youugcr /ro/'lIblcncle-alldesite is found as a purple porphyry at the quarries
2,000 feet northeast of Shaft Ill. of the 8utro TUlln cl; as a r ed porphyry (very augitic) at a qnarry 2,000
feet east of the Occidclltalruill; as a gray, somewhat grannlar loeking maMS with fine columnar structure
in the quarry close to the Utah; as a dense, lJlack, glassy rock at point 6,728 E 2. The tufa modification is best seen 011 the Sutro road, where it crosses the di,·ide between l\Iount Emma and Monnt Rose.
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are numerous, and often perplexing. 'While the varieties often differ in
appearance from one another much more than is the case with separate
species of the younger rocks, there is strong evidence that they all formed
portions of a single extended series of eruptions.. They are so intermingled
that it is not even possible to lay down upon the map distinct areas of those
which differ most, but it seems best to describe the principal modifications
separately, and afterwards to discuss their transitions.
rrhe mass of Mount Davidson is mainly composed of granitoid diorite
of a cold gray color, which resembles a syenite in habitus and, as has been
seen, was so considered until Professor Zirkel demonstrated the triclinic
nature of the feld8pars. Two other modifications of the granitoid diorite
require attention. One of them is a very dark and fine-grained rock, represented to a slight extent upon the surface, and extensively underground.
It has sometimes been confounded with the andesites. The other is a coarse
black rock, much resembling highly graphitic pig-iron. It hall been found
mostly at great depths, particularly at the bottom of the Union shaft.
Granitoid dioritc.-The mineralogical constituents of the.ordinary light-gray
and the dark, fine-grained, granular diorites are essentially plagioclase and
homblende; magnetite, apatite, and zircon seem never absent, and quartz,
mica, titanite, a.nd augite occur now and then. In one slide tourmaline has
been detected. The principal constituents seem all to be crystals of "secondary conRolidation;" that is t~ say, they have all formed simultaneously
on the cooling of the rock, and have mutually interfered with one another's
growth, ' EO that there are scarcely allY symmetrically d6veloped crY8tals
present, but only irregular grains, each limited by surrounding imperfect
crystals of a similar character.
The hornblendes are generally green and fibrous. In many cases the
separate fibers appear to he independent microlites, loosely aggregated in
forms characteristic of hornblende crystals. In other cases they appear to
be distributed entirely without reference to one . another. The impression
produced is as if the crystallization had taken place in a viscous or pasty
mass, which mechanically prevented the union of the hornblende molecules
to well defined crystals. The hornblendes give angles of extinction appl'opriate to that mineral, when the well known variatiolls in this property are
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taken into consideration. In eertain localities underground, the granular
diorites contain much deep-brown and solid hornblende, and the specilllens which show this variety are manifestly fresher than those from
the localities where green' horn blende occurs exclusi vel y. In some cases
an alteration of the brown to the green variety is strongly suggested, while
in one series of porphyritic diorites it can be actually proved. It is therefore
altogether probable that the surfi:we diorite originally contained some brown
horn blende, which has been changed 'to the green, fibrous modification by a
process analagous to the formation of urnlite. 110 what extent the fiLrous
hornblende has been derived from the brown mineral, there is at present n.o
means of inferring.
Au&,;te.-Augite is comparatively rare in the unquestionable granular
diorites, though I have observed it in a few instances. It is much morc
common in the porphyritic diorites, and it may be that its absence from the
granitoid variety is due to cOllversion into malite; for since determinable
crystal seetions are seldom lllet with in this rock, it wonld be impossible to
distingnish secondary from pri-mary green fibrons hornblende. Close to the
1I1cKivvcn Tunnel angular fragments of what appeared macroscopically to be
the dark fine-grained diorite frequently enconntered in the district, and
especially well developed in this tunnel, were fonnd embedded in lightcolored granular diorite. Under the microscope the inclosing mass exhibits
no peculimit)'; but the inclosed rock, unlike the similar occurrences in the '
same locality, shows abundant augite and almost no hornblende, though
structurally' resembling the dark diorite. As the distinct diabase erui)tions
are manifestly later than those of diorite, I am wholly at a loss for an explanation of this case, except 011 the snpposition that it represents a local and
exceptional substitution of augite for hornblende. This hypothesis, however, is so contrary to ordinary experience as to be exceedingly objectionable, though were it true it would also serve to explain the ill-defined patch
of diaiJasitic rock in Ophir ravine, which is, like that just ment.ioned, much
more granitoid than the mine diabases, and has no apparent strllctural connection wit.h them. There can be little doubt that local modifications of
massive rocks in which the mineralogical composition is characteristic of a
distinct but allied rock-species, have been met with in various localities in
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the world. Snch cnses, however, demand very cautious treatment at the
hands of the geologist. Actual contacts are often exceedingly obsc.ure, nnd
except where nIl the steps of a transition cnn be traced, such an explanation
of an anomalous occurrence is not jllstifinble. Fortunately no:hillg further
appenrs to depend either npon the specimen of diabasitic fragments inclosed
in a dioritic mass, or npon the diabasitic area in Ophir mvine, since the evidence as to the sllccession of the rocks in the east country is decisive and
abnndmlt.
Other constituents.-The feldspars are nearly or quite without exception triclinic, and sil1lp1e crystals are very rare, while pericline twinning is common. The stripes indicating po1ysynthetic structure are usually very
well defined, and of moderate width. The nng1es of extinction of a very
lnrge number of fnvora bly placed crystals ha\'e been noted, and seem to
indicate labradorite as the only feldspar present. Zonal structnre is not
uncommon, but the feldspars are remarknbly free from inclusions of nny
kind, and are in general thoroughly transparent.
Quartz is present in a large proportion of these rocks, though its distribut.ion is very irregular, some slides containing only one or two grains,
while others show hundreds of them. Secondary quartz also ocellI'S, but it
can usnnlly be distinguished from the primitive grains with ease. Primitive
qn<lrtz-grains are generally single, more or less imperfectly developed crystah:;, around which grnim~ of magnetite and other small crystals are so
arranged as to show that their disposition has been controlled by the presence of the quartz. Secondary quartz occllI's in veins or in pnt.ches composed
of granules of different crystallographic orientntion, and is not sharply
sepnrflted from the snrronnding rock-mass. Secondary quartz, of COUl'se,
freqnently carries fluid inclusions in rocks of all ages. The primit.iye
qnartz of these diorites is rich in liquid inclusions, some of them vesicular
in shape, and others dih~'i:ahec1raI. The smaller ones show active bubbles,
and in some slides many contain salt-cubes. I have noticed none of tIle
appearances which accompany inclusions of carbonic acid, and in several
slides to which hent was applied no alteration in the size of the bubbles was
noticeable at a temperatnre considerably above 40° O.
The iron ore is certainly for the most part magnetite, nnd I was nnable
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to make certain of any ilmenite, whlIe sphene, in small and irregular masses,
is frequent. Apatite is not specially plentiful, and is of the ordinary colorless variety. Many small but beautiful zircons are visible with the higher
objectives, mostly in eight-sided prisms terminated by the fundamental
pyramid.
The granitoid diorites resist decomposition better than any other rocks
in the district. On the surface erosion evidently proceeds with greater
rapidity than decomposition. Slides from beneath the surface, but near the
LODE, show that the hornblende is replaced by chlorite and epidote, and the
feldspars by calcite and quartz.
Dark varieties.-The dark fine-grained diorite presents a much stronger contrast to the ordinary gray variety macoscropicallythan microscopical1y. The
difference ill its appearance seems to depend simply' on the fineness of the
grain, and on thfl percentage of fibrous hOl'l1blende, which is greater in this
modification.
The dark coarse-grained diorite from the lower levels is very peculiar
in appearance, and some of that from the Union shaft might be more readily
confounded with specimens of Scotch foundry-pig than with any other rock
occl1l'ring in the DISTRICT. This variety also differs from the ordinary gray
diorite, principal1y in respect to t.he hOl'l1blende, which is more ·abundant.
It is not fibrous as a rule, and has consolidated in grains simultaneously with
the feldspar. As in the freshest gray diorites, the granules which show
no e.vidences of alteration are brown, and incipient alteration seems to be
accompanied by. a change to a green fibrol1s mass. The hornblendes also
contain numerous black inclusions, probably ilmenite. The feldspars are
very fresh and clem', and the black colo)' of the rock is the natural consequence of sucll a mineral composition. Although the difference in appearance b.etwee11 the three varieties of diorite is very marked, it thus depend::;
on a variation of unessential characteristics.
Structure of the granular diorites.-The granular diorite is exceedingly hard and
tongh, so mnch so that before the introduction Of nitro-glycerine explosives
it was almost impossible to penetrate it where decomposition had not loosened
the texture. In the Clwllar mine, many years since, when hlack powder
only was in use, an attempt to drive a gallery into this rock was abandoned
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as wholly impracticable" charge after clmrge being shot from the drill-holes
as if they had been guns. Uncler the hammer it exhibits no tendency to
break in one direction rather t.han in another, bnt weathering develops considerable differences in resisting power: and in Bnllion ravine, as may be
seen from Plate Vr., ridges and pinnacles have been formed by the kregu1301' disintegration of the rock.
Immediately west of the LODE the diorite is
furthermore divided into a system of approximately parallel ,shects. It will
be seen in the next chnpter that I refer this system of fissuring to a faulting
movement.
Differences from other rocks.-The gray granular diorite is unlikely to be confounded with any ot.her rock in the district, except granular diaba.se. This
variety of diabase seldom occurs nndergrolllld, so far as the country is now
open to inspection; and when it is met with, as at the Jfint connection ill
the ~ut-ro Tunnel, it is commonly limited to a very small body which shades
off into finer-grained varieties. -When decomposition has progressed too
far to permit fa macroscopical determination of the mineral constituents, the
lath-like development of the feldspars, the tendency to cleavage in paralJel
planes, and a certain waxy luster will nsua,lly be fonnd characteristic of the
diabase. The dark fine-grained diorite has repeatedly been taken for andesite in the 1Ile/Gbben Twm el and elsewhere. rrhe only resemb1a.nce, however, is in color, for the diorite shows to the naked eye a granular strnctll1'e
never observed in the andesites of the DISTRICT, althongh the latter are uncommonly crystalline.
Porphyritic diorites,-From some peculiarity either in composition or textnre,
the porphyritic hornblende-diorites have undergone very extensive decomposition, and it ",as only after long and earnest search that two or three
small masses were found, which might fllrnisll a study of this diorite in
a fresh state. A close inspection of fresh specimens shows that the rock
is even macroscopically thorougldy crystalline, but that tolerably wen-developed feldspars and good hornblendes are separated Ollt' in a finer groundmass of a dark color. In addition to these minerals the microscope shows
magnetite, apatite, and zircon. Angite and mica also occur in limited areas.
The hornblendes whe!1 fresh are bright brown alld well crystallized,
often showing terminal faces as well as the prism and clinopinacoid. In a
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slide from Cedar Hill tho curious inclusions which seem probably ilmenite
needles, already referred to, are . developed in great perfection. Most
of the hornblende substance is concentrated in the larger crystals, but
there are a few minute ones and some crystalline fragments interspersed
throug'h the groundmass. The larger feldspars are fairly well developed,
but have not the shatply rectilinear obtlines so common in the diabases and
the volcanic rocks, nor do they display any tendency to elongated lath-like
forms. They give the angles of extinction appropriate to labradorite; they
contain occasion:11 fluid inclusions, of rounded forms, and of course no glass.
They are pierced by numerous apatite needles. The smaller feldspars are
in part crippled grains, similar to those of the granitoid diorites, and in
part elongated micl'olites. The angles of extinction of these latter render
it probable that they are oligoclase.
The iron ore seems to be exclusively magnetic.1 The apatite is in part
of .the ordinary colorless variety, and in part brown and dusty. The indeterminable inclusions in the apatites are disposed very differently in different
individuals. An hexagonal brown core is sometimes surrounded by colorless apatite, while in other cases this arrangement is reversed. Longitudinal
sections not infrequently show colorless ends, with a dusty middle portion.
Only a few zircons have been observed in this rock, in which respect it differs from the granular diorites. The groundmass consists of small fel.dspars
and magnetite grains, and its general effect is usually that of an excessively
fine-grained granitoid diorit.e. Occasionally the arrangement of the microlites is snch as to suggest fluidal structure.
Decomposition.-The decomposition of these rocks forms an exceedingly
interesting study. It will be shown elseyl'11ere in detail that the horn bIen des
•
pass into chlorite, and this again into epidote, quartz, and calcite. The chlorite evidently possesses a high degree of solubility, and soon diffuses itself
through the grounc1mass, and through the feldspars so far as these latter have
become porous from decomposition. The chlorite and epidote give the partially decomposed rocks their characteristic greenish hue.
Another change of great interest appears in a small dike of porphyritic
diorite cutting granular diorite close to the Eldorado CJ·oppings. No effect
whatever has been produced upon the inc~osing granular diorite, but for
I
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ahont an inch from the edge the intrusive porphyritic rock has an excei'lsively fine grain and close text.me. In consequence of t.his physical character it has resisted decomposition, and close to the contact is very fresh.
Here it contains fine brown hornblende, but at a distance of half an inch
from the contact~ the texture, as seen under the microscope, becomes coarser
and more open, and green fibrous hornblende makes its appearance. Certain hornblende individuals are brown towards the center, bllt gl'een and
fibrolls neal' the edges and along cracks, and the dividing line is such as to
leave no doubt that in this case the green fibrous modification is to be
regarded as an alteration-prodnct of the brown dense variety. This occurrence strongly confirms the indications of such a transformation mentioned
in descrIbing the granular diorites. l
Structure of porphyritic diorites.-N 0 special tendeney to parting in any direction
is perceptible in the porphyritic diorites, but they vary in coarseness of
grain ~tnd general appearance much more than the granitoid diorites. To
the south of Bullion ravine there are small localities where the rock is distinctly brecciated; and ill the ravine west of the Imperial there is a small
OCClll'renc~ of excessi\'ely fine-grained diorite, with a closely laminat.ed
strnctlll'€, not unlike a calcareons slate. Similar spots are found in the
diabase and the andesites, but ill no case was any explanation apparent from
the character of the slll'ronndillg masses. Some such appearance might
ensue in a pasty mass if its composition were locally altered antI its fusibility
increas0d, say by the presence of a fragment of calcareous rock. There is
no relation between the direction of the lamellre of these spots and the
general fiss11l'e system. 'Vhere decomposition has proceeded far enough
fOI' a diffusion of chlorite throngll the rocl~ to take place, the granular textlll'e
of the groundmass is much obscured, and the. similarity between it and
certain partially decol1lposed andesites is great and misleading. A large
portion of what wa~ supposed to be propylite in the 'VASHOE DISTRICT, is
porphyritic diorite in this stage of decomposition. Disintegration sometimes ,
accompanies decomposition of the rock, b11t an astonishing coherence is often
maintained when scarcely a particle of unaltered mineral is left.
Diagnostic points.-It is often very difficult to distingnish bet.ween partially
I
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decomposed diorite and hornblende-andesite; and the only really safe course
is to continue the examination until comparatively fresh specimens are
obtained. The granular structl1l'e of these is not readily confounded with
that of andesite. The diorites are never fissile like hornblende-andesite, and
hornblende-andesite is usually pretty uniform over considerable areas, while
the dioritic porphyries vary in stl'11cture almost from yard to yard.
Mica.diorites.-The micaceous diorite-porphyries do not differ greatly from
the hornblendic variety, except in the substitution of biotite for hornblende;
but the rock is of a looser texture, the porphyritic feldspars are generally
larger, and tend more to rounded forms. I met with no occnrrence of this
variety in a fresh condition.
Relations of the diorites.-All varieties of diorite pass over into one another.
Porphyritic and micaceous forms occur in the prevailing granular mass on the
front of Mount Da,;,idson, directly opposite the Savage mine, and granitoid .
diorites occur, mixed with the porphyritic forms, on Cedar Hill and in the
lIfcKibben Tunnel. Especially in the latter locality gradations of the one form
into the other can be excellently followed onto The evidence of this character
is sufficient to prove conclusively that no absolute separation can be established between the dioritic rocks. There is, however, also considerable eyidence to show that, as a whole, one variety succeeded another in the course
of the eruption of the mass. The first portion of the dio'rites appears to
have been of the dark, fine-grained variety, and cases have been met with
in which dikes of the lighter rock cut the darkm:. In the mines, too, the
excavations show that" the dark rock frequently underlies the lightm;, and
"
in the deepest workings
the dark predominates over the light rock. There
are not sufficient exposures of the coarse-grained diorites with brown
hornblendes to determine its relations to the varieties with fibrous hornblendes, but it evidently preceded the porphyritic rocks. The main mass
of the porphyritic diorite succeeded the gra:nitic. Just to the south of
the Eldorado Cl'oppings there is a distinct dike of porphyritic diorite in
the granitic mass, with well-developed contact phenomena, extending about
an inch from each wall of the dike. To the north of Mount Davidson the
mine shafts, too, have gone down through porphyritic dio~:ite into the grannl.ar variety. Indeed Mount Davidson, between Bullion ravine and Spanish
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ravine, confititutes the principal area of the granitic diorite at t11e surface;
while both to the north and the ::louth porphyritic varieties prevail, and
nearly all the diorite to the east of the LODE is of the same character.

METAMORPHIC DIORITE.

Origin and association.-The southern portion of the district contains a large
area of this rather puzzling rock. It was mentioned by Mr. King as a "compact, black, crystalline rock, which in hand specimens would nnquestionably
be classed as a basalt," bllt which can be shown to be of metamorphic origin.
Professor Zirkel determined it as a peculiar basalt. The mo~t ordinary
variety is of a black 01' iron-gray color, and shows an irregular crystalline
fracture; but certain varieties (the more feldspathic ones) are light in color,
and considerably resemble Mount Davidson diorite. There is no little difficulty in determining whether this rock shall be regarded as of metamorphic
origin, or as eruptive. To the west of the Floridct mine the contact between
it and the nnderlying metamorphic rocks appears as sharp as possible. At
the lVales Consolidated, a mine opened on a deposit lying between this rock
and the granite, there is no evidence whatever of bedding. Near the Amazon
mine it is weathered ill round boulders, precisely like those produced by the
action of frost on bmmlt; and close to the Volcano mine it forms a distinct
breccia. On the other hand, in some of the railroad cuts, there appear to
be transitions into rocks of evidently sedimentary origin. But sllch appearances need very cautious treatment, for between metamorphism and decomposition, a contact might readily assume the appearance of a transition. The
microscopical character of the rock offers nothing decisive as to its origin,
and the point which has mainly determined me to regard it as metamorphic
is its relation to the quartz-porphyry. An inspection of the map will show
that it is invariably associated with the quartz-porphyry, and that if it had
resulted from the metamorphism of the sedimentary strata by porphyry
eruptions, subsequent erosion must have exposed it in relations almost identical with those observed. Its composition also indicates a metamorphic
rather than an ernptive origin.
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Character in detail.-The principal constituents are plagioclase, hornblende,
and mica, often with the addition of quartz; while the SI1 hsidiary minerals
are titanic iroll, apatite, sphene, zircon, and in one case tourmaline. The
hornblende is for the most part fibrous and bluish green. Bn t this does 110t
appear to have been its original color. The centers of comliderable masses
of hornblende appear under the microscope wholly colorless, and the association of the two varieties described in detail under slide 29f> is such as to
lead almost inevitably to the conclusion that .the green color is secondary.
In many specimens the hornblende is present in great quantities, and microlites so crowd the feldspars that their striations are almost imperceptible and
their species indeterminable. To a considerable extent the hornblende is
decomposed into chlorite and epidote, the latter mineral appearing in unusually fine crystals. ]\fica is present in smaller quantities than hornblende,
and gives the interference figure of biotite. Some specimens contain augite.
In the less horllblendic varieties the feldspars are well developed, many
of them with sharp, rectilinear ontlines, like those in the more porphyritic
diabases. The lamellre are exceedingly attenuated; they show angles of extinction appropriate to oligoclase, and pericline twinning is occasionally
visible. A few orthoclase crystals also ocenr. Quartz grains m'e numerous
in the less horn blendic specimens, and do not appear. to he of secondary
ongm. They contain numerous minnte fluid inclusions, and with irregular grains of feldspar forlll a kind of coarse groundmass. The titanic iron
is accompanied by leucoxene, which in some cases appears to pass over into
titanite, though a transition cannot be demonstrated. The apatite presents
nothing pecnliar, and the zircon is in no way remarkable except in the frequency of its occu~Tence. TOl1l'Illaline was found only in one slide. Of
course it sllggests metamorphic origin, though the same mineral is lmown
to occnI' occasionally in rocks of eruptive origin, and, as has already been
mentioned, was noticed in one of the alm.ost llnqnestionably eruptive
diorites of this very district.
Oomparatively little decomposition has been noticed in'this rock, a fact
which no doubt stands in intimate relat.ion to its nnnsnal hardness and
toughness, but in some limited areas it is highly chloritic, and certain specimens wOldd pass for propylite.
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Diagnostic peculiarities.-SOme varieties of this rock, especially a portion of
the small 'Patch shown on the map in square C. 7, greatly resemble Mount
Davidson diorite, and indeed the difference under the micro~cope is chiefly
in the species of feldspar. On the hills 'west of the Florida, and in some
other localities, it is much like augite-andesite or ba:salt in appearance, but
the macroscopical resemblance does not answer to any microscopical similarity. It sometimes occms in roullded shapes snch as basalt often aSSllmes.
In many cases weathered sUl'faces of this rock can he recognized by the
crystal outlines which they exhibit. These are often polygons of a variable
number of sides, and represent sections of hornblendes crystallized III remal'kably short prisms and provided with terminal faces.

QUARTZ-PORPHYRY.
'General character.-Quartz-porphyry covers a large area in the southwestern
portion of tl~e 'WASHOE DISTRICT, and extends for miles in the direction of
'Vashoe Lake. It presents a rough surface varying in color from white to
a yellowish or reddish gray, and is thickly set with quartz-grains the size
of a mustard seed, and smaller. Mica is nearly always visible, and hornblende occasionally. Only in one small area near the gnUlite is the quartz
macroscopically suppressed, m;d here the rock is finer-grained than elsewhere. Underground it extends to a considerable distance farther north and
east than its northem limit on the surface, and there underlies hornblendeandesite and augite-andesite.
Composition.-None of the rock is really fresh and, though an earnest
search was made, not a single specimen could be found showing the COllstituent minerals in an un decomposed state. Those which enter most largely
into the composition of the rock are feldspar, quartz, mica, hornblende, and
ores of iron. As accessory minerals, titanite, apatite, and zircon were
observed. The feldspars are not well defined, but occm in irregular or
rounded grains. They are in part striated, but the larger portion show no
trace of polysynthetic structure, and while in some slides so large a quantity
of calcite is distributed through the feldspars that the striations might be
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supposed to be obliterated, in others the crystals are so clear that striations,
_if present, could not but be apparent. l\:1any of the unstriated feldspars show
eleavages, and extinguish light at angles which seem to prove their orthoclastic character. No unstriated feldspars were found to give angles of
extinction, reckoned from the cleavage planes, which would refer them to
either of the triclinic species. The triclinic crystals show for the most part
very narrow striations, and give angles of extinction which correspond to
oligoclase. The microlitic feldspars of the groundmass do not appear to be
triclinic. On introducing a portion of the rock in a condition of fine powder
into the well-known solution of mercuric iodide in potassic iodide, of a
specific gravity of less than 2.65, a large proportion rose to the surface.
This mounted in balsam appeared to consist mainly of feldspar. 'l'he portion which sank contained some feldspar and the other components of the
rock. The feldspars contain inclusions of glass and also of fluid, but a port~on of the latter I regard as of secondary origin.
Quartz.-The quartzes are bounded in part by straight lines and in part
by curves. In some cases the imperfectly developed crystals appear to
have been broken, and the fragments are now separated by narrow bands
of groundmass; in other cases they contain deep sinuous bays of the same
material. The quartz shows both fluid and glass inclusions, but their distribution is somewhat uneven. In some slides they are present in nearly equal
numbers, while in others one or the other preponderates, or even occurs
exclusively; but this is exceptional. The inclusions are not thickly set., but
a glass inclusion and a fluid inclusion, with a moving bubble, can often be
seen in the same field with a Hartnack No.7 objective. Of the hornblendes,
which were all black-bordered, none now remain in a fresh condition.
They have been replaced by the usual products of decomposition-chlbrite,
epidote, quartz, and calcite. The mica, too, is in great part decomposed,
but occasional scales remain, and these give the interference figure of biotite. The groundmass in every case ·shows fluidal and pseudospherolitic
structure. In some cases a base is also present; in others it is either wanting
or devitrified. 'Vhen glass is present, it shows a preference for elongated
sinuous forms, and often the central line is marked by aggregations of iron
ore from which, as axes, black trichites sometimes spread into the surrounding
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isotropic substance. The iron ore is in part magnetite, while in other cases
it appears to be ilmenite. Apatites of the usual colorless variety are frequent. Zircons are 110t uncommon, and there are occasional small patches
of titanite.
Field habit.-The croppings of· the quartz-porphyry are usnally exceedingly rough, and the nearest approach to a structure is indicated in some
localities by the separation of the rock il1to nneven sherdy fragments. Its
appearance is almost identical all over the district, except in the small area
where the quartz is macroscopically suppressed. Here it shows variolls
brown and green colors, and sometimes a smooth fracture like a fine-grained
homblende-andesite. In this area the color and texture vary every few feet.
This macroscopical difference appears to correspond to no microscopical
peculiarity beyond a finer grain. As quartz-porphyry is the only quartzose
rock in the district, it is readily distinguishable.
Various determinations.-As has been seen in the resume of former memoirs,
the quartz-porphyry has been variously determined by the eminent geologists who have discussed the 'VASROE DISTRICT. Baron v. Richthofen very
positively asserted that the circumstances of its occurrence rendered it certain that this porphyry was intermediate in age between the granitic and the
volcanic rocks, and I entirely agree with him. The absolute uniformity of
the rock from the Ovenna(t mine to the southern extremity of the mass, with
the exception of a small felsitic area, utterly precludes the supposition that
it is separable into different species of Tertiary and pre-Tertiary origin.
The felsitic modification comes'in contact only with granite and basalt, bnt
its microscopical character is identical with that of the coarser porphyry; it
strongly resembles well-known varieties of quartz-porphyry, anell can see
no .evidence on the ground sufficient to separate it from that species. rrhat .
in the Overman and Caledonia mines and the For'man shaft the porphyry
vertically underlies hornblende-andesite is beyond question; both optical
tests and specific gravity determinations show that it is an orthoclase rock;
and the character and association of the inclusions in the quartzes are precisely those which are so very common in old quartz-porphyry. Professor
Zirkel determined the largei· proportion of this rock as a dacite, but 011
reexamining his slides I found that they corresponded in every respect to

•

48

GEOLOGY OF THE COMSTOCK LODE.

mine, and that the quartzes in each of them contained fluid inclusions with
moving bubbles. The one slide which Professor Zirkel determined as rhyolite differs, in that the quartz contains glass but no fluid inclusions; in a slide
of my own, however, from as nearly as possible the same locality, these conditions are reversed, the quartzes showing fluid inclusions but none of glass.
I can see no difference in the amount of orthoclase present in those slides
determined respectively as dacite and rhyolite. Professor Zirkel gives an
analysis of this rock made by Mr. Councler, showing two per cent. of soda
and three and six-tenths per cent. of potash. In discussing this composition
Professor Zirkel cites a number of analyses of Transylvania dacites, but in
none of these is the proportion of potash to soda so high as in the 'VASHOE
rock.
DIABASE.

Earlier diabase.-There are two varieties of diabase in the district. The
older of these forms the hanging wall of the LODE; the other has been
known as "black dike." The east-country diabase varies considerably in
coarseness of grain and in color. When really fresh it is always dark, and
when also fine-grained it closely resembles an andesite. The coarser-grained
and somewhat decomposed occurrences are often confusingly like granitoid
diorite.
The rock consists of plagioclase, augite, and an iron ore, with a number of accessory and irregularly distributed minerals, quartz, hornblende,
mica, and apatite. The structure is not that most nsually found. in diabases,
being somewhat porphyritic. The augite is of the usual pale-brown tint,
and occurs largely in well-developed crystals, These are often twinned
according to the ordinary law. l The twinning attmcts more attention than
usual, because polysynthetic structure is common, some of the lamellre often
penetrating only part way through the crysta1. . The ordinary cleavages are
well m'arked, and instances are common in which the pinacoidal cleavages
.as well as the prismatic ones are developed. Some slides contain only separate and well-formed crystals, while in others they occur in groups, and
these are apt to be gathered abou~ branching masses of iron ore, almost like
1
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close-growing bunches of grapes. III still other slides grains of the mineral
are distribnted through the groundmass.
Mineral constituent. in detail.-ThiS rock always contains porphyritical feldspars. 'rhey are long, sharply rectilinear, and without exception triciinic.
They give angles of extinction proper to labradorite. The lamellre are of
moderate width, and are often combined at the same tillle according to all
the common twinning laws. In nearly every slide they carry liqnid inclu- sions, generally of vesicular shapes. The smaller feldspars form granitoid
grains of "secondary consolidation," and with the iron ores and more or less
augite, make up the groundmass. I have observed some of these smaller
feldspars which gave angles of extinction indicating a different species from
the larger crystals of fil1>t consolidation. 'l'he iron ore is in part maglletite, and in part ilmenite, with the characteristic cleavage-lines and products
of decomposition.
Quartz grains of unquestionably primitive character are occasionally
met with. These show an arrangel1lClit of particles of magnetite, etc.,
about their peripheries snch as secondary qnartzes nevm; exhibit. Almost
all of them show fluid inciu:>ions, the smaller ones with moving bn bbles. I have observed none in which t.he liquid appeared to be in the
spheroidal state, and the bubbles do not disappear at a tempel:ature of
above 40° C.; the fluid is therefore aqueous. I have met with no salt
cnbes. Hornblende occurs sparingly, and is generally confined to closelylimited areas. 'Where it is present great care is necessary ill discriminating the
, rock macroscopically from diorite. Mica is rare, and is seEm only in almost
indeterminahly small particles, which might even be secondary. The
apatite is of the usual colorless variety. Not a single zircon was detected.
Evidences of diabasitic character.-The microstructure of this ro~k strongly suggests that of some lavas, and I have sometimes been puzzled to say at the
first glance whether a particular slide was augite-andesite 01' diabase; bU,t
the resemblance is superficial. A$ will be seen later, somewhat granular
augite-andesites occur in the district, but they are exceptional. Here as
elsewhere the younger rock generally shows a microlitic gronndmass, and
frequently a glass bnse. This is the case equally on the snrface, and in the
$utro Tunnel more than a thousand feet beneath the slll'face. The diahase 110,,"
[) 0 L
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under diElcussion shows in all cases a thoroughly crystalline stl'llctnre, and
the groundmass is always composed of granitoid grains. Tlie feldspars of,
I believe, every slide of the augite-andesite show glass inclusions; and I
have not met one fluid inclusion in that rock which appeared to me of pri::
mary origin. 1 In the diabase the occurrence of fluid inclusions and the
absence of those of glass is equally universal. The augite of the angiteandesites shows no pinacoidal cleayages, and only one locality has been
detected at "WASHOE in which it has passed into uralite. The change even
there is so exceedingly local that althongh a dozen slides have been ground
from the same cropping, but one show:s the alteration of augite into hornblende. In the diabase the passage of augite into uralite is the llsnal preliminary to chloritic decomposition. Finally, if there is one point of structure incapable of t,,·o interpretations, it is that the black dike is of later
origin than the east and west countr'y rocks. As will be shown, the black
dike is an ordinary diabase, and the hanging wall is consequently a preTertia,ry rock, and would ilecessarily be classed as a diabase were its resem.
blance to the volcanic series much more thorongh than it really is.
Decomposition.-In decon1posing, the diabase shows few peculiarities. As
has already been mentioned, the augite is apt to be converted into uralite
and then into chlorite. Epidote almost always forJ;DS to some extent from
the chlorite, bnt the latter does not generally seem to pass so readily and
completoly into epidote as does that which results from the degeneration of
hOl'l1blende. Instances occur, however, where the conversion is complete.
The decomposition of the feldspars presents no peculiarity. They change
slowly to quartz and calcite, anel become porous and suffnsed with chlorite,
just as in the diorites. The final result is a mass showing aggregate polarization with a few determinable grains of silica and carbonates, and particles of a whitish opaque 811 bstance, but nothing determinable as kaolin.
lIt has beeu showu of lato years that the evidence affordcd by fluid inclusions needs to be treated
with calltion, for tbey are rcported as preseut in all tbc ~' {)ungcr rocks. No Olle, IJOwcycr, bas claimed, so
far as I alll aware, tbat slIch illc.lnsions aro fr~fJ.uent iu or characteristic of tho Tertiarycrnptil'es. Professor Rosenhnscb, in hi8 "Physiog. de.1' Gesteine," does not l11f'.nt.ion a single obseryation of his own on
fluid inclusions ill augite·andesitcs, and cites only one instance of snch an occurrence noted by others.
If my inferences as to tho secondary naturo of certain fluid inclnsions (p. 79) are correct, a deduction may need to be made from the number of fluid inclusions, to which agenetic significance can proper Iy be attrilJU ted.
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Field habit.-The commonest variety of the east-country diabase is a finegrained blackish-green rock, the most noticeable macroscopical peculiarity of
which is its tendency to develop smooth fissure planes. Sometimes these
planes are parallel, and of course divide the'rock into sheets. In other cases,
quite as common, they form all sorts of angles with one another, and divide
the rock into polyhedral fragments, almost like large crystals, or into prisms of
various angles; but I failed to find any law governing the angular relations.
There can be little question that the cleavages of the rock have been
developed by the dynamical action which has repeatedly racked the hanging wall; but the tendency to jointing and the planes of cleavage may
have been involved in the original structure of the rock, for the hammer
develops only the imperfectly conchoidal and somewhat rough surfaces,
which other fine-grained rocks show when fractured, and not smooth planes,
Possibly, however, such might result from a slow but irresistable pressure.
The coarse-grained diabases show much less of this jointing, but the fracture of both presents the same appearance except in regard to scale-a
granular surface with frequent larger lath-like plagioclases. In a great
proportion of cases the feldspars are pellucid, even when the augite is
wholly decomposed; but when the coarser rocks are so far ,altered that
the feldspars become opaque, the rock looks very like diorite, a resemblance which is greatly increased by the comparative absence of joints.
The diabase on the south side of Ophir ravine looks very like a diorite,
though here the exposure is so large that the jointing is clearly visible.
In many cases under ground it is litt.le developed, not more so than is frequently the case with the diorite. In a few places, as for example the
2, 700-foot level of the Yellow Jacket, there are limited occurrences of excessively fine-grained, closely laminated diabase resembling slate. The diorites
and both the andesites show the snrne phenomenon.
It will be seen that the andesites behave very differently in subterra-'
nean and subaerial decomposition. The behavior of the diabase in this
respect cannot be directly compared with the lat.er rocks, because the exposure in Ophir ravine is but little affected, and that near the lIVard is obscure
and almost wholly covered w.ith wash; but the protection of occasional
masses of diabase from decomposition by accidental arrangements of fissures
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and clay seams can be seen very perfectly in some of the mines, as we11 as
extensive disintegration of decomposed portions, and there can be little
doubt that the behavior under erosion would be analogous. The pistachiogreen so often seen in the diorites and hornblende-andesites is less COllll1l0n
in the decomposed diabases, simply because the prevalent secondary mineral
is not epidote but chlorite. The chlorite is sometimes peculiarly distributed in blackish, rounded spots on a lighter ground.
Diagnostic POints.-Diabase is likely to be confounded with diorite chiefly
w hen the feldspars have lost their transparency. The best indicatioll macroscopically is then the lath-like feldspars, which are rare in diorite. The
granular fracture, though it ruay be ,very fine-grained, is usua11y sllfficiellt
to separate it from augite-andesite. Hornblendic diabases in some cases
greatly resemble hornblende-andesites, which are of~ell rather granular; but
hornblende is not very C0111mon or widely 'distributed in the diabase, and if
one specimen arouses a dOllbt, another can generally be found near by
which will set it at rest.
Younger diabase.-The "black dike" is a feature which has long been observed on the COMSTOCK. It extends horizontally more than a mile through
some of the most important mines, and occurs from near the surface to the
lovi'est levels reached. It lies upon the foot wall, and is nowhere more than
a few feet in thickness. When fresh it is of dark-blue color and a granular
texture, without the least tendency to a porphyritic structure. Surfaces
which have ' been exposed only a few hours turn to ~ smoky brown tint,
a peculiarity shared. by no other rock in the district.
Under the microscope it is seen to be composed of triclinic feldspar,
augite, and magnetite. The feldspars are mostly developed in lath-like
shapes, and are of very uniform size. They give angles of extinction corresponding to labradorite. rrhe au gites are of the usual color, but seldom
well developed, and to a large extent occupy the interstices between the
feldspars. The rock is singularly free.from inclusions of liquid or glass;
indeed, none such have been made out with certainty. The brownish tint
seems to arise from a suffusion of the minerals with brown oxide of iron,
and this suhstance is veri likely produced by the oxidation of some chloritic mineral, of which, however, little is visible under the microscope.

THE ROCKS ' OF THE WASHOE DISTRIOT.

53

Diabasitic character.-As this rock is wholly different from the diabase of
the east country, and is evidently younger than either wall of the LODE, the
qnestion naturally arose whether it might not be a peculiar form of augiteandesite. This supposition, however, proves untenable on closer examination. The tendency of angite-andesite is to glassy forms, and this tendency
could scarcely fail to he developed to more than a usual degree, had it
been injected into so parrow a fissure as that which the black dike ~ust
have filled; and any hypothesis which might be invented to account for its
having crystallized much more uniformly and thoroughly than usual would
seem very forced.
The black dike, moreover, thoroughly resembles diabases from other
localities, and indeed represents a type of diabase which is mnch more widely
distributed than the variety ,..hieh forms the east wall of the COMSTOCK. The
rock from Orange l\Iountain, New Jersey, for example, possesses the same
color, turns brown in thesClmeway, has the same microscopical characteristics,
and, in short, is indistinguishable from it except by the label. The analysis
of black dike is conclusive evidence of its diabasitic character.
Little can be said of the weathering of this rock beyond the fact that
it passes into a black clay; almost the only form in which it was observed
in the upper levels. To some extent it has been confounded in the Gold
Hill mines with underlying black slates, with which, however, it has exceedingly little in common except the color.
Had black dike occurred in a fresh condition on the upper levels
former observers would assuredly have recognized its t1'l1e character, and
the east wall wonld never have been supposed to be of Tertiary ol'lgm.

EARLIER HORNBLENDE-ANDESITE.
General character.-rrhe thoroughly fresh hornblende-andesites are macroscopically dark-bluish rocks, showing porphyritical crystals of hornblende.
The feldspars are scarcely perceptiLle, except as they express themselves in
the crystalline fracture, on acconilt of their transparency. 'Vhere the hornblendes are small, the appearance is consequently somewhat basaltic.
No base has been recognized in the earlier hornblende-andesite of the
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The prevalent variety contains much augite; sometimes even
more augite than hornblende, but no mica. There are also micaceous occurrences, and these are nearly or quite free from augite.
Hornblende.-The hornblende is always brown in the fresh rocks, occasionally with a reddish, and often with a greenish, tinge. Of course it is
highly dichroitic, and the angles of extinction appear! in some cases to
exceed 20°. The crystal form is the ordinary combination of prism and
clinopinacoid; terminal faces too, though rarer than in' augite, sometimes
occur. The cleavages are usually developed, though in the freshest crystals
they are marked by such narrow lines that under a low power they seem
absent. In one case a clinopinacoidal cleavage was observed. Twins are
very common. Glass inclusions occur, generally as negative crystals, and
apatites are often inclosed. Very rarely indeed a slide shows a particle or
fragment of hornblende inclosed in another mineral, but as a rule all the
hornblende is concentrated in porphyritical crystals, and does not enter into
the groundmass. I discovered only a single very. small area in which the
rock shows a large amount of hornblende distributed throl)gh the groundmass
in minute particles; and even in this case the difference seems to be one of
degree rather than of kind; for the minute hornblendes are in large part
well developed and appear to be "crystals of first consolidation." The black
border accompanies all the hornblendes in most of the' andesites. Often it is
very heavy, and sometimes so encroaches on the crystal that little or none of
the mineral appears in the center. I have notic~d no instances in which blackbordered hornblendes accompany crystals of the same mineral without
black borders. In several cases a double black border is visible, the inner
one concentric with the .outer, leaving a zone of hornblende between.
Such a case is described under slide 450, and shown in Fig. 17, Plate III.
I venture to offer some speculations on this phenomenon elsewhere. The
black border is readily soluble in chlorhydric acid, even where the slide contains ilmenite A very few slides show horn bIen des without black borders.
One such exception is from the Butro Tunnel in a region of intense sol. fataric activity. Here the hornblendes ,are in part very fresh, while the
DISTRICT.

I I say appear, because it is seldom possible to make absolutely sure tbat a cryst.al is cut exactly
iu either of t.he three principal zones, amI a very small obliquity often greatly alters t.he angle of extiuction.
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remainder of the rock is not. Cases occur on the surface in which it is
evident that the black border has been attacked before the hornblende, and
this slide may represent snch an instance.
Augite.-The angites are essentially similar to those of the augite-andesites,
but it may be mentioned that in one case a pinacoidal cleavage was observed
which I have never noticed in the augite rock. In a slide from an area
which I have classed as hornblende-andesite, t.he augite also shows heavy
black borders like those of the hornblende. Augite is freqnently present
in ' the groundmass in crippled crystals and irregular grains, which appear
to me referable to "secondary consolidation." The proportion of augite to
hornblende is always large except in the micaceons andesites, and, according
to Professor Rosen busch, this is common elsewhere; while in the augiteandesites of the WASHOE DISTRICT there must be more than one lmndred
times as much augite as hornblende. I have not always seen my way,
however, to determining slides containing a decided excess of augite otherwise than as hornblende-andesite, fO'l.' such rocks occur in areas which appear
characteristically hornblendic. 'While in such cases, which are exceptional,
the endeavor has been made to take all the circumstances into consideration, it must be confessed that where very augitic hornblende-andesites and
very hornblendic augite-andesites come together, the lines of contact laid
down may be somewhat inaccurate, though the error cannot be great; and
as these conditions appear to prevail only along Cedar Hill Canon it is of
small importance.
The mica of the andesites gives the interference figure of biotite. It
is frequently black-bordered, and the border is usually deeper than that
aronnd the accompanying hornblende.
Feldspar.-The feldspars of the hornblende-andesites are nearly without
exception triclinic, and of course they can be divided into porphyritical
crystals of first consolidation and microlites of seeond consolidation. As for
the species, the porphyritical crystals are either labradorite or anorthite, and
the microlites either oligoclase or labradorite. Crystals giving anorthite
angles of extinction have been found in only a few cases, and in these I
snspect a mixture of anorthite and labradorite, because while many crystals
seemed so placed that had they been anorthite they must have given angles
~
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of extinction exceeding those of labradorite, only a few such sections gave
above 32°, while many of the remainder gave within a degree or two of
31°. But I know of 110 way of absolutely proving this point. The feldspars very often show a zonal structure. A beautiful case of this kind is
mentioned under slide 20. Simply twinned feldspars are rare, and most"
are poly synthetic, according to the albite law; pericline twinning is very
common, and both of these sometimes appear in combination with Carlsbad
twinning. The stripes are ordinarily fairly uniform, and of considerable
width; but sometimes one or both sets are exceedingly fine, and not uncolUmonly they do not penetrate the crystal, so that one end shows stripes while
the other does 110t. It need scarcely be said that in snch cases the unstriped
portion if favorably placed may be proved to be triclinic by its optical
properties. The porphyritical feldspars are usually developed in long lathlike forms. The feldspars contain inclusions of glass in almost every slide,
either as negative crystals or as rounded bodies, and these, when fresh, ordinarily carry bubbles. Inclusions of groundmass too are common, and
inclosed microlites occur both of apatite and of what appears to be augite.
The latter are not sharply crystallized, and are generally fresh, though occasionally accompanied by chlorite. They are light yellow, and sometimes
give angles of extinction of above 30°. I have seen no fluid inclusions
. in such feldspars as seemed to be· unaffected by decomposition.
Other minerals.-The apatites are usually colorless, but sometimes brown
and dusty. They seem to be universally distributed. Zircon occurs in only
one or two slides. The iron ore is for the most part magnetite, but occasionally ilmenite is present. Fig. 19, Pbte IlL, shows an excellent ilmenite
section from the highly augitic andesite in Cedar Hill Canon, and the
application of chlorhydric acid established its presence with certainty in the
typical hornblende-andesite from near the Combina~ion shaft.
The groundmass consists of feldspar mi~rolites usually referable to
oligoclase, magnetite, and sometimes microlites of augite Fluidal structure
is common. Of course the groundmass l~l1St have crystallized in cooling.
and the question is su~gested why the glass inclusions were not devitrifiec1
at the same time; but it is evident that a large part of each porphyritical
crystal must have formed after the glass was inclosed, leaving a residual
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magma of a different composition. In only one or two cases has anything
like a thoroughly granular structnre in the groundmass been observed.
The greater part of the feldspar microlites are generally well and sharply
developed. The samc is true in the augite-andesites, and in cases of extreme
decomposition the shape of the feldspars, large and small, is an important
point of distinction between andesites and the older porphyritic rocks.
Field character.-In the most important part of the DIS:rRICT lying in the immediate neighborhood of the productive portion of the LODE, the hornhlendeandesite is dark and fine-grained, and contains only small hornblendes, which
are recognizable as such more often by thei;' brilliant surfaces and evidences
of cleavage than by their crystal form. The rock breaks easily under the
hammer with a somewhat conchoidal fracture, and its luster is morc or less
glassy. The hornblende-andesites which occur south of Gold Hill are much
more porphyritic, and the hornblendes are unusually well developed.
Orystals of an inch and a half in length are common, and one decomposed
crystal fully foll}' inches long was observed. In none of the varieties are the
feldspars visible when fresh except on minute examination, simply because
they are transparent, and the dark color is therefore llue to the bisilicates
and magnetite. Oolumnar structure is occasionally developed all over the
district, but in no great perfection.
VIleathering.-Ordinarily the hornblende-andesite appears to possess little
or no structnre in mass, while under the action of the atmosphere it develops
considerable fissility in certain directions, so that some croppings present
almost the appearance of upturned beds of sedimentary rocks with parallel
partings at a distance of one or two inches. That the fissile tendency does not
extend to an indefinite lamination is evident from the behavior of the shenls.
These do not continue to part parallel to their more extended s11l'faces, bnt
are gradually rounded by the action of frost. By this agency conchoidal
fragments are separated from the corners and edges of the loose blocks,
and when it is considered through how short a distance the action of the
frost can extend, the display of force is quite astonishing. Oonchoidal chips
of three 01' four ponnds in weight are often fonnd at a distance of two or
three feet from the block on which they fit. Large masses of hornblendeandesite breccia also occur, though this form is not so common as with the
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augite-andesites. Of course, neither columnar structure no)' fissility, both
of which are probably to be regarded as results of tension from cooling,
are developed in the comparatively porous breccias, for the fragments of
unfused rock in breccia act like the chamotte in a fire-brick in preventing
density of structure.
Decomposition.-The weathering of the hornblende-andesite seems to differ
in its nature,- as it takes place in direct contact with the air or under ground.
Oroppings of the rock which on being broken prove internally fresh, are commonly coated with a very thin, deep-red or brown scale and, to judge by
fragments found in the immediate i1eighborhood of such crop}lings, the
change seems to consist mainly in disintegration by frost and in peroxidation of the iron. Under ground, on the other hand, decomposition appears to
extend into the body of the rock. One of the first minerals to be affected
is the feldspar, which loses its transparency and becomes a dead whit.e.
This totally alters the appearance of the rock, which hecomes a light-gray
porphyry, instead of a dark-bluish and basaltic-looking mass. Every variation in coarseness of grain also becomes apparent. The feldspars lose
their transparency when only a very minute portion of their substance
(certaillly less than one per cent.) is altered. The ri'ext stage of decomposition is the formation of chlorite from the bisilicates, which soon diffuses
itself through the ground mass and the feldspars. The chlorite is further
frequently decomposed into calcite and epidote without any special change
in the appearance of the rock All these changes tend to diminish the
sharp definition of the porphyritical crystals and give the mass the ·look
rather of an older dioritic porphyry than of a volcanic rock. I~ is easy to
suggest plausible explanations for the different behavior of the andesite
above ground and beneath the surface. The presence under ground of
water holding carbonic acid in solution 1S perhaps sufficient to acconnt for
the formation of calcite in the feldspars, and the strong oxidizing action on
the surface may well explain the direct formation of ferric oxide in the
exposed rocks. When the andesites are not in the condition of breccia the
subterranean decomposition is commonly accompanied by a softening or
partial disintegra~ion of the mass, though in some cases, as at the South
'rwin Peak, rock not brecciated preserves great consistency, possibly frol11
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an originally porous texture. The breccias remain hard and tough until
every mineral has been subjected to complete alteration. There is much
evidence and every analogy to show that this decomposition pro?eeds from
external surfaces, cracks, and fissures toward the centers of blocks or masses.
Very frequently where cuts have exposed altered rocks, bloc1~s of small size
may be seen, which consist of concentric shells of loose decomposed rocksubstance, and still contain kernels of fresh andesite. The size of the blocks
is, of course, a matter of accident, and sometimes extensive masses decompose only from their external surfaces.. When this is the case erosion
often acts more rapidly than decomposition and, as the decomposed rock
is comparatively soft, masses of the fresh andesite are frequently left standing
above the general level. The fresh rock thus exposed has the appearance
of a cropping of a younger eruption penetrating and overlying an older and
different one; and this appearance is heightened by the weathering of the
pseudo cropping which, as already explained, results in a mass of reddishbrown fragments quite unlike the product of alteration beneath the surface.
The andesite which had decomposed under ground used to be regarded as
propylite, but careful examination of exposed masses of andesite such as
those described, shows that a transition into the propylitic form may always
be followed out at their base. As the course of the decomposition is dependent on the presence of accidental fissures and, no doubt, on the texture of
the rock, the form of the residual masses of undecomposed andesite is fantastically varions, sometimes resemqIing dikes, again assuming the shape of
domes and cones.
Distinctive characteristics.-Hornblende-andesites are distinguishable from the
augite-andesites when fresh by the presence of abundant porphyritic hornblende crystals and by the luster, which in the augitic rocks is resinons.
From the porphyritic diorites they are distinguishable macroscopically by
a lack of the granular structure, which the older rock commonly shows.
In the propylitic stage of decomposition the three rocks are almost indistinguishable.
Speculation on "black border."-Some of the WASHOE andesites seem capable of
throwing light on the conditions under which the black border forms about
hornblende crystals. In slides from different parts of the DISTRICT two COll-
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centric belts of mngnetite have been observed, separated by hornblende-substance. Much the finest instance is illustrated in Fig. 17, Plate III. There
can be little doubt from direct observation on modern lavas that porphyritical crystals are formed prior to eruption, anel a tolerably large and very
sharply defined specimen, like that shown in the drawing, is not likely to be
an exception. At some time after it ceased to grow this crystal was broken;
but the external black border was formed at a still later period, for it is as
heavyon the fractured smface as on the crystal faces. It is difficult to imagine
a mass of melted lava in a state of agitation sufficiently violent to break crystals suspended in the fluid magma, except during an actual eruption, and it
may be inferred with some probability that this was fractUl'ed in its passage to
the surface. If so, the external black border was probably formed as the rock
cooled after eruption. The inner belt of magnetite, on the other hand, indicates a cheek in the growth of the crystal, and must have been formed long
before ejection . . . But it is impossible to suppose the temperatUl'~tovary greatly
in melted rock-masses, at the depth below the surface at which it is believed
that eruptions originate. '1'he pressnre upon subterranean fluid masses,
however, probably varies within very wide limits, and it i~ well known that
changes in pressure produce effects closely analogolls to those caused by
variations in temperature. It seems on the whole, therefore, most likely
that this hornblende grew to the limits of the inner black border nnder
conditions which were uniform, or perhaps varied uniformly; that a sudden
change in pressure equivalent to a diminution of temperature induced the
secretion of magnetite; ·that the conditions for hornblende secretion were
then reest1~blished, and c,o ntinned till the time of the eruption, when the
crystal was fractlll'ed, and became surrounded by a second border during
the cooling process. Other large hornblendes in the same slide also haye
double black borders, though less symmetrically developed; but the smaller
horn bIen des, though also of considerable size, ~nd manifestly "crystals of
first consolidation," show only a single external belt of magnetite, as if their
formation had begun only after the temporary change in pressure. If the
hypothetical history suggested is correct, it is probable that hornblende only
forms under conditions of pressure which have not yet been reproduced in
the attempt to crystallize the mineral artificially, and the comparative rarity
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of the black border about augite may indicate that this mineral is less influenced by differences of presslIJ'c. The basis of the whole speculation is,
however, exceedingly slender.
Discussion of a zonal plagioc1ase.-Zonal fitrncture is exceedingly comlllon in the
feldspars of nearly all the rocks of 'VASIIOE, and not infrequently there is a
nearly uniform and progressive cbange in the oi)tical properties from the center of the crystal towards the periphery without demarkation into zones. Of
course such a feldspar may be regarded as consisting of an indefinite number
of zones, but while ordinary zonal crystals show recurrent layert:i these do
not.
A remarkable instance of zonal structure occurs in slide 20 from the
North Twin Peale It is illustrated in Fig. 13, Plate III. This feldspar is
probably a labradorite cut on a plane at right angles to the brachypinacoid.
The outer edge and the interior kernel extinguish light almost simultaneously when the cleavage plane makes an angle of about 14° with the
principal Nicol section. The intermediate belt, on the contrary, extinguishes at an angle of only 5°, though in the same direction as the outer
and inner portions. The fine stripes (l,re blackest at an angle of about 14°,
with an opposite inclination, but they show no zonal structure extinguishing light at the same angle throughout their entire length. 'rhe persistence
of these stripes throughout the crystal seems to prove its crystallographic
nnity, which is further confirmed by the parallelism of the zonal limits.
The section also shows very well the alteration in form of the feldspar
dnring growth, as well as the identity of the zonal inclusions with the
gronndmass, there being a connection through an opening on one side.
The variation in the position of the optical axes of different portions of
a crystal, the effects of which are seen in zonal structure, must be dne to
differences in crystallographic orientation, or in tension, or in chemical
composition. 1 Checks in the growth of a crystal may produce demarka-,
tions such as are shown in Fig. 17, Plate Ill, and described on p. GO, but
so long as composition, tension, and orientation are the same, the position
of the optical axes must be constant. In the feldspar nuder c1isci.lssion the
orientation of the zones cannot be different, and variations in tension would
J

Cf. Milleralogio Micrograph. by Fonqll6 & L6v:y, pp. 36 and 130.
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be visible in the narrow lamellro as well as in the broad ones. The intl'llsive groundmass, too, is scarcely compatible with the supposition of variable
tension, and the zonal structure in this case . mnst be due to modifications
in chemical composition. This may vary in two ways; there may be a substitution of isomorphous elements without disturbance of the characteristic
"oxygen ratio" (atomic ratio) of the mineral species, or this ratio may be
modified in the sense of Professor Tschermak's feldspar theory. Granting'
the accuracy, or even the approximate accnracy, of Messrs. Fouqnc &
Levy's discussion of the optical, properties of labradorite! and other feldspars, the first supposition is impossible in the present case; for if, at the
position indicated by the angle of extinction of the thin lamellro and two of
the zones, this angle may vary 10°, the distinction of different species by
this property is illusory. Inde'ed the extinctions are consistent with the supposition that the intermediate belt is oligoclase, an hypothesis, however,
',:ith which the crfstallographic unity of the section is incompatible. I am
therefore forced to the supposition that the intermediate belt answers to a
variety of feldspar of a different oxygen ratio from labradorite, but crystallizing in this mixture in the same form.2 The same explanation seems ·to
me indicated in most zonally-built plagioclases, and in those which display
progressive divergence of the optical axes.

AUGITE-ANDESITE.

General character.-The augite-andesites present the closest parallellism to
the hornblende-andesites; the resemblance being far closer than that which
exists, for example, between the diorite and the diabase. J?nt for the fact
that they clearly belong to different eruptions it would seem more appropriate
to regard the two rocks as varieties rather than as independent species. In
the WASHOE district the porphyritic augites· are rarely macroscopically
noticeable, but their effect is perceptible in a certain resinous luster. "Vhile
the color of the earlier hornblende-andesite in a fresh condition is commonly
IL. c., p. 253.
2The influeuce of salts of analogous properties, when mixed, in modifying the resultant crystal
form is well-known.
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a blue-gray, not unlike "teinte neutre," the augite-andesites are generally
a mnch deeper, somewhat brownish-blue. Certain glassy augite-andesites
strongly resemble the glassy hornblende-andesites, while another variety is
pinkish-gray, and bears no superficial resemblance to anything else in the
DISTRICT.
Some gray vesicular modifications have a basaltic look. '1'he
crystalline augite-andesites greatly predominate over the glassy ones.
Hornblendes occur in a majority of specimens, but in very smallllnmbers
as compared with the augites, probably not one per cent., while mica is met
with only often enough to justify the assertion of its occurrence.
Augite.-The augite is of precisely the same character as that of the
hornblende-andesites. Its color is always a more or less brownish-yellow,
which varies somewhat in shade but not in character, and is very like that
of bamboo. I have not observed a single case of pinacoidal cleavage, while
there is a decided tendency to the suppression of one of the prismatic clea,Yages. In some specimens the proportion of augite is small, and the crystalR
are then very well developed. In other cases they are very numerous and
occur in groups in which, owing apparently to interference, the crystallographic outlines are imperfectly developed. 'rhey frequently contain glass
inclusions, which sometimes assume the form of negative crystals, and
sometimes spheroidal shapes; but embedded microlites of other minerals
are rare. Besides the porphyritical crystals, the augite often appears to
form a portion of the groundmass, and microlites of it are common in the
feldspars. In one rock, which has been classified as a hornblende-andesite, an augite was noted piercing an ilmenite. These facts point to a very
wide range of time for the crystallization of the augite, which would seem
to have been among the first, and among the last, minerals to assume a
crystalline form. This is a strong contrast to the occurrence of hornblende,
but in conformity with the results of experiment, for, as is well known,
augite has been artificially reproduced under a variety of conditions; whereas,
so far as I am aware, the efforts to reproduce hornblende have hitherto
proved unsuccessful. The augites very exceptionally show a trace of the
black border, so commonly accompanying hornblende.
Other minerals.-The hornblende is precisely similar to that of the hornblende-andesites. It usually occurs in minute crystals, with heavy black
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borders; but in one very glassy rock it lacks this accompaniment. The
feldspars are also entirely similar to those in the preceding rock. Anorthite
has been identified in a few slides among the larger crystals, but in mORt
cases the maximum angles of extinction correspond to labradorite. rrhe
rnicrolitic feldspars appear generally to be oligoclase. The iron ore is commonly magnetite, but in a few cases characteristic ilmenite sections have
been observed. Apatite is invariably present, very freq~18ntly as brown or
dusty crystals. There is no inconsistency between the presence of the brown
apatite and the colorless variety, which often occur in profusion in the same
slide; but the brown crystals seem rarely to assnme the acicular form which
so generally prevails among colorless apatites. I have not observed a single
zircon, nor anything which can be set down with cer.t aintyas titanite. The
groundmass of the augite-andesites is usually microlitic, though in one or
two cases granular structure has been noted. It is very frequently the
case that the microlites of feldspar are excessively minute, and with lower
objectives the groundmass then gives the impression of felt. This is an
appearance which the hornblende-andesites seldom present. The microlites
are often so arranged as to produce the effect called flui~al structure.
Field character.-The ordinary variety of augite-andesite in a fresh condition
is dark blue, or brownish-blue, in color, resinous in luster, and has a rough
fracture. The comparatively fine-grained varieties often show the lighter
colors and smoother fractures common in hornblende-andesites, and when
the rock is at the same time somewhat hornblendic it is readily confounded
with hornblende-andesite. Sometimes,_when the feldspars are unusually
developed and the fracture is excessively rough, the rock might be mistaken
for trachyte; but the absence of mica, the rarity of the hornblendes, and the
predominance of triclinic feldspars are generally snfficient to distinguish
it. In a few instances the augite-andesites are very granular and coarsegrained, and when slightly decomposed do not greatly differ from some diorites in appearance, but the likeness is superficial. An imperfect columnar
strncture is occasionally met with, but is not characteristic of the rock.
Breccia is exceedingly common, and is sometimes tufaceous.
Decomposition and weathering.-AS is the case with the hornblende-andesites,
when the rock is directly exposed to the action of the atmosphere the process
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of decomposition is very different from that which it undergoes when buried
beneath the surface. Croppings of the fresh rock rare I y exhibit the tendency
to divide into parallel plates so characteristic of the other andesite. The want
of homogeneity in structure displays itself in a different but very interesting
manner. Under the action of the weather it frequently becomes apparent
that large masses of augite-andesite are composed of thin beds of various
character. Some of these yield to weathering much more rapidly than
others, and the exposed face becomes indented with closely set parallel
grooves, such as are often observed in finely laminated sedimentary rocks.
There is, however, no perceptible tendency to the development of cracks in
the directions indicated by tliese grooves. The most natural explanation of
this structure would seem to be that they repreRent rapidly sncceeding flows
of the melted rock, but it is hard to see in that case why differences of tension do not lead to the development of fissures. Other masses show an
analogous but different behavior in the development of grooves of sinuous
form, which cross each other at considerable angles, and give the surface
somewhat the appearance of an irregular pavement. If this structure were
found only upon opposite surfaces of blocks; it might be interpreted as an
expression of a tendency to separate into columns; but when it OCCUl~s at
all, it is found equally on all the faces exposed. It appears to me that
solidification must have set in from numerous centers distributed through the
rock, giving it a coarse pseudo-spherolitic stl'llcture, and that the grooves
must represent a slight difference in chemical composition in that portion of
the lava which was the last to solidify. Whatever may be the canse of the
appearance, it is highly characteristic of the rock in this DISTRICT. A good
example appears in the foreground of tlle frontispiece.
When fresh augite-andesite is exposed to the air, it soon becomes coated
with a yellowish-white product of decomposition. This is gradually converted into a bright reddish-brown substance, no doubt largely ferric oxide,
the sUlface at the same time growing rough. In many cases this color is
succeeded later by a pitchy black. The rate of change is by no means
slow, and in some of the railroad cuts, made a dozen years since, decomposition has penetrated the rock for about a quarter of an inch. There is
reason to suppose that after the rock has turned black the rate of change
5
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is greatly decreased. Whil~ the changes in direct contact with the air are
markedly different from those which take place in hornblende-andesite, the
process of decomposition under ground seems to be identical ill the two
rocks; n~or are the products of decomposition distillguishable after the propylitic stage has been reached. As is the case with the hornblende-andesites,
too, solid augite-andesite disintegrates, while brecciated masses retain their
consistency, an~ are consequently exposed as bold Cl'oppings by the ero:sion
of adjoining disintegrated rocks. I do not know of any cases of unbrecciated augite-andesite retaining its consistency in spite of considerable
decomposition, as the hornblende-andesite of the South Twin Peak has
done.

LATER HORNBLENDE-ANDESITE.

General character.-This rock, most of which has hithert.o been regarded
as trachyte, varies gre.a tly in appearance in different parts of the field. The
more trachytic varieties, such as those of the quarries a couple of thousand
feet northeast of Sutra shaft No. III, are purplish or reddish soft rocks,
loose in structure, and thickly studded with large feldspar crystals, hornbIen des , and flakes of mica. Near the Utah mine the color is gray, and
the texture firmer and finer-grained, while further north the rock is dense,
black, and glassy. It also occurs largely as tufa.
Fe.Mg silieates.-All the younger hornblende-andesite contains mica, though
in some cases the amount of this mineral in comparison with the bisilicates
is small. Hornblende, too, is always present, and augite generally forms a
subordinate constituent. The feldspars are of course triclinic, and no determinable sanidin has been detected. Much of the rock is thoroughly crystalline excepting inclusions, but the extent of the occurrences showing a glassy
base is considerable. The hornblende is entirely similar to that of the older
andesite, but there seems to be a relation between the physical structure of the
rock and the development of black border. In the coarser, more trachyticlooking masses, the black border of both hornblende and mica almost wholly
replaces the original mineral, as may be seen to some extent in Fig. 32, Plate V.
In the dense glassy rocks, on the other hand, the border is narrow, or alto-
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gether wanting. The mica seems to be biotite in most eases, but in two or
three localities cleavage scales giv"e an unmistakably biaxial interference
figure. It is as uniformly surrounded by a border of magnetite as the hornblende. The augite presents no peculiarities in structure. The amount of
this mineral is commonly inversely as the quantity of mica. Magnetite is
remarkable only for its abulldance, and nothing which could be pronounced
titanic iron was noticed. Apatites are rarer than in the older volcanic rocks.
Feldspars.-Almost all the large porphyritic feldspars show abundant
striations, even under the lens, ~nd few large crystals appear to lack them
under the microscope. Many feldspars which do not show polysynthetic
structure under an objective of low magnifying power, show strire under
higher powers. Many of the feldspars show zonal structure comparable with
that discussed on page 61 and illustrated in Fig. 13, Plate III. The large
feldspars are manifestly crystals of first eonsolidation, while the grollndmass
is in great part made up of microlitic feldspars. ·While the large crystals commonl y give angles of extinction indicating labradorite, the microlites appear
to be chiefly oligoclase. There are also among the larger feldspars a
comparatively small number of Carlsbad twins, and simple crystals which
might be regarded as sanidin if no further test were applied; but none such
which were cut in the determinable zones, gave angles of extinction appropriate to orthoclase. As some of the possible sanidins were not so oriented
as to make optical determinations practicable, I submitted a specimen of the
most trachytic-Iooking rock in the district to Dr. George \V. Hawes,! curator
of the National Museum, for separation by Thoulet's metbocl. The specimen sent was from a quarry 2,000 feet east of the Occidental mill, E 5, and
was in all respects identical with that described by Professor Zirkel under
slide 283. The following details are taken from Dr. Hawes' report on this
rock:
Feldspars determined by Thoulet·s method.-The specimen was pul veri zed to such
an extent that it would pass through a sieve containing three meRhes to the
millimeter; and from this mass of grains the dust that would not settle was
separated by elutriation. As the special object in view was to determine
1 'Vhile this report ,,"'a~ going through the press Dr. Hawes dic<l (Junc22), leaving a vacancy in
the ranks of American geologists which it will be hard to fill, as well as a deep personal regret ill the
hearts of all who knew him, however slightly.
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the species of feldspar, the mass of grains was first placed in a solution of the
double iodide of potassium and merclll'Y, which possessed a specific gravity
of 2.95. A portion of the substance immediately fell to the bottom. 'Vhen
examined with the microscope this was found to consist of hornblende,
• augite, mica, and iron oxide. The specific gravity of the fluid was then
diminished to ~.85, when a small portion settled out. The precipitate was
found under the microscope to consist of composite grains including portions of one of the previously mentioned minerals. At the specific gravity
2.75 only a few grains of the same char~cter fell down, and these were
more largely feldspathic.
On reducing the fluid to 2.70, a large amount of clear white grains
fell from the fluid. At 2.68 another large portion was precipitated, and
these precipitates when examined under the' microscope proved to be composed entirely of grains of feldspar. On reducing the specific gravit.y to
2.67 very little fell down, and this was of a red color, and consisted mostly
of grains containing clear feldspar, together with portions of tile groundmass. Suhsequent reductions of the specific gravity caused the remaining
su bstances to fall to the bottom in snccessive portions, and when the fluid
had reached the specific gravity of 2.61, only a very small amount of material floated. This examined under the microscope was found to consist
~ntirely of groundmass. There appeared to be no portion of the glassy
feldspar crystals in any of the substances which had a specific gravity
below 2.65. As the amount of rock which will float at any specific gravity
which appro~ches that of orthoclase is very small, it would seem· that
nnder no circumstances conld this feldspar be considered as a preponderating species, and that, if present at all, it mnst be in very small amollnt.
Mr. F. P. Dewey, at Dr Hawes' request, analyzed the feldspar which
fell when the specific gravity of the solution was 2.70 and found its oxygen
ratio 1: 2.89: 7.95. This I find would correspond to a mixture of 39 per
cent. labradorite and 61 per cent. oligoclase, supposing these the only feldspars present. He also analyzed the portion which fell at a specific gravity
of 2.68 and found the oxygen ratio 1: 2.96: 8.69, corresponding to 12 per
cent. labradorite.and 88 per cent. of oligoclase. The entire feldspar analyzed
was 31 per cent.. of the ro~k, 01' 8 per cent. labradorite and 23 per cent. oligo-
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clase, on the supposition of a mere mixture of species. It appears to me
more probahle, however, from the character of the zonal plagioclases, that
many of the feldspars are not chemically referable to either species.
The results of the application of Thoulet's method agree excellently
with those of the microscopical examination, and together render it impossible to classify this rock otherwise than as a h9rl1blende-andesite, in spite of
a macroscopical appearance exceedingly like ordinary varieties of trachyte,
and very dissimilar to common andesite.
Remarkable glass inclusion in feldspar.-The feldspars contain glass inclusions in
all the slides of this rock, but these are most abundant to the north of the
Utah. In the quarry close to the hoisting work8 of that mine some of these
inclusions are of a peculiar character, forming negative feldspar crystals of
a more or less perfect shape. These were mentioned by Professor Zirkel
with admiration. No such fine example occurs in my slides as in that described by him, and in his slide number 284 there is but one which can
have furnished his description. This is mustrated in Fig. 14, Plate III.
It is not a sanidin, however, but probably a labradorite crystal. .
Groundmass.-The groundmass of the more trachytic varieties is entirely
crystalline, though never granular like some of the older hornblende-andesites; its textnre is also very loose and open, a fact which often influences
the course of decomposition. To the north of the Utah patches of glass
similar to that which is included in the feldspars of the same locality are
distributed through the groundmass, ancl on the ridge rnnning east by south
from the Geiger Grade toll-house, D. 1, as well as at the point where the
Grade cnts the younger hornblende-andesite area, the glass prevails to such
an extent that the rock approaches an obsidian in character. Its pitchy
black color is due merely to the bisilicates and magnetite, the glass and
feldspar being transparent.
Field character.-The more trachytic varieties near Shaft III. of the SutfO
Tunnel, and on the southwesterly spur of Mount Rose, are reel or pnrple,
and highly porphyritic, very soft and rough rocks, quite incapable of being
confounded with any other occurrence in the district. They do not exhibit
regular partings or columnar strncture. Mount Rose ancll\Ionnt Emma are
1argely composed of tufa and tufaceons breccia. The tufa is not maCl"O-
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scopically distinguishable from other tufas, such as that of augite-andesite,
but inclosed masses commonly indicate its character. The exposure represented in Plate VII. is made up of coarse porphyries and tufa, and the engraving shows a species of bedding in the rock, no doubt due to variations in
eruption. Gray, tolerably firm varieties, about as coarse as ordinary granular diorite, occur at the Sugar Loaf, F. 3, and near the Utah. At the latter
point columnar structure is very finely developed. Mount Abbie, C. 2, is
intermediate bet.ween the firm gray and the soft, highly porphyritic modifications, and the black glassy occurrences require no further description. None
of these bear much resemblance to the prevalent varieties of earlier hornblende-andesite, but there is a considerable area to the 110rtheast of "Mount
Emma, and JURt outside of the map, where the resemblance is almost perfect.
This area seems to be strictly continuous with the more typical one, however, and transitions occur. Lithologically the presence of more or less
mica seems characteristic.
The weathering of this rock is commonly confined to the separation of
ferric oxide, not merely on the surface, but often for considerable 4istance
into the mass, where the latter is of an open texture. In the neighborhood
of the Sierra Nevada mine, however., chloritic degeneration of the bisilicates is perceptible.
Distinctive characteristics.-N 0 essential property distinguishes the younger
from the older hornblende-andesite, bnt in the WASHOE DISTRICT it forms a
variety of andesite readily distinguishable in most cases by its loose structure, an~ the presence of mica. The glassy modification is more likely to be
confounded with augite-andesite, but the luster is not resinous, as in the
augitic rocks. The distinction is hardest to draw in the wild canons east
of Mount Kate, a region wholly unlikely ever to have any importance.

BASALT.

Basalt plays a very small part in the geology of the district, but the
rock is a thoroughly characteristic representative of the species. It is dark
and compact, with many visible crystals of dark amber-colored olivine.
Microscopical character.-The basalt is a thoroughly crystalline mixture ill
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olivine, augite, labradorite, and magnetite, showing no glass excepting as
inclusions in the augites. The olivine occurs in part as fairly wen developed
crystals, with hexagonal and octagonal sections, and occasional perceptible
cleavages.' It is almost colorless, but shows the faintest possible tinge of
yellow. The decomposition amounts only to a slight discoloration along
some of the edges and cracks. Augite is present, in part in crystals as large
as the olivine, and in part in minute grains forming a portion of the groundmass. The feldspar is crystallized for the most part in lath-like forms, and
is often twinned according to the Carlsbad law, but in one or two cases
both albitic and periclinic twinning are visible. The determinable crystals
seem all to belong to Ia,bradorite. The magnetite is in no way remarkable.
Field character.-The larger part of the basalt occurs in the form of ridges
with horizontal summits, giving the impression of tables, though they are
reaBy very narrow. At the base of these ridges are numerous bowlders
which, under the action of frost, have assumed rounded forms. Besides the
areas visible on the map, there is a single bluff-like cropping near McClellan
Peak, where the bowlders have assumed an almost perfectly spherical shape.
rt is hard, and rings like cast iron under the hammer, but is rather brittle
and chips readily. There is no considerable quantity of decomposed basalt
to be seen.
This rock cannot be confounded with any other in the district, for it
all carries visihle olivine, a mineral not met with in any other WASHOE rock.
The elevation laid down as Basalt Hill is augite-andesite, and the rock
described by Professor Zirkel as an unusual basaW is both macroscopically
and microscopically the same as that here considered as metamorphic diorite.
I

Expl. of the 40th Par., Vol. VI., slide l)28.

72

GEOLOGY OF THE COMSTOCK LODE.

SEC T ION 2. (Ohapter III.)
THE DECOMPOSITION OF THE ROCKS.

Such facts as have been established with reference to the decomposition of the WASHOE rocks are necessarily mentioned in connection with the
lithological description of each species. rrhe subject, however, is one of
such great importance in the geology of the DISTRICT that it appears advisable to consider the observations bearing upon it as a whole, and in some
detail.
Area of extreme decomposition.-While few absolutely fresh rocks occur in the
region surveyed, decomposition so great as to oppose a serious obstacle to
lithological determinations is confined to a smaller area. In the nature of
things this area is incapable of precise definition, but it is shown as nearly
as may be in its relation to the OOMSTOCK and the Occidental lode by the
accompanying sketch map, page 73. From this it appears that precisely
the area which is of the most importance in a discussion of the vein-geology
is that profoundly decomposed.
Effects of decomposition on various rocks the same.-·-"While the physical character of
the different rocks has to some extent modified the physical results of decomposition, the chemical and mineralogical changes and the degxee of ·alteration observed in the rocks of the decomposed area seems almost wholly
independent of their age or species. Granular diorites, porphyritic diorites,
the two diabases, earlier hornblende-andesite, and augite-andesite appear to
have been subjected to the same influences, with the same results. Quartzporphyry and younger hornblende-andesite Gome within the limits of the
chief area of decomposition only to a slight extent, either above or below
ground, but to th~t extent they show the same effects, as does also the metamorphic-diorite in limited spots more or less nearly rela.ted to the focus of
action. Only basalt and granite have escaped with mere traces of decomposition, while the quartz-porphyry as a .whole appears to have been sub-

..

THE DECOMPOSITION OF THE ROCKS.

73

jected to decomposing influences not shared by the other rocks in the Hame
degree. It is difficult to avoid the conclusion that the period of intense
chemical action cannot antedate the eruption of later hornblende-andesite,
and probably succeeded it.

FIG. I.-Area of extreme decomposition.

Not only have the same minerals in the variolls rocks undergone identical processes of alteration, but similar groups of minerals have yielded
almost identical results. Hornblende, augite, and mica have given place to
the same ultimate products, though in slightly different proportions, and the
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degeneration of each of the various feldspar species has taken the same
course.
Hornblende.-Hornblende in the diorites is met with, both brown and green.
The brown variety is usually quite fresh, while the green exhibits a tendency
to a general degeneration throughout its whole mass. In one instance, at
least, it has been shown that the brown solid hornblende of a semi-p0l1)hyritic diorite is altered into the green fibrous modification, and in other cases
there is strong reason to suspect a like change. Similarly, it has been shown
that the hornblende of the metamorphic diorite was in all probability once
colorless, and that it is now in part converted into a green modification of
a fibrous texture. The result in both cases is very similar to uralite. It is
by no means asserted that all the green fibrous hornblende of the diorites
I
in WASHOE is an alteration-product of othEjr varieties, though this seems
possible, but there is evidence enough to wan-ant calling the attention of
lithologists to the question how far green fibrous hornblende is to be considered the original form of the mineral. Professor Rosenbusch mentions
this change· in connection with the proterobases of Lusatia. In the
younger rocks I have not succeeded in detecting a similar change. The
hornblendes of the "WASHOE andesites are either full brown, reddish brow~),
or greenish brown in color. The tint of those last me·n tioned it is somewhat
difficult to describe, and consultation has shown that the definition proposed
depends considerably on the susceptibility of different eyes. To some they
appear green with a tinge of brown, while to others the greeh admixture
is scarcely perceptible; but all agree that the color is very different from
the grass-green or bluish-green of the fibrous diorite hornblendes.
Alteration of hornblende to chlorite.-The fibrous dioritic hornblende, some of the
brown variety in the porphyritic diorites, and all the hornblendes of the
younger rocks, appear to pass directly into chlorite. The attack seems to
take place from external surfaces and cracks. If the cleavages of the crystal
are well opened, each cleavage prism is attacked, and the result in longitudinal section is a quasi-fibrated mass of rods of hornblende separated by
chlorite, and in cross-section a group of isolated rhombs or irregular patches
of the unaltered mineral embedded in chlorite, which often retains the outlines
of the original crystal in great perfection. Figs. i, 2, and 3, Plate II., are
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exact representations of such cases. The chlorite, with only one or two exceptions, has the same characters described elsewhere. 1 The 'VAmoE chlorite
evinces a considerable solubility, which can be traced in many series of slides,
notably in those from the JJfcKibben Tunnel. In the early stages the pseudomorphs after hornblende are very fine; later the form of the hornblendes is
obscured, and irregular patches of chlorite appear in the groundmass; at
last this mineral appears diffused through the rock, settling in bands round
apatites, magnetites, or other solid minerals, and penetrating partially decomposed feldspars. Frequently too it occupies microscopic veins traversing the
slide. One snch observation would perhaps be open to great question, but
scores of similar cases occur in the numerous slides examined.
Augite and mica.-Both augite and mica exhibit the same tendency to pass
into chlorite as hornblende, and neither the process nor the result commonly
differs ill any way from that just described. A preliminary change of augite
to uralite is, however, not uncommon in the diabases, and in a single slide of
augite-andesite the same alteration appears, though several other thin sections
from the same cropping show nothing of it. On the whole augite seems to
be somewhat more disposed to decomposition than hornblende, and cases are
numerous in which the hornblendes of a rock retain their freshness, when
the augites are completely altered; but in some instances the augites
have resisted longer than the hornblendes . . Mica, on the other hand, certainly yields somewhat less readily than the bisilicates, to which it is so
closely allied, though it is often wholly changed to chlorite.
Formation of pyrite.-In very numerous cases pyrite has been observed ill relations indicating that it is formed directly from hornblende and augite, apparently at the same time as chlorite. The two products do not seem to me
dependent upon one another, for chlorite occurs where no pyrite is fOllnd,
and the process of conversion to chlorite is not visibly modified by the simultaneous growth of pyrite. The indications are, therefore, that the two processes are wholly independent of and not inconsistent with each other.
Epidote formed from ChIOrite.-Epidote is usually considered as a direct result
of the decomposition of the bisilicates, but in WASHOE such a transformation, if it occurs, must be exceptional, for it was not recognized in a single
I

See pp. 84, 211, etc.
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instance, though the paragenesis of the products of decomposition wa~ a
subject of special inquiry. On the other hand, the formation of epidote at
the expense of chlorite is proved beyond a doubt. The development of
epidote usually begins near the centers of patches of chlorite, sending out
faggot-like masses of crystals in all directions, and ultimately, under certain conditions, occupying the whole space. In certain stageR this process
can be admirably observed, long pi-ismatie needles of epidote extending into
the chlorite and cutting the minute fibers of the latter at all sorts of angles.
This is peculiarly wen seen in Figs. 6 and 7,' Plate II. Sometimes the
chlorite-fibers, at the periphery of hornblende pseudomorphs, exhibit a special arrangerq.ent, lying strictly parallel to one another and perpendicularly
to the crystal face. These fibers are often nearly of the same length, and
thus form a belt or zone. Snch a belt must be denser than a spherolitic
mass, and not infrequently appears to offer a greater resistance to the formation of epidote. This is in accordance with the chemical conditions, for the
transformation cannot take place without the access of solutions. Complete
pseudomorphs of epidote after hornblende may result from this process under
favorable conditions, and such an one occurring in a slide from the McKibben
Tunnel is shown in Fig. 9, Plate II. From a study of a series of slides from
the same locality it is evident that this pseudomorph is the last stage of the
process illustrated by Figs. 6 and 7, Plate II, and not a case of direct converSI011. Epidote is also constantly found developing in patches of chlorite,
which occur in the groundmass of the rocks, where they have apparently
been deposited but not formed j and microscopic veins of chlorite are
common in which various proportions of the mass are changed to epidote.
Felds~ar does not decompose to epidote.-When the feldspars become porous, as
they do so soon as decomposition has commenced, they are subject to infiltration by chlorite, and the chlorite so deposited is converted into epidote
nnder the same conditions as in other portions of the rock. One distinguished lithologist has attributed the supposed, but confessedly mysterious,
alteration of feldspar into epidote, to the presence of plentiful hornblendeneedles embedded in the feldspar. In the section of t.his chapter dealing
with propylite it is shown that this determination is erroneons, the supposed
hornblende particles in the slide upon which the suggestion is founded being
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in fact chlorite; but that the epidote is to be att.ributed to the alteration of
these foreign particles, and not. to a transformation of the feldspar snhsta11g e, seems to me certain. The grounds for this view, which has not
hitherto been entertained, are as follows: There is no qnestion that chlorite
arises from the decomposition of the bisilicates, and that it may become
diffused through the groundmass is equally certain. Many slides from
\V ASHOE show the feldspars in a very fresh state, while the bisilicat.es are
wholly chloritized. In such cases t.he chlorite cannot be due to feldspar
decomposition, but its diifnsion through the groundmass is nevertheless
common. Carious feldspars appear to be impregnated with chlorite as a
mle when the neighboring bisilicates are undergoing chlorit.ic decomposition, but not otherwise; and epidote is found developing in chloritic
masses inclosed in feldspar when, and only when, the same process is
going on in chlorite patches not so inclosed, the origin of which is distinctly
referable to hornblende, augite, or mica. Many cases of the formation of
epidote have been observed in chlorite inclosed in feldspar, as convincing
as the instances of the transformat.ion of chlorite arising from the bisilicates
which are illustrated on Plat.e 11., though none so beautifnl; but in no
instance in the WASHOE DISTRICT has epidote been seen sending its twig~like
crystals into feldspathic masses.
Other alteration-products of chlorite.-Chlorite also degenerates into qnartz, calcite, and limonite, and this change is so~etimes to be observed in the same
slide which shows its alteration to epidot~. In this case, also, the dense belt
of chlorite which occasionally forms at the smface of a crystal of hornblende,
seems to offer considerable resistance to attack. An instance is illustrated
in Fig. 10, Plate II. Sometimes this chaI;lge seems to be referable to a distinct period in the decomposition of the rock, as in the case shown in Fig.
3, Plate II., and described under slide 464.
Character cf the chloritic mine~al.-The chlorite arising from tho bisilicates and
mica shows the same optical properties, and the cOllversion of chlorite into
epidote is frequent from whichever primary mineral it may be derived.
Th~re seems, however, a somewhat smaller tendency for the chlorite arising
from augite to change to epidote, t.han is displayed by that formed from
hornblende and mica; but the difference in this respect is not great or uniform.
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Insolubility of ePidote.-Epidote is usually classed as an insoluble mineral, and
the evidence t.o the contrary in the WASHOE DISTRICT is slight. Epidote, it
is trne, frequently crystallizes in vugs, but since chlorite certainly possesses
some degree of solubility, their growth might be accounted for by supposing
them to form in a solution of the mineral from which they are derived.
There seems, however, to be a relation between the size of epidote masses
and of the crystalline grains of which they are composed, which is m~st
easily accounted for by supposing the mineral to be somewhat soluble. In
very small patches epidote is frequently so fine-grained as to reflect almost
all the light, and under low powers appears opaque. In larger masses,
formed apparently under similar conditions, the epidote often shows crystalline grains of considerable size, and transmits light readily. In a few cases
among the diabases epidote appears to l?e replaced by opaque mixtures of
iron oxide and other substances, but no certain instance of this sort was
made out, and there is usually no indication of any tendency to decompose.
Decomposition of feldspars.-The study of the process of decomposition which
the feldspars of the WASHOE rocks un.dergo is much less satisfactory. They
have offered a far greater resistance than the bisilicates, and no great continuous area exists in which they are not. sufficiently fresh to be readily
determinable. Incipient decomposition is marked by the appearance of
specks of calcite, readily recognizable in polarized light. At a later stage
quartz grains make their appearance, accompanied by particles of a white
opaque substance, of a nature unknown to roe. In the last stages of decomposition nothing further than these three substances is recognizable. Kaolin,
according to Mr. H. Fischer, is an isotropic substance, accompanied in the
slides he studied by polarizing grains and scales.1 N acrite is crystalline and
consists of an aggregate of six-sided scales of fibrous texture, each composed
of six triangular sectors. Nothing corresponding to the description of
either was observed in any of the slides, a fa?t which seems to prov~ that
kaolinization, if it has taken place at all, is a very subordinate phenomenon.
The analyses of the C;clays," too, show that they are not concentrations of
kaolin washed out of the surrounding rocks, but represent so much rock
crushed and degenerated in place. The water contents of some of them is
lRosenbusch: Phys. derMin. u. Gesteine, Vol. I., p. 374.
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such as to preclude the idea that even this material contains any notable
quantity of kaolin.
Secondary liquid inclusions.-The behavior of the particles of calcite which first
form in the feldspars is of some little importance, for these on leaching out
give rise to secondary liquid inclusions, as will be explained under slide 210. 1
Such inclusions are met in all the decomposed andesites and appear to be
frequent also among the other rocks. If proper regard is paid to the condition of the feldspars and to the shape of the inclusion, there is little
difficulty in discriminating between secondary and primitive liquid inclusions, but a neglect of these precautions might readily lead to incorrect
diagnoses.
Magnetite appears in certain cases to be converted into a yellowishwhite opaque substance, accompanied ?y polarizing grains, much resembling calcite. The black border of hornblendes is sometimes wholly
removed in this manner, and the appearance of the rock considerably
modified. The phenomena suggest a conversion to a mixture of carbonate
of iron and limonite.
Decomposition of rock-masses.-1'he course taken by the decomposition of masses
of rock depends largely on their physical character, and is sufficiently discussed in connection with the general description of each rock. Only porous
masses suffer decomposition uniformly throughout, and these are apt to retain
their coherence. Blocks of dense rocks are attacked from their surfaces and,
as in all processes involving solution or substitntion, the corners and edges
yield more rapidly than the flat faces, so that t.he fresh kernel tends to assnme
a spheroidal shape. The altered portion of the dense rocks frequently disintegrates.
Condition of the quartz-porphyry.-The quartz-porphyry throughout the DISTRICT
and far beyond its limits is so much decomposed that not a single fresh hornblende has anywhere been found in it. Except where increased by special
causes, such as propinquity to the LODE, the degree of alteration is also very
uniform. As it overlies very fresh granite and metamorphic diorite and is
overlain by fresh andesites, special causes must be sought to account for its
exceptional degeneration. None such have occurred to me except its physlPage 119.
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ical structure. The porphyry is, and seems always to have been, very
porons, and has permitt-ed a more rapid percolation of snrface waters than
the other rocks. This is not improbably ascribable to the difference in ~he
coefficient of expansion of the quartz grains, and the other mineralogical
const.ituents.
The chemical aspects of the decomposition of the WASHOE rocks will
. be discussed in a separate chapter.

"

PROPYLITE,

SEC 'f ION 3.

81

(Ohapter III.)

PROPYLITE.

Historical statement.-The term propylite, as is well known, was introduced
into lithology by Baron F. v. Richthofen, mainly in consequellce of observations made in the Oarpathians and in the States of Oalifornia and Nevada. In
his memoir on "The Natural System of Volcanic Rocks 1Il greater prominence
is given to the WASHOE occurrence than to any other. From his description
of the rock the following statement of its characteristics is taken almost
verbatim. Propylite is always porphyritic, and no prominent property distinguishes it from porphyritic diorite. The feldspars are oligoclase and the
hornblendes ordinarily dark-green and fibrous. The groundmass is usually
green and appears to owe its color to the profuse dissemination of small
particles of fibrous hornblende. It also pre:;ents a peculiar and recognizable, though hardly describable, appearance- .or habitus. It is extraordinarily rich in mineral veins, both ill Europe and in America. Geologically it is the earliest of the Tertiary volcanic rocks. Mr. Olarence
King2 accepted Baron v. Richthofen's determination of propylite in the
WASHOE DISTRICT (a region which he visited in company with that geologist),
t.hough with some limitations and additions. Outside of this DISTRICT the
geologists of the Exploration of the Fortieth Parallel found only a few
obscure localitie::; of the rock. III 1876 Prof. F. ZirkeP confirmed the
independence of propylite a::; the re::;ult of a microscopical examination of
the collections of the Exploration of the Fortieth Parallel. In 1880 Capt.
O. E. Dutton4 announced the pre:;ence of considerable areas of propylite
in Utah.
'''Iern . Cal. Acad. of
' Ihiu. , Vol. VI.
6 C L

SCi OllCC~,

Vol. 1. , Part II.

' Exploration of tho Fortioth Parallol, Vol. III.
<Tho Higll I)latoau~ ofUtall.
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presenting the typical American occurrence of propylite, a study of the rock necessarily formed a promine11t
feature in the re-examination of the DISTRICT; for while the structure and vein
formation of tIle CO;\ISTOOI( are the objects of first importance and interest ill
'VASHOE, the first step toward their elucidation was manifestly to clear up the
lithological obscurities as far as possible. Since Baroll v. Richthofen and Mr.
Kingexamined the DISTRICT, the exposures of rock have been greatly increased.
Not only have the mines on the LODE been deepened by a couple of thousand
feet, but innumerable roads, quarries, prospect-holes, and the like, have exposed more than the m~re weathered surface in thousands of spots. . It soon
became apparent that the area of andesite, which to Baron ~. Richthofen
seemed inconsiderable and to Mr. King quite subordinate to that of the ,
propylite, had been underrated. Fresh andesites were found exposed by
cuts in many localities which had been laid down as propylite; and since
the latter was supposed to underlie the former, the upper portions of these
exposures fUl~nished a safe study of decomposed andesites, the results of
which could be applied elsewhere. It was found that even where a high
degree of decomposition and a thoroughly propylitic character prevailed,
reasonably fresh rocks could be discovered by diligent search, either as
. masses protected by some accidental arrangement of fissures, or as nodules
at the centers of concentrically weathered blocks; and to the east of the
LODE, wherever fresh rocks were discovered among the propylites, they
always proved andesitic. Where andesite dikes or overflows had bee11
recognized, and had been supposed to succeed propylite, careful examination and excavation showed that the change was throngh a transition, not
by a contact. In short, the propylite area to the east of the LODE was
reduced almost foot by foot, until it disappeared altogether. The propylite
from the head of Ophir ravine, one of the type-localities, had a slightly
different character from the eastern rock, yet the difference was not greater
than seemed possible within the limits of a· rock-species. Fortunately
there are many long tunnels penetrating the hills in the neighborhood; and
an examination, undertaken to establish contacts between propylite and
diorite, resulted in a study of transitions between typical diorite-porphyries
and decomposed ·porphyritic forms of the same rock. At last even in the
Failure of the search forpropylite.-'V ASHOE
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hug'e "propylite" croppings of Ophir Ravine the industrious use of the sledge
revealed surfaces which were unmistakably diOl'itic, and so propylite disappeared from the surface. Under ground it early became evident that the
east country rock was different from that upon the surface; but a long time
elapsed before an accidentally proteeted mass was discovered, which was
fresh enough to serve as a basis for determination. It proved to be diabase.
Later, other localities of fresh diabase were found, but while ill a new district broad inferences might soon have been dra~n as to the ebara'e ter of
the hanging wall, this was impossible in the face of previous determinations.
If a rock answering to the definition of propylite existed, it was necessary
to determine its precise area and occurrence; and if there were no such
rock it was indispensable to prove that the whole area was occupied by
others. The state of decomposition of the underground rocks is so
advanced, that in not more than three out of a hundred of the specimens,
all selected with the utmost care, is there a fresh augite or hornblende, and
perhaps half of the IS!) miles of underground workings are accessible.
The task was therefore a laborious one. The lithological examination
became a protracted study of decomposition-products, and resulted in
proving that propylite did not exist below the surface any IDpre than
upon it.
Propylitic habitus.-The most striking macr?scopical points of distinction
between the rocks in the ",VASHOE DISTRICT which have been determined as
propylite,l and the better established Tertiary and ante-Tertiary rocks, are
a greenish color which often ting-es the feldspars ~s well as the groundmass,
impellucid feldspars, and a certain blending of the mineral ingredients
which helps to deprive the rock of those characteristics by which we are
accustomed to recognize fresh specimens as belonging to the older or to the
younger series. These appearances seem to me to constitute its "characteristic habitus."
Fallacious nature of the distinguishing characteristics.-Baron von Richthofen believed
that the macroscopical character of the rock was due ,to green, fibrou::I
hornblende, and the diffusion of this mineral in fibrolU:; particles through
the mass of the rock. rrhis view was confirmed by Professor Zirkel, who
1

:-;ee page Stl.
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founds the greater part of his diagnostic points of difference between propylite and andesite upon the color and structure of the hornblende, and its
distribution in the rock. What has been taken for green fibrous hornblende,
however, in a great majority of the propylite slides of the collection of t~e
Exploration of the Fortieth Parallel proves to.be not hornblende, but chlorite. This mineral, which is probably the rhipidolite of G. Rose, is, like hornblende, green, fibrous, ' and strongly dichroitic, but it occurs largely in
spherolitic and felt-like ~asses, extinguishes light when either of the
principal sections of the polarizing apparatus is parallel to the fibers;
and, when the Nicols are crossed, usually shows only dark-bluish tints,
very different from those commonly transmitted by hornblende. In one of
the slides, indeed, there is abundant green fibrous hornblende, but the rock
is a granular diorite from Mount Davidson, while in the section from Storm
Calion, Fish Creek Mountains, there is both chlorite and hornblende, but
the latter is certainly uralite.
It has been shown in the preceding section of this chapter that chlorite,
which is a decomposition-product of hornblende, augite, or mica, is fre. quently diffused through the groundmass and any feldspars which may
have become porous through decomposition. This fact, combined with the
mistake of chlorite fOl' hornblei1de, explains the distinctions based upon the
greenish hue of the propylitic l:ocks, upon the color and structure of the
masses mistaken for hornblende, and upon the-distribution of supposed particles of that mineral through groundmass and feldspars. Seemingly conClusive proof has also been offered elsewhere that epidote in the WASHOE DISTRICT is not an immediate product of the decomposition of hornblende, but
of chlorite; which explains its absence in the comparatively fresh rocks recognized as andesitic.
III one limited area of hornblende-andesite, not represented among the
slides of the Fortieth. Parallel, minute spiculm of hornblende oeclU', distributed through the groundmass; but they are brow11, each microlite is solid,
and they are not grouped in crystal-like aggregates. In almost all cases
the andesitic hornblendes when fresh are black-bordered; but while the
magnetite usually resists decomposition longer than the hornblende substance, it sometimes yields first. 'l~be hornblendes of the diorite-pOl1Jhyries,
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though otherwise very similar to those of the andesites, seldom show even
a trace of the black border. Barring two or three exceedingly local exceptions, a division of the hornblende rocks of the DISTRICT into those showing
black-bordered crystals, and .those which do not contain them, would be
equivalent to a separation into andesites and diorites. The assertion that
propylite is characterized by the presence of hornblendes without black
borders is founded on the determination of chlorite as hornblende.
Much of the chlorite mistaken for hornblende is due to the decomposition of augite, but though fine pseudomorphs of this description occur in
the slides of the Fortieth Parallel collection, the significance of their outlines appears to have been overlooked. Some of these slides are from typical, though somewhat altered, augite-andesites. Augite also occurs in the
dioritic porphyries of WASHOE.
Glass inclusions, in some cases partially devitrified, seem to occur in
nearly all the propylitic rocks of volcanic origin, while they are of comse
absent from the dioritic rocks included among the propylites. The WASHOE
andesites are somewhat unusually crystalline, and if those which have been
regarded. as propylite ever contained any isotropic base, of which there is
no evidence from analogy, it is now devitrified.
Quartz occurs to a con~iderable extent among the granular diorites, as
an original constituent. One specimen of hornblende-andesite, from an
area not represented in the collEiction of the Exploration of the Fortieth
Parallel, however, contains a few minute quartz grains of indubitably primitive character, and these carry fluid inclusions. Occasional fluid inclusions
have of .late years been found in all volcanic rocks, and they do not consequently form a conclusive point of difference unless they are widely distributed and are present in great abundance. In some of the rocks determined by Professor Zirkel as. quartz-propylite, the quartz appears to me to
be secondary. It occurs in groups of grains of different orientation, and is
indistinctly separated from the surrounding mass. Secondary quartz, of
course, frequently contains liquid inclusions.
Value of habitus in rock-determinatic,lDs.-The methods employed to identify the
propylites of WASHOE with other rocks were by no means confined to mere
mineralogical examinations under the microscope. It is but a few years since

,
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the only resources of the lithologist were a study of variations and transitions, and a keen perception of the habitus characteristic of rock-species,
aided only by the feeble help of a lens and an occasional chemical analysis;
and how much can be accomplished in this 'Yay is evid-ent from the fact that
the chief features of lithological classification are still mueh what they were
before the introduction of the microscope. Nor are the methods of the
older lithologists antiquated; on the contrary, the proper use of the microscope greatly increases their applicability and efficiency. The microscope
enables lithologists of the present day to give greater precision to their ideas
of macroscopical habitus, and to distinguish in most cases between essential
and non-essential characteristics, and, with this advantage, they should
become even keener field observers than their predecessors. Indeed the
relations of lithological varieties, and of the causes on which they are dependent, can be successfully studied only in the field. In the present investigation slides were ground and examined from day to day as the exigencies of
the field-work seemed to demand. The microscopical and macroscopical
appearances were also diligently compared (for grinding slides without machinery was a serious addition to the labor of days spent in the saddle or
under ground); and it became possible at length to recognize at a glance a
unity of origin in specimens of very diverse ~ppearance and to detect. lithological differences in spite of advanced decomposition and great apparent
similarity. It proved possible to make the proper allowance for decomposition and to infer the original habitus when veiled by another of secondary
origin, as well as to identify the precise character of the change.
Typical propylite localities.-The three most important propylite localities mentioned by Professor Zirkel in the W ASROE region are the head of Ophir
Ravine, Crown Point Ravine, and Gold Hill Peak. The last is represented
in the map accompanying the present report, as the southern Twin Peak
(C. 4).
Head of Ophir Ravine.-The upper portion of Ophir Ravine presents a very
great variety of diorite-porphyries, which are not related as separate
flows or sheets, but pass over into one another as if the whole heterogeneous
mass bad cooled at once. The chara.cter of the rock changes every few
feet, and the same varieties recU\' in spots. Among them are some so gran\
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ular as to be nearly indistinguishable from Mount Davidson rock, while
others are dark fine-grained porphyries closely resembling andesites. The
latter, however, can be Shown from slides to be dioritic, while the granular
varieties are as like the Mount Davidson rock microscopically as they
appear to the naked eye. A portion of these rocks is altered, but the transitions from the fresh to the decomposed state can be studied more satisfactorily
in the McKibben Tunnel, because, in the ravine, decomposition is most prevalent in the bluffs near the andesite, which is also somewhat altered. There
is no evidenc~ of any contact between these bluffs and the unquestionable
dioritic masses adjoining them, and in spots where the rock is comparatively
fresh, its character seems unmistakably the same; ' but when the effect of
decomposition on the tunnel porphyries is considered in reference to the
ravine rocks, it becomes clear that the bluffs can be only altered forms of
the adjacent varieties of diorite'.
Crown Point Ravine,-One flank of Crown Point Ravine shows tolerably fresh
hornblende-andesites, the other excellent fresh augite-~ndesite. Near the
drainage the rock is largely a highly decomposed breccia, in part bleaehed
to whiteness, but the area occupied by propylitic rocks is very small and
could only represent an exposnre by erosion. As is common in breccias,
the decomposition is not uniform. The matrix is so altered that its coherence is a matter of surprise, and many of the include~ fragments are tinged
with epidote. Some, however, from superior density or accidental protection are less affected, and a few large unfissured blocks are tolerably fresh
at some distance within their surfaces. 'Wherever the inclosed masses are
fairly fresh they look like andesites, and under the microscope there proves
to be no distinction, when the course of chloritic decomposition known
from other occui'l'ences is allowed for.
South Twin Peak ("Gold Hill Peak,,).-rrhe South Twin Peak looks more like the
younger gray hornblende-andesite of the Utah quarry than the more usnal
varieties of the earlier eruption, while the northern peak is for the most part
normal; but it also shows occasional small patches resembling its southern
neighbor, and there seems a gradual transition from one to the other. Fresher
specimens from the South Peak show abundant lustrous, seemingly black,
hOl'llblendes with perfect cleavage, and these under the microscope prove to
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be deep brown black-bordered crystals. There is no green hornblende and
there are glass inclusions. In short, there is no assignable reason for separating this rock from . the. andesites. There are many other localities in the
DISTRICT where the p.ropylitic rocks are quite as puzzling as in the three
!1escribed, but it is .sufficient to state that they were studied with equal care
and with similar results.
Conclusions reached.-Field observations, aided by microscopical examination, show that the mineralogical composition and the structure of the propylites of the WASHOE DISTRICT in their original state were identical with those
of certain fresh rocks found in the same region, namely, granular diorite,
dioritic porphyry, diabase, hornblende-andesite, and augite-andesite. The
great and misleading similarity of the propylites to one another is due not
to original constitution, 1I0r to their geological relations, but to the ident.ity
of the decomposition processes to which they have all been subjected. The
failure to detect the lithological relations of these rocks arose principally
from a confusion between green hornblende and the green and dichroitic,
hut uniaxial, minerals grouped under the term chlorite; bl~t a .neglect to
give due weiglit to evidences of pseudomorphism, partial devitrification
and other phenomena of decomposition, materially aided in obscuring the
true nature of the supposed rock-species.
Causes of error.-I~ appears to me by no means superfluous to consider how
so keen an observer as Baron v. Richthofen came to regard propylite in the
WASHOE DISTRICT as an independent rock-species, and as a vol~anic of Tertiaryage; and while I have no authority for my suggestions, I offer the following explanation. 1 Baron v. Richthofen regarded Mount Davidson as
syenite and the visible plagioclases as accessory. The rock does indeed
more nearly resemble ordinary syenite in its general appearance than ordinary diorite, and the error was never detected until Professor Zh'kel examined it microscopically. In the porphyritic diorites v. Richthofen saw a
plagioclase rock, but the triclinic character of the feldspars in the porphyry
aroused no known doubt in 'his mind as to those of the mass of Mount
Davidson. Po~phyritic syenites are very rare, while the relation of the
1 It would be superfluous to remind geologists that in 1865 the science of microscopical lithology
was undeveloped.
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diorite-porphyries of WASHOE to the granitoid diorite is peculiar. Any
but a very thoro)lgh inspection would lead to the belief that the porphyries
are younger than the granular diorite. v. Richthofen had reason to suppose
that Mount Davidson was post-J m·assic, and the plagi?clase porphyries were
therefore in his eyes younger than that period, and older than the andesites
which cap the range. As I have endeavored to show, the dioritic porphyries, when in a certain stage of decomposition, are scarcely disting1!ishable
from the thoroughly crystalline andesites, when the latter are also somewhat
decomposed. 1.'hese v. Richthofen found at considerable distances from his
"syenite," and so associated with Tertiary rocks as to prove them members
of that series. Tertiary leaves were also discovered in similar rock at no
great distance. These wackenitic andesites, too, stood in such a relation to
the fresher rocks that they appeared to precede them, and the chain of proof
seemed complete of a pre-andesitic Tertiary rock. The extension of the
propylite to the mines was natural and easy.
If propylite were older than andesite, where should we look for it but
in depth ~ And if there was no distinct lithological reason assignable for
pronouncing the underground rock, mostly in the last stage~ of decomposition, identical with that on the snrface, there was next to no reason, macroscopically speaking, for supposing it different. This mistake having once
been committed, I do not believe it could ever have been corrected in opposition to even a far less weighty authority than Baron v. Richthofen, had
not fresher rocks been opened up by the extensive lower workings, and had
the microscope not been sought as an auxiliary. That an association
between prppylites and mineral veins should have been observed is natural,
for in mineralized districts we expect general decomposition.
Propylites from other diotricts.-By the courtesy of the geologists of the Fortieth
Parallel Survey, I have been permitted to examine the specimens and slides
from all the localities laid down i~ their publications as propylite. Captain
Dutton, too, has kindly fur~ished me with specimens and slides from his
propylite localities in Utah. Rocks which are indeterminable in the field
are very apt to give uncertain evidence under the microscope, and as all
propylites are decomposed, I do not fee~ absolute confidence in my determinations of the propylites occurring outside of the district which forms the
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subject of this paper.

Nevertheless,

I

have given my notes upon them in

the section containing the "Detailed description of slid~s."

There appear

to be fairly good grou.nds for the determinations there suggested, and the
specimens seem to offer no evidence even approximat~ly sufficient for the
establishment of a

n~w

rock-spe.cies .

. No propylite yet found in the United States.-The term propylite might be retained
to expl'e~s a certain macroscopical appearance and certain chemical changes,
just as we still speak of serpentine without denying its secondary character.
But a better name, and an older one, already exists for this very thing, for
the terms greenstone and greenstone-trachyte designate rocks in every way
similar.
rock,

I

Considered as its originator intended it, as a pre-andesitic Tertiary
feel no hesitation in asserting that nothing answering to its defini-

tion has as yet been proved to exist in the United States. l
I European propylites.-The investigation of American propylitcs described in this report was i!arried
out entirely without reference to the o}Jinion of Euro}Jean lit,hologists regarding the Transylvanian
rocks. American geologists who have not followed the subject closely may be interested to learn, however, that the tendency of opinion in Euro}Je is strongly against the independence of this rock-species.
Dr. C. Doelter upholds it in a paper" Ueber das Vorkommen des Propylits in Siebenbiirgen. Verhandl.
del' k. k. Geolog. ReichsanMtalt.," 1875, p. 27. In reviewing this paper in the "Neues Jahrbnch fUr Mineralogie," etc., l Si[), I). 648, Professor Rosenhnsch incidentally considers Baron v. Richthofen's description and Professor Zirkel's views, and states his own conclnsions as follows (translated):
" The reviewer, in common with all other investigators, willingly recognizes the peculiar ~reen
stone habilns of the so-called propylites; their Tertiary age, which in many cases must be further and
more sharply uetermined, being assumed . . Since similar changes in habitus occur in many other series
of rocks, howo\'er, he does not feel himself compelled to accord propylite an independent position, but
rather to regard it as a mere pathological variety of quartzose or quartzless hornblende-andesites, or of
the augite-andesites, as the case may be."
Professor yom Rath has published a paper in the" Sitzungsberichte derNeidorrheinischen Gesellschaft in Bonn," \'01. 35, 1l:l7S, }J. 26, in which he expresses a very}Jositive opinion that the so-called
}Jropylite of ScllelIlnitz is diabaRe, and has no relation to the andesites of the neighborhood. .He aSAPrts
tllat this diabase has a very different look macroscopically and microscopically from andesites, but it is
to IJO regretted that be does not give the differences in sufficient detail to enable readers to judge for
themselves. Prof. J. Szab6 has read a paper bofore the Hungarian Geological 'Society, which is
reported in the Verhandlungen del' k. k. Geolog. Reichsanstalt., 1879, LiteraturDotizen, p. 17. In this
}Ja}Jer Professor Szab6 maintains that various eruptive rocks and even sedimentaries have been altered
to what is called greenstone by solfataric action at SchenlDit-z, and he concludes with the following
statement (translated): "There is no greenstone-trachyte formation proper in a geological sense; there
has never been an independent propylite emption." I infer that the couditions in Schemnitz are snbstantially similar to t.hose in WASHOE.
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(Chapter III.)

DETAILED DESCRIPTION OF SLIDES.

Reasons for this section.-In view of the considerable alterations proposed in
the classification of the WASHOE rocks, it appears proper to submit detailed
descriptions of a sufficient number of slides to enable lithologists to judge
whether the methods employed in the determinations are correct and the
grounds upon which distinctions have been drawn sufficient. Nearly bnt
not quite all the statements made in the foregoing sections of this chapter
concerning the microscopical character of the rocks may be substantiated
from these slides. It was considered that further descriptions were needless and would be burdensome.
Determination of feldspar.-The feldspars have been determined opticallyaccording to the rules laid down by Messrs. Fouque and Levy.l This method
is very tedious, and is, properly speaking, applicable only to the determination of the most basic feldspar present; l>ut by applying it to a great numher of cases the microscopist is able to satisfy himself of the prevailing
feldspars as well, and in this respect it app.ears to me more satisfactory than
the determination of isolated feldspar fragments by their specific gravity.
In two cases M. Thoulet's metho'd has been employed: Professor Szab6's
method h~s not been attempted.2
An explanation of t.he method of reference to the slides by a system of
coordinates in millimeters, referred to the npper left-hand corner of the glass,
will be found in the description of the lithological illnstrations, page 145.

GRANITE.

Slide 460.

Close to Red Jacket mine.

Typical granite.-ThiS is a moderately fine-grained gray micaceous gTanite.
The slide shows besides orthoclase, quartz, and mica, a few plagioclases,
I Mineralogie Micrographiqne, 1879.
So far as I know this method was first suggested by Prot:
R. Plllllpelly, Proc. ArneI'. Acad., Vol. XIIL, p. 258.
2 Tests by this method, subsequently made, are described on p. 405, et seq.

92

..

GEOLOGY OF THE COMSTOCK LODE.

magnetite, and some accessory minerals. The structure is typically granitoid, none of the principal minerals showing either pedect crystalline outlines or microlitic development. The orthoclase is for the roost part transparent, and in many cases ~hows good cleavages, which are usually parallel to
the extinctions. The plagioclases show very narrow stripes and no angles of
extinction exceeding those of oligoclase. rfhe quartz contains abundant liquid
inclusions, many with ~oving bubbles. The mica shows the intmierence
figure of biotite, and is of course brown and highly dichroitic. A portion
of the biotite appears "bleached" to a lightei' brown, and other fragments
are converted into chlorite. A few particles of epidote are visible, forming
from the chlorite. rfhe iron ore is evidently magnetite, occurring mostly in
quadrangular forms, and being accompanied by hematite. There is also a
considerable amount of titanite, which in some cases takes the form of perfect rbombs, with an angle of somewhat less than 140°. It shows the
cleavages, the rough smiace, high refraction, and dull colors between crossed
Nicols, appropriate to sphene. There are many minute zircons, and some
ordinary apatites. The slide contains two pafches of a somewhat highly
refracting, nearly colorless, slig~tly yellowish, mineral, one of which seems
to be of an imp81iect hexagonal outline, .and the other nearly square. They
show a rippled surface, such. as is often seen on augite. They remain
dark between crossed Nicols, and give no interference figure. The mineral
shows cracks, some of which are irregular; others seem referable to an imperfect rhombohedral cleavage. All. these p~operties ~uggest sodalite. This
mineral, however, has been noticed, I believe, among the older massive
rocks only in syenite/ and in combination with elreolite and zircon: As
zircon is plentiful in this slide, I carefully looked for elreo~ite. If present
at all it must be in granitoid crystals, which might be mistaken for orthoclase. Many such are cut nearly at right angles to an optical 'axis, but I
failed to find one such which gave the interf~rence figure of a uniaxial mineral.
1 As the name is now UBually understood.
In Dana's Mineralogy the quartzleBB mica-orthoola.se
rooks are still termed granite.

DE'rAIIJED DESCRIPTION OF SLIDES.

93

GRANULAR DIORITE.

Slide 313. Bullion Ravine, at Water Company's flume.

Typical diorite with green fibrous hornblende.-ThiS is the typical diorite of Mount
Davidson. Macroscopically, it is gray in color and granitic in structure. .
The slide shows that it is composed of a mass of crystalline grains, filling
the whole space and without the most distant approach to a porphyritic
structure. It contains triclinic feldspar, fibrous hornblende, quartz, magnetite, a few fragments of mica; and a number of accessory minerals. The
hornblende is present only in fibrous crystalline masses and patches, which
seem to have crystallized after the feldspar. Many of the masses of hornblende are cut at right angles to the main axis, and show excellent cleavages
at the characteristic angles. It is strongly dichroitic, giving tints varying
from buff to sea-green. It polarizes with great brilliancy, showing the
whole range of prismatic colors. The angles of extinction observed reached
20°. In parts of the slide the hornblende is decomposed, the products
being chlorite, epidote, quartz, and calcite. The disposition of the original
mineral is so irregular that the process of decomposition cannot be studied
to advantage.
The feldspars seem to be without exception polysynthetic plagioclases.
The twin striations are irregular in width, but very continnous and sharpl)'i
defined. The angles of extinction of the twins, which extinguish light at ·
equal inclinations to the plane of the Nicols, are large. Very many such
were observed to exceed 20°, and one or two reach 29°. The feldspar is
therl:lfore in the main labradorite, and I saw no indications of the presence
of any other feldspar species. There are no untwinned feldspars or feldspathic microlites. Besides the twins following the law of albite, there are
many instances of additional periclinic twinning. In several crystals there
is well-developed zonal structure. The feldspa~'s are for the most part very
free ii'om inclusions of any kind, and are clear and transparent.
Many grains of quartz are present, but I observed no CJ:ystal faces.
The quartzes are full 'of fluid inclusions, some of them dihexahedral. One
of these is so large that the lllovemeilt of the bubble can be clearly seen
with a magnifying po,~el' of 60 diameters. The bubbles of these iuclusions
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do not disappear npon heating the slide to 40° C. on Vogelsang's table, and
are therefore probably aqueous.
There is a considerable quantity of magnetite in this slide, characterized
by its square outlines and opacity. I observed no titanic iron. A few
crystals of apatite appear under the microscope, rather fewer than is usual
in .the rocks of the DISTRICT. They are colorless, and contain no determinable
inclusions. There are many minute zircons recognizable by their high refraction, brilliant polarization, and by their crystal form (the eight-sided prism,
terminated by the fundamental pyramid). One or two fragments of mica
appear in the slide-e. g., at 21-21. .There are also a number of irregular
fragments of a mineral which can scarcely be anything but titanite. It
shows an uneven surface, brown color, perceptible dichroism, and high
refractive index. In polarized light it is only feebly chromatic. Plate IV.,
Fig. ~5, shows a characteristIc portion of this slide.
Slide 413.

Union Shaft, 2,625 feet from surface.

diorite with some brown hornblende.-Macroscopically this is a very dark rock,
highly charged with scales of hornbleude. It reminds one of freshly fractured "No.1" pig iron. Under the microscope it is seen to be composed
essentially of triclinic feldspar and hornblende, both minerals having consolidated nearly at the same time. A few grains of quartz, and an insignificant amount of colorless apatite, complete the list of components.
rrhe hornblende is in part of a brown tint, very slightly tinged with
green; in part it is of a light and vivid blue-green color. Many of the
hornblende crystals show both colors; the green variety occurring along
the edges and cleavages, and sometimes leaving only small irregular patches
of the brown mineral surrounded by the green. The structure of the two
varieties is distinctly different. The brown mineral shows excellent cleavages, but no tendency to fibration. Iu the gre~n portions of the same individnals ' the hornblende seems to be composed of minute fibers, but the
tesselated appearance of the cross-sections is nearly obliterated. In fact all
the appearances are such as accompany a distinct alteration in ~illeral character. The brown hornblende is as usual very strongly dichroitic; the
Dark
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green is less so. On the other hand, the green mineral polarizes in. colors
of the utmost brilliancy, like those of the preceding slid~.
The hornblendes contain a vast number of included microlites of a
black, wholly opaque mineral, crystallizing in needles and long pointed
scales, which can scarcely be anything but ilmenite or hematite. These
microlites are arranged in certain planes of the hOl'llblende crystals, viz:
perpendicular to, and parallel to the base. . In sections nearly parallel to the
vertical axis no further regularity is perceptible, but cross-sections show
that they are also parallel to the prismatic faces and to the clinopinacoid
The distances from these faces are wholly irregular, and the effect is therefore merely that the microlites form with one another angles of nearly 60°.
It is notewOl;thy that just the·faces most usually found in microscopic hornbIen des are the ones emphasized by the position of these minute bodies.
The sa.me microlites also occur in the feldspars, in which, too, their distt-ibution seems to be governed in part by some crystallographic law, but what
one is not evident from this slide. These microlites are, for the most part,
entirely unaltered in the brown hornblende, while in the green they are
replaced in part by yery fine transparent yellowish crystalline grains. In
some places the black and the transparent inclusions are continuous with
one another, and everywhere the disposition of the latter is precisely that
of the former. In fact a narrow inspection does not leave a doubt that the
opaque microlites are decomposed into a transparent mineral. The minute
size of the grains found does not permit of absolute determination; but the
product of decomposition is doubly refracting, possesses a high index of
refraction, is slightly dichroitic, and seems to polarize in rather feeble colors.
The only familiar minerals which it recalls are titanite and epidote, and the
probabilities are that it is sphene.
In one portion of the slide is a mass of a nearly colorless sn bstance,
slightly tinged with green, which seems to be totally isotropic. Under
crossed Nicols it remains absolutely dark, and when the quartz plate is
introduced, and the Nicols are adjusted to the teinte sensible, no change
whatever in the shade is perceptible 011 revolving the slide . This is one of
the suLstances gronped under the term "chlOlitic constituent.s," but it does
not appear to be certainly identical with the ordinary product of the decom-
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position. of hornblende. Embedded k it are numerous small grains and
microlites, which extinguish light at a large angle to the plane of the Nicols.
They are arranged at angles of about 60°, and it appears to me that the
object must be supposed to be a decomposed hornblende, filled with microlites of the mineral which results from the decomposition of the black
microlites. This opinion is strengthened by the occurrence of a number of
intermediate stages, as they seem to be, between fresh hornblende and the
last mentioned cbloritic mass. As the black microlites alt~r, the hornblende~
become in some cases grayish and less and less pellucid, not apparently
from want of transparency on the part of the minerals, but through irregular
refraction of light.
The feldspar is undoubtedly for the mo~t part labrad,orite, many of the.
finely twinned crystals showing angles of extinction of nearly 30° on each
side of the twinning plane. I see no evidence of the presence of any other
feldspar. 'fhere are a few grains of quartz, which contain some liquid inclusions. The apatites are "few in num ber, colorle~s, and in no way remarkable. I detected no other minerals in the slide.
Slide 81.

Utah, 1,950.

Gray diorite with brown hornblende.-ThiS is the freshest diorite in the collection,
the feldspar being as transparent as it ordinarily is in ande~ite: Unfortunately the slide is not thin. The p,rincipal difference between this and
slide 413 is that the majority of the hornblendes are brown, many of them
without a tinge of green.
~lide

361.

Savage 1,300. North drift, about 310 feet in.

Micaceous gra:ular diorite.-In this rock, which is not a porphyrite, but granular, the hornblende has been almost wholly replaced by biotite, which is
of the usual structure, and gives an intelference figure nearly like that of
a nniaxial mineral. The slide contains much quartz and many beautifully
sharp zircons. In other respects it is similar to slide 213.
Slide 2Dl.

ChollM 1,700; 1,425 feet west of Combination shaft.

Diorite containing tourmaline, etc.-This is a diorite of the granular cry~talline
type, but of a very quartzose variety. The quartzes contain innumerable
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fluid inclusions, many of them of unusually Jarge size. Some are dihexahedral in shape; the bubbles of the smaller ones are active, and some contain
excellent salt cubes. The proportion of salt to water seems to be very high;
for on heating the slide to about 70° C., the only effect produced was to
round the edges of the cubes. The bubbles did not grow perceptibly
smaller at this temperature.
The slide is further remarkable for containing what appears to be
tourmaline. One small patch dichroizes between black and clear brown.
The mineral exhibits scarcely any structure, but there are traces of what
appear to be cleavage cracks parallel to the direction of extinction. No
distinct interference fignre could be obtained. The lack of structure and
the absolute extinction of the ordinary ray seem to separate this substance
from hornblende; to mica it bears no resemblance.

PORPHYRITIC DIORITE.

Slide 421.

Oenter of Oedar Hill Ridge.

The mass of porphyrite forming Cedar Hill is very uneven
in composition, and, for the most part, greatly decomposed. N ear the high-est portion, however, is a small quantity of a comparatively fine-grained
variety, which, from one of the accidents so common in regions of decomposition, has escaped nearly unaltered. Macroscopically it is a dark, leadengray rock, rather fine in texture, and exhibiting porphyritical crystals of
feldspar and hornblende. Under the microscope it is seen that these minerals are separated out in a groundmass of tolerably fresh feldspar microlites, and magnetite, to which the dark color of the rock is due. Numerous
colorless apatites form the only other prominent mineral ingredient. The
hornblendes are almost wholly undecomposed. They are of a slightly
greenish-brown color and fairly well-crystallized. Most of this mineral
occurs in crystals of large size, but there are a few minute crystals and
crystalline fragments interspersed through the groundmass. The hornblende is dense, though in many cases the cleavages are wen developed,
and one crystal even contains fluid inclusions (1 0-24~). There is no tendFresh porphyry.-
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ency to zonal structure in this slide, but several of the horn blendes are
twinned according to the ordinary law. Decomposition has set in to a
slight extent; and in one or two caRes the degeneration into chlorite may
be observed starting from the cleavage fissures of the parent mineral. "Where
the masses of chlorite have reached any considerable size, particles of epidote
have developed near their centers. In a large proportion of the hornblendes
occnr inclusions of the same kind mentioned under slide 413. A group of
these microlites is show.n in Fig. 21, Plate III. Their disposition is the same
as in slide 413, but this section contains nothing which throws light on their
nature.
There are numerous good-sized hut rounded plagioclases in this slide.
Those which show ~n approximately equal angle of extinction on each side
. of the twinning plane, give angles of extinction which, in some cases, considerably exceed 20°; no untwinned microlites were observed, and the
feldspar is probably labradorite. The feldspars contain a few fluid inclusions
of. apparently primitive character, and are pierced by numerous apatite
needles. One or two fragments of hornblende are inclosed in feldspars,
but for the most part the feldspars are wholly free from that mineral.
The groundmass consists mainly .of feldspar microlites and granules, and
traces of fluidal 'structure are perceptible. An abundance of magnetite is
recognizable as such from its crystal form; and associated with and penetrating it are many colorless apatites. The slide also contains one poorly
developed zircon. There is further a s~llall amount of chlorite and epidote.
Most of the former is concentrated in an excellent vein.
Except in the matter of inclusions, this rock bears a strong resemblance
to an andesite; its groundmass, however, is less microlitic and the porphyritic
feldspars have not the sharp development almost invariably observable in
andesites. Its occurrence as a mass little more than a foot cube, embedded
in porphyritic diorites of an ordinary variety~ forbids the supposition that it
is a volcanic rock. A portion of the slide is shown in Fig. 26, Plate IV.
Slide 278.

Ophir Ravine, south side.

second fresh porphyry.-This rock strongly resembles 421 in most respects,
but the hornblendes are noteworthy. They are unusually solid, often showA
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ing scarcely a trace of cleavage. Indications of zonal structure are visible;
i. e., th~ exterior layer of the mineral exhibits a somewhat different texture
from the remaining mass. The polarization of these hornblendes is remarkably brilliant, quite equalling that of ordinary augite. Many of the crystals are twinned, one of them (14-23) being polysynthetic. A crystal of
considerable size is divided into halves of identical orientation by a narrow
layer of the mineral in a reversed position.
In one part of the s-lide (13-27) are some minute scales of epidote
which appear to represent the clinopinacoid, limited by the base, the orthopinacoid, and the positive hemidome. The direction of extinction is sensibly
perpendicular to the orthopinacoid. 'I'he same form of epidote is found in
other slides, e. g., in 371 at 17~-19.
Slide 252.

Sierra Nevada, 1450. North drift 289 feet north.

Partially decomposed dioritic porphyry.-This is a grayish-green granitic-looking
rock, with brilliant hornblendes, and only a slight apparent tendency to
porphyritic structure. Under the microscope, however, it is seen to belong
among the porphyritic diorites. The feldspars are almost opaque, and it is
with some difficulty that they can be.ma~e out to be triclinic. The groundmass was evidently granular when fresh. There appears to have been a
little mica, now converted to chlorite and epidote. The hornblendes are
. unusually interesting because present in all stages of decomposition. The
fresher ones are bright brown, without black borders, and solid except for
the well-marked cleavage8. Other crystals seem to have undergone a species of fibrat~on in the direction of the cleavages. This fibration is accompanied by the presence of decomposition products, and each small elongated
cleavage prism 8eems coated with secondary minerals. Other hornblendes
are partially converted into chlorite, and a fine example is illustrated in Plate
II., Fig. ]. Still others have passed completely into epidote. In some of
the partially decomposed hornblende crystals there are small crystals of
pyrite.
Slide 194.

McKibben

T~mnel,

480 feet from entrance.

Decomposed dioritic porphyry.-In hand specimens this rock is greenish-gray,
and somewhat porphyritic. Under the microscope it is seen to be greatly
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decomposed, but not in such a manner as to obscure its original ·constitution. When fresh it consisted essentially of well-developed crystals of triclinic feldspar and hornblende, disposed porphyritically in a groundmass
mainly composed of feldspathic grains. A little mica, a small amount of
black ore (probably magnetite), and numerous colorless crystals of apatite,
were subordinate mineral ingredients.
No undecomposed hornblende now remains. It has been replaced by
chlo1'itic material, epidote, quartz, and calcspar, but in such a way as to
leave the larger portion_ of the hornbleng.e crystal outlines undisturbed.
All, 01' - nearly all, the hornblendes seem to have been crystals of considel'able size and sharp definition, and there is nothing to indicate that they
possessed a fibrous structUl'e~ Some of the hornblende crystal outlines
are completely filled with the chlorite. This substance sometimes shows
an excessively fine, fibrous, imperfectly spherolitic structure. In other
cases the fibers near the peripheries of former hornblendes are arranged at
right angles to the crystal face. These fibers are of nearly equal length,
and they form a zone just within the erystal section. The chlorite is grassgreen, and very slightly dichroitic, varying between more and less yellowish green shades. Between crossed Nicols it behaves almost like an isotropic
substance and shows, besides black, only dark purple tints. The chlorite
is not confined to the hornblende sections, but is diffused through the rock
in veins and patches. It also occurs in narrow borders about magnetite
and apatite, as if these minerals had mechanically obstructed its movements.
The epidote occurs in a similar way both without and within the hornblende sections, which it sometimes wholly and sometimes only partly fills.
It is noteworthy that this mineral when it occurs in small patches is usually
finely granular, and that within certain limits, the larger the area, the
coarser the grain. When, as is often the case, the occurrences are wedgeshaped, the granulation grows coarser from the point to the base. This
seems to indicate a more or less continuous recrystallization of the
mineral.
The relations of the chlorite and epidote in this slide are extremely
interesting, for it affords abundant proof that the epidote has formed at the
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expense of the chlorite. This is well illustrated in Figs. 6 and 7, Plate II.,
especially in Fig. 7, where the growth of the epidote into the chlorite is
accurately and clearly shown. It is very ooticeable that, as has already
been mentioned, the chlorite at the edges of the hornblende sections frequently remains undecomposed longer than the interior mass. The behavior of this peculiarly arranged chlorite seems to indicate a greater density,
and consequently a greater resistance to decomposition, than is possessed by
that with spherolitic structure. In a majority of cases the decomposition
of chlorite into epidote begins toward the center of the section, but there
are many exceptions. It is probable that the veins and patches of epidote
not connected with the hornblende sections have also been formed from
chlorite, for the latter appears to be the more soluble mineral. There is
evidence too, from other slides of the same rock, that, as decomposition
proceeds, the chlorite is replaced to an increasing extent by epidote, etc.
The chlorite in this rock also decomposes into qnartz, calcite. and limonite.
Whether epidote, too, undergoes the same decomposition is uneertain.
Forming, as it does, masses of irregular grannIes and imperfect prisms, it
would be difficult to show that it had been encroached upon in any given
case by quartz and calcite, and had not formed simultaneously with
them.
There is no augite in this rock, but a little (5-23) mica, which, like
the hornblende, has been converted into chlorite and epidote. The feldspars still show twin striations, but are considerably decomposed, and under
high powers the mass is seen to be porous or even spongy. Particles of
chlorite, epidote, quartz, and calcite are disseminated through the feldspars.
In some of the freshest portions fluid inclusions may be detected. The apatites are all colorless, and sharply crystallized. Fig. 18, Plate III, shows a
curious case, in which an intrusive bay of groundmass has reduced an apatite section to the form of a horseshoe. There is a considerable amount of
pyrite in this rock (which occurs near ore), but only a trifling amount of
magnetite. The groundmass shows gray, semi-opaque markings, not dissimilar to stippling. This appearance is caused in part by particles of calcite, etc., but close examination shows that it is largely due to the spongy
structure mentioned above.

"
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Slide 197. McKibben Tunnel, 488 feet from entrance.

Decomposed dioritic porphyry.-This slide is from the same body of porphyrite
as 194, which it greatly resemlrles. Fig. 10, Plate III., from this slide, shows
a mass of chlorite bounded by the outlines of a former hornblende. A
portion of this chlorite has been converted into a mixture of quartz and
calcite, accompanied by limonite. This pseudomorph seems to prove that
the survival of a border of chlorite at the outer edge of the homblende section accompanies the decomposition of chlorite into quartz, etc., as well as
the change into epidote.
Slide 199. lJ[cKibben T1tnnel, 488 feet from entrance.

This slide, from the same specimen as 197, contains a fine hornblende
section completely changed into epidote. In this case the formation of
epidote appears to have started from points near the edge. It is shown in
Fig. 9, Plate III.
Slide 281.

Head of Ophir Ravine.

Decomposed diorite-porphyry.-This rock strongly resembles that from the McKibben Tunnel both macroscopically and microscopically. It forms very
extensive Cl'oppings, different portions of which vary greatly in degree of
decomposition and appearance. Where most decomposed it is reduced to an
almost uniform dull green color, but in the freshest portions it is granular,
greenish gray in tint, displays its feldspars and altered hornblendes in
marked contrast, and, in short, betrays its. dioritic character. Under the
microscope this slide shows the original constituents to have been feldspar,
well crystallized hornblende, some augite, magnetic iron, and apatite.
The hornblende has been completely decomposed, and comparatively
little chlorite remains within the hornblende sections, which are mainly filled
with epidote. A definite geometrical relation is noticeable here, as in slide
194, between the outlines of the hornblendes and the progress of the
decomposition. Many of the outlines of hornblende sections are occupied
towards the center by a mass of epidote, between which and the periphery
is a band mainly filled by quartz. Either, then, the chlorite has been decomposed from the center into epidote, and simultaneously from the exterior
into quartz; or the epidote, after replacing the chlorite, has been decom-
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posed from the periphery of the hornblende section. The former supposition is altogether the more probable. A portion of the epidote does not
show the usual crystalline strncture, but forms a mass of small grains or
scales, of which so many are superimposed upon one another in the thickness of the section, as to present perfect aggregate polarization; indeed it
is difficult to detect a difference between these masses ill polarized light and
natural light. The change of the edges of the hornblendes to quartz has
been accompanied by the separation of minute particles of a whitish opaque
material of unknown character, and further by the formation of black
opaque particles which can hardly be anything else than hematite or magnetite. These particles are arranged in lines parallel to the crystal edges,
and now surronnd many of the interior masses of epidote with a black
border. This is interesting as evidence that the black border of decomposing
hornblendes is sometimes a secondary formation.
The slide contains a number of augites, some of them in very well
defined octagonal cross-sect\ons. The presence of this mineral associated
in diorites with hornblende which was in all probability dense, is unusual
and interesting Like the hornblende, the augite has been completely converted into chlorite, but the change from chlorite to epidote has begnn in
only one or two cases. The augite is sometimes also surrounded with a
black border. Some of the apatites are dark brown and strongly dichroitic.
In all except a single case the outer edge is much more deeply colored
than the center, but in one instance this order is reversed. Many ordinary
colorless apatites are also present. rrhe feldspars are triclinic; little more,
however, can be said of them, for they are much decomposed, and filled with
products of decomposition. The same is true of the groundmass, in which
secondary quartz and calcite, veins and patches of chlorite, and grains of
epidote greatly obscure the original strnctnre, but it is still apparent that
it was granular and not microlitic.
Slide 233.

Head of Ophir Ravine.

This slide is from the same locality and the same cropping as 281,
but froni another specimen. In addition to the principal features 'of that
slide. it showi'! unmistakable mica sections, which have undergone precisely
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the same changes as the hornblende and augite described under 194 and
281. As would naturally be supposed, the change to epidote begins along
cleavage lilles. The change is illustrated in Fig. 8, Plate II.
Slides 482, 485, 486. .East·and-west dike, just south of Eldorado crop pings.

Dike ofdiorite-porphyry.-At this point a dike of porphyritic diorite about six
feet wide cuts the granular mass of Mount Davidson. Towards the center
the rock is fine-grained but evidently crystalline, with small porphyritic
crystals of feldspar and hornblende. For about an inch from the edge the
rock is very dark and crypto-crystalline. The contact with the granular
diorite is an absolutely sharp mathematical line, and the adhesion is vcry
strong. Under the microscope the gray including rock is precisely such
as is described under slide 213. The adjacent ~ark rock is manifestly
the same as 421. It is very andesitic in appearance, showing a microlitic
groundmass, with excellent flow structure, and solid brown horn bIen des without black borders. It also contains a few green fibrous hornblendes, and a
good deal of augite. Even within the limits of the slide, however, it is apparent that the structure of the groundmass is more granular as the distance
from the contact increases. In slide 486, from the center of the dike, almost
the whole of the hornblende is fibrous, the structure is granular, and the
impression is simply that of an ordinary granular diorite with a few porphyritical crystals of feldspar. But a few of the hornblendes are partly
brown and solid, and these portions pass into and are surrounded by green
fibrous hornblende of the same crystallographic orientation.

MICACEOUS DIORITE-PORPHYRY.

Slide 101. 1,000 feet northeast of Silver Hill mine:

Typical example.-ThiS is a gray-green porphyry, in which crystals of feldspar of a very uniform size, about half as large as a grain of wheat, and
smaller crystals of mica and hornblende, are evenly distributed in a cryptocrystalline groundmass. Under the microscope apatite, titanic ii'qn, and
zircon also make their appearance .
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The mICa is in part decomposed into qu~rtz and epidote. One scale,
18-28, happens to be so exactly in the plane of the slide as to show no trace
of dichroism. This scale gives an almost absolutely constant interference
cross, and is optically negative. It is therefore biotite. The hornblendes,
which are much less numerous than the micas, are wholly decomposed to
chlorite and epidote.
The large feldspars are all striated. Several of them are cut in the
zone at right angles to 00 Poo and show lamellre extinguishing at equal
•
angles on each side of the twinning plane. These angles correspond to
labradorite. One feldspar, which shows both albitic and periclinic twinning, gives angles of extinction which differ by 75° in two successive
lamelIre, but the angle on one side of the twinning plane is 8° larger
than that on the other. The crystal is cut in the zone 00 Poo and 00 PciO,
and of this zone so little is known that the crystal cannot be pronounced
anorthite. One of the feldspars contains a fluid inclusion with an active
bubble. The grains of feldspar in the groundmass are not well preserved,
but almost all those in which the angle of extinction is determinable transmit least light when the twinning plane is parallel to the plane of the Nicols.
It seems probable, therefore, that they are oligoclase.
The groundmass is composed chiefly of partially decomposed feldspar
microlites and much secondary quartz, with some calcite. There is a considerable amount of titanic iron in characteristic forms, accompanied by
much leucoxene. This decomposition product has the familiar want of structure close to the undecomposed ilmenite, but the edges of the patches show
a granular crystalline arrangement, as if the smaller particles gradually
united into comparatively large ones. The same appearance is often visible
in epidote. There are further many colorless apatites, and an unusual
quantity of zircons, which draw attention by their relief, and the brilliant
colors which they exhibit between crossed Nicols.
Slide 172.

Sutro Tunnel, 20,424 to 20,434 feet from entrance.

..

This is a mica-diorite entirely similar to slide 101, except that it contains large quartzes, in which are sinuous bays of groundmass. These
quartzes contain fluid inclusions with active bubbles.
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METAMORPHIC DIORITE.

Slide 295.

Amazon dump.

Typical basalt.ic variety.-This rock is of a very dark iron-gray color, and IS
full of bright scaly particles of bisilicates. It is intensely hard and tough.
Under the microscope it is seen to be composed chiefly of hornblende and
feldspar, but the former is present in great excess, and the feldspar is so full
of hornblendic microlites as scarcely to be recognizable. Mica, "chlorite,
and epidote are also present in considerable quantities.
The hornblende is of two varieties, green and colorless. The colorlesR
hornblende is wholly undecomposed, shows capitally marked prismatic and
clinopinacoidal cleavages. It absorbs light very faintly, but polarizes in
brilliant green and purple colors, like augite. Sections parallel to the vertical axis show angles of extinction reaching 27°. The green hornblende
shows an equally high angle of extinction. It dichroizes strongly between ·
a bright, very slightly brownish, yellow and a dark grass-green. It is often
fibrous, and is frequently accompanied by decomposition products. The
two species of hornblende stand in the closest relations to one another. In
all cases the colorless variety is surrounded by the green ·; in cross-sections
the white modification appears in polygonal spots in the green; in the longitudinal sections in irregular stripes. Where they occur together in this
way the optical orientation of the two is in all cases identical. In fact, the
relations are just such as would result from an alteration of the white into
green hornblende, and taking into consideration the fact that the green
variety alone appears to suffer decomposition into any other mineral, I cannot avoid the conclusion that the case is really one of alteration. The
association of colorless and green hornblende is illustrated in Figs. 11 and
12, Plate II. All the microlites of hornblen~e, which are present in great
quantities, are green. These microlites are so numerous in the feldspars
that the stl:iations are only just perceptible, and the species cannot be satisfactorily determined; indeed, hornblende microlites form the greater part
of the rock.
A considerable quantity of fibrous chlorite occurs bet.ween the micro-

.
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lites of green hornblende; it is strongly dichroitic, and extinguishes light
parallel to the fibers. There is also much epidote present in comparatively large crystalline masses. The dichroism, high colors of polarization, and the angles of extinction refen·ed to the cleavages, leave no doubt
as to the mineral species. A few quartz grains are scattered through the
mass. The slide contains many minute scales of brown mica, but no welldeveloped crystals. Its quantity is insignificant as compared with that" of
the hornblende.
The iron ore is very characteristic ilmenite, occurring in groups of particles which look as if they had been produced by chopping a larger mass,
and is accompanied by a little leucoxene.
Slide 429.

3,000 feet southeast of Basalt Hill.

Granitoi~ variety.-This

is a pinkish-gray rock of granitoid structure, with
many lath-like feldspars, and a somewhat waxy look. In fact, its general
appearance resembles that of many diabases, but close inspection with the
unaided eye discloses small crystals of hornblende and mica. Under the
microscope quartz grains and some subsidiary minerals are added to the lisL
The hornblende is for the most part green and fibrous, a few patches
showing a tendency to brown shades. It is all partially decomposed, and
is far inferior to the feldspar in quantity, and has evidently crystallized later.
Only a few flakes of mica are visible. The feldspar is for the most part
polysynthetic, and the lamellre are excessively thin. The angles of extinction of the sections cut at right angles to the twinning plane indicate oligoclase as the species. There are no microlites of feldspar so developed as to
justify inferences concerning the species. A large part of the interstices
between the crystals are filled with quartz grains, which are evidently not
of secondary origin. They contain exceedingly minute fluid inclusions.
There is a large amount of titanic iron in this slide, recognizable by
its cleavages and accompanying leucoxene. This latter mineral is intimately
associated with sphene, and indeed possibly passes over into it. Sphene
also occurs in patches independently of decomposed ilmenite. rrhough
determinable crystals are not visible, the characteristically irregular shape.
of the masses both as to outline and surface, the high refraction, the feebly
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chromatic tints between crossed Nicols, and in one or two instances the
cleavage, make the diagnosis fairly certain. Besides the ilmenite there
appears to be a certain quantity of magnetite, which is not improbably
titaniferous, for while the crystal forms are referable to the cube there is no
accompanying limonite. Finally, there are numerous well-crystallized
zircons and a few ordinary apatites.
Slide 293. 700 feet southwest of Devil's Gate.

Intermediate variety.-This rock is intermediate in character between slides
295 and 429. It is crowded with green hornblende microlites, but not to
such an extent as to conceal the feldspar, which shows the angles of extinction proper to oligoclase. It also contains much quartz and ilmenite, as well
as many apatites and zircons.
This slide is chiefl.y remarkable for the presence of tourmaline. It
occurs in grains and in impeIfect prisms. rI:hese extinguish light parallel
to their principal ·axis. They are very highly dichroitic, showing a clear
brown color when parallel to the main axis of the polarizer, and an almost
absolute black at right angles to this direction.

QUARTZ-PORPHYRY.

Slide 354. 1,000 feet south of Lawson's Tunnel.

Typical variety~-Macroscopically this rock shows a purplish-gray groundm~~s in which are separated out porphyritically feldspar, mica, and quartz.
Under the microscope a few hornblendes, apatite, and iron ores also make
t.heir appearance.
The feldspars, which in this slide are fairly fresh, occur for the most
part in irregular grains, renderJng it difficult or impossible in many cases to
determine the crystallographic orientation. The larger part of the feldspars
are unstriated, and of these many are certainly orthoclase, as determined
by the angles of extinction referred to the cleavages. I was unable to find
. any unstriated feldspars whi.ch, tested in the same manner, gave angles
appropriate to either of the triclinic feldspars. There is also a considerable
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amount of plagioclase present, which seems from the character of the banding and the angles of extinction to be oligoclase. There is certainly less
plagioclase than unstriated feldspar. The feldspars contain fluid inclusions.
The quartz is present for the most part in macroscopical grains, which
are bounded in part by crystaliine outlines and in part by curved lines.
One large mass appears to have been broken, and a narrow line of groundmass separates the parted edges. In many cases deep sinuous bays of
groundmass penetrate the quartz, and patches of groundmass are sometimes
surrounded by it. A considerable' number of inclusions are ' sparsely scattered through the quartz. Of these the fluid inclusions are somewhat in
excess of the glass. The glass inclusions, which all show bubbles, are rather
large, and often penetrate the slide, so as to extinguish light between crossed
Nicols. The glass is co lorless; its shape is often dihexahedral. The fluid
inclusions are sma.llez· but very characteristic, many of them having exceedingly active bubbles. None of them appear to be carbonic acid. Although
there are comparatively few inclusions in these quartzes, they are so distributed that both kinds are often in the field of a Hartnack No.7 objective
at once.
The hornblendes are entirely decomposed to chlorite. They have a
black border, which does not appear to me to have resulted from weathering of the .hornblende substance. The mica too is entirely decomposed.
There is no large quantity of iron ore, and its character is somewhat
indefinite. It is present in irregular forms, but there are no sections with
the characteristic cleavages of ilmenite; neither is there any ferric oxide
accompanying the mineral. The groundmass shows traces of fluidal structure, and in places is pseudo-spherolitic. There is no base, but as the groundmass is impregnated with decomposition products, calcite, quartz, and minute
grains of epidote, it is probable that any glass that may have been present
would be de vitrified. There are a few poor zircons and colorless apatites
in the slide. The rock is shown as it appears under the microscope in
Fig. 27, Plate IV.
Slide 304. 1,000 feet south by west of railroad tunnel above Red Jacket.

exampJe.-ThiS rock is not distinguishable macroscopically from
that last described (slide 354). Microscopically it is also very similar. The
A second
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relations of the feldspars are the same. A horizontal plate of mica shows
the intelference figure of biotite. The quartzes contain good-sized inclusions
of glass and some exceedingly minute ones which appear to be liquid. The
groundmass shows a highly fluidal structure. The effect is produced by
elongated aggregations of iron ore, embedded in nearly colorless material.
This colorless substance appears to be absolutely isotropic in some places,
in others it shows pseudo-spherolitic structure, but for the most part it exhibits
aggregate polarization as if it were a devitrified substance. In many places
it is full of black microlites, which seem to radiate from particles of iron
ore.
Slide 353. 1,700 feet south·southeast of the Ama,z on.

third example.-This rock and slide are entirely siinilar to the preceding;
the fluidal structure is less marked than in 304, but the pseudo-spherolitic
structure is well developed. The feldspar is mostly orthoclase, and the
quartzes with bays of groundmass, etc., contain some glass inclusions, and
a very few liquid ones.
A

Slide 351.

Overman 1142, 200 feet north of Oaledonia shaft.

Specimens tested by Thoulet's method.-A gray rock entirely similar to those
already described. Under the microscope it is seen to be somewhat more
altered, ,the feldspars being clouded with calcite. Hornblende and mica
occur, and the groundma8s shows the same fluidal and pseudo-spherolitic
structure. The quartzes contain more inclusions both of fluid and glass than
those of the surface rock~. One of them is of a very unnsual character. It
is a glass iuclusion in a glass inclusion, the inner one bearing a bubble. The
inner glass may differ slightly in composition, or may have solidified at a
different pressure. This cannot be a case of a cut bubble filled with balsam
and air, for if the instrument be focused on either surface of the quartz, the
inclosure and bubble are out of focus. The inclusion is shown in Fig. 24,
Plate III.
To test the nature of the feldspars in this rock a fragment was pulverized and separated in a solution of mercuric iodide in potassic iodide of a
specific gravity of 2.65. A large portion of the rock rose to the surface,
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and, on being monnted in balsam, proved to be groundmass and feldspar.
Hornblende and mica, most of the quartz, some feldspars and decompositionproducts sank.
Slide 461.

'Vest end of railroad tunnel above Red Jacket.

Felsitic variety.-This is a greenish gray, fine-grained, rhyolitic-looking rock.
Under the microscope, too, it differs in general appearance from the ordinary quartz-porphyries of the DISTRICT. In detail, however, it is found to
correspond with them. The quartzes, of which there are but few, and those
minnte, carry numerous fluid inclusions, many of them with active bubbles.
One of the qnartzes also carries a comparatively large glass inclusion with
a cut bubble, the hemispherical space being of course filled with balsam.
'rhe groundmass shows traces of fluidal structure, and is pseudo-spherolitic.
in places. The feldspars are badly clouded, but a few are plagioclase, and
the remainder appear to be orthoclase. Hornblende, mica, titanite, and
ilmenite are present. In short,. the rock appears to be merely a felsitic
variety of the ordinary quartz-porphyry.
Collection of the Exploration of the Fortieth Parallel.

Slides 265 and 266.

40th Parallel slid...-Professor Zirkel's description of these slides excellently
represents the phenomena, with one or two exceptions. While many of the
feldt;part; are clouded with decomposition products, others are nearly free
from extraneous matter. Most of these are unstriated and appear to give
the angles of extinction of orthoclase. The quartzet; of both t;lides contain
fluid inclusions with moving bubbles, though they are neither very frequent
nor of large size. In slide 266 there are good glass inclusions in quartz,
penetrating the t;ection and remaining dark between crossed Nicols. The
thin sections and specimens corret;pond entirely with those described in
this paper as quartz-porphyry.
Uolleetion of the Exploration of the Fortieth Parallel.

Slide 333.

40th Parallel slide.-This slide is very graphically described by Professor
Zirkel. It happens to be a very small o~e, and shows only two or three
minute quartzes, in which I have detected no inclusions. The specimen
from which it was taken, however, presents quartzes in abundance. The
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structure and mineralogical composition of this slide appear to me identical
with that of the rocks of the DISTRICT described by Professor Zirkel as dacite
and by me as quartz-porphyries. The properties of the triclinic and orthotomic feldspars are the same, the hornblende and mica are of the same character and of the same degree of decomposition, and the groundmass is
indistinguishable. Professor Zirkel draws special attention to the fluid
inclusions in the feldspars of this slide.

EARLIER DIABASE.

Slide 349.

Sutro Tunnel, north branch, 50 feet south of Ophir.

Typical example.-ThiS is a gray rock, which might readily be mistaken at
first glance for a diorite. On close inspection, however, a certain waxy
luster, characteristic of augitic rocks, is perceptible, as well as numerous
lath-like feldspars from I mm. to 2mm , long.
nder the microscope it is plain
that the rock consists of triclinic felUspar, augite, and an iron ore.
The larger feldspars are well developed; the smaller ones are granitoid
in structure, and' appear to have occupied the interstices between the larger
crystals. The larger feldspars show polysynthetic twinning, according to
the albite law, the lamellre being of moderate thickness. In addition, many
of the individuals show pericline twinning, and in some cases polysynthetic
individuals are united as Carlsbad twins. The angles of extinction are all
within the limits appropriate to labradorite, and some of the macropinacoidal
sections recognizable by the shape, and by the angles of the two species of
twin lamellre, give almost exactly the theoretical maximum angle of extinction on each side of the twinning plane. Very few of the small feldspars
forming a sort of groundmass show crystalline outlines; but almost all are
twinned, and many of them give angles of extinction indicating labradorite,
In fact, I was unable to firid any evidence of the existence of any other
feldspar. There are a few fluid inclusions ill the feldspars.
A considerable portion of the augite is fresh. It is. of the ordinary pale
brownish-yellow, only just perceptibly dichroitic, and in general exhibits
excellent cleavages. Some well-defined octagonal cross-sections show not
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only the prismatic: cleavages, but both the pinacoidal ones. A large part
of the augites are twinned, and many of them show polysynthetic structure.
In one case in another slide, from the same region, I counted thirteen lamellre. In many cases, as is so frequent in feldspars, the lamellre do not
ext.end entirely through the crystal. An excellent instance is represented
in Plate III., Fig. 15. In this slide (and many similar cases have been found
in others from the Sutro Tunnel) there occurs a long, somewhat ill-defined
section of augite, showing a single cleavage parallel to the longer axis and
extinguishing at an angle of 38°, yet showing planes of twinning which
cut the direction of cleavage at an angle of 32°. At first sight this gives
the impression of a pinacoidal section, and a twin with a hitherto UI~ob
served face of composition. In reality it is a section at a considerable angle
to the principal axis, and cutting a prismatic face nearly parallel to the
edge 0 P: :xl P. The second system of cleavages does not appear in this
instance, because it cuts the section at a very low angle. Such sections
must occur in all augite rocks, but attract attention here on account of the
prominence of the twinning. 1
A portion of the augite is converted into uralite. This product is
strongly dichroitic, light greenish-yellow in color, and of course fibrous in
texture. The crystallographic orientation is often the same over considerable
areas, and these show the angles of extinction characteristic of hornblende.
In some cross-sections, too, an excessively fine cleavage at an angle of
about 125 0 can be made out with high powers. The conversion into uralite
seems to have proceeded with little regularity, sometimes attacking the
augite from the outside, and sometimes along cleavages and fractures. The
direction of the fibers of uralite is not in general that of the augite cleavage,
but usually not very far from it.
'rbe uralite is further often converted into chlorite of a darker green
color and equal dichroism. The fibers of this product extinguish parallel
1 When iliere is reason to suppose that a section showing an oblique trace of a twinning plane
cuts oue of the prism faces lying uex t to the clinopinacoid parallel to the edge between this face and
the base, the approximate position of the section can readily bo inferred; for if the prism angle were
~)OO , tl1('. tangeut of the angle at which the trace of the twinning plane cuts the longitudinal striations,
would be equal to the sine of the angle at which the section cuts the main axis of the crystal. As the
angle of a; P is only 87! degrees, the observeu and the calculateu angle will be too large, but the error
will reach a maximum of 2! degrees only in sections at right angles to the main axis.
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to their direction, and polarize for the most part in dark bluish tints. In
many cases the uralite seems to be attacked from innumerable points, and
the chlorite then shows a spherolitic structure. There are a few grains of
epidote in this slide, associated in a somewhat indefinite manner with the
uralite and the chlorite.
The iron ore seems to be ilmenite. It occurs in the cbaract6ristic forms
of that mineral, and is accompanied by a very little leucoxene. There are
also a very few apatites, a little quartz, which is probably secondary, and
one or two particles of sphene.
Slide 18.

•

Sutro Tunnel..

Hanging wall of

LODE

at Savage connection.

Fresh diabase used for experiments.-This in hand specimens is a very black rock,
with less waxy luster than most diabases show, but with the usual lath-like
feldspars. The feldspar does not differ from that in slide 349, and measurements of the angles of extinction show it to be labradorite. It contains
some fluid inclusions. Most of the augite is fresh, and some crystals show
zonal structure; a few are converted into UJ'alite and chlorite. The groundmass of the rock contains many microlites of augite. There are a few
flakes of a brown, highly dichroitic mineral in this slide, which show none
of the structure of hornblende, and seem to be biotite. Its quantity is
insignificant. The iron ore is at least in part ilmenite.
This is the freshest diabase known to exist in the DISTRICT, and as such
was selected for the experiments on kaolinization. Assays and a chemical
analysis of it will be given at the end of the chapter. Its appearance under
the microscope is illustrated in Plate IV., Fig. 28.
Slide 53.

Sntro Tnnnel,

19,~OO

feet from entrance.

Quartzose diabase.-Macroscopically this rock entirely resembles that represented by slide 18. The slide is 011e of the few containing qnartzes which
are unquestionably primitive. In this case the arrangement of the microlites
of iron ore ronnd their edges, and the inclusions of groundmass, put their
character beyond question. rfhese quartzes are remarkably full of fluid
inclusions; the smaller ones with spontaneous bubbles, which do not decrease
in size when the slide is heated to above 40° C. The rock contains comparatively little fresh augite.
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Sutro TWlncl, south branch, 3,960 feet from fork.

Hornblendic diabase.-Macroscopically this rock looks much like those already
described, except that it contains a considerable number of clearly recognizable hornblendes. Three 01' foul' of these occur in the thin section.
They are bright brown in color, and decomposition has scarcely set in.
Far more numerous are the augite sections, which, though wholly decomposed to uralite and chlorite, retain their characte:istic outline. In some of
these the cOllversion of chlorite into epidote may be traced. The relations
of the porphyritical crystals to the groundmass in this slide are precisely
those met with in the ordinary diabases of the DISTRICT.
Slide 396.

Yellow Jacket shaft, 2,299 feet from surface.

Diabase containing epidote.-ThiS is a greenish-gray granular rock, somewhat
unusual in color for 'VASHOE diabase. In most cases in this DISTRICT grains
of epidote may he observed under the microscope, developed in the chlorite
formed by the decomposition of the augite; but this change seems to cease
almost as soon as begun. In the more decomposed rocks the chlorite is
seen passing into calcite and quartz, while the epidote grains are replaced
by an opaque substance, which is probably iron oxide. In this slide, however, it is plain that augite has passed into uralite, this into chlorite, and
that a great part of the chlorite has been converted into epidote. All the
stages can be observed here, as in the lJIcKibben Tunnel diorite, and, as in
that rock, the crystals of epidote are seen eating their way into the chlorite.
Slide 134.

Sierra Nevada, 1,450, north drift, !317 feet north of shaft.

Diabase containing dianage.-Macroscopically this is a dark, fine-grained rock,
which looks more like some of the dark diorites than it does like diabase.
Under the microscope it is seen to be composed of rather uniform ·grainR of
plagioclase, diallage, and hornblende.
The plagioclase is broad-banded, contains fluid inclusions, and gives
the angles of extinction of labradorite. The hornblende is bright brown.
The diallage, which is much in excess of the hornblende, is dark gray and
feebly diaphanous. In general it is disposed in irregular patches between
the feldspars, but there are a few sections with the augite outline, and
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showing close partings in a pinacoidal direction. It transmits light too
feebly to permit of exact determinations of angles of extinction, but angle~
of about 30 0 were noted.
The OCCUlTence of the rock is purely local, and I regard it as a mere
modification of the diabasitic rocks, and as not sufficiently independent to
be classified as gabbro.

YOUNGER DIABASE.

Slide 466.

Ohollm', 1,900 foot level; 40 feet east of incline.

Theonlyvariety.-This is a bluish-black fine-grained rock, without a trace
of porphyritic structure. Under the microscope it seems to be composed of
plagioclase, augite, and magnetite. The feldspars present lath-like forms
of nearly equal size; they give angles of extinction corresponding to labradorite, and show no distinguishable inclusions besides augite microlites. The
augite is mostly granular, and with the magnetite fills the interstices between
the feldspars. It is somewhat dichroitic.
The slide is considerably obscured by clouds of a smoky brownish substance, which possesses no visible structure and no dichroism, but shows
aggregate polarization. It is the formation of this substance which turns
fresh fractures of the black dike from the bluish color known by draughtsmen as "neutral tint" to a smoky brown after a few hours' exposure. There
is but one variety of the black dike, and it is almost impossible to distinguish
slides of this rock from different parts of the LODE. A characteristic field
of this slide is shown in Fig. 29, Plate V. A specimen of the diabase from
Orange, N. J., showed a tendency to the same alteration in color after a few
days' exposure, and a slide fl'Om it exhibits the same peculiarities.

EARLIER HORNBLENDE-ANDESITES.

Slide 309. Edge of plateau, northwest of Ophir Hill.

Typical rock.-This is a porphyritic rock, in which crystals of feldspar
and hornblende are separated out in a bluish-gray groundmass. Under
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the microscope a large amount of augite and some apatite and iron ore make
their appearance.
The feldspars appear to be, without exception, triclinic. The large
crystals give labradorite angles, while the microlites appear to be for the
most part referable to oligoclase. The large feldspars in these andesites
very commonly show both albite and periclinic twinnings, and polysynthetic individuals are frequently combined as Carlsbad twins. The feldspars,
which strangely enough, considering the fresh condition of the bisilicates,
are largely converted into calcite and quartz, contain some glass inclusions.
Hornblende is present only in large masses of somewhat irregular outline, sUlTounded by a deep black border. The substance of the hornblende
is for the most part quite fresh, and of a deep greenish-brown. It contains
minute opaque inclosures, which are probably of the same nature as those
described under slide 421. The au gites are very numerous, but small.
The percentage of the two silicates cannot differ greatly, but the hornblendes
give the character to the rock. The augites are very perceptibly dichroitic,
and are often crystallographicall y well developed. Many of them are twinned
and some are decomposed to fibrous chlorite, which polarizes in dark bluish
colors. There is much of this mineral in the slide which has evidently
been transported, and has settled in patches in which there is a strong tendency to spherolitic arrangement. The patches of chlorite are accompanied
by quartz, which usually occupies the periphery. In some. cases particles
of epidote may be seen in the chlorite.
The groundmass is made up of microlites of oligoclase, with a considerable amount of augite, magnetite, and apatite. The last is almost all
of a deep brown color, and in consequence markedly dichroitic. There is
scarcely a trace of fluidal structure in this slide.
Slide 228.

Knoll north west of Oombination shaft.

second typical specimen.-ThiS is a purplish-gray rock, and 10 that respect
peculiar. Under the microscope it is very similar to that last described.
It shows a decided fluidal structure, but no glass base. 1'he feldspars contain good glass inclusions. Some of the hornblendes are twinned. In spite
of its purplish color this hornblende-andesite is microscopically t.ypical of
the WASHOE occ11l'rences, and is illustrated in Fig. 30, Plate V.
A
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From the same locality as 228.

Specimen containing i1menite.-ThiS contains an augite which shows excellent
pinacoidal as well as prismatic cleavage. It also contains a few patches
of a finely granular mineral, which shows very feeble tints between crossed
Nicols, and might be taken for sphene. It is in reality epidote, which often
behaves in this way when finely divided.
The hornblendes in this slide are, as a rule, less decomposed than the
angites. Indeed, the horn bIen des in the WASHOE andesites frequently,
though by no means always, resist decomposition better than the augites,
perhaps on account of the heavy black border. Much of the chlorite formed
from the augite has further decomposed into calcite and quartz. One
pseudomorph of chlorite after augite has been attacked from within byepidote, and from without by calcfte.
To test the nature of the iron ore in this rock the cover of the slide
was removed, and the balsam well washed off with alcohol. Careful drawings were made with the camera of certain portions of the slide, which were
then treated with strong c~llorhydric acid. A drop of acid was placed upon
the area to be tested and the slide warmed over a lamp for several minutes.
The acid was then washed off with water, and the operation repeated five
times. After each treatment the slide was inspected, and the result showed
that while the black border and certain grains of iron ore were completely
soluble, others . were only coated with a white film, and remained undissolved. The etching also brought out faint straight lines on the undissolved
grains, at an angle of approximately 60°, which seems to complete the
proof that the mineral is ilmenite. I find myself unable to distinguish
under the microscope the difference in tint between magnetic and ' titanic
iron, which is so perceptible in the I'treak.
Slide 208: North Twin Peak.

.

Partially decomposed hornblende.andesite.-A dark, bluish, fresh-looking andesite, but
in reality much more decomposed than those just described. The feldspars
contain glass inclusions, but no fluid ones were observed. They are but
slightly decomposed, showing a little calcite and a few porous streaks and
spots. They contain many yellow, rounded microlites, some of which extin-
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gnish light at an angle of above 30°, and are probably augite. The rest
of the augite is decomposed to chlorite, of which there are excellent pseudomorphs. The hornblende, too, is decomposed. ·With a low power it
Beems as if the space within the heavy black border were filled with calcite,
quartz, and magnetite; but a No.7 objective shows that the apparently
opaque particles are in reality minute grains of a strongly refracting mineral, no doubt epidote. Epidote in determinable grains also occurs in the
chlorite masses. ~here is considerable magnetite in this slide, as well as
many colorless apatites and one or two zircons. The groundmass shows
well marked fluidal structure, but no glass base.
This is the rock described by Professor Zirkel as fro111 the first bill
north of Gold Hill Peak, and analyzed by Dr. Kormann.
Slide 209.

Quarry 1,000 feet west of Yellow Jacket east shaft.

Considerably decomposed hornblende-andesite.-A gray-green porphyritic rock, immediately overlying and passing into ordinary bluish hornblende-andesite.
Under the microscope it appears that the bisilicates are wholly decomposed,
the hornblendes being traceable only by the blacl: borders now filled with
quartz, calcite, and oxides. A few pseudomorphs of chlorite after augite
remam. The feldspars also are considerably attacked, and contain secondary fluid inclusions.
Slide 210. 500 feet north of North Twin Peak.

Much decomposed specimen.-This specimen is from the same mass of rock
as that represented by slide 209, and resembles it, except in the fact that the
feldspars have lost their transparency. Under the microscope it is also
plain that it is the same rock in a more advanced stage of decomposition.
The feldspars are in part filled with specks of calcite; in part the calcite
appears to have been removed by solution, and in some instances the cavities thus formed seem to have been filled with liquid, accompanied by a
bubble; or in other words the feldspars contain secondary liquid inclusions.
Secondary fluid inc1usions.-I base the opinion that these inclusions are secondary on the following grounds: They do not occur in the fresh hornblende. andesite from the same locality, or in nnattacked feldspars in decomposed

120

GEOLOGY OF THE COMSTOCK LODE.

andesites. They are accompanied by particles of calcite, and by cavities
which entirely resemble them in outline and general character. While
primitive fluid inclusions are either negative crystals, or more or less distorted vesicles, and are bounded by smooth curves of greater or less complexity, these inclusions, as a rule, show irregular edges composed of broken
lines. It is of conrse necessary that these inclusions should at some time
have had a connection with the minute water channels of the rock mass
through capillary fissures, but it by no means follows that these would
appear even under high powers if open, and nothing is more probable than
that they should often be closed by decomposition products. I have but
•
rarely observed an active bubble in inclusions of this class.
Similar inclusions have been observed in the decomposed andesites
of other localities in the DISTRICT, and in the same relations to the decomposition of the feldspars. While in typical instances it appears to me easy to
discriminate between primary and secondary liquid inclusions in feldspars,
cases may arise in which a confusion is possible. There is no reason why
such inclusions should not occur in the older rocks as well as in the andesites, and indeed they appear to me to do so, especially in the quartz-porphyries. I have not alluded to them in describing slides of the older rocks,
because they are there accompanied by primitive inclusions, and it seemed
best to mention the subject in connection with a rock in which primitive
fluid inclusions are very exceptional. I have borne the matter in mind,
however, and have not used the presence of fluid inclusions as a diagnostic
point, except where their primitive character appeared certain. A secondary
inclusion from slide 210 is shown in Fig. 22, Plate IIP
Slide 311. 1,200 feet northwest of Geiger Grade Toll House.

Specimen showing disseminating hornblende.-ThiS is a light bluish-gray, ordinarylooking andesite, with rather a large number o~ visible hornblendes. Under
the microscope it is remarkable from the fact that, besides the hornblendes
which are apparent to the unaided eye, it contains a vast number of spiculre
of the same mineral disseminated through the groundmass. In the thin secI Mr. C. W. Cross, in bis Studien fiber Bretonische Gesteine, Vienna, Holder, has called attentiou
to secondary fluid inclusions of a different origin and character.
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tion these hornblendes are of a light yellowish-brown color, and are not accompanied by black borders. Very many of tJ1e hornblendes are twinned,
and a few show zonal structure. The hornblende is strongly dichroitic and
gives angles of extinction reaching 20°. The augites are few in number
and minute; indeed, at first sight, there seems to be no augite at all.
The feldspars are all triclinic, but are considerably decomposed, and it
is not easy to determine their angles of extinction with accuracy. Most of
the large crystals, however, give angles which fall within the limits of labradorite, while the microlites seem to be oligoclase; but one crystal showing the two ordinary striations gives angles of almost exactly 37°. ThiR
then must be anorthite. It is impossible to say that the other large crystals
are not so, but the probabilities are that others would have been found
exceeding the limits of labradorite had such been the case. In one of the
large feldspars fluid inclusions of the kind called secondary were observed,
and one of these contained a slowly moving bubble. Some of the feldspars
also contain partially devitrified glass inclusions.
The slide shows two or three small grains of quartz which, from the
arrangement of the particles of the surrounding groundmass, appear to be
primary. They contain liquid inclusions with moving bubbles. This is
the only case in which primitive fluid inclusions have been detected in the
WASHOE andesites. The opacite is, for the most part at all events, magnetite.
A very perfect hexagonal crystal may be a section of a dodecahedron.
The apatite is colorless and without peculiarities. The groundmass polarizes
throughout, though in places only very feebly. If it ever contained any
base, the glass is now nearly or quite de vitrified.
Slide 464. 1,200 feet northwest of Geiger Grade Toll House.

Coarse-grained trllchytic-Iooking hornblende.andesite.-This slide is from the same cropping as 311, and beyond the possibility of a doubt the same rock, but it
differs greatly in appearance, being coarse-grained, gray, and more like an
ordinary trachyte than a common andesite in habitus. Under the microscope it is manifestly the same rock, though with a modification of
structure, for the groundmass is granular instead of microlitic. There are a
few grains of quartz which carry fluid inclusions. Slide 311 contains
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remarkably few au gites, while in this I was unable to find a single one, in
which respect it and slide 3}5 form the only exceptions among the earlier
andesites of the DISTRICT. The hornblende is of the same color and general
character as that in slide 311, but the crystals are fewer in number and
larger in size. The decomposition of the hornblende in this specimen is
peculiar and interesting. The first change appears to have been to chlorite
masses, of which a few are still surrounded by fresh hornblende. Some spots
of this chlorite contain bunches of epidote, evidently formed from it, but
much of the chlorite has been converted into, or has given place to, quartz.
Decomposition has set in along cracks or cleavages of the hornblende crystals, producing little veins of chlorite, and the substitution of quartz for
chlorite has subsequently taken place from the horn bIen de walls of the veinlet
towards the central line, but has sometimes left a narrow seam of chlorite
along the middle of the vein. This is shown in Fig. 3, Plate II. A question
•
might be raised as to whether the quartz had not first partially filled the veins,
the chlorite representing a subsequent infiltration j but the thoroughly fresh
condition of the hornblende walls seems to forbid such a supposition. In some
of the smaller crystals a fresh kernel of hornblende is seen surrounded by
a zone of quartz, and this again by a narrow border of epidote. Taking the
appearance just described into account, it appears to me probable that these
hornblendes were in process of conversion into chlorite from the edges, and
that an alteration to epidote had begun on the periphery, when the silicifying action set in, leaving the hornblende and the epidote unaffected. The
hornblendes carry small bubble-bearing glass inclusions. The slide also
contains much decomposed mica. That mineral has been replaced by chlorite and this, again, is full of patches of epidote, evidently parasitic on the
chlorite. A portion of this chlorite, as well as that derived from hornblende, appears to have been converted into quartz. The feldspars are
much decomposed, but are evidently triclinic.
Slide 454. Cedar Hill Canon, 1,500 feet due west of Water Tunnel.

Highly augitic variety.-This is a dark bluish rock, which shows a considerable
number of macroscopical hornblendes. Under the microscope the augite is
seen to predominate over the hornblende, but as it occurs in a typical horn-
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bIen de-andesite area, has a microlitic groundmass, and shows considerable
hornblende, I have regarded the excess of augite aR local. The slide is
remarkable fOI" the fact that much of the strongly dichroitic augite is surrounded by a black border quite as broad as that which ordinarily occurs
aLout andesitic hornblendes, though not so broad as that accompanying the
hornblendes in this specimen. This slide contains unquestionable ilmenite
with rhomboidal cleavage marked by translucent lines. One of these is
shown in Fig. 19, Plate III. nne of the masses of ilmenite incloses a twin
augite crystal, just as the same mineral so commonly includes apatite. The
apatites are mostly deep brown and dusty.
Slide 450.

1,000 feet east of station at junction of Silver City Railroad.

Specimen showing hornblende with double black border.-This rock is only exposed by
the railroad cut for a few yards, and undoubtedly underlies the adjoining
augite-andesite. It is dark purplish gray, and contains a very large amount
of visible hornblende. The slide is chiefly remarkable for the light which
it throws on the character of the black border. The hornblendes are developed with unusual symmetry, but many of the crystals have been broken, and
all the fragments are surrounded by black borders. In one case a beautifully fresh, highly dichroitic, dark brown hornblende fragment shows not
only a black border but a parallel band of magnetite at some distance from
the edge-a zonal structure marked by an interior black belt. This crystal
is shown in Fig. 17, Plate III. Other of the large hornblendes in the slide
Rhow the same phenomenon, though imperfectly; but the small crystals
have but a single border.!
The specimen contains considerable augite, arid the groundmass shows
fluidal structure, as well as the peculiar felt-like texture so common in augiteandesites. It is possibly not a hornblende-andesite, in spite of the great
predominance of hornblende, but an augite-andesite with a local segregation of hornblende. No other hornblende-andesite occurs for a long
distance, and a glance at the map will show the improbability of any considerable amount of that rock being entirely covered by the limited areas
of augite-andesite.
I

For some speculations on this occurrence see page 59.

124
Slide 375.

GEOLOGY OF THE COMSTOCK LODE.
Outcrop at junction of Sutro and Quarry roads.

Micaceous hornblende-andesite.-This is a somewhat trachytic-Iooking rock, with
very white feldspars embedded in a rough gray groundmass. Mica is also
visible, though not prominent. Under the microscope it is plainly only a
micaceous variety of the surrounding hornblende-andesite. The feldspar is
wholly triclinic, and the large crystals give the angles of extinction of
labradorite. They are much decomposed, but contain recognizable glass
inclusions. There are also numerous secondary fluid inclusions. The mica
is decomposed, largely to chlorite and epidote. There are also hornblendes,
Of rather their outlines.
Much of the groundmass is devoid of microlites,
shows a feeble aggregate polarization, and is probably a partially devitrified glass. I could find nothing which could be interpreted as augite.
Slide 326.

Sutro Tunnel, 17,100 feet from entrance.

Specimen showine- stae-ea of decomposition.-This is a greenish-gray rock, with POf:
phyritical ~rystals of feldspar and hornblende. It also shows some pyrites,
and has evidently undergone considerable decomposition. Under the microscope the slide shows much brown hornblende, some augite, triclinic feldspars, and an andesitic groundmass. The hornblendes are peculiarly interesting because they exhibit the process of decomposition in all its stages.
The hornblende is brown, much of it is twinned, and none of it shows black
borders. The first step in the degeneration is the formation of chlorite, which,
of course, largely follows the cleavages. In'some cases narrow, even bands
penetrate a crystal nearly. from one end to the other like twin lamellre,
while in other instances irregular patches of chlorite occur in the hornblende.
In some such patches, and still better in others which are distributed through
the groundmass, and mayor may not represent former crystals of hornblende, the formation of epidote may be followed; its prismatic microlites
are to be seen invading the chlorite, just as in the McKibben Twmel diorites.
Other patches of chlorite are in process of conversion into, or substitution
by, calcite. Where this change goes on in a partially decomposed crystal
of hornblende, the central portion of the area is generally occupied by
the fresh mineral and chlorite; whereas the calcite, sometimes accompanied
by a little quartz, occupies the border of the pseudornorph. When the
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substitution of calcite for chlorite begins, the conversion of hornblende
into chlorite seems to cease, and this slide shows many bright, fresh fragments of hornblende embedded in calcite. There is no indication that the
hornblende tends to pass directly into calcite. 'Were such a process going
on, we should find denticles of calcite penetrating the hornblende. · Neither
do I see any reason to suppose that the epidote in this slide passes into
calcite; it appears rather to give place to clouds of dark-colored opaque
matter, which may be oxides or earthy silicates. In this and the other slides
of andesite which contain hornblende free of black borders, I see no indication that magnetite, or anything resembling magnetite, results from the
decomposition of hornblende. In the black-bordered hornblendes I have
often suspected such a change, but I see no way of proving that the particles
in question may not have formed a part of the original border. A hornblende in process of decomposition is shown in Fig. 2, Plate II., from this
slide. A portion of the augites are also partially converted into chlorite, and
in the pseudomorphs epidote is certainly developed parasitically. The large
feldspars are triclinic, and give angles of extinction answering to labradorite.
In one of them a bnbble-bearing and only partially devitrified glass inclusion
was observed. The microlitic groundmass contains some magnetite, pyrite,
and ordinary apatite.
Slide 116. Crown Point Ravine.

Propyliticvariety.-This is a very black, fine-grained rock, which, however,
proves, under the microscope, to derive its ~olor from an unusual amount
of magnetite in the groundmass. The hornblendes are altered to chlorite
and epidote, and only a few sections have retained characteristic outlines.
It is evident that the chlorite preceded the epidote, and in some cases the
encroachment of the latter can be very well observed. A portion of the
chlorite has been replaced by quartz and calcite.
As I shall have occasion to refer to slides of the Fortieth Parallel Survey collection from Orown Point Ravine, and from the South Twin Peak,
it would be an unnecessary repetition to say more of my own sections from
these localities than that there is no notable difference between them and
those described by Professor Zirkel.
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AUGITE-ANDESITE.

Slide 122. Peak south of Crown Point Ravine, marked 7075.

Typical variety.-Tlus is a black, rather fine-grained, apparently crystalline
rock, with a somewhat pitchy luster. Under the microscope it is seen to be
composed of augite and triclinic feldspar, with apatite and magnetite as
accessory constituents. The feldspar i~ sharply angular, but there is no
special tendency in the larger crystals to elongation. The large crystals
give very high angles of extinction, many of them exceeding the labradorite
limits, and they must all therefore be regarded as anorthite. Among the
elongated microlites I noticed many which gave too high an angle for oligoclase, but none which exceeded the labradorite limits. The feldspars contain
partially devitrified glass inclusions and augite microlites. The greater part
of the augite is fresh. It is very light brown in color and slightly dichroitic.
It is not specially well crystallized, and shapeless masses are more abundan~
than peIfect sections. There is a decided tendency to the development of
only one of the prismatic cleavages, and I fonnd no trace of pinacoidal
cleavage. There are numerous bubble-bearing glass inclusions. Many of
the an gites are converted in whole or in part into chlorite, of the same
properties mentioned so often in previous descriptions. There is a single
bright brown hornblende of small size heavily bordered. The apatite is in
part colorless and in part brown. The magnetite shows no pecnliarities.
The groundmass is microlitic and in parts shows a felted structure.
Slide 137. Bencll 400 feet southeast of intersection of Crown Point Ravi-n e and
Water Compan;y's flume.

The same slightly decomposed.-This is macroscopically and microscopically the
same rock as the preceding, being merely somewhat more decomposed. 1'he
feldspars contain secondary fluid inclusions; the angite is wholly conycrted
into chlorite, which for the most part retains the augitic forms; and epidote,
qnartz, and calcite are developing from the chlorite.
Slide 416. First peak above Ophir Grade, south of Crown Point Ravine.

Variety with augitic groundmass.-This is a gray porphyritic rock, with none of
the resinous look which augite rocks usually possess; and though it shows

DETAILED DESCRIPTION OF SLIDES.

127

hornblende, it might readily be mistaken for a hornblende-andesite.
Under the mi.croscope the slide shows little or no hornblende, but an unusual
amonnt of angite, which is present, not only as porphyritical crystals, but as
microlites in the gronndmass in nearly the same quantity as the feldspar. A
majority of the augites are fresh, but many are decomposed to chlorite, which
in its turn is largely changed to epidote. The latter may be seen eating its
way into the chlorite, as it has been described in the diorites and hornblende-andesites. Only a single patch of chlorite suggests hornblende, and
there is none of that mineral in a fresh condition. The feldspars contain
devitrified. glass and secondary fluid inclusions. They are much dimmed
by the presence of chlorite and calcite.
llO

Slide 315.

Sntro Tttnncl, 1,400 feet from entrance.

Variety with felt-like groundmass.-This is a dark, resinons-Iooking rock, with
some large greenish feldspars. The slide shows many fresh augites well
crystallized, somewhat dichroitic, and with a tendency to develop only
one cleavage. Others have undergone a somewhat peculiar decomposition,
the product of which seems to be chlorite, very heavily charged with
hydrated ferric oxide. There are few augite microlites in the groundmass,
but many in the feldspars. 'rhe feldspars are well developed, and a very
few only give angles of extinction answering to anorthite, in spite of the
fact that a considerable number show periclinic twinning, and seem to be
cut nearly in orthopinacoidal section. A good many such give almost
exactly the theoretical maximum angle of extinction of labradorite, and I
incline to the belief, for which there is no substantial proof, that they really
belong to that species, and that conseqnently both of the more basic feldspars are present. There is much magnetite and many dark apatites. The
groundmass is a felt-like aggregation of tiny microlites, between which
there is certainly a small amount of glass.
Slide 481.

Between summit of Mount Kate and Occidental Grade, near point 5639.

Glassy variety.-This is a gray glassy-looking rock, unlike the ordinary
augite-andesite. The slide, however, shows it to be decidedly of that
species, and to consist essentially of augite and triclinic feldspar, embedded
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in a true colorless glass. A few small hornblendes and some magnetite are
the subsidiary minerals. The feldspars show little tendency to elongation;
they appeal' to be all triclinic, and the maximum angles of extinction obtained correspond to labradorite. The augites are not very sharply crystallized, are largely massed in bunches, and are more than ordinarily
dichroitic. There are a few hornblendes which are bright brown in color,
and, like those in the glassy hornblende-andesite of the DISTRICT, without
black borders. The glass which forms a large part of this rock is colorless,
and shows in places perlitic cracks. Many microlites and trichites are distributed through it, some of them transparent and very likely feldspathic;
others opaque. Some of the trichites show a beaded structure .. Embedded
in the glass are many curious spots of rounded shape, which are yellowishwhite by reflected light and feebly transmit yellow rays. In polari~ed light
they are seen to be wholly or partly crystalline; they are not sufficiently
diaphanous to say which. They are evidently irregularly radial in structure,
and in some favorable instances give a broad ill-defined cross between
crossed Nicols. The pseudo-spherolitic structure is further marked by more
or less curved opaque trichites which, starting from the center, preserve an
approximately radial direction, branching like twigs at short intervals One
of these masses is shown in Fig. 20, Plate III.
Slide 125. Above the Ophir grade, due west of Belcher hoisting·works.

Granitoid variety.-This is a bluish-gray granular rock, looking almost like
an older crystalline species. Under the microscope, however, it reveals
itself as merely an unusually coarse-grained augite-andesite. The groundmass is grannlar. A portion of the augites are fresh, the remainder converted into chlorite.
Slide 465.

Crown Point Ravine; on flume, near drainage.

Specimen showing stages of decomposition.-Macroscopically a bluish-gray, compact, and rather granular rock, witho~lt macroscopically visible bisilicates.
The slide affords an unusually fine opportunity of studying the decomposition of augite-andesite, It happens to contain a large proportion of
au gites in octagonal sections, the outlines of which have been ,b ut little dis-
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turbed by the formation of decomposition-products. Some of the augites
are almost lluattackec1, and show thoronghly characteristic cleavages, extinctions, etc. Others are partially converted to chlorite, and yet others
are wholly replaced by the uniaxial, dichroitic, green mineral. Some of
the pseudomorphs are partially converted into epidote, the characteristic
prismatic sprouts of which may be seen penetrating the chlorite. A fine
example is illustrated in Fig. .5, Plate II. In some other cases the degeneration to epidote and to calcite is going on in the same chloritic pselldomOl·ph. There were originally one or two small hornblendes in this slide,
now wholly converted into epidote. The feldspars seem to be labradorite.
Crown Point Ravine is the best of all the "propylite" localities, and the
specimen is an excellent representative of the rocks which have received
this name. A portion of the slide is very faithfully illustrated in Fig. 31,
Plate V.
Slide 428

500 feet soutueast of 8utro T1tnnel air-sbaft.

Specimen with peculiar augites.-This is a black rock with an uneven fracture,
and a luster both vitreolls and resinous Under the microscope it is seen to
be a fine augite-andesite with more augite than usual, and no hornblende_
The augite is of the common color and slightly dichroitic. One crystal
shows the nncommon phenomenon of multiple twinning, in which the surface
of composition of a portion of the lamellre is decidedly irregular. This
angite is illustrated in Fig. 16,' Plate III. The large feldspars give angles
of extinction corresponding to labradorite; the microlites correspond to
oligoclase, and many of them show a tendency to fibration at the endl:?
The large feldspars contain inclusions of glass and microlites of augite.
There are a few brown apatites and some colorless ones in.the slide. The
gronndmass has the well-known felted appearance in some podions and
shows fluidal arrangement in others. It contains a considerable amount of
isotropic glass.
Slide 31.

111

S1dro Tunnel, 10,055 feet from entrance.

Specimen with unusual chlorite pseudomorph.-This is an ordinary augite-andesite
a somewhat decomposed condition, which most likely carried a little
9 a L
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glass when fresh. Among the many pseudomorphs of chlorite after augite
which it contains, one is especially beautiful, and is illustrated in Fig. 4,
Plate II. Decomposition has evidently started from the cross-fractures,
and also from the centers of the fragments isolated by the cracks, but these
two varieties of decomposition have proeeeded somewhat differently. The
chlorite around the exterior of the crystal, and along the cracks, betrays
structure only by a very slight dichroism; between crossed Nicols it is not
perceptibly luminous. The chlorite which has developed from the centers of the fragments is brownish-green, radially fibrous, strongly dichroitic,
and polarizes in dull-brownish colors.

LATER HORNBLENDE-ANDESITE.
Quarry 2,000 feet northeast of 8utro Tunnel Shaft III.

Slides 472 and 473.

Trachytic-Iooking variety.-This is a very coarse-grained soft rock, with large
porphyritical feldspars and visible Ulica and hornblende. Its ground mass is
purplish-gray. This rock is that commonly employed on the COMSTOCK for
engine foundations and the like.
Under the microscope it is seen to consist of plagioclase, hornblende,
mica, and magnetite, with a few Carlsbad twins and apparently simple
crystals which might be sanidin. Some of these last show minute stripes
--- under close examination, and others can be shown to be plagioclase by
their angles of extinction. The highest angles of extinction of the properly
Ol:iented felaspars indicate labradorite; but many of the larger crystals show
a strongly marked zonal structure. Il~ferences as to their composition
have been drawn on page 68. The feldspathic mierolites appear to
be oligoclase. 'l'he mica is brown and intensely dichroitic. Cleavagescales give an hyperbolic interference figure, which could not for a moment
be confounded with a cross, and it is either a biotite in which the angles of
extinction are uncommonly large or another species The hornblendes
are brown and well crystallized, and are all black-bordered; but while some
have comparatively narrow borders, others are almost ~holly converted to
magnetite, leaving only a particle of the fresh mineral near the center. The

\
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same remark applies to the mica. Some of the hornblende crystals, too,
are decomposed, while the majority are perfectly fresh. This is probably
due to the structure of the rock, which must admit liquid currents more
easily on certain lines than on others. The gromidmass is thoroughly
crystalline and microlitic, and consists of feldspar microlites and magnetite. This is the most important of the so-called trachytes of the DISTRICT,
and was therefore selected for illustration. Plate V., Fig. 1:)2, shows a
characteristic field.
Slide 474.

Quarry 2,000 feet east of Occidental Mill.

This is a re<idish porphyry similar, except in color, to that
described under slide 472, and also used for building purposes. Under the
microscope it is remarkable for its intensely dichroitic hornblende, which
shows an extremely light yellowish-brown tint, when parallel to the long
section of the analyzer, and a bright red-brown when at right angles to this
position. The slide also contains considerable poorly crystallized augite.
The mica gives the same decidedly biaxial interference figure· as that in
slide 472. The feldspars also are similar to those in that slide. This is
the rock separated by Dr. Hawes by Thoulet's method, and found to contain no sanidin.
A similar rock.-

Slide 230.

Quarry above Utah mine.

bluish-gray rock of manifestly loose texture,
showing both mica and hornblende. Under the microscope plagioclase,
magnetite, and some brown glass are also visible. The feldspars are beautifully fresh. Extremely few lack stripes, and these are not in determinable zones. Several of the larger feldspars show nearly square sections and
pericline as well as albite twinning. These give angles of extinction of
about 30°. on each side of the albitic twinning plane. The small elongated
feldspars also give labradorite angles in many cases, and I see no reason to
. suspect any considerable quantity of any other feldspar. The feldspars contain great numbers of colorless glass inclusions, most of them entirely fresh,
as well as patches of the brown glass and of groundmass with glass. A few
of the smaller feldspars seem to consist of negative crystals of brown glass
More compact, gray rock.-A
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surrounded by thin shells of feldspar. rrhe hornblende is in part perfectly
fresh, and so solid that the cleavages are almost imperceptible with low powers.
The color of the hornblendes is varions, and seems to depend largely on their
posltIOn. Some crystals are nearly pure brown; others a slightly brownishgreen, or of intermediate tints. A few are decomposed to calcite, quartz, and
epidote. A part of the crystals ,show no black borders, and others only a
very narrow line of magnetite. The mica is fresh biotite, giving the characteristic interference figure, and like the hornblende shows a few glass
inclusions: It has a narrow black border. The groundmass is composed of
feldspar microlites and brown glass. In parts of the slide the arrangement
of the microlites seems wholly without order, while in others fluidal structure
is well developed.
Slide 462. 2,000 feet northwest of Geiger Grade Toll House.

Black, glassy variety.-This is a pitchy-black rock, with a glassy luster, showing
some large hornblendes, but resembling certain augite-andesites in appearance more than any hornblende-andesite of the DISTRICT. Under the microscope the reaSOll of this unusual appearance is plain, for it contains a large
amount of glass base, which is not the case with any other WASHOE rock
of this species examined. Nearly all the feldspars seem to be labradorite,
only the minutest nntwinned microlites giving angles of extinction proper
to oligoclase. A few sections give angles of extinction which might be referred to anorthite, but I failed to find any such in which extinction took
place at equal angles to the trace of the twinning plane, and suppose the
crystals to be labradorites cut in one of the uninvestigated zones. Many
of the feldspars at first' sight appear to be simple crystals, but show on
closer examination a few exceedingly minnte strire. The feldspars contain a
~ery unusual abllndan-ce of glass inclusions, a large proportion of which
have polygonal outlines parallel to the sides of the feldspar section. They
also contain inclusions of the base, many of which assume fantastic forms,
some looking like ripple-marks, and others arranged as if the base had peneb'ated perpendicularly into the feldspar and spread between its zones. The
process must have been just the reverse, and the appearance is no doubt
due to an ineffectual effort of the feldspathic material to free itself from the
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adhesive glass during crystallization. Some of these inclusions are shown
in' Fig. 23, Plate III. Zonal structure is beautifully developed in many of
these feldspars.
The hornblendes are of a somewhat dull yellowish-green color and
very solid. They are especially remarkable froin the fact that scarcely
any of them show even a trace of a black border. There is a large qnan; tity of augite of exceptionally pale color. It is faintly dichroitic and
crystallized in unusually long needles. The sections and angles of extinction leave no doubt as to its nature. There is a single excellent biotite in
the slide. ·Many colorless apatites and a considerable quantity of magnetite
are present. The base sh,ows a felt-like stl'llctnre which appears to be dtlle
to the presence of minute opaque microlites.
Slide 470. Mount 4bbie.

Graycoarse.grained variety.-This IS a coarse gray porous rock, strongly resembling a hornblende-trachyte in appearance. Under the microscope,
however, it is plain that nearly or quite all the feldspars are triclinic, and
they give labradorite angles of extinction. Many of the smaller labradorites are simple individuals. rrhe hornblende and augite are such as are
common in the hornblende-andesites, but the hornblendes show only very
narrow black borders. There are about twice as many hOl'l1blendes as
augites. The groundmass is microlitic, and no ,base is visible.
Slide 467.

1,000 feet

north.northw~st

of Flowery Peak.

Porphyry with dark groundmass.-This is a coarse;'rained rock in which large
crystals of feldspar are separated out in a dark, rather compact groundmass.
Mica as well as feldspar is visible. Most of the feldspar crystals show twin
striations, but there are some Carlsbad twins and simple crystals, none of
which, however, are probably orthoclastic. Many of the larger cryst.als,
which are well developed, show zonal stl'llcture. The maximum angles of
extinction correspond to labradorite. The feldspathic microlites are shorter
and broader than is usual, and a few are possibly sanidin, bnt the great
majority are certainly triclinic. I noticed no inclusions in the feldspars
beyond apatite. Hornblende and mica are almost. wholly represented by
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patches of magnetite which are evidently exaggerated black borders.
Some of these patches are pseudomorphs after hOi'nblende, but mica plainly
predominated. Of this enough is 'l eft to determine that its color was brown.
The slide contains a single grain of quartz, which is evidently primary.
The groundmass is thoroughly crystalline and microlitic. It contains much
magnetite, and shows fluidal structure in places.
Slide 476.

Divide between Mount Rose and Mount Emma.

Light-gray porous variety,-A light-gray rock with a h;trge amount of visible
mica and hornblende. The feldspar is largely in simple crystals, few, if
any, of which, however, are orthoclastic. The microlites are developed
with unusual sharpness., The feldspars contain b'u bble-bearing glass inclusions and patches of groundmass. Hornblende is much more abundant in
this slide than mica, and is remarkable' for the fact that it shows scarcely a
trace of black border. Much of it occurs as minute brown spiclllre disseminated through the groundmass. The mica is present in well-developed
crystals, and cleavage scales show the ordinary sensibly uniaxial interference figure of biotite. The iron ore is magnetite, and it and the feldspar
microlites of the groundmass seem to be in~bedded in a coloi'less glass.

.

~

BASALT.

Slide 457.

Basalt

m~sa,

just west of Silver City.

Only variety,-ThiS is a dark ordinary basalt, with numerous visible -fresh
amber-colored olivines. Under the microscope it is seen to be a erystalline
mixture of olivine, augite, feldspar, and magnetite. The olivine is nearly
colorless in the section, but has a faint yellowish tinge. It occurs for the
most part in grains showing only one or two' crystalline faces or none at
all. A few of the larger crystalR have good hexagonal or octagonal outlines. Besides irregular cracks, there are oceasional indications of imperfect cleavage. The olivine is wholly undichroitic and polarizes brilliantly.
As inclusions it contains crystal,s of magnetite and a few particles of augite.
It shows only occasional traces of decomposition. The augite is of the
common
brown color, ;,but of a rather deeper tint than usual. Some of the
.
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crystals are as large 'as the olivines, but while there are 'many small augites
.; there seem to be no microscopic olivines, The augites are better crystal-,
lized than the olivine, and often show characteristic sections and cleavages.
They are decidedly dichroitic. The an gites cari-ya few bubble-bearing
inclusions, which seem to be glass. The feldspars are small, lath-like, and
often simply twinned. In a very few cases both periclinic and albite twinning are visible. 'rhe angles of extinction are those of labradorite. I could
detect no orthoclase. The groundmass consists of feldspar, augite, and
magnetite in cubes, and contains no perceptible base. Slide 458 from 1,250
feet southeast of Roux's Ranch is identical with the above, and with the slide
described in the Exploration of the Fortieth Parallel, Vol. VI., as 528. The
slide and specimen described in that memoir as 529 is the same rock which
is here regarded as a metamorphic diorite.

PROPYLITES OF THE FORTIETH PARALLEL SURVEY COLLECTION.

Fortieth Parallel propylites.-I have been kindly allowed free use of the collections of the Geological Exploration of the Fortieth Parallel, and reproduce
in the following pages my notes on the specimens and slides described in
Vol. VI. of the publications of that survey as propylites (212 to 225) and
as quartz-propylites (226 to 232). While I do not feel myself competent
to decide definitively the species of those rocks which I have not had an
opportunity of studying in the field, my opinion of each slide is indicated,
in order to convey a more complete impression of its appearance.
Exploration of the Fortieth Parallel.
Ravine, Washoe.

Slide No. 212, specimen No. 22,682, Crown Point

This is a smooth, fine-grained rock, somewhat resembling a limestone
in texture. Its color is pistachio green. Seen under the microscope, it is
evidently much decomposed; indeed, the slide shows little besides epidote
and secondary quartz. Even the magnetite has almost wholly disappeared,
and the residual products are grouped within no outlines from which the
nature of the original bisilicates might be inferred Many very small feldspars are still fresh enough to make out with certainty that they are triclinic .

..
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Exploration of the Fortieth Parallel.
Ravine, Washoe.

Slide No. 213, specimen No. 22,684, Crown Point

A somewhat more granular rock than the preceding, but of the same
color. 'fhe slide shows that it is slightly less decomposed. In a few cases
feldspars can be detected with striations not entirely obliterated, and with
rectilinear outlines, such as are ordinarily met with in andesites. Several
brown apatites are visible. The patches ~f decomposition products show
outlines here and there which are suggestive of hornblende and augite.
Besides quartz and epidote, this slide contains some calcite. I regard this
and the' preceding rock a~ entirely indeterminable frolll the specimens and
slides, but from a study of their associations on the spot J believe them to
be hornblende-andesites.
Exploration of the Fortieth Parallel.
Point Ravine, Washoe.

Slide No. 214, specimen No. 22,686.
.

Crown

A gray coarse-grained rock, the feldspars of which are opaque, giving
it a superficial resemblance to pre-Tertiary rocks. "Qnder the microscope a
glance shows it to be augitic. The slide contains several sections of the
undecomposed mineral with characteristic octagonal outlines and approeriate
angles and cleavages, as well as some longitudinal sections, giving angles
of extinction running np to above 30 0 • The color of this augite is the com. mon brownish-yellow, not unlike the tint of bamboo. Much of the augite
has been decomposed to chlorite of fibrous structure, which shows dark
bluish tints between crossed Nicols, aggregate and sometimes spherolitic
polarization, and extinction when the microlites are paral1el to the principal
sections of the Nicols. 'rhat the chlorite is a derivative of the augite is clear,
for in some cases augites are only in part converted into chlorite, and in
others the pseudomorphs are perfect, even retaining traces of the crossfi'actures of the augite prisms. I found but one mass of decomposition
products that might with any probability be referred to hornblende. The
feldspars are tric1illic, and some of the la~'ge crystals show labradorite
angles of extinction. Apatite and magnetite are also present. The groundmass contains no glass, but seemed to me to show traces of a felt-like structure, muc~ obscured, however, by particles of chlorite and epidote. This
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I'ock is an augite-andesite, and one characteristic of the
partially decomposed.
Exploration of the Fortieth Parallel.
Point Ravine, Washoe.

DISTRICT,

but

Slide No. 215, specimen No. 22,689.

IS

Urown·

A very dark, somewhat basaltic-looking rock. The slide resembles
that last described, containing, however, only pseudomorphs of chlorite after
augite, and none of the fresh mineraL The chlorite and the mineral from
which it was derived were carefully identified .in the manner indicated in
the last paragraph. There is no fresh hornblende, but a few very minute
oval rings of magnetite grains probably represent the black borders of
former horn bIen des. The feldspars, which are not distinguishable from
ordinary andesitic plagioclases, contain spots which look like devitrified .
glass-inclusions. This, too, is augite-andesite.
Exploration of the Fortieth Parallel.
Point Ravine, Washoe.

Slide No. 216, specimen No. 22,690, from Orown

•

This rock is much decomposed, and neither augite nor hornblende are
present in a fresh state, but the slide contains many black borders, which
retain the characteristic outline~ of hornblende, though they now surround
only calcite, quartz, and a few residual grains of epidote. rrhere is also
one good pseudomorph of chlorite after augite. From my acquaintance with
the rocks of the DISTRICT I have l}o hesitation in pronouncing this a hornblende-andesite.
Exploration of the Fortieth Parallel.

Slide No. 217.

Gold Hill Peak, Washoe.

There is no ~pecimen in the collection corresponding to this slide or
to the locality, which is represented on the map accompanying this paper
Ly the southern "rfwin Peak". My own specimens are coarse greenishgray rocks of somewhat open texture. The feldspars are not thoroughly
transparent in consequence of incipient decomposition. rrhe fresher portions of the lllass show brilliant rlOrnblendes. The slide contains some fresh
brown hornblendes with black borders, and some black borders frolll which
the bisilicate has disappeared. A portion of the hornblende exhibits the
intermediate color between , green and brown, which is seen in so many

\.
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brown hornblende rocks; but I failed to find green hornblende, fibrous horn- _
blende, or hornblende without a black border. There are a few excellent
augites and many capital pseudomorphs of chlorite after augite. This chlorite
shows the usual structure, dichroism, extinction parallel to the fibers, etc.
The feldspars' are triclinic, the large ones seemingly labradorite, and they
appear to contain de vitrified glass inclusions. There are many brown and
dusty apatites. The groundmass has the microlitic structure of hornblendeandesites, nor can I see any reason tor separating this rock from that species.
Exploration of the Fortieth Parallel.
Ophir Ravine, Washoe.

Slides Nos. 218 and 219, specimen No. 22,694.

These slides I have sufficiently discussed in describing my own thin
sections from the same locality. I have there considered the rock as a diorite-porphyry.
Exploration of the Fortieth Parallel. Slide No. 220, specimen No. 22,588. Hill east
of Steamboat Valley, Virginia Range.

This is a brown rock whicn. looks like an impure limonite. Under the
microscope nothing is visible excepting ferric hydrate and a little secondary
quartz.
Exploration of the Fortieth Parallel.
Corral Canon, Virginia Range.

Slide No. 221, specimen No. 22,574.

Sheep

This is a light greenish, granular r<lck, evidently composed of feldspar
and hornblende. The slide shows that the hornblende is wholly decomposed. The crystals of this mineral appear to have had black borders,
which are now in part replaced by higher oxides. When fresh it contained
great numbers of small augites, which are now converte$l into the ordinary
chlorite. The same product of decomposition is also disseminated through
the ground mass, and is accompanied by quartz and calcite. The feldspar
is fresh and striated, and the general character under the microscope is that
of an andesite. I can see no reason for calling it anything but hornblendeandesite.
Professor Wiedemann analyzed this rock and found 64.62 per cent. silica.
In discussing this analysis the fact should not be overlooked that a relative
increase in the quantity of silicic acid commonly accompanies decomposition.
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Exploration of the Fortieth Parallel. Slide No. 221a, specimen No. 21,950. Between
the Truckee and l\fontezllma Ranges.

The specimen strongly resembles those from the head of Ophir Ravine,
·Washoe. It is highly decomposed, but the bisilicates appeal' to have been
hornblende. The feldspars have not the sharp outlines usual in andesites,
and the toute ellsemble is that of a porphyritic diorite.
Exploration of .the Fortieth Parallel.
Canon, Fish Creek Mountains.

Slide No. 222, specimen No. 21,542.

Storm

This is a rather coarse-grained greenish rock, in which lath-like feldspars show prominently in a finer groundmass. The slide contains an
abundance of augites, some of which show pinacoidal cleavages as well as
the prismatic ones. '1'he cleavages are very heavily marked. A portion of
the augite has been converted into grayish-green uralite, distinctly retaining
the crystal form of augite. Where- it is favorably oriented it gives angles
of extinction of about 15°. The greater part of the augite has degeneI'ated into chlorite, with the' usual structure and optical properties. The
slide further contains much fresh mica, some of the scales of which are
horizontally placed, and give the biotite interference figure. There 'is also
a very little brown and intensely dichroitic hornblende, but I could find
none of thi~ mineral which was green, except the uralite. The larger
plagioclases are well developed in lath-like crystals, but are nearly opaque
in consequence of the presence of "decomposition products. . The iron ore
occurs in irregular masses, but its nature is uncertain. The groundmass is
granular, not composed of well-developed microlites, but thoroughly crystalline. It contains much epidote and chlorite.
Exploration of the Fortieth Parallel.
Canon, Fish Creek Mountains.

Slide No. 223, specimen No. 21,545.

Storm

This is the ~ame rock as the last, but in a different stage of decomposition. The green hornblende shows in numerOllS cases the crystal outlines
of augite, and in my opinion LS exclusively uralite. The plagioclases are
fresher than in the other slide and contain rounded fluid inclusions of small
SIze. 'While it may be somewhat rash to decide upon the ag~ of this rock
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from these two specimens and slides, all the diagnostic, points appear to
me to indicate diabase rather than augite-andesite as the proper determination.
Exploration of the Fort.ieth Parallel. Slide No. 224, specimen No. 21,259.
north of Tuscarora, Cortez Range.

Foothills

rrhis is a green porphyry, with impellucid feldspars and brilliant hornblendes. I am almost inclined to doubt that this can be the slide described
in the" Microscopical petrography;" bnt the dark brown horn bIen des tally
precisely with the figure and the description, the slide corresponds to the
specimen, as does the latter with the locality, and no other slide labeled
"propylite" bean; any considArable resemblance to the text and the illustration. The slide contains a large number of unusually symmetrical brown
hornblende sections, with broad black borders. One or two of these exhibit
clinopinacoidal cleavage as well as thee usual prismatic one. Many of the
hornblendes are altered into chlorite, still retaining the.black border and
crystal outlines. This chlorite shows the usual aggregat~ polarization in
some places"and spherolitic structure in others, and extinguishes light parallel to the direction of the principal Nicol sections. There are also many
fresh augites with characteristic sections, cleavages, and optical properties,
and pseudomorphs of chlorite after augite. As usual in decomposed rocks,
the groundmass c,ontains irregular patches of chlorite, the properties of
which are ideptical with those of that in pseudomorphic forms. I could
find nothing whatever corresponding to the green hornblendes described by
Professor Zirkel, and figured as without black borders, and as showing
hornblendic cleavages and outlines, The feldspars and ground mass are like
those usually found in partially decomposed hornblende-andesite, and as
such I have no hesitation in regarding the rock.
Exploration of the Fortieth Parallel.
Calion, Cortez Range.

Sli~e

No. 225, specimen No. 21,314. Wagon

This is a reddish rock, with well-developed porphyritic, impellucid
feldspars, visible mica, and greenish black patches, which are possibly
hornblendes. Under the microscope the rock is seen to be greatly decomposed. The slide contains fresh mica, numerous pseudomorphs of chlorite
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after augite, and a number of patches of chlorite, which S8em referable with
some probability to hornblendic forms. The feldspars are triclinic and very
closely striated. None of the angles of extinction which I observed exceeded
the oligoclase limits. The slide contains very little epidote, hut the feldspars
and groundmass are clouded with calcite and limonite. While no satisfactory determination can be made of this specimen, it seelllS to answer best
to a micaceolls hornblende-andesite!
Exploration of the Fortieth Parallel.
of Golconda Station.

Slide No. 226, specimen No. 21,604.

Hills east

Macroscopically this rock is of a greenish-gray color tinged with yellow, and shows porphyritical crystals of mica, hornblende, and impellucid
feld~pars.
Under the microscope it is apparent that the feldspars are rendered almost opaque by excessively fine grains of what is seemingly calcite.
Some of them ar~ triclinic, others appear to me to be orthoclase, but which
are in the majority it is impos~ible to say. The rock contains quartz in
which there are numerous fluid inclusions, some of them containing carb.Onic
acid. The quartz also carries unquestionable glass inclusions of good size,
in which de vitrification has proceeded only so far that between crossed Nicols
one or two bright points appear on the jet-black ground of ~he .isotropic
substance. One of these is accompanied by the short cracks in the quartz,
which have otten been observed, and which so beautifully illustrate the
elasticity of silica. One of the numerous apatites, too, contains a glass
inclusion hung li]{e a drop on an inclosed microlite which is probably
also apatite. The hornblende, and even the mica are wholly replaced by
decomposition products, largely oxides of iron. I could detect no trace of
augite. The groundmass contains some particles of epidote and chlorite.
It is nearly impossible to determine a rock so thoroughly decomposed without a study of its occurrence. If the feldspar is triclinic it must be a dacite,
for the glass precludes the supposition that it is a diorite. rrhe absence of
augite and of well-developed feldspar microlites, the appearance of the
orthoclase-like larger feldspars, the abundance of fluid inclusions, ~nd the
general air of the rock, seem to put dacite almost out of the question. Similar arguments hold against its determination as rhyolite, and but for the
,/
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presence of carbonic acid in the inclusions, which is, at all events, very
rare in quartz-porphyry, I should class it as a member of that group.
Exploration of the Fortieth Parallel. Slide No. 227, specimen No. 21,500. West Gate,
Augnsta Mountains.

,

Macroscopically a gray, granular rock. Under the microscope it bears
a strong resemblance to the preceding. , The feldspars are almost opaque,
the hornblende and mica are wholly decomposed. The gronndmass contains some epidote and much chlorite, magnetite, and zircon. 1\1-ore than
one of the quartzes carry besides fluid inclusions, typical, fresh, colorless
glass inclusions which contain bubbles and are of sufficient size to remain
black between crossed Nicols. I noticed an apatite with good prismatic
cleavages. This rock seems to me an old quartz-porphyry.
Exploration of t.he Fortieth Parallcl. Slides Nos. 228 and 229, specimen No. 21,308.
Cortez Peak, Cortez Range.
.
I entirely assent to Professor Zirkel's description of these slides. The
rock appears to me both macroscopically and microscopically to resemble
a porphyritic diorite in an respects. Slide 230 is a highly micaceous variety
of the same rock.
Exploration of the Fortieth Parallel. ~ Slide No. 231, specimen No. 22,717. Cross-spur
below graveyard, Virginia City.
Macroscopically this is a greenish-gray, andesitic-looking rock, with
impellucid feldspars and brilliant hornblendes. Under the microscope the
slide shows a considerable number of hornblendes and some augites. The
hornblende is of the greenish-brown tint common among the andesites, but
brown enters very largely into the color. It is not fibrons, but decomposition into chlorite has set in along the cleavages, and, in the longitudinal
sections, the cleavage prisms separated by chlorite might possibly be taken
for coarse fibers. It is a peculiarity of this rock that the iron ore has been
attacked more energetically than the bisilicates. Many of the smallest
grains of the ore, which is probably magnetite, may be seen throughout the
slide, converted into a slightly diaphanous, whitish substance, which in so
far resembles leucoxene; but between crossed Nicols it looks more like cal-
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cite, and it strikes me as possibly iron carbonate. The quartz is indistinctly separated from the gronndmass, and seems to me secondary. The
feldspars and the grollndmass have the usual characters of ",VASHOE hornblende-andesites
Exploration of tIle Fortieth Parallel.

Slide No. 232.

By some mistake this slide was labeled as from Berkshire Oanon,
whereas the check-list of the survey, no less than the correspondence of
the slide and l:lpecimen, show that it should have been numbered 155, and
that the rock is the typical diorite of Mount Davidson, in WASHOE. The
descriptions of this rock and of the Mount Davidson diorite, like the slides,
agree.

PROPYLITES OF THE GEOGRAPHICAL AND GEOLOGICAL SURVEY oJ<' THE ROCKY
MOUNTAIN REGION.

Utah prOPylites.-Oaptain Dutton has also kindly furnished me with sp_ecimens and slides of the propylites mentioned by him in his memoir on "The
High Plateaus of Southern Utah."
Geology of tIle Higb Plateans of Utall.
Dntton, Sevier Plateau.

Slide and specimen No. 226.

Base of Mount

Macroscopically a greenish, granular rock, in which lath-like feldspars
are separated 011t ill a gronndmal:ls of a somewhat waxy luster. Under the
microscope it is seen that the rock is greatly decomposed, but also that in
a fresh 'state it consisted of plagioclase and augite, with an iron ore, quartz,
and apatite as subordinate constituents. A few of the augites are fresh, and
are ill every way characteristic, but most of them have been converted into
chlorite, and the slide contains a large number of excellent pseudomorphs of
this character. The chlorite appears to be precisely the same as that to which
reference has been made so often in the foregoing pages. It is fibrous, extinguishes light parallel to the long axis of the microlites, dichroizes strongly,
and &:ives an aggregate polarization or a spherolitic cross, according to the
arrangement of the microlites. In places epidote may be seen forming at
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the expense of the chlorite. At least a part of the quartz is primitive. It
contains fluid inclusions, gas-pores, and possibly also glass-inclusions. The
larger feldspars are well developed, very closely striat.ed, and appear to give
angles of extinction of about 18° 30' in orthopinacoidal section. The
smaller feldspars are granitoid rather than microlitic in their development,
and so much obscured by decomposition-product8 as to make it ullcertain
whether they also are referable to oligoclase. rrhe iron ore is probably
titanic, and is accompanied by both leucoxene and ferric oxide. The slide
contains much apatite, a large part of it in unusually long microlites, and a
little sphene. The rock appear8 to me to be a decomposed diabase.
Geology of the High Plateaus of Utab.
roe, Sevier Plat.eau.

-

Slide and specimen No. 274. Gate of Mun-

The general character of this rock, both macr08copically and microscopically, is almost identical with that last described, but the bisilicates
have been entirely decomposed, and the chlorite is much disseminated;
there is a strong probability, however, that the original mineral was augite.
The. feldspar best ans~er8 in its optical characters to labradorite. It contains fluid inclusions. The apatites are extraordinarily large and abundant,
and, strange to say, contain numerous fluid inclusions.

I

DESCRIPTION OF ILLUSTRATIONS.

In order that any object in a thin section, to which special reference
is made, may be readily found again by one studying the collection, thus
saving the time and patience of the student and leaving no room for doubt

FIG. 2.-0rientation of

Slide~.

as to the exact spot under discussion, the following method of determining
the locality of such an object has been employed and is recommended for
general use: Mark on the stage of the microscope two radii at right angles
and graduate them in millimeters, beginning from the center of the stage,
numbering them as in the figure. Place the glass bearing the rock section
10 C L
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on the stage, so that when the spot to be located is under the cross-wires
the upper left-hand corner of the object glass shall be within the quadrant
between the radii, and the sides of the object glass shall be parallel to the
same, as represented in the figure. The distances, then, of the spot in
question from the sides crossing the radii are read from the scales, and represent the rectangular coordinates of that spot referred to the upper lefthand corner of the object glass as an origin, and are recorded thus: 293 11.33 i
the number of the thin section being given, and the coordinates being placed
after it, with the vertical coordinate preceding the horizontal. The process
of finding any spot the coordinates of which are given in this manner needs
no further explanation.
PLATE II.

Brown hornblende passing into chlorite. The small stippled
white mass at the right of the cnt is secondary quartz. The rock is a
porphyritic diorite. Sierra Nevada mine, 1,450-foot level; north drift,
289 feet. Magnified 170 diameters.
FIG. 3. Slide 32617.32. Brown hornblende passing' into chlorite, which is represented
as gray. The white patches are quartz and calcite. The rock is earlier
hornblende-andesite from the Sutro Tunnel, 17,100 feet from entrance.
Magnified 70 diameters.
FIG.

1. Slide 252

9 •21 •

FIG. 3. Slide 46421 •26 • Greenish-brown hornblende, in longitudinal section. The central portion of tlIe veins is chlorite, between which and tlIe solid hornblende the space is occupied by quartz. The rock is older hornblendeandesite from croppings 1,200 feet northwest of the Geiger Grade tollhouse. l\fagnified 45 diameters.
FIG. 4. Slide 3111.27. Pseudomorph of chlorite after augite. The white intrusive mass
is feldspar; decomposition has gone on from the surfaces and cracks, producing a green sliglItly diclIroitic chlorite, which remains nearly black
between crossed Nicols. TlIe fragments have also decomposed from their
centers into a greenislI-brown, very fibrous, strongly dichoritic chlorite.
TlIe rock is augite-andesite from the Sutro Tunnel, 10,055 feet from eutrance. Magnified 95 diameters.
FIG. 5. Slide 465 12.23. The outline is that of a cross-section of augite. The smooth
gray tint represents a felted mass of chlorite, cQmposed of excessively
fine fibers. The coarsely granular mineral is epidote, which can be seen
sending denticular crystals into the chlorite. In the upper part of ihe cut
epidote has begun to develop from a second center. The rock is augiteandesite from Crown Point Ravine. Another part of tlIis sIicle is represellted in Fig. 31. l\'Jag-nifie(l 05 diameters.
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FIG. G. Slide 19417 • 17 • Psendolllorph of chlurit.e after hornblende. Granular epidote
is de,eloping from five distinct centers in the chlorite. The chlorite closc
to the left-hand upper euge of the crystal is composed of fibers perpelldicular to the cr,)'stal face, and appears to resist the encroachment of epidote. The rock is a porph.yritic diorite from the ~JI[cKibben T1tnnel. Magnified 48 diameters.
FIG. 7. Slide 1947•24 • A group of three hornblendes has been completely converted
into chlorite, and in these pseudomorphs epidote has dcwloped from t11e
. centers in grannlar lllasses awl fagot-like bundles. The growth of epidote needles into the chlorite (which is slladed a flat gray) ean be excellently observed at the right-hand edge of the cat, and between the lefthand and the middle crystals. In the left-hand crystal there are two
small patches of secondary quartz. The rock is porphyritic diorite frolll
the Jl[cKibben T ·unncl. Magnified 40 diameters.
FIG. 8. Slide 233 10 •20 • Pscudomorph of chlorite and epidote, after mica. The C011\'ersion to chlorite probauly proceeded from the cleavages, and the cOll\-ersion
of chlorite to epidote has begull npon the same lines. The chlorite as
usual is indicated by a flat gray tint. l\linute denticles of epidote can
readily be seen nnder high powers, piercing the fibrous chlorite mass.
1'he rock is uiorite-porphyry from the head of Ophir Raville. l\1agnified
30 diameters.
FIG.

n.

Slide 19913 • 25 • Pseudomorph of epidote after hornblende. The epidote appears
to have crystallized from three different centers, amI the mdial needles
strike entirely across the crystal. The rock is a porph:rritic diorite from the
McKibben Tunnel, part of the same mass the pseudomorphic pbenomeua of
which are illustrated in Figs. 6 and 7, and distant oul.r eight feet from it.
It is tbe last stage of the conversion shown in Fig'. 7. Slide 199 al~u
shows epidote developing in chlorite patches. l\lagnified 50 diameters.

FIG. 10. Slide 197 16 • 21 • Pseudomorph of chlorite and qnartz after hornblcnde. The
quartz occupies the central portion of tbe crystal, and seems to ha,e beell
deposited by snbstitntion for cillorite. l'he cblorite border is fibrous,
excessively fine, and, as usual wbere tbis struct.ure occurs, transmits
scarcely a ray of ligbt between crossed Nicols. Tbe approximate uniforlllity of the cblorite zone suggests that the resistance offered by it to decolllposition has exceeded tbat of the chlorite for which quartz has ueen snb~ti·
tuted. The very dark spots in the qnartz are limonite, and tllere are two
small granular bunehes of epidote in the chlorite, at tbe lower left-h:1lHl
corner of the cut. Tile slide is from the same specimen as Fig. 9. l\Iagnified 100 diameters.
FIG. 11. Slide 29510 •16 • Oolorless hornblende passing into a green ,ariety of t.he same
mineral seen in cross-section. A large bornblende appears to ha,e ueell
divided into cleavage prisms bj- chloritic (lecompof;itioll, milch as in Fig. ~,
but with the additiollal deyelopmellt of tbe clillopinacoitlal cleavag'("

148

GEOLOGY OF THE COl\ISTOCK LODE.
Tliese prisms are colorless near tlle center, bnt green near tlle border. The
figure shows one of a vast number within the same crystal ontline, the
shaded portIOn representing green. No change in the angle of extinction
is prounced by the alteration. The rock is metamorphic diorite from the
Amazon mine. Magnifieu 270 diameters.

FIG. 12. Slide 295 15 •27 • Colorless hornblende passing into a green variety of the same
mineral,longitndinal section. No longitndinal section so perfect as the
cross-section shown in Fig. 11 has been met with. l\lany, however, like
that portrayed in Fig. 12, show colorless fibers encroached 1Ipon by the
green mineral. This section also cont.ains a little chlorite, shaded a
deeper tint thau the remainder of the section. The rock is metamorphic
diorite froUl the Amazon mine. l\Iagnified 40 diameters.
PLATE IlL

FIG. 13. Slide 209 • 25 • Zoual feldspar. The kernel and the onter zone extinguish light
when the principal plane of the Nicols is inclined at an angle of about
l4 0 to the twinning plane, and the fine reversed lamell~ are blackest
when the angle measures abont 140 in the oPPoRite direction. The interllleuiate zone extingnishes at an angle of 50 in the same sense as the
other zones. Just within t.he onter zone is a belt of nearly opaqne inclusions which connects with the gronndmass of the rock at the top of the
figure. 'fhe rock is hornblende-andesite from the quarry 1,000 feet west
of the Yellow Jacket east shaft. l\Iagnified 50 diameters.
FIG. 14. Fortieth Parallel collection, slide 28413.38. Feldspar with rectangular glass
kernel. The two halves of this crystal extinguish light at angles of 240
anu 2(J0 to the twinning plane, and minnte twin lamellffi are visible at
the lower enu of the section. l\lagnified 140 diameters.
FIG. 15. Slide 349 14 •25 • .Augite section showing discontinnous twin lamellffi. These
are shaded llark gray. Two included crystals of iron ore are indicated
in black, and some chloritic patches in light gray. The rock is diabase
from tlle SUfFO Tunnelnortll brancll, 50 feet soutll of Opllir connection.
Magnified 40 diameters.
FIG.

1(J.

Slide 42812 • 16 • .Augite with contorted twin-lamellre, which are shown in black.
The rock is an augite-andesite from near the Sut1'O Tunnel air-sllaft (beyond
tlle limits of the map). Magnified 70 diameters.

FIG. 17. Slide 450 15 _21 • Fragment of brown hornblende with black border on tlle fractured surface, as well as on tlle crystal faces, and a second parallel internal
belt of magnetite. 'l'he figure is from a 1I0rnblendic andesite from a cut
1,000 feet east of the railroad station at the Silver City switch. l\lagnified (JO diameters.
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FIG. 18. Slide 1946•21 • Horseshoe-shaped apatite Cllt ::;0 Ile:ll'ly at right angles to the
main axis as t.o remaiu almost hlack bctween crossed Nicols. It ot'('llI'S
in a decomposed bOl'llblende. The rock is diOI'itic porphFY from the
McKibben Tnnnel. Magnified 220 diameters.
FIG. 19. Slide 45422 •2°. l\1ass of ilmenite showing clJarn.ctel'istic markillgs, frol11 an
angite-an(lesite fmID Cedar Hill (jailoll. Magnified 70 (liameters.
FIG. 20. Slide 18:?16.20. A peculiar secretion ill a glassy angite.andesite from t,lJe s011thwest flank of l\Iount Kate. It is a brownish mass of psendo-sphcrolitic
structure filled with black trichites. It mnch resembles a patch of IIl'own
mold. Many others occur in 1he same slide. Magnified 45 (liametcrs.
FIG. 21. Slide 42po.26. Symmetricallyarrange(l acicnlar black inclnsions found in the
hOl'llblendes of diorites and andesites. The ilIl1stra,tion is taken froUl a
longitudinal section of brown ltornblemh', amI the (lirectioll of the clea,'age is indicated by the arl'Ow. The ruck i::; a porpbyritic diorite fl'olll t,lIe
center of Cedar Hill ridge. Fig. 26 is from the same slille. l\Iagnified
600 diameters.
FIG.

22.

Slide 210 12 •2°. Secou(lary tll1id inclusiou in feldspar. TlJese inclusions are
absent from thc frcsh portion of the Rallle oxposme. TlJc rock is from
the qnarry 1,000 feet west of tlJe Yellvw Jacket east shaft. l\lag'nified
800 diameters.

FIG. 23. Slide 462 10 •28 • The illustration showH the edge of a feldspar a,uovc a pOl'tion
of the grolludmass of the slide. The fehlspar COli t.ains iuclm;iolls of bro\\' II
glass, which are clongated in the direction of t.lJe edge of tue cQ'stal, ;llld
seem thus to indicate fL tendency to zonal strncture in the tormatioll of
the crystal. The inclnsions also show a connectioll with tile prc:-:ent face
of the crystal, and are continuolls in a dircction "crtical to the face. P())'tious of the "iscid glass having become l'))tallgled in the feldspar (luring
its growth, the energy of cl',Ystallization seems to have ueen insntficiclIt
to expel or cnt off the partially inclosed material. The rock is a g'laR';.r
younger hornblende-a.ndesite from the Geiger Grade ~,OOO feet northwest
of the toll-house. l\Iagnifie(1 ~OO diameters.
FIG. 24, Slide 3512 1• 27 • Double gla.ss inclusion ill C]lllll'tZ. No part of this incluRion
reaches either the upper or tlJe lower snrface of the slide, nor is t1wl'e
any trace of a crack ncar it. The rock is from the Overma.n mine, 1,l4-::!foot level. l\Iagnified 750 diameters.

PLArrE IV.

In the description of the figures on this plate and the succeeding one,
the position of the minerals is given by their coordinates referred to the
lower left-hand corner of each figure, the ordinates being written before the
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abscissm. In seeking a mineral, it is convenient to lay a card, or rectangular slip of paper, on the illustration with its edges parallel to those of
the figure, but intersecting the graduated edges of the latter at the given
distances. The corner of the card will then coincide with the point sought.
This method is capable of any desired degree of exactness and permits of
the indefinite multiplication of references.
FIG. 25. Slide 213 18 • 18 • Granular diorite from Bullion Ravine at Water Company's
flume. Nicols crossed. )lagnified 30 diameters.
GREEN, FIBROUS HORNBLENDE: 20-22; 27-28; 22-13.
LABRADORI'I'E: 12-15; 14-28, and most of the unspecified grains.
QUARTZ: 8-14; 15-23; 17-18. The quartz carries fluid inclusions,
some of which show active bubbles.
MAGNETITE: 19-10; 25-27.
At 19-20 epidote is developing in a patch of chlorite, but cannot lJe well
obseryed with crossed Nicols or with so Iowa power.
FIG. :!6. Slide 42p8.22. Porphyritic diorite from tbe center of Cedar Hill ridge. Nicols
crossed. Magnified 30 diameters.
GREENlSH-BlWWN HORNBLENDE: 20-20; 20-27; 30-21; 10-22, etc.
A small feldspar is inclosed in the large hornblende, and chlorite
in small quantities is de,eloping along the cleavages of the latter, producing witb crossed Nicols the broad black markings
noticeable in tbe drawing.
FELDSPARS: The porpbyritic feldspars in this slide, as at 10-18, appear to be labradorite. Some of tbe microlites give oligoclase
angles of extinction. The greater part of tbe small feldspars
are granular.
MAGNET} TE: 8-24; 20-23, and lIlauy grains too small to appear indio
vidually on tbis scale. The apatites are also too minute to be
shown.
EPlDO'I'E developing out of chlorite occurs at 18-5, but requires a
higber power amI different light for study.
FIG. 27. Slide 35417 •14 • Quartz-porphyry 1,000 feet southwest of La,u:son's TWlnel.
Nicols at 450. Magnified 30 diameters.
ORTHOCLASE: 22-5; 20-25; 26-23'; 17-15; 15-10.
QUARTZ: 25-10; 15-25. Tbe quartz contains baJ's of groundmass
and numerons fluid inclusions with moving bubbles.
MICA: 15-20; 5-24. The mica is wholly decomposed a]](1 replaced
by limonite amI other i::iecondarJ' products.
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FIG. 38. Slide 34910 .21 . Earlier diabase, Sntro Tnnuel, nort,h branch, 50 feet sonth of
Ophir connection. Nicols crossed. l\lngnified 30 diameters.
J.JABRADORITE: 27-13; 27-23; 23-15; 19-27, and most of the graim;
constituting the ground mass.
AUGITE: 11-27; 5-20; 21-33; 21-12.
URALITE: 22-8; 7-30. The angite at 21-12 is partly converted to
nralite.
MAGNETITE or IUiENITE: 9-20; 10-12; 16-7, etc.

PLATE

v.

FIG. 29. Slide 466 14 .29.

Later diabase (" black dike"). Cholla,r mine, 1,900-foot level.
Nicols at 450. Magnified 120 diameters.
LABRADORITE: 12-18, etc.
AUGI1'E: 25-26; 14-7; 14-9; 16-20; 25-18, etc. 'l'he augite is all
more or less obscured by a smoky·brown decomposition product,
prohably limonit.e.
l\IAGNETITE: 6-22; 16-18; 23-7, etc.

Earlier hOl'llulelltle-andesite. Knoll just northeast of Combi·
nation Shaft. Nicols at 450. Magnified 23 diameters.
HORNBLENDE: 27-23.
LABRADORITE: 22-10; 20-17; 17-25.
:MAGNETITE and ILMENITE: All the black spots.
CULORITE: 10-29.

FIG. 30. Slide 22811 •24 •

FIG. 31. Slide 465 19 .26 .

Decomposed augite-andesite from Crown Point Ravine. No
polarizer was llsed, the sky light happening to be sufficiently polarized
to develope the lamellre of the feldspar. Magnified 20 diameters.
LABRADORI1'E: 25-25; 11-11.
AUGITE: 19-5; psendomorphs of chlorite after augite, 7-19; 17-:32.
In the first of these, epidote is developing as in Fig. 5, which is
also from this slide.
EPIDOTE: 8-19; 18-10.
The mass at 25-7 is chlorite, calcite, epidote, and oxides. The black spots
in the ground mass are magnetite.

FIG. 32. Slide 473~32. Later hornblende-andesite. Quarry 2,000 feet northeast of
SutFO Shaft Ill. Nicols at 450. Magnified 35 diameters.
HORNBLENDE: 19-18; 27-13; 23-3; 13-21; 14-25, etc.
MlCA: 19-9; 15-30. The last is almost wholly represented by magnetite, leaving only here and t,here a particle of the original material.
The one large feldspar and all the microlites appear to be labrallorite.
The magnetite grains are readily recognizable.
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2.-Silica. detennil1ations.

Dr. G. E. l\Ioore, at my reqllest, made the following determinations:
POl'phyritic diorite, from the heall of Ophir Ravine, mncb decom·
posed, con tains .... . .... . .. . ..... - .. .. .... ..... ... . 58.56 per cent. Si Oz
Earlier diabase, Sutro Tnnnel, 19;100 feet from entrallce, bighl~decomposed, contains . ... , .. , ... - """'" .... . .. .. ... 5!J.26 per cent. Si02
Later diabase, Belcher 1,145, w'ry fresh, contains ...... , . '" .... 4!J.7!J per cent. SiOz
TABLE ,3.-Analysis

of Water fro III the GOOjoot lel'el o.f the Savage
TIr. Johnson, of Yale College. l

III in e,

by Professor S.

One liter containedGrammes.

Silica .............. .
.0305
Alumina and ferric oxide . . . . .. ............. . .... ... .. . ... . ...... .0009
Chloride of sodium. .. .... . .. """'" .... ................... .0021
Sulphate of lime ... . ... . .............. . .................. . . . . . . .. .5044
Sulphate of magnesia ...... . .... , ........ . " . .. . . . .. . .•........... .0301)
Carbonate of potash . . .............. _. , .......... '" . . . . . . . . . . . .. .0148
Carbonate of soda. . ................... " .. ... .. . _..... . .......1297
Carbonate of magnesia .............. , .......... ................ .5012
.7G-14
TABLE

4.-Qualitaiit'e deierlllina.iion of Comstock mine·lmierli. 2

,-

By

E UGE:S E

S.

BRISTOL.

Solid con tt'ut tt1 grammes:J

Bases .. ............. .

Lime ..... . Lime ....... Lime ....... Lime ..... .. Lime ....... Lime '" '''' Lime.
Magnesia. .. Magnesia. _ lIa~esia __. Magnesia. .. Ma~sia. __ Magnesia. _ Magllesia..
.. ........ ..
.. .... .... Potash.... . ... . ....... ............. putash ...... ,

~.d.~ ::: ::::: ~~~.~: :::: ::: ~~~~i~~::: : . ~~.~~ :::.::::.~.~~: :::: ::..~~~::~~::::
.acids .............. .' .. . CArbonic ....
Sulphuric .. .
Phospboric.
........ ... ...
.......... ...

Sona .

Carbonic ........... ....... Carboni c .... Carbonic .... Carbouic .. .. Carbonic.
Sulphuric ... Sulphuric.. Sulphuric.. Sulphuric .. . Sulphuric .. . Sulphur;".
Pho"phoric............... .... . ......... Phosphoric_. Pho"phoric .
............ Chlorine ............................ ... .......... .. Chlorine.
.............. Silicic ...... SiliCiC(trace>I .. ·· ...... · .. · .. ........ ... .

I

~--------------~--------~--------~--------~--~--~~------~--------~---- .--_'

'Exploration of the Fortieth Parallel, Vol. lIT., p. 87.
'Exploration of the Fortietb Parallel, Vol. ITI.. p . 88.
' ln JIJO cnbic ceutimetors of wat er.

•

•

TADLE

I.-Ohemical ana./yses.

[From t.he publications of the Exploration of the Fortieth ParaHt'l. excepting those by Dr. G. E. M()(we.)

Ao:tlyst.

Locality.

Det(:lnninatioo.

Si 0,

Ti 0,

Diorite ......................... _••.• _..•... __ .... _•. Eldorado ootcrop, Motlnt Davitlson •••••••••.••..•.•....•.... _ It. W. Woodward ................ .
Do ................................................... do ........................................................... do ........................... ..
Mira·diorito ......................................... 800' E. of Wall'" Dp/eat shaft, point 5,521 CD.5) ............... Gi,leon E. Moore ................ ..

56.71

18.36

30.24

.. 05

56. ['S

18.20

30.17

8.48

65.6H

I

o_ • • • • • •

Antazon mino (D. 7). ____ .....••• ______ ..

_eo ____

0, __ ._ •• _ ••• ___ • _.

00 _____ .. ___ ._", ._. " ' 0 _ ' ••••••

Earlier diahase ...................................... Main Sulro Tunntl, banging wall of LaoE......... ...... ...... .. .do ........................... ..

58.55

1

Quartz.porphyry ("dacite").......................... RIlls above American City, Washoe .......................... C. Colincler ..................... ..
o. . . . . . . . . . . . . . . . . o. • •

Cross·spur, below gravoyard, Wasboe

0000 • • • • • • • • • • • • • • • • • • • •

'V. G. Mixter ........................ .

3.93

2.07

0.11

~33

7.23

1.18

0.4.6

0.02

"PropyJite" burse ...... ............................. Yellow Jacket, 830·foot leveL ...................................... do ........................... ..
Clay. ............ ...... ............ ..................

y.llow Jacket ea.t clay ........................................ S. W. Johnson ................... .

3.92

3.52

1.:)7

0.91

5.99

3.83

3.5R

1.71

l.53

0.90!

3.50

1. 79

1.00

0.71

G.44
1
1. ...

3.60

9.29

6.69

..'"'

4.82

5.99

I.~

1.33

0."

56.40

1.14

15.99

3.26

3.82

0.12

6.98

7•• 7

O.9i1

0.85

0.03

2.00

...

68.44

6:~~50 I........
60.82 ........

17.32

14.8G

3.80

0.92

O,fO,l

0.10

4.1

17.9

I

2· . .

1

1.42

2,"1

~.

54

1.'"

1.00

0."

3.

3.46

1.3

0.45

0.52

O.SI

17.54

5.42

5. G5

1.76

3.71

1.20

11.M .............. ..

5.41

I

59. ~~ ....... .

1R.2O

3.49

....

I

0.70

0.96

0.24

3.85

3.52

1.23

0.24

1.'"

1.77

0.82

0.51

G.69

5.51

2.00

3.31

1. 39

I ....

J.>1

1.16

O.OS

0.2'

2.07

3.87

2.65

1.00

0.45

1. 52

33.6;

7,45

1.3D

Q33

1.27

63.30

17. ~1

3.42

0.83

5.12

2.07

4.27

2,26

33.76

8.30

1.02

0.11'1

1,46

0.83

1.10

0.38

li.54

3.22

0.83

5.15

4.44

8.17

0.9U

O.IS

1.47

1.14

Do ..••••••••..... _......••••......••...

1

0. •••••

cJ, NOTCTO . .

100. 61 :

3.02
1

5.87

2.03

2.07

0.91

1.67

0.81

0.53

0."

80.27

9.39

2.17 ........ Trace.

0.54 1 Trace.

1.94

2. HI

4.38

6.00

1. 40

o..15 1

1. 23

2.26

100.50

2.1

101. 9

2.71

r..OG

0.-12'':'

2. G3. 2. G7

3.07
2.'13

G.9:!
A.19

. '"

3.00

2.31

100.39"

4.35

101. 03 .......... ..

0.7G

99. 95'
100. 02

2.00

2.72,2.76
2. 6

Tl'aco ............................ .

0.88

99.96

Trace ............................. .

0.95

99.54

G.53

100.36

2.5,2.4

32•.13

b.u

3.06

B.9O

32.W
32.W

~:I
5.30

3... ,

195

1

""I

1, S3

100.02

3.17

Pyril0 1.84; P,O, 8.091I,0
0.34.

99.07

0.73

4.41

1. 01

3. 9~

Pyrito 3.58i P:t06
trace.

4.19

100. ~4

ea.t clay ......................................... do : .......................... ..

65.69

15.39

1 2.11

1. GO

2.85

2.36

4.6-1 1............. . Py,·ito2.84; P,O,
. traco.

2.80

100.34

39.52 ........

15.97

9.20

3.40 ........

Pyrite 9.18; P,O, 9.95 H 2 0
traeo.

101.00

1

3.11 ........ 6.20

I

3213

9.9;

31.10

10••7

31.10

I:~j

31.~

9.3"J ,

33.76

0.393

33.67

0.3.59

31.~

6.37:'

&75

9.13

I

. '"

31.28

31.2i

9.;1

Pyrite ....... 1. G9

3.. ,.

5.39

39B
2.05

3\i.~16

:::: I

2. GG, 2. 68

100.03 2.4,2.5,2.5

5.04

S Supposing all the iron pl'eB4~Qt as feITiC oxide.

0.3.\,\

2. 79'i!!

17.59

Including: titanic end phosphoric acids.
:1 Supposing all the iron pl'eeent a.s ferrous oxide.
[Goo!. Com.tock Looe, Vol. Ill.)

3.39

~B'

3.19

..'"

4.11

31.28

4.47 .............. ..

2.65

2. '1"; ~ 99, 78

59.71

S. ,V. Johnson ....................... .

0.'i9

2.958!!

W. G. Mixter .................... .

o. • • • o. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

5.97

2.44 1100. 24

12.15

-Savage second etation .•

O.·Wl

I

2. 80

2~.~; J

1

Ioaz.

98.85

8.05

0.60

3.02 ........ 2.85 .................. ..

3.20

1

Si O2

2.09

1.41 ........ 1.41 .................. ..

63.13

17. no

1.96

2.86,2.88

O.GI

4.45

58.66

99.39

I

Oxygon ratio of-

~ravity.

0.1 ..

3.6

4.34

I........

~pE'('ific

a.ti6

16.00

6;.~;

I

5.08 ........ 0.94 ................... .

0.61

0.99

I. 94

3.10 1 100.75

P,o, ........ 0.321

0.32

1.61

0.'"

0.11

1. 91

4.33

1

.............. P, 0, ........ 0.30

0.2')

6.19

G.03

8.4G

G~

0.13

0."

2.0

0.91

I.

P206 ........ 023

2.02 .............. P,O, ....... 0.41

0.1'19

0.83

1. t1

1......

':; 1 - -••••••••••• --------

U91

Tutal.

------ ---------1·-----2.38 .......

1.03

3.83
o.~
3.22

I

C 0:1 OthUT componrmte. Ignition,
I

60.02

D ............................................ .. Ch.llaT we.t clay .......................................... ..
Do ....................................... ......

I

K,O

............ ..
3~.~~ I 3:n
0.57

8.3<

18.17

31.M

( .. pl'o!'ylite .. ) ................................... WaBboe(VirginiaCity) ............................ : ......... W.G.Mixter ................... ..

N'I,O

1.74

"Al

3J.10

Do .................................................. do ........................................................... 00 ........................... ..

1!~0

0.11

1.02

32.59

do .......................... __ .•

en 0

U86

58.33

....................... _ ......................

'I.'race.

15.48

Angite.an<1eeito ("hornblende.andesite") ...... ...•.. Ridge DOl'tbcset of American Flat, Wasboe.. ....... ...... •••••. W. G. Mhter

e

1.35

0.83

8.17

Do ............................................... Mount Roeo. Washoe .....

1. 78

0.28

11.61

Later hornblende-ano.Bite ("tracbyte") ............. CroB.·Spor quarry, Wa.hoe ................................... R. W. Woodward ............... ..

l.'U

0."

32043

Do ............ ....... ................... ..... Silver Tort-.ce, Wasboe ....................................... .... 00 ........................... ..

G~;; I....... ·

7.·U

61.12

....................... .

G.45 ....... ..

15.87

Hornbleode·aDoesite........................... ...... Fir.t Hill nortb of Gold Hill Peak, Wa.hoo................... W. Kormann ..................... .
0

Mil 0

0.39

36.96

Hornblendc·a.ndesito C'propylite") ..

I

46.65

30.06

Qnartz·porphyry ("qnart,.propylite") .. ; ............ Hill west of American Flat, Washoe .......................... W. G. Miner ................... ..

Fe 0

0.98

3121

MetamorpWc diorito ..........•.•..•• _.... ___

Fe, 0,

_ _ _ _- -_ _
. I

35.01

Porphyritic oiorit ................................... Center ofCeoar Hill Ridge (D. 2) ................................. 00 ........................... ..

AI,O,

..............
1. . . . .

..1. ......

I

4 Tb(,8f' totals do out agree with the itelUs, no dOl1.bt iu conseqaence of misprinte i tue o!.yg~u.contcnts uf each ('on8t.i~nE'Qt, Low(\'f't'r, ('or~(I!'oIl~tI.Ut1s
to tlU-I pe.rcl'otoge of the oxide given,ItIlll the enon therofore prohably ucour in the sta.tCDll'Uts of the carhuoic nCld or oftlte 108s uy IgDltwU.
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5.-Analyses Of COlllstock ore-s. l

Ca.lifornia mine. Ca lifornia mine.

I Oph ir minc .

Yellow .Tacket Yellow .Ta clt ~t
lJ1i n ('I .
ruinf».

Silica ... . . ..... .... ...
67.5
65. 783
63.38
98. 310
9u.560
Sulphur -----_._- ----8.75
11. 35
. 160
I
7. 919
. 693
Copper ._--_ . ..... .. ..
1. 30
1. 31
1. 59u
Iron ................ ..
2.25
2.28
5. 4u3
. 575
2. 800
i
Silver . __ .... -_ ...... .
I. 75
1.76
2. 78u
. 150
.050
Gold . .....••••.•.•.•..
. 0.9
. 57
.005
. 001
. 059
Zinc .... . .............
12.85
11.307
14. 455
Lead .••....•.••.••••..
5.75
6.145
4.151
Antimony........... . .. .. .... ...... .. . .. ... .. .. ......
. 087
.. ......... -- .. ...... ... ........ 1
LOBB..................
.25
. .. .. .. .. ... .... ................
.267
.429

................ .............. ·-i

100.00

100.00

London.

Swansea.

TABLE

99.896

G. A ttwood.

100. 00

W . F. R ickard . W . F. R ickard.

6.-AnalYl!es of Comstock ores. 2

Silica ................ ...... ..
Protoxide of iron ..... .. .. .. ..
Alumina __ . ...... ___ . ___ . __ _
Protoxide of manganeBe ..... .
MagneBia ........ .. .. ........ .
Lime .............. .. .. ... ..
Sulphide of zinc .. .... .. .... ..
Snlphide of copper .. .... ... ..
Sulphido of lead .... .. __ .. .. ..
Sulphid e of silver __ .... __ .. __
Gold ... ..... __ .... ..... __ __ ..
BiBulphide of iron .... _.... __ .
PotaBh and Boda .... __ . __ . __ .
Water .... ... , __ ........... .

83.95
I. 95
1. 25
.64
2. 82
. 85
1.75
.30
.36
I. 08
. 02
1. 80
1. 28
2.33
100.38

TABLE

100. 00

91. 49
.83
1.13
...... . - . .. . 1. 37
1. 42
. 13
. 41
. 02
. 12

. 0017
. 9~
1. 05
.59
99.48

7.-Feldspars Of the Ymmger lI(lrnblende·andesUe, fr01n Mount Rose, Slide 47,1. 3
Gramrnes.

Weight of
-Weight of
Weight of
Weight of
Wflight of

rock treated by Thoulet's method. . . . . . . . .. ...... . .............
material of specific gravit.y above ~.75 ...... . .......... " _..... , .
material of specific gravity between 2.75 amI 2.70... .............
material of specific gravity between 2.70 and 2.G8 "'" .......... ,.
material of specific gravity below 2.G8 ......... . ... _. .... .... .•..
Exploration of tho Fortieth Para!lel, Vol. III., page 80.
'Exploration of tbe ]'ortioth Parallel, Vol. Ill., p. 80.
'See page 67.
I

11
1. 7
1. 8
1. 6
5.8
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GEOLOGY OF THE COnISTOCK LODE.
The following analyses were made for Dr. G. W. Hawes by Mr. :1<'. P. Dewey:
Feldspar of specific gravity between 2.75 and 2.70.

I Atomic ratio.

Per cent.
SiO, .. ........
AhO..........
Fe,O.........
CaO .........
MgO ........
MO .........
N ... O ........

59.51
23.83
1.54

0.9918

10.11

31. 738

J 0.2312

7.95

2.46

11.567

2.89

7.48 }
0.1576
0.96
1.12
5.35

Oxygen ratio.

1.606
) 3.992

J 0.0981

1.

1.

---99.79

II

Feldspar of specific gravity between 2.70 and 2.6S.

II

I Per cent.

Atomic ratio.

Oxygen ratio.

62.29

1. 0382 1 10.65

33.22

20.74
2.19

2.20

10.32

'

·1

l' siO, .. · .. . ..
AI,O .........
: Fe20a '--_'0'.
: CaO ........
I MgO .........
; K.O ...... ..
I NaoO ........
1

J 0.2150 I
7.01 J
0. 1414
0.65
1. 22 J
I 0.0975 I,
1

I

5.25

I

-99.35

I
TABLE

I

i

1.45
1.

I

}

3.82

I

8.69 1
I
96
2.
1

1.

I

S.-Assays of OO1nstock rocks.!
By J. S. CURTIS.

~

1 1'""
-po
g~

RA>ck .

Locality.

-'"
0'"
"'"
"",

.-"'"°
0",

~

Red Jacket mine ..... ...... ....... . ....... .... ............................... $0.03
Bnllion Ravine, at intersection of Water Company'. dume .......... .. .... .. 0.19
Bullion Ravine, 200 feet ahove dome ....................................... .. 0.04
Bullion Ravine, 2,000 feet above dume .................................... .. 0.03
0.08
:::.: :::::: :::::: ::::: ::::::: ::::::. :::::::::.: 0.1l
Dark, coarse·grruned morite ............ Bottom of Union shaft, 2,625 feet ......................................... ..
0.15
Porphyritic diorite ................... Head of Ophir Ravine. decomposed ........................................ .. 0.17
Do ..... __ .. _. _..... ____ . . . . . .. . . .. Ophir, 2,500, Union cODnectioD, decomposed. _.. __ ......... _................. . 0.30
Do.. .......................... . .. . Savaqe, 2,100, south drift 20 feet from east cross·cot ....................... .. 0.12
Granular diorite ..................... " 1 Oaledonia..... ......................................................... .. .
0.05
Micacoous morite·porphyry............ Overman,1,600, 250 fe~t east. of shaft ....................................... .. 0.11
Do ............................. "'1800 feet east of Waller Defeat ehaft ......................................... . 0.07
Earlier diahase ........................ Sutro tunnel at Savago connection, fresh .................................... . 0.22

Granite .................... .. ..........
Grannlar diorite...... .. .... ...... .....
Do ............. : .. .. . . .... . .. ... ..
Do ................................

Dark~:~~:~;~;~~~·~;~~~:::::::.::::: :i ~;;ib~:t;~~n:li~~~~.C.~~~~~~.

I

For remarks on these aesays eee page 223.
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S.-Assays of Comstock rocks-Continued.
,

.

, ~ ,;
I -~
"'~

~:=

Rock.

·~~
I U'g
""
I~

Locality.

00

- - - - - - --

- - -1- - - -- - - -

Earlier diabase ... . ....... , ...... ......
Do........... ....... ............ ..
Do .......... .. .. .. ... .. . ..........
Do............. ....... .. .... . .. . ..
Do ........ .. .. .... .............. ..
Do ....... ..... .. .................
Do ..... ...................... .....

Sltt ro tunnel, 50 feet north of j unct ion with North Lateral, fresh ............ $0. ~O
Overman, 1,600·foot level at main winze, so mew bat decomposed .............. O.IS
Sierra Nevada, 2,500·foot level, end north drift, somewhat decomposed .... .. . 0. 17
O. <i 0.,1,650, I16 feet from shaft, ,vest drift, somewhat d ecomposed ....... ..

S"tro t"nncl, 19,100 feet , somewhat decomposed .. ........ ...... ..............
Sutro t"nnel, 50 feet west of Soutb Lat eral, somewhat decomposed .. .. .. . ....
Sutro tunn el, N ol1h L a teral, 1,000 feet north of O. d! O. connection , much do·

composed .. .. .. ......... ... .... . ............ . ............ .. ................
Do .. ..... ............ ....... ...... Sutro tunnel, Xorth Lateral, GOO feet north of O. d! C. connection, highly d e·
composed, c harged with py ri te ..... .. .................. .. .. ... ... ..... . .. .. .
Do .... ...... ... .... .... ... ... ''' ' Sutro t"nnol, South Lateral, 2GO feet n orth of J ulia, hi ~hly d ecomposed,
ch arged with p yrite .. ................ .. ............ ... . .... .. ...... ......
Do .. ........................ ...... Sutro tltnnel, 50 feet west of Sou t h LMeral, highl y Ilecomposed.. ......... .. .
Do ........................ ...... .. Sutro tunnel, N orth L atoral, 250 feet north of O. <l: O. connection, highly
decomposed, charged with p yrit o ...... ........ .. .. .. .... .... ........ .. ....
Later diabase.......................... Ohollar, 1,900, 40 feet east of incline, fresh....... .. ...... .. .... ...... ...... ..
Do .............. .. .. ....... .... ... Juliadump,fresh .. ... .... . .... ........................... . ... ... ... ... " . ..
mackslate .. .......... .............. Chargedwithpyrite .. .... . .. ....... .......................... _.............
Metamorphic dioritc..... ............ Amazon dump .............. . ..... .. .. .. ....... .. ........ ...... .. ... .. .... ...
Quartz·porphyry ........ .............. Oaledonia, 1,400·foot level, 3GO feet east of Oaledonia shaft............. . .....
Do ................. ............. .. Quany, 1,500 feet southwest of Justice...... ... ..... .. ....... . .. ....... .. .. ..
E arlier hornhlende-andesite ............ North Twin P eak .. .... ....... . .. ... .. ... ...... ...... .. ..... .. ....... ..... .. .
Do .. ........... ...... .......... . .. Spur northeast of Oombination shaft.. .... ...... . ...... .. ... ... ....... .......
Do ....... . . . .......... .. .. .... .... 1,200 feet northwest of Geige r Gr.ule Toll·HoDse __ .. __ . .. ____ __ __________ ....
Do .. ______ .. __ ... ______ .... __ .. .. Near Vivian mine __ ... __ • ____ .. .... __ .... __ ... __ ______ __ ____ __ ... ____ .. . ....
All~t e·andesit e. __ . __ .. ________ .. ...... Forman shaft tank, point 6,1 58 .. ..... __________ . __________ . ______ ... .........
Later hornblende·andesite ______ . .. .... Qnarry northeast of Sutr. shaft Ill ...... ____ .. ... ... ____ ........ .. __ .... .. ..
Do .. __ ... __ .. ____ .. __ .... .. ....... QnRrry near Utah mine ...... ____ .... __ .... . __ ... ____ .... ______ ......... ... ..
Basalt ..........
1,250 feet southeast of Row::' Ranch ............................ __ .. __ ..
00 . . . . . . . . ______ . . . . . . .

00

....

0.07
0.14
0. 11
0. 10
0. 10
O. II
0.11
0.11
0.05
0.11
0.14
0.08
0.00
0. 03
0. 00
0.03
0.05
0.04
0.04
0.14
0.03
0.17

CHAPTER IV.
STRUCTURAL RESULTS OF FAULTING.
Views of previous observers.-Before proeeeding to a description of the occurrence of the rocks forming the subject of the preceding chapter, it seems
necessary to discuss the faulting action traceable on and near the LODE, for it
has had an important share in determining the present position and relations of
the rocks. As has been seen in Chapter II., Baron von Richthofen regarded
the LODE as a true fissure, only following the contact between the syenite
(diorite) of Mount Davidson and the east country rock for a portion of its
length because of the low resistance offered by this contact. He also insisted
that faulting both preceded and followed the deposition of ore. He does not
state, I believe, whether he regarded the west wall of the lode as a continuation
of the exposed surface of Monnt Davidson, but implies that it is not, for he
speaks of the course of the vein as "somewhat" dependent upon the shape
of the slope. Mr. King, at the time of writing his memoir, considered the
vein as lying npon a continuation of the slope of the exposed west country,
an opinion to which he was led by the striking resemblance between the
contours of the west wall and those of Mount Davidson. Subsequently,
from an examination of the character of the west wall, he came to the conclusion! that the contact between east and west country was itself a faulted
surface. Mr. Church recognized abundant evidence of faulting action, but
regarded the contact of the east and west country as continuous with the
exposed surface.
t
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Evidence of faultlng.-The evidence of faulting is manifolU. The irregular
openings of the vein, the presence of horses, the crushed condition of the
quartz in many parts, the presence of slickensides and of rolled pebbles in
the clays, are all conclusive on this point. Both to the east and west of the
vein, too, the country rock shows a mde division into sheets, and along the
partings between the plates evidences of movement are perceptible, decreasing in amonnt as the distance fr0111 the vein increases, according to some
law not directly inferable. All the evidence points to a relative downward
l1l0yement of the hanging wall.
The question of the dlaracter of the west wall, whether it is a faulted
surface or a contilluation of a former exposure of the east front of Mount
Davidson, is 110t to be settled by mere inspection. A cross-section, to scale,
taken from Mr. King's maps, shows immedintoly that while the dip of the
lode is 45° or more, the maximum slope of l\fount Davidson is about 30°.
This fact, taken in connection with the character of the west wall where
exposed, indicates that the surface is a result of faulting. A natural surface,
too, sloping for a long distance, at an angle of about 45°, is very unusual.
On the other hand the coincidence between the contours of the west wall
and those of the exposed snrface has been recognized from the earliest days
~f mining on the LODE, and it seems a less violent supposition that the steep
face of the mountain passes over into the still steeper wall of the vein, than
that the range has experienced an erosion modifying its angle 15° and more,
and has sti11 retained the details of its topography otherwise unaltered.
It" is plain that the elucidation of the fanlting action on the COMSTOCK
is a very important structural problem, and that it is most desirable to
account quantitatively for the results as well as to prove the existence of a
notable dislocation, and no apology is therefore required for presenting to
geologists a somewhat detailed discussion of the principles involved.
Action of friction on the surfaces ofa single plate.-The most striking and widespread
evidence of the faulting is the apparent relative movement on the contact
surfaces between more or less regular sheets of the east and west country
rocks for a long distance in both directions from th~ LODE. Each sheet
appears to have risen relatively to its eastern neighbor, and to have sunk
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as compared with the sheet adjoining it on the west. The consideration of
a sheet or plate of rock under the influence of friction of a relatively
opposite character on its two faces, therefore, forms the natural starting
point for an examination of the observed conditions.
Friction a force.-'Vhat is called friction 1 is a complex phenomenon which
has never been satisfactorily reduced to a mathematical expression, and is
perhaps incapable of such a reduction. It is usually regarded as a mere
resistance, a force to which the negative sign is indissolubly attached. Professor Reuleaux2 has insisted upon the incorrectness of this view and has
I It is generally cousidered that, the sensible movements, say of a rough block of stone dragged
over a pavement, are of the same character as those involved in the friction of smoother surfaces. On
the larger sca1e it is plaiu that projections of the moving body will meet those of the underlying surface, and exert a pressure upon them precisely as in the case of the teeth of gearing. 'Then the
draught has reached a certaiu intensity, and when the points of contact are small surfaces, approximately normal to the direction of translation, the pt:ojectious on one or the other surface will give way,
aud heat will result. If the areas of actual contact are small surfaces, inclined at a considerable angle,
the moving hody will rise to surmount them. In falling again a portion of the energy of position will
be converted iuto heat by the impact, but as all bodiee are to some extent elastic, the energy of position
will not all be dissipated.
If a block of granite is at rest upon a pavement, it assumes the lowest possible posltion, the maximnm number of points of contact are established and thc projections on the two surfaces overlap to
the greatest possible extent. When the same block is set in motion, the energy imparted to it preveuts
its settling into maximum contact.
It is plain that the resistance of the b10ck will be greatest at the moment when motion begins,
or that the so-called frictiou of rest is somewhat in excess of the friction of motion. It wonld also
seem that the friction of rest iH merely the maximnm value of the friction of motion, and such is the
result of the recent investigations of Messrs. Jeukin & Ewing. The greater the velocity of the movin!;
hody the less thoroughly will the projections of the two surfaces interlock; on the other hand,
points which at a low velocity would meet one another nearly in vertical lines, will at high velocities
llleet Oil a line considerably inclined, and the horizontal component of the elastic force developed by
impact will act as a resistance. Morin took the elasticity of carriage springs into consideration in determiuing t.he resistance of a pavement to the passage of vehicles. It appears to me that it mnst also
euter into the true expression for the coefficieut of friction. The excess of the friction of rest over that
of motion is evidently due in IJart to the fact that when at rest the energy of position which mnst be
overcome is at a maximnm, while after motion has set in a portion of this energy is elastically returned
to the moving body. Besides those elements of friction which have been mentioned, adhesion also
undoubtedly plays a part, at least in the case of very smooth surfaces.
The following deductions from the experiments of Coulomb and Morin are approximatious only:
(1.) Friction is proportional to the pressure normal to the contact of the rubbing surfaces.
(2.) It is independent of their exteut.
(3.) It is independent of their velocity.
According to Rankin the excess "of friction of rest over the friction of motion is instantly destroyed by a slight vibration." A vibration of course develops the elastic force.
The friction of lubricated surfaces appears to me wholly different from that of dry ones. A shaft
should not come in direct contact with its bearing, and the work done wonld seem to consist in a very
active stirring of a thin layer of oil. The amonnt of this work will be dependent on the adhesion of
the lnbricator to shaft and bearing as well as upon the geometrical character of the solid surfaces.
"The Pneumatics of l\Iachinery, by F. Renleanx, translated by A. B. W. Kennedy, p. 595. The
translator states tha.t similar views are maintaineu iu Bell's Experimental Mechanics, a work I have not
met with.
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given instances from which it appears certain that friction, like other forces,
may cause or accelerate motion as well as retard it. He does not, however,
explain how positive forces result from friction.
Transmission of energy by friction.-Material surfaces are distingnished from
mathematical planes by the presence of minute projections and depressions.
If a material sheet W is forced to move over a sheet PI' the projections
interlock, and if the sheets are prevented from moving in the direction of
the normal to their contact plane, the projections must either be ground off
or be bent and compressed. If W begins its motion with a fixed qual1tity
of energy, and if PI is fixed, the entire energy will ultimately be expended
ill heat, sound, etc., on the contact. But if PI is movable a portion of the
energy of W will be communicated to PI' because the projections on the
nnder surface of Wexert a pressure on those presented by the upper sur-.
face of PI' which is either in the direction of the motion of Wor which may
be resolved into two pressures, one of which is in the direction of the
movement and the other normal to the contact plane.
Distribution of energy through a system of sheets.-If PI is in contact with a third plate
or sheet P 2 the energy received by PI will be expended wholly or in part
in overcoming the resistance on the contact PI P 2• If these sheets are the
earlier members of a series of sheets W, PI' P 2 , P a, •••••. , of indefinite
number, then each sheet which moves will communicate a certain amount
of energy to the next, and since the resistance of friction is proportional to
the distance through which it acts, each sheet which receives energy from
its predecessor must move.
The velocities of moving sheets may be treated as uniform.-SuppOse a system of equal
sheets of indefinite extent vertically arranged and terminated at the top
by the horizontal plane A B. Let the system be under a compressive horizontal pressure. If~ throngh the action of some external force. W rises
through a distance b, it will communicate a certain energy to PI' which will
in turn impart energy to P 2 , and so on. Since the sheets are in all respects
alike and the pressure at. each contact is the same, the frictional resistance
or negative force at each contact will also be the same, while, as more or
less vibration must always accompany faulting, the friction of qnicsccnco
does not need to be taken into consideration; but as energy is dissipated at
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each contact, the velocity of the sheets will not be equal According to
Morin's law, however, the truth of which will be assnmed, the frictional
resistance is independent of the velocity. The sheets will start and stop

FIG. 3.-System of eq ual, vertical, moyable sheets.

at the same instant, and there is no error, except that inherent in Morin's
law in supposing each sheet to move throughout its path at a uniform
velocity.
Ratio of the movements of sheets.-Let the total movement of P n be bn and its
entire movement up to a giyen instant be Yw Then, since the velocitieR
may be regarded as constant,

and

or the ratio of the movements of any two adjoining sheets is constant. Since
each sheet controls the movements of all its successors, of which there are
supposed to be an infinite number, each sheet bears the same relation to
those which follow it. If the first n sheets were rejected and P n were forced
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to move through a distnnce b, P"+1 would move through a distance b1.
Yn _b

161
Hence

Yn+l- b;

nnd

Go=C,,=m;
or the movements of any two successive sheets are in the same constant ratio;
b b1
bn
(1)
=rn.
6;=b 2
bn +1 =
Hence, too,
_ bn _ -me
b,,+e .

= ..... =

Locus of the edges of sheets.-If BC is taken as the x-axis of the locus of the
edges of t.he sheets and WP 1 as the y-axis,

~= ~=1ItdZ,
Y,,+dx y+dy
or

-dy
-= 1 y

mdz = -In mdx;

whence
y=Am-",
(2)
which is the ordinary lognrithmic curve and the equation of the locus of

the projecting edges of the sheets.
the reentrant angles is

The locus of the other edges found at

Modification for case of a finite number of sheets.-In any natural or experimental
case the number of movable sheets will necessarily be finite. The locus
which will be formeu if P,. is fixed, call be obtained by supposing that after
the infinite curve
y' = Am-a:
has been formed, P n and all its successors are forced back to their orig'inal
position on the line AB. Each sheet from TV to P"-1 would then be drawn
down through a certain distance, which can readily be shown to be given
by the equation
y" b,.m,,-n Am,,-2n.

=

=

The locus actually assumed will therefore be
y=y' _ y"

=Arn-" -

Am",-2n

=A m-a:(I_m

2

(Z-1.)).

Comparison of the two loci.-The variation of this equation from the lognritb11 C L
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mic curve is great when the number of movable sheets is small, but when
this number is great the effect of y" on the locus is imperceptible. If, for
example, m == 1.4 and n == 25,
bll == Am- n

== A

1.4-25 = O.00022A,

which on ordinary scales would be scarcely visible. 'rhe value taken for m
is ODe which has been noted in experiments to be described on a succeeding
page. If O.OOOlA is regarded as a liegligible quantity, then the locus of
the edges of the sheets may be regarded as coincident with the logarithmic
curve y Am-Z when for the first fixed sheet P n

=

4
n> logm
--.

. Logarithmic distribution of energy.-The force exerted at each contact of a system
of sheets is that of friction, and when the friction is uniform throughout.
the system, only the distance through which the force acts a.t each contact
varies with its distance from the first contact. If on the contact P n P M l the
smfaces are such as to present a greater or smaller number of opposing
projections per linear unit than exists upon other contacts, the force or friction
would also differ. But the energy received by P" wonld be unaffected by
this difference, and the ratio of the energy expended upon the contact
P n Pn +l to that transmitted to subsequent contacts will depend not upon the
number of projections but upon the physical (elastic) properties of the
material of which the sheets are composed. By Morin's law the friction,
and therefore also this ratio, are unaffected by the velocity, and the same
amount of work will consequently be done on the contact P n Pn +1 as if the
friction were the same as on other contacts. If the whole energy applied
to the system is E, and if t.he frictional resistance on the successive contacts is /, It, h, etc.,

The absolute movements of the sheets will be dependent upon the total
energy and upon the different resistances, and so also will be the curve 01'
broken line assnmed by the
edges of the sheets; but any term
,
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is dependent only upon E.

If
lO

10

is the work done on any contact,

n=1n (b n- bn+

1 ),

and if L denotes the work done on the first contact, WP ll the general
equation for the work on all contacts is
10

=Lrn-X

j

or the distribution of energy is logarithmic however the friction may vary,
RO long as the material composing the sheets is the same throughont the
system, and supposing friction independent of velocity.
Morin's law is merely an approximation, but should an exact relation
be discovered between friction and. velocity it would be an easy matter to
give the variation of the friction its proper weight in the equation for a
faulted surface.
Locus of edges of sheets when the friction varies regularly.-CaReS may readily arise in
which the friction varies regularly from contact to contact, as would hap. pen for example in a system of sheets between which the pressure was produced by the weight of the sheets themselves. Suppose the case of friction
increasing from 1 at the contact TV P by a small increment ft. rl'hen for
any distance x from the origin, the frictional resistance will be 1 (1 xt).
If dx is the thickness of a sheet, the relative motion at x will be dy and the
work done 1 (1
xt) dy. If the friction were eonstant and equal to f, the
work done on the same contact would be derivable from an equation, say

+

+

Yl=Arn- x ,
and would amount to

1dYl=-/A In rn rn-X dx j
and since it has been shown that the work on any contact

IS

independent

of the frictional resistance,

1(1+xt)dy=-1A In mrn-xdx;
or

m- Xdx

f l+xt'

y=-A In m
which is not integrable when rn> 1.

Approximate equation.-If the pressure is produced by the weight of the
8heets and if these are numerous, t is a very small qllant.ity and. its square
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may sometimes be to the senses a vanishing quantity.
case the equation
Am-a:
y= l+xt
sensibly represents the locus.

For the value of

Liyf (1+xt)

10

f (b-b1)m-

\Vhen this

IS

the

may be written

X

or
Liy=

~+~~ m-a:= (l~xt -, ~x0 m-z ,

while the approximate equation gives
Liy= (_b__

l+xt

b1

)

1-1..~
I

m-a:;

l+f

and since

the two equatiolls give the same results, if ~ is inappreciable.
It has already been pointed out that, since the distribution of energy
is logarithmic, the sum of the relative movements is dependent on the variation of the friction. If therefore the friction is a minimum at the contact
W PH a greater amount of energy will be required to move W through a
distance 4. than if the friction were constant. The total energy required
will be the same as it would be if each relative movement took place by
itself. Assuming the approximate equation deduced for this case, it can
readily be shown that, if W moves a distance A, the total energy required
by the system it!
fA

(1 + t ~ 1~:t

).

Since there is nothing essentially positive in the nature of t, all the
foregoing equations become applicable to the case of a decreasing frictional
resistance by merely reversing the sign of t. Landslides might furnish
cases of this character. Suppose a mass of material divided into sheets
resting on a hillside, and that through weakened coherence the mass descended snch a distance as might be necessary to do a work f A on the
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contact W Pl' This energy will be distributed through the system, and
were the friction uniform the resulting curve would be a simple logaritllmic
one. But as the friction will decrease towards the surface, the locns will
be approximately
Am-X

Y= -l -xt
'

To produce thil5 configuration, however, an energy of only

1 A (l-t i
I

rn-X)

I-xl

is required, and the system will consequently reach it witll a vis viva

1A

t.i, I-xt
m-4l =1 AI'
I

The system will continue its movement till this
final configuration will be
'"
m- X
y=(A+A 1) - - .

~neqry

is expended and its

l-xt

the various assumptions made are correct, a
fault nnder certain conditions will result in a surface, a vertical section of
which at right angles to the strike of the fa,nlt will present a logarithmic
curve. Before proceeding to any further deductions, it is evidently desirable to test the correctness of the postulates experimentally. I have supposed the sheets of rock of infinite size as compared with their exposed
margins, because on this supposition the pressure per unit of area of each
parting will be the same. If the plates were thoroughly flexible, and if
the pressure were applied on a limited zone parallel to the C)'oppings and
removed by a distance greater than b from either end of the plates, then
the pressure exerted on each plate would be the same, and would be distrihuted over an equal area, and the resulting curve would still answer to
the general formula deduced. These conditions we can approximately
reproduce. If a pile of, say, one hundred slips of very thin, flexible and
unifo~m paper, eight or ten inches 101lgl. with sharply cut edges, are laid
upon a flat sUlface, and a narrow weight of three or four pounds is placed
across them, the pressure under the weight may be considered as constant.
Experimental verification.-If
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In the experiments I have made the weight employed was about 5,000
times as great as that of a single slip. If a blunt edge, such as that of a ruler,
be now applied at right angles to the longer dimension of the slips, close to the
weight, with a light pressure, and be drawn away from the weight a fraction
of an inch, a slight relative movement will be perceptible. If this application of energy to the system he repeated a score of times, th e ends of the
pile of slips will be found to form a curved surface instead of a plane I
If the frictional resistance is proportional to the pressure, this curve must
sensibly coincide with that given by the equation
Am---'X

Y=l+ xt'

for t 2 = 50~02 ' and will altogether escape detection.

.

The thinness of the

paper considerably obscu~'es the character of the curve, but there is no
error in principle involved in plotting it on the assumption that the sheets
are of any thicknesfD which may seem best adapted to bring out its geometrical relations. For the given increment the curve will approximate
pretty nearly to the simple logarithmic curve. For the one hundredth-contact the latter would give
..
Yt=Am-l ()()
and the equation for increasing pressure
Am- IOO
Y=1+0.02'

or
Yt=1.02 y.

Unless the experiment is carried on until the lowest movable sheet has
traversed a sensible distance, the original position of the edges of the sheets
marked by the fixed slip gives the asymptote of the oi'iginal curve. Fig. 4
on the next page shows a curve AB plotted from experiment with its asymptote, and a logarithmic curve CD of the form y=Am---'X plotted from its egnaII noticed long since that preSSID('n in printin g offices, by drawing the thuwb·na il across a pile
of sheet s, force each of the upper sheet s to proj ect beyoud th e one next beneath it, so that on e sheet at
a tim e can b e r emoved conveniently 'lUcl wit hout delay. I observed that a regnl nr cnrye rC ~lllJed , but
l,resumed that it was a conic section. Havin~ satisfied mysolf :walytically t hat the curve produced
by faulting was logarithmic, thi s observ ati on r ec urred to me as a means of t esting my r mmlt s experi.
mentally.
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tion. The deviation is exceedingly slight, and the experimental cnrve
stands almost as well as the ,other the very delicate constructive test of the
equality of subtangents. 1
Variations of the experiment.-The slips I have employed are of a nearly uncalendered paper. If for
one of them a highly
glazed slip is substituted
a comparatively large
relative motion takes
place on its surfaces, but
the only visible effect
which the introdnction of
such a slip produces on
the locus of the others is
a dislocation at the point
where it is inserted.
Tliere is in fact no eviFIG. 4.-Calcl1lated ant! ou,ervct! CnrVp.R.
dence that the work done on any contact is altered by the introduction of
a contact offering a smaller frictional resistance.
If the ends of the slips at the beginning of the experiment occupy an
inclined instead of a vertical plane, the result is a logarithmic curve referred
to axes inclined at the same angle In plotting it is well to reject the
upper three or four slips, because these are principally affected by inequalities in the application of pressure and draught.
By employing a system of from three to ten slips of heavy writing
paper, using a thick pad of blotting paper for a support, and applying the
1 Such an experiment forms a chcck npon the theory, hut docs not furnish ausolute proof of it.,
bccause arcs of other curves, known or unknown, might be coustructed which would agree very closely
with the experimental result. Among familiar curves, that presenting the greatest general similarity
to the logarithmic curve is the hyperbola referred to in its asymptotes, and a hyperbolic arc very closely
agreeing with the experimeutal cnrve can be calculated. But the experiment givcs the position of the
asymptote which for the nearest hyperbolic arc would occnpy a distinctly different position, and the
supposition that the curve was hyperbolic would also lead to seemingly unteuaule hypotheses as to the
communication of energy. All that can be claimed, how ever, strictly speaking, is that the theory acCOlluts for the facts within the limits of the errors of observation, and that po other equall y 1'lall ~iul e
(Ixplanatiou of the facts has suggested itself to me,
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draught with great care, the lOCHS
y=Am--'X (1-rn2(z--n))
can be produced on such a scale that both its elements are sensible.
Reduction and interpretation 0/ the equation.-A few data as to the computation and representation of the logarithmic curve may be of use to
those who have to do with special cases of faulting, either technically or
geologically.
Equation referred to the cropping as origin.-In the form of the equation deduced,
y=Am-x ,
(1)
the curve is referred to its asymptote and the fault line as axes. In ascertaining the value of the constants applicable to any given surface, however,
it will be more convenient to refer it to the fault line and a line perpendicular to the latter at the point where it reaches the earth. If the fault dips
at 90°, and if the original surface was level, the equation will then be
y=A (m--'X-l)
(2)
If the original surface was not horizontal, but formed an angle .9- with
the x-axis, then retaining the same axes each y will be diminished by x tan .9-,
and the eqnation becomes
y=A(m--'X-l)- x tan.9-;
(3)
and in this case the asymptote of the curve would still cut the y-axis at -A,
but wou.ld make an angle .9with the x-axis or would be
parallel to the original surface. Since the angle .9merely expresses the relati ve directions of the x-axis
and the original surface, this
equation is general, and applies, whatever may be the
dip of the fissure and whatFIG. 5.-y=.&(m- - l ) - x tau .:1.
ever may have been the
slope of the original surface. If f3 is the dip of the fissure and 0 is the
slope of the original surface, we also have
.9-=OOo-f3±o,
X
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in which 0 has the po::;itive sign if the surface sloped in the same sense
a::; the fissure plane, and the negative sign if the dip and the slope were in
opposite directions.! This formula therefore makes it possible to reconstruct the original surface, in so far as it is unmodified by other causes.
Reduction of equation to simplest form.-Equation (3) is the most convenient form
for the calculation of the constants involved, because the direction of the
y-axis, and commonly also the position of origin, can be directly observed,2
but for plotting and for some purposes of discussion the equation can be
advantageously reduced to an?ther form. The equation of the asymptote is

y+A ==x tan ,s.

If, therefore, we refer equation (3) to the intersection of the

~symptote

and
the y-axis and adopt the asymptote as a new x-axis, (3) will reduce to the
form
Yl==Am-O:,.
'I have preferred to characterize these angles in this way rather than to adopt the ordinary but
not unh'ersnl ('onvent,ion nR t,o pOMitive aud negative augle~, oecause this is a discussion of structural
geology. The matbemntical quest,ion iuYolv"d is simply whether (J and <5 lie in the same qnadrant or in
adjoiniug oues.
For similar feasons common logarithms instead of natllrallogarithms. have been nsed iu all forIllulas, the direct applicability of which to untural occurrences renders it possible that. compntationslOay
be based upon them.
'In computing the log:uithmic curve which most nearly applies to a given surveyecl Hection line
it is necessary to know the dip of the fissure and the posit,ion of three point8 on the surface relatively
to the rectan~ular coordinatcs tho origin of which is the cropping a11(1 the y-axis the dip-line. The
compntation is greatly simplified hy so selecting the arbitrary yalnes of x (.r" x" x,) that x, =! X'=ZJ3'
The thrce equations then become
y,=.t1 (l1l-O:'-I)-x, tan ~;
y.=A (nt- 2O:'_I)_2x, tan ~;
Y3=.t1

(11t- 4O:,_ L)-4,r,

tan~.

Solviug these equations for the three constants, it will be fonnrl that

log

111

-log (

)
tVf2Y'-Y3
~-L
.1/,

:If,

11.

;

170

GEOLOGY OF THE COMSTOCK LODE.

Mere inspection also shows that

and the equation referred to the inclined coordinates indicated will be
(4)
By a proper selection of a unit and by removing the origin to a different
point on the x-axis aqcording to well known rules of analytical geometry, I
this equation may be reduced to the form shown in Fig. 6,

(5)
or
x ~-]og

Yi

and the points on the curve may be directly plotted from a table of logarithms. The curve evidently cuts the y-axis at the point where J/ is equal
to the natll1'al unit

~,

found as indicated in the foot-note.

If the equation

were plotted on rectangular coordinates, ~ would also be the constant value
I As th e COMSTOCK LODF. ex cites a live ly interest in ma ny localiti es where book s of reference a re
ra.re, it. may be a matter of conve nience t o some of m y r eaders to gi,e this reduction ill full.
Let
lI= eos.:1 log lit ,
or

then introducing tbis value into (4), we have
y= A 10-""'.

Let t.h e origiu be t.ra nspotied on the x-axi s by a qnantity a,

~'e t

to be d et ermined ; then
!I=d lO-h (z+ a)=A Ill-hz 10- 00 .

Now let
_logk+logA
a- - -k- -·
The introdndiou of thi s valne brings tb e equation to t he form

because for th e ehotien valu e of a

If, furth er, ~is takell as th e unit. anrl .r a nfl y are each multipli ed by it, we get,
k
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of the subtangent, and the curve would cross the y-axis at an angle of 4f1° j
but this is not the case when the eqnation is interpreted on oblique coordinates.

FW.6.

Y

= 10-

L.

Point of minimum radius of curvature.-The position of the y-axis of the logarithmic curve depends upon the unit chosen. There is, however, one fixed point
on the lOCHS, that of minimum radius of curvature. This must be deduced
ii·om the general equation referred to rectangular coordinates (3), and the
value of x corresponding to it is
_log (4 A lnm) -log (v8+9 tan 2 .s-tan .s)
•
log m

xo -

From this formula the value of Xo for all simpler cases can easily be
derived. For the simplest equation, viz:

y=e-x,
ln2
1
Xo=- and Yo= - -:."
2

v:{

Spacing of contours.-As the topography of a country is usually represented
for geological purposes by contours, it would be interesting to discnss the
spacing of the contour lines on a map of a faulted surface. For an originally level surface and a vertical fault we have immediately

L1x=logy-log(y+L1y) ;
in whkh L1 x is the variable horizontal interval between contour lines and
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L1 Y the constant vertical difference between contour planes.

But the equation for the case of an oblique fault is so complicated as to be of no value.
The ideal map would be one in which the contour planes were so close that

d x would be sensibly equal to ddx ; and, indeed, where the slope is consid-

dy
y
eI'able this is often the case, but when the surface-line becomes nearly
horizontal the difference between the two ratios is large.
An~le of tangent to the horizonal.-The angle which a tangent to the curve

y = 10-:1:
referred to inclined coordinates makes with the horizontal may be found as
follows, without going through a
troublesome transformation of coordinates. Let dx and dy be the differentials at the point of tangency
obtained from the above equation,
and dX1 and dYl the differentials for
the same point if the y-axis were
FIG. 7.-Explanation of a faulted surface.
vertical and the x-axis horizontal.
Consider (J as a positive acute angle and 0 also as a positive acute angle
when it falls in the same quadrant with Ii, but as negative when it fans in
an adjacent quadrant. Let a be the angle which the tangent makes wit.h
the horizontal. Then, as appears from the figure,
tan a

dYI
dx)

=- - ~,

and the equation of the curve referred to inclined coordinates gives
yIn

dy
10=-ax'

and by a simple projection
t ana=

dy sin Ii + dx sin 0
j
- dycos Ii+ dxcoso

-

or by reduction
t
an a

Ii + sin 0
=YyInIn 1010 sin
cosli+coso'
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If 0 is a minus angle (the case shown in the figure) the curve will be
horizontal when
- sin 0 y In 10 sin /3,
or when
-sino
y= In10sini

=

but if 0 is a positive angle (falling in the same quadr~nt with (1) the curve
will have no horizontal tangent.
Fault involving double curvature.-As has already been pointed out, since gravity
is likely to be an insignificant force compared with other forces acting on
the sheets of a faulted country, it is a matter of indifference whether we
regard the actual motion of the foot wall as upward or that of the hanging
wall as downward. If, therefore, contrary to the assumption thus far made,
the foot wall instead of the hanging wall were divided into sheets, and if the
latter were to sink relatively to the former, we should get a reversed log&.rithmic curve asymptotic to the original surface of the foot wall; and other
things remaining equal, its equation would be
y

=A (1- m"') + x tan S.

If the rock on both sides of the fissure is the same, or possesses the

FIG. S.-Double fault curve.

same physical properties, and is divided into plates of the same thickness,
the energy brought to bear at the fissure will be distributed in both direc-
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tions on the contacts between the plates, and the cross-section of the country will show two logarithmic curves with a common tangent at the origin
in Fig. 8. Each curve can of course be reduced to the form
y=±10'fo:.

the fissure were on a contact between two
different rocks, the 01.1e might be divided into thinner plates than the other,
and they might have different coefficients of friction. If the coefficient
beiug the same the thickness of the plates varied, the origin would remain
unchanged, but the Clll'ves would be different. The curvature depends on
the throw of the fault and 011 the number of partings, and it can readily be
shown that the natural unit of the curves formed will be proportional to
the thickness of the sheets of rock. The two curves will therefore not
have a common tangent. Conversely it is evident that the relative thickness of the sheets is calculable from the observed curvatlll'e, but the absolute thickness of the one or the other is a matter of observation. If the
coefficients of friction are unequal, the inequality will manifest itself only
at the contact, for the fundamental equation of condition
Case involving different rocks.-If

f(b n -

bn +1 ) _ U"
f(b n +1-bn +2 ) -b"+l

is independent of f so long as f is constant. The curves, however, will not
be continuous with oue another. There is reason to suppose that, at least
between similar rocks, the difference of the coefficients of friction is very
small.
Faulting accompanied by formation of parallel fracture •. - I f a fault takes place on a
fisslll'e in otherwise solid rock, and if lateral pressure accompanies the dislocation, a great amount of energy will be brought to bear at the fissure.
If, as before, the foot wall is supposed to rise,. the hanging wall as a whole
may be regarded as a fixed mass either from its cohesion with the surrounding conntry, or from the indefinite amount of inertia which it opposes to movement. As has been shown earlier in this chapter, friction is a force which
produces motion as well as destroys it, and Professor Reuleaux is doubtless correct in asserting that motion always results from friction. although
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it may be "only as small alterations of form in the body acted upon"
Rocks are by no means absolutely rigid or absolutely inelastic, and under
the conditions supposed a strain must be produced in the hallging wall.
Sedimentary strata, and especially the coal measures, furnish innumerable
known examples of this action, indicated by the permanent flexure of the
ends of the strata as indicated in Fig. 9. This is of course a familiar fact
which has from time immemorial furnished miners with
a practical rule for recovering
the seam beyond a fault.
'When a fault. takes place
in the comparatively rigid
massive rocks a similar strain
must also be produced. Its
effect will depend upon its intensity and on the elastic propeI·ties of the rock. These
latter are so little known that
it is scarcely worth while to
FIG. 9.-Fault accompauied by a st,raiu.

..

investigate the conditions mathematically, bnt it is certain that if the strain
surpasses a limit defined by the cohesion of the rock, a sheet of the latter
will be sheared off from the main mass. If the compression attending a
fault in a massive rock is very great, and if the rock is very rigid, this action
may be repeated indefinitely, and either or both walls may be divided into
sheets of nearly equal thickness and divided by partings nearly parallel to
the original fissnre. On the other hand, if the stress does not reach the ultimate cohesive resistance of the rock, the energy must be expended in heat
and a strain which will be permanent or not as the rock is elastic or inelastic.
Evidence furnished by observation.-In coal mines there is abundant evidence of
permanent strains prodnced by faulting. In massive rocks a division into
sheets sometimes accompanies faulting, but it might be asserted that the two
phenomena were unconnected. A very unobtrusive structural action serves,
however, to establish a relation. In hilly regions where the soil is deep, small
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landslips are common during wet weather, often involving the movement
of only a few square rods of ground for a few feet. The material in this
case is far from rigid, but on the other hand it possesses a minimum of elasticity. I have examined hundreds of snch slips in the Contra Costa Hills
of California, and noted with surprise the fact that they are almost invariably accompained by a separation of the moving mass into sheets far more
regular than might have been expected, and parallel to the initial surface of
motion.
It does not appear to me that the character of the curve assumed by
the edges of the sheets will be affected by the consumption of energy involved in shearing them from the mass of 'country rock, for the work done
at each fracture will be the same and the effect will appear in the constants
of the equation, not in the form of the function.
Frequency of compressive strains in faulting.-Dislocations of the earth's snrface may
no donbt occur under the most various dynamical conditions, and no general law can be laid down as to the presence or absence of tangential pressure. It is evident, however, that the lateral extension of a faulted area is
increased by faulting whenever the hanging wall sinks or the foot wall rises.
If A is one-half of the total slip measured on the dip of the fissure, the increase of horizontal distance between any two points on the logarithmic
surfaces of the rising and sinking countries respectively, so far removed
from the fault plane as to occupy positions which are sensibly on the asymptotes of the curves, will be

.

2 A cos (1.
It is evident that this increase in lateral extension will be accompanied
by lateral pressure and consequent friction, unless the fault is the result of
a tangential tensile strain. The general theories of dynamical geology, and
the study of sedimentary rocks, however, show that strains in the earth's
crnst are commonly compressive.

Surface produced when the fissure is a plane.-It has been shown that under certain
conditions the surface line of the cross-section at a.ny point of a faulted
country will be a logarithmic curve, or a combination of two log~:ithmic
curves. If therefore the fault fisslll'e intersect::; the earth's plane surface on
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a straight line, the faulted surface will be that which would be generated
by the horizontal movement of the logarithmic curve or curves along the
z-axis of the equation

y=A (ve'" -1) - x tan .s
and in the case of a dOll ble curve in an area of a single rock, or of
r~cks with the same coefficient of friction, this z-axis will be found at an
elevation equal to half the ver~ical distance between the asymptotes of the
curves.
Surface produced when the fissure is not a PJane.-Commonly, however~ the intersection of a fault fissure with the earth's surface is not a straight line, but an
undulating or broken one. If we still suppose the original sUliace of the
area a plane, the smiace after faulting will be that which would be generated by the movement of the logarithmic curve or curves along the broken
or undulating line corresponding to the z-axis, and this line will be the locus

of the point of illtiection of the double cnrve. The line corresponding to
the z-axis will then be the intersection of a plane parallel to the original
surface of the earth with the surface as modified by the fault, and if the
original smiace was level, the intersection will be a contour. Each inflec12 a

L
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tion of the trace of the fissure on the origiIlal snrface concave toward the
lower country will be represented on the faulted surface by a ravine, and
each inflection convex toward the lower country Willl'eslllt on the fallltecl
.
surface ill a ridge.
Fig. 10 shows a contour map of the country shown in Fig. 8, the fissnre
having reached the original flat sl1l'face of the earth on the undulating line

AB.
It is evident that if the forlll of the trace were capable of expression
by all algebraic equation, the equation of the faulted surface could be im- .
mediately ded'uced, bnt such cases are not likely to occnr, as deviations of
the trace from the right line are probably dne to local variations ill the
physical pl'operties of the rock. Evell when the original sl1l'face was irregubI' the same law holds, mutatis mutandis,. for the locus of the point of
inflection of the double logarithmic curve will still be parallel to the trace.
The edges of the sheets 011 each side of the fault will be pm'aBel to the
locus of the point of inflection, and where this is a contour they will also
be contours.
It freqnently happens that the dip-line of a fissHi'e is st.might and nearly
constant for long distances from the snrface, while the strike varies. "When
this is the case the intersection with the foot wall of a snrface parallel. to
the original surface at any depth below it will give t4.e same line, and if the
locus of the point of inflection of tbe surface Cl1l've is a contour, the contour
of the foot wall of the fissure at any point will be identical with it and
with those of the ahei'ed surface, as far as the faulting action extends
unmodified.
Fissures into the hanging wal1 . ..:....-The diagrams show at a glance that when a
fanlt takes place under the conditions specified, the rock of the lower country neal' the fault, as sE*ln" in cross-section, assumes the form of a sharp
wedge, which is exposed to the same heavy pressure as the rock at greater
depths. In an actual case in nature, it is scarcely possihle to suppose that
this wedge would remain intact. A very slight obstrnction to the smooth
rise of the foot wall would produce a crack across this edge at some consid€I'ahle angle to the dip of the fisslll'o, and such a crack might very probably
be held permanently open by fragments of rock. Fissures diverging into
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the hanging wall might not unlikely form at greater depths as well, but
would partly close again, leaving behind only openings of limited size,
Lecause the pressure and motion of the superincnmLent mass would suffice
to grind to powder most of the intervening fragments.
Relation of chimneys to surface topography.-.If in faulting, the rising country shifts
in the direction of the strike of the fissure, of course chimneys will form
where the strike undulates. 'Where the surface is modified Ly faulting in the
manner discussed, such chimneys will always lie on the same side of ravines
on the snrface, and opposite them will be found crushed ground arising
from the pressure of the wans upon one another.
Infrequency of a rise of the hanging wall.-.-Throughont the foregoing discussion I
have supposed that the relative movement of the foot wall of the fissure was
upward, according to the ,veIl-known empirical rule. ,V ere the reverse
case to occur, the resulting curve would still be a logarithmic one, but
would be constrllcted in the acute angle between the fault line and the
asymptote parallel to the original surface,
and unless faulting has gone on but to a very
slight extent, or unless the fault line dips at
very close to UQ o, the resulting snrface will
not merely be precipitous, but form a reentrant curve, and the upper coulltry will overhang the lower (Fig. 11). Countless faults
have Leen formed in past geological ems,
the sl1l'face indications of which have Leen
utterly oLliterated, but there must be a very
great numLel' which still exhibit their features

FIG. 11.-Rise of the hanging wall.

in a recognizable form; and if it were a usual thing for the hanging wall
to rise, overhanging surface would not form one of the rarest of topographical phenomena.
AJ.~plications

of the theory to the COMSTOCK, and other instances.-The ev}dences, already alluded to, of the division of the east and west country
of the COMSTOCK LODE into parallel sheets lelld probability to the supposition that the faulted structure of the central portion of the vein may
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come under the conditions which have been explained in the preceding
portion of this chapter, and, as a matter of fact, if the Sutro Tunnel section be taken as a representative one, it is easy to find a logarithmic curve
which shows a close coincidence with the snrface. The eastern and western
branches of the curve refen'ed to the fault line, and a perpendicular to the
fault line at the cropping of the vein are, respectively,
YJ==1470 ft . (l.0016L- X '-1)-x1 tan 44° 27',
Y2==1470ft. (1-l.0029S )+x2 tan 44° 27'.
X2

Knowing these values, the experiment on slips of paper can be modified to obtain a corresponding result. The only change needful is to pile
the slips in such a way that their ends instead of falling in a vertical plane
will lie in a plane forming an angle of 45° 33' with the table. The result
is a cune, which, when plotted on the assumption of a suitable thickness of
the sheets, is indistinguishable from that of one or other of the above equations. Precisely as in the former experiment, too, the position of the asymptote precludes the supposition that the curve is hyperbolic. There is,
therefore, very strong reason to believe that the Sutro section snrface line
is composed of two logarithmic curves, and no reason known to me to suppose that it is not..
Atlas-plate VII. shows the sl1l'veyed surface line of the Sutro section
plotted from the contour map, and in the same fignre the curve plotted
from the equations given above. The same plate also shows the CUI'\'es
represented by the equations plotted
, by themselves with their axes and
asymptotes, and the curve obtained from experiment. By comparing the
surveyed line with the surface maps, it will appear that its deviations from
the curve given by the equations are the evident results of plainly limited
erosion, the section crossing two considerable ravines in the east country,
and passing along the flank of another in the 'west country.
constants.-The dislocation measured on the dip of the lode is 2 A, or, for
the present case, 2,940 feet. The dip of the lode at this section is 4.30, and
the dislocation measured vertically is therefore 2,005 feet. The angle ,9- is
44° 27' and 0 is therefore 2° 33', or the original surface sloped contrary to
the dip at this angle. '1'he natural unit of the east curve is 2,012 feet, and
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if the equation is referred to the asymptote and a line parallel to the fault
line aI:d crossing the asymptote at ~74 feet west of the fault line, it becomes
for the natural unit,
y== 10-<>:.

The natural nnit of the west curve is 1,085 feet, and if it be referred
to its asymptote and a line parallel to the fault line and crossing the asymptote at a point 143 feet west, its equation is
y== -10"'.

The equation of the tangent for the SUi1' O section values shows that
the horizontal point of the east curve is at 2,840 feet from the fissure measmeet on a lille parallel to the asymptote, and that of the west curve at 1,820
feet measured in the same way. The tangent to the east curve at the fanlt
makes an angle of ~6° with the horizontal, while the tangent to the west curve
makes an angle of 32°. This sudden increase of inclination immediately
west of the croppings is a familiar featnre of the landscape in Virginia.
Had the diorite been separated into plates of the same thickness as those
of the east conn try, the two curves would have had a common tangent at
the Cl·oppings.
The position of the points of greatest CUl"vatnre presents no significant
peculiarity, so far as I am aware, an'd is expressed by a somewhat involved
logarithmic function. This point in the east clll"ve is at a. distance of 686
feet from the fault plane, measured on the asymptote. In the west curve
it lies at 951 feet from the same plane. The values of the minimum radii
are 6,640 feet and 3,580 feet in the east and west curves, respectively.
These radii are simply and directly proportional to the natural nnits of the
curves.
Topography chiefly due to faulting.-The west croppings of the COMSTOCK, from the
Bullion to the Ophir, are nearly horizontal, and the original surface, as has
been shown, sloped to the west at an angle of only two and a half degrees.
The theory of faulting propounded would therefore lead one to expect a
pretty close agreement between the contonrs of the faulted slope and those
of the west wall; for on the Sutro T~tnnel section, at least, there is evidence
of but slight erosion. Such an agreement appears from a comparison of
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the horizontal sections with the sl1l'face map, and has long heen well recognized among those who have had to do with the mines.
The ravines which furrow the range are not therefore the result of
erosion, but of faulting. Once formed through the dislocation of the
country, they have, of course, received the drainage, and have been modified thereby to some extent.
East vein.-It has been shown that even if a fault takes place on a fissure
perpendicular to an original surface, the hanging waH will assume the shape
of a sharp wedge, and that under the conditions of pressure necessary to
produce a logarithmic surface, it is unlikely that this wedge would remain
intact. Such a fracture occurred in the faulting of the CO~ISTOCK, and
opened the famous" east vein ", from which a large part of the ore produced
has been extracted. Baron von Richthofen regarded this structure as a
result of faulting, and as a slll"face phenomenon. I have simply shown in
addition how the east country came to assume the tapering form most
favorable to ~uch a fracture.
Origin of the sheeted structure. Theory of eruptive stratification.-The character of the
sheets of rock into which the walls of the COMSTOCK are divided is an open
question, for one observer has maintained that they form a series of thin,
bedded, regular layers of rock, presenting a fine example of eruptive stratification. It is true that in confined spaces in several of the rocks a
stratified or laminated texture is visible; but in the half-dozen such cases
known to me the phenomenon extends for very short distances, often only a
few feet, and appears to be the result of some local variation in the composition of the rock; for not only can I perceive no general uniformity in the
direction of the layers in these different spots, but I have a single handspecimen which shows portions of two sets of them at an angle of nearly
90° to one another. These occurrences, however, cannot be meant in the
statement referred to, for they are rare. As applied to the great mass of
rock I am also unable to agree with it. rro . me it is nearly inconceivable
that a granular crystalline rock like the diorite of Mount Davidson, containing only crystals of "secondary consolidation," should ever have been
sufficiently fluid to permit of eruptive beuding. The face of Monnt Davidson shows no lamination, though the division into parallel sheets is strikingly
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apparent. The slll'faces of the sheets in the same locality are not simil~u·
to those commonly formed by bedding, and are indistingnishable from fractures, nor is the persistence of the sheets comparable with that of sedimentary strata. The ].!c]{ibben Tunnel in Spanish Ravine passes through
diorites in part somewhat porphyritic, in part of the dark, hig'hly horriblendic variety. A quartz seam is cnt by the tnnnel, but no dikes of later
rocks. There is a greater superficial resemblance to a bedded stl'llctme
here than on Monnt Davidson, bnt close examination shows that most of the
apparent differences in color and texture are referable to degrees of decomposition. Decomposition has set in from the partings of the sheets of rock,
often leaving the central portion of a sheet less affected than its faces. In
the diabase, homblende-andesite, and augite-andesite of the east cOllntry,
the phenomena are similar. There is ample evidence of fracture and of
decompositi?n following lines of fractnre. Sometimes individnal sheets or
portions of sheets have in a measure escaped decomposition on acconnt of
the presence of protecting clay seams and the like, and these have been
mistaken for dikes, or flows of andesite 01" other rock; but carefnl examina•
tion shows that they diffel· only ill the degree to which they have yielded to
decomposing agencies, and in no other reflpect. The partings are not snch
as we should expect in bedded flows: There is no trace of lamination
except the irrelevant local occurrences mentioned, and while it might well
be that the greater part of the seams bad been reopened by upheaval, it
cannot be snpposed that no adherent lamin::e would escape separation. In
short, my observations wholly fail to accord with the hypothesis that these
rocks were laid down in horizontal beds, and afterward tilted. Even if
observation fmnished considerable gronnds for sllch an interpretation of the
facts, I should hesitate to accept an explanation which appears to me wholly
at variance with what we know of the occurrence of similar rocks elsewhere. 1 The deposition of a single igneous rock over several square miles,
in thin horizontal beds, implies a watery flnidity and a very high specific
heat. So far as I know only one or two of the later volcanic rocks are
-------------------------------------------------------- - - - - - -- 1 Mr. Church, indeed, statcs (I. c., p. 153) th:tt "diorite is one of the fine-grained, thin, rllnning
lavas." llut he cites no anthorities for, or inst.ances in proof of, this statement, which is at variance
wit.h the cOllllllonly accepted opinion, and wit.h the indications of its composition aull micro-structure.
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known to flow in such a manner; and these only under exceptional conditions, for even basalt commonly accumulates in large masses around theorifices from which it issues; nor am I aware of any distinct evidence that
the granitoid rocks have ever flowed like a lava, or reached a higher degree
of fluidity than the plastic state.
Energy displayed in the fault on the comstock.-We have no means of reducing to
known units the pressure and resultant friction which accompanied the
faulting action on the COMSTOCK, but the imagination at least may be
brought to bear upon the subject by considering the amount of dislocation. If the west country is supposed to have revolved about a distant
fixed fulcrum, through a sufficient angle to account for its present relative
elevation, then the east country must have been pushed bodily eastward for
a distance of 2,150 feet. The maps and sections show that certainly not
less than a cubic mile of rock must have been thus driven ou~ of place in
spite of all opposition, and the amount of horizontal dislocation involved is
not lessened by supposing the west country to have moved instead of the
east. Compared with 1he energy necessary to produce such a movement,
that requisite merely to raise each of the sheets composing the mass, in
oppolSition to friction through a mean distance of about 150 feet, certainly
seems small.
Dynamical theory of sheets.-I have shown that the tendency of the faulting
movement is to separate sheets of rock, and that sheets thus separated will
arrange themselves along the logarithmic curve when divided from the
mast;. The possibility thus presented does not conflict with my observations, and I am led to the belief that the sheeted structure of the east and
west country is due to the formation of fractures parallel to the faulting
smface, and that these fractures are the result of faulting under intense
~ateral pressure.
Inferences from the fault as to the age of the Lode.-SOme light is thrown upon the age
of the COMSTOCK as an ore vein by the relations of the "fault to the ore, and
to the erosion. The" east vein," being a secondary fissure, cannot have
formed till faulting had made considerable progress, while the crushed condition of the quartz! and the phenomena attending it show that faulting
1

The evidence that the" sugary quartz" is really crushed will be gi ven later.
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action has succeeded, as well as preceded, the deposition of the ore and
gangue. The regularity of the curve, on the other hand, shows that the original surface line along the Sutro section was sensibly straight, and lay on a
gentle western slope. The agreement of the contours of the range with
those of the west wall and of the cross-sections with the curve obtained
from theoretical considerations, proves that the erosion since the commencement of the faulting action is sensible (on a scale of 800 feet to the inch)
only where most intensified-i. e., in the ravines. The faulting and the deposition of ore have therefore occurred since the DISTRICT was su bjected to any
considerable amount of general degradation. The level condition of the
country prior to the fan It appears to me probably the result of erosion, and
if so the DISTRICT mnst have been a plateau or a high mountain valley-in
short, an area of denudation.
Fault probably the result of arise in the west country.-It is perhaps impossible to demonstrate whether the absolute movement involved in the faulting was the rise
of Mount Davidson, or a sinking of the east country. If the east country
has sunk, the former le,'el near the middle of the LODE must have been
nearly that of Mount Davidson, and the DISTRICT must have occupied the
crest of a rather sharp undulation running nearly east and west. If the
main movement was an uplift of Mount Davidson, and its neighbors to the
north and south, the original general level was about that of the present
country east of the LODE. rrhe DISTRICT must then have been near the top
of a gentle undulation approximately parallel to the Sierra. The latter
supposition accords with the general character of the present topography of
the Great Basin area much better than the former, and seems to me much
more probable on general as well as local grounds.
Di:ninution of evidence of fault near the ends of the Lode.-To the north and south of
Mount Davidson the evidence of faulting diminishes. From the Overma1!
far into the Sierra Nevada claim, a distance of two and one-third miles, the
amount of fanlt has been great, and the indications are unmistakable. Beyond these points the disturbance of equilibrium has been to some extent
adjusted in a different manner. This is partly indicated on the surface map
by the union of the andesite fields, which are separated opposite the middle
portion of the LODE by diorites. Towards the ends of the LODE the dynamic

.
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action seems to have been distributed i~l part by a forking of th_e fissure,
and -in part by the formation of east-and-west cracks.
Coefficient of fric~ion of rocks involved in the fault.-The rocks involved in the faulting
action on the Butro section are diorite, diabase, hornblende-andesite, and
augite-andesite. Tbey must all have sensibly equal coefficients of friction,
for the curve in the western diorite is apparently continuous with that of
the other rocks which lie east of the vein, and there is no evidence of discontinuity in the eastern curve as it passes the contacts. All the east rocks,
too, appear to divide into plates of the same thickness, while the diorite has
split into sheets of less than half that of the others.
Rules applicable to prospecting in uneroded districts.-It is, of course, most unlikely that
the COMSTOCK is the only vein in which the depo::;ition of ore is recent, and
has been accompanied by faulting, and some conclusions as to the occurrence of veins in such cases may be welcome to some of the readers of this
paper.
In a locality modified by faulting action under lateral pressl1l'e, the fact
will appear in the parallelism of the exposed edges and faces of rock-sheets.
If erosion has not seriously modified the surfaee resulting from the
faulting action, the logarithmic curve will be recognizable to the observer
looking in the direction of the strike.
The main cropping of the vein is to be sought at the point of inflection
of the curve, which will be found nearly or exactly midway between the
top and bottom of the hillside. One or lll{)I'e secondary vein croppings
should be looked for below the main cropping, and these, so far as yield is
concerned (but not in regard to location of claim), may prove more important than the main cropping.
rfhe dip of the vein will be to the same quarter as the slope of the surface, but, of course, greater in amount. The flatter the surface curve, the
smaller the angle of dip will be. The mean strike will be nearly or quite
at right angles to the direction of the spurs and ravines of the faulted area.
If besides the movement of one or other wall in the azimnth of tbe
dip, there has been a dislocation in the direction of the strike, chimneys will
open, all of them on the same side of the different ravines. Snrface evi-
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deuces will often enable the prospector to determine on which side the
chimneys are to be found. On the barren sides evidences of crushing and
of closl1l'e of the fissl1l'e are probable.
The fissure is more likely to have a constant dip (balTing the secondary offshoots) than a constant strike; but, of conrse, irregularities in dip
like those ill strike will open chambers which may be prodllcti'l'e.
Offshoots into the han.ging wall may occur at any depth, but none except
those neal' enough to the main cropping to reach the sl1l'face, where it
haR a very considerable slope, are likely to be continuous.
Application of theory to landslips.-Besides the deep-seated fissures produced by
profound disturbances of the earth's crnst, there are comparatively superficial phenomena which seem to COllle under the laws deduced in this chapter. In regions where the soil is deep and covered with low-growing
vegetation, such as grass, the details of the topography are not molded by
the direct 'action of the rain, but by landslips; oftentimes, indeed, of very
small extent, but repeated or increased year after year. rrhe hanging wall
of such landslips commonly separates into distinct layers, as has been stated
in a preceding paragraph. These sheets must arrange themselves 011 the
locus
Am-X

Y-l+xt

if the arguments presented on p. 1U4, et seq., are correct. A yearly repetition of this action, sometimes modifying the hanging wall and Rometimes
the foot wall of the slips, will eventually give the whole topography a logarithmic character; even the position of the gullies, and consequently the
lines of direct erosion, being determined as indicated on page 177. The similarity between some of the logarithmic curves illustrated in this chapter and
the slopes of the gently-rounded hills common in grassy regions with
deep soil, needs only to be suggested.

OHAPTER V.
THE OCCURRENCE AND SUCCESSION OF ROCKS.
Method. of determining succession.-Determinations of the order of succession of
eruptive rocks .involve considerable difficulties. Superimposition alone is
an insufficient indication of relative age, for intrusions and laccolitic accumulations of younger rocks may underlie older ones. Neither are inclusions of one rock in another always a safe guide. Cases are not unknown
where intrusive masses of a younger rock in an older might readily be mistaken for inclusions of , an older rock in a younger one. I have even observed instances, though not in the WASHOE DISTRICT, of slabs of older
rocks embedded in later eruptions in such a manner that but for other and
overwhelming evidence as to the order of succession, they might have been
interpreted as dikes of the older rock in the younger. Moreover, when the
rocks in question are closely allied, as is very frequently the case, local
modifications of one rock may readily be confounded with inclusions of a
different but similar species. Such an error is peculiarly likely to occur
where there is brecciation. As has been pointed out on page 82, masses of a
single rock subjected to partial decomposition may also simulate inclusions
or dikes of one rock in another. Thus while at first sight it might appear
that dikes and inclusions furnish the most unimpeachable evidence of succession, this class of evidence is peculiarly deceptive except where the rocks
are fresh and characteristic, the exposure perfect, and the cases abundant.
Where any of the rocks are very recent, evidences of 8}'osion form an important argument as to succession, as will be seen from the remarks on the
la.ter horn bl ende-andesite.
No single method of determining the succession of eruptive rocks is
ordinarily snfficient, and due weight must be given to all the facts bearing
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upon their relative age. Difficulties in the determination of succession,
however, are not peculiar to the geology of massive rocks; for there are
many instances of the reversal of sedimentary strata, and with snfficient
care the order of succession of ernptives can generally be established with
as much certainty as can that of sedimentary rocks in greatly disturbed
areas.
of succession.-The order in which the rocks of the WASHO~: DlSTRICT
have appeared upon the sUlface is as nearly as can be ascertained the following:
Order

Granite,
Metamorphics,
Granular diorites,
Porphyritic diorites,
Metamorphic diorites,
Quartz-porphyry,
Earlier diabase,
Later diabase C" black dike"),
Earlier hornblende-andesite,
Angite-andesite,
Later horn blende-andesi te,
Basalt.
It is possible that strata since metamorphosed may have been laid down
npon the diorite as well as previous to it. The evidence of the succession
of diabase to quartz-porphyry would be more satisfactory if the contact
between them were more extensive, and of the age of the basalt there is no
direct evidence except that it is later than earlier horn bl~nde-andesite.
The other points as to snccession are clearly established. One of the most
interesting is the occurrence of hornblende-andesite after as well as before
augite-andesite, proving a recurrence in the character of eruptions. It thus
has a direct bearing upon the general theory of the succession of volcanic
rocks. III the following pages some notes are presented on the occurrence
and distribution of each of the series.

180

GEOLOGY OF THE COMSTOCK LODE.

Granite.-Granite is extensivAly developed to the west of the Virginia
Range, but reaches the surface 111 the VVASHOE DISTRICT only in a single
small area near the Re.d Jacket mine, C. D. 6. It occupies a considerable
space beneath the snrface, however, for it has been met in t.he Baltimore and
the Rock Island, and by a tunnel, just beyond the limits of the map, t.o the
northwest of the Florida.
The granite must fall away very rapidly to the north and east, or it
wonld be eucountered in the Gold Hill mines. 'VlIether this is the consequence of a fault or of a steep slope, there is no opportunity for deciding.
N ear the Red Jacket the granite here and there shows partiugs which might
be remains of a former stratification; but a similar system of parallel cleavages is not uncommon over small areas in rocks of an unquestionably
ernptive character, and I met with nothing which could be cited as definite
proof of a sedimentary origin.
In the Wales Consolidated, granite is directly overlain by metamorphic
diorite, at the Rock Island by sc.hists and limestones, and at the Baltimore
apparently by eruptive diorite, metamorphics, quartz-porphyry, and augiteandesite. It must, t.herefore, ha.ve been denuded to a considerable extent before each of several ernptions. It is nevertheless far fresher than
most of the rocks in the DISTRICT, and no considerable quantity of ore
has been found associated with it, though some metalliferons quartz has
been met with at its contact with younger rocks; but traces of ore are very
likely to occur at any contact in a district like 'VAS HOE, where every
point has been racked by dynamieal action and the whole subterranean area
has been flooded with mineral solutions. It is possible that ore similar to
the Justice body may be found on the contact between metamorphic diorite
and granite south of that mine, but there is nothing to indicate that the
granite is likely to act otherwise than mechanically in the deposition of ore.
Metamorphics.-There is a small area of distinctly stratified rocks to the
south of American Flat, near the Florida.. They are limestones and micaceons schists, badly broken and contorted, and much metamorphosed. I
did not slIcceed in detecting anything like a fossil in them, in spite of an earnest search. They are colored as Mesozoic from the general.aualogy of this
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portion of the Great Basin, ar:-; elucidated by the Exploration of tho Fortieth
Parallel. In a cut on the American Flat road, just "outh of the Florida,
there occur two seams of coal-like mattor half an inch ill thickn ess. The
metamorphics extend into American Flat under the urea lai(l down '<lX
Quaternary, where the detritus is too thick to permit of tracing tI.e con tact between the metamorphic and eruptive l"ocks with certainty. The
Rock Island shaft is inaccessible, but a carefnl examination of the dump alld
. the descriptions of an employe leave no doubt that it passed through metalllorphics into underlying granite. There is nothing to ~how that any
eruptive rock other than granite has been met with at the Rock bland. A
little coal is said to have been found well down towards the granito, and
was no doubt such an occurrence as that mentioned above. :\Iet.amorphics
of the same character appeal" to an insignificant extent north of American
Flat, and in the Caledonia, as is shown on the section through that mine.
In the Gold Hill mines black slates form the foot wall of the LODE to a
large extent. Thin sections made across the lamination show that the dark
color is dne to absolutely opaque particles without metallic luster, and
these disappear on prolonged heating in an oxidizing flame, but are not
affected by acids. They are therefore graphite. Tho rock contains pyrite,
which is very irregularly distributed. Tho slate is often confolllldGfl with
"black dike" (younger diabase), with which, howevGl', it shares only the
black color. In a fairly good light the slaty structure sen-es to di~ting"uish
it without difficulty. The diorite at the Y ellow Jacket appears to overlio
these slates, though no singie mine-opening shows a contact. The lilasse~
of mica-diorite shown in the Yellow Jacket sectiQl1 can hardly bo in their
original position, though very likely they have been tran~portec1 but a very
short dista.nce; but at the surface the dioritic mass is in sight to within a few
hundred feet of the Yellow Jacket, where it seems to disappear under the
andesites, and it is almost impossible to suppose that the great exposmo of
slates in the Yellow Jacket and the Belcher is not one surface of a body which
extends beneath the neighboring diorite. On tho other hand, in the Caledonia diorite 'underlies the metamorphics, and it therefore seems proba.ble
that the plastic diorite was forced horizontally between sedimentary masses
as well as vertically to the surface or, at all events, to bigher points than
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any now occupied by stratified rocks. Further indications of such a history
are observable in the Sierra Nevada, where a thin and not very extensive
body of highly crystalline stratified limestone is completely inclosed in
diorites, which are grannlar on one side and porphyritic on the other. I
am able to offer no better suggestion than that this mass was carried into
its present position by the granular diorite, and covered over sooner or later
by a porphyritic outflow.
Eruptive diorite.-Besides the dioritic mass forming Monnt Davidson and '
the adjoining hills, there is somewhat obscure surface evidence of a large
area of this rock beneath later eruptive masses. Neal' the Forman shaft are
several small patches of mica-diorite, which, however, might easily be passed
unnoticed; and in the Flowery district, about a mile and a half east of
Flowery Peak, dioritic porphyries again appeal'. Diorites occur in almost
all the CO:MSTOCK mines from the Silver Hill north to the Utah, and are
also found in those of t.he Flowery region. The dump of the Lady Bryan,
for example, consists largely of fresh, coarsely granular, quartzose diorite
To the west and northwest of Mount Davidson it also appears to be covered
by but a thin cap of andesite, so that at least two islands of the older rock
are wholly surrounded b)T the younger. Diorite forms the foot wall of the~
LODE throughout the Virginia mines and is replaced in this position by metamorphics in Gold Hill. On the hanging wall it is found in the Yellow
Jacket in masses apparently displaced, and in the Sierra Nevada and Utah it
forllls both walls of the fissure which has be~n mainly explored. Fragmentary masses also appear embedded in diabase at intermediate points
but not to an important extent. Before the ernption of the earlier diabase,
the diorite no doubt formed a continnous mass, partly overlying and partly
underlying the metamorphic strata, and probably extended over the country now occupied by later rocks along the line of the Sutro Tunnel. If so,
this area has sunk under the subseq!lent outflows, but how far it is as yet
impossible t.o say, though it is a matter of importance to the future of the
LODE. At the time of the fanlting the ,,,hole west wall in Virginia and
Gold Hill seems to have risen, the dislocating tendency having been adjusted
towards the ends of the fisslll'e by diverging cracks. This action has moulded
the eastern face of the range opposite Virginia City and the northern por-

IJ C, GEOLOGICAl

,01J:- '/l

THE

BULLION RAVINE LOOKING EAST, D IORI TE,

MT K ATE IN THE MIDDLE DISTANCE,

crJMS10C~,

LCDE ,_ '/

OCOURRENOE AND SUOOESSION OF ROOKS.

193

tion of Gold Hill. To the north of the Union shaft the porphyritic diorites
swing to the northeast. On the sUlface they disappear under the andesites,
while underground the explorations north of the Ophir have been almost
wholly confined to the diOl'itic area, and afford no means of tracing the
extension of the diorites beneath the cap. N ear wher~ the contact between
the diorites and the diabase probably occurs are the heavy Cl'oppings known
as the Scorpion. 'Whether these actually correspond to the contact or not
can only be told by exploration; bnt, if not, that contact has left no trace
upon the surface in this region, which would be very remarkable if the
deductions made in the last chapter as to the age of the LODE are correct.
It is not unlikely that the dioritic rocks are continuous. or nearly so, under
t.he Flowery ·Ridge, and are thus connected with the occurrences at and
near the Lady Bryan. Diorite seems to have preceded the quartz-porphyry,
for it occur~ in the Justice, and in the Caledonia, beneath the porphyry.
Relations of porphyritic to granitoid forms.-The relations of the dioritic porphyries
to the granular mass are interesting. The former are oonstantly found overlying the granular rock, but a line of demarkation can seldom be drawn,
transitions and mixed masses being of constant occurrence. Roughly the
area between Bullion and Spanish ravines is granitoid; :md the masses
beyond these limits porphyritic; but this is a very rude approximation, for
fine porphyries occur in the very midst of the mass of Mount Davidson,
and granular patches are to be found throughout the hornblelldic porphyries.
The micaceous porphyries also appear to overlie the hornblendic variety,
into which, however, they merge. The conditions suggest a physical explanation Some geologists now believe that the crystalline structure of rocks
depends solely on the pressure under which they have consolidated. Such an
explanation of the present case, however, seems to me unsatisfactory. The
variation in a horizontal direction is nearly as marked as that in a 'vertical
line, and though there is an exposure of at least 2,500 feet, vertically, allowing for the displacement by faulting, the deepest granular diorites are not
more coarsely crystalline than those on the top of Mount Davidson. Nor
are the other rocks from the bottom of the mines in any perceptible manner
different from those collected at or near the surface. The cause of the difference between the granular and the porphyritic diorite, if these rocks are ad13 a L
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mitted to be of ernptive origin, must, I think, be sought in a period anterior to
the extrusion of the mass. The granular diorite is composed of crystals of
"secondary consolidation," interlocking grains, t~le relative position of which
cannot have changed subsequent to their formation. This· rock must, therefore, have crystallized in its present position, barring, of course, any movements to which it lllay have been subjected after solidification. The porphyries, on the other hand, are composed of well-developed crystals in a granular groundmass. These crystals must have grown slowly ill a magma sufficiently fluid to permit of free movement, and this condition is not likely to
have been present after eruption. A state of considerable fluidity is also
indicated by traces of brecciation in some of these rocks, and of fluidal
structure in the arrangement of microlites in a few slides. But the strong- .
est evidence of a fluid· condition is furnished by the little dike close to the
Eldorado croppings. The walls are granitoid, and the center oj the dike is
semi-porphyritic, showing green fibrous hornblende and a granular structure,
though some porphyritical crystals are imbedded in it. But for an inch
from the walls of the dike the rock is a dark, solid porphyry which contains
brown horn bien des, and is in all respects similar to the most porphyritic
varieties fonnd in the DISTRICT. The contact with the walls is perfect, and
the occurrence admits of no natural explanation but that of a hot intrusive
fluid.
Hypothesis suggested.-The porpbyritical crystals formed before eruption
must have sunk to the bottom of the fluid mass, for the specific gravity of
hornblende is far greater than the mean density of the diorite, and the
relation can hardly have been reversed at the temperature at which they
formed. Little as we know of the subterranean conditions of emption, it
is probably safe to assume that the upper portion of a fluid or plastic mass
would be extruded before the lower, and that the portion holding the porphyritical crystals in suspension would be the last to appear. , The dike of
porphyry between granitoid walls already referred to seems to show that
this was the case, while the frequency of transitions iil evidence that the
continuous process. rrhe granular groundmass of
extrusion
was a nearly
.
,
the porphyries is finer-grained than the granitoid rock, but this does not
necessarily prove that it cooled under different conditions, for a certain dif~
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ference in chemical composition would almost inevitably accompany t~e
supposed separation by specific gravity; and besides the porphyritical
crystals, other more minute solid particles would probably also sink, and
tend to the multiplication of centers of crystallization.
Possibility of a metamorphic origin.-"While the evidences of the eruptive character of this diorite are tolerably strong, they are not so conclusive as to
exclude a consideration of the possibility that the rock may be metamorphic.
As has been shown in Chapter IlL, one variety of the metamorphic diorite
is almost indistinguishable per se from the rock of Mount Davidson, and
another variety of the latter is distinctly brecciated. It is exceedingly difficult, if it is not in the present state of knowledge impossible, to comprehend
how the formation of pnre and sharply developed crystals can go on in
media not suffieiently mobile to be regarded as fluid; yet we know that
tourmalines, garnets, and other minerals are sometimes beautifully developed
in metamorphic rocks, which have not only retained their lamination, but
have offered an efficient l:esistance to the pressure of thousands of feet of
overlying strata. Most of the indications of the eruptive character of the
Mount Davidson and Cedar Hill diorite, t~ken singly, are thus not absolutely
incompatible with a metamorphic origin. But until the origin ofthe granitoid
rocks has been more satisfactorily elucidated than heretofore, it is certainly
the duty of tqe geologist, while giving possible alternatives due weight, to
judge each occurrence on its own merits, and to seek explanations in comprehensible processes, rather than throngh unexplained analogies. At present an
eruptive origin can· alone be regarded as probable for the WASHOE diorites.
Metamorphic diorite.-The gronnds for considering the metamorphic diorite
as such, have already been given. It is a very puzzling rock in the field,
and may readily be mistaken in different occurrences for granite, diorite,
augite-andesite, or basalt. "Wherever the underlying rock is exposed it is
sedimentary, except at the Wales Consolidated, where the metamorphism has
penetrated to the nnderlying granite. It is also associated in the most intimate way with the quartz-porphyry, and does not appear between the
stratified rocks and eruptive diorite. If the area occnpied by the quartzporphyry were made continuous, it would completely cover all the metamorphic diorite in the DISTRICT; and the evidence is tolerably strong that

,
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the metamorphism is due to the action of the porphyry on the strata over
w'hich it flowed. Metamorphic diorite occurs on the COMSTOCK only at the
extreme south end, in the Silver Hill and Justice mines. Mines have been
sunk in it south of Silver City-for example, the Amazon-and have struck
ore which was calcareous and carried mixed sulphurets. The Justice ore
associated with this rock was of a similar character.
Quartz-porphyry.-The quartz-porphyry which appears on the map is merely
the northeasterly corner of an extensive area of this rock. A noticeable
peculiarity is that it is everywhere decomposed, and everywhere to almost
precisely the same degree, while it is fissured only to a very slight extent.
It seems scarcely possible that this decomposition should have taken place
from below, for the underlying granite and metamorphic diorite are for the
most part very fresh. The decomposition would seem rather the result of
the action of surface waters, favored by a porous structure. This structure
is perhaps due to the unequaL contraction of quartz and feldspar in cooling.
Before later eruptions covered it, the porphyry occupied the smface for , a
considerable distance farther to the northeast than at present, for it appears
in the Belcher ground and in the Forman shaft. In both these cases it underlies hornblende-andesite, while in the Belcher 1648, and in the Overman, it
also seems to underlie diabase. The accessible points at which these two
rocks come in contact, however, arE:) so few that the order of their succession
is less satisfactorily made out than that of any other important members of
the series of rocks found in the WASHOE DISTRICT. .The quartz-porphyry
does not app'ear to be intimately associated with the ore bodies of the COMSTOCK, though occurring near to some of those in the Gold Hill mines; nor
have any considerable quantities of ore been discovered in this rock in outlying mines. It also assays little or nothing. It is worthy of note that
quartz-porphyries in some mining districts 'have almost certainly supplied
t?e deposits with their charge of precious metals, though the WASHOE
occurrence is so barren.
The felsitic modification of the quartz-porphyry is confined to a limited
area near the granite. To what cause the difference between its strl.l~ture
and that of the ordinary variety may be due I cannot suggest.
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Earlier diabase.-The diabases are almost wholly confined to the mines, only
two small patches having been discovered on the surface. Of these, that
between the Julia and Ward shafts appears normal in character though much
altered, and as it occurs at the bottom of a ravine vertically above the main
body of the rock nothing is easier than to acconnt for its presence. Snch
is not the case with the mass in Ophir Ravine. This bears a very strong
outward resemblance to a granular diorite, and it .seems impossible to make
out a sharp contact between the two rocks. There is also no evidence of
any connection between this area and the main mass east of the LODE. As
has been explained in Chapter III., I am by no means sure that it should
not be regarded as a local modification of diorite, rather than an independent
eruption. Apart from the interest attaching to such an occurrence it is of
little importance, no furth€!.· consequences, so far as I know, depending on
its determination. As may be seen from the sections, diabase approaches
the surface very closely immediately below the city of Virginia, so closely
that at least a few croppings wonld be expected in the ground covered by
tl.le town. It is highly probable that a considerable area might have been
traced before the settlement was made, but the ground is now so graded and
built up that a careful seareh failed to reveal any rock in place.
Relations to the Lode.-The earlier diabase forms the east or hanging wall of
the LODE thronghout its more productive portion; that is, from the Overman
to the Sierra Nevada, and from the snrface, or very close to it, down to the
lowest depths yet reached. It also penetrates the west country, at the
"' the horizontal secnorth end of the LODE, in stringers, as may be seen on
tion on the Sutro Tunnel level, Atlas-sheets VIII. and IX. This fact scarcely
requires explanation, for that a single clean fracture of the diorite mass
should have been effected at the time of the diabase eruption is almost
inconceivable. If the diabase succeeded the diorite it would be natural to
expect diabase in fissures within the diorite masses, and fragments of diorite
inclosed in diabase. It has already been pointed out that thesil ocelll'.
There is a considerable sheet of diorite east of the bonanza of the Cal{fornia and Consolidated Virginia mines, and similar masses were encountered
in sinking the new Yellow Jacket shaft. In the higher levels, too, it is
probable, from the accounts of former examinations, that diorite horses were
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encountered. On this point, however, there is some uncertainty, for before
the identification of diabase in the east country much of the hanging wall now
exposed would undoubtedly have been recognized as an older rock and
confounded with diorit.e. The stringers of diabase in the Sierra Nevada and
the Utah mark fissures unquestionably belonging ~o the COMSTOCK system,
and that in the former mine at least were accompanied by a very trifling
amount of ore. The history of the LODE and the chemical discussions
which form the subjects of other chapters, make it highly improbable
that bodies of any consequence will ever be found near these stringers.
The main contact of the diabase with the diorites swings sharply to the
northeast in the Sierra Nevada ground, and has not been explored beyond
that point. Diabase does not appear south of the Overman, and the Forman
shaft passed from hornblende-andesite into quartz-porphyry at 2,200 feet
from the surface. If, therefore, as there is reason to believe, the latter rock
preceded the diabase, this will not be encountered in the Forman shaft. . The
extension of the diabase in an easterly direction is Romewhat ullcertain. On
the line of the Sutro Tu,nnel the diabase is only about 1,300 feet wide,
measured horizontally. It is certainly wider than this at the Osbiston shaft
and the new Yellow Jacket. The Osbiston is believed to have met diabase at
a depth of about 1,000 feet, though the locality was not accessible, while
the new Yellow Jacket passed into it at less than 400 feet from the surface,
indicating an extensive body still farther east.
The lithological varieties of the diabase have been sufficiently described
in a former chapter. In structure it resembles the diorite, being split up
near th,e LODE into rough sheets parallel to the main fissure, as has been
explained in Ohapter IV. I have been wholly unable to see any evidence
that this rock was not emitted at a single outbreak. Its position, lying as a
mass upon a diorite wall sloping at an angle of about 45°, together with
the details of the relations of the two rocks, shows that it is younger than
the diOlites. That it is also probably younger than the quartz-porphyry
is shown by the occurrences in the Overman, which are not fully satisfactory
only because they are so limited.
"Black dike.,,-The younger diabase, as has been seen, is identical with
the trap of New Jersey. I t has often been confounded with the black slates
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of the Gold Hill mines, and black rocks and clays have sometimes been
classed with it in the north end mines. In the upper levels it was met with
only in an indistinguishably decomposed form. I was not able to authenticate it::; occurrence north of the Savage, and found it, wherever struck, of
a very uniform width, always a few feet, never more than a couple of yards.
From the Savage to the Ovenn(tn it generally marks the contact between the
older diabase and the west wall with precision, but on one level of the CllOllar
it is 80 feet west of the contact, and in the Yellow Jacket a narrow belt of
slate sometimes lies east of it. In the Overman the dike diverges from this
contact, extending towards American Flat as far as the Caledonia. The uniform thickness of the dike shows that no considerable movement between
the diabase and the west wall took place at or previous to its eruption, for
otherwise the fissure which it filled mnst have presented t.he enlargement.s
and contractions charaeteristic of vein:;; the walls of which have experienced
a relative motion. The di~ergence of t.he dike towards American Flat explains the so-called forking of the vein. A gertain amount of solfataric
,action is perceptible along the dike fissure, accomp'anied by the deposition
of quartz which is not wholly barren The American Flat vein is a stringer,
the position of which was predetermined by this fissure.
Earlier hornblende-andesite.-The mine workings show that the contact between
the earlier diabase and the earlier hornblende-andesite is very steep, and
that it must be represented by a line something like that indicated in the
s~ction through the SutfO Tunnel, Atlas-sheet VI. rrhe inference from this
section is strong that the body of older hornblende-andesite cut by the tunnel occupies a portion at least of the fissnre through which it was erupted.
The eastern smface of the diabase is far too steep to admit of the supposition that it was ever exposed. Previous to the outbreak of the hornblendeandesite the diabase must either have extended much farther east than now,
or a mass of diorite must have occupied the place now filled by hornblendeandesite; In either case, the rock lying east of the present limit of the
diabase must have been submerged by the andesite eruption; and of the
two suppositions the former seems the more probable. The augite-andesite
stands in much the same structural relation to the earlier hornblende-andesite as the latter holds to the diabase, and the east and west surfaces of the
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hornblende rock, as seen in the tunnel, are parallel to one another and to
the LODE.
Even on the surface, indications of the parallelism of the contact between the two andesites and the LODE are observable. If a line is drawn
at a distance of 4,500 feet east of the vein, it will fall very close to the
easternmost edges of the earlier hornblende-andesite, and include only one
cons~derable tract of the augite rock between it and the LODE. The Forman shaft is nearly at the center of this tract, and the section through it
shows that hornblende-andesite exists below the surface. The contact between these two rocks in depth is therefore probably nearly parallel to the
LODE throughout the whole length of the latter.
Besides the area of earlier hornblende-andesite to the east of the LODE,
it covers a large extent of country to the west of the diorite. Before the
fault occurred the top of the range was probabl:y about on a level with the
east wall, and it seems probable that the whole exposure of earlier hornblende-andesite is ascribable, to a single eruption, or an unbroken . series of
eruptions. I can find ·no indication of bedding, nor of the distinct lava'
streams which give evidence of intermittent action in the neighborhood of
modern volcanoes. At first the andesite most likely buried the diorite ..completely, but the latter must have been reexposed by erosion before the
fault took place. The hornblende-andesite, as well as the diabase, is divided into sheets by a system of parallel fissures. If the conclusions drawn
in Chapter IV. are correct, this fissure system was developed by faulting ai
a comparatively recent period, but the tendency to parallelism in the structure of the country was first exhibited as far back as t.he earlier hornblendeandesite eruption.
The area north of Silver City is remarkable for the unusual development of hornblende crystals, which are frequently an inch and a half in
length, and occasionally more. In this area,' too, there are several sharp
cones one or two hundred feet in height, which suggest volcanic veIlts, but
no craters are traceable; and the evidence of degradation opposite Virginia,
especially the flatness of the smface previous to the fault, as is proved from
the present regular character of the fault-curve, makes it improbable that
distinguishable relics of craters or cones of eruption should remain. In the
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area north of Cedar Hill Canon this andesite is much less homogeneous
than nsnal, varying in textnre from coarse to fin e frequently,. and almost
without transitions. These differences have been emphasized by decomposition and erosion, which have carved out projecting dike-like sheets,
fantastic columns, and the like, from the heterogeneous mass.
That this rock is younger than the quartz-porphyry and the diabase is
very evident ffom the sections, since it overlies these rocks vertically in
wide areas, while there is nothing in their relations suggesting lacc'olitlc
masses.
There are some east-and-west veins in the hornblende-andesite near
Silver City, which are said to have yielded in the aggregate considerable
quantities of bullion. The only mil1es which conld have thrown any light
on the origin of this ore, however, were closed at the time of the examination. They are near the Justice mine, which shows a great complication of
rocks in its ore-bearing region, and the ore of the east-and-west veins is
very probably due to the same general causes as the Justice ore-body. The
andesites themselves do not give considerable assays.
Augite-andesite.-In its general features, the occurrence of angite-andesite
.
closely resembles that of the preceding rock. It, too, appears to have issued
_ on a fissUl'e nearly parallel to the LODE and to have spread very extensively
over the country; indeed, the present surface shows a greater area of it
than of the earlier hornblende-andesite. It is possible that its eruptions
were not confined to the fissure cut by the Sutro Tunnel. Basalt Hill, B 6,
for example, still some 300 feet high, may well ' be a relic of a still larger
ernptive cone, rather than a remnant of an overflow from a fissure at a conRiderable distance. Like the older andesite the relations of the augite rock
to the faulted surface near Virginia seem to show that it was eroded down to
a level in that region before the fault occurred. Its character throughout
the DISTRICT is, as a rule, very uniform . It is possible, however, that a
few localities described as hornblende-andesite are in reality local modifications of this rock. Thus the rock containing the born bIen des with
two concentric belts of magnetite, a crystal from which is shown in Fig. 17,
Plate IlL, is exposed only by a cut 1,000 feet east of the railroad station, in
C 7. It is within but very near the edge of an area of augite-andesite,
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which appears everywhere to lie directly upon qnartz-porphyry or still
older rocks . . If hornblende-andesite proper occurs here, it should show at
the contacts; but the nearest area of the hornblende rock is 6,000 feet
away. If this is properly to be clalSsed with the augite-andesites in spite
of its mineralogical composition, it is quite possible that the three small
patches of earlier hornblende-andesite shown on the map, each of them
entirely surrounded by augite-andesite, may also be of this character.
Independence of the augite-andesite eruption.-The two rocks are so mnch alike that
some lithologists doubt the propriety of classifying them as different species,
but in the vVASHOE DISTRICT they are certainly different eruptions. The
contacts in the Butto Tunnel, the Forman shaft, and at many points on the
surface are well defined, and the mineralogical character is persistent over
very large areas, in spite of a few doubtful localities. It has bean seen that
there are also points where it is very difficult to say whether the rock is to
be regarded as diorite or diabase. The absence of such occurrences wonld
be a matter 'of surprise, for the character of a rock depends upon combinations of chemical and physical conditions, which cannot be identical at any
two points. Each so-called rock species represents an endless number of
such combinations, and some of these are indistinguishable from those attending the formation of allied species. The strange fact is not the occurrence of transitions, which are after all exceptional, but the persistence of
rock types not only within limited areas but throughout the world.
In determining the succession of the hornblende and augite-andesites
position alone can be relied upon, for the tw'o rocks are so closely allied
that it would be impossible to dilStinguish with certainty between an inclusion and a local modification in composition. The indications of position,
however, all tend to the supposition that the hornblendic rock is the older,
as may be seen from an inspection of the sections.
Occidentallode.-The Occidental lode occurs iIi augite-andesite: Unfortunately the principal mines were closed at tlle period of the investigation,
and it could not be studied satisfactorily. The dump of the Occidental mine
seems to show that a contact with micaceous diorite is encountered in the
workings. This lode is plotted on the map from distinct croppings and
mine surveys, and its trace is a further remarkable illustration of the par-
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allelism of structure so frequently referred t.o. Even the sinuous form of
the CmrsTocK is almost exactly reproduced in the Occidental lode. Bedded
flows aggregating over a mile in thickness could never have resulted in so
nearly perfect a parallelism.
Later hornblende-andesite.-The Sutro Tunnel section shows a fourth very steep
contact between augite-andesite and younger hornblende-andesite; but the
eastern portion of tbe former, though covered for the most part, did not
sink in the younger rock below the level of the tunnel, and even reaches
the surface near the mouth of the adit. The manner in which the portions
of diabase and earlier hornblende-andesite which lay to the east of the
masses now in place disappeared, is a matter of speculation; the Sutro
Tunnel section shows that the corresponding area of augite-andesite really
sank into the later bornblende-andesite. Had it settled a few hunched feet
farther, it would have left as little trace behind it as did the earlier rocks.
So far as the 1VASHOE DISTRICT is concerned, however, the eruption of later
hornblende-andesite was probably less violent and less voluminous than
that of either of the preceding andesites, and was therefore not so likely to
bury the east country to a great depth. Above ground, instead of lying
on a curved surface reducible to an original plain, it forms a range of
mountains extending to the north far beyond the limits of the map. These
do not appear to have suffered greatly from erosion, for even near the summits they are largely composed of tufa and tufaceous breccia, which conld
offer little resistance to water currents. It does not appear to me that the
existence of this range in its present form is compatible with the supposition that a large area of the same rock has been removed by erosion.
Making allowance for faulting/ the older and firmer rocks have been worn
down to a tolerably smooth and uniform surface, upon which the presellt
younger hornblende-andesite range lies in rugged masses. Had the older
andesites and the diorite been cut away after the formation of these hills, the
latter must have suffered at least as much as the older rocks ..
Evidence of .light ero.ion.-There is no evidence that they have done so; on
the contrary, if the contours of the map within the area laid down as younger
hornblende-andesite are examined, it will be seen that these are not such as
commonly resnlt from deep erosion. Compare, for example, the steep follopes
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of the Flowery range with the older hornblende-andesite declivity west of
Ophir Hill. In the latter locality every water-way has eaten deeply into
the rock, and every slightest undulation in the line of cliffs has g,iven rise
to an eroding streamlet during wet weather. On the Flowery range the
drainage channels are far apart, and very shallow, and many undulations
which in a deeply eroded district would be sure to be emphasized by water
carving show nothing of the sort. The contact line between this rock and
the augite-andesite seems to me unlike contacts developed by erosion. It
has a very different character from the othe~ contacts in the DISTRICT, and
reminds one strongly of the forms a~sumed by slag slowly oozing over the
floor of a smelting-works. The structure of the rock, as seen on large
exposures, appears to indicate subaerial rather than subterranean deposition.
Plate VII. shows the east flank of Mount Rose, and is accura:tely reproduced from a photograph. Rude, thick layers of eruptive material, mostly
tufa and breccia, are plainly visible in this locality, though they are traceable over no great distance. It is easy to see how such beds might form
in successive eruptions, or through the variations in activity of a. single prolonged eruption; but it is difficult to account for snch a structu~e in a mass
which has cooled beneath the surface, and has been expos~d by erosion.
Such a mass would be characterized by dike-structure rather than by beds.
The physical character of the varieties of this rock, considered with
reference to their occurrence, is also difficult to reconcile with the supposition that the range is a mere relic of erosion. As has been explained, in
Chapter III., some of the younger hornblende-andesite is dense and glassy,
and other modifications are firm enough to resist decomposition better
than ordinary augite-andesite. In an' eroded district these harder rocks
would be looked for on the summit, and the soft tufas would be found, if
at all, in protected localities; but, as has been pointed out, the tufas are most
abundant at the summits. Deeply eroded areas of eruptive rocks almost
always show patches isolated, or patches nearly separated fro_m the main
field, by the action of water. To a certain extent this is the case with the
younger hornblende-andesite, for the two little areas near the Sierra Nevada
mine were unquestionably cut off from the tongue of this rock extending
from the Flowery range towards the Utah, by the erosion of Seven ]\fi}e
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Canon. Monnt Abbie, on the other hand, shows amphitheatrical basins.
which are not impossibly relics. of craters, and that mountain very likely
represents a separate, though unimportant, eruption. But had the rock
covered much more country than at present, it is almost certain that other
patches would have been cut off exactly as those near the Sierra Nevada
have been, and as various tracts of augite-andesite, quartz-porphyry, etc.,
have been separated from one another. It has been supposed that there
were such patches near the Combination shaft and the new Yellow Jacket,
but the statements rest upon -erroneous determInations.
In the Sulro Tunnel the fissure system parallel to the LODE extends to
the younger hornblende-andesite, but though this rock, particularly neal' its
western limit, shows evidences of dynamical action, I was not able to make
certain ~f any regular partings within its mass. On mere geometrical
grounds it could hardly be expected that the fissures would be traceable in
thit; rock, for at so great a distance from the LODE the logarithmic curve '
and its asymptote sensibly coincide.
There can be no doubt that the younger hoynblende-andesite succeeded
the augite-andesite. In the SutfO Tunnel section it is seen directly overlying and inclosing the augitic rock, and 011 the divide between Mount Kate
and Mount Rose the augite-andesite can be traced passing horizontally beneath the trachytic-Iooking porphyry. The peninsular-like area neal' Sutro
Shaft IlL would seem, too, to be a flow from the main body, not an inde- ~
pendent or subsidiary eruption; for the tnnnel, though passing close by this
area, shows none of the younger rock west of Shaft IL, nor is there any
sign of special disturbance of the augite-andesite in the tnnnel near Shaft

III.
Basatt.-Besides the five little patches of basalt shown on the map,
there is another of about the same size directly west of these, and just beyond. the limits of the map. It is said that a few miles farther south there
are considerable areas of this rock. Two of the five occnrrences shown are
very characteristic mesas, and the rock is in every way typical. The only
remarkable fact connected with it is its small extension. No general effect ·
upon the history of the DISTRICT has been certainly traced to it. Though the
basalt comes in contact only with pre-Tertiary rocks and earlier hornblende-
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andesite, there can be little doubt that it is the youngest of all. Its relations to
the andesites have been observed in a great ~umber oflocalities in the western
United States, and it has always been found to succeed them. This general
evidence is strengthened in the present case by the extreme freshness of the
olivine, which even under the microscope often shows no trace of decomposition. As olivine is the most readily decomposed of all the lithologically
important minerals, this fact is evidence that the basalt is very recent.
Period of solfatarism.-The geologists who have studied the COMSTOCK have
always sought to connect the solfataric action, which is so important a feature of the DISTRICT, with one ,or other of the volcanic eruptions. Since the
augite-andesite and the rocks which preceded it are deeply altered by solfatarism, and even portions of the younger hornblende-andesite are also thus
affected, the general decomposition cannot be placed earlier than the emption of the last-mentioned rock. Portions of an eruptive rock may be immediately decomposed by the emanations accompanying its ejection, but
before an extensive area can be decomposed throughout, it must probably
cool and be shattered by mechanical action sufficiently to adm"it a somewhat free penetration of active solntions. If the solfataric action is due to
one of the eruptions, it. must then be either to that of the younger hornblende-andesite or to that of the basalt. . But direct evidence of such a
connection is wanting. The focal line of solfatarism is at or close to the
LODE.
The YOUIiger hornblende-andesite area shows no trace of it except
where it approaches the vein; and, as has been mentioned, the basalt shows
no effects of solfataric decomposition. It is also somewhat difficult to understand how an eruption can produce extraordinarily intense solfataric action
at a locality somewhat l;emote from the vent of its own fluid ejecta, and not
also at or close to that vent; though I by no means deny the possibility
of such a coincidence.
While, ho.wever, the solfataric action appears to me, beyond question,
one of the series of volcanic events of which the history of the DISTRICT
is so fun, it does not seem to be necessarily connected immediately with an
eruption of lava. There are mud volcanoes; and solfataras are often active
at periods of time remote from those of emptions in their neighborhood,
and though the emission of heated waters frequently attends igneous erup-
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tions, there appears no reason to suppose that vast quantities of heated
fluids may not be driven to the surface without an accomrianiment of lava.
The solfataric action and the fault are certainly contemporaneous, and may
together form the entire volcanic manifestation of the period in which they
occurred. If they were independent of the eruption of younger hornblende-andesite, they must have been subsequent to it; and I believe it
most probable that such was the case. Of their time relations to the basalt
el'Uption there is no means of judging.
COllections.-'l'he disputed character of anum bel' of the rocks of the
DISTRICT made very full collections essential to the substantiation of the
views maintained in this report. A cabinet series of 200 specimens was
col1ected in triplicate, one set being designed for the lithological col1ection
of the National Museum, a second for the geographical col1ection of the
same institution, and a third for the San Francisco office of the Geological
Snrvey. By order of the Director, the size of these specimens is 4 inches
by 5 inches, their thickness being from an inch to an inch and a half.
Though t~lese specimens, selected with a view t.o representing the DISTRICT
as well as possible, amply snffice for the ordinary purposes of stndy, so small
a number was not found snfficient to justify the geological map and sections.
A working collection without dnplicates was therefore also gathered. The
size adopted was only 1~ by 2~ inches, ill order to lessen the labor of
gathering them and to facilitate their use in the office. This collection contains over 2,000 numbers. Slides were ground whenever they seemed likely
to afford desirable information, and the total number cut was about 500.
The locality of every specimen was recorded at the time of collection
on a map of the surface or of the mines as the case might be. The mine
maps employed were on a large scale, and the localities are llsnally accurate
to three or four feet. The surface map being on·a comparatively small scale
the positions are less precise, but are recorded as accurately as practicable.
On the sections of the LODE, shown in the Atlas, the points from which specimens were collected are marked by crosses, while each locality from which
there is a slide is indicated hy a large black dot. On the surface map a
red cross shows the localities microscopically determined, a single crORS
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often representing n number of slides. Accompanying the collections is a
copy of the surface mnp, showing the position of each specimen with its
number. The numbers of specimens of which there are slides are underlined, and cabinet specimens nre distinguished from those of the working
collection. The collections are also flllly labeled and completely cata.logued.

OHAPTER VI.
CHEMISTRY.
General nature of the chemical activity.-'1'he general results of chemical activity
which have been observed in the WASHOE DISTRICT can be very briefly
stated. Decomposition is widespread, but while in the greater part of the
area it has not seriously modified the character of the rock, the alteration .
within a certain portion of the region is profound, and often wholly obscures
lithological distinctions. This area of extreme decomposition is precisely
the most important, lying immediately about the LODE. 1 The characteristic
bisilicates of the eruptive rocks have been replaced by chloritic minerals,
epidote, quartz, and calcite; pyrite has been deposited in the mass of the
rock, and the feldspars have in great part undergone degeneration of a
complex kind; finally, ore-bearing quartz has been deposited in the LODE.
It is the purpose of the present chapter to give as rational an account of
these changes as I am able to suggest, and to trace their geological relations. Auy such account must, in the present state of knowledge as to
the constitution of minerals, be largely hypothetical; but, although future
investigations will probably greatly modify the present conceptions of the
nature of inorganic compounds, the best hypotheses at present are those
which put t!1e least strain on well-proved theories. The WASHOE DISTRICT
affords, as has been seen, a remarkable opportunity for microscopic examination of the results of decomposition; not., however, for their chemical
investigation, for no occurrences have been met with in which single alteration products, excepting pyrite, are concentrated in sufficient masses to furnish good material for anal ysis. Even were this the case, it seems to me that
I
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little progress can be made ulltil definite criteria are discovered by which
the state of combination of the elements in fresh minerals can be decided.
Formation of pyrite.-Perhaps the most striking characteristic of the decomposed rocks of 'VASROE is the presence of innumerable bright crystals of
pyrite disseminated through the mass. The nnaltered rocks do not appear
to carry this mineral; if it. occurs in them at all it is certainly a very rare
ingredient. In the altered roeks pyrite, when present, is abtmdant nearly in
proportion to the degree of decomposition, and, except where it is exposed
to the direct action of the atmosphere, it is almost invariably perfectly fresh.
All the circumstances thus indicate that it is a product of decomposition.
The massive roeks contain iron, chiefly as magnetite and as a component of
the bisilicates; and the pyrite must have been formed by the action of soluble
. slllphurets on one or both of these compounds. The slides of the pyritous
, rocks, however, frequently show large quantities of sharply defined magnetite, while the bisilicates are in a majority of cases wholly decomposed.
There is certainly nothing in the association of pyrite and magnetite to suggest a relation; but the pseudomorphs of decomposition products after the
bisilicates are very freqnently stndded with small pyrite crystals, and occasionally real pseudomorphs of pyrite after augite or hornblende appear to
occur. Of these it is difficult to be certain,' however; for the size of the
pyrite individuals is usually considerable, relatively to that of their hosts; the
original crystal form is consequently never unmodified, and is commonly
altered beyond recognition. The distribution of the pyrite in the rock also
reminds the familiar observer of the distribution of the bisilicates in the
same rock, and macroscopical comparison of suites of specimens from the
same localities shows that the pyrite to all appearances is associated with
the bisilicates, and in ~xtreme cases replaces them. It is easy to lay too
much stress on an impression of this sort, yet when such an impression is
derived from the examination of many thousand instances it deserves some
weight. All the evidence thus tends to the supposition that the pyrite is
mainly a decomposition product of the bisilicates and of mica. Such an
alteration is quite possible in the ' presence of alkaline snlphideR, or of
hydrosulphnric acid; and, as has been seen, the w~ters even now entering
the mines three thousand feet from the snrfn:ce are charged with the latter
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reagent. Had oxidizing agencies been active to any great extent below the
snrface the pyrite must have been decomposed, and the inference from the
facts is strong that such has not been the case.
The formation of pyrite might conceivably either take place immediately at the expense of the bisilicates or be formed from secondary minerals;
but the ferrnginous silicates, chlorite and epidote, are frequently deposited
in veins and patches quite free from pyrite, and nothing has been observed
in their association with pyrite to indicate an epigenetic connection. It is
therefore more probable that pyrite resulted immediately from the action of
hydrosulphuric acid and similar compounds on the bisilicates. This action
could not possibly be unaccompanied by the formation of other alteration
products, for the whole stochiometric relations of the bisilicates would be
changed by the abstraction of iron. Since hydrosulphuric acid is a powerful reducing agent, it is a priori probable that the accompanying prodncts
would contain little ferric oxide, and as the bases in the bisilieates are fully
satmated with silicon a separation of silicic acid is indicated.
Formation of chlorite.-'l'he chlorite, which, as has been seen in Chapter IlL,
nearly always results from the decomposition of the ferro-magnesian silicates, is of uncertain species, but it is neither clinochlore nor pennine, and
answers ,yell to 'Verner's chlorite (the ripidolite of G. Rose). This mineral
has approximately the composition of a semisilicate, and contains little or
no ferric oxide . • It is also accompanied in a great proportion of cases by
secondary quartz, and often also by calcite. The occurrence of this last
mineral shows that carbonic acid, as well as hydrogen sulphide, must have
been present during the decomposition. of the rocks, and probably fronf the
commencement, for chlorite contains no calcium; and had hydrosnlphnric
acid alone acted on the bisilicates a calcium silicate must have resulted in
the first instance. Of :such a preliminary change, however, there is no
trace, although, as has been seen in Chapter Ill, it appears possible to follow the course of decomposition mineralogically from its incipient stages.
Calcite, however, is not nsually prominent among the d~composition prodncts of the bisilicates in specimens cQllected under ground, unquestionably
owing to its great solubility.
Circumstances favoring the formation of epidote.-That chlorite or ch loritic minerals
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very usnally result from the decomposition of hornblende, augite, and mica
is a well-known fact, and pseudomorphR of epidote, after these minerals: are
also common. The difference is great, for while chlorite contains little or
no ferric oxide and no calcium, epidote contains both, but is free from magneSlUm. It would seem, therefore, as if epidote must be formed under
such conditions that ferrous compounds might be oxidized, or such that
ferric compounds, at all events, would not be reduced, anQ, further, under
conditions favoring the solubility of magnesian salts rather than those of
calcium. It appears to me somewhat difficult to suppose the bisilicates
exposed to a sulphidizing action so strong as to result in the formation of
pyrite, and yet not sufficiently reducing to prevent the formation of ferric
compounds. On the other hand, pyrite, though of very variable stability,
often oxidizes with great difficulty, and the oxidation of ferrous compounds
may sometimes @e effected in its presence. Epidot~ might, therefore, form
in the presence of pyrite, but hardly contemporaneously with it. The
behavior of the salts of magnesium and calcium salts towards one another
is known to vary greatly with the physical conditions, especially with temperature, and presumably also with pressnre, and it is further affected by
the concentration of solutions. Thus, Dr. rr. S. Huntl found that when solutions of the chlorides and carbonates of these elements are evaporated at
ordinary temperatures, calcium carbonate alone is first precipitated; while,
when the solution is boiled, magnesium carbonate first separates. This and
similar facts tend to the supposition that high temperatures would favor the
formation of magnesian chlorite rather than of calciferous epidote.
·Conditions under which epidoteoccurs.-The underground rocks at ,VASHOE all contain chlorite in abundance, but epidote is uncommon. Thus, a special search
was necessary to discover epidote in the underground diabases, while perhaps half the augite-andesites from the surface coutain it in considerable
quantities. When it occnrs at a considerable depth it seems to be either
close to the LODE or near strong seams extending towards the surface, as in
one or two localities in the Sutro Tunnel. On the surface epidote is extremely
common, tinging whole areas of the yarious rocks with its peculiar green,
and occurring in many and widely separated localities. Where epidote is
------- --------------------------~----------------------------
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best developed, as in Orown Point and Ophir ravines, the accompanying
pyrite is usually decomposed either wholly or in part; and in localities at a
small distance beneath the surface, like the lI.fcKibben tunnel, it is in those
belts of rock which are evidently most highly decomposed that epidote is
found replacing chlorite.
Probable course of the alteration of chlorite to epidote.-Strong mineralogical evidence
has already been offered to show that epidote at VVASHOE is an alteration
product of chlorite. The indications of relative solubility are worth considering in this connection. Ohlorite is manifestly rather easily soluble, and
soon after its formation becomes diffused through the groundmass and any
porous crystals which may be present, settling, too, in veins when cracks offer
an opportunity for such a concentration. Epidote appears to be soluble only
in a greatly inferior degree; indeed, its faggot-like masses of crystals seldom
show anything which can be interpreted as attack by a solvent. If, therefore, chlorite and solutions of calcium carbonate containing free oxygen are
brought together under physical condition~ compatible with the formation
of epi.dote, it seems inevitable that epidote should be precipitated, unless
still more illsoluble substances may also be thrown down under the same
conditions.
It is well known that chlorite is frequently altered to a mass of quartz,
ferric hydrate, and carbonates. When this change takes place it is probable that at least a portion of the alumina is mingled in some form with the
iron oxide, and the carbonates most likely contain magnesium as well as
calcium. In the numerous cases of this change which have been observed
at WASHOE, the carbonates form a large portion of the resulting mixture, a
fact which appears to prove that the active solutions were but slightly charged
with carbonic acid, since, had it been otherwise, calcite and magnesite, if
separated out at all, would have been redissolved. Oases of the conversion
of chlorite to epidote and to carbonates, etc., often occur in the Rame slide,
and presumably under nearly the same physical conditions. It may be
that the decisive point is the quantity of carbonic acid present. If the two
processes went on at different times such a difference would be readilyexplicable, and if simultaneously it is not difficult to understand how the quantity
of carbonic acid might vary. Though rocks are permeable, the aqueous cur-
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rents are greatly obstructed, and move in labyrinthine paths of least resistance. Of this the lithologist is constantly reminded by meeting wholly fresh
crystals and entirely decomposed ones of the same mineral close together.
One tiny current percolating through the rock may meet with comparatively
large quantities of carbonates and become saturated, while another in the
same neighborhood remains well charged with carbonic acid and oxygen.
If the snggestion made is correct, the former coming in contact with chlorite would convert it into a mass of carbonates, quartz, and ferric oxide;
while the latter, which would be a solvent for carbonates, would convert
chlorite into epidote.
Nature of the decomposition of the bisilicates.-Qualified by all the doubts which have
been expressed, the observations considered in connection with the chemical
posi'ibilities lead to the following as the most probable statement of the
decomposition of the bisilicates of the ·WASHOE rocks. ·Waters charged
with hydrosulphuric and carbonic acids, but containing no free oxygen, at
temperatures probably very near the boiling-point, acted upon the fi'esh
augite and hornblende (or mica}, producing from them pyrite, cblorite,
quartz, and carbonates of the alkaline earths simultaneonsly Of these a
large portion of the carbonates passed into solution. At a later period surface waters at lower temperatures, containing carbonic acid -and free oxygen
in solution, produced a fmther alteration of a portion of the chlorite in the
rocks near the surface, or peculiarly accessible from it. "'Vb ere carbonic
acid was present in excess epidote resulted; where, through saturation with
carbonates, the carbonic acid was deficient, the chlorite was altered to carbonates, quartz, and met~llic oxides, no doubt with admixtures of less important componnds.
Magnetite.-No place haE! been given to magnetite among the decomposition products of the bisilicates. As all the rocks contain large quantities
of this mineral constantly associated with the bisilicates, and often so thickly
distributed in perfectly fresh crystals (particnlarly of hornblende) as to leave
but little of the host visible, it is difficult to distinguish sharply between
the primitive and the secondary occurrences of the iron ore. In fact, I have
not been able to make absolntely snre of more than one or two -instances
of secondary magnetite, though snch an OrIgm seems probable enough in
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many cases. On t.he other hand, it Reems certain that the black border of
many hornblende~ has been attacked, and has given place to a transparent
mineral, which is more or less diffnsed in and obscured by the gronndmasR.
The natural supposition is th::\t it is fenolls carbonate.
I1menite.-Titanic iron ore lllayoften be observed in slides from the DISTRICT passing into leucoxene.
The nature of this substance is donbtflll,
and no occnrrence in the DISTRICT is conclnsive as to its nature, yet many
cases have been observed the character of which would be very satisfactorily
accounted for if the supposition of Messrs. Fonque & Levy, that lencoxene
and titanite are identical, were accepted.
Decompositi~n of the feldspars.-The feluspars of the ,VASHOE region have offered
a far more effectual resistance to decomposing agencies than the bisilicates,
much more, too, than would be supposed from a macroscopical examination
of the rocks. In the mines it is very rarely that a particle of augite,
hornblende, or mica, can be found, these minerals being nearly always
wholly replaced by alteration products; but it is the exception when a
moderately hard rock does not show nnder the microscope well defined and
fairly fresh feldspars. When wholly nnattacked the feldspars of diabase,
of some diorites, and of the older andesites are transparent, and the rocks
then show only the tints due to the presence of magnetite and the bisilicates.
They are then dark, somewhat hasaltic-Iooking masses. But when o~ly a
very minute amount of change has taken place in the feldspars, they become
opaque through irregular reflection, and form the most prominent feature
of the rock. Rough estimates, made with the help of the microscope, indicate that the decomposition of much less than one per cent. of the feldspar
substance suffices to destroy the transparency of the crystals.
The nature of the decomposition of the feldspars is still very obscure.
It is usually considered that the triclinic feldspars as well as orthoclase are
sometimes converted into kaolin, though Professor Tschermak maintains,
as an analytical result, that the hydrated aluminium silicate resulting from
the alteration of plagioclase contains but a single molecule of water, and
not two, as is the case with kaolin. Saussnrite and pinitoid are the names
given to complex silicates, or mixtnres of silicates and other substances,
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which often result from the decomposition of feldspars; and mica and epidote
are counted among the products of alteration.
Kaolin.-Kaolin is microscopically an obscure miner~l. According to
Mr. H. Fischer it is amorphous, while Mr. A. Knop found it to consist of
delicate hexagor~al plates of the rhombic system. Breithaupt named this
crystalline modification nacrite, and M. Des Cloizeaux pholerite. If saussurite
and pillitoid are really independent minerals, it i,s certain that these names
have also been given to mere mixtures resulting from the extraction of portions of the silicic acid and of the stronger bases.
Evidence of the microscope.-In the 'VASHOE rocks, as is usnal elsewhere, the
first indication of decomposition is the appearance of calcite and quartz in
the more or less carious crystals. This is doubtless attended by the formation of soluble alkaline silicates, which, however, are not recognizable under
the microscope. As the process continues the striations are obliterated, and
the final result is a heterogeneous mass showing aggregate polarization,
sometimes only faintly translucent, and containing in a recognizable form
oIlly g-rains of calcite and quartz. No amorphous Stl bstance has been observed, nor any hexagonal lamellre answering to the description of nacrite.
Mica, too, appears to be absent, although occlllTing among the decomposition products of similar rocks at no great distance from Virginia. Chlorite
aIld epidote are common in decomposed feldspars, but in many cases it seems
certain that chlorite due to the decomposition of the bisilicates has merely
permeated the spongy mass; and 'epidote has repeatedly been observed
developing in patches of chlorite, which were surrounded by feldspar substances, just as it has been described and illustrated as occurring in altered
bisilicates. No case has been met with in which either mineral was distinctly parasitic on feldspar,
All lithologists agree that chlorite forms from the bisilicates, and that
feldspars become carious; it is also acknowledged that chlorite is diffused
through the portions of the rock mass in the immediate neighborhood of
the point at which it forms. It mnst therefore penetrate the feldspars where
these are partially decomposed, in all rocks in which the bisilicates are to
any extent converted into chlorite. It is, of conrse, by no means necessary
that the point at which chlorite gained access to the feldspar should be
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visible, for entrance is as likely to have been effected above or below the
plane of a thin section as in it.. If chlorite and epidote really occur as
results of the decomposition of feldspar, it should be easy to show the
parasitic growth of chlorite in feldspars, just as its development from hornblende has been shown in the present volume.
Chemical analysis.-The microscope gives mainly negative results concerning
the decomposition of the feldspars of the ",VASHOE rocks. Chemical analysis
of the decomposition prodncts conld lead to no definite results, because no
reasonably pure material conld be obtained, and the only remaining source
of information is the analysis of the rocks. The diabase from the hanging
wall of the LODE, which was analyzed, is a very slightly altered rock, and
has been described under slide 18. Its feldspars are transparent and have
undergone only an inappreciable amount of alteration; the rock nevertheless
contains a considerable quantity of water, as is shown by its loss in ignition,
2.4 7 per cent. Abundant fluid inclusions accou?t for a part of this loss,
and the water of hydration of the small amount of chlorite it contains for
another portion. The ignition loss no doubt includes It small amount of
carbonic acid. The "propylite horse" analyzed by Prof. 'V. G. Mixter was
in all probability decomposed diabase. An inspection of the analysis shows
either that silica had been deposited in the rock, or what seems more likely,
that the bases had been in large part extracted. It contained 1.83 per cent.
of water, or about two-thirds as much as the fresh rock. The bisilicates
must have been represented by chlorite, which contains about 12 per cent.
of ....water. The small qnantity of alnminium not entering into the chlorite
may possibly have existed as kaolin, a supposition neither proved nor disproved by the analysis, which, however, shows that the horse eontained at
most a small percentage of that mineral. Four analyses of clays made for
the Exploration of the Fortieth Parallel" by Professors Johnson and Mixter
are available. It is here, if anywhere, that kaolin must be indicated. On
comparison of these analyses with that of the fresh diabase, it appears that
they do not represent concentrations of any special min~ral, but merely
highly altered rock masses. Barring the pyrite and water, the fir~t three
show very nearly the same composition as the fre'sh rock, while a portion
of the silicic acid has apparently been abstracted from the Savage clay.
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The quantity of pyrite corresponds fairly well with the deficiency of iron
in the clays. Taking into consideration that these clays must have contained chlorite corresponding to about 18 per cent. of augite, it ·appears
from the water contents that those from the Chollar and the Hale & Norcross can have included little or no kaolin. Those from the Yellow Jacket
and the Savage, on the other hand, may have contained both chlorite and
kaolin, but the latter only to the extent of a few per cent.
Kaolinization not prevalent at washoe.-The weight of evidence is thus reasonably
strong that in the regions thus far exploited on and near the CO~ISTOCK,
kaolinization, if it has taken place at all, has occurred only to a very trifling
extent, and that the degeneration of the feldspars results almost wholly in a
mixture of silica, calcite, and unrecognizable minerals, earthy in texture, in
part nearly opaque, and of a light color.
Occurrence of ore and the accompanying rocks.-As may be seen from the maps and
sections, the COMSTOCK LODE is several miles long, and is found in contact
with various rocks. The fissure is not simple, but ramified, and might have
been represented as still more complex, for the quartz veins struck by the
McKibben Tunnel· in Spanish Ravine, and by the Peytona and other workings on Cedar Hill, are unquestionably either stringers joining the LODE at
unknown points, or subsidiary parallel veins due to the same chain of dynamical and chemical causes as the COMSTOCK. It appears from the longitudinal vertical projection that .but a small fraction of the fissure has been
fined with ore. Thi~ statement, however, requires explanation and qualification. Nearly all the vast mass of quartz on the COMSTOCK contains considerable quantities of silver and gold, but none, of course, is extracted
which will not pay for working. While auriferous gravels may yield a handsome profit when they contain considerably less than ten cents per ton,
and gold quartz may sometimes pay which contains two or three dollars,
CmfsTocK ores carrying less than about twenty dollars can usually be
extracted only at a loss. Geologically the COMSTOCK must. be considered
as filled with metalliferous gangue, enriched at numerous spots, which are
known by the Si)anish mining term "bonanzas."
Vastly the most productive area has been that portion of the main
LODE between the Overman and the south end of the Sie1Ta Nevada mine.
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Bu1lion has also been produced at the Just~ce to the south, and from the
veins on Cedar Hill to the north. In the Virginia and Gold Hill mines,
and on Cedar Hill, the gangue iR quartz, only occasional masses of calcite
of insignificant size having been encountered. South of the Oeerman, on
the other hand, the gangue is largely calcite.
The quartz of Cedar Hill carries free gold, alloyed, of course, with a
little Hilver. Certain stringers from the main LODE and the" west vein" of
the COllISTOCK, as that portion lying to the west of the great horse in Vir~
ginia City, above the line at which the two fissures join, is usually called,
are of the same character. The Justice ore was argentiferous, but very
"base," carrying large quantities of galena, zinc blende, etc. rrhe ore
bodies on the main LODE in Virginia and Gold Hill, which have yielded
almost all of the bullion extracted, may profitably be considered as of two
classes. The greater portion of the bullion has been derived from minerals
disseminated in the quartz in microscopic particles. Ore of this kind is
often distinguishable from barren quartz by bluish stains, but not always.
The quality, and even the presence of ore, can in many cases only be told
by assay: and superintendents who have taken part in tbe minillg operations almost from their commencement do not hesitate to confess that their
judgment of the quartz i~ often at fault. The behavior of this ore in amalgamation shows that its silver contents is mainly due to argentite. Its gold
contents constitutes from one-quarter to one-half its total value. N ear the
outcroppings many bunches of other ores occurred,. such as stephanite,
polybasite, ruby silver, etc. These were in some cases accompanied by
relatively large quantitieR o~ galena and zinc blende. In the great Consolidated Virginia and California bonanza, several streaks or veins of very
rich blaek silver ores, said to be mainly stephanite, occurred.' These were
separated from the surrounding ore-bearing quartz very sharply, aR if of
later origin
Pyrite is found everywhere, both in. the country rock and in the ore
disseminated in small crystals. It is less frequent in the quartz than in the
country rock, but it is especially abundant in the east country, opposite the
ore bodies. It also occurs with frequency in the diorite west of and near
the LODE. In all these caseR it forms but a small portion of the mass-say
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from ten per cent. downwards i but in the graphitic slates forming the west
wall in the Gold Hill mines, bunches are met with in which it is the predominant constituent. These are, however, usually only a cubic foot or
two in size, and appear to occur only close to the vein. As a rule, the slates
are not much more pyritiferous than the diabase.
Relations between ores and rocks.-There is an evident relation between the inclosing rocks and the character of the ore. The rocks occurring at and
near the Justice, with its refractory ores and calcite gangue, are metamorphic diorite, mica-diorite, quartz-porphyry, and hornblende-andesite. The
Cedar Hill gol~-quartz veins are in diorite} The ores of the more important mines lie on the contact between diabase and diorite.
There seem to be but two probable ways in which these differences
can have come about. l The ore deposits might have taken place at different times, and therefore under different conditions, or the contents of the
fissures may have been extracted from their walls at the same time, and the
differences be due to the composition of the surrounding rock. If the
Cedar Hill veins were deposited at a different time from the main mass of
the COMSTOCK ore, it must have been at an earlier date, for the vast quan~
tities of solutions which reached the COMSTOCK could not have failed to
penetrate the fissured diorite. Not only stri~gers from the COMSTOCK, however, but even the "west vein," are of the ~mme character as the Cedar Hill
quartz. When this west quartz was deposited the fissure below was certainly open, and had it been deposited before the argentiferous ore, it is
scarcely possible to suppose that it would not also have filled the vein at
lower points. If they were to be assigned to different periods, one would
also expect to find eithei~ gold veins in the east country, or silver veins in the
west. In sho'rt, there is much to show that these two classes of deposits
were contemporaneous; and I know of no evidence tending to show that
they are not ascribable to a single period. 'The Just'ice ore body is not
closely enough connected with the more important portion of the COMI It is also conceivable that the ores should have been precipitated from solution by the rock
forming the walls and the horses, and that the observed differences are due to the character of the
precipitant. All the evidence of ore deposit~ in general, and of the COMSTOCK in particular, bowever,
appear to me to point to changes of temperature and pressure, evaporation and the action of liquid
reagents, as the causes of precipitation. In describing the LODE I shall be obliged to recur to this
. sllbjp.ct.
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to permit of a detailed comparison, such as that given above, but
in the absence of proof to the contrary it is probable that it too was deposited at the same time.
Time relations of the ore.-During the period in which the field work for the
present volume was done, there was but very little ore in sight. "\V'hat I have
seen of ore neal' the Cl'oppings exposed in a few reopened workings, however,
and recollections of the streaks of high-grade ore in the" great bonanza," lead
to the belief that these rich concentrations were of later origin than the mass
of the ore. 'fhe quartz in the Consolidated Virginia and California was
almost everywhere a crushed, powdery mass, while the thin and persistent
veins of black ore running through it were very solid. A somewhat similar relation seems to have existed llear the Cl'oppings, and it is not impossible that these ores were formed at the expense of others of the more usual
kind at a later date, and that they occupy spaces opened in the ore masses
by faulting action.
Origin of the vein minerals.-It is well known that the able and laborious investigations of Prof. F. Sandberger1 have added greatly to om knowledge of
the distribution of the metals in unaltered rocks, and of the reactions by
which in many cases they have been concentrated in veins. Though not the
first to show that the hi silicates, as well as mica, sometimes carry small
quantities of the heavy metals, he has multiplied the known instances so
greatly as to establish the frequency of such a composition. In many
cases it is an exceedingly complex matter to prov.e a possible connection
between a vein and the surrounding rock, because the minerals present ill
noticeable quant.ities are numerous. This is not the case at WASHOE, for
quartz, silver, gold, and sulphur predominate so greatly over all other elements that if the presence of these is accounted for, the problem may be
considered solved, unless the solution offered is inconsistent with the presence of small quantities of calcite, galena, zinc blende, etc., and with the
general distribution of pyrite.
Origin of the quartz and ore.-N 0 chemical analysis is necessary to detect a
p.ossible origin for the quartz of the LODE. Macroscopical and microscopical examinations sufficiently show the enormons destruction of primary siliSTOCK
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cates which has taken place throughout a large area. On the other hand,
minute quantities of gold and silver can be more easily and more certainly
determined by dry assay than by analysis, provided that pure lead reagents
can be procured But the selection of suitable material for the investigation of the gold and silver contents of the WASHOE rocks was by no means
a simple matter. As has been seen, there is but one spot known in which
nearly fresh diabase can be collected, and that close to the COMST~CK fissure.
)Ioreover, the quantities of the precious metals to be dealt with are so minute
that a mere trace of infiltrating solutions of their compounds would impart
a comparative}y important metallic contents, and that such impregnations
occur in some of the rocks there is very good reason to believe. This
occurrence of fresh diabase is therefore open to suspicion. If, however, the
diabase which fonm; the east or hanging wall of the LODE is the source of
its gold and silver, fresh portions of the rock will show a larger quantity of
the precious metals than decomposed samples; while, if the source of the
ore were independent of the diabase, decomposed portions of the latter,
being more porous, would have been more readily and fully impregnated
by the meta11iferous solutions. Moreover, it has been shown that pyrite
forms at the expense of the augite of the diabase, and as pyrite ~s k~own to
have a very strong affinity for gold, the decomposed pyritiferous rock should
show a greater proportion of gold to sil ver than the fresh diabase, if this rock
is the source of the metals. Were the original distribution of gold and silver
and their subsequent extraction nearly llnifo!~m, the composition of the ore in
the LODE would correspond to the contents of the fresh rock, less that of the
decomposed rock and the pyrite, as shown by a limited number of assays.
The quantity of the precious metals occurring in the vein shonld also be
calculable from the extent of the decomposed rock. Such .ideal conditions,
however, are not to be expected. The excessive difficulty of obtaining a
representative sample of any gold or silver deposit is familiar to all mining
men, and in the COMSTOCK itself great variations, both in the relations of
gold to silver and in the total tenor, are of constant occurrence. On the
supposition that the metals have been extracted from the diabase these
variations indicate great irregularity in the leaching action or in the original
distribution of the metals, or, more probably, in both.
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Precautions observed in assaying.-The assays tabnlated at the end of Chapter III.
were made by my assistant., MI'. J. S. Curtis: who, in addition to a thorough
training, has had many years of experience in accurate and responsible
assaying. In attempting to detect minnte quantities of precious metals in
the 'WASHOE rocks, the first difficulty experienced was in obtaining suffi
ciently pure lead 01' litharge It was found that even that imported from
Germany and sold at a very high price as chemically pure was far too rich
in silver nnd too irregnlar in it.s silver contents to answer the purpose. In
this dilemma 1\11'. Rickard, of the Richmond l'Iining and Smelting Company, in
Eureka., was kind enough to place a refining fnrnace with a new test at Mr.
Curtis's disposal, as well as the pl1l'est of the lead refined by the Luce &
Hozan process in the works under his charge. By careful manipulation Mr.
Curt.is was able to prepare litharge assaying less than eight cents a ton and
of so regular a composition that, with the help of blank assays, the silver
contents of the rocks could be very exactly determined.
A series of experiments was then made to determine the time of reduction which would give a maximum result with material so poor in metals
as the WASHOE rocks. It was found that this time was mnch longer than
that requisite for the reduction of ore. Refined cream of tart.ar was the
reducing agent employed,with sodium bicarbonate and borax in carefully
determined proportions as fluxes. The cupels were made with great care
of two parts of bone-ash to one of cedar-ash, the surface being formed of
ellltriated bone-ash. In cupelling feather-litharge was invariably allowed
to form, and throughout the experiments no known precaution was neglected.
Gold detected in the rocks.-In addition to the silver contents of the 'N ASHO):;
rocks, gold also was detected, but in such minute quantities that little reliance
can be placed upon the relative tenor of different samples. It was established, however, that the fresh diabase carries as much as foul' or five cents in
gold to the ton, and furthermore that the pyrite, so abundal1t in the decomposed rocks, carries both gold and silver, but more of the former than of the
latter. Thus pyrite washed from the decomposed diabase 250 feet north of
the C. d; C. connection with the Nort.h Lateral of the 8'lttro Tunnel, assayed
three cents in silver and eight cents in gold, and pyrite from the Belcher
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slates gave eighteen cents silver and twenty cents gold. The diorite from
Bullion Ravine also showed an indeterminably small trace of gold, while
the andesites carry about as much as the diabase.
Silver traced to the augite.-It seemed probable from Professor Sandberger's
investigations that the augite of the diabase was the seat of its metallic contents. To test this point, the feldspar and augite were separated by Thoulet's
method and separately assayed. It appeared that, for equal weights, the
augite was eight times as rich as the feldspathic material, and, as a perfectly clean separation by Thoulet's method is impracticable, this seems
substantially equivalent to a proof that the silver is a constituent of the
augite.
Results of the assays.-By comparison of the different assays it appears that
decomposed diabase carries somewhat less than half as much silver as the
fresh rock. ,Vhere the decomposed rocks are pyritous, the experiments
made do not indicate any essential diminution of the gold contents. This
fact, however, is quite possibly due to irregularity in distribution and the
minuteness of the quantities of gold to be determined. As the decomposition of the rock in question has proceeded at a great depth beneath the surface, it is highly unlikely that silver should have been extracted unaccompanied by gold. Much of the decomposed rock, too, is nearly free from
pyrite, and had the gold contents of snch specimens been determined a
smaller percentage would probably have been found. The omission was
not detected until too late to resume the investigation. So far as quantitative relations are concerned, only the silver can be relied on, though the
qnalitative detection of gold as well is both interesting and important.
Comparison with the yield of the Lode.-If, then, the COi\n.. TocK LODE is supposed
to have derived its precious metals from the diabase, we should expect to
find that it yielded dore silver containing a small quantity of gold. The
gold contents has actually been very variable, in some few cases exceeding the value of the silver and in other instances amounting to only a fourth
of its value. The LODE has bee-n pretty thoroughly explored to a depth of
2:500 feet, and the extent of diabase exposed may be put roughly at a
length of R,OOO feet and a thickness of 2,500 feet. If about 13 cents per
ton, or, say, 1 cent per cubic foot, has been extracted from this mass, the
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total amount thus acconnted for is $500,000,000. Over $300,000,000 have
been actually put upon the market, and nearly $ 100,000,000 more have
probably been lost in tailings. The low-grade qnartz not extracted most
likely contains more than another hundred millions, but the sllm obtained
by calculation is nevertheless a fair approximation to the amonnt which the
LODE must actnally have contained.
On the other hand, if an attempt be
made to account for the ore on any other supposition than that it was derived
from the diabase, it seems very difficult to give a plausible explanation for
the disappearance of the gold and silver which appear to have been extracted
from this rock.
Otherrocks.-The diorite also contains precious metals; but 'while dim'itic
vein matter is highly charged, and even that at the mouth of Bullion ravine,
which is very solid but contains some pyrite and is very close to the LODE,
carri~s a notabJe qnantity, that from the head of the same ravine shows only
a trace of silver. These relations are the reverse of those observed in the
diabase and appear to indicate an impregnation from the LODE. The diorite
also contains a trace of gold. More could hardly have been e.25pected; for,
except 011 Ceda.r Hill, it has never been found worth while to treat the gold
quartz of the DISTRICT, at1Cl the Cedar Hill mines have yielded but little.
The andesites and the quartz-porphyry show only very small amounts
of silver, but the metamorphic diorite c~:mtains eight cents per ton. The
analysis also shows that this rock is highly calcareons, and it seems not
impossible that the Justice ore body, which is associated with the metamorphic diorite, was derived from it. The basalt, on the contrary, is
nearly as rich in silver as the older diabase, but no ore is likely to have
been extracted hom it, for the rock is not only the freshest in the DISTRICT,
bnt is remarkably fresh for any region, many of the olivines showing no
trace of attack.
Lateral-secretion theory affirmed.-On th~ whole, therefore, the chemical and geological evidence point to the lateral-secretion theory as the trne explanation
of the WASHOE ore deposits, and to the augite of the older diabase as the
source of the important ore bodies. It is ~vorth while to note that, according to report, many of the famon::; silver mines of the world are associated
with this rock.
15 C L
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Nature of the solvents,-As has been seen, there is reason to suppose that the
active reagents in the decomposition of the minerals of the diabase were
sulphhydric and carbonic acids. These acids so usually reach the sUlface in
volcanic regions that there seems no necessity for examining their origin
here, but it may be pointed out that solutions of sulphates rising through
graphitic slates, snch as form in part the foot wall of the Gold Hill mines,
would necessarily be reduced to sulphides. Both augite and plagioclase
would yield to the attack of carbonic and hydro sulphuric acids; carbonates
and sulphides of the alkalies and alkaline earths would be formed, and these
are solvents for quartz and snlphides of the heavy metals. There is no
difficulty, therefore, in accounting for the solution of the materials filling
the COMSTOCK LODE. It is somewhat less easy to trace the precipitation, of
the ore with certainty. Solutions of silica in water containing alkaline carbonates deposit silicic acid only on evaporation, not on cooling; but when
sulphides of the alkalies 'are also present a reduction of t'emperat,ure is followed by the precipitation of a portion of the silica. Solutions percolating
from the east country into the main fissure, where communication with
the outer air was less impeded, may have deposited some of the quartz in
consequence of cooling. This possibility, however, seems scarcely adequate
to explain the pllenomena.. Vast quantities of the solvent must have been
necessary to carryall the silica oQcurring on the Lom:; and it is difficult to
understand how any great amount of cooling can have taken place. If hot
solutions are 'snpposed to have issued as springs along the croppings, the
influence of exterior conditions on the temperature of the water below the
surface must have been insignificant, and Sandberger bas fonnd that copious
mineral springs deposit sinter about their orifices, but not ill the channels
leading to them. Even if the solutions may be snpposed not to have overflowed, being, as they mnst have been, in communication with an active
source of heat, they would have been maintained at a neariy.constant temperature by convection.
Precipitation.-Silica is very readily precipitated from solution, and it is
well known that when both silica and carbonate of calcium are dissolved
in the waters of bot springs, the acid is deposited near the source and calcite
at a greater distance. Sandberger states that when such solutions become
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saturated with carbonates the silica is precipitated. If so/ it is not diffi~ult
to understand how a continuous precipitation of silica may have taken
place while the carbonates were carri~d off in solution.
It has been explained that the DISTRICT shows very small evidences of
erosion since the deposition of ore began-less than one would suppose compatible with the deposition of quartz from flowing springs on so large a
scale. The DISTRICT presents many points of similarity to the neighborhood of Steamboat Springs, where but little water flows off, while abundant
columns of steam constantly rise from many vents. If, as seems probable,
the condition of things at WASHOE was similar, the precipitation of silica
must have been greatly accelerated by concentration of the solutions through
evaporation. Precipitated silica is, of course, in great part amorphous, but
its conversion into quartz is a well-known change.
1 This

statement is

110

doubt founded ou experiments, of which I have failed to find an acconnt.

CHAPTER VII.
HEAT PHENOMENA OF THE LODE.
SECTION 1.
GENER,AL DISCUSSION.

High temperatures of the mines.-One of the peculiarities for which the COMSTOCK LODE has been famons ever since deep mining began upon it, is the
'high temperature of the rock and of the water encountered. In this respect
it stands alone among ore deposits, though water heated to 125 0 F. has
been encountered in the Clifford mine in Wales, and very hot water is found
in the superficial workings of the cinnabar. deposits in the coast range of
California. On the 3,000-foot level of the COMSTOCK floods of water have
entered the mines at 170 0 F. 'Vater at this temperature will cook food, and
will destroy the human epidermis. Even a partial immersion in it is therefore fatal. In spite of very rapid ventilation, the air in the underground
galleries is often intensely heated and' is nearly saturated with aqueous
vapor. Many deaths among the miners have occurred from prolonged
exposnre to these unnatural conditions, which also add immensely to the
difficulties of geological exploration.
Normal increment of heat.-A great many investigations have been made during
the last years, in many parts of the world, on the increase of the temperature
from the surface of the earth downward. The observations have not resulted
in establishing a uniform rate of increase in any locality, nor is such a result
to he expected from any future observations. If the temperature is determined in a freshly drilled hole the record will necessarily be too high,
because the surrounding rock is heated by the mechanical action of the drill.
But the moment the rock is placed in communication ~ith air from the
smface, or with water from higher levels, it begins to cool off. Rocks are
228
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always more or less fissured, and a shaft or well of any depth commonly
drains the surrounding country, so that water from a bigher level is almost
invariably present at the bottom. If a shaft is kept pumped out, the equilibriulll of waters at a lower level may be disturbed, and currents from
greater depths will then rise into the excavation. Even when the snrface
is unbroken it is well known that there are usually subterranean currents, the course of which is determined by the structure of the -rock,
and which locally interfere with the regularity of the isogeotherms. While
absolute uniformity in the increase of temperature is nowhere to be expected,
a vast number of observations show that the variations are usually confined
to comparatively thin belts, and that they vibrate about a rate of 1 0 F.'to
from 50 to 60 feet of depth. Sir William rrhomson makes an increase of
1 ° F. for every 51 feet of descent the basis of his calculations on the secular
cooling of the earth. The marked exceptions occur in regions where there
are other evidences of an abnormal temperature, furnished by traces of
recent volcanic action or by the presence of hot springs.
Disturbing effect of local causes in mines'-If the observations taken in vertical
openings of small diameter, such as artesian wells and mining shafts, are
subject to fluctuations from local causes like those above mentioned, this
lllust be to a much greater extent the case in an extensive and complex
system of mines, such as those which are being worked on the COMSTOCK
LODE. The country is honeycombed to a depth of 3,000 feet. Above 150
miles of galleries have been driven, besides stopes of a very extensive
character, and in many of these artificial ventilation has been going on for
years. On account of the great heat, the ventilation is naturally rapid, al!d
is artificially stimnbted to the greatest possible extent. The air leaves the
mines nearly saturated with aqueous vapor, at an average temperature,
according to Mr. Church, of 92° F. In this wayan enormous quantity
of heat has been abstracted from the rock. Although before the opening
of the mines the country was almost absolutely dry, about 7,000,000 tons
of hot water are now yearly pumped from the LODE. Mr. Church estimates that the heat annually abstracted from the LODE by drainage and
ventilation, without considering evaporation, is as great as 55,472 tons of
anthracite ·produce in the best manufacturing usage. The disturbance of
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the natural distribution of the waters, and consequently also of the heat, is
further indicated by the immense pressure which the water often shows 011
. being tapped by the drills in the lower levels. This not infrequently
amounts to a head of several hundred feet.
Scattered observations cannot agree clOsely.-Taking these circumstances into consideration, it appears to me impossible to reach any accurate result by discussing in.detail the fluctuation of the temperatures observed at different times
in different portions of the LODE. Before ground w:as broken considerable
variations probably existed in consequence of the presence of convection
currents. Under the, present conditions it appears from the foregoing that
great fluctuations from a regular law of increase, and great anomalies which
cannot be immediately traced to theii· sources, must inevitably occur.
A first appro~imation from such data.-Baron v. Richthofen, although insisting
strongly on the abundant evidences of solfatarism, mentions no abnormal
temperatures. Mr. King gives a table of observations, from which it appears that the average temperature of the mine waters, from the surface to
the 700-foot level, is between 70° and 75° F. At a depth of about 1,100
feet he found water at 108° F. Mr. King remarks: "That to the waters is
. due the temperature of the whole interior of the LODE is evident from the
fact that they average a few degrees higher than the clays or rocky material." He notes only one instance in which the rock and water showed the
same temperature. Mr. Church made many careful observations, which he
has very fully discussed. He estimates the mean temperature of freshly
exposed surfaces on the 2,000-foot level at 130°. The water with which
the Gold Hill mines were flooded in the winter of 1880-'81 entered on the
3,000-foot level. It was repeatedly tested by the officers of the mines, and
by myself, and was found to have a temperature of 170° F. This water
was first struck at a depth of 3,080 feet, by a drill hole from the bottom of
the Yellow Jacket shaft. Taking into consideration that 170° is not an
average, but probably a maximum for this depth, these data indicate
roughly a nearly uniform increase of temperature of about 1 ° for every 28
feet. l If the attempt be made to discuss the observations in detail, great
irregularities will be found. As Mr. Church very pertinently remarks, "the

.

More exactly an increase of 1° in 28.7 feet for the interval of 1,650 feet between the 350·foot and
the 2,000·foot levels, and of 1° in 27t feet for t he 1,100 feet between the 2,000 anll 3,100.foot levels.
I
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mining works do not follow the lines of heat manifestation, but intersect
them in every possible manner."
Better data lately obtained.-Thanks to Mr. Church, better data have been obtained since his memoir was written. At his suggestion frequent observations have been made on the temperature of the rock and the water
encountered in sinking the Combination, the Yellow Jacket, and the Forman
shafts. A long series of observations has also been made in the Sutro Tunnel. These observations and their discussion will be found in the second
section of this chapter. Though they might properly be introduced here
their voluminous character makes it more expedient to consider them separately. The two chains of reasoning may be regarded as parallel arguments on the same subject.
Explanations of the heat.-Various explanations have been offered to ~ccol1nt
for the prevalence of high temperatures on the_COMSTOCK. The source of
heat has been sought in friction, in the oxidation of pyrite, in the kaolinization of feldspar, and in volcanic action.
That heat must have resulted from the faulting action there can be no
doubt, but the whole tendency of the evidence is so strongly against the
application of Mr. Mallet's hypothesis of terrestrial heat to this instance,
that a discussion seems unnecessary. The oxidation of pyrite, too, is a very
subordinate phenomenon on the COMSTOCK. It is well known that various occurrences of pyrite differ greatly in their behavior toward oxidizing
agents. rrhat found on the COMSTOCK is for the most part very stable, and
often remains exposed for years with no greater effect than tarnishing.
Most of the water from the LODE, too, shows but a small amount of sulphates. Indeed, there is much more reason to suppose that the formation
of pyrite is still in progress, on a small scale, than that the decomposition
of this mineral is the source of heat.
Statement of the kaolinization hypothesis.-The hypothesis that the high temperature is due to the kaolinization of feldspar, appears to rest on two positive
grounds, viz., that flooded drifts have been observed to grow hotter, and that
the solidification of water liberates heat. In the argument supporting this
hypothesis, its author makes the following statement:
"The direct evidence that heat is produced when water is brought in
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contact with these rocks is of constant occurrence in the mines, and is
offered, in fact, whenever a pump breaks or is stopped for any reason, and
water rises upon a partially decomposed seam. A case of this kind in the
Caledonia is of more than ordinary interest, for the reason tllat this was a
cool mine, both rock and water being but little above ordinary ternp'eratures. The heat of the air in the drift was probably not above 90° F., but
after lying twenty-four hours under water a·very marked change took place.
The water had reached. a thick seam of the kind that is solid enough when
dry, but swells with great force when wet. The I i-inch timbers were all
splintered, and the temperature of the level had risen probably to 110°,
though no observation was taken. Still the fact of increased temperature
and of increase from this cause alone was undoubted. Since that time the
Julia, Savage, and Hale &; Norcross mines have all been flooded and subse,quently drained. The Norcross has a fine current of fresh air, and I have
110t observed any complaint of its condition, but both the other mines were
reported to be extremely hot after their submersion. They were very much
above their usual temperature, and work was fi'eqnently stopped to allow
them to cool down. Such evidences cannot take the place of exact laboratory experiments, but they are just as incontestable proof of the fact of
heat, and high heat, from kaolinization, as if we had its precise measure."
Criticism on the evidcnce.-It will be observed that it is not stated when the
flooding of the drift in the Caledonia occurred, or who estimated the temperatures; nor yet whether the water of this particular flood was warm or cold.
With regard to the flooding of the Julia, Savage, and Hale &; Norcross
mines, the only event of the kind known to me was that which occnrred in
1876. This flood lasted for three years. Soon after its commencement an
official report 'of the superintendent gave the temperature of the water at
139°, and Mr. Ohurch reports it later (apparently early- in 1878) as 154°.1
The great heat of these mines appears to require no further explanation.
I am not able' to confirm the observation that flooded drifts grow hotter,
except when the water of the flood enters the workings at a high temperaI

1 This cbange of t emp erature is not remarkable and has not been advanced in favor of the chern-'
ical theory of the heat, for many millions of gallons were pumped from the flooded mines. Streams pet·colating from a large body of heated "VI'ater through new channels in comparatively cool rock will at
tirst be coolell; but they will grow wo.rmer as the rock is gradually raised to the temperature of the
water at the source.
.

,
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ture. There are many miles of drifts on the COMSTOCK flooded to a greater
or less extent; but a great number of observations made by my party show
that the water is hottest when it issues from the rock, and cools off by
standing in the workings. W"hen the wat.er at its entrance is tepid 01' cool,
it appears to remain so inde.finitely, even though it may be stagnant
Examination of the theory of kaolinization.-While no fact can be better established
than that the solidification of wat~r liberates heat, no direct conclusions can
be drawn from it as to the relations of the complex process of kaolinization.
The constitution of the unisilicates is still very obscure, and there is no
unanimity of opinion among mineralogical chemists, even as to the formulas by which they should be represented, while almost nothing is known of
the reactions which go on during decomposition. It may not be amiss,
however, to examine the question from a theoretical point of view.
Feldspar assumed as representative.-As has been shown in Chapter nL, the feldspars of the diorite and diabase which form the walls of the COMSTOCK are
apparently labradorite and oligoclase
Whether Professor Tschermak's
theory of the feldspar group is correct or not, a mixture of these feldspars
may for the present purpose be regarded as a compound of one molecule of
anorthite and one of albite. The mixed or intermediate (andesine) feldspar
may then be written
IAn

N 2Al
CaAI ~
+ lAb = (CaAl)Si 08 + S'~
~ Si 0 = Na AI Si 0
2

4

I

5

16

2

6

24

•

Si2

First step of decomposition.-The examination of thin sections leads me to believe that the first change in the feldspars of the WASHOE rocks is the
formation of calcite, accompanied by a separation of silica. The formation
of sodium silicate probably takes plaee at the same time, but is not traceable
by optical means, for it will dissolve, and either pass ont of the rock or
become diffused through it. If from the above formula
C~O
Si0 2 and Na 2Si0 3
are subtracted, it becomes

+
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The feldspars of the massive and metamorphic rocks are ordinarily
fresh/ and they appear to decompose only under peculiar conditions, the
details of which are not fully understood, but the circumstances point to
the intervention of external energy. Such behavior is characteristic of
compounds the formation of which is accompanied by a li.beration of heat.
The silicates containing a single base appear to liberate but a very small
amount of heat, for the thermal effect even of the formation of sodium
silicate is very small indeed, and that of calcium and aluminium silicates
is, by inference, smaller still. The separation of'the feldspars into silicates
of the earths will probably, therefore, be accompanied by the 'absorption
of heat, and so will the solution of sodium silicate. I know of no experiments to show precisely what is the thermal effect of the conversion of
calcium silicate into calcium carbonate, but the behavior of the carbonate
and silicate of sodium, and of calcic carbonate, leaves little doubt that it
must be the evolution of a small amount of heat, less than that evolved
by the formation of calcium carbonate.
Formation of kaolin.-If kaolin results from the decomposition of these feldspars, there must be a still further separation of silica, and an introduction
of hydrogen. The structural formula adopted suggests interesting possibilities. It is, namely, by no means impossible that the silicon represented
in the last formula as basic should be replaced by hydrogen by the reaction
2Si

+ 4H 0 =2Si0 + SR.
2

2

Were_this the case, the result would be silicic anhydride and

or twice
AP03, 2Si0 2

+ 2H 0
2

(the ordinary formula for kaolin), if the water is regarded as combined.
The heat liberated by the reaction
2Si

+ 4H 0 =2Si0 + 8H
2

2

1 It has been already remarked that the decomposi tion of an insignificant percentage of It feldspar
crystal robs it of its transparency. Many dull, chalky-looking felclRparR, when seen nnder the microscope, prove to be vcryslightly altcred.
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can be calculated; for the combination

=H20 (solid) liberates 70,400 units of heat,
+ =Si0
liberates 211,100 units of heat,

2H + 0
Si 20

2

and therefore
. 2Si + 4H 20

' 2Si02 + 8H liberates 140,600 unit!':.

The molecular weight of the andesine feldspar under discussion is 757.6,
and the heat liberated per unit of weight would be
140,600
757.6

186 units.

The specific heat of feldspars varies from 0.183 to 0.196. If the andesine nnder discussion is supposed to have a specific heat of 0.186, the temperature resulting from the substitution of hydrogen for . silicon would be
1000° C.
The 2H'O is water of hydration.-If, then, the water in kaolin were chemically
combined, a temp'eratnre would be produced much above that known to be
sufficient to expel the water from clay, and the only inference I can draw is
that the water is not, as has sometimes been maintained, chemically combined,
but is merely water of hydration. The latter view (which is also generally
held) is further supported by the varying amounts of water which various
analysts have found in kaolin. As is well known, Tscherma~ even denies ·
that kaolin is a product of the decomposition of plagioclase, affirming that
the resulting . hydrated aluminium silicate contains but a single molecule of
water.
Nothing known of the heat of hydration of kaolin.-The purpose of the foregoing argument is to show that if any. considerable quantity of heat is evolved during
kaolinization, it must in all probability be due to the simple hydration of
aluminium silicate. But of the heat liberated by the hydration of salts little
is known, except (1) that the quantity is usually small, (2) that it is sometimes negative, and (3) that the different molecules of water combine with
differing amounts of energy, indicating that the nattire of their union differs.
Of the heat of hydration of kaolin we know nothing specific, nor am I
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aware of any analogy which indicates a likelihood that it is sufficient to
account for the heat phenomena of the COMSTOCK LODE.
Experiments on kaolinization.-In the hope of reaching more satisfactory results
regarding kaolinization than observation or theoretical considerations yielded,
I requested Dr. Barns to undertake experiments with a view to testing the
asserted rise of temperature when the WASHOE rocks are brought in contact
with water.
Material selected.-The rock selected was from a mass cut by the Sutro Tunnel in the Savage claim, just before the· tunnel strikes the vein. It is a diabase, and the freshest encountered under ·ground opposite that portion of
the LODE which has been considerably productive. It is described under
slide 18, and its analysis is given at the end of Chapter III. Lest it should be
objected that this rock had escaped decomposition through an e~ceptional
structure or a local variation in chemical composition, it may be remarked
that no trace of such a difference is perceptible -either macroscopically or
microscopically, while its exemption from decomposition is fully accounted
for by the character of its occurrence. This mass, like most of the fresher
rocks in the DISTRICT, is protected by clay seams which have prevented the
access of aqueous currents. The hanging wall of the COMSTOCK is to so large
an extent obliterated by decomposition that many observant miners deny its
existence, but at this particular spot no vein-wall could be better defined.
It is marked by a compact smooth ,clay a foot or more in thickness, immediately over which lies the mass of rock referred to. This is further protected, though not so clearly, by other clay-seams to the east, and is much
less shattered than the rock elsewhere.
Method adopted.-The rock was reduced to a gravel and placed within a
well-packed steam jacket. Steam was supplied from a boiler beneath, in
which the water was kept at a constant level and constantly boiling. The
differenc~ of temperature between the rock and the inclosing steam was
measured by a thermopile. The electro-motive force was so compensated
that a variation of 0.0010 C. was clearly indicated, and the experiments
extended over five weeks with only four interruptions. The whole plan of
the investigation was worked out by Dr. Barus, who will describe it in
detail in a separate chapter. The appliances at his command were few and
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simple, but they were employed with sHch ingenuity as to enable him to
obtain very accurate results. The execution of the experiments was most
conscientious and laborious.
No positive results obtained.-The temperature of the rock-mas::; never rose
above that of the surrou!J.ding steam. The rock seemed wholly unaffected
by the process, except that the fragments were more or less coated with
a fine dust, probably due to the salts contained in the water, which was
obtained from the Virginia Water Oompany's pipes.
Little kaolinization at Washoe.-SOme time after the execution of these experiments a special examination of the slid~s and a comparison of chemical
analyses led me to the conclusion that there has been only a trifling amount
of kaolinization in the WASHOE rocks. _This fact makes the experiments
none the less important, for the heat of the LODE might be due to other
chemical changes than kaolinization.
Conclusions re~ardin~ the hypothesis.-In short, the observations as to the rise of
temperature of flooded drifts lack confirmation; experiment fails to show
that hot water or steam have any action on the east country rock of the LODE;
there appear no theoretical grounds for the assertion that kaolinization
would produce a considerable amount of heat, and no evidence that any
considerable amouut of kaolinization has gone on in the DISTRICT. It is still
possible that when kaolinization occurs heat is libera'ted. It is also pos:;ible
that at temperatures above 212 0 and at pressures above one atmosphere,
feldspars are kaolinized near the OOMSTOCK fissure, but it no longer appears
reasonable to ascribe the heating of drifts, which are nearly at the normal
pressure, to the action of water below the boiling point upon the rock.
The scene of kaolinization, if it exists at all, must therefore be at great
depths, such as are indicated in the discussion of the increase of temperature from the surface downward. It cannot be demonstrated that the heftt
of the OOMSTOCK is not due to the prevalence at unknown depths and pressures of a chemical change of unknown thermal relations, neither is there
any evidence that it does arise from such a cause; and the suggestion that
the heat of the Steamboat Springs and the ordinary variations of earth temperatures are induced by kaolinization, is therefore foreign to the subject of
thi::; memoir.
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Solfataricaction.-The only remaining supposition is that which connects
the heat of the COMSTOCK with the chain of volcanic phenomena. What
is known as solfataric action is ill understood, and must remain so until
many of the mysteries of vulcanism have been made plain; but of certain
facts there is no doubt. III the neighborhood of active volcanoes, and often
also in regions where eruptions have ceased, gases and water charged with
more or less active reagents reach the surface through crevices. In its
earliest stages a solfataric spring frequently emits gas or water charged
with fluorine and chlorine compounds, which are replaced at a later stage
by hydrosulphuric and carbonic acids. The action of these reagents on the
rocks is manifold, but us~ally gives rise to characteristic appearances, such
as bleaching, accompanied by an extraction of a smaller or greater portion of the bases. The appearances due to solfatarism are, .of course,
accurately known, from immediate observation in the neighborhood of active
volcanoes. On the other hand, it is very seldom that effects likely to be
confounded with those of solfatarism are found at any great distance from
localities marked by the occurrence, present or past, of volcanic eruptions.
No two phenomena in geology are more intimately connected than volcanoes and solfataras. The connection b«?tween ore deposits and eruptive
rocks is also in a large proportion of cases a very close one, and where
ore deposits and evidences of solfataric action are found together in a volcanic region, it is certainly natural to conclude that an abnormal temperature
of the rock and water is also due to vulcanism. The burden of proof
rests on him who offers any other explanation. '
Decomposed area at washoe.-Extreme alteration is for the most part limited to
the area lying between the COMSTOCK and the Occidental Lodes, though it
also extends up some of the ravines to the west of the great vein.1 Even
within this area there are great variations in the degree of decomposition.
'Vhile a portion of the rock on the surface is toierably well preserved, there
are belts nearly parallel to the LODE, in which it is so altered that it might
be mistaken for more or less discolored chalk. These belts can be followed
under ground, and retain in dip as in strike an approximate parallelism to
the vein. Towards the edges of the surface area it is common to find
nodules of rock in place which are fairly fresh at the center, but show pro1 See

Fig. 1, page 73.
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gressive decomposition towards the outside. Large masses of fresh rock
also occur in a similar way, as has been described in the discussion of propylite. It is clear from these occurrences that had the decomposing action
been prolonged sufficiently, no undecomposed rock wonld ,have remained.
Under ground the decomposition is more universal, if one may judge from
the Sut?·o T~tnnel. From Shaft II. to the LODE 110 fresh rock is exposed by
the tunnel, except the small mass of diabase close to the hanging wall which
has been referred to. This marked difference between the superficial and
subterranean rocks should be considered in connection with one of the
deductions made in discussing thestrnctural results of faulting-viz., that
the country has undergone but little erosion since the deposition of the ore.
Indeed, it may be regarded as independent evidence tending to the same
conclusion.
Rocks involved.-The three rocks which occnr in the belt of highly decom_ posed east country are diabase, hornblende-andesite, and augite-andesite.
The andesites are found extensively in other porti?ns of the DISTRWT,
where, however, they are decomposed to but a trifling extent. There is
no reason known to me to suppose that the decomposed andesites are of
different eruptions from the fresh occurr~nces; on the contrary, the decomposition dies out gradually in continuous areas. Neither is there any
evidence that the fresh and the altered masses are of a different composition.
Evidence of an external cause.-Had the resolution of the complex rock minerals into simple compounds been spontaneous, the nodules of rock described
could not have formed, for the action mnst have been nearly uniform
throughout. Neither could they 'have been formed if the presence of moistnre had been sufficient to induce decomposition, for all rocks, except perhaps
obsidian, are permeable by water. Solutions of carbonic acid, hydrosulphuric acid or the like, on the other hand, if brought in contact with compact masses of material susceptible to their action, would grow weaker as
they penetrated towards the centers of blocks, and would bring about just
such results as those referred to.
Evidence that the solutions ~scended.-If surface waters had prod nced the decomposition, the andesites at the smface throughout the DISTRICT would have suffered nearly uniformly, and the amonnt of decomposition must have decreased
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as greater depths were reached. If, ~ubsequent to the decomposition, erosion
had taken place, the rocks at lower elevations would be found fresher than
those on the hills. The reverse is the case. But if decomposition :was produced by wat~rs rising from great depths, the area of alteration would
depend on the structure of the rock, on the existence of fissures through
which they could reach the surface, and from which they could act upon
the material bounded by these fissures; which accords wjth the observations.
Moreover, the resemblance of the products of decompoflition in this DISTRICT to those occurring in solfataric regions is very strong, and their
dissimilarity to those produced by ordinary surface action equally great.
These considerations appear to me conclusive that the decomposition
was effected by aqueous currents rising from lower depths, and that these
currents carried in solution reagents capable of producing the effects familiar
in solfataras.
Nature of the reagents.-There is some positive evidence as to what these
reagents were, for the water struek in the Yellow Jacket at 3,080 feet from
the surface was so strongly charged with hydrogen sulphide as seriously to
inconvenience the miners, and evidence is given in the chapter on chemistry
that hydrosulphuric acid must have played an important part in the rock
decomposition. The Steamboat Springs, which lie on a fissure parallel to the
COMSTOCK, and on the opposite side of the Virginia range, are also charged
with solfataric gases.
Origin of the reagents vo1canic.-There is no conceivable reaction between water
and the components of the eruptive rocks, which would have produced
hydrogen sulphide, and the other solfataric gases. Their origin must, therefore, be sought outside of and below these eruptive rocks. It would certainly be permissible to argue immediately from the agency of solfataric
gases to volcanic action, bnt it may also be suggested that the vast quantity
of hydrosulphuric and carbonic acids which have been consumed could not
have been produced at low temperatures, and that, when formed at unknown
but certainly great depths, they could have been brought to the surface or
the mines only by convection currents, which were stimulated by heat.
These considerations force me to the belief that below the COMSTOCK, perhaps at a depth of three or more miles, there is a large body of highly
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heated rock in contact with sedimentary material. The well-known reactions which take place under such circumstances in the presence of water
have produced solfataric gases as long as the supply of sulphates and of
reducing agents held out. Of these there is now a mere trace. Whether
this highly heated rock is part and parcel of the surface rocks of the
'VASHOE DISTRICT is a question which can only be answered in terms of
probabilities; yet as these rocks must hav;e come from a focus of volcanic
action in about the same vertical line, the chances are certainly in favor of
the supposition that the high temperature of the LODE is a later member of
the series of phenomena, of which the ejection of the younger hornblendeandesite, or possibly of the basalt, was an early manifestation.
The rocks all llloist.-The dissemillation of heat through the rocks of the
COMSTOCK has been regarded by one geologist as a point very difficult of
explanation. He regarded the rocks as dry, and assuming their conductivity
to be the same as that of the Calton Hill trap, which Sir William Thomson
has made famous, he found the transmission of heat insufficient to account
for the facts. The rocks are in great part dry, as miners use the word-i. e.,
many exposures do not drip water; but though paying especial attention to
the subject, I fonnd none which were not moist. Chips and specimens, for
example, always changed color after half an hour's exposure to dry air,
except when taken from flakes which were already partially separated from
the mass and exposed to a drying current. The rocks of the DISTRICT are
not glassy but crystalline, and that such rocks in the immediate lleighborhood of vaRt bodies of water at pressures equivalent to a head of, say, from
1,000 to 3,000 feet, ever since they cooled many thousalld years ago,
. should remain dry, would be strange indeed, and quite opposed to all that
is known of the permeability of rocks by water. But when it is taken into
consideration that far more than 99 per cent. of this rock is highly decomposed, it is almost inconceivable.
Source of the waterunexplained.-The source of the water conveying the heat to
the COllISTOCK is somewhat mysterious. The country is a sage-brush desert,
and the rainfall is not over ten inches. The slopes are steep and the evaporation immense. The mines are now so cleep that they might chain a large
extent of country, but great quantities of water were met with when the
workings were within a few hundred feet of the surface and could appar10
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ently drain but a very small area. Before mining began, however, little
or no water issued from the surface. "When the first floods were enconntered it was supposed that there must be great accumulations of water in
subterranean caves, and that water-ways leading to them had been cut
by the workings. But no such openings were ever reached in the mines,
and it came to be supposed that the water had accumulated in the interstices of shattered rock masses. Broken as the rock is, however, it is very
closely packed, so that the interstitial space is but small, and considering
the vast quantities of water which have been pumped from the mines, I
cannot think the explanation adequate. 1 The pressure under which the
water is frequently met is a significant feature of its occurrence. Though
there may be other workings on the same level, and though the country
above may be extensively opened up, a new source will sometimes show a
bead of several hundred feet. The deeper the point at which the water is
strnck the hotter it usually is, and there appears to be some tendency of the
temperature of the water from a single source to increase as it is drained.
But if it were accumulated in a mass of shattered rock of limited extent, the
water and the rock throughout the entire space would necessarily assume a
perfectly uniform temperature, and channels tapping such an accumulation
at different levels would emit streams of the same temperature. .As has
been seen, the rock is commonly cooler than the water, and the general
reasoning in the foregoing paragraphs points to the rise of currents from
great depths. An attempt will be made to reconcile these facts.
Hypothesis of its origin in the sierra.-In the Gold Hill mines the foot wall of the
LODE in the lower levels is composed of metamorphic rocks dipping to the
east, as do those also on the whole which occur at the southwestern corner ·
of the map. But from the COMSTOCK west the country, excepting one or two
small masses of granite, is completely covered by volcanic rocks, for a
distance of about 12 miles, or until the main range of the Sierra Nevada
is reached. This grand feature of the continent is far too complex to be
. simply characterized as an anticlinal, but the declivities opposite the COMSTOCK show more or less metamorphosed strata with an easterly dip, and
it is fair to infer that for some distance from its vast mass, i. e., in the country between it and Virginia, the strata underlying the fields of andesites dip
I

Seven willion tons of water, the esti mated annual discharge,
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a bout 600 feet cube.
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in the same sense. If so, a portion of the drainage of the Sierra mu,;t reach
great depths beneath the \VASHOE DISTRICT, depths at which the temperature must be very high. It seems probable enough that meeting the fissnre
of the OOMSTOCK and the partings subsidiary to it, the water thus conveyed
to the region of heat rises to the mmes. The hypothetical structure snggested is illustrated in Fig. 12.

FIG.

l~.-IdeaI se~ion

across tl\.e Virginia Range.

What it would account for.-In a country so msturbed by volcanic action and
so highly metamorphic as that underlying the 'VASHOB DISTRICT probably
is, the circulation must be much obstructed. Oomparatively open water
channels leading from the Sierra are likely to connect only with fissures
almost capillary neal' the LODE, and vice ve1·sli. This would account for the
fact that some springs in the mines yield a steady supply of water, while in
other cases a great body is eventually pumped out and leaves only an insignificant flow. It would also account for the increase of the heat of the
water with the depth, and its decrease at considerable distances from the
LODE and its accompanying fissures; for if narrow water channels extend
from a distant source of heat towards a constantly radiating surface, equality
of temperature can never result. The rising currents must constantly lose
heat. Descending currents will also be established, which wiII, however,
cause only local irregularities in the increment of temperature. "Where
great quantities of water are drained from a single source, the tendency
would plainly be to a rise of temperature, and the head which the floods so
often show would find an ample explanation in the supposed connection
with channels from the great range. No reasoning on such points, however,
can be conclusive, for the opportunities of establishing the truth of the
hypothesis are very meager.
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SECTION

II.

THERMAL SURVEY.

Temperature observations.-Valuable temperature observations have been taken
on four lines near the COMSTOCK, viz., in the Combination, new Yellow Jacket,
and the Forman shafts, and in the Sutro Tunnel. These observations were
all made at freshly exposed points as the excavations progressed, at a distance from all other workings, and while not unaffected by some of the disturbing causes mentioned on page 229, form a far more trustworthy guide as
to the theoretical conditions of the LODE than a similar number of determinations made in the mines. Each set, too, was observed as a matter of
routine duty, so that successive observations must have been affected by
nearly constant errors; and though many of them were made with less precaution than a physicist would have employed, their great number goes far
toward compensating for any roughness in the method. Whoever is familiar
with the tone of speculative excitement which prevails in the mining regions
of the far 'Vest, a tone but little in harmony with scientific research, will
agree with me that great credit is due to the officers of the mines for
making and preserving these records. It would be well for the advancement of pure and applied science if such a spirit were general among those
whose occupations bring them in contact with natural phenomena.
Computation of the observ~tions.-The following tables and diagrams need but
little explanation. On plotting the temperatures taken in the shafts, no
indication of curvature could be percei ved, and a straight line was therefore
assumed as expressing the relation of temperature to depth.
The equation of this line is
t=a +bd;

where t is the temperature in degrees Fahrenheit correspo?ding to the depth
cl in feet, and a and b are constants to be calculated. The computations by

THERMAL SURVEY.
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the method of least squares were performed by Dr. Barus and Mr. Reade.]
For the sake of comparison they also computed the observations made at
the Rose Bridge Colliery, and I add the Sperenberg observations with Mr.
Heinrich's equation. The Sutro Twznel data cannot be treated in the sa~e
way, for they show an unmistakably curvilinear locus. A curve was drawn
empyrically through the plotted points, no weight being given to any preconceived idea of the character of the law of increment. Sub tangents were
constructed and found to be almost exactly equal; or, in other words, it
was found that the graphical approximation nearly coincided with the locus
of an exponential equation
t ==. 80 + 34 lO.ooo 32 +,
in which l denotes the horizontal distance from the LODE.
The method of least squares is, of course, applicable to the computation
of an equation of this character, but the calculation is so serious an undertaking as to be worth while only when a magnificent series of observations
is to be reduced. In the present case no exterpolation is desired, and a determination of the character of the cnrve with an approximate knowledge
of the value of the constants is sufficient for the purposes of the discussion.
IThe method of least squares furnishes the formulas
;St.~d·-~d.2dt

a=n-~d2_2d.2T '
b = n. 2dt-2d. 2t,
n. ~ff'-2d.~d

in which doe preference is given to the temperatures corresponding to a greater depth.

Tho observations become relatively more accurate as temperature and depth increase, and seem also to h a"\""e been
made with greater care.
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TABLE

I.-CO~IB[NATION

SHAFT.

ROCK TEMPERATURES.

[Obsen'ations maue by tbo superintenuent.]
COLmL,(s

3 and 4.-0bservations of depth and temperature, respectively, as taken.
5 an{l 6.-llenos of consecutive sets, of five observntioos eacb, of deptb and tempernture, respectively.
7.-Temperature as calculated from the constants derived.
8.-" Error" or ebserved temperature minus the calculated result.
[Depths are given in feet; tomperatnres, ill rlegrees Fahrenbeit.]
a=66.0.

b =0.0252 ± 0.0007.

--No.

2

4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43

Depth
observed.

1877.
July 17
18
19
20
21
22
23
24

Feet.
1,476
1,479
1,482
1,485
1,489
1,492
1,495
1,498
1,501
1,504
1,507
1,510
1,513
1,516
1,518
1,520
],522
1,524
1,526
1,528
1,530
1,532
1,535
1,539
1,541
1,544
1,547
1,550
1,553
1,556
1,559
1,562
1,565
1,568
1,571
1,574
1,577
1,579
1,582
1,585
1,588
1,591
1,593
1,596
1,599

2,
26
27
28
29
30
31
Aug. 1
2

I

5
6

44

45

Date.

I

7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
7
28
29
30
I

Mean
Mean
temperature temperaturo
observed.'
calcula.ted.

Temperature Mean deptb
observed.
observed.

I

II

OF.
106
104
103
105
100
105
103
103
102
104
106
105
104
106
104
105
103
104
102
106
103
106
104
105
106
104
106
105
106
103
102
101
lif105
106
106
104
105
106
106
104
106
10@
108
107

I Errer.

103.6

103.4

+ 0.2

103.4

103.8

- 0.4

1,513

105.0

101.1

+ 0.9

1, .24

104. 0

104.4

- 0.4

1,535

104. S

104.7

1,550

104.8

105. I

- 0.3

1,565

104.2

105.5

- 1.3

1,579

105.4

105.8

- 0.4

1,482

1,498

I

I

!
,

+ 0.1

I

I

I

I
1,593

I

106.6

106.2

Prebablo error of one of tbese m ean observation8 = ±OO.5.

+ 0.4
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TABLE

I. - COMBINATION SHAFT.

ROCK TEMPERATURES-Continued.

-

~I

j

46
47

48
49
50
51
52
53
54

55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72

73
74
75
76
77
78
79
80
81
82
1!3
Il4
85
86
87
88
89
90
91
92
93
94

95

I

Deptb
observed.

Dnte.

1877.

Peet.

Aug. 31

1,603
1,605
1,607
1,609
1,611
1,613
1,615
1,617
1,620
1,622
1,624
1,626
1,629
1,632
1,635
1,637
1,640
1,642
1,645
1,647
1,649
1,651
1,654
1,656
1,658
1,661
1,663
1,665
1,668
1, G71
1,672
1,675
1,678
1,681
1,684
1,687
1,690
1,693
1,696
1,698
1,700
1,703
1,706
1,709
1,711
1,714
1,717
1,720
1,723
1,726

I Sept.

1
2

3
4
5
6
7
10

11
12
13
14
15
16
17
18
19
I
1
20
21
22
23
24
25
26
27
28
29 ,
30
Oct. 1
2
3
4
5
1
6
7
8
9
10
11
12
13
14
15
16
17
19
20
21
22 t

Itemperatnre
Mean

I

Temperature Meaudepth
observed.
obseryed.

Mean
t emperatnre
observed.'

I

Feel .

° F.

OF.

°P.

1,607

107.0

106.5

+ 0.5

1,617

108.0

106. 8

+ 1.2

1,629

108. 2

107.1

+ 1.1

1,642

106.6

107.4

- 0.8

1,654

107.8

107.7

+ 0.1

1,665

108. 8

108. 0

+ 0.8

1,678

108.6

108.3

I + 0.3

1,693

108. 0

108.7

- 0.7

1.706

109.4

109.0

+ 0.4

108.4

109.4

- 1.0

oF.

I

,

i
I

!

I
II
I

106
108
107
106
108
106
110
109
107
108
109
109
107
108
108
106
109
105
107
106
108
105
110
109
107
108
110
107
109
110
109
109
110
108
107
110
106
109
108
107
109
110
110
108
110
108
109
107
110
108

1,720
1

Error.

calculated.

I

'Probable error of one oftbese " mean" observations = ± 00.5.
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TABU;

1\0.

I.-CO:\IBINATIO~

Depth
observed.

Date.
I

SHAFT.

ROCK TE:\IPERATURES-Contlnned.

I

Temperature Mean depth
obsen"cd.
obsen"ed.
'

Itemperatnre
:hrenn
i Mean
I temperature

Error.

observed.'

calculated.

Fed.

of.

of.

1,733

110.0-

109.7

+ 0.3

1,746

109.2

110.0-

- 0.8

1,756

109.0

110.3

- 1.3

1, 760

109.6

110.6

.- 0.9

1,779

111.8

110.8

+ 1.0

1, 793

llL4

111.2

+ 0.2

1,805

112.0

111.6

+ 0.5

1, 914

113.4

114.2

-0.8

2,128

120.6

119.6

+ LO

--

96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140

Fut.

1877.
Oct. 23
24
25
26
27
28
N ov. 22
23
24
25
26
27
28
30
D ec. 1
2
3
4
5
6
7
8
9
10

1,728
1,730
1,733
1,736
1,738
1,740
1,7«
1,746
1,748
1,750
11 752
1,754
1,756
1,758
1,760
1,762
1,764
1,766
1,768

11
12
13

14
15
16
26
27
28
29
30
31
187&
Feb. 1
7
14
Mar. 1
15
1
Apr. 5 '
27
May 27
June 10
1

of.

109
110
110
110
III
110
110
108
109
109
110
107
108
110
110
109
110
108
110
111
112
110
112
113
112

1,770
1,773
1,776
1,779
1,782
1,785
1,788
1,790
1,793
1,796
1,798
1,800
1,803
1,806
1,808
1,810
1,812

112
110
111
113
110
112
113
112
110

1,900
1,924
1,950
1,986
2,0002,070
2 1 135
2,207
2,230

113
114
114
116
118
118
127
128
112

of.

III

lla

Probable error of one of tbese " mean" obsorvations

= ± 00.5.

I

~
Flo. 13.-COMBINATION SHAFT .AND YELLOW JACKET SHAFT TEMPERATURES.
Combination (rook) - - - - - -

Yellow Jacket-·-·_·_·

[Tbe mean increments are represented by nnbroken lines.]

Deg.F.

120

110

100

90

RO

70
800

700

800

900

1000

1100

1200

1300

1400

1500

1600

1700

Depth In reet measured from tho tops of tho shafts.

1300

1900

2000

2100

%200

2300

250

GEOLUGY OF THE COMSTOCK LODE.

TABLE n.-YELLOW JACKET SHAFT.
[Ob •• rvaliou. taken by the official in charge, in drill·holea 3 feet deep; recorda kindly furnished by Capt. THOMAS TAYLOR.)

a=53.1.

b=O. 033~ ± O. 0009.

----

No.

1

Date.

I Depth of I Character of

-I~i
1 , Anj!;.28

2 1 Anj!;. 30
3 Sept.. 11
4 Sept. 14
5 ~ Oct. 27
Oct. 30
7 Nov. 4
Nov. 10
9 Nov. 14
10 Nov. 28
11 Dec. 15
12 Dec. 29

61

81

I
13
14
15
, 16
17
18
19
20
21

1878.
Jan. 20
Feb. 15
Mar. 22
Apr. 1
May 27
June 22
Aug. 10

I

drill·hole.

Inclwl.
22
20
13
15
24
24
21
24
36
20
22
15

I

the rock.

I

Depth.

Feet.

I Wet
I

I

..
Wet ..•.
W.t ..
Dry ......... ,
Dry .........
Dry ........ "
Dry ........
Wet __ ......
Dry ........
Wet. .......
Wet .... __ ..

I Wet ........

845
849
874
883
923
932
945
960
966
1,000
1,054
1,095

30
20
18
36
24
20

wet. .... · .. 1
: Dry .........

18

Wet ______ ..

1,167
1,212
1,316
1,333
1,451
1,600
1,660

Wet" ....
Wet ........

2,017

~~:.. 3~ I.....~~ .....

"'''1

' DrY"
__ .
Wet __
Dry ... __ . .

' 'Vet ... __ .. .

I,no

II Temperature
Temperature
observed.' . calculated.

Error.

° F.
80.0
80.0
79.0
82.0
83.0
85.0
85.0
B-1. 0
88.0
81.0
89.0
92.0

of.

o f.

81.4
81.5
82.3
82.6
84.0
84.3
84.7
85.2
85.4
86.5
88.3
89.7

-1.4
-1.5
-3.3
-0.6
-1.0
-to. 7
-to. 3
-1.2
+2.6
-2.5
-to. 7
+2.3

94.0
98.0
95.0
100.0
104.0
106.0
108.0
110.0
118.0

92.1
93.6
97.1
97.6
101. 7
106.6
108. 6
110.6
120.5

+1.9
+4.4
-2.1
+2.4
+2.3
-O.G
-O.G
-0.6
-2.5

'Probable error of an oh.ervation

= ± 1°.4.

~

~
FIG. 14.-YELLOW JACKET SHAFT AND FORMAN SHAFT TEMPERATURES.
Yellow

.Tncke~-·-·- · -.

Forman (roc: k) - - - - - --

[Tbe mean iocrement. aro represented hy unbrokon Iioes.]
Deg. F.

120

110

100

90

80

70
400

500

600

700

800

900

1000

1100

1200

1300

1400

Dept.b in feet below tbe top. of tbe sbaft • .

1500

1600

1700

1800

1900

2000

2100
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TAIlLE IlL-FORMAN SHAFT. ROCK
TElIIPERATURES.

TABLE IV.-FORlIIAN SHAFT.
TEMPERATURES.

[From 100 to 1,800 feet.]
a = 49.R. b = 0.0326 ± 0.0006.

,
No.

[From 500 to 2,300 feet.]
a=53.2.

T empernture Temperature
observed.'
calculated.

Depth.

Error.

- -

I
I

i
i

I
I
I
I

:

I

No.

Depth.

b=0.0296 ± 0.0002.

Temperature Temperatnre
observed.calcnlated.

Error.

-Feet.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
IS

ROCK

100
200
300
400
500

600
700
SOO
900
1,000
1,100
1,200
1,300
1,400
1,500
1,600
1,700
I,SOO

I

I

o f.

of.

of.

50.5
55.0
62.0
60.0
68.0
71.5
.4.8
76.5
7S.0
81.5
84.0
S9.3
91.5
96.5
101.0
103.0
104.5
105.5

53.0
56. 3
59.6
62.8
66.1
69.3
72.6
75.S
79.1
82.4
S5.6
88.9
92.1
954
98. 6
101. 9
105.2
108.4

- 2.5
- 1.3
+ 2.4
- 2.8
+ 1.9
+ 2.2
+ 2.2
+ 0.7
-1.1
- 0.9
-L6
+ 0.4
- 0.6
+ 1.1
+ 2.4
+ 1.1
- 0.7
- 2.9

a
6
7
8
9
10

11
12
13
14
15
16
17
IS
19
20
21
22
23

I

Feet.

OF.

of.

500
600
700
800
900
1,000
1, 100
1,200
1, 300
1,400
1, 500
1,600
1,700
1, SOO
· 1,900
2,000
2,100
2,200
2,300

68.0
71.5
74.S
76..5
7S.0
SI.5
84.0
89.3
91.5
96.5
101.0
103.0
104.5
105.5
106. 0
111.0
119.5
116.0
12LO

68.1

-

71.0

+ 0.5
+ 0.8

74.0
76.9
79.9
82.9
85.8
88.8
91.7
94.7
97.6
100.6
103.6
106.5
109.5
112.5
115.4
l1S.4
121.2

'Probable error of an observation = ± 1°.3.
'Probable error of an oblltlrvation

TABLE V.-FORMAN SHAFT.

OF.

I
I

0.1

- 0.4
- 1.9
- 1.4
- 1.8
+ 0.5
- 0.2
+ I.S
+ 3.4
+ 2.4
+ 0.9
- 1.0
- 3.5
- 1.5
+ 4.1
-2.4
- 0.2

= ± 10.4.

WATER TEMPERATURES.

a=45.8. b=0.0373 ± 0.0010.
I

No.' Depth.

Fut.

I

1
2
3
4
5
6
7
S
9
10
11
12
13

400
500
600
700
800

900
1, 000
1, 100
1, 200
1,300
1, 400
1,500
1,600

Temperature Temperature
observed.'
oalcnlated.

Error.

oF.

OF.

of.

62.0
65.0
70.0
73.0
75.0
77.6
80.6
83.0
91.0
94.0
100.0
104. 0
106. 0

60.S
64.6
68.2
72.0
75.7
79.4
83.2
86.9
90.6.
94.4
98.1
10LS
105.6

+ 1.2
+ 0.5
+ 1.S
+ 1.0
- 0.7
-1.9
- 2.7
- 3.9
+ 0.4
- 0.4

+ 1.9
+ 2.2
+ 0.4 ,

'Prohable error ot an ohseITlltion= ±1°.3.
These temperatnres were ascertained by drilling holes not less than three feet deep into the rock and inserting a N.,.
gretti & Zamhra slow·acting thermometer (of the pattun adopted hy the Undergronnd Temperature Committee of the
British Association and st"ndardized at Kew) into the hole, closing the hole with clay, and leaving the thermometer for from
12 to 24 honr.. Not less thnn three holes were tried at each point.

FIG. 15.-FORMAN S!IAFT TEMPERATURES.

R:lCk----

Water--- - ' -'

•

[Tlle mean increments are represented by nnbroken lines.]

Deg. F 'Ii-iiiiiiiiiiiiiiiiii

o

100

200

300

400

500

GOO

700

800

900

1000

Depth in feet below the tops of the shafts.

1100

1200

1300

1400

1500

1600

170a
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TABLE VI.-ROSE BRIDGE COLLIERIES, AT INCE, NEAR WIGAN.
[Observations given on tbe autbority of Jobn Artbur Pblllips.•sq. It is not stated wbetber tbe temper ..tures are
tbo.e of tbe rock or tbe water. Tb ~ original data for deptb, in f ..tboms. are contained in column 2. Obser\"&tion8 on
Metll11iferous Depo.its snd Subterranean T emperature •• by W. J . Henwood, p. 775.]
a=56.0. b =0.0149 ± 0.0004.

i-: J

Deptb.

I I
I

5

9
10
11
1~

13
14
15

FathoTn$.
80.5
100.0
279.0
302.5
315.0
331.5
335.5
339.5
367.0
372.5
380.5
3H7.5
391. 5
400.0
403.0

D eptb
Fe,!.
483
600
1.674
1.815
1.890
1. 989
2,013
2,037
2,202
2,235
2,283
2,325
2,349
2,400
2,418

.

-

I

Temperature
Temperatul'e
observed .l
cMcnlated.

° F.

o f.

64.5
66.0
78.0
80.0
83.0
85. 0
&6.0
87.0
88.5
89.0
90.5
91.5
92. 0
93.0
93.5

63.2
64.9
80.9
H3.0
84.1
85.6
86.0
86.3
88. H
89.2
90.0
90.6
91.0
91. 7
92. 0

ll'robable elTor of an observ"tiou= ±10.0 .

•

I
I

--I
Error.
of.

+ 1. 3
+ 1.1
±

2.9
3.0
1.1
0. 6
0. 0
+ 0.7
- 0.3
- 0.2
+ 0.5

+

0. 9

+ 1.0

+
+

1.3
1.5

I

~
FIG. 16.-ROSE BRIDGE COLLIERY AND FORMAN SHAFT TEMPERATURES.
Roae Ridge - - - -

Forman (rock) _.-.-._.

(Tbe mean inoremente are repreaented by nnbroken lines.)
Oeg. F .

11 0

) 00

00

so

70

GO

Depth in feet below the tepa of tbe abafte.
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TABLE

VII.-SPERENBERG.

[The ohservations wer e taken with the geothermometer, and the column ot water W808 cnt off on both aides (Zeitechrift
fUr B.. R .· nod S.·Wesen im pren•. Staate, xx., 1872, p. 225). In the third and fourth colnmna the data are converted into
terms of Engliah units for convenienco in compnring them with those obtained at W ABHOE.)
Depth
in Rheniah
feet.
100
300
400
500
700
DOO
1,100
1,300
1,500
1,700
1,900
2, 100
2, 300
2,500
2,700
3,390
4,042

Rock
temperature,
Reanmnr.
10.16
14.60
14. SO
15. 16
17.06
IS. 50
20.80
21. 10
22.80
24. 20
25. 90
28. 00
28. 50
29. 70
30.50
3(1.15
38.25

Depth
in English
feet.
103
309
412
515
721
927
1,133
1,339
1,545
1,751
1,957
2, 163
2,369
2,575
2,7S1
3,492
4, 163

Rock
temperature,
Fahrenheit.
5li
65
65
66
70
74
79
80
83

87
90
95
96
99
101
ll3
llS

~

~

Flfl.17.-SPERENBERG BORING, FORMAN SHAFT AND ROSE BRIDGE COLLIERY TEMPERATURES.
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TABLE VIII.-SUTRO TUNNEL.

[The t emperatures a re nsually the average of fonr obBervation8 on different days of the month. Observations t ak en by
Lhe eurveyor. Rock te mperal-ures with Gall tbermometer in reguhr drill.hole; water temperatnres with common Kendall
tbermomet er.]
M ean distance Mean temper.
from ea8t wall ature "f water
of Lodc.
at fac e.

Dat e.

1875.

Aprll. .. .. . .. ....
l[ay ' ''''' .. .... ..
June ....... .. .... .

I

~~;u~~::::: : : ::::::
September .. .. .. .. ,
October . .. ...... .
Novemuer ........ ,
I December ........ :
,

I

1876.

Jannary ......... . r
F ebrnary ....... .
March .. ...... ..
April ... .. . ...... .
May .. __ ..... .... ..
June "' '' ' ... ".
July .... ........ ..
Angust ......... ..
September ...... ..
October ... ..... ..
November .. . ... ..
December ....... ..

Fut.
10,849
lU,575
10,241
9,883
9,512
9,171
8,866
8,556
8,291

OF.
79
78
79
82
83

8,043
7,739
7,505
7, 175
6,794
6, 51~
6,262
5,988
5,051
5,326
5,008
.,087

85
85
84
85
84

Mean dist ance Mean t emper. Mean t empeI"
fl'om east wall atnre of water ature of rock
of Lode.
at facc.
at fac~.

Date.

Fut.
4,329
3, 935
3,051
3,45;
3,154
2,898
2,560
2. 250
2,052
1,924
1,743
1,513

1877.

Jannary ... ........
February .. .... ....
March ....... ......
.April ........ ... ...
May ... ------ ..
Jone ........ . ' . . _.
July ....... . . . ... .
Auguet . . _. .. .. . _._
September .. .. . ..
October ... .. . ..... . 1
November . _ .....
December . _ .0 ,

_.-

84
82

84
85

OF.

OF.

88

.. .. .. --- -_. __ ..
... .... -_. __ ....
.. .... ... ..... ..

8B
89
93
92
92
93
94
96
95

.. . . .. ...... ...
.. .. ..........
. ........... __ .

... __.-_---- --- ,

1:::::::::::::::·1
... . .. .... .. . . ..

...... .. __ .... . .---_ . . -. -- . ... .. ......... .. .
100

1878.

January . __ .. . .
F ebruary .. .. ..
March .. .. __ .... .. .
April ........ .... ..
May ... __ ... ...
June ........ ...

84
84
a5
86
86
87
87

1,275
1.048
818
577
342
' 128

. ... .. . .. . ... .. .

102
108
110
111
110
110

108

· · · · ····a· ·· .·· ·

............ ... .
... _...... -.....
.. __ ...........

TABLE lX.-COllIPARISON OF RESULTS.
1 ..... / =

,

4

+ b d; S~ dt inin degrees
Fahrenheit.
feet from top of ebaft.

Mino.

Table.

Combination ahaft ... .. ... ..... ......... ,
Y ellow Jacket .......... .... ........ __ ..
Forman shaft, 100 to 1,800 .. ............
Forman sbaft, 500 to 2,300 .... ..........
Forman sbaft, 100 te 1,800 ...... ... .. ... '

I
II

m
IV
V
VI
VII

4

b X 10'

66
53
50
53
46
56
59

25
33
33
30
37
15
17

I- - -

"I

Rose Bridge collieries .. -- ... .........
Sperenberg, 700 to 2,700 (Heinrich), .. __ .

i

,

I

Remark...
T emperatnre of rock.
Do.
Do.
I
Do.
T e Dlp eratur~ of water.
Not known.

S

Tin del:l'ees ce:ltigrad~.
2 •.... T = a + fl S; ~ S in meters from top of ahan.
Tahle.

- -I

II

m
IV

Mine.
. Combination shaft ____ .. .... __ ....... __ .
YellowJacket ........ .. __ ... .. .. ... ____
Forman shaft, 100 to 1,800 . . . . .. ...• ""

I

I

Forman ahaft, 500 to 2,300 ... ... -- .....
Fflrman ahaft, 100 to 1,800 .. ............
Rose Bridgo collierlea. __ .. .... __ ... . ....
VI
VII . Sperenberg, 700 to 2,700 (Ueioricbl .... __
V

I

a

19
12
10
12
a
13
15

fl X 10'
46
61
59
54
68
27
31

I

Rema rk • .
T empemtnrp of rock .
Do.
Do.
Do.
Temperatnre of water.
Not known.

, Heinrl"h's eqnatlOn as glven hy huneelf In RheDish feet and d egrees Roanmur IS
1 = 11.8277 + 0.00778e~ d.

--- - -

,

,

--

=>
"'
~i

FIG. IS.-SUTRO TUNNEL TEMPERATURES.
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Reasons for some fluctuations.-A part of the fluctuations of the observations in
the VVASHOE DISTRICT can be reasonably accounted for. In the Forman
shaft it will be observed that the water temperatures are somewhat lower
than the rock temperatures above a depth of 1,160 feet. The upper portion
of this shaft passes through decomposed, and in part disintegrated, augiteandesite. Near its under smiace, however, this rock is somewhat fresher,
and is there unusually fine-grained and rhyolitic in structure. It therefore
offers some resistance to the rise of waters from below, and almost none to
the descent of the slight atmospheric precipitation. The point at which the
water grows hotter than the rock is exactly that at which the shaft passes
from augite-andesite into the underlying hornblende-andesite. At 1,700
feet the shaft became so hot that it was necessary to shower cold water from
the surface. The subsequent water temperatures were excluded from the
calculation, ~nd it is most likely that the rock temperatures were somewhat
affected. This offers a probable explanation for the abnormally low temperatures of the rock immediately below this point. Mr. Forman informs
me that, from the 2000-foot level on, the practice of showering water into
the shaft was abandoned.
As may be seen from the section through the Yellow Jacket (Atlas-sheet
VII.), this shaft passes through diabase and mica-diorite alternately, and such
changes are likely to exaggerate the ordinary disturbing influences. That
portion of the Combination shaft ill which observations were taken is wholly
in diabase, but there is evidence of disturbed conditions. The water in the
face of the Butro Tunnel opposite the Combination shaft was about 5°
cooler than the rock in the shaft, while a reverse relation would have been
expected. The shaft observations also fluctuate somewhat violently near
this level, while for the interval from 1,900 to 2,100 feet the increment is
sensibly the same as in the other shafts. It seems probable, therefore, that
the high value of a and the low value of b resulting from the reduction of
the observations is somewhat misleading, and that local variations of structure only cause them to differ essentially from those obtained for the YellO'lv
Jacket and the Forman shafts.
Conditions in the Sutro Tunnet.-It will probably at once occur to the reader
that the depth of the Butro Tunnel below the surface is far from nniform.
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The smallest depth, however, of that section of the tunnel, 10,000 feet long,
for which the temperatures are plotted is above 1,000 feet, and for the last
5,500 feet of the tunnel the average depth below the surface is about 1,500
feet, with comparatively small surface variations. When it is considered
that the annual variation of temperature commonly ceases to be perceptible
at a depth of 100 feet, it appears that the irregularities of temperature in the
Sutro Tunnel due to the character of the surface topography, above this last
5,500 feet at least, must be insensible. The variations from the exponential
locus are, no doubt, due to the character of the rock, which, as is indicated
in the section (Atlas-sheet VI.), shows alternate belts of greater and less
decomposition. Rock temperatures would have been preferred to water
temperatures had they been recorded, but such was not the case.
Conditions in the laterals.-Rock temperatures have been taken from time to
time in the north and south lateral branches of the Sutro Tunnel, but in
large part these branches pass close tQ mines which have been worked for
years to a much lower level than that of the tunnel. The mean of the
observations taken in the south branch as far as the Imperial ground is
almost exactly the same as that of the observations in the north branch as
far as the Ophir, 113 0 or 114 0 , thus confirming the fact, already well known,
that within the limits indicated the mines are all hot, and, on the whole,
pretty nearly equally so. The north branch near the Ophir is three or four
degrees hotter than might have been anticipated from the observations in
the main adit, and the Alpha and Exchequer claims are nearly as hot. Such
variations are certainly to be expected. They may indicate local peculiarities of structure, such as the presence of diagonal fissures leading to the
LODE, or very possibly the prevalence of slightly higher temperatures
throughout the regions lying to the north and south of the main tunnel.
Regularity of the Forman curve.-A comparison of the diagrams shows that the
observations in the Forman shaft reveal an increment not greatly more
irregular than those observed at the Rose Bridge colliery, and at SperEmberg.
In view of the local character of the abnormal temperatures near the COMSTOCK this fact is remarkable.
Reaults.-The five lines of temperatures near the LODE.form a tolerably
complete thermometIic survey, and justify conclusions of a definite char-
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acter. The Forman and the Yellow Jacket shafts show that the characteristic
increment is very dose to 1 F. for every 33 feet of vertical descent, and,
since there is no evidence of curvature, this rate may be expected to continue for a long distance below the present workings. As the source of
heat is approached the vertical increment must increase, and the true
expression for the relation of depth and temperature is probably very similar to that found for the horizontal increment in the Sutro Tunnel. It
appears hardly possible that were the source of heat within two miles of
the sUlface no trace of curvature would be perceptible in the diagrams for
a depth of 2,000 feet. rrhe probabilities seem to be that the focus is several
miles from the surface.
Equations referred to the datum level.-The equations for the shafts are referred to
the smface at the points where they are sunk, and equal vah.:es of d do not,
therefore, answer to the same level. The Forman shaft is 356 feet and the
Yellow Jacket 343 feet below the datum level employed in surveys of the
mmes. Referred to that level, the equations become:
(j

Forman Shaft: t=38+0.033 d
Yellow Jacket: t=42+0.033 d

where d is the depth below the datum level.
Correlation with the tunnel equation.-The difference between the values of a in
these two equations is 4°. Now, the Yellow Jacket shaft is about 2,600
feet from the croppings of the LODE, and the Forman shaft is 950 feet
farther, and the curve obtained from the Sutro Tunnel shows that such a \
difference should exist. Indeed, if in the equation
f=80+34

Eo.O

OO322

-2,600 and -950 are successively substituted for x the difference in the
values of t obtained will be 4°.1 This shows yery clearly that the law of
decrease of the temperature to the east of the LODE holds good for other
sections than that taken on the line of the Sutro Tunnel j and this inference
is strengthened by the similarity of the temperatures in the north and south
I To give a to fractions of a degree would manifestly be absurd.
If the fractions resulting from
computation were to be retained the difference in the value of a calculated from the exponential equa·
tion would be the sa.me a s that derived from th" observations at tbe Rhafts within balf a degre('.
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laterals of the tunnel. On the other hand, these equations give for the
Sutro Tunnel level (1,865 feet below the datum) temperatures five or six
degrees higher than are found at the corresponding points in the adit. This
agrees well with the supposition already suggested, that the isothermal
surfaces rise somewhat towards the south; but the data are too uncertain,
and the rock is too heterogeneous to warrant applications of the equations
implying their absolute accuracy. It appears to me, under the conditions,
extremely remarkable that the relations of temperature to depth and horizontal distance from the LODE are capable of even approximate mathematical
expressIOn.
Practical data.-Within the belt of country between 2,500 and 3,500 feet
from the Cl'oppings, the relation of temperature of the rock to depth is
expressed approximately by the equation
t=

40

+ 0.033 d,

d being measured from the datum level in feet; and this equation may be
expected to hold good, with local fluctuations, for a long distance below the
present workings. The equation gives for a temperature of 212 0 a depth
of 5,200 feet. The water will be found commonly hotter than the rock,
and its temperature also more variable. It is not unlikely to be struck at
a boiling heat any time after the 4,000-foot level is passed, and will in all
probability be t-1truck short of 5,000 feet.

InferencesfromtheSutrocurve.-The curve obtained from the observations made
in the Sutro Tunnel is clearly a conduction curve, and proves that the east
country is heated from a surface at or near the LODE. If the LODE is supposed to have assumed its present temperature suddenly, the radius of curvature of this locus would be a function of the time, and if the coefficient
of conductivity of the rock, its initial temperature, etc., and all the conditions of radiation from the surface were known, the time which has elapsed
since the LODE grew hot might be calculated. It is not likely, however,
that the temperature of the LODE has always been constant or nearly so,
and there is no means of inferring the constants, a definite knowledge of
which would be necessary to a mathematical discussion of this problem.
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But it is clear that as time goes on the radius of curvature of the conduction
curve will increase, and that no illimitable time has elapsed since the LODE
first assumed a temperature of above 110 0 F. on the 1,900-foot level.
Results independent of very accurate thermometers.-It is well known that the thermometer is not an instrument which gives positively uniform results, and that
thermometric experiments aiming at a high degree of accuracy imply constant rerating of even the best instruments, which probably change more
or less permanently at each fluctuation of temperature. The observations
discussed in the foregoing pages were only in part taken with first-class
thermometers, and some of them are very probably affected with errors of
1 ° or even 2 0 F. from this cause. This fact, however, does not at all impair
the general validity of the results obtained. Suppose the graduation of the
thermometers employed wholly arbitrary, and that the graduation of the
instrnments used at each shaft bore no relation to those used at any other,
but that the calibration of each was good and permanent changes in volume
were absent; the results obtained would still show that the increment of
temperature from the surface downward was affected by no perceptible law
other than that of direct proportionality to depth, and that in the tunnel
the rise of temperature as the LODE was approached was best expressed by
a geometric ratio. Or suppose that imperfection in calibration and the permanent effects of expansion induced any error for which a precedent can
be found, say, even 30 F., between the highest and lowest readings in either
of the shafts or the adit; the differences themselves are so large (from 30 0
to 60 0 F.) that the same general conclusions as to the great distance of the
source of heat and the method of its communication to the walls of the LODE
would follow. In short, the indications are so positive that no probable
errors in the thermometers, however gross, could account for them or obscure them.
Conc1usions.-1'he country rock, then, is heated from the LODE or the system of fis~mres closely associated with it, and the focus of this heat is at a
vertical distance which can hardly be less than two miles from the surface,
and is more probably four-in short, at a volcanic distance. Only fluid sub-
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stances, gas or water, could serve as a vehicle to transport this heat to the
upper portions of the LODE; and ~hile gas is absent, the immense volumes
of hot water form the most serious obstacles to mining. Water, then, has
been the vehicle of the heat. The same results, therefore, as were arrived at
in the first section of the chapter from geological and chemical arguments,
are reached by discussion of the thermometric observations.

•

CHAPTER VIII.
THE LODE.
Condition of the LOde.-During the period in which the field-work for thi~
report was done the condition of the COMSTOOK was not flourishing. The
last remunerative ore from the neighborhood of the great Consolidated Virginia and California bonanza was extracted while the examination was going
on, and n.o other body of similar importance had been discovered. In the
course of the time covered by the stoping of the great bonanza several small
bodies were discovered in the Sierra and Union ground. These, however,
were speedily worked out. The old workings were, with few exceptions,
inaccessible, and the exposures of the vein were meager and unsatisfactory.
The study was therefore necessarily rather one of the conditions of the
occurrence of the great LODE than of the vein phenomena in detail. Fortunately, the attention of previous investigators took the opposite direction,
and the vein has been amply and ably described as far down as the large
ore bodies extend. Aided by former descriptions and some few notes
and recollections of visits made when several of.the most important bonanzas
were yielding largely, I am able to give a succinct account of the occurrence of ore on the COMSTOCK, and to show to what extent the facts and
theories developed in the foregoing chapters throw light on the strncture
observed in the upper portion of the LODE, as well as upon the probable
character of the regions below those as yet explored.
General outline.-The surface map, Atlas-sheet IV., shows a plan of the
COMSTOCK as it would appear if the debris and talus were removecU
The
main body of the LODE is a belt of quartz and vein matter 10,000 feet long
and several hundred feet broad, showing slight undulations in its course,
lThc scal e of the snrface map is too small to show some of t h e minor irregularities in t,h e walls
which may b e seeu in Borne of Mr. King'~ horizontal sections, or the outlines of the horses.
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but with a general strike of about north 15° east. At each eXh·emity of
this main fissure the LODE ramifies into diverging branches, of which there
are two at the south end, and a greater nnmber, probably more than are
shown, at the northern extremity. These branches dwindle as the distance
from the main body increases, and finally disappear, though it is not impossible that they might be traced somewhat farther than the map shows
them. The whole system produees upon the eye the impression of a crack
in slightly elastic material, due to a force acting near the middle and equalized at the extremities by dissemination over a large area. This impression
is probably correct. The fissure has a comparatively constant dip of from
33° to 45°, though there are local irregularities of a trifling character.
Prismatic horse.-A very interesting and important feature of the CO:-'ISTOCK,
observable in cross-section, is the forking of the vein at some distance below the Cl·oppings. The foot wall continues in typical cases unbroken to
the surface, but a secondary fissure rises through the hangin ~ wall in a
more or less nearly vertical direction, leaving the foot wall at a depth of
several hnndred feet. A mass of country rock, which might be represented
diagrammatically as a triangular prism, is thus included within the external
walls of the vein. It is needless to say that very considerable modifications
in the direction, position, and geometrical form of the secondary fissure are
observable in different portions of the LODE.
Vein below the horse.-Excepting in the region above the junction of the
east and west fissures, the vern in dip is of very uniform thickness; and
does not show as often or as prominently as many lodes the tendency to
open into chambers and pinch out again, which commonly accompanies a
faulting of one wall relatively to the other. This fact is by no means due
to the absence of a fault, but to its especial character. There is an unmistakable similarity between the configuration of the west wall and that of
the eastern face of the range.
The walls.-The hanging wall of the COMSTOCK is diabase throughout the
entire 10,000 feet of the main LODE, for some distance on the southeast
branch, and along its northeast branch, as far as the explorations have been
carried. The east wall is almost all in an extreme state of decomposition so
far as the bisilicates are concerned, and the feldspars also are frequently
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replaced by alteration products. The foot or west wall of the main fissure
is granular diorite for more than three-quarters of its length, but at the
southern end it is chiefly composed of metamorphic slates. The foot wall is
much less altered than the hanging. The northern branches, excepting the
most easterly one, are inclosed in porphyritic diorites, though stringers of
diabase also make their appearance in one or two spots on the fissure which
extends toward the Utah shaft. The southern branches pass along a variety
of contacts.
Black dike.-Accompanying the vein for about half its length is the narrow dike of younger diabase called "black dike." It is found only a little
north of the middle of the main LODE, extending thence southward and
following the southwest branch. It usually lies directly upon the foot wall,
but occasionally passes a short distance behind it. In the higher levels it
was so decomposed as to be unrecognizable as diabase.
Contents of the vein.-The contents of the vein are simple, on the whole, consisting of country rock in fragments varying in size from that of a grain of
sand to horses thousands of feet in length, clay, quartz, and argentiferous
minerals. The quantity of calcite, except in the Justice, is wholly insignificant, and gypsum, zeolites, etc., are rare. Some of the quartz is said to
contain no silver or gold; but for the most part it carries both, though in
varying quantities. That which lies upon or is inclosed in diorite carries
gold, but little silver; very little of this, however, will pay the expense of
extraction and treatment. The quartz ass~ciated with the hanging wall
carries more silver, accompanied by gold of a value nearly equal to that of
the silver.! The variation in the tenor of the quartz is extreme, as it usually
is in silver veins; and it is only in certain spots that the quartz assays above
the fifteen or twenty dollars necessary to warrant extraction at the present
prices of labor and supplies; while occasionally the value per ton of comparatively small masses runs up to several tho'u sand dollars. Masses of ore
which will pay for extraction are called throughout the region west of the
Rocky Mountains bonanzas, a Mexican mining term which avoids the ambiguity of the English term ore. The bonanzas, therefore, do not represent by
any means all of the quartz which carries a perceptible amount of precious
I

See table of the proportioDs of goln and silver in Comstock bullioD, p. 9.
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metals, and are often surrounded by low-grade ores m great qnantities.
Though there are exceptions to the rule; large bodies of quartz commonly
contain bonanzas. The occurrence of these bodies depends on very complex conditions, and no attempt can be made to account for their position
until the sections of the LODE have been passed in review. With two very
important exceptions they have all been found in the secondary fissure, not
on that with a constant dip. Excepting the Justice body they have all
occurred in contact with the east-country diabase.
Complex structure of the comstock.-The ordinary conception of a vein is a simple
crack in the earth's crust charged with ore and gangue. The COMSTOCK does
not realize this conception even approximately. With the possible exception
of the east-and-west veins near Silver Oity, the whole fissure system of the
DISTRICT is referable to a single mechanical cause and the charging of the
fissures is in all probability due to simultaneous lixiviation. The branches
of the LODE to the north and south are structurally integral portions of the
OOMSTOCK, but the LODE considered as a great ore deposit is limited to the
contact of the diabase with the underlying rocks.
Cross-section through the C. & c.-The most interesting vertical cross-section of
the LODE is that through the C. & C., Consolidated Virginia, and Andes shafts;
and fortunately this was pretty thoroughly accessible at the time of examination. The foot wall is diorite, and the hanging wall substantially diabase,
while the surface is capped with earlier hornblende-andesite. The secondary
fissure at this point was not simple but multiform, splitting the wedge of
country rock into sheets or sharper wedges. The intervening space is filled
with quartz, none of which has been stoped on the plane of this section,
though remunerative ore has been extracted in the Andes at a short distance
from it, and a very important ore body occurred near the surface some 500
feet to the north. The quartz contains numerous fragments of country rock,
too small to be shown in the drawing; and some of the horse is so silicified
as to be regarded in mining as quartz. At 400 feet from the surface the
different fissures unite, and the main fissure is supposed to continue without
interruption to the bottom of the Consolidated Virginia shaft, where it is a mere
crack. Why the vein has not been prospected for an interval of about
1,200 feet I cannot say. The great bonanza which has yielded over one-
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third of the product of the whole LODE stands in a vertical position and extends 500 feet from the fissure. Below it large masses of diorite are embedded in indeterminable vein-matter and diabase.
In the funnel-shaped mass directly under the croppings a notable feature
is the variation in the character of the quartz. This is hard and firm where
it lies upon the west wall, and so far from it as the general structure indicates that the quartz sheets are parallel to the line of the main fissure.
East of the horse, on the other hand, the quartz is in great part crushed to
a condition like tha.t of commercial salt. The horse-matter in this portion
of the section is also accompanied by heavy clays. The ore near the croppings in this region was heavily charged with galena, blende, and pyrite,
differing in this respect from the great bonanza in the same vertical plane,
and from the principal ore bodies of the LODE.
The" great bonanza ...-The bonanza consisted of a group of three bodies, one
of them far larger than the others, and one of very small dimensions. The
cross-section under discussion and the longitudinal vertical projection, Atlassheet X., give a better idea of the geometrical form and the position of this
important group than any description could do. 1 It was composed of
crushed quartz, including fragments of country-rock, and carried a few
h \I'd, narrow, vein-like seams of very rich black ores, consisting of stephanite and similar minerals, while nearly the whole mass of" sugar-quartz"
was impregnated to a moderate extent with argentite and gold, the latter
prol1q.bly in a free state. rrhe immense volume of these soft ores more than
compensated for their moderate teno'r,2 and much the greater part of the
entire yield of the bonanza was derived from them. They carried a moderate amount of pyrite. A great part of the space stoped out consisted of
fragments of country-rock, impregnated, however, with ore, and assaying
well. These fragments were highly decomposed, but perfectly recognizable
by their green color and traces of porphyritic structure. They were not
rounded, and I never saw traces of the concentric structure which any process of replacement must have imparted to them. On the contrary, they
were as sharply defined as if freshly broken. Comb structure was not visible
I Mr. Churl!h gives excellent illustrations of the form of this body on different levels, but the
black rock west of the bonanza is not black dike.
'The ore of the great bonanza averaged about $80 per ton, hut this included the rich Mt.ringerH.
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in the bonanza on a large scale, but where masses of country-rock were
favorably placed, the space between them often showed this peculiarity,
indicating that the fragments had acted as centers of crystallization for the
quartz. The same appearance was noticed by Mr. King in the earlier
bonanzas. Clays were by no means a prominent feature of this body,
though not absent. 'rhe endless sheets of clay following and intersecting
the ore bodies which were so striking in the upper level1:i throughont the
LODE seem to have disappeared below the junction of the fissures. To the
east of the bonanza, especially in the region exposed by the north branch
of the Sutro Tunnel, the rock is very heavily charged with pyrite, as well
as greatly decomposed; and the sulphuret is clearly formed within the
augite crystals of the diabase. The diOl'it.ic masses east of and below the
bonanza are shattered and somewhat decomposed, but not to the same
extent as the augitic rock The material laid down as "vein-matter" on this
and the other sections is crushed rock, so highly altered that its original
character cannot be determined with certainty. The color underlying the
conventional markings which designate vein-matter indicates what, in my
opinion, is its probable lithological origin.
Inferences from the C. & C. section.-It is so difficult to retain detailed descriptions
in the memory, that it seems advisable, in the interest of the reader, to draw
such inferences from each section as are justifiable, without waiting till they
have all been passed in review. The occurrence of the secondary fissures
on the COMSTOCK appeared to Baron v. Richthofen clear evidence that the
surface had not undergone great erosion since the formation of the vein. Mr.
King concurred in this opinion, and it also appears to me essentially a surface phenomenon; for had the east wall near the present top of the fissnre
been backed up by thousands of feet of rock, it is difficult to see how it
could possibly have yielded in the manner shown by the section. The
secondary fissures must, too, have been caused by faulting action, for in 110
other way can a tendency to rupture in a vertical direction be accounted
for. That the east country throughout the mines, and prominently in this
neighborhood, shows numerous signs of faulting, has already been explained
at length, as well as that the sheeted structure is not ascribable to ernptive
bedding.
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Sugar-quartz.-The microscope fnrther shows that the sugar-quartz is composed of crushed crystals,I and this can also be demonstrated macroscopically. In interstices between fragments of country rock, bunches of quartz
crystals are not uncommon, and these though fractured are sometimes held
together by the support of the surrounding material. In such cases the same
crack can sometimes be observed running through a considerable number of
crystals, proving, if necessary, that they have not yielded to an internal
stress, but to an external force. Though the whole country is greatly
broken up, so that the average size of the blocks of country rock showing
no fissures is not much above the size of a man's fist, it is nowhere reduced
to the fineness of sugar-quartz. This need cause no surprise, however, for
miners and mill men are well aware that, in spite of its hardness, quartz is
very readily crushed, far more readily than volcanic rocks, or even than
limestone. The occurrence of sugar-quartz, then, is an evidence of movement, and this can have taken place only in one direction, that of the dip
of the fissure; for even if it were conceivable that the whole country in this
neighborhood might be compressed latterly, the behavior of the quartz in
the upper levels would prove the supposition inapplicable. The quartzsheets which are parallel to the fissure are solid, or, at most, according to
Mr. King, show a slaty structure; while the masses which are not parallel
to the fissnre are crushed. In some of the bonanzas in other portions of
the COMSTOCK, Mr. King noticed a parallelism to the LODE even in the
crushed masses, and such a phenomenon is also said to have been observed
in the great bonanza of this section.
Period of the fault.-Since the secondary or east fissure was filled with quartz,
the faulting action to which the existence of this fissure is due must have
preceded the deposition of ore on the COMSTOCK; and since the ore was
crushed by a movement in the direction of the dip of the main fissure, faulting must also have succeeded the deposition of ore. The faulting action
studied in Chapter IV. must therefore have embraced the whole or nearly
the whole of the period during which the deposition of ore was taking place,
1 The finest portions of the sugar-quartz mounted in balsam and examined in polarized light under
the microscope are umnistakahly anisotropic, and while portions of crystal-faces are occasionally visible,
most of the surfaces are concboidal fractures. I hav e met with no evidence that any of the solid quartz
of the COMSTOCK ba8 resulted from the consolidation of sugar-quartz, either by pressure or any other
agency.
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though movements may have occurred only at long intervals It is possible that the seams of rich ore in the great bonanza represent a deposition
posterior to the final cessation of movement.
Tenor of the ore.-The variation in the tenor of ore is probably ascribable to
two causes. The general poverty and the auriferous character of the quartz
associated with the diorite are probably due to the composition of that rock,
which in this locality nowhere secretes argentiferous ores. On the oth("r
hand, the fluctuations in the composition of the ore associated with diabase
are most likely due to a combination of chemical and dynamical causes.
Whatever may have been the actual solubility of the silica and the argentifero11s compounds of the diabase, under the conditions which prevailed
when the solutions were formed, it is in the highest degree unlikely that it
was the same. When, by a renewed movement of the hanging wall, fresh
material was exposed to solntion, either the silica or the silYer would dissolve
with greater relative rapidity than after prolonged exposure to the solvent
action; and the ore deposited would vary correspondingly. It is also byno
means impossible that some of the richer ores have been redeposited, forming at the expense of surrounding bodies of lo,ver grade.
Indistinctness of the east wall.-The east wall is very indistinct on this and on
most of the other sections. This is in accordance with the lat.eral-secretion
hypothesis. As has been seen, the fragments of country-rock certainly act
as centers of crystallization, and, had the solutions risen from great depths
along the fissure, quartz must also have crystallized from both walls equally;
but if the soliltions percolated from the east into the fissure, this structure
would certainly not have resulted unless they passed the wall very gradually and gently.
Clays.-.The clays of the COMSTOCK appear to be for the most part mere
attrition mixtnres of decomposed but not necessarily of ka()linized rock, as
bas been explained in Chnpter VI. In this section it is obserntble that the
horses near the Cl·oppings end dowlhvards in clay sheets, and that the clays
are most abundant where hor~e matter lies across the general direction of
movement.
Quartz deposited in openlngs.-The substitution hypothesis of ore deposition
receives, as has been seen, no support either from observation or. theory.
.
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It appears to me necessary, therefore, to suppose that quartz and ore have
been deposited in openings. The space occupied by the bonanza can of
course never have been an uninterrupted cavern, but it would seem to have
been a space loosely filled by fragments of country rock, which are now
represented by the included horse matter. Though the country-rock is so
greatly fractured, a space of this kind is by no means impossible. If a
large opening were to be made anywhere in the diabase, fragments would
immediately fall from the sides and roof. The latter would assume the
shape of a dome, and though a complete arch of blocks would not form, a
portion of the weight of the overlying country would be distributed laterally, and the diminished pressure would most likely be insufficient to crush
the displaced fi·agments. The lenticular mass of diorite below the bonanza
does not appear to be in place. It was proba'J?ly partly separated from the
west wall at the diabase eruption, and since that time it seems to me to
have moved downward::;. Owing to the irregularity in the walls consequent
upon its presence, and to the difference between its resistance and that of
the diabase to lamination by faulting, it left a rent in the hanging wall,
which has afforded an opportunity for the deposition of quartz in the manner just explained.
Cross-section through the Tunnel.-The next section south of the C. ([; C. is that
through the Sutro Tunnel and the Savage shaft. I t fails to cross any ore
but, as may be seen from the longitudinal vertical projection, it nevertheless
passes through nearly the lowest point of a fan-like group of bonanzas,
the "Virginia group," as it is often called, extending from the Chollar to the
Gould ([; Curry. On this plane the secondary fissure leaves the west wall ata lower point than in any other portion of the LODE, and all of the bonanzas were found in the secondary fissure. rrhroughout this portion of the
LODE the east and west fissures display the same general characteristics as
at and near the Andes. The west quartz was -hard, according to 1\1r. King,
while the eastern quartz, as I have myself been able to observe, is crushed.
The great horse body is split by quartz-masses, which are not continuous,
however, thinning out in the strike and being replaced by others. Clay
seams are very heavy and intersect as well as follow the horses. The ore
was not "base," and much of it was extraordinarily rich. The bonanzas
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were very thin perpendicularly to the plane of the LODE as compared with
that previously described, and hence occupy a much greater space on the
vertical longitudinal p.rojection. In detail the structure of these bodies was
excessively complicated, as may be seen from Mr. King's report. It is not
in my power to add anything to his description, to which the reader is
referred for more detailed information.
Virginia group of ore bodies.-The Virginia group of bonanzas lies in an undulation of the west wall, the general shape of which may be clearly traced on
the surface map; but by inspection of the horizontal section on the Szdro
Tunnel level it will be perceived that this depression has flattened so as almost
to disappear at a vertical distance of about 1,900 feet from the datum point.
Before the walls were disturbed in their relative positions, a solid mass of
diabase lay in this local depression. The fact that the depression is limited
to the neighborhood of the surface must have brought an extraordinary strain
to bear upon the tongue of east country rock lying within it when the fanlt
took place. The lines of secondary fracture" instead of running nearly parallel to the LODE, appear also to have crossed the continuous prismatic horse so
often referred to, and to have reached the foot wall at the extremities of the
undulation. The mass thus separated would be canted eastwards by the
same force which effected the separation, and between it and the main body
of the east country there would form a crescentic opening, the points of
which would lie at the Cl'oppings on the west wall, while its greatest width
would also be on the west wall at the bottom of the tongue of east country.
From the west wall vertically, or in t.he direction of the secondary fracture,
the opening would everywhere taper, ending in a mere line at the surface
or more probably somewhat below the surface, since the crushing stress in
an east-and-west direction would be powerful. 'fhis opening once formed
would be immediately blocked by fragments of rock, and could never close.
Such I conceive to have been the nature of the case in the region of the
Virginia group, modified in detail by more or less important irregularities
of structure; and it will be observed from the Tunnel section that the west
quartz tapers from the surface downward, while the east. quartz thickens;
showing that the horse has revolved slightly on a horizontal north-and-sonth
axis, remaining firmly in contact with the east wall at the top and with the
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west wall at the bottom. By inspection of the longitudinal vertical projection and of the mine maps, it will also be perceived that the ore bodies lay
within such a space as is suggested by consideration of the probable results
of faulting.
The occurrence of the rocb in the Sutro Tunnel has already been sufficiently discussed in Chapter V. The various belts of decomposition indicated have all been located as veins upon the surface; but there is nothing
in this section to indicate any hope of ore away from the COMSTOCK, except
upon the Occidental lode.
Cross-section through the H . & N.-The Hale & Norcross section passes through
the edge of the largest bonanza of the Virginia group. Its thinness, compared with the Consolidated Vi1-ginia and California bonanza, is striking, but
•
would be somewhat less so were the plane of the section nearer the axis of
the body. The structure of the horse is much less regular than on the Sutro
section, but it is again noticeable that the western quartz diminishes in
width as the depth inci-eases, while the openings at the east increase. The
horse is intersected by a nearly yortical quartz body. In the Chollar these
two eastern fissures come together_ The black dike makes its appearance
in this section, and is found running into the Savage, but no farther north,
nor is it known to reach the surface at any point. 'fhe andesite coritact is
laid down from inferences dra~n chiefly from observations made at the
Savage, 700 feet farther north, the Santa Fe adit being closed. Most of the
lower workings of the Hale ((; Norcross were also inaccessible at the time
of the examination, and it is not impossible that the vein is drawn somewhat
wider than a careful examination would justify.
Cross-section through the Jacket.-In the Imperial ground the diorite swings to
the west, leaving metamorphic slates with an easterly dip as the foot wall
in the Gold Hill mines.
But a small portion of the Yellow Jacket workings was accessible at the
time of the investigation; but a preliminary examination of the lower levels
had been effected before the Gold Hill mines were flooded, and an excellent
collection, kept by the company while sinking the new shaft, supplemented
by visits to the accessible tank stations, furnished all the necessary information concerning the eastern portion of the section. The old workings had
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been carefully examined by Mr. King's party, and the information recorded
by him, with additional facts from the surface, and from a few levels below
the bottom of the old shaft, make the section fairly .satisfactory.
Several masses of micaceous diorite crossing the new shaft are represented as embedded in diabase. The evidence already adduced of the relative age of these two rocks precludes the supposition that these bodies can
be intrusive, and the o~ly tenable supposition seems to be that they are fragments detached and moved into their present position by the diabase eruption. That such an event is quite possible is evident, the wonder being
that it is not of more frequent occurrence on' the COMSTOCK.
Fissure dipping west.-A very peculiar phenomenon is the occurrence of an
ore body in the Yellow Jacket dipping west and ending abruptly on the
west wall. The following is suggested as a possible solution . The earlier
hornblende-andesite cap is in this region of considerable thickness, and its
under and upper smfaces seem to be nearly parallel, while the diabase
contact slopes at an angle of some 33°. The tlirection of the faulting
movement was at least as nearly vertical as that of this contact. To this
movement the tenacity of the andesite offered a resistance, but as it contained no parting in the direction of motion it yielded in the direction of
least resistance, or nearly at right angles to the surface. This action gave
rise to the fissure dipping westward. As the faulting movement continued,
a second eastern fracture formed exactly as in the Virginia mines.
Cross-section through the Be1cher.-'l'he Belcher section is made out from fewer
data than most of the others, in spite of the fact that the ore-bearing levels
were open to inspection. No galleries have been run into the east wall on
this plane, and there are no workings where the croppings should appear.
The quartz is continuous on the slope of the main fissure above its junction with the secondary fracture, but how far is not known. I believ~,
however, that the fissure might be followed to the surface, though it is
improbable that ore in any quantity would be found. From the sketch
map, Fig. 1, it appears that the evideuces of solfataric action run high np
Crown Point ravine, and back of the Belcher j and the decomposition seems
almost necessarily to indicate a structul"al connection between the smface
and the deep-seated fissures. The secondary fissure appears to represent
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the east fissure of the Yellow Jacket, the west fissure here coinciding with the
slope of the LODE.
The fault at the Belcher.-There.is much less evidence of faulting at this section than on any of the preceding. The topography does not show a
logarithmic character; the lamination of the surface rocks is not perceptible, nor is there much evidence of such a structure in the mine; and far
more of the ore was solid or composed of bunches of large interlocked quartz
crystals, with spaces between them, than in the Virginia mines. There is
some crushed quartz, however, and the character of the bonanza, which was
largely made up of angular fragments of country-rock, seems to indicate
faulting, though of a less violent and extensive character than that which
occurred on the flank of Mount Davidson. The bonanzas hitherto described
appear to have filled spacE's due to secondary fracturing, while that in the
Belcher seems to have occupied an opening due to changes in dip, combined
with a relative movement of the walls, concave surfaces being brought into
opposition. An inspection of the section can hardly fail to produce this impression and, if it be a fact, it furnishes another proof of the comparative
gentleness of the faulting action in this locality. Since the dislocating force is
manifestly dissipated at the ends of the LODE by distribution over a large
area, it is likely ~o grow less intense as the extremities are approached. The
diminution indicated at the south end of the main LODE is greater than
at the north end.
Small stringers of good ore have been met on the 3,000-foot level of
the Belcher, the deepest level yet reached.
Cross-section throul;h the Forman shaft.-The section through the Baltimore and
Forman shafts is more valuable as a study of the succession of the rocks
than for any positive information it fur~ishes regarding the LODE. The
qontacts in this portion of the country are much more numerous than near
Virginia, and one of these, seemingly continuous with the main COMSTOCK
fissure, has been sufficiently opened to admit the deposition of quartz. The
dynamical action must have been very slight, however, for there are no
certain evidences, either in the shape of croppings or of lines of profound
decomposition, that fissures from the sUlface connect with this contact in
depth. But croppings r!lappear just below the Justice, and the surface and-
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subterrauean phenomena together render it, to my mind, altogether probable that the fissure is continuous, as shown upon the surface map.
The evidence of the structure of the country on this section is, for the
most part, far less detailed than that obtained for some of the others; but
it is sufficient to justify considerable confidence in the general . features
shown. The Forman shaft leaves nothing to be desired, thanks to the thoroughly scientific spirit in which the management has preserved accurately
labeled specimens from all levels, as well as temperature observations. A
very important point proved by the shaft is that the diabase does not extend
so far south as this line, for had it done so it must have been encountered
between the hornblende-andesite and the quartz-porphyry. The Caledonia
works were also open to inspection, and were carefully examined. The
three other shafts were closed, but the information afforded by the dumps,
in connection with the maps of the workings and the statements of employes
as to the drifts from which the diff~rent divisions of the dump-piles came,
and correlated with the data obtained on the smface and in the mines still
open, gave ample evidence as to the order of occurrence of the rocks.
Diabase nowhere appears on this section, but is found overlying quartzporphyry at the Ovennan, a short distance to the north, and a small partial
section is given to illustrate this occurrence.
Cross-section through the Union shart.-To the north of the main LODE, as to the
south of it, the evidences of dynamical and of chemical action grow slighter,
though much less rapidly. From the section through the Union shaft, for
example, it appears that 011 the main northerly branch no secondary fissure
has formed, and since the LODE is here divided at the smface into at least
three stringers, a sufficient intensity in the faulting action to produce a wellmarked secondary fissure could scarcely ?e anticipated. rfhe south branch
of Seven-Mile Canon has cut deeply into the surface here presented. If the
eroded ground were restored some traces of a logarithmic surface would be
visible. The lower workings from the Union shaft are entirely accessible,
and prove that the diabase contact is not on the fissure which has been
chiefly explored to the north of this plane, bnt diverges from the strike of
the main LODE towards the northeast. A line of heavy croppings exists in
this general direction, and probably marks the contact. A comparison of
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this ~ection with the surface map and with the horizontal section on the
Sutro TUJlnellevel shows that the contact between the diabase and the diorite
being steeper than the dip of the northern branch of the LODE, the fork of
the vein is met much farther north on the lower levels than at the surface.
The disturbing influence of the sharp bend in the diabase-diorite cont..'tct
upon the regularity of the faulting action is visible in the larger amount of
crushed rock, and the apparently displaced diorite masses on this section.
Most of the diorite east of the northerly fissure and nearly all of that on
the lower levels is porphyritic. A small ore body- occurred near the croppings on the northerly branch. Mr. King describes the ore there found as
"fragmentary masses of blocky quartz, impregnated with native gold,
closely resembling the California auriferous quartz." The little ore bodies
on the 2300 and 2400-foot levels are more like the ordinary CmfsTocK
• ores. The evidences of solfataric action are very strong on the lower levels
of this section; indeed, the decomposition is so profound as to make lithological determinations a matter of the utmost difficulty.
Cross-section through the Sierra Nevada.-The Sierra Nevada section shows evidences of very powerful dynamical action, yet of but a small amount of
faulting; for the dip of the north fissure is here so irregular that no movement whatever could occur in the ordinary dir~ction without extensive fracturing. The occurrence of limestone on this section has already been
noticed. The diorite beneath it is mainly granular, and that resting upon it
is for the most part porphyritic, though no sharp line can be drawn for any
considerable distance between these varieties. It appears to me that this included sheet of stratified rock was largely instrumental, by its weakening
effect, in determining the course of the north fissure. Beneath the limestone is a small stringer of diabase, no doubt connected somewhere with
the main body to the east, but at what point is uncertain. It is accompanied by a minute quantity of ore, not unlike that of the COMSTOCK bonanzas,
hut it would be difficult to gather five pounds of it, and there is no likelihood of any ore body of importance being found here. The same stringer
of diabase, or a similar one, occurs further north in Utah ground, on the
north fissure_ The main body of diabase seems to have been struck on the
1450 level of the Sierra Nevada by a drill hole, the cores of which were
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fortunately preserved. The drift itself was inaccessible, and could not have
been opened at any moderate cost.
The east-and-west fault.-There are clear evidences of a slight downward
movement to the north of the Sierra Nevada, or an equivalent rise of the
region to the south. It is impossible to state definitely that this was not
independent of the great fault, but after considerable study of the case it has
seemed to me unlikely, on the whole, that the two movements were unconnected. Everything shows that the el1lptive rocks of the DISTRICT are exceedingly rigid, and cannot be flexed perceptibly without breaking. At the
same time there is, as has been seen, stro.ng proof that the faulting diminishes rapidly to the north and south, beyond the points atwhich the main LODE
ramifies. In part the strain was weakened by distribution over various
fissures, but thifl would have been insufficient to effect adjustment in the
absence of flexibility. This argument would therefore point to the proba-.
bility of east-and-west fractures as a means of relief, and it is to this action
that the little slips in the Sierra Nevada appear to me attributable.
Cross-section through the utah.-In the Utah the north fissure again straighten3,
so as to exhibit approximately the usual dip 'of the COMSTOCK, and though
the fanlt was slight it left a trace of a secondary fracture. Diabase appears
in several levels, bllt only as an irregular dike, backed by micaceous
diorite, which also shows extensively on the smface in this neighborhood.
As nearly as can be made out, this diabase comes in on a cross-fissure from
the southeast and not on the branch of the LODE. The evidences of solfatacic action are not great in this mine, much of the rock being even fresher
than that to be found on the surface at any point in the DISTRICT. In the
lowest levels, however, there are belts of somewhat decomposed rock.
Horizontal section.-It was intended to make horizontal sections of the COMSTOCK on three levels, but this proved wholly impracticable on account of
the inaccessibility of the older workings. Fortunately it was possible to
explore nearly all of the Sutra Tunnel level, 1,900 feet below the Cl·oppings.
The result is recorded in Atlas-sheets VIII. and IX., where the inaccessible
drifts are shown in hair lines; while the projection of the principal workings
on other levels, of which use was made in drawing inferences as to the
conditions existing on the 1900-foot level, is shown in dotted lines. The
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care with which the determinations were made is shown by the abundance
of the marks indicating the points from which specimens were collected,
and slides ground. This very laborious collection was necessitated chiefly
by the extreme state of decomposition of the rocks, which here almost
wholly effaces their distinguishing characteristics. It was also necessary to
prove the presence or absence of any rock which could properly be brought
under the definition of propylite.
Ore bodies occur at the diabase contact.-It appears from this section that the east
wall of the COMSTOCK, from the Overman to the Sierra Nevada, is diabase,
while the west wall is diorite for only a part of the distance. By comparison
with the vertical sections and the vertical projection of the LODE it will
be seen that all the ore bodies of any importance, except that in the Justice,
are at or close to the diabase; while the Gold Hill bonanzas rest upon metamorphic rocks. The forking of the vein at the Ovennan is well exhibited
on this level, with its cause, the divergence of the black dike from the main
diabase mass. To the north it is evident that the north fissure is on the
st.rike of the LODE, and that its formation was probably facilitated by the
presence of the limestone body in the Sierra Nevada grounq.
Faulting.-The evidence with regard to faulting offered by this level IS
interesting. The course of the LODE is very closely the same as the line of
the croppings, with the exception of the undulation shown at the smface
opposite the Virginia group of bonanzas. The disappearance of this undulation was discussed in connection with the vertical section through the
Sutro Tunnel. The effect of the compression produced by the sharp 'bend
of the diabase contact to the eastward at the north end, in conjunction with
the southeasterly dip, is seen in the great mass of crushed rock in the
northern mines. This crushed rock has been denominated vein matter, in
accordance with local mining usage, because it is decomposed past certain
lithological determination; it is not laid down as forming a part of the
vein, however, because it is not a loos~ aggregation of fragments considerably
removed from their original position, but consists of huge rock masses fissured in every direction.
Close contact of the wans.-Considering the extent of the vein and the indubitable evidences of an extensive fault, it is at first sight very remarkable
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that the wall::> are almost everywhere in such close contact, and that the
only large opening due to mere relative displacement of the walls is that
occup·ied by the Gold Hill bonanza. If the theory of the fault propounded
in Chapter IV. is correct, howe-<rer, this state of things follows as a necessary
consequence, for the vein represents only a single parting, and the relative
motion between its walls is the relative motion of two successive sheets.
The actual amount of displacement must depend on the thickness of the
sheets, which on the COMSTOCK is certainly not above twenty-five feet. This
would answer to a relative movement of the actual walls of something like a
hundred feet. r[,he opening of the vein in Gold Hill is probably in part
attributable to the character of the foot wall, which, being stratified at an
angle to the LODE, would be, as 'all experience shows, less rigid and less
easily split into sheets. The dip of the west wall in Gold Hill is also considerably smaller than in Virginia, about 100 less, and this fact must have
had a tendency to ease the pressure in the southern mines.
Influence on the path of rising w~ters.-On account of the small relative movement
of the walls of the LODE these are sometimes found nearly or quite in contact with one another over considerable areas; and at points where the walls
are perceptibly, but not distantly, separated the intervening space is often
closely packed with clay and rock fragments. The vein is therefore not an
open water channel throughout, and it is highly probable that on some
straight or sinuous line it may be impenetrable to liquids from one end to
the other. With the east country rock the case is different. As has been
noticed frequently in the foregoing pages, it shows an endless number of
partings parallel to the LODE and innumerable fractures across the sheets.
Few of these partings show any clay, and as capillary fissures can never be
stopped except by plastic material, there is little obstruction to the circulation of water in the country rock. This conditioll of things has most likely
had not a little to do with the deposition of ore. The waters, rising from a
depth which the heat relations show must be measured in miles, were prevented from following the LODE fissure and were forced to permeate the country rock, reaching the open spaces of tne vein laterally, and there depositing
the quartz and ore minerals dissolved.
Partial section on the 2soo-foot level.-The northern mines were accessible on the
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2500-foot level for a considerable distance, and a horizontal section of
these workings is presented. It shows, in connection with the parallel
section 600 feet above, the growing tendency of the diabase contact 1:0 dip
towards the southeast and the great increase of crushed rock with increasing
depth. All preparations had been made to lay down the geology of the
Gold Hill mines at the corresponding level, when a flood rendered the
workings inaccessible. The map, however, at least indicates the continuity
of the vein in depth and parallelism of structure between this and the Sutro
Tunnel levels.
Vertical projection of booanzas.-The longitudinal vertical projection needs no
explanation, supplementing in. an evident manner the other Atlas-sheets.
The disposition of the various bonanzas which it shows has been mentioned
in connection with the cross-sections of the LODE. 1
Mine maps.-The entire official mine maps are also presented, and will
enable those specially interested in the LODE to follow out many details of
structure. The notes on these maps as to walls, clay seams, etc., represent
the deliberate judgment of the surveyors and superintendents, and I have
found them, where accessible, for the most part, correct. They are left as
they stood on the originals, because the greater number of the localities
where they occur are inaccessible, and as a record of opinion of those
technically engaged in mining they have a distinct value, which would be
lost if partially replaced by my own determinations. Not all the galleries
appear on the maps, for, though the main workings have been carefully
plotted from the earliest times, unimportant drifts are often run without the
cooperation of the surveyor, and these sometimes escape record. The surveyed galleries, shafts, and winzes aggregate about 155 miles, and the unrecorded ones probably 30 miles additionaP
claim.map.-The claim-map of the WASHOE DISTRICT forms a proper complement to the mine maps. It shows the claims up to 1881 and distinguishes
1 In

-

preparing all of the geological sect,ions of the LODE, I was assisted by Mr. R. H. Stretch,
who is responsible ollly for the mapping, the geological determinations being my own. My determinations, howcver, were greatly facilitated by Mr. Stretch's familiarity with the old workings, nolV for the
most part inaccessible, and by his zealous assistance ill gathcring data as to structure and lithology.
The lon~itudinal vertical projection of the LODE is entirely Mr. St.retch's work .
• The <>fficial surveyors of the COll!STOCK have been Messrs. I. E. James, R. H. Stretch, Marlette
& Runt, T. D. Parkinson, Browne, Hofftllann & Craveu, and L. F. J. Wrinkle. The contract for the
maps was made with Messrs, Hoffmann & Craven.
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claims for which patents have been issued, those on which applications for a
patent have been made, those determined by U. S. survey, but on which no
applications for patents have been made, and finaI1y claims the boundaries
of which have merely been determined by private survey. An index to
the claims, showing the position of each on the map, will be found at the
end of the volume. 1
conclusions.-Collectively, the various observations made, if they are coiTect
and the inferences from them sound, throw considerable light on the history
of the LODE. After the eruption of the diorite the first event of importance,
so far as the vein is concerned, was the outburst of diabase, which involve~
a rupture and dislocation of the earlier diorite, leaving a smooth contact
between the two rocks at an angle of about 45°. The contact was afterwards slightly opened to admit the younger diabase or black dike. Eruptions of earlier hornblende-andesite and of augite-andesite afterwards
occun:ed, which probably caused fractures and dislocation in the eastern
portion of the diabase, but produced no traceable action on the COMSTOCK
fissure. The country W2$ subsequently so eroded as to reduce the sUlface
of these four rocks to a gently sloping plain, with an inclination of a little
more than two degrees to the west. After the commencement of the dry
period (dry, that is to ·say, so far as this region was concerned) a great
movement began which may possibly have been a sinking of the hanging
wall, but was more probably a rise of the foot wall. The center of action
appears to have been near Mount Davidson. This dislocation involved an
enormous friction, one result of which was a separation of the foot waH and
the hanging wall into sheets parallel to the fissure for a long distance from
it. A secondary effect of the same force was the formation of innumerable
cracks in these sheets nearly perpendicular to their partings. The edge of
the east country necessarily assumed the form of a wedge, and was broken
completely through at a point a few hundred feet below that at which the
primary fissure reached the surface. Openings were formed along the CmfSTOCK as a result of the movement of the walls, but under a variety of
circumstances. In Gold Hill a space was left by the non-conformity of the
wall surfaces brought into opposition. In the Virginia group a slight
J The claim-map was prepared by Messrs. Hoffmann & Craven.
however, were made by Mr. \Vrinkle.

Some additions and corrections,
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irregularity in the dip of the foot wall prevented the mass broken from the
edge of the east country from following the main body of diabase to its
final position; while in the Consolidated Virginia and the neighboring mines,
at a depth of between 1,000 and 2,000 feet, a projecting mass upon the foot
wall gave rise to a local rent in the hanging wall. Besides these more
important openings, numerous clefts formed in the prismatic horse which
had been broken off from the hanging wall, and between the horse and
the main body of the east country. Large quantities of rock were ground
to dust in the course of the faulting, especially at and near the gre~t horse,
where the mechanical action was least regular.
Floods of heated waters now rose from a depth of two or more miles,
certainly carrying carbonic and sulpbhydric acids, and possibly other active
reagents, in solution. The water followed the course of the main fissure as
closely as circumstances permitted, but was deflected to a great extent into
the fractured mass 'of the east country, where decomposition resulted . .silica
and metallic salts were set free from the mineral constituents of the rock,
and were carried into the comparatively open spaces near the main fissure,
where they were redeposited. The proportion of silica to ore minerals
varied greatly with time and local circumstances, which if they are capable
of full explanation certainly have not received it in this report. Some of the
causes of the variations, however, can be indicated without difficulty. The
lithological character of the rock upon which the waters acted was evidently
of prime importance, determining both metallic contents and gangue; so that
the deposits of Cedar Hill, those of the Justice mine, and the bonanzas of the
main LODE, all show distinctive characters. The duration of the exposure
of particular rock masses to solvent action no doubt had much to do with
the tenor of the resulting ore. It is likely, for example, that silica under the
conditions then prevailing, is more readily soluble than silver compounds.
If so, the water first passing over a mass of rock would deposit low-grade
quartz in the vein, and subsequently, as the supply of soluble silica diminished, a better quality. It seems clear that fresh movements occurred from
time to time, and that fresh rock surfaces were thus exposed. This would
have brought about alternations in richness, such as have sometimes been
noticed in the LODE. Pressure, too, if not temperature, may have varied
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from time to time, and so may the quantity of active reagents in the rising
waters. On the whole, the earlier deposits of quartz seem to have been of
lower grade than the later ones, but the phenomena are so complicated that
no considerable practical value attaches to this observation.
The ore was deposited on the walls and fragments of rock as in more
regular veins, but the currents percolating from the east and de~omposing
the rock through which they passed, gave the east wall a somewhat indefinite character. This indefiniteness was increased by the ~ynamical action
which followed the deposition of quartz, and probably also accompanied it.
After most of th.e quartz was precipitated, renewed movements occurred,
crushing the deposits in great part to so-called" sugar quartz." It was the
quartz bodies standing at a considerable angle to the west wall, and therefore crossing the fissure planes, which were most extensively comminuted.
1\1ore attrition products were of course also formed at the same time.
The solutions which so poweIfully attacked the polyhedral fragments
of diabase were of course not without effect on the pulverized rock masses
which were abundant, particularly in and near the secondary fracture,
or "east vein." The clays are the result. In a simple vein, attrition mixtures and clays are apt to occur only on the two walls. On the COMSTOCK
such a regular formation is found on the west wall, but seldom on the east.
There is no necessary connection between walls and clays in spite of their
frequent association, some typical veins showing nothing of the kind. The
clays of the COMSTOCK show little kaolin.
Probabilities.-The first condition for a deposit of ore is the formation of
an opening, and on the COMSTOCK such spaces appear to have formed in
three distinct ways, already explained. The secondary fracture has been
worked out, and except in Gold Hill considerable nonconformity of the walls
is not to be looked for. There it is as likely to occur at greater depths as
above; indeed, the fact of its occurrence in the Crown Point and Belcher, at
a mean depth of, say, 1,700 feet from the Gould & Curry CI'oppings, leads
almost necessariiy to the conclusion that there must be other nonconformities at greater depths, unless the roeks change to other species. Openings
of the type of that which contained the Consolidated Virginia and California
bonanza may occur at any point on the vein, and wholly without warning
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from above, as was the case with that body. The want of indications of
such an opening from above is due simply to the fact that from the nature
of the case the accompanying subsidiary phenomena are on lower levels than
the opening. At least. one other type of opening may occur, which is as
likely to carry ore as those just mentioned. 'Where large bodies of rock
are broken and dislocated, interstitial spaces of considerable size may readily
form within the mass. An enormous volumA of such material exists in the
lower levels of the north end mines, and nothing would be less surprising
than the discovery of oue or more are bodies in that locality. Attendant
upon the ore bodies and somewhat below them to the east, !he hanging wall
will probably be more heavily charged with pyrite than the average rock
of the east country, as has been the case with former bonanzas.
.
Of the actual precipitntion of ore and gangue from solution little is
known. It is yery natural to connect it with surface influences, and hence
to suppose that ore mnst be limited to certain depths. Such an hypothesis
is frequently held by mining men, but experience does Dot confirm it; for
though there are shallow deposits, there are many deep ones. The gold
veins of California and Australia show no tendency to give out in depth,
when affected by no other unfavorable conditions, such as a change of rock;
and the mines of Pf'ibram, in Bohemia (the only ones, I believe, which are
deeper than those on the COMSTOCK), were never so rich and profitable as
they have been since the 3,000-foot level was passed.
The western limit of the diabase is the only ground in which important ore bodies ever have been or are ever likely to be fonnd in the COMSTorK mines, and exploration should, in my judgment, be confined to the
neighborhood of this contact. Money spent elsewhere will almost eertainly
be wasted. As long as the east country continues to show an extensive body
'of diabase, there is no reason for discouragement. Should this rock eyer narrow to a mere dike between diorite walls, the outlook would be gloomy;
but it is highly probable that such a change occurs, if at all, only at a
point far below the limit which technical difficulties will set to exploration.
The whole contact between diabase and the underlying rocks is worthy
of earefnl exploration. Evidences of disturbance and decomposition are to
be regarded as indications of the possible neighborhood of ore, and regions
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exhibiting these characteristics should be thoroughly cross-cut; while, where
the rock i~ comparatively firm and fresh, drifts or winzes should be pushed
on to more promising ground. The country northeast of the Ophir is particularly favorable. As may be seen from the horizontal sections, it pre~ents a large extent of unprospected contact between aiabase and diorite
directly adjoining a region of broken and highly altered rock where ore
in small quantities has already been found. Ore is not unlikely to be met
with in this unexplored area at depths of less than 2,000 feet, and therefore
under comparatively favorable conditions as to heat and water. The mines
near the Union shaft are also likely to find ore towards the bottom of the
mass of shattered rock in which the 1,900 and 2/)OO-foot levels are excavated. In the Best (!; Belcher ground, too, there are signs of !5reat disturbance, though the decomposition is less intense than in the mines north of the
Ophir. A drift from the lowest levels of the Consolidated Virgi1lia would
show whether the indications Oil this claim improve with dept.h.

OHAPTER IX.
ON THE THERMAL EFFECT OF THE ACTION OF AQUEOUS
VAPOR ON FELDSPATHIC ROCKS.
BY CARL EARLS.

Mr. Church,l in his report on the geology of the COMSTOCK LODE, has eudeavored to account for the abnormally rapid increase of the temperature
of this DISTRICT with increasing depth2 by ascribing it to chemical actionmore immediately to the decomposition (kaolinization) of the feldspathic
rocks in consequence of the presence of moisture. This theory, however,
notwithstanding the ingenuity with which it has been discussed by its
author, is based on an assumption that has scarcely a single experimental
datum to support it; nor is the fundamental hypothesis upon which Mr.
Church bases his argnment, namely, that the process of kaolinization is one
from which we may, a priori, expect the production of heat (as Mr. Becker
has already pointed out) by any means of a kind to be readily admitted.
General plan.-It appeared very desirable, therefore, insomuch as from
theoretical grounds alone there is abundant room for difference of opinion,
to put the matte;'~ to a direct physical test. At the outstart, and with the
time and means available in camp, qualitative experimentation only could
judiciously be attempted, the necessarily complicated quantitative study
being reserved for more favorable opportunities; if, indeed, the preliminary
investigation should furnish results of sufficient interest to warrant further
research.
The thermal effect of kaolinization (abbreviated T. E. K.) may be defined as the quantity of heat produced by the action of aqueous vapor on
IThe Comstock Lode, its formation and history, by John A. Church, 1879.
This volume, Chapter VII.
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the unit mass of feldspathic rock in the unit of time. T. E. K. may, therefore, a priori, be either positive, zero, or negative. It must be regarded,
moreover, as a function of the time during which the action J?as been going
on, of the temperature and of the quantity of feldspar contained in it
given sample of rock.
The problem presented is none other than the measurement of very
small increments of temperature with aU the accuracy attainable. For such
a purpose either thermometric or electrical means are applicable. The former requiring specially constructed apparatus, had at once to be discarded .
• moreover, whether the thermometric method of research
/It is a question,
will not, under all circumstances, offer obstacles of a very serious character.
In the measurement of small increments at the boiling point it becomes a
matter of great importance to keep the mercury column throughout at a
temperature as nearly as possible equal to that of the bulb-a condition
which can be realized only with great difficulty, when a division of the stem
into very small fractions of a degree is also required.! Electrically; there
are two methods applicable The first, however, based on the relation
between temperature and resistance, would have necessitated the measurement of increments of the latter quantity amounting to scarcely 0.0005 per
cent. of the whole, in order to arrive at the accuracy desired. Though
even this is feasible in the laboratory, I despaired of being able to reach
such nicety with the means at my disposal. In view of these facts, it was
finally determined to try how far a thermo-electric method of research
might be successful in answering the question.
Processes of this kind, in which the effect observed is due to chemical
action, are usually accelerated by the application of heat. In other words,
the assumption is warranted that the thermal effect of the action of aqueous
vapor on feldspar (T. E. K.) will increase, and will therefore be more easily
detected as the temperature of the vapor increases; provided, of course, that
this temperature is not chosen so high as to dissociate the products of deJ A greater difficulty still would probably be encountered from the fact that the reservoir of a
thermometer subjected to large di1ferences of temperature is by no means constant in volume, but subj ect to variations dependent upon the glass chosen. (Phenomena of "after-action.")
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composition resulting in a normal case. Believing, therefore, that the phenomena of kaolinization are reproduced at all temperatures below a certain
limit, and that the difference in effect is merely quantitative, the rock in
the experiments here described was subjected to steam at the boiling point
of water on the OOMSTOCK. l Besides this, it was intended to modify the
method of research sufficiently to trace the action of superheated steam
also. This must, however, be reserved for a future report.

FIG. 19.-Boiler (scale one-fifth).

-The apparatus (a boiler) in which the rock was subjected to the
action of steam is shown in longitudinal section, on a scale of one-fifth,
------------------------------------------- -- - - - Apparatu •.

1

/

Abont 930 C.

EXPERIl\1ENTS ON KAOLINIZATION.

293

in Fig. 19. As will be seen, the well-known contrivance for determin.ing the
boiling point of thermometers was made the pattern of construction. Steam
is generated in the interior conical compartment abe c d of heavy tinned sheet
iron, 18 inches in diameter at the bottom and 12 inches at the top, and between
18 and 20 inches high. The top, d c e, also conicaV and provid!3d with a
hole at c for the escape of steam, can be removed, and fits like a lid over
the walls of this compartment. The whole is surrounded by the cylindrical
mantle, f 9 i kj', of the same material. The top, 9 i k, of this can also be
removed, has the form of an ordinary lid, and is provided with tubulures
for the insertion of corks, etc., at hand i. The exterior compartment communicates with the air by the tubulures f and 1'.
In the interior of the inner compartment, and held in position by a
suitable tripod (not shown in the cut), is the cylindrical chamber r s u t, 11
inches in diameter and 12 inches high, and provided-like a sieve-with a
bottom of wire gauze strengthened by radial supports of thick brass wire.
P q, finally, is a feed pipe for resupplying the boiler with water lost by
evaporation.
The rock to be tested was -broken into small fragments, from the size
of a hazel-nut down to that of a pin-head, but exclnding dust, and placed
in the chamber r s u t. Previously, however, the thermo-element x y z
(described on the next page) had been fixed in position, supported by suit.able cross-bars of wood covered with thick sheet rubber. In putting the
rock into the chamber care was taken to pack it sufficiently tight to prevent
currents of steam from possibly passing through the mass. Steam reached
the interior by a process of diffusion, thoroughly saturating the whole. Of
this I had frequent occasion to convince myself. Water having been poured
into the boiler to a level ll, approximately, and heated to ebullition, the
steam completely enveloped the rock chamber, permeating the material in
its interior. Passing through the hole c, and again around the greater part
of the apparatus, it finally escaped at f and f into the air.
As a source of heat, two small kerosene stoves were found excellent.
By means of the four broad flames thus obtained, the heat could be regu1 Thus serving a. second purpose, namely, to prevent steam
from dripping into the rock below.

conuen~ed

on the top of t he boiler
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lated as desired and kept constant during the whole time of experimentation.
Oil could be supplied without interfering with the flames. Trimming of
wicks was seldom necessary, and, there being four flames, gave rise to no
serious disturbance. To diminish the heat lost by radiation as much as
possible, the whole apparatus, with the exception of the bottom, was covered to a thickness of about three-quarters of an inch with cotton batting,
wrapped in layers and surrounded externally by heavy paper. Finally,
the water lost by evaporation was replaced drop by drop by means of a
pneumatic arrangement placed upon the boiler, but not shown in the
figure. The number of drops fed in a given time was so regulated by
the aid of a small faucet as to keep the level l l of the water in the boiler,
as indicated by the gauge 'In n, approximately at a constant height. The
ebullition was not allowed to become sufficiently intense to produce an
increase of pressure in the interior.
To recapitulate: By the aid of a fairly constant source of heat, the
ebullition from a water level of constant height could be maintained at a
nearly constant intensity. It was believed, therefore, that a stationary thermal condition would soon set in and continue indefinitely. Errors due to
fluctuation of the barometric column, this being as likely to produce positive as negative effects, could be excluded by proper methods of reduction.
Thermo.element.-To measure the small increments of temperature, a thermopile composed of three bismuth-silver elements was first used. Though
t.his acted well, there was danger, in consequence of the amount of sulphur
in the rocks (Fe 8 2 ), of complete destruction of the silver terminals during the
course of the experiment. This metal was therefore discarded, and platinum,
which is not thus affected, chosen in its stead. The bismuth was cast in the
shape of three adjacent sides of a rectangle, the length and width chosen being
such as to allow the two ends to occupy the positions x and z shown in Fig.
19. Of course care was taken to insulate the whole thoroughly from the
walls of the boiler, this being accomplished by surrounding the element on
all sides by strips of thick sheet rubber. The parts of the element were
kept from touching each other by pieces of glass tubing suitably placed.
The terminals-which, to prevent confusion, are not indicated in the fignrewere themselves insulated by a covering of rubber hose of small caliber.
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They passed out of the boiler through tn bulures (also omitted in the figure)
placed conveniently on its sides, th e hose and wire being secured by small
pelforated corks. Of course no attention was paid to the purity of tho
metal employed. The silver and bismuth were fastened together by melting
a little globule on the end of the silver wire, and then applying it, while
still hot, to the end of a bismuth bar. The soldering thus pl'Oduced was
very p e'J. fe ct. The platinum and bismuth had, however, to be soldered
together by ordinary means.
Method of measurement.-The relation between the electromotive force e, due
to the temperat11l'es T and t (T> t) of the ends of the thermo-element, can
be expressed with the aid of two constants, a and b, thus:

e

=(T -

t) [a + b( T + t) J.

Bnt as T - t in this case is a very small quantity (a few hundredths of
a degree),

e
Lit= T-t=a+2bT'
where T is the temperature of ebullition of the water as given by the aid of
the barometer. Knowing, therefore, a, . b, and the barometric
height we are able to find Lit,
01' the difference of temperature
between the interior and the
exterior of the rock chamber (x
and z in Fig: 19).
For the measurement of e
a "zero" method was employed.
In Fig. 20 a diagram of the connections as actually made is
given, for the purpose of calling
attention to a few details of imFIG. 20.-Disposition of apparatus.
portance in measurements of
this kind. The platinum terminals of the thermo-element e are soldered to
copper circuit wires at P, the points of junction being immersed in a reservoir
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filled with petroleum. Before each observation this liquid was stirred. The
copper wires pass through the commutator B, and thence the one through
a double key K to the point b, the other through the galvanometer G1 to
the point a, thus completing the first branch. The smaller resistance r
forms the second branch, also terminating at the points a and b. For the
convenient insertion of this resistance a number of small holes were bored
in a thick piece of wood and filled with mercury. 1.'he points a and bare
connected with the extreme holes of the series by means of strips of thick
copper foil. Finally, the terminals of a zinc sulphate Daniell E pass
through the commutator A, thence the one through the key K and directly
to b, the other through a large rheostat R (from 1 to 10,OUO ohms), and by
a thick wire, C, to a, completing the third branch.
When the cunent in G1 is zero

e=E

R:l"or, more simply, =E ii,

where e is the electromotive force at e, E at E in the figure; where, furthermore, R is the resistance at R, r at r in the figure, and where l' is negligible
in , comparison with R.
Having thus described the general method, it will be pertinent to mention a few of the more important details. By means of K two circuits
conveying currents due to E and e, respectively,
are closed. It is, however, necessary that they
should be so closed as to act simultaneously (differentially) on the galvanometer G1 ; for if the current due to the electromotive force e were to act alone
FIG. 21.-Section of key. serious disturbances might be the resuh.
This can
be accomplished by the following simple contrivance in the construction of
the key. Fig. 21 gives ~ section through the line of mercury cups c d, Fig.
20. Pieces of thick copper wire, bent as shown, are fastened to a thin
piece of board, capable of revolving partially about a horizontal axis parallel
to the line cd. In this way the pieces m and n can be dipped into the mercury cups under their extremities or lifted out of them together. The board
is, moreover, provided with a spring so arranged as to keep 1It and n out of
the cups, and the circuit therefore remains open, unless closed by the ob-
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server. The cups corresponding to m, and conveying the current due to the
Daniell E, are, however, filled with mercury to a level a little higher than
the rest. Hence, under all circumstances the circuit containing E, and not
passing through GIl is closed first. A moment after, however, that containing e and GI is also completed, but it will be obvious that the effect from
e and E, if the directions of these electromotive forces are properly chosen,
will act differentially on GI , as was desired.
The electromotive force e, obtained as above, is never wholly due to
the thermo-element e alone, but contains also a disturbing electromotive
force, E, resulting from the accidental distribution of temp.erature in the
connections. For a short period of time (that of an observation) E may be
considered as nearly constant, or at least varying linearly. In order to eliminate the latter, very largely at least, Dr. Strouhal and myself, in analogous
experiments, inserted the two commutators A and B. In a series of corresponding positions of the commutators, alternately opposite, direct measurement would give

where a is a constant. If now an odd number of observations be inade,
and if MI be the mean of the odd right-hand members, M2 the mean of the
even right-hand members,

In the present investigation, the electromotive forces measured being
exceedingly small, at least five commutations of both A and B were made
for each value of Lit cited.
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The galvanometer G1 was one of low resistance, consisting of a few
hundred turns of wire around an astatic needle on silk fiber. The instrument was quite delicate, and with the aid of proper methods of interpolation
would easily have enabled the measurement of increments as small as a few
ten-thousandths of a degree centigrade. Unfortunately, the silk was too thick,
and the zero point of the instrument, as a consequence, too variable; while,
OIl the other hand, the strong winds of the region and the frail foundation of
the house itself rendered this accuracy unattainable, and we were obliged
to content ourselves with measurements accurate to a few thousandths of a
degree. Readings were made with a mirror and scale.
Thus far E 'has been considered constant. As this is not the case, its
variations were measured by the aid of a second galvanometer, G2 (Fig. 20),
made by Mr. Grunow, and de.Scribed elsewhere. l This instrument was
placed at a distance from the boiler, in dIe cellar, where the atmospheric
condition was tolerably uniform, and for convenience provided with a commutator of its own, D. It will easily be seen that by breaking the circuit
at Band C and closing K, E will be in a simple circuit, in9luding G2 , and
that its value may be measUl'ed in terms of R, which is also included.
The value of the constants a and b in the equation on page 295 was
determined by putting the ends of the thermo-element e in adjoining jars,
containing water at different temperatures. 2 Ten or more observations were
usually made, from which a and b were calculated by the method of least
squares.
I cannot but consider this method of measuring differences of temperatUl'e as theoretically very perfect. First of all, discrepancies due to Peltier's
phenomena are avoided, while the constants a and b are used precisely in
the same way in which they were obtained. Moreover methods of interpolation are particularly applicable; even a method of multiplication might
be thus employed. There can be no doubt that under more favorable circumst.ances the minimum difference of t.emperat.ure measurable with cert.ainty would be much smaller than I have been compelled to consider it.
1 This

volume, page 327.
Not having a reliable barometer, all temperatures are expressed in terms of the interY:1l boo
tween zero and 1000 C. of the best instrument at hand, this interval being arbit,rarily IIssumed as correct.
On this assumption the stems of the thermometers used were calibrated.
2
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Matedal experimented upon.-The rock selected by Mr. Becker for these exper~
iments was the freshest diabase encountered in the mines. The feldspars
show scarcely a trace of decomposition, and a large part of the augite is
unaltered. It was collected in the Sutro Tunnel, close to the hanging wall
of the LODE in the Savage claim. The same rock is described in Chapter
IlL, slide 1S, and its analysis is given in the table following page 151
Results.-The results are reported chronologically, but with all correct.ions, including those based on subsequent experiments. Temperatures are
given throughout in degrees centigrade, electromotive forc es in volts.
From an inspection of the tables containing the results for the variation
of the electromotive forces of bismuth-silver and bismuth-platinum with
temperature, it will be seen that the relation is in both cases so nearly
linear that it may at once be assumed as such. One constant, a, only ,
therefore, results from the calculation. Tables I. and II. contain the data
for the calculation of the thermo-electric constant a for the triple element
bismuth-silver, together with the results obtained. T is the temperature of
the warmer, t of the colder end of the element, e the electromot.ive force
corresponding to the temperatures of the respective observations observed
or calculated as specified, aCe) finally the difference between observed and
calculated results. Two sets of observations were made in order to ascertain to what extent a fixed value for a could be presumed-the bismuth bars
being cast and not pressed. In the calculations preference was given to
values of e corresponding to greater differences of temperature.
TABLE 1.

I No

t.

1_' - 1
2
3
4
5
6
7
8
9
10

I

6.1
6. 3
6.4
6. 7
6. 9
7. 1
7. 2
7.6
7. 8
8. 3

e x 10'
observe(\.

T.

75.1
68. 7
63.8
57.0
50.5
45.0
39. 5
34. 9
30. 4
25.2

I

I

15. 61
14. 13
12.89
n.41
9. ~2
8. 64
7. 32
6. 25
5. 18
3. 84

I

ex 10'
calcll10 te,l.

I

I

15. 63
14. 13
13.00
11. 39
9.88
8. 59
7.32
6.18
5. 12
3. 83

~( e )

x 10'.

,-2

±O
- 11

+2
+4
+5

±O
+7
+6
+1

I
I

a=226. 5 : 10'.

I

I
I
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TABLE

II.
_.

I- No. 1

I

!.

T.

----

I

ex 103
5
calculated. ~(e) x 10 .

e x 10'
observed.

I

1- - - -- -- 1
11.0
2
11.3
11.5
3
4 I 11.8
5
12.2
6
12. 3
7
12.5
8
12.8
9
13. a
10
12.8

I

73.7
64.2
58.7
52.8
47.8
42.1
36. 9
32.2
27.2
16.4

14.22
11.96
10.70
9.30
8.10
6. 78
5.52
4.43
3.19
0.87

I

14.22
12.00
10.70
9.30
8.07
6. 76
5.53
4.40
3.22
0.82

I

I

±O
-4
±O
±O

i
I

a = 226. 7 : 10".

-t-3
+2
-I

-t-3
-3
+5

Table III. contains the successive valueR of dt, or the difference of
temperature between the interior and exterior of the rock-chamber. It
also shows the date of each observation and the number of hours which
had elapsed since ebullition first set in. Corrections for the variation of a
and the electromotive force of the normal element E have been applied.
During the time covered by the first six observations the water lost by
evaporation was supplied somewhat intermittently; subsequently, however,
as well as throughout all succeeding experiments, it was fed into the boiler
drop by drop, so that the feeding process may be considered as practically
continuous. dt is positive, this sign having been chosen to indicate that
the space exterior to the rock-chamber-or the end of the thermo-element
in steam-is the hotter.
TABLE
No.

1
2
3
4
5
6

Dat.e.

I

h.
Dec. 10, 6
Dec. 10, 20
Dec.n, 8
Dec.l1,18
Dec. 12, 12
Dec. 12, 22

Hours.

1

6
20
32
42
60
70

I

7 1 Dec. 13, 6
1 8 Dec. 13, 10
I, 109 Dec. 13, 14
Dec. 13, 18
1 11 D ec. 14, 3
Dec. 14, 8
1 12
13 Dec. 14, 13

6
10
14
18
27
32
37

~I
I
I

I

0.059
0.068
0.054
074
0.
O. 0~5

III.

No.

14
15
16
17
1
18
0.071 1 19
20
0.065 '
21
0. 065
22
O. 062
23
O. 068
24
O. 063
25
0.063
26
O. 062

Date.

IHours.
I

- -

h· 1

D ec. 14, 18 1 42
Dec. 14,23
47
56
I D ec. 1.5, 8
Dec. 15, 14
62
D ec. 15, 20
68
Dec. 15, 24
72
D ec. 16, 4
76
Dec. 16, 8 . 80
D ec. 16, 12
84
D ec. 16, 18
90
96
Dec. 16, 24
100
D ec. 17, 4
Dec. 17, 8
104

4t.

I

--

0.064
0.063
0.062 '
O. 060
0.059
0.059
0.060
0.060
O. 058
0.060
I 0.057
0.059
0.057

I

i

I

•
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Table IV. finally gives the data obtained for the calculation of a after
the experiments in Table III. had been completed, together with the results
of calculation. The nomenclature is the same as before.
TABLE
-

IV.

-----

,

No· 1

_

t.

T.

• x 10'
observed.

ex 10'
calculated.

74. R
66.7
60.7
55.8
49.5
44.3
40.1
33.3
25.8
20.0

14.12
12.36
11. 04
9.95
8.59
7.39
6.47
4.97
3.27
1.88

14.18
12.42
11.04
9.95
8.55
7. 36
6.42
4.89
3.20
1. 80

._1
2

3
4
5
6
7
8
9
10

I

10.0
10.0
10.3
10.4
10.5
10.7
10.8
11. 0
11. 2
11.8

,

I
I
!

Ii

8(e)

x 105•

-6
-6
±O
±O

a=219·1:10'.

+4
+3
+5
+8
+ 7
+8

If the values of a in Tables 1. and II are compared with that in Table
IV., a difference of abont 3 per cent. will be found. This may be due partly
to a change in the internal structure of the bismuth bars, partly to the fact
that both bisllluth and silver were attacked by the sulphur fumes generated
in consequence of the presence of iron pyrites in the rock. In the case of
bismuth this action merely produced a thin, colored coating of sulphide on
the exterior. The silver, however, was so deeply corroded that its use had
to he abandoned, and in subsequent experiments this metal was replaced by
platinum.
The data for Lit show a difference of temperature between the interior
and exterior of the rock-chamber, which is much greater than was anticipated. Moreover, the consecutive values of this quantity gradually decrease, indicating thereby an apparent increase of the temperature of the
rock itself.
Tables V. and VII. contain the data obtained in the determination of a
respectively before and after the measurements of Lit made during the intermediate week. In Table VI. these measurements are given, together with
the date, barometric height, and water-level, l (in inches from the bottom as
zero), corresponding to each Lit. The fignres for barometric height were
obtained from a small aneroid. No reliance can therefore be placed on the
values as absolute, though the fluctuations are probably representen with

302

GEOLOGY OF THE COl\ISTOCK LODE.

tolerable faithfulness. Besides these data, the number of hoUl's which had
elapsed since ebullition first set in are also given.
V.

TABLE
t.

N o.1

~(e) x 106. I

e x 103
calculated.

ex 10'
observed.

T.

--- -I
2

12.6
15.5
18.4
12.7
18.3
13.0
13.1
15.6
13.4
15. 3

3
4
5
6
7
8
9
I
10

I
I

I

79.7
65.6
61.1
53.9
53.0
46.4
42.9 .
39.8
32.9
31.9

14.51
10.79
9.28
8.98
7.46
7.22
6.39
5.23
4.28
3.52

±O

14. 51
10.84
9.24
8.91
7.51
7.22
6.45
5.24
4.22
3.46

TABLE

I

I

-5
+4
+7
-5

I

a=216. 3: 10'.

±O
-6
-1

I

+6
+6

VI.

--~~

I

Xo.

Date.

Hrs.

Bar. H't.

tl.t.

I.

I
No.

Date.

Hrs.

tl.t.

Bar. H't.

-I
2

3
4
5
6
7
8
9
10
11

D ec. 25, 23b ••••
Dec. 26, 3b • • • •
D ec. 26, 9b....
D ec. 26, 14b ... .
D ec. ~6, 22b. __ .
D ec.27, 3b ••••
D ec. 27, 9b... .
D ec. 27, 14' ....
Dec. 27, 23 b ••••
Dec. 28, lOb . . . .
Dec. 28, 14' ....

0.098
. . .... 12
23.30
23.30
0.093
----- - 13
0.088 ----- ----- -- ------ 14
0.088 ------------ ------ 15
0.083
23.24
4.9 16
0.082
2-1.15
4.2 I 17
23.10
0.078
I 4.9 18
23.06
0.077
4.8 19
I 5.0
23.15
20
0.072
0.068
23.23
4.7 21
0.066
23.19
4.5

23
27
33
38
46
51
57
62
7I
82
86

-

•

0.067
0.067
0.061
0.062
0.062
0.062
0.058
0.060
0.055
0.018

23.12
23.17
23. ~1
23.30
23.35
23.36
23.40
23.30
23.35
23.25

4.9
4.9
4.8
4.4
4.2
4.4
5.2
4.4
4.0
4.4

I

t.

exla'
observed.

T.

VII.

exla'
calculated.

~(e)

x 106.

- I
2

I 43

I

DeC. 30, 18b . . . .
D ec 30, 24 b ••••
Dec. 31, 9b . . . .
Dec. 31, 17 b ••••
Jan. 1, 9b •• __

95
101
110
120
129
13H
144
153
161
177

I.

I

TABLE
No.

D ec. 28, 23· .. ..
D ec. 29, 5' ... .
D AC. 29, 14b .•..
D ec. 29, 24h. ___
D ec.30, 9b....

I·

5
6
7
8
9
10

14.1
14.1
14.1
14.1
14.3
14.3
14.3
14.3
14.3
13.9

72.0
65.8
60.1
54.1
50.3
45.0
40.9
36.1
30.9
38.1

I

12.32
11.13
9.92
8.56
7.66
6.54
5.64
4.66
3.57
5.18

j

12.39
10.06
9.84
8.56
7.70
6.57
5.69
4.66
3.55
5.18

-7
+7
+8

±O

I

-4
-3
-5

I
I

+2

I

I

a= 213.9:10·.

±O
±O

A large difference between the temperatures of the interior and exterior
of the cylinder, the former being the smaller, but increasing more rapidly
than before, is again apparent.
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Table VIII. records an uninterrupted series of observations made by
Mr. Becker on the variation of Lit during an interval of three weeks
Table IX. contains the final check of the value of a.
TABLE VIII.
Bra.

No.

Date.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21

Jan. 4,21' ....
Jan. 5, 5' ....
Jan. 5,21' ....
Jan. 6, 7.....
Jan. 6,16' .. ..
Jan. 6,21 h • •• Jan. 7, 7' ....
Jan. 7,17' ....
Jan. 7, 21h. ,0_
Jan. 8, 7' ....
Jan. 8,15' .... ,
Jan. 8,20' ....
Jan. 9, 7' .. ..
Jan. 9,17' ....
Jan. 9, 21h • __ .
Jan. 10, 7h . . . .
Jan.10,19h ....
Jan. 11, 13' . .. .
Jan. 11,20' ....
Jan. 12, 7h . . ..
Jan. 12,17 b . . . .
Jan. 12, 21' ....
Jan.13, 8b . . . .
Jan. 14, 7b . . . .
Jan. 14, 17 b . . . .

22
23
24
25

I

Bar. B 't.
~3.25

11
27
37
46
51
61

71
75
85
93
98

~:

I.. ":::· .. i
...... .. .... ,

. ...........
23.18

.. · .. · ...... 1

. .... -......
23.21

............
... __ .......

10~

119
' 123
133
145
163
171
181
191
195
206
229
239

23.18

-.... -._--_ .
-""-

...

'"

23.15

. __ .. -......

-' .. -- -' ...
........... .
23. 20

--_ ... _.'0-

------ .. -...
~3.12

22.90

............

I.

<lot.

No.

0.024
26
0.033
4.2 27
0.033
4.7 28
0.044 . 4.4 29
0.042
4.8 30
0.042
4.8 1 31
0.042
4.0 I 32
0.041
4.8 33
0.044
4.3 34
1
0.044
3.8 35
0.043
4.8 1 30
0.042
5.3 37
0.045
4.0 38
0.041
4.2 39
0.039 I 4.6 40
0.042
4.5 41
0.041
4.5 42
0.040
4.3 43
0.050
4.7 44
0.049
4.5 45
0.057
4.7 40
0.055
4.5 41
0.060
4.6 48
0.067
4.5 49
0.063
4.9

I

Date.

Bra.

Jan. 15, 7' ... .
Jan. 15, 21' ....
Jan. 16, 7' ....
Jan. 16, 21' ....
Jan. 17, 7' ....
Jan. 17, 21' ....
Jan. 18, 10' ....
Jan. 18. 21' ....
Jan. 19, 20' ....
Jan. 20, 7' .. ..
Jan. 21, 8' ....

253
267
277
291
301
315
328
339
302
373
398
412
421
436
445
459
469
483
494
501
517
531
541
549

Jan. 21, 22' .... 1
Jan. 22, 7' ....
Jan. 22, 22h. _0.
Jan. 23, 7' ....
Jan. 23, 21' ....
Jan. 24, 7' ....
Jan. 24, 31 h •••
Jan.25, 8h ...
Jan. 25, 21' ....
Jan. 26, 7 b . . . .
Jan. 26, 21' ....
Jan. 27, 7' ....
Jan. 27, IS' ....

<lot.

Bar. B't.

0.062
.......... .. 0.063
0.067
22.94
. .. _-_._--. , 0.068
0.063
23.29
..-._ . _.... 0.064
0.008
23.36
. __ .... __ ..
0.066
0.063
23.30
23.36
0.021
23.50
0.016
0.043
0. 048
.. .......... 1 0.031
0.034
23.30
.-_-.----_.- 0.081
0.046
22.96
. ........... 0.018
0.076
22.81
0.051
.. ..
0.149
22.92
. .........
0.150
0.094
~3.15
22.83

-

-

-1. 1
4.5
4.6
5.0
4.6
4.7
4.9
5.2
4.8
4.5
4.6
4.8

I: :::::::::::

5.2
4.7
4.4

_._-----

--

~

.. -. -.....

0.126

4.6
4.5

I......

TABLE IX.
No.

t.

T.

ex 10'
observed.

ex10'
calculated.

64.6
59.5
54.4
50.1
44.7
40.7
32. 2
30.1
25.8
22.1

10.87
9.79
8.78
7.74
6.65
5.81
4.13
3.62
2.75
2.02

10.89
9.80
8.73
7.80
6.65
5.81
4.08
3.57
2.76
1. 98

~(e)

x 10-.

- - --

I

I
2
3
4
5
6
7
8
9
10

12. 8
12.9
12.9
13.0
13.1
13.1
12.8
13.1
12.7
12.7

-3
-1
+5
-6

a =~ lU. 3: 10".

±O
±O
+5
+5
-1
+4

_._ ---I

In the foregoing determinations of a, the temperature t was chosen to
coincide as nearly as possible with that of the room. rl'hollgh this arrangement. furnished important practical advantages (t varying but slightly), only
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that part of th~ thermo-element lying near the hot end was really in action.
It was therefore thought desirable to reverse the element, so that the end
which was formerly in hot water would now be in cold, and vice versa.
Table X. contains the results thus obtained.
TABLE
' --I

X.

I

N

I

T

I

e x 10'

e x 10'

9.19
6.58
5.66

I

- --a()

I

10'

-; ~~ I o::~::ed. ca::~::ted~ I' ·:o·
2
S
•
5
6

13.4
13.5
13.5
13.5
13.5

I

57..

9.23

,

45.0
40. 6

6.54
5.65

:~:~

I

I

I

I

+4
-4
-1

I

.
a=208. 9 : 10".

:::~ I ::: I !~

-.- --~--'-

The difference between the values of a in Tables IX. and X. lies within
the range of unavoidable errors.
In Table VIII. there is a difference of temperatures between the interior and exterior of the rock-chamber analogons to that ill preceding tables.
The former is, as usual, smaller, but in this case the temperature of the
rock apparently decreases as the action continues.
Between the observations No. 34 and No. 38 there appeared disturbances
of a kind which seemed to indicate that a break had occurred somewhere
in the insulation. Subsequent inspection showed that the parts of the rubber
hose around the platinum terminals, which were in contact both with air and
steam, had swollen to a spongy mass of many times their former bulk. It
is not improbable that the wire during the disturbances mentioned had been
more or less perfectly in contact with the walls of the boiler, the doughy
rubber protection having either given way or offering imperfect insulation.
Though this was partially remedied, yet the last week's observations are
nevertheless to be regarded as somewhat suspicious, and were consequently
omitted in the calculations below.
Discussioll.-In the following discussion the observations in Tables III. and
VI., and the first two weeks in Table VIII., are to be considered. Together
these data correspond to an interval of four weeks. In the endeavor to
reach the most probable conclusion to be derived from the large number of
observations, the end in view will be attained most speedily, and perhaps most
satisfactorily, by assuming for the relation between the variables some ap-
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proximate form, and calculating the constants by the method of least squares.
In the present case there is as much reason to adopt It linear form of function as any other,. and this would have the advantage of greater simplicity.
Denoting the number of hours which have elapsed since the beginning of
the experiment by u, let
Lit =

a + flu.

(1)

In this equation the constant a is without great interest. It simply
denotes the value of Lit when 1t is zero, but is largely influenced by the
normal difference of temperature between the interior and exterior of the
rock-chamber, i. e., the difference which may be recognized by an inspection
of the foregoing tables, and of Table XIV. fl, however, is of importance,
representing the increment of temperature of the rock per hour in consequence of the T. E. K. It will be noticed that fl is either negative, positive,
or zero, according as the process of kaolinization produces or absorbs heat
perceptibly, or is without apprecialJle thermal effect. In making the calculation for fl I had hoped to be able to derive this constant from the four
weeks' observations, as a whole. The problem is difficult, however, insomuch as the results obtained do not form one continuous series. The problem
is not, in other words, that of a single straight line as in equation (1), but
one involving three straight lines, for all of which, however, the value of
fl is the same. Expressing the whole interval during which the observations
were made (four weeks) by iT\ and regarding the values of Lit in Table III.
as being ordinates of the component line whose extreme abscissre are 0
and i, those in Table VI. as belonging to the line between ~ and i, and those
in 'rable VIII. to the line between

~

and iT; then the whole line between

o and iT,

expressed as a special case of Fourier's series, would be represented
by the equation
Lit

where
Am= ~

~

=At sin u + A2 sin 2u + . . . . . . + Am sin m u + .

1'£

(at + fl cp) sin m cpdcp+

1"

+

(a3

ji

+ fl cp) sin

'in

(a 2 + fl cp)sinm cpd cp

cp d cp

~,

2

IThe assumption furnish es the const:tnt for tho reduction of the observations.
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and aI, a 2 • a 3 are the intercepts of the component lines on the axis of ordinates. This finally leads to

L1t=~ ~ !.- 5 a 1 (1-COS1n7T)-p7T (cosm 7T +cosm 7T +2cosm7T) ~
7To

ml

4

4

5sinmu,

2

an equation which, though linear with respect to a 1 and p and capable of
further simplification, cannot be practically utilized.
In view of this fact, it was decided to calculate the constants a 1 and p
for each set of observations separately. Tables XI., XII., and XIII. give
the !esults, these tables corresponding to III., VI., and VIII., respectiveiy.
XI.

TABLE
No.

At obs.

ft.

At calc.

Di1f.

No.

- - -- 7
8
9

I12~~
13
14
15
16

6
10
14
18
27
32
37
42
47
56

I

0.065
0.065
0.062
0.068
0.063
0.063
0.062
0.064
0.063
0.062

tL.

At obs.

At calc.

----0.065
0.065
0.065
0.064
0.064
0.063
0.063
0.062
0.062
0. 061

62
17
18
68
72
19
1 20 · 76
21
80
22
84
23
90
96
24
25 100
26 104

:1:0
:1: 0

- 3

-f4
-1
:1: 0
-1
+1
+1
+1

0.060
0.059
0.059
0.060
0.060
0.058
0.060
0.057
0.059
0. 057

I

0.061
0.060
0.060
0.060
0.059
0.059
0.058
0.058
0. 058
0.057

~I
-1
-2
-1
:1:0
+1
-1
+1
- 1

I
I

+ 1
:1:0

,,=+0.064;
/3 = -0. 000082 ± 0.000007.

XII.

TABLE
No.

I
2
3
4
5
6
7
8
9
10

tL.

Atobs.

At calc.

- - - -- - -23
27
33
38
46
51
57
62
71
82

0.098
0.093
0.088
0.088
0.083
0.082
0.078
0.077
0.072
0.068

0.090
0.088
0.087
0.085
0. 083
0.082
0.080
0.079
0.076
0.074

i

Di1f. ' No.

- - +8
+5
+1
+2

±O
±O
- 3
-2
- 4
-6

11
12
13
14
15
16
17
18
19
20

tL.

At obs.

At calc.

Ditr.

- - - - - - - -- 86
95
101
110
120
129
138
144
153
161

21 1 177
,,=+0.096 ;
/3=-0.000271 ± 0.000013.

0.066
0.067
0.067
0.061
0.062
0.062
0.062
0.058
0.060
0.055
0.048

0.072
0.070
0.068
0.066
0.063
0.061
0.058
0.057
0.054
0.052
0.048

- 7

-3
-1
-5
-I

+1
+4
+1
+6

+3
±O
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TABLE

No.
I
2
3
4
5
6
7
8
9
10

[1112
13
14
I 15
16
,1 17

I

<t.

tl!

obs.

tlt calo.

Ditf.

!No.

--- - -- - -- - -

-

3

11

27
37
46
51
61
71
75
85
93
98
109

119
123
133
145

0.024
0.033
0.033
0.044
0.042
0.042
0.042
0.041
0.044
0.044
0.043
0.042
0.044
0.041
0.039
0.042
0.042

0.033
0.034
0.036
0.037
0.039
0.038
0.030·
0.040
0.041
0.042
0.043
0.043
0.044
0.045
0.046
0.047
0.048

-9
-1
- 2
+7
+5
+4
+3
+1
+3
+2

18
19
20
21
22
23
24
25
26
27
28

±O
- 1

±O
- 4
-7
-5
-6

I

29
30,
31
32
33

34

<t.

tlt obs.

tlt calc.

Ditf.

--------- 163
171
181
191
195
206
229
239
253

267
277
291
301
315
328
339
362

0.040
0.050
0.040
0.057
0.055
0.060
0.067
0.063
0.062
0.063
0.067
0.068
0.063
0.064
0.068
0.066
0.063

0.050
0.051
0,052
0.053
0.053
0.055
0.057
0.058
0.060
0.061
0.062
0.064
0.065
0.066
0.068
0.069
0.071

-10
- 1
-3
+4
+2
+6
+10
+5
+3
+2
+ 5
+ 4
-2
-2
+ 1
- 3
-8

a=+0.033;
13=+0.000106 ± 0.000006.

The constants f3 in these tables are, however, of inconvenient magllltude, and it will be more expedient to represent these quantities on the
•
scale of a year. Let LIT, then, denote the apparent increase of the temperature o! the rock in the apparatus per year, the variation being supposed to have continued during the whole of this time in the same manne~
as during the time of observation. Then from Tables XI. and XII., which,
together, comprehend an interval of two weeks,

LlT=+1°.5±00.1;
and from Table XIII., corresponding to the same interval,
LIT

=- 0°.9 ± 0°.!.

These figures express the final result of the investigation. They indicate that, as far as these experiments go, it would be about equally correct.
to assume a positive or a negative thermal effect from the action of aqueous
vapor on the rock; and that for the present, at least, a thermal effect may
be assumed to be absent.
By comparing corresponding values of a in the tables above, it becomes
evident that the changes in the values of LIt cannot in any way be referred
to the thermo-element; nor is there, in the results taken as a whole, an effect
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due to the variation of the barometric pressure or to the water level apparent.
A series of experiments made with the rock-chamber empty, the rest
of the apparatus remaining, however, as before, gave the following results:
TABLE
No.

Hrs.

Date.

-

I

2
3

4

Dec. 17,
Dec. 17,
Dec. 17,
D ec. 17,

11b.5
12b.0
12b.5
13'.5

0.0
0.5
1.0
2.0

<l.t.

XIV.
No.

Date.

Hrs.

- -0.020
0.022
0.024
0.028

<l.t.

--1
2
3
4

D ec.
Dec.
Dec.
Dec.

17, 15b.0
17,15h.5
17, 16'.0
17, 17 b.0

0.0
0.5
1.0
2.0

0.019
0.020
0.029
0.031

The interval of time covered by these experiments is, of course, too
small to justify any confidence in the constants which might be derived
from them. They are, however, sufficient to show that Lit undergoes
changes analogous to those noted in the preceding pages. It probably follows, therefore, that the final results may be regarded as giving an estimate
of the degree of accuracy attainable by the method in its present shape.
The chief source of error is the fact that the apparatus does not maintain
the constancy of temperature lleces~mry. It is apparently impossible by
means of it to heat the large mass of rock to the same temperature throughout. Furthermore, the thermometer employed is neither in sufficiently intimate contact with the rock, nor are the junctures placed in circumstances
as nearly identical as is desirable. Finally, I am inclined to infer that a
stationary thermal condition was not reached in the experiments. Although
this supposition accounts for only a part of the anomalies met with, it will
nevertheless be necessary ill future researches to extend the t.ime of each set
of- observations considerably beyond the duration of the above experiments. I omit a detailed discussion of these matters, however, as a further
study of the subject is intended.

CHAPTER X.
ON THE ELECTRICAL ACTIVITY OF ORE BODIES.
BY CARL BARUS.

GENERAL STATEMENT.

In 1830 R. W. Fox communicated to the Royal Society a paper which
contained the results of a careful experimental study of the possible electric
activity of ore bodies. From this time until 1844 the matter was discussed
with some enthusiasm by Fox and Henwood, in England, and by von Strombeck and Reich, in Germany. After the publication of Reich's second paper
(1844), however, further research seems to have been altogether abandoned;
at least I have not, with some pains, been able to find anything that has a
bearing on the subject. l This is all the more remarkable, as the general
line of investigation had already taken a promising direction. It would
also have been supposed that Thalen's2 work would have given the matter a
fresh impetus.
With the present investigation (undertaken at the suggestion of Mr.
Becker3) the question of a relation between local currents and ore bodies
is, as it were, resuscitated, so that a general review of the development which
it had attained previous to its abandonment seems pertinent. ./
1 See, also, "Revue des Progres recentes de l'Exploitation des Mines, etc., par M. Hat.on de la Gonpilliere, Ingen. en chef des Mines, ProfesBeur, etc.," in the Anuales des Mines, T. XV!., p. 6, 11;79.
• R. Thalen; v. de la Goupilliere, I. c.: "Ou trace des !ignes d'egale intensite, qui dans Ie voisinage d'un gtte prennent une forme caracteristique consistant en deux syst6mes de courbes fermees, conccntriqlles, autonr de deux foyers assez uettement indiques."
3 cr. : First Annual Report of the U. S. Geolog. Survey, p. 46, 1880.
(309)

310

GEOLOGY OF THE COMSTOCK LODE.

BRIEF REVIEW OF THE WORK OF PREVIOUS INVESTIGATORS.

Fox,l in his original experiments, secured electric contact with the vein
by wedging copper plates against it. These were put in connection with a
galvanometer by copper wire. Earth currents, if present, entered the wire
at one end, passing through the galvanometer and finally back into the earth
at the other.
As a general result of his investigation Fox found that. the intensity
and direction of the currents bore no relation to the cardinal points, but
could be explained by a consideration of the distribution of ores. 2 Between
two points of a continuous vein on the same level no CUlTent was observable; hut when the points tapped were on different levels, or when there
intervened between them an area of barren rock (horse), or when two apparently distinct veins were connected, the effect was invariably decisive. At
times the currents were so powerful as to throw the needle of his by no means
delicate galvanometer (3i-inch needle in twenty-five turns of wire) several
times around the circle. After enumerating a number of facts with reference
to the relative position of the veins, Fox remarks that "many of the phenomena referred to bear a striking resemblance to common galvanic combinations, and the discovery of electricity in veins seems to complete the
resemblance." In other parts of this paper, however, he expresses the opinion
that "mineral veins and internal heat are connected with electric action,"
and, moreover. anticipates greater effects with increasing heat and depth.
The experiments of v. Strombeck3 were made at Werlau and Holzappel
on a large vein, in which quartz, blende, galena, copper-pyrites, and tetrahedrite occulTed in irregular distribution, and are distinguished by the care
with which all .known sources of error were avoided. Contact was sec\1l'ed
by drilling into the vein holes 2 to 3 inches in depth, into which the ends of
the wire, spirally wra:pped and held in position by a cork, were inserted. In
1 R. W. Fox, "On the electro-magnetic properties of metalliferous veins in the mines of Cornwall." Phil. Trans., II., p. :399, 1830.
' Galena, copper, aud iron pyrites were the minerals met with.
'A. \"". Strowl)eck, "Ueber di e yon H erru Fox angestellten Untersuchungen in Bezng auf dit'
electro-waguetischen Aeussernngen <ler lIletallgiiu gt\." Karstcll'RArchh'., VI., 4:31, 183:1.
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other respects the method of research was identical with that of Fox.
v. Strombeck made a large number of experiments, but was unable to detect
any traces of electric excitation, and, consequently, concludes that Fox's
results are not applicable to veins generally, and that even in Oornwall
the matter requires further consideration.
In 1834 Fox again resumed his experiments, with special reference to
the objections which had been raised against the validity of his results? It
having been mooted that the currents observed might in some way owe their
origin to the copper contact-plates, he showed that by replacing these by
plates of zinc the results remained unaltered. This was the case even when
terminals of copper and zinc were used simultaneously. It was, moreover,
immaterial whether the cont}:tct was produced by plates or whether the ends
of the wire only were pressed against the vein. By inserting a copper-zinc
couple into his circuit Fox found that its effect was in some cases nearly, in
others decidedly, overbalanced by the lode currents. Finally, in the interval
of four years which had elapsed between these and his former experiments
the direction of the currents had remained unchanged.
In a subsequent paper Fox2 endeavors to classify minerals with reference to their electrical properties. A table of conductivities is contained in
his original paper.
In the Skeers lead mine,' near Middleton, Fox3 obtained but feeble
currents; at the Ooldberry mine, in the same locality, they were absent altogether. Lead mines do not in general give evidence of electrical action
comparable to that of copper mines-a circumstance which Fox refers to
the positions of their ores in his ·scale.
Henwood's4 experiments were made on a larger scale (at times as
much as 600 fathoms of copper wire were employed), but otherwise in a way
R. W. Fox, "Account of some experiments on the electricity of the copper vein in Huel .Tewel
Rep. Br. Assoc., 1834, p. 572.
2R. 'Y. Fox, "Note on the electric relatiolls of certain metals and metalliferons minerals." Phil.
Trans., I., p. 39, 1835.
3R. 'V. Fox, "Report on some experiments on the electricity of metallic veins, etc." Rep. Br.
Assoc., p. 133, 1837.
"Y. J. Henwood, "Snrles courants electriques observes dans le& filonll de Cornonai1les," Annales
des Miues, [3], XI., p. 585, 1837.
1

mine."
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analogous to that of Fox. They contain a thorough corroboration of the
results of the latter. He, moreover, insists that currents are only obtained
iu the case where the points tapped are in vein matter, being most decisive
for copper pyrites, vitreous and black copper ore, galena and blende; that
between points in barren rock electric action is altogether absent. After a
number of theoretical considerations-to which the paper is largely devotedhe concludes that the CUlTents are probably of thermo-electric origin, and
that they are certainly purely local.
Some time after, all of Fox's experiments were again repeated and the
results confirmed throughout by Reich. l Although the heating of one of
the points of contact in the case where both were applied to the same vein
produced a decided thermo-electric effect, quantitatively this was so small as
to furnish grounds against Henwood's hypothesis. Reicb is convinced that
Fox's currents are hydro-electric phenomena. When a point in ore was connected with one in rock, the currents were not only much smaller-probably on account of the greater resistance in this case-but if plates of copper
and zinc were used together as terminals, a commutation of these invariably
produced a corresponding change in the direction of the current.
In Fox's last paper2 on the subject, the effect of the cont-act plates is
again carefully considered. But even with one terminal of zinc, the other
of copper, "the current continued to deflect the needle from 50° to 60°,
notwithstanding that any action, between the copper * * * * and the
zinc * * * * if it had existed would have been in the opposite direction
and have tended more or less to counteract the influence of the actual current." The galvanometer referred to consisted of forty-eight turns of brass
wire wrapped around a 2-inch needle, on a pivot. The lode current in a case
observed was found to remain constant for a pel;iod of eight months. Toward
the end of the paper mention is made of experiments in which one or both
terminals were in rock. In this case the results were similar to those of
1 F. Reich, "Notiziibcr elektrische Strome auf Erzgaugen." Pogg. Ann ., XLVIII., p. 287, 183!l.
• R. ,Yo Fox, "Some experiments on subterranean electricity, made at P ennance wine neal' Falmonth." Phil. Mag., [3], XXIII., pp. 457 a nd 491, H!43.
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Reich, "there being still 11 tendency to deflection." 'rhe exchange of terminals of different metals also produced a change ill the direction of the
current.
In the next year Reichl published his second paper, undertaken with
the especial object of studying more closely the currents probably existing
in the rocks surrounding the vein. His idea was that lode currents are
produced by the contact of the different ores in the deposit, the rock which
separates them more or less completely one from another performing the
function of the liquid of all ordinary galvanic couple. As Fox's method of
obtaining contacts with the earth was inapplicable, Reich had holes (12
inches deep) chilled in the rock, into which dilute sulp'lllll'ic acid was poured.
Strips of copper foil plunged into the acid and connected with the ends of a
copper wire completed the cil:cuit. Currents were obtained when at least
one point was near ore; they were completely absent when both points were
in barren rock. Though the deflections of the needle ranged from 2 ° to
30°, they seemed to obey no general law. The results are, moreover, difficult of interpretation, because the needle does not discriminate between
high and low grade, or between base and noble minerals,2 the deflection
being a function of both the quality and the quantity of the electrically
active material. Reich's mode of operation was derived from a consideration of the currents of a galvanic cell in action. '}'he paper3 is interesting
and the reader's attention is especially called to it. I shall have occasion
to consider it again below.
The reader is finally referred to the Proceedings Roy. Soc. Lond., III.,
p. 123, 1832, and IV., p. 317, 1841, which were not at my disposal.
Remarks on the foregoing.-From 1830 until 1844, therefore, the papers m
hand offer little more than a criticism of Fox's original investigation. In
1844, with the publication of Reich's second paper, in which the idea that
if local currents due to ore bodies are present at all they must be discoverable in the rocks, was the basis of research, a second step may be considered
IF. Reich, "Versuche iiber die Aufsuchung von Erzen mittelst des Schweiger'schen Multiplicators." Berg- )1.- hiittenmann'sche Zt,g., [3], pp. 342-346, 386-390, 1844.
'The term" mineral" wherever use,l throughout this chapter is intended to refer to those of the
heavy metals only-to those in short in which we may expect to find metallic properties.
3 See, also, B. v. Cotta, "Erzlagerstattcn," Vol. I.
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as having been made. It is to be regretted that in none of the papers is
there even an attempt toward fully describing the phenomena quantitatively. Generally, conclusions are drawn from the deflection of a galvanometer needle without sufficient consideration of the very probable variation
of the resistance of different circuits. The experiments are, moreover, made
individually, not in series or with reference to any definite, preorganized
plan. Insomuch, however, as most of the work was done when methods of
electric measurement were still in their infancy, these matters are not to be
mentioned to the disparagement of the authors. In fact, the reader is surprised at the broad view usually taken, at the cautiousness with which
hypotheses are stated, and at the number of details and chances of error
which are considered.

HYPOTHESIS UNDERLYING THE PRESENT INVESTIGATION.

There can be little doubt that the hypothesis which ascribes to orecurrents a hydro-electric origin is perfectly correct. Fox and Reich themselves found in the case of terminals of copper and zinc used together, the
points tapped being in rock, that currents resulted, the direction of whic.h
changed with an exchange of the terminals. I have actually measured the
electromotive force in action under these circumstances (see page 322), and
found it of the same order as that produced by combining these metals with a
liquid in the form of a galvanic element. If, then, there are also ores which
possess the electric properties of metals-and that this is the case Foxl went
to some trouble to show-the possibility of ore-CUlTents due to hydroelectric action follows as an immediate consequence. These currents will
in general have an origin analogous to those technically known as "local
currents" in batteries, while at times they may ~ven be due to the occurrence
of a complete natural battery. Thermo-electric hypotheses are unnatural,
insomuch as with the temperatures met with, even in the COMSTOCK, it
would be necessary to assume val ues for thermo-electric power which,
in comparison with those of known substances, are abnormally large. Such
lR. W. Fox, Phil. Trans., 1., p. 39, 1835.
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a speculation is, therefore, remote, artificial, and forced, and, ill cases where
there is a better hypothesis, deserves only very secondary consideration.
Suppose now that, i~ connection with an ore body, with reference to
which experiments are being conducted, electric action actually does occur.
In the consideration of these currents we are at once confronted by the impor··
tant fact that insomuch as electric action has been going on for an indefinite
period of time the currents must have become constant both in intensity
and direction, and that therefore the equipotential surfaces corresponding to
this flow will have fixed and probably well-definable positions.
In view of the fact that with most geological readers the consideration
of electric phenomena will be merely an incidental matter, it may be well to
be more explicit than would otherwise be necessary. . By far the greater
number of electrical phenomena can be explained by regarding electricity
as in the nature of an incompressible fluid. The analogy is, in fact, very
complete, and extends even into further detail than need be noticed here.
We speak of a liquid as having a tendency to flow from a higher to a lower
level; of electricity, as flowing from an equipotential of greater to one of
less value. In the former case the "levels" are approximately spheroidal
surfaces-" geoids "-parallel to the normal smface of the earth;. in the latter they may be closed, or may extend to infinity; they may be quite simple
or exceedingly complex. In order to exhibit the topography of a country in
detail, it may be represented graphically by the aid of a series of equidistant
earth levels. In electricity an analogous problem is similarly solved, those
surfaces being chosen for which the potential value from snrface to snrface
increases by a definite amount.! If a reservoir, the water in which is constantly at a level, p, be joined by a pipe with one in which the water-level
is constantly q (both p and q being measured vertically upwards from some
fixed datum, and p>q), the quantity of liquid traversing any right section
of the pipe in the unit of time would ccet. pW'. be dependent on the dimensions
of the latter and upon p-q. If a point on an equipotential of the value p
be connected by a thin wire with a point on one of the value q, analogous
remarks may be made with reference to the quantity of electricity (I) flowing
lNeither level nor potential imply the presence of matter or of electricity, respectively, at a
given point.
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through anY .right section of the wire in the unit of time. Now
it is upon I that the deflection of a magnetic needle surrounded
by a coil of wire, the plane of the windings being vertical and
parallel to the needle, ccet. par., depends; whence it follows, even
if the same arrangement of coil and needle were used throughout,
that the deflection just mentioned would contain an incidental
element; in other words, that it depends upon the means which
have been adopted to effect the connection between the equipotentials p and q.
Returning to the problem in hand, it will be found that the
mere measurement of deflections would he of but little avail. An
effort mnst be made to determine the values of p and q at the
points tapped by the ends of a wire. These quantities, moreover, are particularly significant, insomuch as the potential at
any given point in the vicinity of the ore body depends principally upon the character and distri~ution of the electrically active
ore-matter, and of the rock surrounding it, or wholly on conditions fixed by nature. Hence, instead of seeking for the ore
body itself, an attempt will be made to add to the few clews
available to the prospector by investigating some characteristic
variation of the potential at consecutive, similarly disposed points,
as indicating proximity to it. But what has been said of p and
q applies equally well to p-q, which latter quantity is, moreover,
easily measurable, either directly (electrometrically, or by certain galvanometric methods) or indirectly, by the determination
of the magnitude of deflection of the needle described above,
under known conditions. p-q is technically called electromotive
force.
To an observer the equipotentials are accessible for measurement either on the surface or in those places where drifts penetrate them. Let a, Y, T, Fig. 22, be a line lying either upon or
within the surface of the earth. Suppose the electromotive forces
be measured between a point a, and consecutive points /3, )" a
. .. fl., Y, /;, . . . . 0, T, V, . . • taken at convenient, approximately
equal, distances apart. The points fl., Y, l; . . . are supposed to

FIG. 22.
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be near the ore body, whereas a, /3, y ... and 0, T, V . . are remote from it.
As I shall frequently have occasion to refer to the point a in contradistinction to the remaining points /3, y, 0, ... 0, T, V . • , I will throughout this chapter refer to the former under the name permanent contact (P.O.), whi'}e to
any of the others the name temporary contact (T. C.) will be applied. Then
will the electromotive force (e) between P. O. and any T. O. in general vary
with the distance (X) between these points. This relation will usually be so
complex as not to be easily expressible by mathematical means, but it can
nevertheless be indicated symbolically by

e=f(x).

If, however, X is supposed to increase from zero (in which case P. O.
and T. O. coincide) to the value it has for so~e remote point, v, then as a
field of electrical activity is encountered in the neighborhood of Il, v, ~,
f(x) must pass through a single maximum or minimum, or a number of them.
It is therefore toward a characteristic variation of this kind that we must
look in endeavoring to define a position of greatest proximity to the ore
body. Analogously, though less generally, it may be stated that the increment of potential due to successive increments of distance a /3, /3 y, ]I 0, etc"
will be small except in the neighborhood of the ore body. This is probably
the idea which Reich had in mind, and which he must have come upon had
he followed out the line of his argument to its consequences.
I will add here that local difficulties did not permit me actually to pass
linearly through an ore-region. I had to content myself, therefore, with a
progress from the latter into barren rock.

EXPERIMENTS MADE IN SOME OF THE MINES ON THE COMSTOCK.

Method,-Experiments were commenced in t.he Oonsolidated Virginia, Oalifornia and Ophir mines, the line at times extending into Union and lIfexican
ground.
From t.he work of previous investigat.ors I was naturally led to expect
currents due to electromotive forces of considerable magnitude, and as a
consequence, was satisfied with a method of obtaining contact with the vein
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in which the electromotive force due to the terminals alone was not greater
than a few hundredths of a volt. Bright steel gads, to the tops of which pieces
of thick copper had been firmly fastened, were especially convenient for
this purpose, as they could be driven into the vein or again withdrawn from
it expeditiously. These gads were from 8 to 10 inches long and about one inch
in diameter at the head, from which they tapered gradually to a point. As
it would be repeatedly necessary to use them in places where the earth was
naturally moist, the question arose whether it might not be desirable in all
the experiments to moisten the rock around the gads at once. Accordingly,
two sets of experiments, the results of which are contained in Tables I. and
II., were made, the former above the surface, the latter below.
Two suitable positions in rock free from mineraP matter having been
selected, the gads were driven and the circuit completed. Measurements of
resistance and electromotive force were then made. The gads were now
exchanged and the measurements repeated, and so on. The relative position of the gads to an observer facing them is indicated in the second column
of the tables. Resistance ( W) in ohms and electromotive force ( e) in volts
are given in the third and fourth columns, respectively. The last column
shows the direct.ion of the current, arbitrarily called "+" when fl~wing in
one way, "-" when flowing in the opposite.
TABLE

I.-Experiments made on south side oj Bullion Ra,vine.

[Gads driven into qnartz seams between walls of diorite, ahout 10 feet apart.

I

Gads dry.
,

No.

Position
of the
gads.

W.

Gads wet.

I

..

Direction
of the
current.

0.03
0.09
0.01
0.06
0.00
0.01
0.00

+
+

,
No.

--- - -

I

2
3

4
5
6
7

I,n
II, I
I, II
IT, I
I,n
n,I
I,n

7600
6300
4300
4500
3700
3400
3200

Seams natnrally somewhat moist.]

Position
of the
gads.

W•

..

- - -- -

-

+
-

+
+

1

1
2
3
4
5
6
7
8
9

n,I
I,n
n,I
I,n
n,I.
I, II
II, I
I, II
II, I

See note, page 313.

1560
1260
1280
1200
1210
1200
1230
1240
1240

0.01
0.02
0.02
0.01
0.01
0.01
0.01
0.01
0.04

I

Direction
of the
current.

+
+
+
+
-

+
-

+

I
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II.-E:ryeriments in the Oon. Virginia and Oalifornia" 1750-foot level.
[Gada driven inLo rock, aa free from mineral mat ter

No.

I

1-1

of tbe
gads.

W.

Direction
of the

<.

No.

curr~nt.

I
I

Il, I
I , II
II, I
I, II
II, I
I, II
II, I
I, II

6000
3700
2800
2200
1870
J380
1030
1060

Poaition
of the
gada.

W.

Daie.

Direction
of tho

<.

I

CDITent.

---- -

- - - --

2
3
4
5
I
I 6
I
7
r
8

p088ible, about 8 feet apart.)

Gads wet.

Gads dry.
Position

38

0. 04
0.04
0.02
0.02
0.02
0.01
0.03
0.01

1
2
3
4
5
6
7
8
9
10

+
+
+
+

II

+
+

-

I
I

II, I
I, II
II, I
I, II
II, I
II, I
I, II
ll,I
I , 1I
n,I

550

500
450
400
380
390
270
280
260
270

I

0.03
0. 03
0.01
0. 02
0.01
0. 01
0.03
0. 01
0.03
0. 01

1

-

+
+
+

-

I

Sept . 24, 1880.
Sept. 24, 1880.
Sept. 24,1880.
Sept. 24, 1880.
Sept. 24, 1880.
Sep t. 25, 1880.
Sept. 25, 1880.
Sept. 25, 1880.
Sept. 25, 1880.
Sept. 25, 1880.

The results are highly in favor of wet gads. By their use a very
marked diminution of resistance is effected without increasing the values of
E.
The direction in which E acts follows no observable law, probably being
conditioned by the electrical difference of the gads and by effects of polarization due to the introduction of a Daniell.
Analogous experiments were also made with copper and zinc. These
metals were used in the form of strips cut from sheets. Each strip was
bent around the small end of a slightly conical stick of wood about one
foot in length. The plug was then firmly driven into a hole previously
drilled for the purpose, in such a way as to force the metal into thorough
contact with the rock Table III. gives the results, the nota:tion being the
same as that used in Table I.
TABLE

lIT.-Experiments in the Oon. Virginia and Oalifornia, 1750-foot level.
[Plugs abeot 10 feet apart in moist clay aeama, repeatedly exchanged aa indicated.]

I

Copper pJ Ug8 , wet.
No.

- - - -I

2
3
4
5
6
7
8
9
10

..

Poaition
of plugs.

I , II
Il, I
I, II
II, I
I, Il
II, I
I, II
II, I
I , II
II, I

,---

I
I
I

+0. 02
+0.02
+0.01
+0.02
+0.02
+0.02
+0.01
+0. 02
+0. 01
+0.02

Zinc plugs, wet.

I
I

Position
No • of
pluga.

e.

----- --1
2
3
4
5
6
7
8
9
10

I , II
Il. I
I, II
II, I
I, II
II, I
I , II
II, I

I, II
I, II

+ 0.02
+ 0.02
+0. 03
+0.01
-0.01
-0. 01
+0.00
+0. 01
+0. 01
+ 0. 00
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Steel plugs are therefore not greatly inferior to those of copper or zinc
in cases where a few hundredths of a volt are believed to be of minor importance; whereas, on the other hand, their use for the purpose in vie'Y is
attended with much convenience. It was found, however, that great care
had to be taken in keeping them bright, as otherwise the electrical difference
between the gads themselves was apt to rise to many times the value given
above. It was also necessary to maintain a thorough contact between the
ends of the metallic circuit and the gads.
Great difficulty was encountered "in avoiding leaks in the copper wire
connecting the plugs with the galvanometer. At first wire covered with a
double thickness of cotton and waxed was employed, but proved to be
wholly inadequate. Even gutta-percha wire scarcely offered as complete
an insulation as was desired, in the hot and damp atmosphere of the COMSTOCK, when laid in long lines without special precautions.
After testing a
number of devices, it was finally found sufficient to suspend the wire from
silk or waxed cotton threads, care being taken to prevent it from anywhere
touching either rock or timbers. This plan of swinging the line was adhered
to throughout, in spite of the loss of time frequently occasioned thereby. In
short, the rule was finally adopted of arranging all the connections just as
though the experiments contemplated were to be made with frictional electricity.
The galvanometer used in these experiments was an ordinary instrument
with an astatic needle, capable of measuring intensities as small as 0.0001
in Weber's electromagnetic scale (mg. mm. sec.) with certainty. Readings
were made directly, the needle swinging over a graduated arc.
For the measurement of electromoti ve forces a method of compensation
was first employed. But in the course of the investigation it was found
absolutely necessary to abandon all complications and to reduce the method
of research to the utmost simplicity. This will be evident to the reader
when he remembers that the heat of the mines is such as to cause profuse
perspiration, and thus seriously interfere with manipulation; that it was
desirable to make the first observations near or on the vein-hence in the
busiest part of the mine-so that expeditious operation was extremely

I

ELEOTRIOAL AOTIVITY OF ORE BODIES.

321

important; that, finally, the time during which exposure to high tempera-·
tnres can be endured with safety is itself necessarily limited. A simple
method; analogous to one of consecutive substitution of two elements in
the same circuit of large resistance, was therefore adopted. If e and E denote
the lode electromotive force and the electromotive force of a normal element,
respectively, i and I the intensities due to the action of e and E±e in the
same circuit, we shall have, approximately,I

.

.

e
't
't
E±e~-i' or e~E I=Fi"
Intensities were measured by the aid of the galvanometer above described, the instrument having been carefully calibrated at the outs tart-an
operation which was frequently repeated during the course of the experiments. i and I could both be determined in the same circuit without
inserting auxiliary resistances.
Results.-By way of example, some of the results obtained in the mines of
the COMSTOCK will now be cited. The plan has been indicated in a foregoing paragraph (page 316-7). It will be remembered that a permanent contact
placed conveniently in one end of the network of drifts, is successively connected with points in positions of sufficient interest to justify measurement.
In the tables, unless otherwise stated, P. C. is to be understood as coinciding
with point 1. The second column contains the distance, in feet, of the
points tapped below the level of the month of the shaft as a datnm. " Distance" and "bearing" refer to the imaginary lines connecting P. O. (I)
with the remaining points of the series. An exception is, however, made in
Table VI., where the data contained in corresponding columns give the
horizontal distance and bearing of the lines joining com;ecutive points e.
the lode electromotive force, is expressed in volts, and is taken as positive
when it acts in the direction P. O. ~ Earth ~ T. 0.
IApproximately, because, in the case when the lode electromotive force acts alone, we have not a
true circuit, in the ordinary sense. Between the holes, both in the eart,h and in the wire, th e direction
of the cnrrent is the same. But since the resistance of the Tock, passing from the hole into the earth,
fliminishes rapidly (see p3~e :-l!)9), the former may he consiflered, with a degree of accuracy sufficient. for
t.he purpose, as acting through the samc resistance ~s does t,he normal element, sUbspqn cnt.Jy illserte<l.
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rV.-Experiments 1nade in the Ophir mine.
[Steel gads.]

No. Level. Points. Distance. Bearing.

- - - - - --

1
2

3
4
5
6

7
8
9
10

TABLE

Fee!.
I
2, 000
II
2,000
2,000
III
2,000
IV
2, 000 III, IV
I
2, 300
2,300
II
m
2.300
IV
2,300
V
2, 300

Fee!.
0
ll6
170
415
260
0
230
370
415
470

- -~

~

........

S. 550
S.200
S.420
S. 550

..

Remarks.

-± O. OO

E.
E.
E.
E.

+0.02
+0.01
+0. 02
+0.01

N . 190 E.
N.19° E.
N . 290 E.
N. 38°E.

+0. 04
+0.01
+0.05
+0.02

.. -- .. ... . .. .. .... .

In quartz seam ; barren.
In clay seam.
In quartz seam; old stope; low·grade ore.
In qnartz seam i new stope; ore.

In clay seam.
In small quartz seam; barren.
In small qnartz seam; low.grade ore.
Do.
In quartzose day.

V.-Experiments in the Oonsolidated Virginia and Oalifornia mines.
[Steel gads. J

1
2
3
4

1,750
1.750
1, 750
1,750

I
II
ill
IV

TABLE

0
20
60
100

~ ~'"

"t:-I::::I

&i';O

,I:IQ

0

•

~

~~~::!

.S~2~
~P.dSCI!

"ill~ "0' oJ.,

+0.00
+0.09 } All
ill
I""". • .., """'"
low.grade ore in q~artz g,mgue.
+0.01
+0. 08

Vr.-Experiments in the Ophir and lIfexican mines.
[Copper t erminals.]

1
2
3
4
5
6

7

2,000
2,300
2,300
2,300
2,300
2,300
2,300

I
II
ill
IV
V
VI
VII

0
0
100
100
100
80
85

.. ... ---_ .
... __ . ----

+0. 00
+002
S. 190 W. +0.03
S. 190 W. +0.04
S.19OW. +0.04
N . 29°E. +0. 03
N.3SO E. +0.04

In small quartz seam ; barren.
Do.
Do.
Do.
In large quartz seam ; low·grade ore.
Do.
Iu qnartzose clay.

Discussion.-From a comparison of Tables I. and II. with Tables IV., V.,
and VI. it appears at once that the electromotive forces due purely to chemical difference and polarization of the terminals are of the same order as the
data expressing the electric activity of the LODE. The latter therefore can
serve no other purpose than that of affording information as to the magnitude of the forces to be determined. To assure myself as to the certainty
of this conclusion, I made a measurement of the electromotive force (e) obtained by using terminals of copper and zinc conjointly, and found, as a mean
of three experiments,
e=O.82.
In consequence of polarization, the current speedily diminished

III
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strength, so that all the phenomena are identical with those which would be
ohtained in the laboratory. The effect of polarization in distortmg the true
value of the lode currents was frequently noticed, but it would be superfluous to repeat the data here.
It is necessary therefore, in order to obtain satisfactory results, t9 apply
all the refinements that have been developed for problems of this «haracter.
In making an attempt of this kind in the mines on the COMSTOCK, however,
unusually great difficulties would be enconntered. At the outstart, the fact
that the observer is compelled to operate with wet hands must be considered
as prejudicial to delicate physical experimentation. But there is a more
fnndamental difficulty. It will be remembered that the ore of the COMSTOCK
LODE is argentite accompanied by gold, probably in the metallic state, finely
disseminated in qnartz. At the -time of the experiments the mines without
exception were working in comparatively barren parts of the vein, so that
there was actually more mineral possibly possessing electrical properties
(iron pyrites, etc.) in the rocks than ore in the ore-stopes. In such a case
the term "ore body" is scarcely applicable at all.
The result of circumstances of this kind, regarded from an electrical
point of view, can be expressed as follows: Either there will be no electric
action at all, since each little granule of ore or pyrite may be considered as
surrounded by an insulating envelope of either quartz or country rockwhether tpe latter be considered as an insulator or an electrolyte is immaterial-or the whole DISTRICT, vein and rock, is to be regarded as the field
of electric action. In the latter case an equal difficulty occurs, insomuch as
within the limited space open to the observer the variation of potential will
be inappreciable. In short, from the peculiar distribution of mineral matter,
electric excitation is not local in comparison with the space accessible for
experimentation.
The unusual difficulty with which a correct interpretation of results
would be attended; not to mention the loss of time occasioned by the fact
that, in consequence of the heat, experimentation cannot be long continued,
finally induced me to abandon the matter at the COMSTOCK altogether-at
least until definite results could be obtained in a more favorable locality.
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EXPERIMENTS MADE AT THE RICHMOND MINE, EUREKA DISTRICT,
NEVADA. .

Opportunities for investigatlon.-In determining to make the study of local currents a part of the work to be done under his charge, Mr. Beckerl had
selected both the COMSTOCK LODE and the Eureka district as available localities, in which to test the applicability of an electrical method as an aid to
prospecting. The former is a fissure vein, in which the ore, comparatively
free from base material, is scattered irregularly through a quartz gangue.
At Ruby Hill, Eureka, the ore is principally plumbic carbonate and sulphid.e aud oxide of iron-the whole containing more or less silver and goldoccurring, moreover, in huge, apparently isolated masses in limestone. In
most of the cases fissures containing vein matter and connecting the chambers have been traced. The facilities offered for the prosecution of the
investigation by the Eureka deposits were therefore, to all appearances,
unusually great. The immense ore bodies in sight were furthermore at a
mean distance of not more than 400 feet from the surface, and a series of
electric surveys could easily be carried out over, through, and under them.
Finally, it appeared not at all improbable, insomuch as the ore bodies in
places extend to within 100 feet from the surface, and are in fact to some
extent above the mean surface of the sun'ounding country,2 that local electrical currents might actually be detected ou the surface itself. In consideration of this encouraging prospect due pains were taken to work up an
the experimental details with corresponding care.
Arrangement of termlnals.-Above all things it was necessary to devise some
method of obtaining electric contact between the ends of the metallic circuit and the rocks, which would be free from the difficulties met with in
the COMSTOCK. Metallic plates, etc., used alone, are objectionable (see page
358); but it is clear that through the intervention of a suitable liquid, effects
of polarization, etc., can be avoided. The following contrivance, based on
I Of. First Annnal Report U. S. Geolog. Survey, p. 46, 1880.
gBeing in Ruby Hill, an elevation of some bunoreoA of fe et a1>o\'e the extensive l'lain l'artially
"urrolllllliug it.
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the well-known fact of the excellence of amalgamated zinc m a zinc sulphate solution, for the purpose in question, was finally adopted.
Into a large cork a/ Fig. 23 (longitudinal section), is inRerted a strip
of amalgamated zinc, ej, about one-half ineh
broad, to the top of which, e, a gutta-percbacovered copper wire, hik, is soldered. Thl'Ollgh~)Ut the greater part of its length it rests against
a stick of wood, cd, cylindrical above at c, which
end is to be thrust through a perforation in the
cork a" but wedge-shaped below, d. At i the
wire and stick are firmly tied together. A
smaller cork, b, secures the lower end of both
zinc and stick. The whole is surrounded by a
piece of beef-gut, gg (free from salt), tied to the
corks a and b, as shown in the cut.
Into the bag (6 to 10 inches long) thus
formed is poured a solution of zinc sulphate,
the wooden plug l being for this purpose removed and a small funnel inserted. On replacing the plug the terminal is ready for use. The
object of the stick is to obviate accidents due
to breakage of the zinc, this material becoming FIG. 23.-Terminal, longitudinal
very brittle by amalgamation.
sectioll.
Fig. 24 represents the terminal in place. A suitable hole, 6 to 9 inches
deep and 1 to 1~ inches in diameter, is drilled into the rock or vein, at an
angle of about 30° with the vertical, and filled with a solution of sodic sulphate or water; whereupon the bag is introduced as shown in the figure.
'I'he dotted line 1nn indicates the level of the outer liquid.2 Solution of sodic
sulphate was at first used, because it increases the conductivity and is not
acted upon appreciably by the rock (limestone). It was found, however,
that ordinary water, which had previously been placed in contact with zinc
for some time, so as to precipitate all dissolved matter which might act npon
11 to 1! inches in diam eter.
.
'The solutiou poured into t,he hole will be referred to throughout thi s dcscription as the "ollter

liquid."
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it, was preferable (see page 357). When not in use the bags were kept
in a glass vessel containing a zinc sulphate solution; during the observations, however, they were transported from place to place in jars containing water.1
The electromotive force between two similar bags placed in the same
external liquid was seldom
found to be greater than 0.005
volt, usually much less, and tolerably constant (see page 362);
whereas the electromotive force
of polarization, due to the action of a Daniell under circumstances actually met with in the
mines, anum ber of data being
in hand, was in no case as large
as 0.001 volt and in the experiments cited falls below this
limit. For comparison the bags
in a particular instance were
filled with water instead of zinc
sulphate, when an electromotive force of polarization of
0.020 volt was obtained.
} ' IG. 24.-Termiual iu position.
Wire.-GU tta-percha-covered wire No. 19, of excellent quality (Tillotson & Co., New York), was
used almost exclusively, the whole circuit nevertheless being suspended in
air from threads, as in the COMSTOCK. In the long circuit on the 600-foot
level it was necessary, however, to e"mploy cotton-covered wire for part
of the line, the supply of the other being -insufficient. This could be
done without disadvantage, as follows: A hollow cylinder of gutta-percha,
stripped from the end of a wire covered with this substance, was bent in
the form of a loop, Fig. 25, and kept bent by a thread passed through its
It was desirable during the observation to have the outside of the bag as free from zinc sulphate
solutiou as possible.
1
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interior and tied. The cotton-covered. wire used (a b in figure) was passed
through this loop, suspended. by the other end of the thread.
A case in which gutta-percha-covered wire trailed on the ground a
distance of about 1,000 feet, was made the subject of measurement. A leak
was quite perceptible; the insulation offered, however,
was about 1,000,000 ohms.
In extending the line from point to point, according to Reich's very cOllvenient plan, the wire is wrapped
on a light wooden reel, but in such a way that the
inner end. also remains accessible. The outer end being
in connection with the measuring apparatus, enough
wire is uncoiled to reach the desired hole, and a con- FIG. 25.-Suspension.
nection (contact-bag) between this and the inner end of the wire is then
made. In the damp atmosphere the reel sOQn became saturated with
moisture, and, in spite of the insulation of the wire, care had to be taken to
insulate the former also.
Galvanometer.-For the measurement of intensity.I was fortunate in securing a magnificent instrument, made for me after the Wiedemann pattern, by
Mr. "Vm. Grunow, of New York. This instrument is exceedingly convenient for the purpose, as by an adjustment of the coils the sensiti veness can
be varied over a very wide range. Readings were made with telescope,
mirror, and scale.

20

In the adjustment adopted currents as small as 108

webers could be detected with certainty.
Measurement of electromotive force.-Tlie simple method of consecutive substitution for the measurement of electromoti

ve forces (e= E I~ i )-in-

somuch as while there were no reasons for abandoning it there were a great
many in its favor-was adopted here as on the COMSTOCK. The coils of
Grunow's galvanometer could easily be so placed as to enable the observer to
measure with sufficient accuracy both the lode current and that due to the
latter and the .normal electromotive force / conjointly, without making any
change at the instrument or inserting auxiliary resistances. By means of an
inclosed mercury commutator the current in the galvanometer could be

•
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reversed and the deflection thus doubled. All intensities (i and I) were
determined as a mean of five consecutive commutations-not that it was
desirable or necessary to increase the accuracy by such a process, but
because it appeared essential not to hurry the measurements and to test the
constancy of the current as appearing in the five data obtained. Errors from
condensation of moisture on the commutator were avoided by excluding the
latter entirely from time to time, the measurements being made by simply
connecting the wires with clamp-screws. l
As a matter of especial importance it will be necessary to consider a
Rcheme of operations by which discrepancies due to extraneous causes can
be eliminated as completely as possible. In the experiments the following
order of observations was adopted and rigidly adhered to throughout:
1. Measurement of the apparent intensity of the lode current (if).
2. The same, with the terminals exchanged (i").
I
3. Measurement of the current produced by the normal element and
lode conjointly (I).
4. With the battery left in place the circuit is broken at the temporary
contact; no deflection must ensue (E supposed to be acting with the lode
electromotive force).
If a mean of the intensities derived from the first and second operations [i = ~ (i" + if)] be taken, the intensity of the current (i) due to the
lode only will be obtained. That due to differences in the amalgamated
zincs is thus eliminated. In by far the greater number of experiments three
exchanges were made, so that the first and third positions of the terminals
were identical. Analogously, then,

The fourth operation in this scheme insures the perfect insulation of
the circuit between the T. C. and the galvanometer. The part between
the latter and P. C.-the two being always placed in close proximity, this
.
'The commutator used was made of wood boiled in linseed oil, and supported on three conical
feet of wood boiled in wax and resin. The holes, moreover, were coated with a thick layer of wax
(see page 354). Whole sots of observations had to I,.. discarded on account of th" insufficient insulation
of an earlier apparatns.
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partinl circuit, moreover, remaining fixed-is tested once for all before {·· ommencing the experiments.
It is often desirable, before inserting the Daniell, to determine whether
the circuit is in order and without a break. This may be easily a<':cO\l1plished oy tonching with the finger a copper part of it, so that a secondary
eircuit, 1'. C., wire, galvanometer, wire, body, earth, 1'. C., or P. C., wire - - body, earth, P. C., is produced, respectively. rrhe electromotive force acting
in this case is that of zinc-copper, but in consequence of the very large
resistance of the finger contact the ('.urrent, though distinctly perceptible,
is too weak to produce any appreciable polarization.
III spite of all these safeguards, however, a close inspection of the
recorded values still revealed discrepancies which had not been avoided.
Accordingly the method of procedure was further improved by the following additions: To eliminate as much as possible the effect due to the terminal
bags, a variation was introduced by which the results from different bagti
could be compared. Four of these, A, B, C, and D, were generally employed,
which, when combined, two and two, in the manner shown in the diagram,
gave three separate and distinct values for the lode electromotive force e.
The electromotive force between any two bags, A and B, is represented by
A B, between A and C by A IC, etc.
I
Holes.

I

II

P. C. T. C. I

1·- -·· - ,

~~:\~oOr~~"

First series.. .

~

l'
•

e± ' IB

, Third series .. .

A
A

0
D

e±A10
e±A D

I

I Second series..

P. C. T. C.

- B

A

i

I ~~e:t;~::,'~..

I~ i
A

0
D

I

A
A

-

' P. C. T.
1

-1

'

c. 1~~:1~:'~.

e'fA IB
: A
B
e'fA tO
1 A
0
e'fA D A D

-

-

e± AB
e± A 0
e," A D

I
.

1

-~====~.~====~~=====~~====~~====~~
-r----Ori~al position.
First exchange.
Second eXl'hangf'.

After the second exchange, the bags again have their original POSItion with reference to the holes. The corresponding measurements, therefore, check one another, while from their mean any lineal' variation of their
own electromotive force is eliminated. Each series gives a value for e.
With this method of triple measurement the series was completed by determining all the electromotive forces between P. C. and each of the T. C.'s,
starting with the one nearest P. C. and ending with the most remote. After
thiti the whole set was again repeated, starting, however, with the ext.reme
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T. C. and finishing with the one nearest P. C.

The two sets, therefore, form
a symmetrical series, and from the means of all the values corresponding
to any particular T. C.any change which may have taken place in the hole
P. C. (see page 360), as well as in the elech'omotive force of the Daniell,
may be regarded as practically eliminated. A comparison ~f the two sets,
moreover, affords a good criterion of the constancy of the currents as well
as of the trustworthiness of the results obtained in general.
Resistance.-Besides the electromotive force, the resistance of the different circuits was also measured, being an item of interest. The values usu1
ally ranged between 2,000 and 3,000 ohms, though at times they went as
high as ~O,OOO, or as low as 700 ohms. Almost the whole resistance of the
circuit is encountered by the current in passing from the wire into the rock,
and from the latter back again into the former. In other words, the resistance of the layers of rock immediately surrounding P. C. and T. C. is so
large that in comparison with it that of the rest of the circuit (never greater
than 20 ohms) can be completely neglected. The total resistance is, therefore, essentially the snm of two terms, corresponding to the boles, respectively. Suppose now that in a circuit P. C. (T. .C.) these pal'tiall'esistances
are wand r, respectively; in a circuit P. C. (T. c.)" UJ and 1", resp~ctively;
if it is found, experimentally, that

s
1'==2 -b,

w+1'-a ~
w+ t·'- b: , and if s = a + b + c, then 1"-~-a
-2
'
r +t·'=c,
s
w==~ - c.
These points have been described in considerable detail, being of such
importance that without t.hem the results reached would be illusory. I was
twice obliged to discard whole sets of experimellts because one or the other
of the disturbances set forth had found their way into the results in the most
insidious manner. It is true that Fox actually used uncovered wire; but
it must be remembered that the currents obtained by him were abnormally
large. Moreover, I am convinced that the currents found by Fox, when
connecting two different points in rock, were entirely due to, and that those
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of Reich were very largely distorted by, discrepancies of the kind discussed
in this paragraph.
Relative position of the ore bodies,-Before proceeding further, it will be necessary to give the reader a general idea of the dispo~ition of the ore bodies of
the RichmOlid mine. It will be convenient, and fully sufficient for the
present purposes, to consider them with reference to a horizontal and a vertical projection. The former will be given with the different sets of observations which are to follow. For the latter I am indebted to Mr. R. Rickard,
superintendent of the Richmond Mining 'Company, without whose cordial
cooperation it would have been impossible, in the time allotted, to carry ont
these experiments. To Mr. Rickard are also due the following details and
sketch
200'

300'

400'

GOO'

GOO'

FIG. 26.-Vertical section through ore bodies.

In Fig. 26 the horizontals passing across the diagram represent the
levels in feet below the shaft-month as a datum. Different ore bodies are
'differently shaded, the attached ,numbers depending upon the date of their
discovery. The sketch is intended to illustrate the relative positions of the
ore bodies one to another only, as seen from the extreme north.
Chamber No. 11 begins on the 200-foot level and continues to the 500foot level.
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No. ·12 IS a continuation of No. 11, beginning on the 500-foot level
and ending 70 feet below this level.
No. 16 commences 50 feet above and runs 70 feet. below the 200-foot
level; the bottom of the present workings:
No. 15 commences on the 300-foot level and continues to the 500-foot
level.
No. 14 begins 50 feet above the 400-foot level and continues to within
50 feet of the 600-foot level.
No. 13 begins at the 500-foot level and continues 50 feet below the
600-foot level.
Ohambers Nos 13, 14, and 15 are all connected and form one ore
body. No. 16 wiII undoubtedly connect also with these three, so that in
fact Nos. 13, 14, 15, and 16 are but lobes of one and the same huge deposit.
The greatest horizontal extent of these bodies is between the 4()0 and
500-foot levels, the plan showing the following dimensions:
N. to S.
E. to W. .

. .1120 feet.
. 600 feet.

No.7 extends from the 400-foot level to 50 feet below this level.
No. 10 begins 20 feet above and ends 50 feet below the 400-foot level,
and is exhausted. No. 13 also is partially exhausted.
East of the group of ore bodies of the Richmond Oompany are those
of the Eureka Consolidated Oompany, which are also of unusually large
dimensions, the ore being the same in every respect.
Experiments on the 500 and 400-foot levels.-1'hese series of measurements were made
with the intention of observing the variation of potential met with in passing through the ore body, the line of electric survey beginning and terminating in points as far distant from it as was practicable.
The plan of the position of the drifts on the 500 and 400-foot levels
relatively to the ore chambers, so far as is necessary for the present purposes,
is given in Fig. 27, on a scale of 30100. Startinp- with the shaft at 1Jl, the drifts
are represented by broad black lines. The main drift on the 400-foot level,
passing from a point between VIII. and. IX. on that level in an approximately semicircular path toward the shaft, has, as well as other workings,
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been partially or wholly omitted. Instead of giving an outline of the hodzontal projection of the ore bodies themselves, it was thought preferable
to represent rather the position and extent of the actual workings. On the
map, chamber No. 11 is uesignated by ab, No. 12 by OD, Nos. 13 and 14
by rS, and No. 15 by tg. The position of chambers Nos. 7 and 10 is only

Frr. . 27.-Plan of the 400' and 500' levels.

Sr.alo

mll.

indicated. Smaller patches of ore also occur at n, between the 500 and
600-foot levels, and at P, above and below the 500-foot level.
uv, on the 400-foot level, marks the position of a line of contact between shale and limestone. It may be remarked that the shale of the

334

GEOLOGY OF THE COMSTOCK LODE.

west country intersects the 400-foot level on a line approximately parallel
to the drift between P. O. and No. IV.
Unfortunately, local circumstances rendered it absolutely impossible
to make this survey in a single continuous series, however desirable such a
method of procedure would have been. But the object was accomplished indirectly by selecting a permanent contact both on the 400 and on the 500-foot
levels, and carrying the two lines of measurement onward to the same intermediate point. The differences of potential thus obtained from two fixed
points, respectively, can then be converted by a simple method of reduction
into those which would have been obtained had all the electromotive forces
been measured from one and the same P. 0.
On the 500-foot level the permanent contact was placed in chamber
No. 12, in calcareous earth stained with iron, its position coinciding nearly
with the letter 0 in the plan of this chamber (Fig. 27, O. D.). The points
selected as T. O.'s are designated on the map by small circles, to which
Roman numerals are annexed, and extend from I., near the shaft m on the 500foot level, in a more or less broken line to XV., in chamber No. 15, about
30 feet below the 400-foot level. The following table will describe them
more completely. Column 2 in Table VII. contains the points, some of which,
to prevent confusion, were omitted on the map; column 3, the depth of each
below the mouth of the shaft, taken as zero. "Distance" refers to the length
of the lines joining consecutive points for which data are given. 1 The
figures under "bearing" are to be similarly understood. (S. 81 ° W. refers
to the line I.-IlL; S. 26°W., toIII.-V.; N.67°W., to V.-IX.,etc.) It appeared
unnecessary to give more than the bearings of the main lines of direction
on which the points approximately lie. The figures included under "resistance" are the means of two determinations of this quantity made for
each of the points. They express the sum of the resistances of the rock
surrounding P. o. and the T. O. specified. The original results were always
greater than those made at a subsequent time; this from the fact that the
rock in the neighborhood of P. O. and T. O. became, during the progress of
the experiments, gradually more saturated with moisture.
1 The points for which no data are given are distributed through various parts of chambers 12 and
l5, in positions for which it was difficnlt to make measurements.
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_N_O_. _P _Oin
_ t_s. _L_
eV
_e_
1.
Feet.

P . C.
2
3

I
II

III

IV
6
7
8
9
10
11
12

13
14
15
16
17
18
19
20

V
VI
VII
VII'
VIII
IX
X
Xl
XI'
XII
XIII

XIV
XVI
XVII
XV

500
500
500
500
500
500
500
500
500
500
500
500
500
490
480
460
450
450
440
430

_ta_Dn_i~_~'_il.

_B_e_a=_'_g_
.

F ed.

I~~~:~ 1_

VII.
_ _ _ _ __ R_em_a_r_ks_. _ _ _ _ _ __ 1

Ohm-B.

Origin.
84
39
55
69
13
47

•• •

__

0.

__ _

_

-

S. Sl° W.

... .........
S.26° W.

... ....... -.
._ -_ ......... -.
..... ... ............
... ...... .... . .... ................
101
101

N . 670 W.

... ... ... ........

94
... ........ ..........
... . ...... . . ........... .

S . SOOW.

88

......... . ... .. .. . ..........
.. ... .... ..............
........ . .... ... ............
. .. . . ...

............

123

S.37°W.

3620
1480
1550
1660
1670
970
2090
850
1520
1590
5560
3720
2240
3590
2620
1990
1140
6260
990

F erruginous, calcareous earth, in chamb~r 12.
Hard, fissured limestone.
Limestone, compact, porous. moist.
Do.
Do.
Do.
Limestone, very porous, near contact of chamber 12.
Ferruginous earth.
Red ocher, near bunch of ore ..••. ~ Ch h N 2
Ferruginous earth . ..• ....••...... 5 am er 0. 1.
Pocket of lead carbonate ore in limestone.
Hard, impervions limeRtone and calcspar.
Hard, solid limestone.
Ferrnginous earth. with galena . . . ......... ..•• ) .
Black iron ore, loose dry . .. • : . .. ..... .. . . .... . :!l
F errn ginons earth, with galena. .... . ..... .... . . ~
F erruginous earth, without galena . -.. . ... .. . . . .. a;
Large breast of lead carbonate ore.... ..•. . ... . .
F erruginons earth, very dry ..•....... . ....•....
Large breast of lead carbonate oro. ...... .•... .. 0

'S

.a

The results of the measurements of electromotive force between P. C.
III chamber 12 and the consecutive T. C.'s are given in Table VIII.
The
general method of obtaining them has already been described (see page 329).
Intensities (i) are given in absolute electromagnetic units (C. G. S.); electromotive forces (e) in volts, and these are arbitrarily considered positive
when the potential of T. C. is the greater, or when the lode current flows

~Swir~2

c. .

- + P.
2eart/~S
It will be remembered that, throughout, four terminal bags, A, B, C, D,
were used. The results obtained with AB are given in Series I., where,
moreover, i' is the intensity observed with the bags A and B in any particular position (say A in hole P. c., and Bin T. C.); i" the intensity observed
when the bags are exchanged (B in hole P. C., and A in hole T. C.); finally,
i"', the observed intensity when the bags again have their original position.
e is the corrected lode electromotive force between P. C. and the T. C.
specified. Series II. contains the corresponding results with the bags A and
C; Series III., with A and D.
Finally, Series I., II., and III. were obtained in surveying from point
T. C.
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1. to XV., series IV., v., and VI., on the other hand, on returning from XV.
back to I
In these experiments a solution of sodic sulphate was used as an outer
liquid.
TABLE

VIII.

FIRST SERIES.

I P.c. I
I i

No. connected i' X 10'
witb-

in X 10'

~ X 10'

i'" X 10'

' : P.c.

I

No. connected i' X 10.

1

'

I in X

:

i n, X 10'

10·

• X 10' ,

witb-

I ---;-== . ~;
l
~ I 1~ I ~:~ ~:: :::::::::: ! ~ ~: I ~, i ~ :~ ! ~ 4: ::::::::::1 : ~
4
IV
+ 46
41 . ..... . ...
± 0 1 14 I XII
49
+
5 I
······ .- I - 8 I
V
33
+ 71
- 30
+ 3
15
XIII I - 25
- 25 ...•..... ·1 - 6
I 56 i VI
+ 89
66
+ 102
+ 2
16 I XIV
5
12
2
7
VV l 1,
++ 59
=
39
++ 56
~
22
117
8 I ~VI I ~ 36
+ 10 /::::::::: ./ ~ 3
11
7
57
10
0

-1-1--I-I~~~ -+-I- ---;---x- -±-oI

i

1:

i

V:~1 I ~ 1~~ =::~ :::::::::. ~ 1~

19 ;

-

~v: I +

I

112

I~

9~ I "+-~;~-'I ~ 1~

SECOND SERIES.
I
II
ill
IV
V

1
2

a
4
6
6
7

8
9
10

I
,

-

VI

+

VII

VII'
Vin
IX

8
30
53
+ 39
31
+ 71
39
± 0
36
- 120

+
+

+
I

+
+
I -i-

1

-

12
26
33
46
61
33
26
57
49
38

±
-

.... ......
....... __ .
..........
....... __ .

-

33
+ 102
+ 43

+
+
+

-

I..........
' -~--'~--

,
1
0

2
1
2
3
2
3
1

11
12
13
14
15
16
17
18
19

X

I

XI
XI'
XII
XIII
XIV
XVI

xvn
xv

I

+

-

I+

-

i

-

+

-

+

2
38
49

43
16
13
53
3
82

+

I, +

I ±
-

-

28
25
56
12
33
0
10
2

+ 118

- 13

I. . ........
.. ... .. .. .

.......... .
.. -........ .
....... . ..

_·_·_·-··· 1

....... _.........

I

+ 110

-

7
3
1
~

6
1
+ 2
1
+11

-

3

4
5
6
7

8
9
10

I
n
ill
IV
V
VI
vn

VII'
VIII
IX

+
+

,

-

i +

-

I ++
+
+

I-

12 1 38
33
+
33
11
+
97
-

13

-

34

-

-

54
10
26
05

!
:

I-

34

33
31
46
62
59
46
46

::~::~~::I
----......!
-

11
+ 105
+ 57

.- ........ ..
I"~-"~-_

±
±
±
±
+

+
+

-

0
0
0
0
3
2
2
2
I

-11

11 1
x
I
12 I
Xl
13
XI'
14
XII
15
XllI
16
XIV
XVI
17
xvn
18
19
xv

i
I

- 2: '1 I +- ~ I -+
- 20 I - 8 + 36
+
- 0 I

+103

25
8
49

..........

11

...... -...

28
11
10
3

..........

+ 118

_. ___ 0 " - '

..... . ..

..........
_

0

••

-"---

...... ---

I

!

i

I
/

THIRD SERIES.
1
2

!

+

99

I

+
-

8

6
0
7
6
2
3
1

+11

•

ELEc'rRICAL ACTIVITY OF ORE BODIES.
TABLE

VIII-Continued.

FOURTH SERIES.

,

- - - -I
2
3
4
5

I

P . C.

No. Iconnected i' X 10"
with-

II

III
IV

V
VI
VII'
VIlI

i N X 10'

i'" X 10'

eX 10'

P. C.

No. connect ed
witb-

i' X 10'

iN X 10'

i'" X 10'

e X 10'

- - - - - - - - - - - - - - - - - -- - - - - - - - - - -

+

·7

- 26
+ 8
+ 16
+ 57
+ 116
+ 33
+ 8

±

+
+
+
+
+

0
25
8
16
28
66
16
15

+
01-

±

+

79

0
0

+

+

+
+

IX
X
XI

1

± 0

2

10
11
12
13
14
15

XI'

xn
XII[
XIV

+
-

84
20
31
2
25
31
28

-

-

79
21
31
2
20
38
16

-

-

57
31

-11

-

-

1~

-

-

11
15
30
0

-

-

2

-14
9
- 1
7
8
3

-

-

FIFTH SERIES.
1
2
4

5
6
7

II
III

V
VI
VII'
VIII

+ 7
- 23
+ 16
+ 56
+ 105
+ 36
+ 0

+
+
+
+
+

7
20
13

± 0
± 0
± 0

23

51
13
10

+

84

+ 67
+
+

+

2
1

IX
9
1U
11
12
13
14

X
XI
Xl '
XII
XIII
XIV

+
-

-

61
31
18
18
18
.20
15

-

72
31
20

-

-

-11

-14

-

9

2
7
7

3

SIXTH SERIES.

II

4
6

III
V
VI
VII'
VIII

+ 0
- 25
+ 26
+ 56
+ 102
+ 34
+

15

+
+
+
+
+
+

8
26
26
20
51
21
18

-

1

± 0
± 0

+

90

+
+
+
+

6
7

8
9
10
11
12
13
14

IX
X
XI
Xl'
XII

XIII
XIV

-

+
-

72

25
26

3
26
26
5

-

23

16
25
25

-11

-

-

15
8
2

7
7
3

level.-The permanent contact on the 400-foot level was placed in a
ferruginous clay seam, toward the southern end of the drift, and observations were made in a northerly direction from this point. The temporary
contacts have been designated on the map (Fig. 27), as in the previous case.
Point X. of the present survey coincides in position with XV. of the lin,e on
the 500-foot level. The following table (IX.), in which full statements of
the position, etc., of the points are contained, will be int.elligible without further description. As before, the bearing of the main linear loci only have
been determined, the data referring to the lines joining the consecutive
points, for which figures are given. Resistances, as above, are mean values
400-foot

22 C L
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for the circuits P. C., earth, T. c., wire, P. C., and are essentially the
resistances of the layers of rock surrounding P. C. and T. C.
IX.

TABLE

No.

Points. L ev el.

Dis·
t an ce.

Resist·
anee.

Bearing.

R emarks.

- - ---

--1
2
3
4
5
6
7

P.c.

S
9

VII
VIII

10
II

IX
X

Feet.
400
400
400
400
400
400
400
400
400
400
430

I
II
ill
IV
V

VI

I

Feet.
0
100
140
139
85
37
88
94
89

68
37

Ohms.

_ . . .. - .Origin
--_ ... . __ ... 2890
........ -- .. 1040
...... __ ._-. 1820
N.7°W.
710
-._-._ -._ . . . 2050
...... ---- . . 1760
N.49~E .
2740
........... . 1280
.----_ ... _ .. 1820
N.71°E.
1030

R ed clay selvage.
Black, fissureu limestone, dry.
Whito calcareous pulp, very moist.
Gray limestone, compact, dry.
Shale, very moist.
Gray, fissured limestone, dry.
Limestone, compact.
Do.
Quartzite, v ery wet.
Bunch ofleau carhonate ore in limestone .
Large breast oflead carbonate ore, chamher 15.

The results of the measurements of electromotive forces between P. C.
and I.-X. are contained in Table X. They are given in a way entirely
analogous to that adopted for the 500-foot level, and no further explanation
is necessary. Intensities are expressed in electromagnetic units (C. G. S.),
electromotive forces in volts. Water was used as an outer liquid.
TABLE

X.

FIRST SERIES.
1 P. c.
No. c0!l'th~d

1
2'
3
4
5

I
II

III
IV
V

I

it X 10' 1 i"iY 10. 1 i'" x 10'

ex 103

I~

+22
+ 4I
- 7 1 -52 1 - 67 1 +54
+ 52
49
- 145

+

0

+

2

I -+
I+

- -- - +

61
45

+
-

II

9

+

5
10
7
1

62

!

P. C
No. conneoc"ed it X lOS
with6
7
8
9
10

illl X lOS

ill X 10'

• X 1()3

- - -- - -- - - - - VI
VII

vm
IX
X

+ 125

+

56
34

+
+

4
30

-

93
50
43
6

-

56

+ 118
60
15
4
63

+
+
+
+

+
+
+

-

+ 116
-.---- --- ± 0
--- _.. . _- .
- 21

,

+
+
+
±

-

19
15
4
0
4

SECOND SERIES.
1
2'
3
4
5

I
II
III
IV
V

+ 221+ 39 1+
-261-56 1-73 1+ 43
+ 65
+
- 130
- 71
8
± 0
+
+

34
62
63
67
13

+

. +
+

10
5
10
7

1

6
7
8
9
10

VI

VII

vrn
IX
X

+
+

-

-

+ 116

88

45
37
9
62

_

.. . . . _ .. -

+

-

4
6
37

+
+
+
±

-

19
15
3
0
6 1
1

Jill th ese cases three coDsecutive e xchanges of the terminals were made, th e ir positiona in Nos. 1 and 3 aDd in Nos. 2
and 4 heing the same.
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TABLE

X-Continued.

THIRD SERIES.
----

No. connected
i' X 10" 1 in X 10' 1 i'" X 10'
P.C.
with-

eX 10'

- - - / - - - + - - - +- - - / - -2'
3

1
IT
ITI

4

IT

5

V

+37 1 + 30 1 +50
- 9 / - 47 / - 26 / - 37
+ 77
+ 30
+ 80

-

+

n

- HO

11

-

7

-

+

U
22

+
+
-

+

I

P.C.
No. connected i' X 10'
with-

i'" X 10"

e X 10'

- - - - -i- - - - j - - - - - - - - -

11

6

VI

4

7

vn

10
8

8
9
10

VITI
IX
X

1

in X 1()l1

+ 138

+
+
+
-

67

4
4
13

+
+
+

82
87
28

-

6

-

n

+ 140
+
+
-

6
13

0

+
+
+

21
15

2

±

0

-

4

4'

FOURTH SERIES.
1
2
3
4'
5

II

ill
I

I

IV
V

1 +41
-

+22

76

-

142

+86

+

56

+43
88
+ 82

-

I -U8 / -130 / -120 / -183
+ 35 1 15 1 + 24

+
-

+
-

+

9
13
13
10
1

~
8
9
10

I

::1

VIII
IX
X

+ 140

+
+
±
-

76

52

0
30

+
+
+

-

is
58
13
21
56

+ 142
+ 84
+ 45

+
+
+

-

2

-

4
2

-

24

-

5

+104
+ 62
4
+
22
50

+
+
+

19
18
3
2
5

20
19

FIFTH SERIES.
1
2
3
4'
5

I
IT
ITI

IT
V

+ 28
+ 41
- 130
-112
+ 82
+ 62
-153 I - 45 / - 49 / - 220
+ 7 1 + 6 1+ 0
+

-

+

39
91
87

-

9
13
14
8

+

I

+

+

6
7
8
9
10

VI
VIT
VIII
IX
X

+ 108
+
+

-

60

19
15
52

+108
+ 71
+ 41
0
34

-

-

-

-

SIXTH SERIES.
1
2
3
4'
5
~

I
IT
ill
IV
V

I -+

+22
+ 49
45
67
80
- 130
50
+ 82
+ 82
I - 91 1 -108 / -112 / -168

+

;+

24

I-

-

15 1 +

i1

-

9
12
13
9

+

1

+

+

6
7
8
9
10

VI
VU
VIII
IX
X

+134
80
58
7
13

+
+
+
-

+
+
+

-

78
45
4
28
67

+ 121
+ 76
+ 45
4
+
11

-

+
+
+

-

-

18
17
3
2
4

, In these cases three consecutive exchanges of the terminals were made, their positions in Noe. 1 and 3 and In Nos. 2
And 4 being the same.

The values for electromotive force contained in Tables VIII. and X.
are now to be referred to one and the same origin. For this purpose it
will be convenient to select a point having an extreme position. Point I.,
500-foot level, is of this kind. As there is no means of assigning an absolute value to the potential of this point, it may be arbitrarily called zero, in
which case the electromotive force between it and any succeeding point will
be identical with the potential of the latter. In the following table (XI.)
the potentials of all the points on .the 400 and 500-foot levels have been
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calculated, that of No. I. (500-foot level) being zero. The values obtained
from the different series are designated by indices (e', e", e'", eiv, e evi ). e1
is the mean of the first three, e2 of the last three; and e the mean of all the
·series.
V

TABLE
No

Points.

Level. e' X 10'

e" X 103 elll X 10 3

CI

,

XI.
X 10'

eiy X 10 3

e' X 10'

e,; X 10'

e,X 10'

eX 10'

- - - - - - - - - - -- - - - - - - - - - - - - - - I
II
III
TV
V
VI
VII
Vll '

2
4
5

.I~

vm
10

IX

11

X
XI
Xl'
XII
XIll
XIV
XVI
XVII
X 'orXV
I X or XVIII
VIIlorXlX
VII or XX
VI or XXI
VorXXll
I V or XXIII
III or XXTV
Hor XXV
I or XXVI
P. C. or XXVII

12
13
14
15
16
17
18
19
20
21
22
23
24
25

26
27
28
29

Feet.
500
500
500
500
500
500
500
500
500
500
500
500
490
. 480
460
450
450
440
430
400
400
400
400
400
400
400
400
400
400

+ 1
- 1
"" 0
± 0
+ 1
± 0
± 0
-2
± 0
-1
± 0
± 0
+ 3
+ 3
+ 3
+ 2 ;
+ 3
+ 2
+2 j
+ 2
+ 2
- 2 i
- 3
-2
-0
- 1
- 1
-13
-11
I -13
- 7
- 7
-8
I
- 6 .... ---_ ..
-6
± 0
-1
± 0
-8
-7
-6
-6
-6
-6
- 2
-2
-1
+ 3
+ 2
+ 3
-1
- 1
- 1
+ 11
+ 11
+ 11
+ 15
+15
+ 15
+19
+18
+17
+30
+30
+30
+ 35
+34
+36
+ 16
+16
+16
+ 8
+ 7
+8
+~5
+25
+25
+ 11
+ 10
+ 10
+26
+26
+ 26
...... --_. .••• -0 ._.- --_ .......

± 0
± 0
+ 1
± 0
+ 3
+ 2
+ 2
-2
-1
-12
-7
-6
± 0
-7
-6
-2
+ 2
-1
+ 11
+ 15
+ 18
+30
+35
+ 16
+ 8
+25
+ 10
+26
..... - ....

..
I To facilitate th e constructIOn uf Fig. 28, c urrent numbers bave

+ 1
± 0
- 1
± 0
± 0
± 0
± 0
± 0
± 0 .~
± 0
± 0
± 0
± 0
± 0
---.--- -- .. __ ... _-+ 5
+ 6
+ 6
+ 6
+ 8
+ 7
+7
+ 7
-_._-_ .. _- ----.-. _-- ----._- ... . -_---_.+ 2
+ 2
+ 2
+ 2
+2
+ 1
+ 2
+ 2
-11
-11
-11
-11
-14
-14
-15
-15
-9
- 9
- 8
-9
-1
-2
-2
-2
-7
-7
- 7
- 7
-8
- 7
-7
-7
-3
-3
-3
-3
---.------ ---- --.0- . .. - . .. - .. - ..... . _ ...
......... - ...... ... . -------._- ... _------. -.--_._. ----. _.... --_ .. _- .. . _.- ...... +13
+13
+13
+13
+19
+18
+19
+19
+33
+32
+34
+33
+ 35
+ 34
+33
+34
+ 16
+ 17
+ 16
+16
+ 6
+ 5
+7
+ 6
+29
+28
+28
+28
+2
+ 2
+ 3
+2
+24
+ 25
+25
+25
"--_.- . . ---- .. - _. ..... ... .. -----_._--

been gIven to the pomts on the 400·foot level.

± 0
± 0
± 0
± 0
+5
+4
+2
± 0
± 0
-12
-11

-7
- 1
-7
-6
-3
+2
- 1
+11
+14
+18
+32
+35
+16
+ 7
+27
+ 7
+25
+15
Thenew

numbers are given with tbe original ones.

Table XII. has been prepared to show the character of e as a function
of distance (see page 342). In it e has the same signification as in the
preceding table. Under distance, however, is given the length in feet of
the imaginary line joining Point I. with the point to which the datum refers.
The data included under bearing also refer to this line. Current numbers
have been given to the points on the 400-foot level. (See "Points," Table

XI.)
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TABLE

No.

Points. L evel.

Dis·
tance
from I.

Bearing.

eX IO'

XII.

No.

Points. Level.

Di.·
tance

Bearing.

eXI0'

635
600
640
700
735
805
890
980
1066
1108
1228
1184
1276
1332

S. 'rlP W.
S. 69 0 W.
S. 75 0 W.
S. now.
S. 720 W.
S. 71 0 W.
S. 73 0 W.
S. 71 0 W.
S. 71 0 W.
S. 70 0 W .
S. 65 0 W .
S. 590 W .
S. 54 0 W .
S. 51 0 W .

-

i1'om I.

-- - - - - - - -_.- - - --- - - 1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

I
II
III
IV
V
VI
VII .
VII'
VIII
IX

X
XI
XI'
XII
XIII

Fett.
500
500
500
500
500
500
500
500
500
500
500
500
490
480
460

..... _-.
8{
123
158
216
228
268
275
300
318
420
515
595
600
610

Origin
S.82° W .
S. 81 0 W.
S. 630 W.
S. 53 0 W.
S. 54 0 "\V.
S. 60 0 W.
S. 64 0 W.
S. 70 0 W.
S. 77 0 W.
S.7f!.OW.
S. 780 W.
S.7SOW.
S. 790 W.
S. 79 0 W.

±
±
±
±
+
+
+

±
±
-

-

-

0
0
0
0
5
4
2
0
0
12
11
7
1
7
6

16
17
18
19
20
21
22
23
24
25
26
27
28
29

XlV
XVI
XVII
XV

xvrn
XIX
XX
XXI
XXII
XXIII
XXIV
XXV
XXVI
XXVII

Feet.
450
450
440
430
400
400
400
400
400
400
400
400
400
400

+

-

3
2
1

+11
+ 14
+ 18
+ 32
+ 35
+ 16
+ T
+ 27
+ 7
+ 25
+ 15

Discussion oi the results obtained on the 400 and 500.foot levels.-From a comparison of the
resistances of circuits between different holes, as contained in Tables VII.
and IX., we find that in cases of fissured, of tough and impervions, or of
dry rock or earth, this quantity inclines toward a maximum; whereas, on
the other hand, wherever the material is porous or moist minimal va.lues
are obtained. It is to be remembered that under ground, from the exceedingly damp atmosphere, as well as from infiltration of water, the rock forming the walls of the drifts is throughout very moist, and at the surfaces of the
latter, at least, nearly saturated. Hence it follows that the conductivity of
the rock is largely, if not wholly, due to the presence of moisture in its
pores, and is therefore electrolytic. This important fact will be repeatedly
referred to hereafter.
lntensities.-In Tables VIII. and X. the intensities of the currents ob8erved in the different circuits have been very fully given, both because the
present measurements are the first of the kind made, and because the character of these data furnishes an important criterion of the validity of the
results subsequently derived from them. From an inspection of the tables, it
is moreover obvious that an exchange of terminals in measnrements of this
kind, however tedious and laborious in case of long circuits, is indispensable. The intensities i' and i'", which are measured with the bags in the
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same position relatively to the holes, are usually very nearly of the same
value, from which i" generally differs, frequently having even the opposite
sIgn.
Potential.-Between the values of e for the first three, and for the last
three series, there is usually a good agreement. The means (e1 and e2 ) of these
series, however, often show a lack of accordance which is greater than
was expected. The discrepancies occur principally in the results obtained
on the 500-foot level, and it was at firRt thought that they were largely to be
referred to the fact that a solution of sodic sulphate was used as an outer
liquid in the holes. In No. 11, Table XL, for instance, this liquid, instead of
soaking into the rock, as usual, remained'in the hole, gradually becoming concentrated by evaporation. In the repetition of the experiment, therefore, the
exterior liquids in P. C. and X. were not of the same concentration, so that a
discrepancy would not seem remarkable. ,Subsequent experiments, however, hardly corroborated this snpposition. Another large difference occurs
in the case of No. 2·7 of the same table; but for this hole it was impossible to obtain constant results, though the experiments were many times
repeated. I am at a loss to account for this fact.
The actual relation between potential and distance will, of course, be
exceedingly complex, and it would be little short of a waste of time to
endeavor with the data at command to arrive at an empirical form for
this fnnction. On the other hand, a graphic representation of the change
of potential due to a corresponding change of distance is certainly desirable. Accordingly, I have discarded more elaborate mathematical means and
have represented the relation in qnestion by the following simple plan: If all
points on the 400 and 500-foot levels be joined by straight lines with Point
I. on the 500, the horizontal projections of these will lie within a sector
whose center is at 1. and whose bounding radii subtend an angle of 31°
approximately. It should be noted (,rable XII.) that on passing through
the ore bodies the variation of bearing is much smaller; that it is large
both for points near 1., where the actual length of arc subtendec1, however, is
small, and for points on the 400-foot level, where, though the actual length
of ~ubtendec1 arc is large, as all points are remote from ore a smaller change
of potential may be expected. Bearing in mind, therefore, that the object
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is merely to represent in a systematic way the potential of consecutive
points, a curve may be constructed by representing the linear distance of
any point from 1. as abscissa, the corresponding potential as ordinate. In
this way Fig. 28 was obtained. From an inspection of the curve it appears
that the ore body is in general at a lower potential than the points remote
from it.
R ogion of ore bodies.

Country rock.

+50:1 0'

±0: 1()3

-50:10'

0'

200'

400'

600'

800'

_ 1000'

1200'

1400'

FIG. 2B.-Earth potential and distance, Richmond mine, 400 and 500-foot l evels.

Here it must be remarked that only the extreme points on the 400-foot
level (XXVII., XXVI., etc.,) can, so far as known, be considered actually
distant from ore. In the vicinity of Points 1, II., etc., 500-foot level, there
are not only the streaks of ore, nand p (Fig. 27), but also chambers 7 and 10,
and still further east the large ore bodies of the Eureka Consolidated Mining
Company. This has been indicated by the dotted lin.e in Fig. 28.
The variation of potential is irregular, however--even more so than,
with the rough method of delineation, would have been anticipated--and its
amount is small. In fact, it will be seen that certain unavoidable errors
might conspire to produce an almost equivalent change. From results of
such a magnitude, in short, no prediction as to the occurrence of ore or
electroactive material would be justified. Not to mention minor matters,
the survey described suffers from a serious objection, due to the fact that
the temporary contact in progressing from 1. to XXVII. passed through a
great number of varieties of rock, and therefore also, probably through a
great variety of absorbed liquids, holding more 'or less saline matter in solution. In such a case the electromotive force due to the contact of these
liquids would seem to come into play. As the matter will again be discussed (see page 356) I will add here only that electric effects thus produced
cannot, a priori, be regarded as negligible. Furthermore, the preference
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given to Point Xv., in using it
alone as a basis for the coordination of the results of the surveys on the 500 and 400-foot
levels, is to be criticised. It
was intended to use several
consecuti ve points for this purpose; but in each case local
interferences prevented. As a
whole, however, the results are
sufficiently interesting to jus",- tify further and more careful
'c;
<>
W
investigation.

~.----

i

d
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Experiments on the 6ao-foot level. Results.

~

-This series of measurements
was made with the intention of
observing the variation of potential encountered in passing
across the ore body, without
actually entering it. Care was
also taken to place all the
points, so far as practicable,
in rock of the same variety,
and to remove the ends of the
line of survey as far from the
ore body as possible.
The plan of the position
of the drifts on the GOO-foot
le,'e1, relatively to the orechambers, is given in Fig. 29.
As before, the points tapped
are c1istinguish~d by small circles, to which Roman numerals are annexed. P. C. in this
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case coincides with Point VIII. and is in porous limestone. The great
ore bodies have been lettered as in Fig. 27. Ore is also found at G, above
and below the GOO-foot level, and at n above it. U V is a line of contact
between the shale of the west country and limestone. Table XIII. exhibits
more exactly the disposition, etc., of the points. It will be intelligible without further explanation. (Cf. Table IX., page 338.)
TilLE
No.

Dis·
Points. tanco.

B earing.

Resist·
anee.

----- .... -.

Ohms.
1580
2350

XIII.
Remarks.

--- I
2
3
4
5
6
7
8
11
10

I

I

I

II
III
IV
V
VI

VlI
VIII
IX

X
XI

11
12
13
14
15
16
17
18
]9

XVlI
XVIII
XIX

20
21

XXI

XII

XIII

XIV
XV
XVI

XX

Feet.
0
76
77
65
75
70
87
94
85
71
91
80
90
75
78
79
127
118
72
74
121

S. 49 0 E.
S. 49 0 E.
S. 4~0 E.
S. 49 0 E.
S. 490 E.
S. 520 E.
S. 74 0 E.
S. 740 E.
S. 74 0 E.
S. 740 E.
S. 740 E.
S. 740 E.
S. 740 E.
S. 74 0 E.
S. 740 E.
N. 72 0 E.
N. 850 E .
N. 850 E.
S. 49 0 E.
S. 42 0 E.

1750
3110
4015
4420
6300

. .. --- 2480
5150
3420
4170
3480
3200
9490
15950
3440
3380
2525
3275
4965

Shale, moist.
Limestone.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Limestone, faintly stained with iron.
Limestone.
Do.
Limestone, wit.h calcareous spar.
Limestone, bal'd, imper~iouB.
Limestone, stained with iron.
Limestone.
Pocket of ferruginons earth in limes tone.
Do.
Limestone.

The results 'of the measurements of electromotive forces between VIII.
(P. 0.) and the T. C.'s are contained in Table XIV. The nomenclature being
the same as that used above, the meaning of the data will be at once apparent. As before, four terminal bags, A, B, C, and D, were used. Intensities are given in electromagnetic units (C. G. S.), electromotive forces in
volts; and are arbitrarily considered positive when the potential of T. C. is
greater than that of P. G. (Point VIII.); or when the current travels

~
series, starting with Point
T. C.----+

eart1~~
. ----+P. C.

The experiments were made in continuous

w~re

1. in the extreme wes1. in shale, and ending with
XXI., near the shaft, in limestone. Water, which had previously been
kept in contact with zinc, was used as an outer liquid.
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TABLE

XIV.

FIRST SERIES.

I

P.c.

i lll X 10 8
eX 103
No. connected i ' X 10'
~:" X I08
with-------- ------ ---

I
II
III
IV
V
VI
VII
IX
X
XI

I

2
3

4
5
6
7
8
9
10

+
+
+

+
+

+
+
I

-

172
43
81
64
52
21
9
9
24
50

16
- 64
- 105
+ _ 65
+ 45
+ 9
+ 9
10

-

+

1

I
I

,

-

-

I

I

-

+

XV

-

+

~o

1;;
16
17
18
19
20

X VI

+
+

6
5

+

9
17
60

±

0

- 11
- 17

i ll X 108

illl X ]0 8

eX 103

- - - - - - - - - - - - . - - - -X II
X III
XIV

l~

-

I

11
12
13
]4

-

I

c.

16
3
3
1.

-

+
-

24

53

+
+
+
+
+

1B9
36
60
64
50
21

p.

No. connected i' X 10'
I with-

!

i

-

-

:XVII
I

I

XVIII
XIX
XX
XXI

-

-

I, -

69
98
150
50
52
88
170

-

I --

-

71

-

55
53

-

95
127
157
57
60
105
198
79
76
67

- 78
-112
-153
59
- 41
- 93
- 169
- 76
- 59
- 47

II
I
i

i

I

- 33
- 40
- 48
- 57
- 93
- 30
- 57
- 17
-18
- 29

SECOND SERIES.
I

I
II
III
IV
V
VI
VII
IX
X
XI

1
2
3
4
5
6
7
8
9
10

1 -172
I

I +
+
I

+

1+
+
+

+

1. I

-

0
55
108

I

+

71

+

43
10
5
9
28
57

I

±

-

40
55
64
47
17
12
9
24
52

-

+
+

-

-

1

I

-193
I
+ 38
+ 53 1
I
+ 62 I
I
50
+
+ 19
+ ]0
+

-

5
21
50

-

16
2
5
+ 18
+ ]9
+ 6
+ 5
± 0
- 12
-16

-

II

II

11
12
13
]4
15
10
17
18
19
20

I
I

I

I

i-

I

- · 93
XII
76
XIII
- 103
- 122
XIV I - 160
-153
XV
- 1>5
- 59
XVI
- 50 I - 55
XVII
- 102
- 98
XVIII
- 169
- 182
XIX
81
- 72
XX
- 60 - 69
XXI
- 6;
- 64

-

79

-

60
43
96
177
81
64
53

I -114 I
152 ,
I
t

-

-

-

-

I

I

-

33
40
48
59
90
31
55
18
]7
30

THIRD SERIES.
I
II
III
IV
V
VI
VII
IX
X
XI

1
2
3
4
5
6
7
8
9
10

I

172
33
+ 40
+ 65
+ 47
+ 19
+ 9
+ 10
22
- 48

-

-

+

-

I+
+
I +
+

I· -

I

-

3
38
83
71

34
9
5
19
34
71

-

I
i
,

I
i

165
21
36
62
48
17
+ 9
+ 10
- 17
- 48

-17
- 2
4

+
+
+
+
+

-

+

I

18
+ 17
+ 6
+ 4
- 1
- 12
- 18

I
II
I

I

i

XII
- 72
XIII
- 107
I
XIV
- 160 I XV
- 55 Ir
XVI
62 I
XVII
- 91 i XVIII II - 167
XIX
- 79 !
XX
64
I
,
XXI
64 I -

11

12
13
14
15
16
17
18
19
20

I

-

-

-

-

103
134
167
57
57
100
182
71

69
62

-

79
- 110
-152
- 62
- 47
- 95
-176
- 76
- 65

I
I-

64

- 34

i

I

- 41
- 50
- 59
- 96
- 30
-54
-17
-18
- 30

6

7
8
9
10

I
I

i
I

I

I
II
III
IV
V
VI
VII
IX
X
XI

-

+

+
+

+
±

-

79
0 I
12
1
48 I +
36 I +
14
+
7
+
0
22
41

-

-

98
19
31
52
38
14
7·
14
21
47

:

-

78

-

9

+
+
+
+

-

•

-

21
59
43
7
7
5
17
43

I

- 11
- 3
- 4
+ 19
+ 15
+ 5
+ 4 I
- 2

i

i
I

-

11
16

,
I

XII
- 83
XU1 .
- 96
XIV
- 138
XV
69
XVI
- 65
XVII
- 72
XVIII
- 148
XIX
55
XX
60
I
XXI
52

11
12
13
14
15
16
17
18
19
20

;

-

I

I
i

I

I

-

86
- 105
- 146
- 71
- 69
- 95
- 143
- 78
- 84
- 55

-

81
95
- 141
- 72

,

-

-

-

64

69
143
57
60
53

I

I

I

I

FOURTH SERIES.
1
2
3
I
4
5 I

I

-

37
35
46
59
95
30
52
18
21
26
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TABLE

FIFTH SERIES.

I No.

p.e.

p.e.

i" X 10 8

connected i' X 10'

i'" X lOR

No. connected i' X 10'

e X 10'

i" X 10 8

i lll X 10 8

e X 103

with-

with-

SIXTH SERIES.

+
+
+
+
-

I
li
III
IV

1
2
3
4
5
6
7
8

V

VI
Vli
IX
X
XI

9

10

I

-

-

86
16
36
47
31
14
7
24
19
52

-

+
+
+
+
oJ-

-

90
12
21
62
41
7
7
0
22
45

-

I

-

+
+
+
+
-

98
24
38
59
36
14
9
16
21
43

I --

12
3
5

Ii

i

I

+20 I
+ 15
+ 5
+ 4
- 3

I

-11

- 17

-

XII
XIIT
XIV
XV
XVI
XVII
XVIII
XIX
XX
XXI

11
12
13
14

15
16
17
18
19
20

-

60
76
- 136

-

86
- 105

65
67
43

1

84
- 105
- 138
- 72
- 64
- 74
- 141
- 72

; - 152

7:1

-

-

I -

~4

- 110
'- 138

I
!

'I
I

-

72
71
93
141
78
76

-

-

50

-

I -

-

37
37
47
59
93
31
51
19

60

-

]0

67

- 28

I

I

A comparison of the values of e obtained is given in Table Xv.
plan is analogous to the above.
XV.

TABLE
No.

~

I
2
3

I
li
ill

4
5

IV

+ 17

V

+ 20

6

VI

+

7
8

VII
Vill
IX
X
XI
Xli
XliI
XIV
XV
XVI
XVII
XVIII
XIX
XX
XXI

9
10
11
12
13
14
15
16
17
18
19
20
21

e'X10'
- 16
-3
-3

+
±
±
-

6
5
0
0
11
17
33
40
48
57
93
30
57
17
18
29

eu x l0' l e''' X 103

e, X 10' 'le" X 10l

- 16
-2
-5

- 17
-2
-4

- 16
-2
-4

+ 18

+ 18
+ 17

+ 18

+ 19
+ 6
+ 5
±
±
-

+
+
±

0
0
12
17
33
40

- 48
- 59

I

- 90
- 31

I

-

-55
-

18
17
30

-

'I

-

6
4
0
1
13
18
35
41
50
59
n6
30
55
17
18 \
30

- 11
-3
-4

I ++

-

19
15
5
4
0
2
11
17
37
35
46
59
95
30

- 5,

-

53

- 17
- 18
- 30

- 18
- 21

+

±
±
-

18
6
5
0
0
12
17
34
40
49

-

58
93
31

+
+

+
+
±
-

I
I

I

-

27

,

3i e.X I03

e' X 103

e" X 10

- 11
-3
-4

- 12
-4
-5

+ 19
+

+
+
±
-

15
5
4
0
2
11
16
37
36
46
59
93
30
52
19
20
27

1

+ 20
+ 15
+ 5
+ 4

l
i

eX 103

- 11
- 14
-3
-3
-4-4

+ 19

-+

-

15
5
4
0
2
11
17
37
36
46
59
94
31

-

52

+
+
±
-

+ 18
+ 17

+
+
-

6
5
0
1
11
17
35
38

-

48

±
.-

0
3
11
17
37
37
47
59
93

±
-

-

31
51

-

19

- 19

-

-

19
28

-

~o

-

27

- 19
- 29

- 59
- 93
- 31
-54
18

The
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Table XVI., finally, contains the data necessary for the approximate
representation of earth-potential as a function of distance. By arbitrarily
assuming the potential of Point VIII. as zero the final means in Table XV.
are identical with the potential of the points to which the data refer: The
third and fourth columns of Table XVI. contain the length and bearing of
the imaginary lines joining I. with the succeeding points.
TilLE

No.

Points.

Distance
from 1.

Bearing.

e X 1()l

XVI.

I No.

Distance
from I.

Points.

Bearing.

---

I

2

3
4
5
6
7
8
9
]0
11

I
IT
ill
VI
V
VI
VII
VIll
IX
X
XI

0
76
153
220
295
365
450
540
615
685
775

Origin.
S.490 E.
S.490 E.
S.49DE.
S.49DE.
S:49° E.
S. WOE.
S.54°E.
S. 57 0 E.
S. 580 E.
S. 600 E.

-14

-

3
4

+ 18
+ 17

+

6
5
± 0
1
-11
-17

+

-

12
13
14
15
16
17
18
19
20
21

-

XII
Xll1
XIV
XV
I
XVI
XVII I
XVIII :
XIX I
XX
XXI

850
935
1010
1080
1160
]286
1380
1450
1510
1630

S. 610 E .
S. 63 0 E.
S. 64 0 E.
S.64°E.
S. 650 E.
S. 680 E.
S. 700 E.
S. 710 E.
S. 700 E.
S. 70 0 E.

~ X 1()l
-

35
38
48
59
93

I
I

- 31
-54
- 18
- 19
- 29

I

Discussion.-From the results in Table XIII. for the resistance of different circuits similar conclusions to those on page 341 are deducible. Wherever
the structure of the rock and coexisting circumstances are favorable to the
absorption of moisture, there also mini~al values for this quantity are found.
Unusually high values were obtained for the holes XV. and XVI. But the
rock at these points was so tough and tenacious that the miners complained
of the slow progress made in drilling.
Remarks analogous to the above are applicable to the values for intensity on this level.
The results for earth-potential in Table XV. harmonize much better
than those for the preceding levels. The individual values in the two series,
as well as the means of the series themselves, a.re in fair accordance.
This might be ascribed to the fact that the holes were mostly in rock of
the same variety, and that strong salt solutions were discarded in completing
the contact between the terminal bags and the earth. ,
By a method of procedure similar to that already employed the relation
between potential and distance may be represented graphically. It will also

,
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be seen, from an inspection of Table XVI. that the considerations involved
in constructing Fig. 28 are more pertinent in this case, as the main drift itself
is more nearly linear. Laying off potential as or.Lo
I
dinate, distance as abscissa (Table XVI), Fig. 30
o
'";.:.o
;.:.
~
~
is obtained"
Both Fig. 28 and Fig. 30 demonstrate the ~
remarkable result that the region of ore bodies
coincides with a region of low potential. This is
all the more striking, as in the first case, taking ~
in general a northerly course, the ore bodies are
~
approached from barren rock (400-foot level). In P
'"
the second the course of survey, while passing "I ~
~ "
toward the ore region, was mainly in an easterly ;
o
direction. The two lines of survey may, roughly ""g
.,.
speaking, be said to be at right angles to each ~~
other. In one case, moreover, the sequence of
points tapped intersects the ore bodies, whereas in
the other it remains exterior to them throughout
its whole extent.
Comparing the results of the two surveys, the
indications on the 600-foot level are found to be
much the more pronounced; in fact, they transcend
values which can be accounted for as an aggregate of
incidental errors. It may he remarked here, that it
is a very improbable chance which would place the
region of greatest electrical disturbance in coinci- ...
...
o
dence with the region of ore bodies, if the latter "2
were without influence in producing the former.
There is no reason apparent why the part of the
main drift on the 600-foot level, between Points I
and X., should not be just as active as that between
Points X. and XXI, unless it be that these points lie nearest to ore, and
consequently that we are here rapidly approaching the seat of an electromotive force.
0

...

.

-" 0
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Chambers No. '4 and No. '5 connected electrically.-In the survey on the 400 and 500foot levels, two ore bodies, Nos. 12 and 15, were indirectly connected,
but the indications obtained were much smaller than was anticipated. It
appeared desirable therefore to test this matter still more carefully by
connecting the huge ore-masses in chambers No. 14 and No. 15. Accordingly a P. C. in a large breast of ore (lead carbonate) in chamber No. 15 was placed successively in contact with three different points,
at a distance of about 100 feet one from another, in chamber No. 14. Each
of these was also in ore, the first in lead carbonate, the second in lead carbonate and earthy sulphide, the third finally in a mixture of carbonate,
sulphide, and ferruginous earth. Table XVII. contains the results of the
electrical measurements. A single set of observations, with one exchange
for each, was made.
XVII.

TABLE

FIRST SERIES.
P . C.
No.

/

joined
with-

- -

I
2

3

i' X 10'
-

-

-

I
II
ill

-

-

16
8
10

in X 10'

- - 3
-

-

eX 10'

--

-

6
7
7

-

6
6

I --

6
7
7

10
13

SECOND SERIES.
1

2
3

-

I
II
ill

-

18

-

7

-

11

-

2
10
13

7

THIRD SERIES.
1
2
3

I
II
III

-

11

-

11
11

-

-

8
10
13

I
I

-

In considering these results, it is strikingly apparent that the evidences
of electric action are almost altogether absent. It is true that in all probability chambers Nos. 14 and 15 are but parts of one and the same large
ore-mass, but in the place where the experiments were made they are to
some extent, at least, locally disconnected. The results lead to the inference
either that the ore of both chambers is remarkably similar in character, so
as to present no appreciable electric difference, or that it is here without
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electrical properties altogether ( earthy), the field of electric action being
confined to certain definite parts of the ore-deposit. (See also page 364.)
Experiments on the surface.-Encouraged by the results on the 600-foot level,
it seemed not impossible that currents might also be observed on the surface
itself, insomuch as the ore extends in places to within 100 feetfrom the surface, while vestiges of Cl'oppings, etc., still remain.
A line of points lying in general in a north-and-south direction, and at
distances of about 100 feet apart, was chosen, the object being to extend
the electric survey from shale in the north, free from ore, over Ruby Hill
and the large ore bodies in its interior, to quartzite in the south, also more
or less free from ore. It was hoped that. in this way a passage through a
field of electrical activity might actually be made. Unfortunately, the work
was interrupted by a heavy snow-storm and accompanying frosts.
P. C. was placed about half way up the hill in compact limestone.
Point I. is the most northerly of the series, and remote from ore; Point IX.
approximately over the Richmond ore bodies. The results are contained
in the following table. e is the mean of a single triple set. The potential
of P. C. (Point VI.) is arbitrarily put equal to zero.
TABLE

~

XVIII.

No. PointR. R esistance.1 e X 10'

2
3
5
6
7
B
9
10

I
II
III
IV
V

VI
VII
VIII
L,{

X

I

t ~1

R emarks.
I

17,000
D ebris; lowestpoin-t. 14,000 , - 30
Do.
13.000 I - 30 '
Do.
13,000
- 10
Do.
13,000
- 10 Shale.
____ 0. _.. ___
± 0 Limestone; (P . C.).
150,000
Do.
10
40,000
20 Limestone; hil!hest point.
20,000
Do.
40
25,000
Do.
50

I

+
+
+
+

In the table the unusually high values for the resistances of the Clrcuits, P. C. earth T. 0., are a striking feature. This may be due either to
the compact and impervious structure of the rock (the drill making very
slow progress), or, as the experiments were made in the early spring, to
the possibility that the moisture in the rock was still frozen. In either
case, however, the supposition that the conductivity of the rocks is principally due to the presence of moisture in their pores receives fresh support.

"
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The values for earth-potential again exhibit a marked variation in passing toward the ore-deposit. But, unlik8 former cases, the passage from points
remote to those nearer the ore-region is one from lower to higher potential.
As nothing is known about the distribution of potential with reference to
ore bodies, this is not to be regarded as at variance with former results.
Not overmuch reliance, however, must be placed on the values of e in this
table. They were obtained under unfavorable circumstances, and not
checked as in the former cases.
According to Matteuci, l a difference of potential exists between points
at different levels, in virtue of this fact alone. "Ce courant est ascendant
dans la partie nH~tallique du circuit; son intensite augmente a mesure que
les lignes sont plus longues, et que la difference de niveau entre ces extremites est plus grande." But in the present case the direction of the current is not only the opposite of this, but the electromotive force continues
to increa,se even in greater ratio after the highest point of the series has befm
reached. The effects, therefore, are not such as Matteuci observed. The
reader is further referred to page 360.
REPETITION OF SOME OF THE EXPERIMENTS AFTER AN INTERVAL
OF ABOUT ONE HUNDRED AND THIRTY DAYS.

The preceding experiments are to be regarded as incomplete in two
particulars. In the first place, the data are the results of but a single
method of measurement, the application of which is not immediately evident;
in the second, no criterion of their constancy in point of time has as yet
been obtained. The a~ditionalresnlts now to be given were obtained on the
600-foot level of the Richmond mine, all of the former holes (points tapped),
with the single exception of No. 1., being used over again. In place of
the latter, this having become inaccessible, a fresh hole, about 25 feet to
the east of the old one, but also in shale, was drilled.
The experiments were made after an interval of more than four months
from the time at which the original data were obtained.
Methods.-From an inspection of the magnitude of the electromotive
forces contained in the foregoing tables, it will be seen that they fall well
'Ann. de Chim. et de Phys., (4), T. X. , p . 148, 1867.
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within the scope of a good electrometer. Such an instrument, properly
protected against the moistnre of the underground air, would have been
most serviceable for the purpose. Unfortunately, one could not be obtained
in time for the work. The following methods were therefore resorted to:
In the first place the greater part of the data were checked by the
method already.described. This, it will be remembered, was chosen becanse
of its simplicity and the comparative ease with which any fault in the connections could be ascertained.
The potential of the same holes was no,,) measured by a method
in which the electromotive force is expressed in terms of the increment of
the reciprocal of intensity of current, and the corresponding increment of
the resistance of the circuit, to which the former is dne. In order to vary
the resistance at pleasure a rheostat was introduced. If the resistances WI
and W 2 correspond to the intensities it and i 2, respectively,

where e is the electromotive force to be measured.
Finally, the whole of the experiments formerly made on the 600-foot
level were again repeated by a zero
method. Here great care had to be
taken to effect the complete insulation
of all parts. This was acc~mplished
in the manner previously indicated,
by suspending the terminal wires, as
well a s all the connections, from
threads. The accompanying diagram,
Fig. 31, will show how this was done.
A and B are clamp screws, suspended
from the threads a and el, respectively,
R (rheostat)
the large, r the small
resistance,"I( a double key, C a COlllFIG. 31.-Dispositioll of apparatus.
mntator, G the galvanoscope. For a zero cnrrent in the latter (the effects

is
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due to tJle normal element E and the lode electromotive force compensating each other in G), approximately,
r
e-:=E R+r.
The resistance r was wrapped on a small piece of wood and the whole su bsequently boiled in paraffine. The body of the key
~
K, and that of the commutator 0, were similarly prepared, being boiled in linseed oil, and the mercury
cups covered internally with a thick coating of wax.
Moreover, the wires of both in passing through the
wood were additionally insulated from the latter by
a covering of gutta-percha; the ends only being
uncovered and communicating with the mercury in
the cups. In consequence of these precautions it
was fOll nd that this comparatively complicated
method could be employed in these wet drifts with
complete success, and the adjustments having once
been made, it proved to be nearly as expeditious as
either of the other methods.
As the result obtained IS derived from ail expression which is independent of the resistance of
the circuit, the method could he used with advantage
"='§ in studying the manner of variation of potential in
passing, as it were, con.tinuously from any T. O. to
the next. But the actual observations will be more
appropriately cited in connection with another topic
(see page 361).
It will be remembered that in the former exo periments four contact bags were used tIn·oughout,
~
which were so combined as to give three independent values for the electromotive force to be measo
;::
;::
ured. The results. thus obtained, however, being
o
8
-lI
.,
llsually so nearly ident.ical, it was thought t.hat this
precaution might sately be dispensed with. Two contact bags only, t.here-

•
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fore, wer~ employed. In all other respects, however, the former plan (see
page 328) was rigidly adhered to, with such slight variations, of course, as
the different methods rendered necessary.
Results.-The following table, containing the potential of the consecutive points on the 600-foot level-that of No. VIII. being arbitrarily pnt
equal to zero, as before-:will be intelligible without much further explanation. The results of the different methods are arrang,ed in parallel columns,
and in the order in which they were described. For the sake of comparison
those obtained in the former snrvey are also added, and a final column
shows the difference between the two.
TABLE

XIX.

ex 10', determinedNo.

Points.
By old
With
method. rheostat.

--- -- - - I
I'
. ...... - ..........
U
.......... ..........
2
III
.......... ..........
3
IV
4
._--- ..... .__ .......
V
5
- - " " " ' - ..........
... __ ...... ..........
VI
6
VU
7
- 3 ---_ .. __ ..
~

8
9
10
11
12
13
14
15
16
17
18
19
20

IX

X
XI
XU

xm
XIV
XV
XVI
XVII

xvrn
X[X
XX
XXI

-

1
29
25
13
30
39
41
72
J5
48
8
14
31

-

-

1
25
25
12
23
39
40
75
15
47
13
13

-

32

e x 10',

I By
com·
pimsat.

menn.

-

+ 7
+ 1
+ 1
+ 12
+ 15
- 30
4
- 1
- 31
- 25
-14
- 24
- 40
- 47
- 76
- 23
- 50
- 7
- 14
- 39

-

Iolde Xvalne.
10', c5(e) X 10'.

Remarks.

--- - - - - - -

+ 7
+ 1
+ 1
+ 12
+ 15
- 30
4
- 1
- 28
- 25
- 13
- 29
- 39
- 43
- 74
- 18
- 48
- 9
- 14
- 34

-

- 14
- 3
- 4
18
17
6
5
1
-11
- 17
- 35
- 38
- 48
- 59
- 93
- 31

+
+
+
+
-

-54
- 18
- 19
- 29

. .. _-- .. ..
-

4
5
6
2

New and old holes
(10 not coincide.

+
+
+ 36
+ 9
± 0
+ 17
+ 8
- 22
- 9
-

9

- 16
- 19
- 13
6
9
- 5
5

-

+

The results obtained by different methods present throughout a fail'
agreement, when it is remembered that errors amounting to a few thousandths of a volt are introduced by circnmstances beyond the observer's
control. Between the mean of the new and the mean of the former results
there are a number of annoying discrepancies. In part, thongh by no means
wholly, these are due to a difference in the values of the standard electromotive force eniployed in the two cases. -With the knowledge at present

•
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available it wOllld be of little nse, however, to attempt to assign l:eaRons for
the remaining variations. A matter of greater importance is that the general character of the curves, as derived from the two series of results, is
essentially the same. 1
UNAVOIDABIJE ERRORS AND MISCELLANEOUS CRITICISMS.

Moisture in the rocks.-By far the most serious difficulty encountered in endeavoring to interpret the results obtained, is that dne to the difference of
potential of two liquids in contact. The conductivity of rocks is, as has
been seen, largely, if not wholly, to be ascribed to the presence of moisture
in their pores. This moisture unquestionably holds saline matter in solution. Moreover, it is altogether probable that the solution in one rock of a
particular structure is in general different from that in another of different
structure and many hundred feet distant from the former, even if the composition of both is essentially the same. In tapping two points at some distance apart by the aid of two metals (plates or gads) supposed identical in
every respect, two members of the continuous sequence of solutions contained in the rocks are, in fact, put in metallic contact. The diffei'ence of
potential thus obtained would be that due to the resultant action of the
series of liquids included between the points. This electromotive force is,
however, principally dependent on the extreme members of the series, i. e.,
those at the points tapped; and in the present investigation it was hoped
that the discrepancy thus arising might be very largely eliminated by putting the same liquid in both holes, and by exchanging not only the meta1Iic
terminals-amalgamated zinc-but also the terminal solutions (zinc sulphate).
Hence the "bag" form of the terminal.
It was thought not superfluous to test the matter with the aid of the
contact bags themselves; all the more as it would thus appear to what
extent the results obtained with the latter are trustworthy. 1'he two liquids,
whose electromotive force was to be measured, were separated from one
another by a porous septum of animal membrane. As in the mines, the
terminal bags were exchanged. In passing them out of the first liquid into
the second, care was taken to wipe off the liquid adhering to the outside.
I

Compare Figs. 30 and 32.

,
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If now, e be the electromotive force of t.he two solutions in contact, c: that

due to the difference between the zincs alone, in the first position of the bags
A and B (A in water and B in the liquid to be tested), the apparent force
would be
c:±e;
m the second p08ition of t!le bags (B in water and A
tested),
f

111

the liquid to be

=t= e,

the connections themselves remaining unaltered. A mean of both measurements gives f,· half the difference, e. The fo1lowing are some of the results:
. x 10'

e X 10'

5 Both hags in water .... ..... . .... .•.. . . ... .. ..... . .. . ..
~ Bags alternately in solution ofNa' SO' and in , ..ater ...

1. 0
1. 0

0.2
2.8

Both bags in water .•.....•......•........•............
Bags alternately in salt solntion nnel ill water . ........ .
Both bags again in water ........•........... . .........

2.8
3.4
3.4

0.4
2. 2
0.6

5 Both bags in water ................................... .
~ Bags altornately in Zn SO' solntion '\lld in water ...... .

3.0
3.6

+ 0.4

{

-

0. 4

It will be seen that in the different sets f is fairly constant. The vallle
of e is sma1l, as anticipated, notwithstanding that nearly concentrated solutions were used. In the case of zinc sulphate e is practically zero, as it
should be, the bags themselves containing th!s solution.'
The following table contains analogous experiments made in the mines.
Holes IX. and X., GOO-foot leyel, were put in contact. Measurements were
made by a zero method:
ex 10'

Water in both IX. :md x............. ...
Water in X. ; concentrated brine in IX.
Concentrated brine in both IX. and X ...

I --

28

ZI
ZI

Two other holes similarly treated gave:

---------I~II
Brine in one only·····················.'··1 Brine in both.................. .. ........ -

14
17

,
Apparently, therefore, large discrepancies are not produced in this way.
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Of course all these experiments are only intended to fnrnish estimates
as to the probable magnitude of disturbances of an analogous kind, which
may possibly have influenced the data given above.
Mr. E. Kittlerl has recently commenced a new study of the question of
potential difference due to the contact of liquids. From a large number of
careful experiments he finds electromotive forces between them far exceeding, as a rule, those met with in the measurements of earth currents here
described. These forces, however, obey the law of Volta's potential series.
From all these considerations, it seems to follow that in the present
investigation tl1e discrepancies due to the presence of different liquids in
the rocks have been eliminated to a great extent. Certainly their effect
can hardly be estimated as much greater than a few thousandths of a volt.
It is obvious, moreover, that the use of simple metallic contacts (plates and
gads) is under all conditions unsafe. To this is to be added the fact that
metallic plates are never identical in their electrical properties, and that their
difference (as large effects of polarization are also included therein) cannot
be eliminated by such a process of commutation as was employed.
The phenomenon of conduction of rocks being essentially hydro-electric,
the determination of the thermo-electric power earth:copper, for which it
was at first thought the high temperature on the lower levels of the COMSTOCK LODE, in comparison with those at the surface, would offer excellent
facilities, has no further interest. No attempt of this kind was therefore
made.
If the hole drilled for the reception of the terminals be regarded as
a cylinder with a hemispherical base, the directrix of the former as tangent
to the sphere corresponding to the latter, its axis as normal to the plane
face of the drift, approximate values may be derived for th e specific resistance of the rock lllet with. Let h be the height of the cylinder, a the common
radius of both the latter and the hemisphere. Let. r be the radius of any
similar figure, the axis of whose cylinder and center.of hemisphere coincide
with those of the hole. Finally, let (j be the specific resistance of the rock,
or the resistance in ohms between opposite faces of a cubic centimeter.
I

Eo Kittler : " Ueber Spannungsdi ffe ren zen , et c."

" Tj!'d. AnD., XII.. p . :';2 et 8eq. , 1881.

•
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The elementary resistance of a shell at the distance r from the axis and
of the thickness dr, is then
d _ (j
dr
w- 2 ;r r(r+h)'
and, therefore, the resistance of the layer of rock between coaxial and
concentric figures, the inner radius being a, the outer r, IS

[

the symbol

~ 1(a+h)r
-'1,;rh (r+h)a'

tOJT a

[tv I being used to express the

resiRtance of the layer of rock

between the similar surfaces just defined. If r is allowed to increase to
infinity, approximate values for (j can be determined from the data given
above for the resistances of the circuits, and the known dimensions of the
holes. In this way it appears that the mean value of this quantity was about
(j

= 40,000,

whereas values as high as 500,000 and as low as 20,000 were met with.
From the invariable presence of moisture, however, these figures possess
only minor interest.
If the resistance of layers of rock between consecutive similar surfaces be compared, the same notation being again employed, in round numbers,
0.07;

[wJ:oo
000
[w
J:ooo = . 7, etc.,

all dimensions being expressed in centimeters, and a being 1.2 cm.; whence
it follows that the resistance of co~ixial and concentric layers deereases,
though hardly as rapidly as might be desirable. In point of fact, however,
the convergence is more rap~d than this approximate calculation indicates.
A drift may with greater accuracy be regarded as a cylindrical tnnnel, into
the sides of which the contact holes have been drilled, with their axes at
right angles to that of the drift. Now, it is obvious that as r (in the former
signification) increases, the values of dw will in this case decrease more
rapidly than in the previolls one; this because the superficial area of the
infinitesimally thin shell increases much more rapidly. The actnal analysis,
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however, is unnecesmry here. The points of greatest interest have already
been sufficiently illustrated by what precedes.
Earth-curreots.-A second important consideration relative to the causes
which might have produced discrepancies in the present investigation is the
effect to be ascribed to earth-currents. Although numbers of experiments
have been made in different parts of the world as to the magnitude and
direction of snch currents, I am unable to estimate their effect in this case,
especially as the constants for the currents probably vary with the position
of the field of observation on the surface of the earth. Most observers
have availed themselves of telegraphic connections between points very
many miles apart. Matteuci,l I believe, was the only one who laid a carefully insulated line especially for this purpose, and it is to his investigation
that we can with greatest advant.-'tge refer. Yet, though his points were at a
distance of six kilometer~ apart, the currents obtained, so far as can be seen,
were certainly not much larger than those here recorded If, however, the
variation of potential in the above experiments were due to some normal,
non-local cause, it would be fair to assume a linear change of potential
with distance throughout the comparatively small area in which the experiments were made. Such is by no means the case. In fact, some of the largest
variations observed occnr within distances of a few hundred feet, while
elsewhere a range of 1,000 feet is without marked alteration of potential.
It is probable, therefore, that ea.rth-currents have not perceptibly affected
the results. 2
Drill-holes.-The angular and somewhat irregular curves (Figs. 28, 30,
32) might give rise to a suspicion that the difference of potential observed
is in some way to be ascribed to the accidental condition of the holes themsel ves. A priori, therefore, the presence of little pieces of steel,. worn or
broken off from the dril1, crystals of iron pyrites, particles of ore, etc., in
the walls of the hole should ' not be disregarded. That such material is,
however, entirely without disturbing effect will be seen from the following
experiments:
I Ch. l\Iatteuci : "Sur les COil rants elcctriques de la t erre." Ann. d. Chim. ot de Phys., [4], T. IV.,
p. 177, 181;5 ; ibid. [4], T. X., p. 148, 1867.
2Temporary di sturbances, such, for instance, as are due to atmospheric induction, are obviously
without influence in the preseut case. Inductive action, moreover, is hardly to be expected from the
clear, rlry air of Nevada.
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In a particular case the intensity il obtained by connecting two holes
in the ordinary manner was
i 1 = 101:108•
A thin strip of platinum was subsequently introduced into one of the holes
and firmly pressed against its sides. The intensity i2 then measured proved
to be
i2 99: 108;
or, practically, the same as before. An effect due to the platinum was therefore absent.
Two holes, about 18 inches apart, were drilled in solid rock and connected as· 11sua1. The measurements made for difference of potential, by
the original method, gave, in foul' successive experiments, different bags
being used for each,
1) e =
1: 103
2) e=-1:103
3) e = ± 0: 103
4) e=±0:10 3,

=

+

or zero, as from the proximity of the holes it ought to be.
Finally, the potenti,al of a number of points lying between Nos. V. and
VII., on the GOO-foot level of the Richmond mine, was determined. A zero
method being used, it was only necessary to put the terminal bags in contact with the rock at the points chosen, by allowing them to recline against
the wall. Care was taken to prevent allY part of the copper wire from
touching it. Two points, A and B, were thus established between V II. and
VI.; three, C, D, and E, between VI. and V. The following table gives the
results, the potential of No. VIII. being put equal to zero, as before:
TABLE
No.

Points.

XX.

Distance
ex 10' Ifrom
Vll.

- -- -- -VII
1
- 4
A
B
VI

2

3
4
5
6
7
8

C

,

- 15

- 44
- 30
-

23

D

-

9

E

+ 2
+ 15

V

Remarks.

------0
30
60
87
105
120
140
157

Drill-hole.

Drill-hole.

I
Drill-hole.

I

/

3()2
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In Fig. 33 these results are graphically represented: It appears, notwithst.anding t.he different kinds of contact at V., VI., VII., and at A, B, 0, fl,
0'
50'
100'
150'
200'
E, that the progress of the
curve m passing from
+ 50 : 10' /I'
::::
== iii
VI. to V. is continuous.
;=
v
II
\: 0: 10' II" l
[iii
The experiments, there- '
,
:~
:· i
;:::IITi i ,
!'!J
fore, failed to detect any
- 50: 10'
!-I
ii!Oi specific action due to the
- 100 : 10'
holes. Nos. V., VI., and
FIG, a3,-Pot ential of intermediate points.
YII. were especially
chosen, because, as will be seen from a comparison of Figs. 30 and 32,
this part of the curve presents a curious and pronounced anomaly, the
newer results differi~g very remarkably from the earlier. It was natural
to suppose that, in the time which had elapsed between the two series of
measmements, hole No. VI. had in some way been interfered with. The
results just cited, however, preclude such a supposition. Even larger masses
of metal seem to be without marked effect. Between the date of the earlier
and that of t.he newer observations, for instance, a track had been laid
from the vicinity of the hole No. I. to No. XV.
Terminal bag-s,-There occur a few cases in my notes in which, though in
every other respect the behavior was normal, different results were obtaine'd
for the same hole at nearly the same time, by employing different bags, viz.:
IV. e == 0: 103
VII. e == 2: 103

.•

:
- ;;

I'

ili
--

-1
, IiiiI

-.

1-

e==2:10 3
e == 5: 103

These cases are rare, however, and their effect is of minor importance.
More worthy of consideration are the successive differences of potential due
to the bags alone when employed for a long period of time. The quantity
referred to has already l;>eeu considered on page 357, under the symbol E.
It may readily be derived from the tables for intensity. The following table
(XXI.) probably contains good examples of its consecutive states, the data
given being deduced from those for the holes I.-XIV. on the 600-foot level.
If the bags are called A, B , C, fl, the electromotive force E between A and
B may be conveniently represented by A I B, between A an~ by A I C
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etc. The values of e, as derived both from the direct and return series, are
given in the table, the latter being primed. Heavy hlack lines across tbe
table indicate eIther that the bags were refilled or that the experiments had
to be temporarily discontinued.
XX};', containing eX 108•

TABLE
No.

Point •.

A lB

A ID

A IC

Al I B'

--- - -- - I
2
3
4
5
6
7
8
9
10
11
12
13

I
II
III
IV
V
VI
VII
IX
X
XI
XII
XIII
XIV

- 17
- 12
- 16
± 0
1
- 2
0
- 2
- 1
± 0
- 4
4
- 1

-

...

-

- 16
-11
- 15
+ 1
- 1
- 2
2
- 2
- 1
- 1 :
- 3 I
- 2
- 1 I

I
I

I

A 'IC'

A 'I D'

- - - - --

I

I

-

15
8
-11
+ 1
- 3
- 2
- 1
- 3
- 4
- 3
- 5
- 4
- 2

-

-

± 0
± 0

1
2
1

± 0

+
+
+

+

± 0
± 0

1
+1
+ 1

+ 1
... 0

+ 2
+2

- 1
± 0
- 1
- 1
+2
- 1

+1
± 0
± 0
± 0
± 0
+1

I

I

1
1
2
+1
- 3
± 0
+3
- 1
± 0
"" 0
+1
- 2

The successive values of e are not constant, though in the majority of
cases they are so small as to be immaterial. At times, however, values sufficiently large to be important are reached. An exchange of terminals is
therefore indispensable, especially as experiments will usually be sufficiently
extensive 'to involve interruptions. The gradual variation observed in the
value of e can most probably be referred to a corresponding change in the
concentration, etc., of the solution (zinc sulphate) contained in the bags. It
is hardly probable that it is due to polarization, or a change in the surface of
the amalgamated zinc strips. It is interesting that, in spite of the fact that
for the holes I., II., and III. the electromotive force between the bags in the
direct and return series differs largely, the lode-currents deduced from the
two sets of data are practically equal. (See Table XV.)
wire.-In the above experiments especial care was taken to prevent
errors due to leaks in the wire. The galvanometer was sufficiently delicate
•
to register afault of this kind of 5,000,000 ohms' resistance with certainty.
As has been mentioned, every leak introduces an electromotive force
zinc [copperjl hence ·the great necessity, notwithstanding the fact that the
latter must act through a very great resistance, of avoiding leakage.
[For we have the closed couple: Copper (of wire); liquid (moist earth, et c.); zinc (of bag).
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General rcmarks,-The opinion has been expressed (page 351) that the field of
el~ctric excitation is confined to particular parts of the ore body. That this
should be the case is not surprising, as the conclusion has already been
reached that contact between different kinds of material is necessary for the
production of currents. In the connection made between chambers No. 14
and No. 15, as well as in the survey on the 400 and 500-foot levels, the ore
actually met with was principally lead carbonate, at times stained with sulphide and ferric oxide. Now, disregarding the sulphide, which is here very
unfavorably associated, more pronounced electrical properties can hardly be
ascribed to the remaining constituents of the deposit than to the snrrounding
rock itself. For, judging from physical properties, cerusite may be regarded
as an insulator with as much right as calcite, earthy lead carbonate as limestone. In fact, it seems to follow that the feeble, though none the less
positive, reaction observed on the 600-foot level is already partially obscured
when the line of points on the 500-foot level is reached, and \~ould perhaps,
ccet. par., be equally obscured on the 700-foot level. I am 'also inclined to
infer that the currents observed on the surface are not due, or, rather, not
immediately due, to the deeper ore bodies (Nos. 11,12, 13, 14, 15, etc.), but
-to the deposits, also of considerable size, occurring in what are known as
the Lizette Tunnel workings. The entrance to the latter is on a level with
the mouth of the shaft, and the ore masses are distributed in a vertical range
from Point I. to a level even above ,Point X. on the surface. l.'bese ore
bodies, throughout their extent, are comparatively near the line of holes
llsed in the surface survey. It is, moreover, quite probable that an intimate connection exists between these and the large. group of ore bodies
below.
In consideration of the statements made in the foregoing paragraph,
alld allowing as accurately as possible for d~screpancies, the results thus far
reached may be regarded as agreeing well with the fundamental hypothesis.
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CONCLUDING UEl\[AUKS.

On reviewing the results described it is strikingly evident that the
electromotive forces met with are invariably small, very frequently, indeed,
quite at the limit of the accurately measurable. It is true that the electrically active material was probably galena, which,. as Fox long ago observed, is unfavorable for observations like the present. It is a question,
however, whether results much larger than these will generally be obtained.
I cannot believe that Reich's earnest appeal for general research in the
direction of electric prospecting has been altogether disregarded. 'rhere
is much more to lead one to infer that many undertook the study of the
qnestion, but,' disappointed with feeble reactions and discordant results,
abandoned the matter altogether. Reich, at the end of his last paper,
gives a list of the apparatus desirable, which, however, except where the
action is so intense as it was found to be in Oornwall, and to a less extent
at Freiberg, would certainly be insufficient.
The very large currents obtained in the localities just mentioned rendered it"not improbable, at the outstart of the present investigation, that
important conc1usioris might be drawn from the results of a minute magnetic surveyl of the interior of the mines, or across the vein on the surface;
and preparations for such a purpose were, in fact, made. But the currents
obtained galvanometrically dictated the abandonment of this project.
The study of the electric activity of ore bodies should be carried ont
on a broader basis than was possible in the present case, to reach the best
results. A single line of survey, or the investigation of the variation of
potential in a single d~'ift, is far from sufficient. 'rhe endeavor should be
made to map the equipotentials as surfaces traversing the whole mine, carefnlly considering their position and contour relatively to any ore already
in sight, and their change of form on leaving it. '1'he inferences to be drawn
herefi'om would certainly compare in value with those of a pnrely geological
I

Fox hiwself entertain ed an idea of thi s kind .
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character, even though dependence must be placed on the latter for a complete interpretation of the results.
Furthermore, it will be desirable to carry out Fox's original idea, namely,
of investigating the electrical properties of ores and those minerals of the
heavy metals which ar~ usually found associated with them; not that the
results of such an investigation could ever furnish a clew as to the particular ore to which an observed electric effect is due (it is here that our
knowledge of the locality must aid us), but that the class of ores, in prospecting for which an electric method would be peculiarly applicable, could
thus be defined. The knowledge we possess of the conductivity and the'
position of ores in the electrical scale is largely the result of experiments
maae a long time ago. Recent observers have made but few quantitative
additions, and even these-probably from improperly chosen methods-are
frequently discordant.

•

The method which has been described seems to me especially worthy
of consideration, from the fact that by means of it an electric survey, made
on the sUlface, may detect not only the presence but also the approximate
position of ore bodies under ground. With such an end in view the experiments should be extended over a larg~ area, and the potential at.all portiqns of the surface determined. Suppose, now, that at each point of the
projection of the latter on a fixed horizontal plane, a vertical line is erected,
of a length proportional to the earth-potential at' this point. The ends of
all such lines together make up a second imaginary smface, coextensive
with the first, which will represent the electric state graphically at each
point of the territory over which the survey has been carried.
The effect of normal earth-currents would then express itself in the
progress and contour of the imaginary surface as a whole, and would not
destroy its regularity. If its extent is not too large, this (normal) surface
will be a more or less ' inclined plane. As it has been observed that
earth-currents are not constant, even for short periods of time, the latter is,
moreo:yer, to be regarded as slowly oscillating, more or less parallel to itself,
about a certain temporarily fixed pmlition of equili?rium. But it is probable that the limiting positions of the plane are so near to one another that
for this pnrpose they may be regarded as-coincident.

"
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Local action, however, in contrast to the foregoing, would probably
manifest itself locally in the imaginary surface, as a hillock or depression. It is to sli.ch anomalies that attention should snbsequently be
directed, the electric activity of ore bodies, differences of potential of liquids
in contact, and Matteuci's effects! constituting the salient points to be considered. In the interest of expeditions work all measurements should be made
electrometrically, the lines of survey radiating from a central point (P. 0.)
the potential of which is arbitrarily taken as zero.2
1 Those mentioned, p. 352.
2The prosecution of the experimentR described ill this chapter was aided by the cordial cooperation of Messrs. Patton, Lamb, and Ballard, of Virginia City, and Messrs. Hickard, 'Vestcott, RarriR,
and Bryan, of Eureka, Nevada. The work is also indebted to Professor Michie, of 'Vest Point, for the
loan of a Rowland magnetometer made by Mr. 'VIll. Gruuow, of New York.
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CHAPTER. XI.
SUMMARY.
BY GEORGE F. BECKER.

very large portion of the foregoing pages is necessarily occupied by detailed descriptions, written to enable readers to judge
whether the facts warrant the opinions expressed, and by discussions of
a somewhat technical character. There may be those, however, who
will be interested to know in brief what conclusions have been reached,
but who have no inclination to undertake the somewhat serious task of
weighing the evidence adduced, and of following the arguments in detail;
and for such the present chapter is written, but with the proviso that full
and fully qualified statements are to be found in the body of the report, and
there only.
Hi.tory and statistics.-N 0 more condensed statement of the technical and
economical relations of the COMSTOCK mines can be presented than that
which is given in Chapter I., itself a meager abstract of reports which will
appear hereafter; nor is it necessary further to reduce the digests of the
previous memoirs on the LODE which constitute Chapter II. In some respects the present volume is a trib).lte to the acumen of preceding observers,
upon whose investigations that here described is to a great extent built up.
That the recent development of the science of microscopical petrography
and the immensely increased facilities for observation, due to the extension
of the mine workings, should have led to some views different from those
heretofore entertained concerning the geology of the DISTRICT is anything
but sl1l'prising.
Purpose of this chapter.-A

,
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LITHOLOGY.

Importance of the roel< determinations,-In areas so largely covered by massive
rocks as the WASHOE DISTRICT, lithological determinations form the necessary preliminary to geological investigation, for few points in the history or
the structure of such a region are independent of the character of the rocks
involved. Moreover, the economical importance of the DISTRICT, the obscure character of some points in its geology, and the great weight of the
authorities whose investigations had already been published, made it 'essential that the work done under the new United States Geological Survey
should be supported by the strongest and most detailed evidence, The
collections embrace over 2,600 specimens and 500 microscope slides. The
locality of each specimen was fixed with great care on the maps at the
time of collection, and no time or pains was spared in preparing the geological maps and sections. In laying down the various formations the
microscope was in constant use, slides being ground as the occasion arose,
and the results obtained from them finding immediate application in the
extension of the work.
The area in which the COMSTOCK lies is characterized by a wide-sprea~
and profound decomposition of the rock masses, and a study of the lithology
of the DISTRICT resolves itself primarily into an investigation into decomposition. In spite of the most painstaking choice of specimens, there is not
one in fifty of those collected underground which contains a particle of
either of the characteristic bisi.Jicates or of the lithologically equivalent
unisilicate, mica, secondary minerals replacing them throughout. Even the
feldspars are rarely intact, and are sometimes wholly decomposed. When
the steps of these processes of degeneration are o~ce understood, however,
it is comparatively easy to infer the original composition and structure of
the rock. Some of the res~lts obtained are the following:
Deeomposition,-Hornblende, augite, and mica generally pass into a chloritic mineral, which, so far as can be judged 'b y any optical tests now known,
is almost without exception the same, from whichever of the ferro-magnesian silicates it may have originated. This chlorite is generally green, but
in especially compact'masses appears greenish-brown under the microscope.
24 C L
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It is strongly dichroitic, but except in dense masses appears nearly .black
between crossed Nicols. It is fibrous, often spherolitic, and invariably extinguishes light parallel to the direction of the fibers. It thus bears a consinerable resemblance to fibrous green hornblende, bnt the cases are very
rare, if they actually occur, in which a careful examination will not serve
to discriminate between the minerals. This chlorite is decidedly soluble.
It occurs in veinlets and diffused through the groundmass and through other
minerals when these have become pervious through necomposition. It is
especially striking as an infiltration in altered feldspars, where, of course, it
is readily visibfe. All the stages can be traced, from the first inconsiderable
attack upon the bisilicates or the mica through instances in which chlorite
occurs wholly or almost wholly as admirable pseudomorphs after the ferromagnesian silicates, and up to cases in which the secondary mineral is wholly
diffused through the mass of ~ther products of decomposition.
Epidote is usually in WASHOE a product of the decomposition of chlorite. Comparatively very few occurrences of epidote are explicable on the
supposition that the mineral is the direct result of the decomposition of the"
primary silicates; none are inexplicable on the supposition that chlorite
represents an intermediate stage in the alteration, and hundreds of cases
show beyond qnestion that epidote develpps in chloritic masses, sending
characteristic denticles and fagot-like offshoots into the comparatively homogeneous chlorite. Several drawings illustrating these processes are shown
in Plate II. They are photographic in their fidelity. Epidote, too, is possibly soluble to a very slight extent, but certainly far less so than chlorite.
The veinlets of epidote are often, though perhaps not always, a result of
the alteration of chlorite. No evidence has been obtained that feldspars
are ever converted into epidote, and the dissemination of fresh hornblende
particles in feldspars in any considerable number has not been observed.
In many cases, on the other hand, it can be 1?hown that feldspars ha.ve been
impregnated with chlorite, from which epidot~ has afterwards developed.
Chlorite does not always change to epidote, and appears often to be replaced
by quartz and calcite. This is frequently visible in slides which also show
its alteration to epidote. No cel't3;in evidence of the alteration of epidote
has been met with.
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In the decomposition of the feldspars, the first stage appears to be the
formation of calcite. This sometimes leaches out, leaving small irregular
cavities, and these cavities are not infrequently filled with liquid, sometimes carrying a bubble, which is commonly stationary, but occasionally
active. Thus secondary liquid inclusions are formed, which may mislead
in the diagnosis of a rock. Primary liquid inclusions are either more or
less petfect negative crystals or vesicular bodies_ The vesicles often assume
strange forms through pressure, such as are often observed in air-bubble!:!
in the balsam of a slide, but their outlines are composed of smooth curves.
The secondary fluid inclusions are bounded by jagged lines. Inclusions of
this kind a~e never met with unaccompa.nied by other evidences of decomposition, and thus are abundant in the altered outer crust of andesite masses,
the inner portions of which show none of them. There is every reason to
suppose that such secondary inclusions would form in older rocks, and it is
beli~ved that many of them have been detected in the pre-Tertiary el'uptives of the DISTRICT; but in the older rocks their secondary character can
only be suspected, not proved.
Kaolin possesses so few characteristic optical properties that it is not
recognized with ease 01' certainty under the microscope. No kaolin has been
identified in the WASHOE rocks, and while it is by no means asserted that
they contain none, it seems hardly possible that, had it formed a prominent
constituent, it would have escaped observation. The presence of enormous
masses of "clay" on the COMSTOCK does not prove the existence of much
kaolin, for the so-called clays of veins are largely attrition mixtures.
An increase in volume appears to accompany the decomposition of the
WASHOE rocks.
This is perceptible where dense masses, such as the more
compact andesites, are subjected to the process. Angular blocks ar.e then
converted into a series of concentric shells of comparatively soft matter,
which approach the spheroidal shape more and more as the diameter diminishes.~ Often a nodule of undecomposed rock is found at the center, and
such masses afford the very best opportunity for studying the macroscopical
appearances resulting from degeneration. When the attacked mass is large,
1 Prof. R. Pllmpelly has described the course of decomposition almost in t.ho sarno word s, in hill
paper" On the Relation of Secular Rock-disintegration to Loess, etc." (Amer. J ourn. XV 11.,1879, 136.) I
did not happen to see Professor Pumpelly's paper until after this passage was written.
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erosion often exposes the fresh core, which then, offering greater resistance,
projects as a "cropping," or, if it has an elongated form, it protrudes like a dike
abO\-e the surrounding country. As the tendency of the mere action of atmospheric a.gencies is to the production of ferric hydrate rather than of chlorite
from the bisilicates, the first impression which such a mass produces is that
of an older. and a younger rock in conjunction. Nevertheless, sufficiently
thorough examination will reveal a. transition. When the rock is not solid,
but brecciated or loose-grained, sufficient space often seems available to
permit the requisite increase of volume without disintegration. Large and
often prominent masses of very strongly cohesive decomposition-products
derived from breccia are common in the DISTRICT.
The mineralogical chatacter and the microscopical phenomena of decomposition seem to be identical in the different rocks. Those refined manifestations of physical character by which it is so often possible to discriminate
between older and younger rocks, and between the various rock species
when fresh, are nearly or quite obliterated by the decomposition process,
which impresses its own character on the product.
Rocks of the District.-The rocks occurring in the 'VASHOE DISTRICT are granite; metamorphic schists, slates, and limestone; eruptive diorite of three
variet.ies; metamorphic diorite; quartz-porphyry; an older and a younger
diabase; an older and a younger hornblende-andesite; augite-andesite, and
basale Chapter III. contains a discussion of each of these rocks and a
detailed description of about seventy-five slides, and is well Hlustrated.
Here they can be dismissed with a very few remarks.
lThe signification attached. to theso names has varied somewhat as the science of lithology has
progressed. Some of the main points of their definitions as here understood are as follows:
Granite, pre-Tertiary non-vitreous crystalline rock, of which the principal constituents are orthoclase, quartz, and mica or hornblende.
Diorite, pre-Tertiary non-vitreous crystalline rock, of which the main constituents are plagioclase
and hornblende. It mayor may not contain quartz.
Quartz-porpbyry, ]Jre-Tertiary glass-bearing porphyritic rock, of which the main constituents
are orthoclase, quartz, and hornblende or mica.
Diabase, pre-Tertiary, more or less porphyritic rock, of which the main constituents are plagioclase and augite.
Andesite, Tertiary or post-Tertiary, glass-bearing, more or less porphyritic rock, of which the
main coustituents are plagioclase and hornblende, mica, or angite. The andesites in which augite is
the characteristic bisilicate appear to be separate eruptions, while mica and hornblende replace one
anot.hcr to a variable extent in the same eruption. In the andesites feldspar predominates.
BasaIt., Tertiary or post-Tertiary plagioclase augite rock, with predominant augite, usually characterized by the preseuce of olivine.
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Concerning the granite and basalt there has scarcely been a question.
They are eminently characteristic occurrences. The metamorphic diorite
sometimes resembles eruptive diorite, and has been taken both for diorite
and granite; usually it bears some resemblance to augite-andesite or basalt,
and has been determined microscopically as an unusual variety of the
latter rock. It is composed essentially of oligoclase and hornblende. The
horn blende was originally colorless, but through some chang-e (perhaps
absorption of water) it is in large part converted into. an intensely green
variety. rrbe hornblende polarizes in unusually intense colors.
The quartz-porphyry underlies both hornblende-andesite and diabase.
The microscope, Thoulet's method of separation, and analysis, show that
the predominant feldspar is orthoclase. It is characterized by the association of liquid and glass inclusions usual in quartz-porphyry, to which also
the groundmass corresponds. In one locality, near the Red Jacket, the
quartz is nearly suppressed, and the rock is excessively fine-grained. It is
a felsitic modification of the ordinary variety. This rock, which Baron v.
Richthofen determined correctly, ~has since been called quartz-propylite,
dacite, and in its f'elsitic modification rhyolite. Most of the quartz-porphyry
is greatly decomposed.
The eruptive diorite is sometimes granular, sometimes porphyritic. In
the porphyritic diorite mica frequently predominates over hornblende.
Quartz is irregularly disseminated through the rock. In the granular diorite the hornblende is sometimes green and fibrous, sometimes brown and
solid. In some cases it can be shown that the latter variety of hornblende
is altered to the former, and possibly this is ordinarily the case. Augite is
not uncommon, and a part of the fibrous green hornblende is very likely
uralite, but in the granular rock the outlines of the crystalline grains are
rarely sufficiently regular to determine this point. In the porphyritic diorites the fresh hornblende is always brown. Even in this latter variety of
the "diorites well-developed feldspars are rare. The porphyritic diorites have
for the most part been regarded as propylite, and some occurrences of the
granular rock have been classed in the same way. Some of the fresher
porphyritic diorites have been mistaken for andesites, the resemblance to
which is occasionally strong.
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The older diabase is porphyritic, and almost the whole of it is in a very
advanced stage of decomposition. When fresh, it considerably resembles
an augite-andesite; its groundmass, however, is thoroughly crystalline and it
contains no glass inclusions, but frequent fluid ones; the au gites, too, show
both pinacoidal and prismatic cleavages, and a tendency to uralitic decomposition. It is also manifestly older than the other diabase. An important
characteristjc is the lath-like development of the porphyritic feldspars, for
in cases of extreme decomposition of the bisilicates this characteristic at
least serves to suggest whether the rock is dioritic or diabasitic. The older
diabase has been considered as propylite or andesite, according to the stage
of decomposition. The younger diabase ("black dike") is very highly
crystalline and not porphyritic. It is bluish when fresh, but in course of a
few hours turns to a smoky brown. It is identical with many of the diabases of the New England and the Middle States.
The older hornblende-andesite and the augite-andesite where fresh are
typical rocks macroscopically and microscopically. When decomposed they
have been taken for propylite. The younger hornblende-andesite which
overlies the augite-andesite is a cross-grained, soft, often reddish or purplish rock, with large glassy feldspars. It has always been supposed to be
trachyte; but when endeavoring to determine the different species of feldspar under the microscope, I waR unable to include any satisfactorily determinable sanidins in the list. Dr. G. W. Hawes was kind enough to undertake the separation of the feldspars by Thoulet's method, and analyses of
the feldspai's were made by Mr. F. P. Dewey. The specimen selected was
the most trachyticin appearance, that of Mount Rose, but no feldspar whatever was found con-esponding either physically or chemically to orthoclase.
There is much reason to believe that trachyte occurs less often than had
been supposed in the Great Basin area.
Apart from the effects produced by decomposition the WASHOE rocks
are typical of their kind, and correspond to representative specimens of the
same species from other parts of the world, even in the minutire of mineralogical composition al?-d physical structure. This persistence of rock types
in minor features, which would seem to be fortuitous, or at least unessential,
is Olle of the most remarkable facts established by microscopical lithology,
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and indicates a repetition of absolutely identical physical and chemical conditions at distant points, which is far from having received an adequate explanation.
Propylite.-The present investigation of the geology of the ",VASHOE DISTRICT has failed to establish the existence of propylite.
Full proof of this
responsible statement cannot of course be given in this summary of results.
It consists in a process of exhaustive elimination. A study of each of the
rocks of the DISTRICT, in all stages of decomposition, has led to the identification of all of them with other and previously recognized species. The
reduction of l:ocks of originally different aspect to an apparently uniform character by chloritic decomposition is strikingly evinced by a mere list of the
species in the DISTRICT, which have been grouped under the terms "propylite" and" quartz-propylite." These are granular diorite, porphyritic diorite,
diabase, quartz-porphyry, hornblende-andesite, and augite-andesite. The
peculiar habitus which is always referred to in descriptions of propylite
appears to consist in the impellncidity of the feldspars, the green and fibrous
character of the hornblende, the greenish color which often tinges feldspars
and groundmass, and a certain blending of the mineral ingredients. The
impellucidity of the feldspars (which surprisingly alters the appearance of
rocks originally containing transparent unisilicates) is due to incipient
decomposition, especially, as it seems, to the extraction of calcite. The
"green hornblendes" are simpiy pseudomorphs of chlorite after hornblende
or augite, as the case may be. Excepting the granular diorite, not one of
the rocks from which propylite forms has ever been found in the \V ASHOE
DISTRICT containing primitive green hornblende, though uralite is common.
The other characteristics are due to t.he diffusion of chlorite and the formation of epidote from it. The description of propylite as a species arose from
the erroneous determination of chlorite as green hornblende-a very natuml
mistake before the microscope was brought to bear on the :mbject, since even
with that instrument the same error may be committed if color and dichroism
are exclusively relied upon as diagnostic tests. The microscopical characteristics of propylite are illusory. Finely disseminated hornblende in the
groundmass of a WASHOE rock is very rare, and far rarer is the presence of
particles of hornblende in feldspars. The propylites contain glass inclusions
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and primitive liquid inc1usions, 01' not, according to the rock from which
they ,,,ere derived. Base is rare in propylites; where it originally formed
a constituent of the rock, it has for the most part undergone devitrification.
A reexamination has been made of aU the slides of pl'opylites from
other 10ca1ities as wen as from the WASHOE DISTRICT, descriptions of wllich
have been published in different government reports. These, too, can he
referred to other rock species with great probability, in spite of advanced
decomposition, and I do not hesitate to affirm that there is no proof yet known
of the existence of a pre-andesitic Tertiary eruption in the United States.
The term "propylite" should not b~ retained in the nomenc1ature of
American geology even to express certain results of decomposition, for the
equa11y loose term "greenstone" seems to covel' the same ground and has
priority.
A few minor questions of interest were raised by the microscopic
examinations, in addition to those bearing directly upon the identification
of the rocks. Such are the occurrence of zonal plagioc1ases and their bearing on Tschermak's feldspar theory; h01'llblendes with concentric belts of
magnetite, and the indications they furnish as to the conditions under which
"black bOl'ders ., form, and some other small points.

STRUCTURAL RESULTS OF FAULTING.

Evidences of faulting.-The evidence of fau1ting on the COMSTOCK is manifold, and has been recognized by an observers. The irl'egular openings in
the vein, the presence of horses, the crushed condition of the quartz in many
parts, the presence of slickensides and of roUed pebbles in the clays, are
an conclusive on this point. Both to the eas~ and west of the vein, too, the
country rock shows a rude division into sheets, and along the partings
between the plates evidences of movement are perceptible, decreasing in
amount as the distance from the vein increases, according to some law not
directly inferable. AU the evidence points to a relative upward movement of the foot wall.
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The question of the character of the contact surface, whether it is
a faulted surface or a continuation of a former exposure of the east front
of Mount Da.vidson, is not to be settled by mere inspection. A cross-section to scale shows immediately that while the dip of the lode is 40° or
more, the maximum slope of Mount Davidson is about 30°. This fact,
tnken in connection with the character of the west wal~ where exposed, indicates that the surface is the result of faulting. A natural surface sloping
for a long distance at an angle of above 40°, too, is very unusual. On the
other hand, the coincidence between the contours of the west wall and those
of the exposed surface has been notorious from the earliest days of mining
on the LODE, and it seems a less violent supposition that the steep flank of
the mountain passes over into the still steeper wall of the vein than that
the range has experienced an erosion m~difying its angle from 10° to 20°
and has still retained the d~tails of its topography otherwise unaltered. It
is plain that the elucidation of the faulting action on the COMSTOCK is a
very important structural problem, and that it is most desirable to account
quantitatively for the results, as well as to prove the existence of a notable
dislocation.
Discussion of faultin.g under certain conditions.-The most striking and wide-spread
evidence of the faulting is the apparent relative movement on the contact surfaces between more or less regular sheets of the east and west c011nt1'Y rocks
for a long distance in both directions from the LODE. Each sheet appears
~o have risen relatively to its e~stern neighbor, and to have sunk as compared with the sheet adjoining it on the west. The considerntion of a
sheet or plate of rock under 'the influence of friction of a relatively opposite character on its two faces, therefore, forms the natural starting point for
nn examination of the observed conditions. It is shown in Chapter IV. that
if a country divided like the COMSTOCK area into pnrallel sheets experiences
n dislocation on one of the partings under a compressive strain eqnal at
each parting, a verticnl cross-section will show a surfaGe line represented
by two logarithmic equations. The discussion is also extended to the case
in which the compressive strain is not uniform, but varies proportionally to
t.he distance from the fault-plane. This case also results in n loga,rithmic
equation of a more complex character.
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A discussion of the logarithmic equation as an expression of faulting
action leads to some very interesting results, some of which are as follows:
Where a fault of the class under discussion has occurred, and where
the resulting surface has not been obscured by deep erosion, the original
surface can be reconstructed or calculated, and the amount of dislocation
determined. This is also true where more than one rock is involved.
Where, as is nearly always the case, the movement on the fault-plane
is equivalent to a rise of the foot wall, the hanging wall see? in cross-section will assume the form of a sharp wedge, and this wedge will be very
likely to yield to the compressive strain, and break across.
If the movement of the foot wall on the fault-fissure were downward,
a surface line would form which is scarcely ever met with in nature, and
the inference is that faults of this. kind are of extreme rarity. This not
only confirms the observations made in mines, but places the fact on a wider
basis of observation.
If a fault, accompanied by compressive strain, takes place on a fissure
in otherwise solid rock, the walls are likely either to be distorted, if they
are composed of flexible material, or to be fissured into parallel plates if the
material is r~gid. In the latter case the sheets of rock will also arrange
themsel ves on logarithmic curves.
' If the intersection of a fault-fissure with the earth's surface is not a
straight line, but is sinuous or broken, the secondary fissures will be parallel
to the original one, and in the resulting surface each inflection of the trac~
of the fissure on the original surface concave toward the lower country will
be represented on the faulted surface by a ravine, and each inflection con·vex towards the lower country will result on the faulted surface in a ridge.
There is also a direct relation between the contours of the foot wall of such
a fissure and the surface contours. If the original surface was a horizontal
plane, the surface contours will be identical mth the foot wall contours.
Application to the comstock.-The theory, though wor~ed out independently of
the COMSTOCK, applies to it with much preclsion. Equations can be given
representing very closely the surface line of a cross-section, the amount of
the fault can be determined, etc. It can be shown that the erosion since the ,
beginning of the fault is very slight, that the canons of the range were pro-
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duced by faulting, and have been only slightly modified by erosion, whence
"the correspondence of the contours of the foot wall with those of the surface. The east fissure is a result of the faulting, and the ore has been deposited since WASHOE became a region of insignificant rainfall. The sheeted
structure of the country is, in all probability, due to the fault.
It is, of course, most unlikely that the COMSTOCK is the only vein in
which the deposition of ore is recent and has been accompanied by faul~ing,
and a repetition of a part of the conclusions as to the occurrence of veins
in such cases may be welcome to some readers.
Application to other veins.-In a locality modified by faulting action, attended
by horizontal pressure, the fact will appear in the parallelism of the exposed
edges and faces of rock sheets. If erosion has not seriously modified the
surfaee resulting from the faulting action, the logarithmic curve will be
recognizable to the observer looking in the direction of the strike.
The main cropping of the vein is to be sought a.t the point of inflection of the cnrve, which will be found nearly or exactly midway between
the top and bottom of the hillside. One 01' more secondary vein-croppings
should be looked for below the main cropping, and these, so far as yield is
concerned (but not in regard to location of claim), may prove even more
important than the main fissure.
The dip of the vein will be to the same quarter as the slope of the surface, but, of course, greater in amount. The flatter the surface curve the
smaller the angle of dip will be. The mean strike will be nearly or quite
at right angles to the direction of the spurs and ravines of the fanlted area.
If, besides the movement of one or the other wall in the azimuth of the
dip, there has been a dislocation in the direction of the strike, chimneys
will open, all of them on the same sides of the different ravines. Surface
evidences will often enable the prospector to determine on which side the
chimneys are to be found. On the barren sides evidences of crushing and
of closure of the fissures are probable.
The fissure is more likely to have a constant dip (barring the secondary offshoots) than a constant strike, but, of course, irregularities of dip,
like those in strike, wiII result in chambers which may be productive.
Offshoots into the hanging wall may occur at any depth, but none,
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except those near enough to the main cropping to reach the surface where
it has a very considerable slope, are likely to be continuous.
Finally, it is shown that the law of land slips is also capable of expression by logarithmic equations, and that a large part of the details of the
topography of grassy hills is formed in obedience to this law.

OCCURRENCE AND SUCCESSION OF ROCKS.

Successiono-The snccession of rocks made out in the WASHOE DISTRICT is
as follows: Granite, metamorphics, granular diorites, porphyritic diorites,
metamorphic diorites, quartz-porphyry, earlier diabase, later diabase ("black
dike"), earlier hornblende-andesite, augite-andesite, later hornblende-andesite, and basalto
Granite and metamorphicso-Granite occurs on the sm;face only in a very limited area near the Red Jacket mine, but it is certain that it has a considerable
underground development, for it has been struck a~ the Baltimore, the Rock
Island, and by a tunnel to the southwest of the latter beyond the limits of
the map.
The granite is overlaid by metamorphic rocks, which, J:towever, are
less metamorphosed close to it than at a distance from it, and the probabilities are that the sedimentary strata were laid down upon the massive rock.
The sedimenOtary rocks are limestones, ~rystalline schists, and slate. They
are badly broken and highly altered, and the search for fossils was not
rewarded by success; but the general geology of this part of the Great
Basin leaves little doubt that they are Mesozoic. A considerable area
of metamorphics has been exposed in the southwest of the region by the
erosion of the overlying eruptive masses. North and east of Silver Ci~y,
however, the surface shows scarcely any I?etamorphics, while they playa
large part in the ·underground occurrences as .far as the Yellow Jacket. In
the Gold. Hill mines black slates form the foot wall of the LODE. They are
intensely colored with graphite, and often very highly charged with pyrite.
They are frequently mistaken for "black dike," but a moment's inspection
in a good light shows their sedimentary origin. The presence of such car°bonaceous rocks at greater depths would explain the formation of hydrogen
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snlphide. There is also an obscure occurrence of metamorphic limestones
in the Sierra Nevada mine between granular and micaceous diorite. It
appears to be conformable to the face of the granular diorite. The metamorphics in and abOllt Gold Hill seem both to overlie and to underlie
diorite, and there is little doubt that sedimentary strata were present at the
period of the diorite eruption.
Between' the metamorphics and the quartz-porphyry in the southwest
portion of the area is a considel'able extent of metamorphic diorite. In
some occurrences this rock is a distinct breccia, and bears a strong resemblance to augite-andesites or basalts, while elsewhere it is extremely like
Mount Davidson diorite. Besides the surface occurrences, it is found particularly well developed in the Silver Hill mine.
Diorites,-The principal exposure of diorites is on the west of the LODE
through Virgin'ia City, but there are several outlying occurrences about
the. Parman shaft, and again far to the east at the Lady Bryan mine, which
show that the underground development of the rock is a very extensive one.
It forms the foot wall of the LODE from the Yellow Jacket north. The diorite
is excessively uneven in its composition, and in almost any area of a hundred feet square several modifications are to be found. This fact, taken in
connection with the microstructure of the rock, is pretty conclusive evidence
that it has never reached a higher degree of fluidity than the plastic state.
The varieties can be roughly classified ~s granular diorite, porphyritic hornblendic diorite, and porphyritic micaceous diorite. But intermediate varieties are of constant occurrence. There seems, nevertheless, to be a certain
amount of order in the disposit~on of the different varieties. Mount Davidson, from Bullion Ravine to Spanish Ravine, is almost altogether granular,
but to the north and south ?f these limits porphyritic forms prevail. In
the neighborhood of the Utah mine mica becomes the predominant ferromagnesian silicate, and this variety is also the one which occurs in the
neighborhood of the Forman shaft. How this orderly disposition of the
various diorites came about is a somewhat obscure question, as a possible
answer to which an hypothesis is advanced.
Diabases.-The diabase appears but to a very trifling extent upon the
slll'face, though it is by no means unlikely that an exposure of this rock
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occupied the position now covered by Virginia City. Underground it, is
extensively developed from the Overman to the Sierra Nevada, and from the
LODE to the Combination shaft, as is seen in the cross-section on the Sutro
Tunnel line, Atlas-sheet Vl. Its great importanr.e is due to the fact that all
,the important bodies of the COMSTOCK have been intimately associated with
it, as are many of the other famous .silver mines of the world. This diabase
is of a rather unusual character, being more than commonly porphyritic, and
containing comparatively little augite-a trifle less than twenty per cent.
In appearance it is often not dissimilar to the andesites, but the resemblance
does not extend to details. Almost the whole of this diabase is greatly
decomposed, and has hitherto escaped recognition on that account. 1
Between the east-country diabase and the west wall of the COMSTOCK
occurs a thin dike, which has long been known as "black dike." It is only
i"n the lower levels that fresh occurrences of this material have been met
with. The "black dike" appears to be identical with the Mesozoic diab:;ses
of the Eastern States, from which it is scarcely distinguishable macroscopically, microscopically, or chemically. rrhis younger diabase forms a remarkably thin and uniform dike, nowhere more than a few feet in thickness,
extending from the Savage southward to the Ov~rman, and then branching
off to the southwest as far as the Caledonia shaft. This is t.he only dike
known in the DISTRICT, excepting one of diorite in diorite, in spite of the
prevalence of eruptive rocks. Its presence sh9wS that the fissure on which
the COMSTOCK LODE afterwards formed was first opened in pre-Tertiary
times, and its uniform thickness indicates that its intrusion antedates any
considerable dislocation on the contact. This inference receives strong
confirmation from the evidence already adduced that the faulting is a
comparatively recent phenomenon.
The occurrence of the two diabases also goes a long way toward
demonstrating the nature of the fork iu the vein, which has always been a
mysterious point in the geology of the LODE. The prolongation of the
"black dike" beyond Gold Hill is toward American Flat, whereas the older
diabas~ extends in the direction of Silver City.
Andesites.-Much the larger part of the surface of the DISTRICT is occupied
~

'Thongh diabase is the most important east-conn try rock, it by no means coincides in PQsition
either below gronnd or above with the rocks which have been regarded as propylite.
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by andesites, of which there are three varieties distinguishable both lithologically and geologica]]y. These are a yonnger and a later hornblcndeandesite, the latter of which has hitherto been considered a trachyte, and
an augite-andesi te intermediate in age. The older hornblende-andesite has
in part long been recognized as snch, and is deceptive only when highly
decomposed. It occupies a belt immediat.ely east of the older diabase (see
Atlas-sheet VI!.), a large area on the heights immediately west of the
diorites, and a considerable area at and north of Silver City. The latter
oCfurrence is noteworthy for the unusual size of the horn bIen des, which
are sometimes several inches in length. The augite-andesite occupies a
second belt of conntry east of the LODE and beyond the earlier hornblendeandesite, and is also extensively developed to the north and sonth of the
diorite. The Forman shaft penetrates 1,200 feet of this rock before passing into the hornblende-andesite.
The reasons are given elsewhere for considering the rock heretofore
regarded as trachyte to be an andesite. Its roughness and softness, its red
and purple colors and large glassy feldspars made the mistake an easy one.
The Flowery Range, the Sugar Loaf, Mount Emma, and Mount Rose, are
all of this rock, which also occurs in two little patches close to the Sierra
Nevada mine. These latter have been cut off from the quarry above the
Utah by the erosion of Seven-Mile .Canon. The patches of rock near the
Combination shaft and the new Yellow Jacket which have sometimes been
regarded as trachyte are merely decomposed older hornblende-andesite.
Basalt.-The occurrence of basalt is exceedingly limited, and is confined
within the area of the map to two small localities, OIle at Silver City aIld
the other a mile west of it. It is a fine, fresh, and typical rock.
Area of decomposition.-The area of most profound decomposition is Rhown
as nearly as may be on the sketch map, Fig. ]. The amount of decomposition increases with depth. The period at which it was produced is almost
certainly the same as that of the faulting action and the deposition of ore.
It cannot have been earlier than the eruption of the later hornblende-an de- •
site, and was more probably posterior to it. There is no indication of a
connection between the basalt eruption and the solfataric action, and it is
not improbable that the latter, thongh of volcanic origin, was independent
of any eruption of lava .
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OHEMISTRY.

The chemical history of the COMSTOCK is no doubt a very complex
one, nor are there by any means sufficient data to trace it in detail. All
that can be attempted here is to show that the results observed might
naturally follow from highly probable causes.
The decomposition of the rocks shows three important features-the
formation of pyrite from the bisilicates and mica, the decomposition of the
ferro-magnesian silicates into chlorite, which is in part further altered to
epidote, and a partial change of the feldspar.
Decomposition of the Fe.-M&,. silicates.-The pyrite appears to have formed at the
expense of the bisilicates or mica. The really fresh rocks contain no pyrite,
but minute crystals often occur in or. are attached to partially decomposed
bisilicates. Sometimes distinct pseudomorphs of pyrite after augite or
hornblende are visible, but this ·is not common, because the average size of
the pyrite crystals is about one-half that of their hosts. A macroscopical
comparison, too, of series of rocks increasingly decomposed shows that the
pyrite is apparently associated with the ferro-magnesian silicates, and in
extreme cases replaces them with an entire correspondence of distribution,
so that the cumulative evidence is all in one direction. It is well known
that ferrous silicates in contact with waters charged with hydrogen sulphide
produce pyrite.
The transformation of the bisilicates and mica to chlorite is a familiar
fact, and the general character of the change is not obscure, though its
details are far from clear. It must be accompanied by a separation, of
all the lime, and of much of the silica and magnesia. It probably took
place for the most part in the absence of free oxygen.
Epidote is very common on the surface,. while under ground it seems '
rare and confined to the neighborhood of fissures. The conversion of
chlorite to epidote must be accompanied by a substitution of lime for magnesia, and by the conversion of fen·ous to ferric oxide It might very
readily occur in the presence of solutions containing carbonic acid and free
oxygen, or when surface waters mingled with waters rising from lower
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levels, for epidote is far less soluble than chlorit~ , and under these circumstances would form in obedience to the general law of precipitation. Its
occurrence is usually compatible with this supposition, but it is not so decisive as to warrant a positive assertion that the conditions of its formation
are those indicated.
Decomposition of feldspars.-The triclinic feldspars of the \V ASROE DISTRICT
retain their optical properties in a recognizable form mnch longer than the
ferro-magrresian silicates. Among the mine rocks it is very rarely that bisilicates or mica occur un decomposed, but it is the exception when a slide of a
tolerably hard rock does not show recognizable feldspars. \Vhen the feldspars are altered they are replaced by an aggregate of polarizing grains,
which appear to be quartz and calcite with some opaque particles, but with
no transparent amorphous material. Kaolin could hardly be present in
large quantities without being recognized microscopically. The analyses
of the clays, too, show that when allowance is made for the presence of
hydrous chlorite there is not enough water to correspond to any large
percentage of kaolin. In fact the analyses of the clays so exactly correspond to the composition of the firm rocks that the great masses of clay
evidently represent only equal volumes of disintegrated rock.
On the
whole, therefore, it appears improbable that there has been any great amount
of kaolinization in the WASHOE DISTRICT.
Lateral-secretion theory.-AS is well known, Prof. F. Sandberger has very
ably maintained what is known as the lateral-secretion theory of ore deposits. \Vith a view to testing the probabilities of this theory, with reference
to the COMSTOCK, the rocks of the DISTRICT have been assayed with all possible precaution. The principal rocks containing precious metals were also
separated by Thoulet's method, and the precious metals traced to their
mineralogical source. The results of this investigation show many interesting facts, among which are the following: The diabase shows a noteworthy contents in the precious metals, most of which is founu in the angite;
the decomposed diabase contains about half as much of these metals as the
fresh rock; the relative quantities of gold and silver in the fresh and deconiposed diabase correspond fairly well with the known composition of the
COMSTOCK bullion; and the quantity of preciolls metals which has been
25
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leached out of the diabase is comparable with that which the LODE must
•
have contained at its discovery. There are also relations between the
inclosing rocks and the ore deposits not found in contact with diabase.
The gangue of the COMSTOCK is almost exclusively quartz, though calcite also occurs in limited areas. The ore minerals elude investigation for
the most part because they are so fi:q.ely disseminated as merely to stain
the quartz, but it is fairly certain that they are principally argentite, and
native silver and gold, accompanied in some cases by sulph-antimonides,
etc. The chloride has rarely been identified. Where ore is found in diorite, or in contact with it, it is usually of low grade, and its value is chiefly
in gold. The notably productive ore bodies have been found in contact
with diabase, and they have yielded by weight about twenty times as much
silver as gold.
Reagents.-It would perhaps be legitimate to infer from the chemical
phenomena enumerated and the.association of minerals that waters charged
with carbonic acid and hydrogen sulphide had played a considerable part
on the COMSTOCK. This is not, however, a mere inference, for an advance
boring on the 3,000-foot level of the Yellow Jacket struck a powerful stream
of water at 3,080 feet (in the west country), which was heavily charged with
hydrogen sulphide and had a temperature of 170 0 F, and there is equal
evidence of the presence of carbonic acid in the water of the lower levels.
A spring on the 2,700-foot level of the Yellow Jacket, which showed a temperature of above 1.1)0 0 F., was found to be depositing a sinter largely composed of carbonates.
Baron v. Richthofen was of opinion that fluorine and chlorine had
played a large part in the ore deposition on the COMSTOCK, and that this
is possible cannot be denied; but, on the other hand, it iiS plain that most
of the phenomena are sufficiently accounted for on the supposition that the
agents have been merely solutions of carbonic and hydrosulphuric acids.
These reagents will attack the bisilicates and feldspars. The result would
be carbonates and sulphides of metals, earths and alkalies, and free quartz;
but quartz and the snlphides of the metals are soln ble in solutions of carbonates and sulphides of the earths and alkalies, and the essential constituents of the ore might, therefore, readily be conveyed to openings in the

SUMMARY.

387

vein, where they would have been deposited on relief of pressure and diminution of temp~rature. It is by no means unlikely that, as at Steamboat
Springs, evaporation aided in inducing precipitation
Substitution.-It has been claimed that the ore and quartz have been
deposited by substitution for masses of country rock. This hypothesis is
exceedingly doubtful on chemical grounds, but there is also at least one ipsuperable physical objection to it. In all processes involving the solution
of angular bodies it is a matter of common obseJ;vation that points and
corners, which expose a greater surface than planes, are first attacked; consequently masses exposed to solution, substitution, weathering, and the like,
always tend to spheroidal form~. Now, nothing is more common than to
find masses of country rock included in the ore-bearing quartz. These
masses, in all cases which have come under my obl'ervation, are angular
fragments, in form precisely such as result from a fresh fracture; not a
single instance has been observed in which a spheroidal rock was surrounded by more and more polyhedral concentric shells of quartz and ore.

HEAT PHENOMENA OF THE LODE.

High temperatures met.-One of the famous peculiarities of the COMSTOCK
LODE is the abnormally high temperature which prevails in and near it.
This manifested itself in the upper levels, and has increased with the depth.
The present workings are intensely hot. The water which flooded the lower
levels of the Gold Hill mines during the winter of 1880-1881 had a temperature of 170 0 F. This water will cook food, and will destroy the human
epidermis, so that a partial immersion in it is certain death. The air in the
lower levels more or.less nearly approaches the temperature of the water
according to the amount of ventilation. The rapidity of the ventilation
attained in the mines is something unknown elsewhere, yet de.aths in ventilated workings from heat alone are common,. and there are drifts which,
without ventilation, the most seasoned miner cannot enter for a moment.
Except where circulation of air is most rapid, and in localities not far
removed from downcast shafts, the air is very nearly saturated with moist-
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ure.

It is a serious question how far down it will be possible to push the
mil~es in spite of the terrific heat.
The origin of the high temperature of ' the CmrsTocK has been sought
III the kaolinization of. the feldspar contained in the country rock and in
residual volcanic activity.l
Kaolinization hypothesis.-The theory that kaolinization is the cause of the
heat appears to rest upon two positive grounds-that the' solidification
of water liberates heat, and that flooded drifts have been observed to grow
hotter. It is also claimed in favor of the kaolinization hypothesis by its
author that there is no evidence of any other chemical action proceeding
with sufficient activity to afford an explanation, and that the retention of
igneous heat ill the rocks is a sheer impossibility, while the hypothesis that
the heat is conveyed from some deep-seated source to the mines by means
of currents of heated water is characterized as somewhat violent and as
unnecessary.
So far as I am aware, there are no theoretical grounds upon which
the heat involved in kaoIinization can be estimated. The decomposit.ioll of feldspar into kaolin and other products (supposing kaolin to result
from the decomposition of plagioclase) involves several processes, of
which some are more likely to absorb than to liberate heat. But supposing an anhydrous aluminium silicate formed without loss of heat, the
thermal results of its combination with water are by no means certain.
,V ere the water contained in kaolin not water of hydration, but chemically
combined, it would be possible from known experiments to compute approximately the heat which would be produced. It is shown in Chapter VII.
t.hat the corresponding temperatlll'e would be so high as to be utterly at
variance with known facts. The water is therefore the water of hydration.
Of the heat involved in the hydration of salts we know that it is usually
small, that it is sometimes negative, and that the different molecules of water
combine with differing amounts of energy, but of the heat of hydration of
Imolin we know nothing.
With a view to testing the theory of kaolinization as far as possible,
Dr. Bm'us, at my request, undertook some very delicate experiments
I

F r iet ioll an d the oxidat iull of pyrite havl' also b een suggest ed , hut hay e llOt beell seriously adyo-

cated .

•

•
StJl\!MARY.

389

presently to he described. The result of these experiments, in a word,
was that finely divided, almost fresh east-conntry diabase, exposed to the
temperatme of boiling water and the action of saturated aqueons vapor for
a week at a time, and for several weeks in snccession, showed no rise of
temperatl1l'e perceptible with an apparatus delicate to the f;oo of a degree C.
I t is by no means certain that kaolinization was effected by these experiments. The particles of rock were indeed coated with a white powdery
snbstance, but this was probably the residuum of the evaporated water.
I t is still possible that, when kaolinization occurs, heat is liherated. It
is also possible that at telllperatures above the boiling point and pressures greatly exceeding 7Gorum, feldspars are kaolinized, but it appears
no longer reasonablo to ascribe the heating of drifts, which are at nearly
normal pressure, to the reaction on the rocks of- water below the boiling
point. The scene of acti\'e and heat-producing kaolinization, if it exists at
all, must, therefore; be at remote depths. As was explained in a previous
paragraph, the present examination has not resnlted in tracing any considerable amollnt of kaolinization on the COMSTOCK; whi1e, had the heat of the
LODE been maintained ever since its formation at the expense of the feldspars, but little nndecomposed fe1dspar could now remain. In short, while
it cannot be demonstrated that the heat of the COMSTOCK is not dne to the
prevalence, at unknown depths and pressures, of a chemica1 change of unknown thermal relations, I have failed to find any proof that it is dne to
kaolinization.
Solfataric action.-Of the origin of the heat of solfataras not very mnch is
known; yet, as they commonly occur either as an accompaniment of volcanic activity, or in regions characterized by the strongest evidences of past
volcanic activity, it is nSllal and seems rational to connect them as cause
and effect, or as different effects of a common cause. There seems to be no
special opportunity on the COMSTOCK foJ' an elucidation of the whole theory
of vulcanism, but considerable gr~unds for connecting the heat there manifested with that chain of phenomena .
. That solfataric action, as commonly nnderstood, once existed on the
COMSTOCK is certain.
That the time at whieh t.he LODE was charged with
ore is not immeasurably removed from the present, seems to be demon-
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strated by the trifling character of the erosion which has since taken place.
The water entering at the bottom of the new Yellow Jacket shaft in the winter of 1880-'81, at a temperature of 170 0 F., was highly charged with
hydrogen sulphide. The Steamboat Springs, only a few J?1iles west of the
COMSTOCK, lie in a north and south line like the COMSTOCK, close to the contact of ancient massive rocks and andesites. Some of them are boiling hot,
are charged with solfataric gases, and are now depositing cinnabar and silica
as at the time of Mr. Phillips's visit many years ago. There is much evidence in the structure of the country and in the relations of the fresh rocks to
the decomposed masses that alteration was effected by rising waters, and
the chemical changes traced are such as could have been effected only by
vast quantities of soluble sulphides and carbonic acid, which could hardly
have been produced on the necessary scale except by the aid of heat. A
deep-seated source of heat, therefore, probably gave rise to the decomposition, and the conditions point to vulcanism as its source.
Source of the waters.-The flood of waters still requires explanation, and an
hypothesis is suggested to account for it. No meteorological station exists
at Virginia City, but the rainfall is so small that the country is a sage-brush
desert, and the precipitation is insufficient to account for the water met with
on the LODE. The main influx of water, and especially of hot water, is
from the west wall, and when encountered it is found under a head often
of several hundred feet. Between the CO~ISTOCK and the main range of the
Sierra Nevada, the whole country is covered by massi ve rocks, principally
andesites, with occasional croppings of granite. The general structure of
the country, and the exposures of sedimentary rocks in the mines, lead to
the supposition that the underlying strata dip eastward, and the inference
is that the COMSTOCK fissure taps water-ways leading from the crests of the
great range. If the heat is conveyed to the LODE by waters from great
depths, the variations in temperature are readily explained. The distlibution of the heated waters would be detel'1nined by the presence of cracks.
fissures, and clay-seams, and the uniformity of distribution of heat would
further be disturbed, even at considerable distances from the surface, by the
infiltration of surface water. One published observation, which is important in this connection, is that a large proportion of the rocks in t.he Vir
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ginia mines are dry. This is very true in the sense in which" dry" is used in
mining, i. e., there are many places where water does not drip from the
walls, but the present examination has ·failed to reveal rocks which are not
moist; indeed, the occurrence of really desiccated rock thousands of feet
below the surface, near vast quantities of water, would disprove the generalization of the perviousness of rocks, which is one of the best established
in geology. Unless, therefore, very strong proof to thA contrary can be
adduced, the conduction of heat on the OOMSTOCK must be considered as
taking place in moist rock.
Discussion of the thermometric observations.-The relation of the temperatnre to the
depth from the surface is evidently one of great interest, but not entirely
simple. If the rock were wholly uniform in character and unfissnred, the
reJation of temperature to depth would be wholly regular and wonld be
represented by a curvilinear locus. As the source of the beat was approached the rate at which the temperature rose would rapidly increase,
and under the ideal conditions supposed, it would be possible to dednce the
constants of the equation and to calculate the position of the source of heat.
But unless the source of heat were so close to the surface that the errors
introduced by the presence of fissures, the lack of homogeneity of the rock,
and the percolation of surface water were insignificant in comparison with
the rate of increase of the temperature, such a calculation would not be
possible. A careful record of temperatures has been kept at three of the
newer shafts to a depth of above 2,000 feet. On plotting these temperatures
as ordinates and the depths as abscissffi no indication of regular curvature
appears, being wholly obscured by the fluctuations due to the disturbing
causes mentioned. In other words, there is as yet nothing in the observations t9 show any but local divergences from a strict proportionality between
depth and temperature. The source of heat must, consequently, lie at a
very great distance from the smface as compared with the depth yet reached,
and the curve is to be regarded as still sensibly coincident with its tangent.
In order to eliminate the fluctuations of temperature as far as possible
Mr. Reade and Dr. Barus have computed the observations made. at the
Forman, Combination, and new Yellow Jacket shafts by the method of least
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squares, and also, for comparison with them, the observations of Mr. J. A.
Phillips at the Rose Bridge Colliery.
Chapter VII. contains the details for these localities and for the famous
deep boring at Sperenberg, near Berlin. Here it is sufficient to state that
on the COMSTOCK the temperature of the rock rises about 3° F. for every
additional depth of 100 feet, 01' about twice as fast as in ordinary localities;
and that boiling water will probably reach the workings at some point not
long after the 4,000-foot level is passed.
Observations have also been made in the Sutro Tunne~, and these when
plotted give a very remarkable result, for the curve shows that the temperature rises in a geometric ratio as the LODE is approached. This is capable
of no other explanation than that the east country is heated from a plane
in the immediate neighborhood of the LODE. Combined with the results
obtained from the shafts this curve, without any reference to geological
reasoning, indicates that the source of heat is at a vast depth compared
with that of the mines, and that the heat is communicated upward along or
near the fissure, and thence to the country rock by conduction.

THE LODE.

General character of the vein.-'1'he condition of the LODE during the period
in which t.he field work for this report was done was not what could have been
wished, for almost the only ore ill sight was the remnants of the great bonanza
of the Consolidated Virginia and the California, and the accessible exposures
of the vein were meager and unsatisfactory. The study of the COMSTOCK
was thus necessarily directed to the conditions of its occurrence rath~r than
to details of vein structure.
A glance at the' surface map shows that the LODE is a long and wide belt
of vein-matter ramifying at each end into divergent branches,1 and the crosssection exhibits a remarkably regular foot wall dipping to the east at an
I T~e scal e of the surface llIap is uot large euough to permit all of the minor fluctuations of the
walls to be shown, nul' are the mine maps sufficiently complete to furnish data for a full exhibition of
these irregularities ou a larger scale. For more detail the reader is refened to Mr. Kiug's section on tho
33l-fuot level of t he Virginia miues.
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angle of from 33 0 to 45 0 • Near the top, in most of the sections, one or more
secondary fissures diverge from the main LODE and penetrate the east wall,
th118 cutting off a body of country rock, or "horse," which is approximately
triangular in cross-section. This horse is of variable vertical and horizontal
dimensions, and often divided by sheets of clay or quartz. Below the horse
the vein is for the most part narrow.
The walls.-The hanging wall of the LODE between the points at which
it branches is older diabase, which also extends some distance on the southeast branch towards the Justice, and towards the Scorpion on the northeast
branch. Its Emits in the latter direction are unknown. Almost all of this
diabase is in an advanced stage of decomposition. The foot wall of the
main fissure is granular diorite, except in Gold Hill, where this rock is replaced by metamorphic slates, and is much less decomposed than the hanging wall. The northern and southern branches of the vein pass through 01'
along the contacts of various older rocks. The black dike or younger diabase appears in the Savage and Hale &; Norcross, but not to the north of these
mines, and has been followed on or near the foot wall to the fork at the
Ovennan, and thence in a southwesterly direction toward American Flat.
It'is the behavior of the two diabases which has given rise t<} this fork, the
older diabase forming the hanging wall of the easterly branch for some distance from its origin, while the narrow dike of the younger variety marks the
course of the westerly vein. To the north also there are indications that
the direction of the branches was predetermined; the northeasterly one by
the contact between diabase and diorite, and that which has been explored
in the Sierra Nevada and Utah mines by the presence of metamorphic rocks
and some intrusive stringers of diabase.
Contents of the vein.-The contents of the vem 1S simple on the whole.
Besides fragments of country l'ock, practically the only gangue which it
contains is,.quartz; though calcite occurs in insignificant quantities in the
main LODE, and is the prevalent mineral in the Justice. The principal ore
is argentite, accompanied by gold, probably in a free state, though sulphur
salts occasionally form rich stringers and pockets. The distribution of ore
is vcry variable. That associated with the diorite cnrries a little gol(1 and
almost no silver, while that associated with diabase is rega~ded as a silver
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ore, though nearly half its value is usually in gold. The proportion of the
two metals varies greatly in different portions of the LODE and even in the
same ore body. It is probable that the COMSTOCK contains but little quartz
which is wholly barren; while, as is usual in silver veins, it is only in certain spots that the tenor reaches a point at which extraction is profitable.
These concentrations, or "bonanzas," usually occur in masses of quartz of
lower grade, and large bodies of quartz usually contain "bonanzas" when
they are associated with the diabase, though to this rule there are exceptions.
The Justice bonanza is the only one of any moment which is not associated
with that rock. The quartz is in great part in a highly crnshed condition,
resembling nothing so mnch as ordinary commercial salt. When the fine
dust from s11ch masses is examined under the microscope in polarized light,
it is immediately seen to consist of fragments of quartz crystals; the larger
particles can be shown to have the same origin by direct examination.
Very solid quartz bodies are also met with in certain positions.
Crushing action.-The presence of faults on the COMSTOCK is abundantly
proved, as has already been shown. The secondary fissures form one evidence of such a movement,' and as a large portion of the ore occupies the
openings between the great horse and the east country, it is plain that the
deposition of ore was preceded by faulting. The only movement which can
have crushed the quartz must also have been in the nature ofa fault, and
some of the bonanzas show a parallelism in the lines of dynamical action
to the dip of the LODE. It is not probable that the solid masses of quartz
were formed at a later date than those now' found in a crushed condition,
for it appears to be only when the quartz has been deposited in sheets parallel to the west wall thai it has escaped comminution. Certain stringers of
rich ore in the bonanzas have seemed to possess great solidity, and may
possibly have been formed after the final cessation of movement; otherwise the entire period of quartz deposition seems to have been embraced by
that of the faulting movement. It is much more probable that the total
fault was accomplished by a great number of small slips in the same sense
than that ODe large throw preceded and another followed the filling of the
velll.
Clays.-The. clays of the COMSTOCK are not largely composed of kaolin,
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but represent sheets of rock triturated and decomposed without any great
translocation of material. This fact is determilled chemically, but confirmed
by the relation of the clays to the faulted structure; for while they are excessively abundant in and near the secondary fissure where the influence of the
surface interfered with the development of the regular system of fissures
found in the lower levels, they are comparatively rare and thin below the
bottom of the great horse.
Infrequency of lenticular openings.-The sections show that the lower portions
of the LODE, considering its enormous scale, are uarrow and remarkable
for the absence of the lenticular openings which frequently characterize
faulted veins. If the hypothesis developed under the head of the structural
results of faulting is conect, this peculiarity is almost a necessary consequence of the conditions under which the CO~ISTOCK formed, for the slip of
the actual walls of the vein is on that theory only the relative movement of
two successive sheets, and if these are assumed to be twenty-five feet thick,
it would not amount to above a hundred feet. The intensity of the faulting action was less toward the ends of the LODE than near the middle,
the force being distributed over a wide area by the brancl~ing, and probably
also to some extent by numerous east-and-west fractures, singly of small
extent. The south end of the main LODE seems to have been less forcibly
faulted than the north end This is partly ascribable to the character of the
foot wall, stratified rocks being less rigid than massive ones, and partly to
the fact that the dip is M-bout 10° less
Character of the spaces occupied by bonanzas.-The evidence appears conclusive that
the ore bodies occupy spaces which once inclosed only fragments of country
rock, with numerous interstices. These openings seem to haye been due to
faulting action variously modified by local circumstances. In the Consolidated Vi1"ginia and neigobboring mines a projecting mass upon the foot wall
gave rise to a local rent in the diabase. In the Virginia group an irregularity in the dip of the foot wall prevented the broken edge of east country,
the great horse, from following the main body to its final position; and a
crescent-shaped opening resulted which furnished an opportunity for the
deposition of an extensive system of bonanzas. In Gold Hill, on the other
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hand, the opening appears to be a result of non-conformity of the wall
surfaces brought into opposition.
Lateral seeretion.-The course of the ascending waters appears to have
been much influenced by the narrowness of the vein in the lower levels. It
is highly probable that on some straight or sinuous line, at depths greatly
exceeding those yet reached, the vein is closed nearly water-tight from one
end to the other. If so, water ascending in vast quantities, as it must once
have done, would be forced into the network of capillary fissures which
pervades the east country. Having become saturated with soluble substances by contact with the immense sl1lface here exposed to its action,
it wonld seek the main fissure once more as the path of least resistance,
and there deposit quartz and ore through changes in physical conditions, or
in virtue of chemical reactions. It is not unlikely that concentration by
evaporation was an important influence in accelerating precipitation. The
character of the deposited quartz evidently varied greatly from time to time,
but though the causes were probably very simple in their general nature,
the conditions under which they acted, considered in detail, must have been
exceedingly complicated. On the whole, the later deposits were probably
the richer, and it is not impossible that a part of the rich pockets and stringers was formed at the expense of older deposits of lower grade.
The east wall of the LODE is in most places very indistinct, though
occasionally, as at the Savage connection with the Sutro Tunnel, nothing
could be clearer. This is due in part to the percolation of strong currents
from the east country during the deposition of ore, and partly to dynamical
action on irregular deposits crossing the lines of motion.
Probabilities for lower depths.-The COMSTOCK is essentially a deposit at the contact of diabase with underlying rocks, and so long as the hanging wall shows
a heavy body of diabase the prospects for ore are good, mere depth not being
!ikely to exert any prejudicial effect upon the ·ore-bearing character of the
\'em. In the seal:ch for ores explorations should be confined to a moderate
distance ii·om the diabase contact, for no important bonanza except the
Justice body has been found which does not extend to within a very short distance fl'om this contact; nor are any bodies likely to OCC111' far from it which
will pay the expense of discovery. The first condition for the formation of a
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qnartz body is an opening to receive it. The group of mines worked throngh
the Union shaft and the Jacket, Crown Point, and Belcher mines show peculiarities of structure which point to the likelihood of ~nch openings at lower level::>.
Openings such as that which contained the Consolidated Virginia and California bonanza, however, give almost no warning of their approach from
above, and may at any time be struck in the intermediate mines; but a
series of bodies nearly on one level, such as were found in the secondary
fissure (the "Virginia vein") is not likely to recur.

'fEE THERMAL EFFECT OF KAOLINIZATION.

.

Kaolinization hypothesis.-The view that the heat of the COMSTOC·K is due to
the kaolinization of feldspar is new and ingenious, but purely speculative, for
there is no l1nqnestionable, direct evidence in snpport of it; ",hile the process
is so complicated and so little understood that there is abundant room for
difference of opinion in any discussion of the theory involved. Dr. Barus
contrived and executed expe~ments to test the assertion that a rise of temperature followed the action of heated waters from the east-country rock
of the COMSTOCK. These experiments he has described and discussed in
Chapter IX.
The thermal effect of kaolinization may be defined as the quantity of
heat generated by the action of the aqueous vapor on the unit mass -of the
given feldspathic rock in the unit of time. It is to be regarded as a function
of the percentage quantity of feldspar originally contained ill the given
rock, and oCthe temperature of this material, as well as of the time during
which the action has be~n going on. A priori the thermal effect may be
either positive, negative, or zero. The experiments were undertaken to
ascertain ill howfar the fundamental principle of the kaolinization hypothesis,
namely, that the thermal effect is positive, agreed with facts. Such a research
was also desirable because of the intrinsic interest which attaches to the
question.
Considered from a physical point of view, the question is rather a difficult one, and of a kind in which satisfactory results can be reached only
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by a laborious process of gradual approximation. As even in final experiments the thermal effect may escape detection, the purpose of the first experi-.
ments may be said to consi~t in reducing the positive and negative limits
within which this effect must lie to the smallest possible interval.
Character of the experiments.-I n processes such as kaolinization, action may
usually be accelerated by an increase of temperature, provided that the latter
is not sufficient to render the products unstable in a normal case. In the
experiments it would have been desirable to act upon the rock with steam at a
temperature from the boiling point of water upward, but with the primitive
facilities available in Nevada, the use of superheated steam was not practicable.
The apparatus in which the rock was subjected to th~ action of steam
closely rese'mbles that usually employed for the determination of the boiling
point of thermometers. The rock to be acted upon was crushed fine an~
packed into a cylindrical receptacle open at the top, and provided with a
wire-gauze bottom. This was supported in the steam space of a boiler
provided with an external packing. Th\ object of the arrangement was to
allow the heat, possibly generated in the mass ~f rock by the process of kaolinization, to accumulate.
Measure~ents of temperature.-The difference of temperature between the interior of the rock and the steam surrounding it was determined by the
aid of a thermopile consisting of three bismuth-platinu~ couples, one junction being placed at the center of the pulverized rock, and the oth~r in the
steam-jacket surrounding the rock receptacle. The electromotive force was
measured by a method of compensation. The constants of the apparatus
were frequently rechecked, and divers precantions were observed in the
experimentation, and in the mathematical treatm~nt of the measurements,
as is explained in Chapter IX. The means employed enabled the observer to
detect a variation in the difference of temperature between the two ends of
the thermopile as small as 0.0010 C.
Details of apparatus and method.-The boiler was heated by two kerosene stoves,
each containing two broad wicks. The oil could be replenished without
interfering to an appreciable extent with the flames. The water lost by
evaporation was replaced drop by drop by means of a simple device, and a
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glass water-gauge indicated the progress of evaporation. The whole aim
1"as to make the process a continuous one, and, had it not been for accidents, a nearly constant sonrce of heat and a nearly constant water-level
would have made it possible to keep up an ebullition of nearly constant
intensity for an indefinite period of time.
The rock used was earlier diabase from the hanging wa,}l of the LODE
collected in the main Slttro Tunnel. It had undergone only a trifling amonnt
of decomposition.
The experiments were continued during a period of nearly five weeks,
unfortunately with an accident between the first and second, and another
between the second and third. On the average, three observations of the
difference of temperature of the ends of the thermopile, or, say, T-t, were
made during each twenty-four hours.
Mathematical treatm'ent and results.-In order to obtain a comprehensive view of
the large number of data obtained it will be sufficient to assume the empirical
relation,
T-t-~a+(1x,

where a and (1 are constants to be calculated by the method of l~ast squares,
X the time in hours corresponding to any particular T-t, and dated from
the commencement of the series of experiments to which the results belong.
Under variation of a, an apparent thermal effect not due to kaolinization
. may be conveniently understood.
For a a mean value of -0.05° C. was found. The interior of the rock
was, therefore, invariably colder than the surrounding steam It follows,
also,' that it is impossible, even after the lapse of a great interval of time, to
heat so large a mass of material to an equal temperature througllOut. The
variation of a will add itself algebraically to (1; and unless the thermal
effect of kaolinization is comparatively large, will entirely vitiate the significance of the latter constant. (1 gives nominally the rate of increase of
the temperature of the interior of the rock per hour in consequence of a
thermal effect. Instead of reporting (1, however, it is more expedient to give
the corresponding rate B referred to a year as the unit, viz.:
B~

8,765 (1

For reasons which appear in Chapter IX. the experimental data may
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be conveniently divided into two portions. In the first of these it was
found that
B==+ 10.5±Oo.Ij
in the second
B== -0°.9 ±Oo.l.
Hence it appears that the variation of a alone was observed. The
values of B are to be regarded as an index of the errors incident to the
method in its present form, and it is moreover probable that the effect of
kaolinization is negligible in comparison.

THE ELECTRICAL ACTIVITY OF ORE BODIES.

Preliminary statement.-It is well known that Fox, Reich, and others made
experiments of great interest upon the electrical phenomena of ore bodies.
Bernhard von Cotta earnestly recommended that these experiments should
be further pursued, as they seemed to him likely to lead to results of practical importance in the discovery of ore bodies. If this recommendation
has ever been followed out, no account of the investigation has been
published. It was my earnest desire to see the subject pursued, and Dr.
Barus was invited to join the Survey on account of his special fitness
for this inquiry. All the plans and details of the electrical surveys made
are due to Dr. Barus, the general scope of the work and the localities only
being prescribed; and a resume of his results is given below. Neither of
the localities chosen was the best possible for the purpose. It was evidently necessary in such an inquiry to begin by the examination of ore
bodies already exposed. At the date of the examination- there was very
little ore in sight on the CO:\fSTOCK. At Eureka large bodies of ore were
exposed, but being in an oxidized condition would be likely to give weaker
currents than sulphides of similar quantity and distribution. These two
localities, however, were the only ones practically available, and at the same
time accessible through extensive workings. The results are nevertheless
of great interest, and a considerable advance has been made towards a solution. It is one of the plans for the future to repeat these experiments under
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more favorable conditions. The following summary is in .Dr. Barus's own
words:
Nature of the problem.-The problem offered is not apparently a difficult one,
and consists simply in determining the variation of earth-potential at as
many points as may be desirable within and in the vicinity of the ore body;
or, in other words, in tracing the contour and position of the equipotential
surfaces.
It is practicable, however, to systematize the method of research, a
priori. In the first place, Reich's hypothesis that lode-currents, if present,
are due to hydro-electric action is quite a safe and natural one. It is known
that a number of ores-especially sulphides-possess metallic properties.
The presence of two or more of these in the same ore body is not an
uncommon occurrence, and electric action at their surfaces of contact
may fairly be anticipated. The currents thus generated have a very
close analogy to those technically known as "local currents" in batteries,
which are due to impurities in the zinc. In the second place, it is obvious
that if currents are met with in a region of ore deposits, such currents must
be constant, both in intensity and direction, because electrical action has
been going on for an indefinite period of time. The equipotentials corresponding to this flow will, therefore, have fixed and definable positions
relatively to the ore body.
Suppose, now, that from a point remote from the ore body a line has
been drawn towards it and prolonged beyond to about the same distance.
It is not necessary for the present purposes tbat this line should actually
pierce the deposit; but only that certain of its parts should be sufficient.ly
neal' ore, and more so than its extreme points, and that it should lie wholly
within or entirely upon the surface of the earth. Suppose, moreover, that
the ores are so associated as to generate electrical currents.
If, then, beginning at one end of the line the values of earth-potential
are determined at consecutive, apPl:oximately equidistant points, it is obvious,
inasmuch as the line passes by the seat of an electromotive force, or, in
other words, through the field of sensible electrical action, that progress from
one extremity of the line to the other must be accompanied by a pat5sago
of the corresponding values of earth-potential, through a maximum or mill26 C L
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imum, or both, or a number of such characteristic variations. In short, the
earth-potential at any point may be regarded as a function of the distance of
this point from the assumed origin of the line. The assertion that this
function will pass through a characteristic change of the kind specified is
only another way of stating that the line may be chosen so long that,
in comparison with its extent, the field of sensible electrical action will be
local, or its linear dimensions in the direction in question small. Maxima
in a general sense are, therefore, to be regarded as criteria., and as indicating the part of the line nearest to the electrically active ore body.
Practically, since we possess no means of measuring potential absolutely, it is sufficient to assume a value (zero) for one of the points of the
series. The electromotive force between this and any of the other points
is then the potential of the latter.
Methods ernployed.-In making the actual measurements, the simple problem
above enunciated became quite complicated, because the small lode electromotive forces were affected by a number of enol'S, which, in the aggregate,
might possibly produce an effect in the same order. On the COMSTOCK,
where the mine workings were, without exception, in very barren or nearly
exhausted parts of the vein, no definite evidence of currents due to the LODE
itself was obtained. Even at Eureka, in spite of the enormous ore bodies in
sight, the range of variation of potential conesponding to a distance of
2,000 feet in the underground experiments very rarely reached 0.1 volt;
while usually this variation lay within a few hundredths of a volt. These
limits, in a case where such disturbances exist as action between teI'IIl~nals,
polarization, earth currents (normal), bad insulation of circuit at any point,
difference of potential between liquids in contact, incidental effects due to
masses of metal distributed throughout the mine, etc., are to be considered
as comprehending a rather dangerously small interval. This small variation of potential is to be attributed to the 'earthy character of the Eureka
ores. For the manner in which the effects of the disturbances were to a
large extent eliminated, the reader must be referred to Chapter X.
Of the different surveys made, the one on the 600-foot level of the
Richmond mine, west drift, presents the greatest interest, because it was
here that all the precautious necessary could be satisfactorily applied. The
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line of survey, moreover, lay completely outside of the ore body, and all
the points tapped were in rock essentially of the same kind. The measurements were made in various galvanometric ways, and the results were subsequently checked by a "zero" method. It was found that the distribution
of potential along the length of the drift, even after an interval of four
months, had not materially changed, an~ that, on passing from barren rock
towards and across the ore body, small though decided variations of potential were encountered in its vicinity.
Results.-The electrical effects observed were too distinctJy pronounced
to be referable to an aggregate of incidental errors, and they were of the
character which must have been produced had the ore bodies been the seat
of an electromotive force. The experiments made cannot be said to have
settled the question as to whether lode cun-ents will or will not be of practical assistance to the prospector. Indeed, as yet it cannot even be asserted
with full assurance that the currents obtained are due to the ore bodies.
What has been observed is simply a local electrical effect sufficiently coincident with the ore body to afford in itself fair grounds for the assumption
that these contained the cause. Giving the investigations of Fox and Reich
proper weight, however, the supposition that the currents in the Richmond
mine were not due to the ore bodies is extremely improbable. Bnt, unfortunately, they are so weak as to require an almost impracticable delicacy in
the researches designed to detect and estimate them. It is highly probable
that under certain circumstances more poweIful currents are generated than
those found at Eureka. It is not unlikely, for example, that galena, cinnabar, and the copper sulpho-salts produce electrical effects of far greater
magnitude, and that the method might be readily-available for tile discovery
of snch ores. The results thus give much encouragement to further investigations in this direction.
Method proposed.-In the experiments thus far made, the variation of potential along a single line of electric survey only has been determined. It is
obviolls, however, that in order to derive the full benefits from such a method a
numher of these surveys must be coordinated. An endeavor should be made,
by passing toward and from the ore body in all directions, actually to determine the contours and positions of the eqnipotential surfaces. It is not im-
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probable that the interpretation of the results would furnish clews for
the economical exploitation of mines, comparable in value to those of a
pU~'ely geological character. Both should go hand in hand. Under ground,
this general method of research is not always feasible, as it presupposes that
the mine has been already widely exploited. On the smface of the earth,
however, it may to some extent be applied; and in this case the endeavor
would be to obtain the traces of the equipotential smfaces on that of the
earth. Suppose, for instance, that the potential at every point in several
square miles of the earth's surface were kn~wn. Then }et this surface
be projected on a fixed horizontal (" X Y") plane, and the value of earthpotential corresponding to each of the points be constructed as "Z." In
this way a new (potential) surface would be obtained coextensive horizontally with the former. Terrestrial electrical action would manifest itself
upon the new surface as a whole and would not affect its regularity. Local
action, on the other hand, would produce an effect circumscribed in comparison with the hodzontal extent of the area under consideration. We
should expect to find a hillock or depression, or both, or a number of these
inequalities in the imaginary potential smface.

NOTE TO CHAPTER III.

FELDSPAR DETERMINATIONS BY SZABO'S METHOD.
In the present state of lithological science it is most desirable both to determine
the feldspathic constituents of rocks with accuracy alld to bring the evidence of independent methods to bear for this purpose. Where rocks are extremely coarse.grained,
and at the same time carry feldspars the solidity of which is unimpaired by cracks,
the results of the examination of cleavage flakes nnder the microscope leaves little to
be desired; but such rocks are exceptional. The determinat.ion of feldspars in rock·
slides is subject to two disadvantages. Crystals of above a millimeter in diameter are
very likely to be broken in grinding, and thus to escape examination; and though the
microscopist may often infer the presence of two or more feldspars, he can be absolutely certain only of the most basic species present.
Szab6's method,] on the other hand, discriminates with great delicacy, not only
the well·established feldspar species, but also the mixed feldspars, perthite and loxoclase, and the intermediate feldspars, andesine and bytownite, as to the independence
of which mineralogists are not agreed. It is also particularly applicable to the larger
feldspars, so seldom obtained in perfect form in slides. The weakness of the method
lies in the fact that it is not applicable to very fine·grained rocks, or to the minute feldspars of coarser rocks, unless a separation has first been effected by Thoulet's method;
but this limitation does not prevent its being excellently adapted to confirm and supplement the results of microscopic examination.
At the time of writing Chapter III. I did not feel competent to apply Szab6's
method, never having had an opportunity of seeing it carried into practice; but while
the proofs of this volume were under correction, Professor Szab6 visited the country
and was good enough to illustrate his method experimentally to some of the members
of the Survey, including myself. After convincing myself of the accuracy of the
results obtainable and acquiring familiarity with the manipnlation by repeatedly test·
ing a series of classical feldspars, such as anorthite from Monte Somma, labradorite
from Labrador, orthoclase from Baveno, etc., I proceeded to an examination of the
feldspars of the WASHOE rocks, the results of which are given below. From five to
ten crystals in each specimen mentioned were tested, and no results obtained are
.
omitted.
I Joseph Szab6, Ueber eine neue Metbode die Feldspatbe auch iu Gesteinen zn bestimmen.
Pestb, Franklin-Verein, 18i6. See, also, Fouqu6 et L6vy, Mineralogie Micrograpbique, p. 108.
(405)
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Granite, close to Red Jacket mine.
The orthoclastic feldspar gave reactions corresponding to perthite or loxoclase,
showing a mixtlU'e of amazonite with a triclinic feldspar. This mixture is also readily
recognizable under the microscope. The triclinic crystals are in part oligoclase and
in part answer to andesine. l Under the microscope I have noticed no crystals more
basic than oligoclase.
Granular diorite, Bullion Ravine at Water Company's flume.
All the feldspars tested gave reactions for andesine, with a tenuencyrather towards
labradorite than towards oligoclase. Under the microscope the maximum angles found
answered to labradorite, but the occurrence of zonal structure was note(l,2
Granular diorite, Utah, 1950.
In this specimen labradorite, andesine, and crystals of intermediate composition
were found.
Porphyritic diorite, Ophir Ravine, south side.
Labradorite and andesine only were detected.
Metamorphic diorite, Amazon dump.
All the feldspars tested were oligoclase, according with the microscopic results.
Quartz-porphyry, 1,000 feet south of Latoson's Tunnel.
Amazonite and oligoclase were found, as well as a feldspar slightly more basic
thau oligoclase, hnt not so much so as andesine_ This mineral is therefore much more
closely allied to oligoclase than to labradorite. No angles of extinction exceeding
those of oligoclase were observed in the slide. Oligoclase was also fouud in the rock
described on page 109 (slide 304).
Earlier diabase, Sutro Tunnel, north branch, 50 feet south of 0lJhir.
All but one of the crystals tested proved to be labradorite. The exception was
an andesine.
Earlier hornblende-andesite, North Twin Peak.
A single feldspar had a composition intermediate between labradorite and andesine. The remainder were characteristic labradorites. The zonal feldspar described
on page 61, and shown in Plate IlL, Fig. 13, is from the same cropping, though not
from the same specimen.
Earlier hornblende-andesite, 1,200 feet northwest of Geiger Grade Toll House.
The microscopic examination led to the snpposition that anorthite, labradorite,
and oligoclase were all present, the last, however, only as microlites_ The crystals
tested by Szabo's method proved to be andesine aud a feldspar intermediate between
this and labradorite. No anorthite was met with. This fact, however, of conrse does
1 It is usual to regard andesine as peculiar t o volcanic rocks, and the plagioclase of granito is
often supposed to be exclusively oligoclase. Professor Rosenbusch, however (Physiog. der Massigen
Gest., II., 121), mentions finding plagioclases in granites which showed angles of ext.inction corresponding to all of the feldspar species excepting anorthite.
2 For Borne remarks on the indications of zonal structure, Boe page 61.
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not prove that none is present in the rock, but only that it is comparatively infreqnent.
That it was not the predominant feldspar was also inferred from the microscopic
examination.
Augite·andesite, peak south of Crown Point Ravine, marked 7075.
Anorthite, bytownite, and labradorite were detected in this specimen. The
anorthite was fOlmd under the microscope, and its presence prevented the tletection of
labradorite, except among the microlites. Bnt on page 64 it is stated of the augiteandesite that, though" anorthite has been identified in ~ few slides, 'II' 'II' 'II' in most
cases the maximum angles of extinction correspond to labradorite."
Augite·andesite, above Ophir grade, due west of Belcher hoisting.works.
This, too, showed anorthite, labradorit.e, and an int.ermediat.e variety. Anorthite
was found also in the augite· andesite from Basalt Hill.
Later hornblende· andesite, quarry 2,000 feet northeast of Stltro Tunnel Shaft III.
All of the feldspars tested (more than a dozen) gave very sharp reactions for
andesine'! Nearly all of them show zonal structure.
Later hornblende-andesite, quarry 2,000 feet east of Occidental Mill.
An andesine, an oligoclase, and several crystals of intermediate composition
were fonnd. This accords 'excellently with the analyses of these ~eldspars made by
Mr. Dewey.2
Later hornblende· andesite, gnarry above Utah mine.
Labradorite, andesine, and an intermediate varietY were detected.
It was not fonnd practicable to examine the feldspars of the later diabase (black
dike) or the basalt, on acconnt of the fine grain of these rocks.

On the whole, the examination strongly confirms the results of the microscopical
analysis, and the only rocks in which the flame·reactions revealed feldspars which
might have been detected by the microscopic method are the granite and the qnartz·
porphyry, each of which shows, in addition to oligoclase, an unsuspected, more basic
feldspar, which is, however, more closely allied to oligoclase than to labradorite.
While the optical behavior of a few of the large feldspars in the WASHOE
andesites indicates that they are mixtures of different species, this is exceptional.
They are ordinarily polysynthetic individnals, showing only two angles of extinction.
In a large proportion of cases the crystallographic relations of the twinned lamell::e
are further emphasized by the presence of zonal strnctnre. Granting the accuracy of
Szabo's method, it is therefore extremely difficult to suppose that the prevalence of
crystals giving the flame-reactions for andesine in the andesites, and particularly in
the rock from the qnarry northeast of Sutro Shaft III., is due to aggregations of two
ilistinct species. The nniformity of the reactions obtained is also an argument against
1 Profussor Szab6 examined two crystals from this spccimen, and prononnced thelll very cbaracteristic andesine.
• See pag-As 67 :tnd 154.
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such a supposition. In examining some fine instances of so-called pertbite from the
original Canadian locality and from others on the Atlantic coast I have found the
reactions extremely variable, depending, as one cannot but suppose, on the relative
proportions of t.he two component feldspars wbicb bappened to be present in the little
fragment tested. In the andesite referred to, on the other hand, the reactions of tbe
feldspars were as regular as those obtained from different fragments of a single standard feldspar. The facts, therefore, do not appear to me to warrant the supposition
either that these crystals are. mixtures of different feldspar species independently
crystallized or that they correspond in composition to some one of the unquestioned
varieties. They must rather be set down as isomorphous mixtures, in the sense in
which that term is to be understood in Tschermak's theory of feldspar-composition.

INDEX TO MINING CLAIMS.
(Atlas·sbeet IIT.-Map of tbe WASHOE Dl8TUlCT ebowing Mining Claims.]

I

Latitude,
N.390.

Longitude,
W.119°.

I,,

I

Mine.

Latitude,
N.39°.

Longitude,
W . ll90.

Mine.

I

IMinnte•. Seconds. Minutes. SeroDl:.

Minutes. Seconds. Minutee. !secolld •. : _

- - - -- Agassiz .. ... . .
Alabama ...... ... ..•.
Alexander ..•........
I
Albambra .••.•..••..
Allen, or Peruvian .••
·1
Alpha ...•......•....
Alpine ...•......•.... I
Alta .........•••.••••
Alta (Patent) ......••
Amazon ........... __
America .••••.•••.•••
American ______ ..... .
American ... __ ....... .
American Eagle ...••
American Flat ...... .
Ande ............... .
Andrewe ....•. , .•.•.
Arctic .....•.•.....•.
Argonaut .......... .
Arizona ____ e_._._. __
Atlantic ...•.....•..•
Bailey ..•.•.•••..•.•.
Baltic .............. .
Baltimore American .
llaltimoreConsolidated
Belcbapin .....•..•••.
Belcher .........•....
Belcbor Extension •••
Benjamin .......... ..
Benton .........•.. . .
Best & Belcber ..••••
BlueJacket .•..••...•
Boebler .••••...••..••
Bonanza __

·1

0.

________ •

Boyle ..•......•.....•
Brilliant ............ .
Browne .....••.......
Buckeye ..•••...•.•••
Bullion ...•... , •....
Caldwell ••••••. , ••...
Caledonia .••••••.••..

18
17
16
15
19
17
17
16
16
14

19

I
I

14

]5
14
16
18
18
19
15
16
15
18
]6
16
16
16
17
16
15
16
18
19
14

18
16
16
19
16
17
17
16

I

53
50
27
05
27
40
50
30
35
45
07
45
15
45
30
40
25
50
50
50
40
00
35
40
35
45

I

15
45
45
35
27
25
05
55
42
50
20
00
50
15
50

38
37
38
38
38
39
38
39
38
38
37
41
38
38
40
39

15
25
45
16
30
15
20
00
55
40
20
00
25
50
20

38

13
20
43
30

37
37
40
38
37
40
40
40
39
39
39
39
39
38
38
38
38
38
38
38
37
39
38
39

00

55

25
38
10
05
15
30
18
15
00

50
22
30
58
50

I

57
17
35
08
39
60

California .. .• . . . ....
California .... ... . .. ...
California Bank .. .....
I Capital. ...... .. . ..
Capital No.2 ..........
Carolin& . •....... "'"
Carolina ..............
Careon .... • .......•...
Cavonr .......... _.0.
Cberokee .............
Chollar ...............
I, Chonta ...............
Chont" ... . .. ... . ....
City of Melbourne ....
Clemons . •.•..........
I Cliff Honee ...... . ...
Clyde ..... . ........•..
Cole ...... . ......•....
Colorado . . .. -- .... _.
Coloeens .............
Columbi" .............
Columbia .............
Columhia .............
Comet .•••••...••.....
Comet Extension .....
Compromiae . ....•.••.
Concordia .. .. . - ....
Confidence ...•......• .
Coneolidated Virginia .
Cook & Gray . .. .. .•. . 1
Cosmopolitan ..... .. . '
I

~

I

~:::~.~~~i.t~~. : : : : :: . :.1
Coupon .. . ............
Coupon No.2 ...•. . .
I Coye ..................
. Crevice ....... . ... :.
Cromer. ... _ ...... . . Crown Point ......... .
Crown Point Exteneion
Crown Point Ravin e .. I

18
16
19
16
16
19
16
15
19
15
18
16
16
17
18
16
16
18
19
19
19
14
14
15
15
16
18

I
I

1

OU

I

20

I

!

40
30
10
05
30
15
40
35
35
30
10
10
30
20
15
05
30
20
56
20
05
30

38
39
38
38
38

37
38
37
37
38
39
39

I
I

50
50

J7

18
16
18
16
16
15
15
14
17
15
17
17
17

40
20
40
30
50
35
18
00
27
30
05
45
28
20
52

I

I

39
38
39
38
39
39
38
37
37
38
a8
38
38
38
37
39
38
38
37
38

38
38
38
38
39
38
39
39
39

(409)

50
30
00
43
45
52
08
50
10
17
00
]2

07
20
12

ao
00
18
00
00
25
22
25
51
5<;
20
25
20
50
21
15
00
40
55
55
25
06
10
20
18
32
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Index to mining claims-Continued.
Latitude,
N.3!JO.

Mine.

Longilude,
W.119°.

Lstitnde,
Mine.

N.3!JO.

Longitnde,
W.119°.

Minutes. Seconds. Minutes. Seconds.
Minutes. Seconds. Minutes. Seconds.
- -- - -- - - 1- - - - - - - - - - - -111-- - - -- - - 1- - - - -- - - - - - Crystal Ridge .. .. . .. .
19
20
37
05
German .. ........... ..
20
16
38
18
20
Cul ver...... ... .......
17
38
30
German ............. ..
15
16
38
20
Vu\v er Addition......
17
15
38
37
Gila Mina ........... .
16
05
38
32
Cnrtis ....... ..... ..
17
10
10
Glasgow ............ ..
39
14
50
38
30
Dalley............... .
14
40
38
10
Gleu ................. .
19
40
37
20
Daniel W ebster. .. .. . .
19
45
36
55
Globe ............... .
40
16
40
38
Dardanelles. ..........
16
55
39
27
Golden Arrow ....... .
19
10
37
10
Dardanelles...........
16
15
38
02
Gold Hill Company .. .
16
40
37
25
Dayton ...............
15
20
38
11
Gold Hill Tunnel .... .
17
30
39
10
Dayton No. 2..........
14
15
Gold Lead .......... ..
38
20
19
10
38
46
Dean .................
16
50
37
40
Gold Leaf ........... ..
35
15
38
35
• De Forest.............
15
15
39
05
Goodman ............ .
15
40
10
39
Delaware ....... ......
15
41
15
55
Gould & Cnrry ..... ..
18
20
38
50
Del Rey ..............
15
30
35
40
Grant ................ .
50
15
38
10
Dex t er...... .........
18
37
50
30
Great Eastern ....... .
18
05
37
30
Dexter ...............
18
37
10
35
Great Western ...... .
14
35
38
15
37
Diamond..............
19
27
45
Green ............... .
15
50
38
40
15
Dios Senor..... ......
14
38
Grosh ............... .
45
17
35
39
00
Drex el..... ..........
15
20
38
20
Grosh Consolidated .. .
17
33
38
50
E. Vhapin.............
16
50
39
15
Hale & Norcross ..... .
10
18
39
00
E. Vomstock ...... ... .
16
39
15
Hale & Norcross, S. E.
55
Edinlmrgh............
14
38
55
40
Extension ......... .
17
45
38
40
E. Enropa ...... ......
17
37
Hardy ............... .
38
35
18
45
38
35
15
39
Hsrlem ............. .
Elevator... .... .. . . .. .
15
30
30
15
39
10
37
Elliot................ .
19
30
Hartford ............ ..
35
05
38
16
55
38
Emigrant.............
15
28
Hawkeye ........... ..
50
16
20
37
30
38
Enderwood ........ . .
16
45
Hawley Consolidated .
10
14
05
38
15
English Company.. .. .
16
39
05
Haywsrd ............ .
15
17
27
38
05
Enterpriso...... ......
16
39
30
Hector ............... .
40
15
19
38
15
E. Ovormsn ...........
17
38
25
Henry Clay .......... .
10
19
37
37
00
38
E. Savage. ...... ......
18
15
10
Hercules ............ ..
18
35
37
35
36
45
Hillside .............. .
Esperance ...... . . .. ..
19
50
15
15
35
38
38
10
Holman ............. ..
Espernnza . ..........
15
36
16
20
30
38
37
Essex.............
18
55
15
Imperial ............. .
17
38
39
20
E.Star................
15
05
38
35
Independent ........ ..
19
55
15
38
E stelle...... ..... ... .
15
30
30
Industry ............. .
38
15
35
37
50
E uropa ............. ..
17
38
45
Insurance ........... .
30
18
45
39
02
45
15
Iows ................ ..
39
E xchequer. .......... .
17
19
00
50
38
E. Yellow Jacket . ....
17
38
30
Irving .............. .
25
19
45
37
38
38
lli
Jackson ............ ..
Fairfax ....... . ... .. . . 1
18
45
15
10
20
38
Flora Templo. . . . . . . . .
16
38
20
10
Jacoh Littlo ........ .
19
10
48
38
20
Florida ...... .. .......
15
40
30
James ............... .
19
50
20
38
Fraucisco Marsano . _
19
40
37
10
Joe Scates ........... .
30
18
38
26
Frankel..............
16
38
40
:lO
Joe Scates ........... .
18
15
33
38
18
Franklin·German .. . . .
15
15
37
30
John Auer .......... ..
18
37
30
French ...............
14
20
Julia ................. .
50
55
38
17
38
50
Julia, E. Extension ... .
25
Front Lode Consoli·
50
38
17
dated ...............
16
10
Julia No. 2 ........... .
35
55
39
50
38
17
Fry...................
19
55
Jnra ................. .
40
20
35
16
55
37
Fry...................
16
06
Jnstice .............. .
02
55
39
16
20
39
Genesee...... ........
14
38
10
Kate ................. .
18
35
37
35
55
18
55
Georgia...............
15
40
40 , Kennebeo ............ .
60
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Index to ntining claints-Continued.

I

Mine.

Latitude,
0
N.39

•

Longitude,

W.n9°.

I

ii
~e .

-.-----'

Keystone ..... .. - .. --. ,
Knickerbock,·r .- ---Kossuth ._ ....... --KossuthExtcllsion. __ '
Lady Washingtoll ....
LaFayette . _____ . . _._
Lauzac . _____ .. _. __ ...
LaPlata ____________ _ ,
Lassen _______________ .
Lawson ______ .. __ . ___

.j

Leo ____ .______________

Leviathan ____________
Lexington ____________
Lincoln______________
Little Giant._________
Little York __________ .
LookouL_____ _______
Lord of Lorne ________
Lowery ________ .______
Low Hange _____ . ____
Lncerne ______________
Mackey ________ .______

---1-5- ---3-8-

16
16
15
15

35
48
00
15

39
40
38
38

10
05
05
00

16
18
15
17
19

30
25
30
15
40

39
37
38
39
37

05
30
45
40
35

16
16

30
05

40
38

40
35

17
16

10
00

39
39

20
07

19

20

38

55

16
19
14

03
25
45

38
38
37

39
45
40

15
16

50
55

39
38

40
00

18
16
19

20
07
10

38
38
37

24
50
05

Margarita __________ .
Margarita No_ 2 ______ _

19
19
19
19
19
18
18
16
16
16
18
14
16
20
15
18
18
16
16
16
16
16
18
16
17
16
17
18

55
20
15
35
10
15
50
40
10

36
37
37
37
38
38
38

30
25
20
15
10
15
05

MaranDo ..... _....... _

Marvel ______________ _
Mary ________________ _
Mary Auu ___________ _
Maryland ______ . _____ _
McErlain ____________ _

40

00

McGinnis & Bazan __ _
McKibben ___________ _
Memllon. __ ...... ___ ..

Memphis ____ .--------Metela. ______________ _
Metropolitan. __ . _. __ ,
MIjAican .... _________ _

Miami _______________ _
Midas _______________ _

MillSite _____________ _
MillSite _____________ _
lIi1l Site. ____________ .
Mill Site _____________ _
Miut ______ . __________ _
Mississippi __________ _
MissOUl!i ............. .

Mitchell _____________ _
Modoc ChieL ________ _
Monte Christo No.2 ,_

20
42
10
35
02
00

50
40

00
45
45
35
20
10
05
35
17
20
20

38
37
39
38
39
38
38
38
38
38
38
40

37
40

38
38
38
38
38
37

10
40

12'
]5

03
10
10
45
10
20
25
25
37
20
30
25
25
47
45
10

Longitude,
W.ll90_

.

Minutes Seconds Minutes 'Seconds

II
- -1- 0- - -M- o-u-t-e-C-',is-to--.-_-_-. .-_-._-_·'---1-8--

Mauhattan Cons 0 Ii(lated ._. ___________ _

N_390_

______,-_____ 1______, -____ _

Minutes. ISeconds. Minutes.1Seconds. i

_.-__-.___-___ ---2-0-K- e-)-.s-to.:. _--

Latitude,

Montezuma _________ .
MonumentaL. ___ .. __.
Mooney & Wlliteman.
Moorc&Morgan. _____ 1
Morning Star No_ 2 . _' 1
Mountain View_._. __ _
Nagle. ________________ 1
N_ Chipman ______ . __ _
N_ Comstock ______ . __ .
N. Consolidated Virginia ____________ . __ _
1I N,nayton _____ . _____ _

Nevada ______________ _
Nevsda No. 3 ___ . ____ _
NewEmpireState ___ _
I New Oregon _________ _
New York ______ . ____ _
New York Mill Site __
Niagara ._ .. __ ..... __ _
Nigger Havine _______ _
N. Knickerhocker ___ _
N. Lexington. _______ .
N. Mexican . ______ . __ _
N. Milton _____ .. _____ _
N. OccidentaL_ ... __ _
N_ Ophir. ___ .. _______ _
North _______________ .
Northern Light. _____ _
Northern Light ______ _
N_ Prospect ._. ______ _
N_ Star _________ . ____ _
, N Star ______ . ___ . ___ _
Occidental ___________ _
Ollio ______ . __ ._. _____ _
Ontario ________ . _____ _
Ophir ______ . ____ .... _.
Original Gold llill . __ .
Orleans ______ . _.. _. __ _
Oro __________ • _____ .•.
------------------II Oro
Ovennsn ______ , _.. __ _
No.2
I'I' Overman
Overton . ____ .. _

"'_0_-

Palmetto. __ . __ . _____ _
Patten _________ . _____ _
Pearson ........... ___ .
Pernvisn, or Allen. __ _
Peytona ______ . __ . ___ .

Phrenix-Western . ___ .
Pictou ________ • ______ .
Pioneer •••• ____ •• ____ _

18
17

~ ~I----;-;

14

30
10
25

37
38
38

40
50
15

17
18
19
16
17
IP

35
57
15
00
17
25

38
37
37

30
30
45
10
47
10

18
15
16
16
20
16
16
16
16
16
17
16
19
19
17
19
20
18
18
17
19
15
17
19
17
18
17
19
19
17
17
16
19
18
16
16
19
19
15
16
19

55
20
30
25
30
50
45
43
05
00
00

20
08
20
20
05
15
20
53
20
15

40

38
38
38
3S
40
40

38
40

39
39
38
38
39
39
38
37
37
3S

05
30
30
24
15
05
07
02
40

00
60
10
05
40

43
15
50
20

38
37
38
37
37

55
15

40

40

40

05
50
20
45
35
50
55
12
05

37
37
39
37
39
38
38
39
39
39
39
39

43

40
00

42
35
25
27
25
15
, 10
20

40

38
38
38
37
39
37

00

40

50
50
28
30
45
40

35
25
20
12
00
50
30
35
50
20
50
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Latitude,
N_390_

Longitnde,

Latitude,

W_1190_

Mine_

N_3go_

Mine _

_ _ _ __ _ _ _+Min_-_u_te_s- s_oo
_ o_nd_S_- Min_-_n_te
_ s- _se_oo
_ n_d s_-_II __ _ __ __ _ _ 1Min
__-_ u_te_ePiute __ ___ _•___ __ __ _
Plato ________ -' _______ _
Plntus _______________ _
Porphyry ____________ _
Potosi _______________ _
Pride of Waehoe _____ _
Prospect _____________ _
Red de White Croes __ _
Reno ______________ ___
Rock Island _________ _
Rocky Bar ___________ _
Roman Capital ______ _
R. R. Consolidated ___ .
Sacramento ______ . ___ _
Sadie ____________ ._ . __ .
Sallie Hart ________ ___ _
San Francisco . ______ _
Santiago _____________ _
Savage _______________ _
S. Belcher ___________ _
S. California _________ .
S. Chipman _______ . __ .
S_ Coneolidated Virginia. ___________ . __ _
Scorpion _________ . ___ _
sec_ Line ____________ _
Seg. Belcher ____ . ____ _
Senator ______________ _
Sewell & SheeL ______ _
S.Groeh _____________ _
Shamo ______ . ________ _
Shanley ______________ _
Sheridau _____________ _
Sherwood ____ . ______ __
Sierra ______________ .
Sierra Nevada _______ _
Silverado _______ . ____ .
Silver CeutraL. ______ _
Silver Hill ______ . ____ .
Silver LeaL __________ _
Silver Leaf . _________ _
Silver Star. __ . ___ . ___ _
Solid Silver. _________ _
South Buckeye ______ _
South Comstock _____ _
South End ______ . ____ .
South Jacket ____ . ___ _
South Lucerne _______ .
South Overman ______ _
South St_ Louie ____ . __
Southern Star ________ _
Stevene. _____________ _
St_ John's_. __________ _

16
16
18
20
17
18
17
18
18
16
18
18
17
19
18
19
15
15
18
17
16
17
15
19
16
17
18
14
17
18
18
19
16
16
19
16
15
16
17
15
16
19
15
15
'15
17
15
16
16
15
16
17

40
00
10

38
38
38
38

55

39

20
10

39

35

55

38
38
38
40
38
38
38
38
37
38
40

05

39

15

38

00

39

50

38
38

20
35

15
40
25
50

10
30
30

10

48
05
20
45
05
05
00'

20
10
37
00

28
20

48
10
10
25
20
55
18
15
45

40

39

05

05

37

50

48

39

25

10
00
40
20

39

30

38
37

35

39

00

45

38
37
38
38
38

25

38

20

38
15
50
05
10
05
00
10
30
45
55
05
10
55
30
00
55
30
40
15
26
30

37
37
38
38
38
37
38
37
38

47

13
45
53
53
45

56
50

15
30
20
55
35
30

39

00

38
38

35

39

25

38
38
38
37

40
55

45
45

35

St. Lawrence ________ _
St_ Louis. ____________ _
St_ Louie _____________ _
Storey __________ . ___ _
Storey ___ . ___________ .
Sncoor ______________ _
Snllivan ________ . ____ _
SnnriBe __________ . ___ _
SnnriBe _____________ _
Superior _: __________ __
Sutro ________________ _
Swan ________________ _
Table Mountain _____ _
, Tam O'Shanter _____ _
T_ & C_ Brooks __ ------

Tarto ___________ · ____
ITehama
______________ ,
1

Thornberg. __________ _
Thornton ____________ _
Troy Coneolidated . __ _
Tucker _. ___________ _
Twin ________________ _
Twin Peaks __ .. _____ _
Tyro _________________ _
Union Consolidated __ _
Utah __________ . _____ _
Utah _________________ _
Utah, let N. E_ Extension. __ ... ____ ..... __ ..
Uiah,2d N. E. ExtensioD._ .. __ ._ ....... __ _

Venie ________________ _
Vermont ________ . ____ _
Viotoria Garber ______ _
Virginia Standard ___ _
Vivian _______________ _
Volcano _____________ _
Vulcan ______________ _
Ward ________________ _
Ward ________________ _
Wasatch ___ . _________ _
Washoe Consolidated_
Waters ______________ _
W_ Belch"r --.-- ----- __ I
W.CrownPomt ______ .
Webher ___ . ______ . __ _
Wells-Fargo _________ .1
Western _____________ _
W_Juetice __________ _
Woodville __________ _
W_ Siar ______________ .
Yankee -- - -- -- -- - - -- -Yellow Jacket ______ _

I

14
19
16
17
17
16
16
19
17
17
19
16
15
15
14
16
17
19
19
19
17
16
17
20
18
19
16
19
19
18
18
19
18
16
15
15
19
17
18
16
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17
17
14
19
15
16
16
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16
17

Lon~tnde,

W_llgo_
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35
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00
05

00
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38
37
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37
39

50
45
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15
00
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00

38
38
37
37

35

39

55

30

40
20

35

38
40
38

50

39

24

10
13

52

50
05

40

45
35
30

23

30

38
38
38

50

38

30

00

37
37
38
38

50

40
20
10

39

05

35
00

00
05
15

05
11

55

38
38
38
40

40

38

10

50

38
38
38
37
37

00

55
35

55
48
05

40
15
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30
45
38
25

38
39.

38
'38
38
38

40
45
30
30

05

20
35
05

10
00
35

20
45

35
32

39

05
55

37

35

20
15
40

39

40

39

35

38
37
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00
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20
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45

39

10
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38

55
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(To facilitate the use of the geological map, Atlas·sheet IV., the positions of the more noteworthy localities mentioned
iu the text. are indicated in the Index by lettel's and nnmbcrs attached in parentheses. The map is provided with a cor·
responding series of letters and numbers auswering to each minute of surface.]
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