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THE GENESIS OF THE ORES AT TONOPAH,

NEVADA.

By Epsox S. Bastiy -and Francis B. LanEy.

INTRODUCTION.

In the spring of 1915, while engaged in a
study of silver enrichment for the United
States Geological Survey, Mr. Bastin spent a

month at Tonopah, Nev., in studying the ores’

and their mode of occurrence. At about the
same time Mr. Laney was directed by the
United States Bureau of Mines to make collec-
. tions of Tonopah ores and to study their
" mineralogy in connection with the researches
of that Bureau on their metallurgic treatment.

To avoid duplication of effort and to secure the [

added fruitfulness which should follow the con-
centration of more than one mind on a scientific
problem, it was decided to ccmbine these efforts
in so far as the two fields of research overlapped.
The paper accordingly presents the results of
informal cooperation between the Geological
Survey and the Bureau of Mines.

The investigation was intended to supple-
ment the important work of Spurr® and
Burgess 2 by applying to the ores methods of
microscopic study which were not in general use

by economic geologists at the time their reports.

were prepared, but which, in other districts,
have proved of material assistance in the mter-
pretation of ore genesis.

For the structural observations and the dis-
cussion of the mine waters the senior author is
respons1ble for the detailed mineralogic and
microscopic studies both authors are re-
sponsible. They are indebted to Mr. Chase
Palmer, of the United States Geological Sur-
vey, for careful analyses of samples of the
mine waters and for chemical and mineralogic
studies, and to Messrs, F. L. Ransome and
Adolph Knopf, also of the Survey, for valuable
criticisms and suggestlons

The mine operators and others in Tonopah
gave generously of their time and their knowl-
edge and contributed many choice specimens
in furtherance  of the work. To them the
writers’ sincere thanks are offered. ‘

THE TONOPAH DISTRICT.

The Tonopah mining district is too well
known to require an extended description.
From the discovery of its ores in 1900, its out-
put has increased year by year until in 1915
its production of silver was exceeded in the
United States only by that of Butte. Its
metal output since 1904 is shown in the follow-
ing table, compiled by V. C. Heikes,® of the
'Geologlcal Survey:

Gold, silver, copper, and lead j)roduced fm.Tonopah district, Nev., 1904-1916.

Number . Total
Year. of pro- Ore. ° Gold. Silver. Copper. Lead. (})
ducers. ‘ value.
Short tons. Fine ounces: | Pounds. | Pounds.
........................... 10 22, 703 $386, 526 2,119,942 | ... ... ... $1,594, 893
......................... 12 91, 651 1, 206, 345 5,369,439 | .. ... l]o........] 4,449,486
......................... 9 106, 491 1, 304, 677 5,697,928 |..... .. ..|..........] 5,122 289
......................... 10 214, 608 1,183, 628 5, 370, 891 5,939 195, 508 4,739, 966
......................... 13 273,176 | 1,624,491 7,172,396 |....... . eoooilll] 5,425, 861
......................... 9 278,743 | 1,400, 361 7,872, 967 1,784 1,488 | 5,494, 600
......................... 18 365, 139 2, 303, 702 10, 422, 869 942 6, 902 7,932, 475
1911, oo 19 404, 375 2, 366, 495 10,868,268 |.........]eeeee... 8, 126, 677
1912, .o 17 479, 421 2, 223, 878 10, 144, 987 14 700 8, 463, 079
1913. oot e 32 574,542 | 2 613,843 | 11,563, 437 1,150 9,001 | 9 598 733 .
Lo 23 531,278 | 2 648,833 | 11,388 452 2, 284 924 1 8,946, 987
......................... 22 516,337 | 2,228,983 | 10,171,374 {..........[..........] 7,385,870
.......................... 21 455,140 | 1,941,441 8,734,726 [..........|-eeee... ] 7,688,801
.......... 4, 313, 604 | 23, 433, 203 | 106, 897, 676 12,113 214, 523 84, 969, 807
lSpurr, . E., Goology of the Tono? ah mining district, Nev.: U. 8. Geol. Survey Prof. Paper 42, 1905; Geology and oro deposits at Tonopah,
Nev.: Kcon. 901051\ vol. 10, pp. 713-769, 191
2 Burgess J. A he geoloFy of the %ﬁ)nucmg part of the Tonopah mining district: Econ. Geology, vol. 4, pp. 681-712, 1909.
3 Heikes, V. ¢C i Geol.” Survey eral Resources, 1914, pt. 1, p. 702, 1915; idem, 1915, pt. 1, p. 647, 1916.
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The copper and lead came from properties
closely adjoining the district. During the
years represented in the table dividends were
paid amounting to $21,000,000.

The average Tatio of the gold to the silver
in ‘ounces recovered during thls perlod was
about 1: 98.

The total average recovery value per ton of
the oré produced in 1913 was $16.71, in 1914
$16.84, and in 1915 $14.30. Most of the ore
mined is treated by cyanidation, with or with-
out concéntration: It is stated that in certain
plants ore assaying as low as $8. a ton can
under certain circumstances be profitably
treated.

STRATIGRAPHY

"It was not the writers’ purpose in visiting
Tonopah to review the work of Spurr and of
Burgess on the age and mutual relations of
the rock formations of the district; nor would
this have been possible in the short . time

Geologic formations at Tonopah, Nev.

available for field work, as will be ‘readily

appreciated by anyone familiar with the re-
markable complexity of the geology. The
divergent views of Spurr and Burgess have
been summarized with unusual ‘clearness by
Augustus Locke.! Locke’s own views are so
nearly in harmony with those of Burgess that
it appears unnecessary to present them sep-
amtely The following brief summary of the
major stratigraphic features of the district will
assist in understanding the data on the gene-
sis of the ores prescntcd in this paper.

The Tonopah district is underlain by a thick
series of rocks that are products of volcanic
- activity and are believed to be of Tertiary
age. Broadly classified, these rocks consist of
a lower series, mostly rhyolitic, which is over-
‘lain by two andesites, distinguished as
“‘earlier” (now termed Mizpah trachyte by
Spurr) and ‘‘later (now termed Midway)
andesite.” The ‘‘later andesite” is overlain

Origin and relative age according to .
Spurr.

Approximate stratigraphic
" succession.

Origin' and relative age according to
. Burgess.

11. Intrusive as volcanic necks.
) rhyolite.

Brougher dacite and Oddie

9. Surface flows and the conduits th.rough
which the lavas rose.

10. Surface flow. Basalt.

‘8. Surface flow.

8b. Intrusive..

Tonopah rhyolite of Spurr in
northern part of area.

6b. Surface flows.

9. Lake deposits of volcanic material. Siebert tuff.

7. Lake deposits of volcanic material.

" 8a. Intrusive, surface flows and tuffs.

Tonopah thyolite of Spurr in
southern part of area.

6a. “Surface flows of rhyolites, and

7. Tuffs and mud flows. -

Fraction dacite breccia.

breccias.” Not separately considered.

6. Volcanic necks and poss1bly some sur-

face flows.

Heller dacite.

5. Surface flow.

Midway andesite or ‘‘later
andesite. ”’

5. Surface flow..

1b. Surface flow.

Mizpah trachyte or
andesite.”

‘““earlier |-

4. Surface flows.

.4. Intrusive sheet.

West End rhyolite or ‘“‘upper
rhyolite. ”

3. Surface flows.

3. Intrusive sheet with many inclusions.

Montana breceia. -

la. Basal phase of Mizpah trachyte flow.

Glassy trachyte.

Not specifically mentioned but evidently
classed as surface volcanic rocks. (See
Burgess, J. A., op. cit., p. 682.)

2. .Flat-lying intrusive.

Sandgrass or

“caleitic”’
andesite. '

2. Surfﬁce flow.

8c. Intrusive with

“autobrecciationr 1

Lower rhyolite.

1. Complex of tuffs, breccias, and flows.

1 The geology of the Tonopah mim'ng.district: Am. Inst. Min, Eng.

Trans., vol. 43, pp. 157-166, 1912,
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by rhyolite, lacustrmo tuffs, and thin ﬁows of
basalt. In spite of complicated faulting most
of the volcanic formations are rather flat-
lying. The 'middle column of the table on
page 8 shows the formations that have been
recognized, arranged in the normal order of
superposition In the left-hand column is
gwen Spurr’s latest 1ntcrp10tat10n of - their
origin and age relations, and in the right-
hsmd column Burgess’s interpretation. The
numbers indicate the relative ages under the
two interpretations; formations that are re-
garded as contemporaneous are given the same
number but-differentiated by letter, as 8a, 8b.
The two interpretations differ materially, most
of the rocks which Spurr regards as flat-lying
intrusive rocks being interpreted by Burgess
as flows poured out upon ancient surfaces.
The decision between these two interpre-
tations must be left to future students of
Tonopah geology. Successful refutation of
the detailed Work of Spurr and his associates
must be founded on observations comparable
with theirs in detail and comprehensiveness.

RELATIONS OF ORES TO INCLOSING ROCKS.,

The bulk of the metal production of  the
district has come from ore bodies lying wholly
within the Mizpah trachyte (‘‘earlier andes-
ite”’). Within recent years, however, as the
result of deeper development and under-
ground exploration of new territory, an in-
creasing percentage of the output has come
from ore bodies bounded on one or both sides
by other formations. Many of the veins, for
example, whose upper portions are wholly in
the Mizpah trachyte have at greater depth

-one or both walls of West End rhyolite. Spurr!
believes that the productive veins are of sev-
eral ages and classifies them as first-period
and second-period veins, the latter with four
subclasses. He recognizes also third-period
veins, which are not productive. The veins of

" the first period he believes are older than the

" Montana breccia and West End rhyolite; those

of the second period -are younger than these
formations; and both sets are older than the

‘“cap rock” or Midway andesite.

The writers had little opportunity to study
in the field the structural evidence on which

t 8purr, J. E., Geology and ore deposits at Tonopah, Nev.: Econ.
Goology, vol. 10, pp. 751-760, 1915.

Spurr bases his classification. Lockc2 says
““There is no mineralogical dlstmctlon what-
ever to be made between many veins which,
according to the hypothesis [Spurr’s], should
belong to different periods.” The writers’
observations tend to indicate at least the
approximate correctness of Locke’s state-
ment. The principal productive veins of the
region show notable similarity in the minerals
present and in the mutual relations of these
minerals. The ore of the Belmont vein, for
example, which Spurr classes as a first-period
vein, is practically identical in mineral com-
position with that of the MacNamara and
Fraction veins, which he classes as second-
period veins.
veins of supposed different ages are commonly
no greater than may be observed in different
parts of one continuous vein. In most of the
““first-period”’ veins there is little evidence of
fracturing of the ore and filling of the frac-
tures by later ore except that resulting from
downward enrichment. Upon the sole basis
of the mineral composition and texture of the
primary ore there would be little reason for
the impartial geologic observer to regard the ~
principal productive veins as of more than
one age. - Mineralogic similarity can not,
however, be taken as proof of contemporaneity,
for in a region where there has been recurrent
volcanic activity it is possible if not probable
that similar mineralization might take place

at more than- one period. Structural obser-

vations must furnish the final test.

" In the descriptions here given the ores of the
principal productive veins are described as a
unit but without implication of precise
equality in age. The wolframite of the Bel-
mont vein is an exception, for it is shown
by textural relations to be somewhat later
than the silver ore with which it is associated.

As emphasized by Spurr ® the ores of Tono-
pah are in the main replacement deposits
along sheetlike zones of fracturing.. They are
therefore typical replacement veins. Every
gradation may be traced from heavy sulphide
ore into slightly replaced wall rock. Ore- -
cemented breccias, true crustification, comb
structure, and other features characteristic of

2 Locke, Augustus, The geology of the Tonopah mining district: Am.
Inst. Min. Eng. Trans., vol. 43, p. 164, 1912.

3 Spurr, J. E., Geology of the Tonopah mining dxstnct, Nev.: U. 8.
Geol. Survey Prof Paper 42, p. 84, 1905.

Mineralogic differences between . -
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the filling of open spaces are rare or developed
only on a small scale.

conspicuous, is possibly to be explained by dif-
fusion ! during replacement.

Most of the veins dip steeply, but some, like
the West End and MacNamara, are only moder-
ately inclined.

DIVERSITY IN MINERALIZATION.

Whatever may be the differences in- age
among the veins of Tonopah, it is certain at
least' that most of the ores represent the net
result of several successive geologic processes.
A study of their texture and mineralogy makes
it possible to group the ore minerals according
to. their relative ages and to reach conclusions
in regard to the nature of the processes respon-
sible for the deposition of each group.

The solutions that deposited the great bulk
of the minerals of the Tonopah ores were, it is
believed, exudations from cooling, buried
bodies of igneous rock or magma. In express-
ing this view the writers accept the opinion of
Spurr for the Tonopah district and align their
conclusions with the trend of opinion among
American geologists in regard to the genesis of
the majority of precious-metal lode deposits.
The accumulation of independent evidence of
such an origin would have involved structural
and stratigraphic studies for which the writers
had little opportunity. Such mineralization
is commonly termed primary, but the writers
prefer to use the term hypogene, proposed by
Ransome.? Solutions coming from great
depths within the earth and having a general
upward flow will therefore be termed hypogene
solutions and the work théy accomplished hy-
pogene mineralization.

After the hypogene mineralization the slow
removal of the covering of volcanic rocks by
erosion exposed the upper parts of many of the
veins to the action of the air and of waters of
surface origin. By the combined attack of these
agents upon the upper parts, of the hypogene

1R, E. Liesegang (Geologische Diffusionen, Dresden, 1913) has shown
that certain phases of banded structure may be produced by rhythmic
precipitation during the diffusion of a solution into some medium with
which it reacts chemically, or by simultaneous diffusion of two mutually
interacting solutions into an inert medium. It is highly probable that
some of the banding observed in ores formed by replacement has devel-
oped in this way.

2 Ransome, F. L., Copper deposits near Superior, Anz U. 8. Geol.
Survey Bull 540, p. 152 1914,

Banding somewhat re-
sembling true- crustification, which is locally

GENESIS OF TRBE ORES AT .TONOPAH, NEV.

ore bodies, silver and other metals were dis-
solved. These metals were carried downward
in_ solution and eventually redeposited, com-
monly in fractures or vugs in the hypogene
ores. These.are the processes commonly re-
ferred to as “oxidation’ and “enrichment,”
but they will be referred to collectively in this
paper as supergene mineralization.?

. Although . supergene = mineralization ‘has
playéd an interesting part in the genesis of
certain of the Tonopah ores, it appears to have
been quantitatively much less important than
the liypogene mineralization. Most of the ore
bodies in which it was most prominent are
worked out, and the principal dependence of

the mines to-day is upon ores that, the writers:
believe, are almost wholly of hypogene origin.

HYPOGENE MINERALIZATION.

The hypogene ores will be considered first,
because they are at present the principal
economic resource of the camp and are the
parent type from which the supergene ores
were derived.

HYPOGENE ORE TEXTURES.

The ores of Tonopah occur in veins that
were formed mainly by replacement ¢ of the
country rocks along zones of closely spaced
fracturing. Ore deposition in open spaces was
an accompanying but minor process. In
places, conspicuous slip planes, accompanied
by much gouge, limit or 'traverse the ore
bodies, - but commonly the ore bodies are with-
out definite walls on one or on both sides.

LARGER TEXTURAL FEATURES.

The observations .here recorded on the
larger textural features of the hypogene ores
were mainly incidental to the microscopic
studies. A complete study of the larger vein
textures was not attempted.

Bandmg in the ores was partlcularly con-
spicuous in parts of the Murray veins and

‘commonly presents the appearance shown in

3Tdem, p. 153, ‘The suggestion is offered that minerals deposited by
generally downward-moving and initially temperate solutions may be
termed supergene minerals.” _

4 The term “replacement,’” as used by most economic geologists, sig-
nifies the removal of material by solution and the immediate deposition
of different material in its place—either the removal of rock minerals
and the deposition of ore minerals or the removal of one ore mineral
and the deposition of another.
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A. BANDED HYPOGENE ORE.

Enlarged 1} diameters. The light-gray areas are mainly a fine intergrowth of ferruginous rhodochrosite and quartz;
the dark-gray to black areas are mainly quartz carrying hypogene sulphides in numerous very minute grains.
The radial structure of some of the rhodochrosite-quartz intergrowths at right angles to the banding is dimly
shown. Belmont vein, 1,000-foot level.

B. BANDED HYPOGENE ORE.
Murray vein, Tonopah Extension mine, just below 950-foot level. One-half natural size.
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A, B. SUPPOSED HYPOGENE VEINLETS OF PYRARGYRITE.

The veinlets pass from areas of partly altered wall rock (a) into quartz areas (b) and become less well defined in
the quartz. Tonopah Extension mine, exact location uncertain. Natural size.

C. BRECCIA OF QUARTZ AND SERICITIZED WALL ROCK PARTLY REPLACED BY PYRARGYRITE
(BLACK).

Photomicrograph of polished surface of ore. Tonopah Extension mine, exact location uncertain. Enlarged 25
diameters.
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Plate I, A. Most of the lighter areas are &

microscopic intergrowth of rhodochrosite and |

quartz; the darker areas are quartz carrying
sulphldcs in a very fine state of division.
Plate I, B, shows a similar structure in ore of

identical appearance from the Belmont vein..

In many places in both veins the banding is
concentric around fragments of wall rock

(probably silicified rhyolite), one of which,:

partly replaced by quartz, is shown below the

FIaURE 1.—Rudely concentric arrangement of sulphides around angular
fragment of wall rock. One-half natural size. Belmont vein, 1,000~
foot level. Sketched by E. S. Bastin.

center of Plate I, B. The demarcation of the
light and dark bands is in places sharp but
alsewhere vague. The bands may be a milli-
meter or less in width and confined to those
parts of the matrix immediately bordering the
fragments, or they may be fairly wide, as
shown in Plate I. Scattered grains of pyrite
are abundant in the rhyolite fragments but are
absent from the ore surrounding them. The
fragments are commonly angular, but some
show evidences of gradual replacement by the
fine quartz-rhodochrosite intergrowth. The
arrangement of the black sulphide-rich por-
tions around a wall-rock fragment in ‘the
Belmont vein is sketched in figure 1.

The concentric arrangement of many of the
bands. around angular fragments of wall rock
favors their interpretation as true crustifica-
tion. As banding of somewhat similar ap-
pearance may be developed in ores that have
been formed solely by replacement, in the ab-
sence of any but very minute openings, it is
difficult to exclude the possibility that some of
the banding in the Tonopah ores may have

originated during the replacement of a matrix |

of crushed rock in which larger fragments of
wall rock were embedded. Undoubted crusti-
fication is locally observed in narrow veinlets
traversing the wall rocks, as sketched in
figure 2. ’ .

11

BYPOGENE (?) VEINLETS AND “BRECCLAS” OF
. PYRARGYRITE.

A number of specimens of rich ore obtained .
through the courtesy of Mr. John G. Kirchen
show veinlets, mainly of pyrargyrite, travers-
ing quartz and partly silicified wall rock.-
These specimens came from the Tonopah-
Extension mine, but their exact location in
the mine is uncertain. The appearance of -
sawed faces is shown in Plate I, 4 and B. .

As shown particularly well in Plate IT, B, these

veinlets pass from areas of only partly silicified
wall rock (a) into areas of quartz (b) that appar-
ently represent completely silicified wall rock.
Upon entering the quartz the veinlets become
somewhat less well defined. Thin sections
across the contact between the partly silicified
and completely silicified wall rock show under
the microscope that the veinlets continue with
little change of form from the partly altered
rock into the quartz and that they were
formed after the silicification that developed
the quartz areas. The veinlets are planes of
minor fracturing, along which pyrargyrite has

been. deposited along minute fractures partly

filled with fragments of quartz and altered -
wall rock (mainly sericite. and pyrite).
pyrargyrite has replaced the sericitized frag-
ments and some has filled small quartz-lined
vugs. In places some pyrite is so intergrown
with pyrdrgyrite as to suggest that both were
deposited at the same time. -Pyrargyrite is
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FIGURE 2.—Crustification in small veinlet trav ersing wallrock. Natural
size. a, Salphides; b, quartz; ¢, center of veinlet. Belmont vem,
1 ,000-foot level. Sketched by E. 8. Bastin.

not confined to the veinlets, but occurs also
as small patches of irregular outline scattered
through and evidently replacing the partly
altered bordering rock. :

Areas showing pyrargyrite veinlets of the
type just described or showing minute quanti-
ties of pyrargyrite replacing altered rock are
closely associated with areas as much as 2
inches across of what appears to be a breccia
of pyrargyrite fragments in a gray siliceous

Some .
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matrix.
‘most 1 céntimeter across. When viewed in
detail under the microscope the pyrargyrite
areas are seen to have irregular cutlines, as
shown in- Plate II, €, and to be in the main
formed by the replacement of abrecciaof quartz
and sericitized wall rock. The fragmental
appearance is due to the fact that certain frag-
ments in this breccia which were evidently
more susceptible to replacement than the
matrix and other fragments have been almost
completely replaced by the pyrargyrite.
~ Reliable criteria for determining whether
these pyrargyrite veinlets and breccias were
deposited by hypogene or by supergene solu-
tions seem to be lacking. They may represent
an early step in the extensive replacement of
wall rock by an. association of quartz and
pyrargyrite of the type shown in Plate III, A4,
which may be very uniform in character
through several cubic inches and.is regarded
_ by the writers as probably hypogene. Fur-
thermore, most deposits of pyrargyite and
. other silver minerals in late fractures in the
Tonopah ores can be cleanly stripped from
-the walls of such fractures, and the walls
appear to have undergone no replacement.
" Such deposits are interpreted as supergene
-and are quite-different from the pyrargyrite
deposits described in the present section. The
writers are inclined to believe, therefore, that
thiese unusual pyrargyrite veinlets and brec-
cia-like deposits are hypogcne though recog-
nizing that the evidence is not conclusive.

MINUTE TEXTURAL FEATURES

The microscopic study of the ores reveals
minute textural relations, not otherwise recog-
nizable, that are of great importance in inter-
preting their genesis. It shows repeatedly
and with especial clearness that the primary
or hypogene mineralization was not a simple,
brief event but was a process of considerable
duration accomplished by solutions whose
composition was not at all times the same.
Ore minerals deposited early in the hypogene

mineralization were partly or wholly dissolved’

at a later stage in the process, and other ore
. minerals more stable in the presence of the

changed solutions were deposited in their

place

The pyrargyrite fragnients are at

GENESIS OF THE ORES AT TONOPAH, NEV.

Some of the general features of the hypogene
mineralization and the principles which they
exemplify may first be considered. The Tono-
pah ores are in the main formed by the replace-
ment of igneous rocks; these rocks are aggre-
gates of many mineral species, some of which
are more suscéptible to replacement, under a
given set of conditions,. than others. The
effects of the first of the hypogene solutions,

_the advance wave of mineralization, were the

replacement of certain of the wall-rock minerals

- | by other nonmetallic minerals .and by pyrite,

alterations commonly included under the term
“hydrothermal  alteration.” These changes
are now shown in the wall rock bordering the

.veins and probably were accomplished in the

main vein zones themselves, where they have
since been obliterated by further changes.
They have been. carefully studied by Spurr.-
In the Mizpah trachyte, the predominant wall

-rock of many of the veins, the first alterations

commonly consisted in the selectlve replacement
of certaih minerals by calcite, siderite, chlorite,
sericite, and pyrite; later there was progressive
destruction of chlorite and caleite and to some
extent of pyrite, accompanied by an increase.
in the amount of siderite and sericite and the
development of quartz and adularia; finally
the pyrite was completely redissolved and the
rock converted into an aggregate of quartz
and silica. These changes, while broadly a
part of the mineralization process, preceded -
the introduction of the valuable metals, for,
according to Spurr,? the pyritized wall rocks
carry only negligible amounts of gold and
silver. The present paper is concerned with
the succeeding changes, which involved the
further replacement of the altered rocks and
the development of the typical ore minerals.
Mainly for convenience in description and

‘without attributing any particular significance
‘tosuch a classification, the writers have divided

the hypogene ore minerals into two classes—

.alpha hypogene and beta hypogene.

The- alpha ‘hypogene minerals are those
which are formed by the direct hypogene re-
placement of wall-rock minerals or their com-
nion hydrothermal alteration products, such as
sericite and quartz, or which are not demon-

1 Spu.rr, J.  E., Geology of the Tonopah mining district, Nev.: U. 8.
Geol. Survey Prof Paper 42, pp. 207-252, 1905.
2 Jdem, p. 207.
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fae 3 1mm |
A. HYPOGENE (?) INTERGROWTH OF QUARTZ (DARK) AND PYRARGYRITE (LIGHT).

Photomicrograph of polished surface of ore from vein between 400 and 500 foot levels, Last Chance mine. These
minerals are believed to be contemporary results of rock replacement.

[ 1.mm ]

B. IRREGULAR VEINLET OF SPHALERITE (SMOOTH LIGHT GRAY) AND ARGENTITE (ROUGH
LIGHT GRAY), BORDERED BY QUARTZ (DARK GRAY), WITH SCATTERED TRREGULAR AREAS
OF SPHALERITE.

The sphalerite-argentite veinlet is believed to mark a line of easy replacement in the original rock. All the minerals

are interpreted as alpha hypogene. Photomicrograph of polished surface of ore from stope 600 C, West End
vein, West End mine.
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[ T mm 1

A. TRREGULAR INTERGROWTH OF POLYBASITE (pol), PROBABLY ALPHA HYPOGENE, WITH
QUARTZ (¢) AND PYRITE (py).

Photomicrograph of polished surface. of ore just above 500-foot level. West End vein, West End mine.

E 0.3 mm 1
B. POLYBASITE (LIGHT GRAY) WITH BLADELIKE OUTLINES, INCLOSED BY PYRARGYRITE
(WHITE).

The dark ggay is quartz. The pQLybasite has been made visible by brief treatment with mercuric chloride solution.
hotomicrograph of polished surface of ore, Tonopah Extension mine, exact location uncertain.
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strably otherwise. The beta hypogene min- | Carbonates were noted in all these veins,
erals are formed by the replacement of earlier | but their composition commonly differs from
hypogene metallic ore minerals. Replacement | point to point even within a single vein, as
of the host rock may go on until it is practi- | explained in the paragraph on carbonates.

cally complete, after which further replacement
must involve the destruction of earlier ore min-

SPHALERITE.

erals. The beta hypogene minerals are obvi- | * Sphalerite, which is one of the commonest
ously younger than those particular alpha hypo- | sulphides of the ores, was noted only as"an
gene minerals which they replace, but they are | alpha hypogene mineral. Crystal faces on

not necessarily younger than all
alpha hypogene minerals. On the
contrary, there is much evidence
that direct replacement of the host
rock by ore minerals at one place
was coincident with replacement
of ore minerals by other ore min-
.erals at another place. For this

reason the terms “alpha’ and

“beta’ are preferred to terms that

carry a time significance, such as

“early” and ‘‘late.”
ALPHA HYPOGENE MINERALS.
GENERAL RELATIONS.

The individual grains of the
minerals that are believed to be
alpha hypogene interlock irregu-
larly in a fashion indicative of
mutual interference during growth
and produce ore textures some-
what comparable to the granular
textures of certain igneous rocks.
Typical examples of these textures
are shown in figures 3 to 5 and in
Plates V, 4, and VI, B. Such tex-
tures are indicative of general con-
temporaneity of the minerals pres-
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FiGURE 3.—Typical association of alpha hypogene ore minerals. A few small areas of
argentite (arg) may be later replacement deposits, but the other minerals are believed
to bo essentially contemporancous. ¢, Quartz; gal, galena; chal, ehaleopyrite; sph,
sphalerite; carb, carbonate; arg, argentite. Camera lucida drawing from polished
surface of ore from Favorite vein, Tonopah Belmont mine. Depth uncertain.

ent, although certain minor age differences | sphalerite. were noted only in a few places
probably exist, such as are shown by the order | where the mineral was in contact with galena
of crystallization usually recognizable among | or chalcopyrite. Commonly it forms rounded
the components of a massive igneous rock. areas, "which are surrounded (see fig. 4) by

The minerals named below appear to have | one or more of the minerals galena, argentite,
been formed by alpha hypogene crystallization | or chalcopyrite. . Such rounded outlines might

in nearly all the vpins studied—Belmont, Favor- suggest that the sphalerite has been partly
ite, Shaft, MacDonald, North Star footwall vein, replaced by the minerals that surround it, but

Last Chance, West End, Extension combined | there are no other indications that sphalerite
vein on 770-foot level, Egyptian, Extension | }has been replaced to more than a very minor

lower contact vein, McNamara, and Murray: | extent during the entire process of mineraliza-~
Sphalerite. Argyrodite (7). .. - | tion. Locally, as shown in Plate III, B, the
Galena. - Polybasite. sphalerite has very irregular outlines. This
'gl;:;::pmte. é{fﬁgﬁﬁ : plate also illustrates a less common mode of
Arsenopyrite (noted only in | Quartz. occurrence of sphalerite, as small, irregular
the Last Chance vein). | Carbonates. veinlets that appear to have been formed by
replacement of the host. rock along minute

Pyrdrgyrite.
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fractures. The boundaries between sphalerite
and quartz are generally very irregular (see
fig. 5) and suggest complete contemporaneity
of deposition. In a few places sphalerite is
traversed by minute replacement veinlets of
chalcopyrite and polybasite, as is shown in
Plate VIII, A4, and figure 7.

In general the maximum deposition of

sphalerite and quartz appears to have occurred
early in the hypogene mineralization, and the
maximum deposition of galena, chalcopyrite,
pyrargyrite, and argentite was slightly later,
as is shown by their matrical position.
two periods overlapped, however, and locally
spha.lerlte and quartz are later than the other.

FIGURE 4.—Sphalerite (sph) with rounded outlines surrounded by
galena (gal). A few small areas of argentite (arg). ¢, Quartz. Camera
lucida drawing from polished surface of ore from Favorite vein, Tono-
pah Belmont mine. Depth uncertain. .

minerals. In most of the ores sphalerite is not
identifiable without the aid of the microscope.

' GALENA.

Galena, which is also one of the commonest |.
sulphides of the -ores, was noted only as an.

alpha hypogene mineral. It almost invariably
conforms to the crystal outlines of bordering
quartz areas, as shown in figure 3, and in many
places it forms the matrix of areas of sphalerite
of rounded outline, as shown in figure 4. Its
contacts with alpha hypogene chalcopyrite
and argentlte are commonly irregular or
smoothly curving. Galena has been replaced
by beta hypogene minerals to a greater extent
than any other sulphide. :

CHALCOPYRITE.

Alpha hypogene chalcopyrite is nearly as
abundant as sphalerite or galena. It also
occurs as a beta hypogene and probably es a

The"

| dant. -

GENESIS OF THE ORES AT TONOPAH, NEV.

supergene mineral, and it is not always possible
to determine to Whlch class & given occurrence
belongs. Chalcopyrlte in relations like those
shown in figure 3 is interpreted as alpha
hypogene. The mineral commonly conforms
to the crystal outlines of quartz and locally
embeds sphalerite of rounded or crystal out-~
line. Its boundaries against galena and alpha
hypogene argentite are commonly irregular or
rounding. Alpha hypogene chalcopyrite has
locally been replaced by beta hypogene minerals
and by supergene minerals.

PYRITE.

Pyrite is in general less abundant in the
ores than chalcopyrite, but tends to form
larger  grains.. It was the first sulphide to
form in the process of mineralization by re-
placement, and in slightly mineralized rock
it is the only one present. (See Pl. XV, B.)
Its deposition appears to have continued
throughout the hypogene mineralization, for
in many places it conforms to the crystalline
outlines of quartz and has irregular boundaries
next to chalcopyrite.

Pyrite appears to have formed locally as a

| late deposit in open fractures but was nowhere

noted as having replaced other metallic ore

minerals.
ARSENOPYRITE.

A mineral that is nearly white in the polished
sections and only slightly softer than pyrite,
though it takes a smoother polish, is probably
arsenopyrite. The outlines of the crystal in-
dicate orthorhombic crystallization. Stellar
trillings, such as are common in arsenopyrite,
were noted. Though the mineral is fairly
abundant in an ore specimen from a depth of
about 500 feet in the Last Chance vein, it was
not noted in any other specimens. It is irregu-
larly intercrystallized with sphalerite, galena,
and quartz, and except for its presence the ore
inwhich it is found presents no unusual features.

ARSENICAL PYRARGYRITE.

Arsenical pyrargyrite, though rare compared
with the sulphides of the base metals, is present
in all the veins studied and is locally very abun-
Spurr ! appears to have regarded it as
invariably supergene. Some of the pyrargy-
rite almost certainly is of supergene deposition,

1 8purr, J. E,, Geology'ot the Tonopah mining district, Nev.: U. 8.
Geol. Survey Prof. Paper 42, pp. 94-95. 1905.
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as will be shown later, but most of it appears to
be hypogene.

Where particularly abundant its chief asso-
ciates are quartz, polybasite, and probably ar-
gyrodite, but in places, as'shown in figure 5, it
is irregularly intercrystallized with the com-
mon sulphides, sphalerite, pyrite, chalcopy-
rite, etc. Veinlets of pyrargyrite that may be
alpha hypogene are described on page 11 and
illustrated in Plate II. More irregular inter-

growths with quartz of the type shown in

Plate ITI, A, were noted in ores from the Last
Chance and Fraction veins and the Tonopah
Extension mine. A texture of this sort might
be explained through the deposition of pyrar-
gyrite in the open spaces of a por-

15

pressures they are unstable in hot solutions of
alkaline sulphides. He suggests that when-
ever these minerals are found in apparently
primary occurrences their precipitation has

_resulted from the mingling of ascending alkaline

sulphide solutions with descending acid -selu-
tions. It appears to the writers inherently
improbable that oxidation could be furnishing
any significant amount of acid water at a time
when hot mineralizing solutions were still
ascending. Unless it is assumed that mineral
deposits from hypogene solutions are nowhere
being formed at the present day it must be
supposed that certain hot springs (not all or
even the majority) are the surface expression

ous mass of finely crystalline quartz,
but it is more probably the result of
simultaneous replacement of a rock
by quartz and pyrargyrite, for anal-
ogous textural relations exist else-
where between quartz and the com-
moner sulphides or mixtures of the
commoner sulphides with pyrargy-
rite, as shown in figure 5. In ores
" like those shown in Plate III, A4,
and figure 5 the quartz possessed
greater power of assuming crystal
outlines than the other ore minerals.
The microscopic intergrowths of |
quartz and pyrargyrite may consti-

tuteseveral cubic inches of material
which, viewed with the unaided eye,
appears to be pure pyrargyrite.

A few small crystals of pyrargyrite occur in
.vugs, and the angles of some of these have been
measured by Eakle.!

A large number of samples of pyrargyrite
heated in closed tubes before the blowpipe car-
- ried arsenic, and in some samples arsenic ap-
peared to be as abundant as antimony.

Pyrargyrite was not noted as replacing other
ore minerals (beta hypogene).

Louis G: Ravicz ? in a recent paper expresses
the view that the sulphosalts of silver, such as
pyrargyrite and polybasite, can not be formed
by precipitation from solutions containing
alkaline sulphides through decrease of pressure
or temperature alone, because under ordinary

1 Eakle, A. 8., The minerals of Tonopah, Nev.: California Univ. Dept.
Geology Bull, vol. 7, p. 9, 1912,

ﬂExperiments inthe enrichment ostl\ erores: Econ. Geology, \oI 10,
p. 375, 1915,

— J

FIGURE 5.—Irregular intergrowth of pyraréyrite (pyrg) with quartz (¢), sphalerite (sph), .
pyrite (pyr), and polybasite (pol). Camera lucida drawing from polished surface of ore
from Fraction vein, Jim Butler miae, between 600 and 700 foot levels.

of mineralization in progress below them.
Mineral deposits being formed at or near the
surface in regions of hot-spring activity are
characteristically rich in gangue and poor in
metallic minerals; moreover, the metallic
minerals are confined to certain species, such
as stibnite and cinnabar, and rarely, so far
as the writers are aware, include the com-
mon sulphides galena, sphalerite, and chal-
copyrite, which are the predominant sulphides
at Tonopah and are locally intergrown con-
temporaneously with the sulpho -salts of
silver. 'The composition of ores known to be
formed at the surface appears therefore to be
not the most favorable for the development
through oxidation of large amounts of acid
solutions, even if the upflow of ascending hot
waters did not inhibit extensive -oxidation.
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Furthermore, the mineralogy of the- ‘Tonopah
ores'is not that of the shallowest types of ore
deposits.. Mining has shown that the hypogene
orés range through a vertical interval of 1 500
feet without notable charnge in mineral com-
position, and it seems probable that they were
originally deposited at several times this depth,
at horizons Where effective mingling with
acid supergene solutions probably could not
occur. If Ransome * has correctly interpreted
"the formation of alunite at thé neighboring
camp of Goldfield as the result of a mingling
of descendinig acid solutlons with the “ascend-
mg solutions, the absence of alunite at Tonopah
may be taken as addmonal évidence that’ Such
mtermmghng did ot takeé place there.
Although the -writers..are . not inclined to
regard the mingling of supergene.with hypogene
solutions as the cause of the precipitation of
the hypogene sulphosalts of silver at Tonopah,

these minerals are in the main the latest of the.

hypogene mmerals, and it is quite probable
that at the. time they were deposited the
hypogene solutions had become somewhat
depleted in alkalies, through sericitization of
the wall rocks, and in sulphur, through pre-
" cipitation of the early hypogene sulphides.

~* ARGYRODITE (7).

In intergrowths of quartz and. pyrargyrite,
such as those shown in Plate III, A, small
" amounts of polybasite. occur, and also 2 metal-

lic mineral that could not be certainly identi-
fied. . This mineral, which is irregularly inter-
grown with the pyrargyrite and polybasite
- and is plainly contemporaneous with them, is
recognizable on_ly upon’ microscopic study of
pohshcd speclmens On freshly polished sur-
faces it is distinguishable from the pyrargy-
rité, though not easily, by its slightly pinkish
tint. It is brittle and near pyrargyrite in
hardness, but has a black streak about like
that of -polybasite. It is not tarnished by
_silver nitrate or mercuric chloride solutions
that tarnish pyrargyrite and polybasite brown.
The mineral was found in too small amounts
to be isolated .for analysis, but its physical
properties appeared to agree with those of the
mineral argyrodite (Ag,GeS, or- Ag,GeS;), in
which the element germanium was first dis-
covered. Chase Palmer, of this Survey, has

1 Rgnéqmq,;F. L., The geology and ore deposits of Goldfield, Nev.:
U. 8. Geol. Survey Prof. Paper 66, pp. 193-195, 1909.

' GENESIS OF. THE ORES AT .TON’OP’AH
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made careful qua.hta’mve tests for germanium
in a sample of the mixture which carried the
unknown mineral and definitely determined’
that™ this element was present. It is there-

fore probable that the mineral argyrodite is . .

present’in these ores, although the possibility
that. the germanium may be in some other
mineral combination can not be excluded.

In the two localities in which argyrodite has
been identified, it is also associated with other
silver minerals. Near Freiberg, Saxony, it is
associated with pyrargyrite, polybasite, steph-
anite, and common sulphldes of the base
metals.? In Bolivia it is associated with poly-
ba51te and stephanlte

POLYBASITE.

The mode of occurrence of polybasite is very
similar to that of pyrargyrite with which 1tis
commonly associated. It occurs not only as an
alpha hypogene but also-as a beta hypogene

" and asupergene deposit. In its alpha hypogene

occurrence it may be irregularly intergrown
with pyrargyrlte and the commoner sulphides,

as shown in figure 5, or may be a component
of veinlets of the type illustrated in Plate I,
A and B. TIn afew deposits of the type shown
in Plate IV, A, the polybasite, probably hypo-

gene, is intimately intercrystallized W1th quartz

and pyrite.

In one specimen from the Tonopah Extenmon
mine polybasite inclosed by pyrargyrite showed
the bladelike forms illustrated in Plate IV, B.
These blades are presurnably cross sections of '
polybasnte crystals

STEPHANITE (?).

The presence of stephanite in the Tonopah
ores has not been proved. Numerous tests
were made on crystals that from general ap-
pearance might be either stephanite or poly-
basite, to determine whether they contained
copper. Upon dlssolvmg in nitric acid and
neutralizing with ammonia the blue color of the
copper-ammonium salt was obtained in every -
test. This was not due to admixed chalcopy-
rite, for no precipitate of ferric. hydroxide
formed. All these crystals were therefore iden-
tified as polybasite. Spurr?® and Eakle* also

2 See Hintze, Carl, Handbuch der Mineralogie, Band 1, Abt. 1, pp.
1193-1197, 1804, for full réferences to the literature.

3 Spurr, J. E.;, Geology of the Tonopah mmmg district, Nev.: U S

Geol. Survey Prof Paper 42, p. 95,1905,
¢ Eakle, A, 8., op. cit., p. 9.
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| 0.3mm ]
A. ELECTRUM (STIPPLED) TRREGULARLY INTERGROWN WITH SPHALERITE AND QUARTZ.

The argentite (arg) shown in this photograph was probably formed by the replacement (beta hypogene) of galena (gal),
all the other minerals, including the electrum, are believed to be alpha hy}Pogene. Photomicrograph of
polished surface of ore from 1,050-foot level, Macdonald vein, North Star mine. sph, Sphalerite; ¢, quartz.

e ST O.5mm ]

B. ELECTRUM SHOWING CRYSTAL OUTLINES ASSOCIATED WITH QUARTZ AND SULPHIDES.

The argentite was very probably formed by the replacement of galena, but all the other minerals are believed to be
alpha hypogene. Photomicrograph of polished surface of ore from 1,260-foot level, Murray vein, Tonopah
Extension mine. chal, Chalcopyrite; sph, sphalerite; arg, argentite; elec, electrum; ¢, quartz.
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i 2mm ]

A. RADIATING INTERGROWTHS OF QUARTZ (WHITE) AND FERRUGINOUS RHODOCHROSITE
(GRAY) WITH SMALL PATCHES OF FINELY DIVIDED SULPHIDES (BLACK).

Photomicrograph (ordinary light) of thin section of ore from 1,000-foot level, Belmont vein, Tonopah-Belmont mine.

B 0.5 mm ]
B. TRREGULAR FINE AGGREGATES OF CARBONATE, ARGENTITE, AND CHALCOPYRITE (chal)
INTERGROWN WITH ORE MINERALS IN LARGER GRAINS.
Photomicrograph of polished surface of ore from Favorite vein, Tonopah-Belmont mine. sph, Sphalerite; g, quartz.




HYPOGENE MINERALIZATION,

were unable to identify any of the “brittle |

silver”’ as stephanite. -
ELECTRUM.

A pale-yellow mineral that is sectile and is
not tarnished by HCI, HNO,, or (NH,),S is rec-

_ ognizable under the microscope in a large num-

ber of the ores. It occurs in grains so fine that
its mechanical separation from the other.ore
minerals is extremely difficult. Ore from the
West End vein between the 400 and 500 foot
levels that was known from microscopic study
to carry this mineral was very finely crushed
and carefully panned. After the heavy pan-
nings were treated with hot dilute nitric acid to
dissolve the sulphldes, numerous heavy minute

black particles, visible under a hand lens, re--

mained. Upon further treatment with hot con-
centrated nitric acid these particles acquired
the yellow color characteristic of gold. Similar
blackening of the mineral upon treatment with
dilute acid was alse noted by Hillebrand. Sev-
eral specimens shown by microscopic study to

be rich in the light-yellow mineral assayed ex--

ceptionally high in gold. This mineral is be-
lieved to be electrum, possibly carrying some
selenium, as discussed below. This conclu-
sion accords with the studies of Hillebrand
on ores collected by Spurr, which showed that
at least some of the gold in the ores was heavﬂy
alloyed with silver.

A pumber of assays of Tonopah ores excep-
tionally rich in gold are given below. How
much of the silver in these ores was alloyed
with gold is unknown, for sulphides and sulpho-
salts of silver were present in all the samples.

Assays of some Tonopah ores.

[Ounces per ton.)

Gold. Silver.
1. North Star mine footwall vein,
1,250-foot level; grab sample i o
from 250 tons. . .. ......... ... . 47.96 19. 35
2. Same locality as No. 1; picked
pxece ofrichore................ 367. 22 185. 15
. Same locality as No. 1; " two
pleces .......................... . 79.60 36.20
4. Same vein as No. 1, stope above .
1,130-footlevel. ................ 10.72 681. 90
5. West End véin in stope 522 be- |.
tween 500 and 600 foot levels )
small piece of rich ore. . 23.50 | 1,483.00

2601°—18——2
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Assays 1 to 4 above were communicated by
Mr. A. E. Lowe, superintendent at the North
Star mine. Sample 2 is said to have shown no
free gold, even on panning; presumably the -
gold was in very minute grains, which were not
freed from the sulphides in the crushing pre-
pamtory to pa,nmng MlCI‘OSCOp]C examination
by the writers of ofe said to be from the lot
represented in assay 4 revealed the presence
of the light-yellow sectile mineral in unusual
abundance and in unusually large grains (as
much as 0.36 millimeter in diameter). A part
of the silver in this ore occurs in pyrargyrite,
polybasite, and argentite, all of which were
identified microscopically. Assay 5 was made
by the Bureau of Mines on a small sample col-
lected by the writers and shown by microscopic
study to be unusually rich'in the light-yellow
mineral. Pyrargyrite, argentite, and polyba-
site were also recognized microscopically in thls.
sample.

Tn most of the ores, the electrum grains con-
form to the characteristic rounded boundaries
of sphalerite and to crystal boundaries of
quartz, sharing the matrical position of galena,
chalcopyrite, and argentite. (See Pl. V, 4.)
In places it develops crystal faces. (See Pl v,
B.) . The argentite shown in Plate V, B, is be-
lieved to have been formed, at least in part, by
the replacement of galena,'foi‘ reasons-discussed
in the section on argentite (p. 18). Itis possible
that the electrum in this section.also replaces
galena, but more probably it crystallized con-
temporaneously with the galena whose place is
now occupied by argentite. Exceptionally the
electrum is intercrystallized ilrevularly_ with
sphalerite or bordered by it on all sides in the -
plane of the section. In a number of ores it
was observed as a minor component of the
carbonate-sulphide aggregates. (See p. 18 and
Pls. VI, B, and VII, 4.)

SELENIUM.

Small amounts of selenium have long been
known to be present in the ores of Tonopah and
in the derived concentrates and bullion. The

largest amount recorded is 2.56 per cent, in an

analysis by W. F. Hillebrand of pannings from
heavy sulphide ore (analysis 2, p. 46). The
mineral combination in. which it occurs is not
yet definitely determined, but theré is consid-
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erable ground for believing that it is associ-

ated - with the gold and silver in electrum..

Mr. Palmer definitely determined the presence of
selenium in pannings consisting mainly of elec-
trum, from ore obtained in the West End mine;

unfortunately the quantity of material avalla—
ble was very small. It is possible that selenium
produced the blackening in the electrum upon
treatment with dilute nitric acid, noted above.

- ARGENTITE.

The extent to which argentite occurs as an
“alpha hypogene mineral is somewhat uncertain,
In a few places it is assoclated with sphalerite
in the irregular fashion shown.in Plate III, B,
and in such places it appears to be alpha hypo—
gene. Small areas of argentite bordered on all
sides, in the plane of the section, by sphalerite,
as shown in figure 4, also appear to be alpha
hypogene. Argentite is also an abundant com-
ponent of the fine carbonate-sulphide inter-
growths described below, and in some of these
it probably directly replaces the host rock
and is therefore alpha hypogene.

One of the commonest modes of occurrence of
argentite is shown in figure 10 and Plate V, B.
Inthe specimens illustrated its position is inter-
stitial with respect to quartz with crystal out-
lines and. entirely similar to that commonly
assumed by galena. (See fig. 4.) As-aruleit
‘is possible to prove that'this argentite is at least
in part formed by the replacement of galena,
but some of it may directly replace the host
rock.

Argentite is also abundant as a supergene

mineral.
"QUARTZ.

Quartz is the most abundant gangue mineral
of the ores and is universally present. Most of
it appears to have been formed by direct re-
placement of the host rock. In a few places it
appears to have been replaced by the car-
bonate-sulphide aggregates described below,
but replacement of quartz has occurred only
to a very minor extent in this district.

Thin coatings of quartz, locally found on
the walls of certain -open fractures, are be-
lieved to be in part supergene and in part very
late hypogene dcp051ts

CARBON. ATES

The pale-pink material so abundant in
many of the Tonopah ores has commonly been
ermed rhodonite, on account of its apparent

5

‘GENESIS OF THE ORES AT TONOPAH, NEV.

hardness, the fact that it effervesced with acid
being attributed to admixed carbonates.
Microscopic study shows, however, that it is a
very fine intergrowth of quartz and a car-
bonate, and that no rhodonite is present.

An analysis by W. F. Hillebrand ! of sul-
phide ore from depths of 460 to 512 feet in the
Montana Tonopah mine showed that four ele-
ments were combined as carbonates in the
following proportions: Calcium 2.7, mag-
nesium 0.9, iron 1.14, and manganese 1.32.
Qualitative tests by the writers on pink car-
bonate from the 906-foot level on the Murray
vein showed the presence of calcium, mag-
nesium, manganese, and a very small amount
of iron. Carbonate of similar appearance
from the 1,260-foot level on the same vein car-
ried a much larger proportion of iron. The
fine state of division of the carbonate in the
ores makes it difficult to determine whether
several hypogene carbonates are present in
varymg proportions or a single carbonate of
varying composition.

Much of the carbonate is present in the fine
intergrowths with sulphides, which are de-
scribed in the next section, but radiating .
intergrowths with quartz of the type shown in
Plate VI, 4, are common, especially in banded
ores like those shown in Plate 1.

In some veins, such as the Murray, inter-
growths of quartz and pink carbonate are very
abundant and give a pink cast to much of .
the ore; in other veins, such as-the West End -

‘| and Favorite, hypogene carbonates are usually

visible only with the aid of the microscope.
Carbonates also occur as supergene deposits.

CARBONATE-SULPHIDE AGGREGATES.

Microscopic aggregates of light-colored car-
bonates with one or more of the minerals
chalcopyrite, galena, argentite, and poly-
basite are common in many of the ores and are
shown in Plate VI, B. Usually only one of the
silver minerals is present. In general, all the
minerals of these aggregates conform to the
crystal outlines of quartz and to the rounded
outlines of sphalerite. The fine aggregates are,
as a rule, sharply demarked from the border-
ing coarser material, but exceptionally there
are gradual transitions from fine aggregates
in which carbonates predominate to coarser
intergrowths in which sulphides predominate.

t Spurr, J. E., Geology of the Tonopah mujng district, Nev.: U. S,
Geol. Survey Prof. Paper 42, p. 89, 1905.
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Such a transition from areas consisting mainly
of carbonate with small amounts of galena and

argentite to areas consisting of mainly galena |’

and argentite with scattered patches of car-
bonate is shown in Plate VII, A. Transitions
‘into areas consisting mainly of chalcopyrite
were noted in other specimens. These tran-
sitions, as well as the matrical position of the

carbonate-sulphide aggregates, indicate that

they were deposited for the most part con-

temporaneously with the larger areas of

galena and chalcopyrite. As already stated, a

few grains of electrum occur in some of these

aggregates. _ .
" WOLFRAMITE.

The tungstate of iron and. manganese has
been noted at a number of localities in the
mines at Tonopah. The writers are not com-
plotely informed as to all its occurrences, but
it was noted by them in the Belmont vein
and in a small vein in the Valley View mine.

In the Valley View mine, on the 300-foot
loevel, quartz and wolframite form a small
vein as much as 4 inches wide, lying well within
the footwall of ‘the Valley View vein. Its
relations to the silver veins are not shown.

In the Belmont vein as exposed on the 1,000-
foot level of the Tonopah Belmont mine, in
south crosscut 1044, wolframite is very abun-
dant and its relation to the silver ore is well
exhibited. ~ The silver ore at this locality
consists mainly of quartz and an intergrowth
of quartz and ferruginous rhodochrosite of the
sort described on page 18, through which
aggregates of very  finely divided sulphides
aro distributed. Fractures traversing -this ore
are partly or completely filled with crystalline
quartz, with which wolframite is so intimately
intergrown as to leave no .doubt that the
quartz and wolframite are strictly contem-
poraneous. Wolframite is also intercrystallized
with quartz that lines vugs in quartzose parts
of the ore. _

So far as the writers are aware wolframite
has nowhere been established as a mineral of
supergene deposition. The wolframite at
Tonopah is believed to have been deposited
from ascending silica bearing waters after the
deposition of most of the silver ores and after
these ores had undergone some fracturing.

19
BETA HYPOGENE MINERALS..
GENERAL FEATURES.

Certain minerals and mineral aggregates of
the Tonopah ores are formed by the replace-
ment of earlier ore minerals rather than by
direct replacement of the wall rock or of the
products of its hydrothermal alteration. The
criteria by which those deposits that replace
earlier ore minerals may be . recognized in
these ores are here briefly summarized, Some
of the deposits are believed to be hypogene
and others supergene, and the criteria for
distinguishing between them are discussed on
pages 24 and 42. '

The textural relation of the replacing min-
erals of greatest diagnostic value is - their
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FIGURE 6.—Replacement of galena (gal) by polybasite (pol) along its
contacts with other minerals (as at A and A’), along contacts between
two differently oriented galena crystals (as at B), and along galena
cleavages (as at €). Rims of an carlier replacement product like
those shown in figure 14 are invariably present between polybasite
and galena but are too narrow to be shown on this scale. ¢, Quartz;
cerb, carbonate; chal, chalcopyrite; sph, sphalerite. Camera lucida
drawing from polished surface of ore from Favorite vein, Tonopah:
Belmont mine. Depth uncertain.

localization at places that were obviously
channels of easy. access for mineralizing solu-
tions. Situations particularly favorable for the
replacement of hypogene ore minerals by other
ore minerals are the following: '

1. Contacts between hypogene minerals of

- different species, at least one of which was .

replaceable under the then existing conditions.
In such situations the replacing minerals
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commonly form narrow replacement bands, as
shown at A and A’ in figure 6 and in Plate
VIII, B. - ’ '

2. Contacts between two crystals of the
same * replaceable mineral. The replacing
mineral along such contacts commonly takes
the form of narrow bands expanding here and
there into lenticular areas, ss is well shown at
B in figure 6 and 4 in Plate VII, B.

KIS
KR
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6

FIGURE 7.—Replacement of galena (gal) and sphalerite (sph) by poly-
hasite (pol) and chalcopyrite (chal). In sphalerite the replacement
veinlets are commonly irregular, but in galena many of them follow
cleavage directions. Locally the replacement has followed the con-
tacts between galena and other minerals. ¢, Quartz.- Cameralucida
‘drawing from polished surface of ore from Belmont vein, 1,200-foot
level of Tonopah Belmont mine. - ’ .

3. Narrow  wedges of replacéable mineral

between cohverging contacts with other min-
erals or between intersecting fractures. These
are particularly vulnerable to replacement, as
is well illustrated at 4 in figure 9.

4. Cleavage planes in replaceablé minerals
or-obscure fractures following cleavages. Re-

placement of galena along cleavages is shown

at Cin figure.6 and in figure 7.
5. Minute irregular fractures. Replacement
along irregular fractures in sphalerite is shown
in figure 7 and in Plate VIII, 4.

The replacement of alpha hypogene minerals
appears not to have been confined to situations
of obvious vulnerability but in many. places

seems to have proceeded irregularly through

the ore. 3ome deposits so formed represent
merely advanced stages of a process which

began by replacement along mineral contacts

or fractures, but in reference to others it seems
necessary to conclude that the ore was so thor-

features of the. ore.

"and 8. Along the

GENESIS OF THE ORES AT TONOPAH, NEV.

oughly “‘soaked” with the replacing solutions

that replacement proceeded with great facility,
without. much regard to the earlier textural
Instances of replacément
of this sort will be cited in the detailed descrip-
tions. In some places the resulting textures
can be identified as due to replacement only
by local gradations into undoubted replace-
ment deposits along mineral contacts and frac-
tures or by close textural and mineralogic re-
semblance to such deposits. - 4 ,

The minerals believed to have been formed
by hypogene replacement of earlier hypogene
ore minerals are polybasite, argentite, an unde-
termined mineral that is probably a lead-silver
sulphide, chalcopyrite, electrum, and a fine-
grained carbonate-sulphide aggregate.

POLYBASITE.

Polybasite is very common in- the ores of
Tonopah, replacing galena and, very rarely,
sphalerite. The situations at which replace-
ment may occur are well shown in figures 6, 7,
contacts between galena

FIGURE 8.—Small areas of galena (gal)in the fine carbonate-suiphide.
aggregates partly replaced by polybasite (pol). The first product of
the replacement, possibly a lead-bearing silver mineral, forms narrow
rims (black in the drawing) between the galena and the polybasite.
car, Carbonate. ' Camera Incida drawing from polished surface of ore
from Favorite vein, Tonopah Belmont mine. Depth uncertain.

crystals the replacing mineral commonly ap-

“pears in the polished sections as minute threads

(as at A, Plate VII, B), which enlarge to lenses
at intervals (as at B, fig. 6).
Very rarely polybasite occurs alone or with

cchalcopyrite as minute replacement veinlets in
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U.S. GEOLOGICAL SURVEY

I 0.3mm ]

A. TRANSITION FROM AREAS WHOLLY GALENA (gal) INTO AREAS (4) THAT ARE MAINLY
GALENA WITH SOME CARBONATE (ROUGH DARK GRAY) AND ARGENTITE (arg), AND FINALLY
INTO AREAS (B) THAT ARE MAINLY CARBONATE WITH SOME ARGENTITE, GALENA, CHAL-
COPYRITE, AND ELECTRUM, NAMED IN THE ORDER OF ABUNDANCE.

Photomicrograph of polished surface of ore from 1,000-foot level, Favorite vein, Tonopah-Belmont mine. ¢, Quartz.

& 0.5mm ]
B. REPLACEMENT OF GALENA (gal) BY POLYBASITE (pol).

Between these two minerals occur narrow bands of an unidentified transition mineral (not visible in the picture), and

the very narrow light-colored bands (as at 4) that mark the initiation of the replacement process along the contacts
Photomicrograph of polished surface of ore from Favorite vein,

between galena crystals consist of this mineral.
Tonopah-Belmont mine, depth uncertain.
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B Tmm #

A. SPHALERITE (sph) TRAVERSED BY MINUTE VEINLETS OF CHALCOPYRITE AND POLYBASITE.

Some of the veinlets in sphalerite are continuous with areas of the same minerals replacing galena (gal); this feature
does not show in this picture but is illustrated by figure 7, drawn from the same specimen. The veinlets are
in the main formed by replacement, thouih possibly in small part fracture fillings. Photomicrograph of
poléshed surface of ore from hanging-wall branch of Belmont vein, 1,200-foot level, Tonopah-Belmont mine.
¢, Quartz.

L 0.5mm |

B. GALENA (gal) BORDERED BY AN UNDETERMINED REPLACEMENT MINERAL, PROBABLY A
LEAD-BEARING SILVER SULPHIDE.
In a few places, as at A and 47, the replacement process has proceeded further, with the development of argentite.

Photomicrograph of polished surface of ore from Iavorite vein, Tonopah-Belmont mine, depth not known.
q, Quartz; py, pyrite; sph, sphalerite.



sphalerite, as is shown in Plate VIII, 4. These
veinlets are commonly irregular in thc sphaler-
‘ite, but upon entering neighboring galena
grains they conform to the cleavage planes of
the galena. These features are shown in fig-
ure 7, a drawing, on:a lmrger scale, from a por-
tion of the specimen shown in Plate VIII, 4.

In places even minute areas of galena in the
carbonate-sulphide aggregates (see p.-18) have
been partly replaced by polybasite, as is shown
in figure 8.

Bctwccn galena and the polyba,sme which has
replaced it, but not between sphalerite and
polybasite, there is invariably a narrow band
of ‘a third mineral which is evidently a tem-
porary transition product in the re-

. HYPOGENE MINERALIZATION,
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UNDETERMINED MINERAL, PROBABLY A LEAD™
BEARING SILVER SULPHIDE.

Between galena and argentite or polybasite
that has replaced it there is invariably a band
of a replacement mineral representing an
intermediate -step” in the alteration. These
transition bands, which are of varying width,
are particularly well shown in figure 12 but
also appear in figures 8 and 14 and Plate
VIII, B. .Other illustrations of such replace-
ment deposits do not show these bands be-.
cause they are too narrow to appear on the
scale: used. They are not formed between
galena and chalcopyrite that replaces it or at

placing process. This appears to be
the same mineral that is developed
" between galena and argentite. It is
considered more fully below.

ARGENTITE.

Although argentite occurs as a su-
pergene deposit on the walls of open
fractures, it has been formed princi-
pally by the replacement. of galena.
For reasons cited on ‘page 24 most
such replacement deposits are believed
to be hypogene, although in general

appearance they are similar to others
that are probably supergene. Typical
replacement of galena by argentite is
shown in figures 9 and 10 and in
Plates VIII, B, and IX, B. Relations like
those shown in figure 10, in which argentite
embeds quartz and sphalerite, are particu-

sphalerite.

larly common, and are in many places demon--

strably the result of replacement of galena by
argentite. Areas in which argentite without
galena embeds quartz and sphalerite may be
traced continuously into others like that
shown in figure 10, in which both sulphides
arc present, the argentite replacing the galena,
in part peripherally, with the invariable
development between argentite and galena
of narrow bands of an intermediate replace-
ment product. In a few places argentite,
alone or with chalcopyrite, rcplaccs polybasite
(probably alpha hypogene), as is shown in
figure 11.

FIGURE 9.—Replacement of galena (gal) by argentite (arg) at 4. ¢, Quartz; sph,

Camera lucida drawing from polished surface of ore from Belmont voin,

1,200-foot level of Tonopah Belmont mine.

the contacts of silver minerals with any other
sulphide save galena. '

Here and there the replacement has pro-
ceeded no further than the formation of the
undetermined mineral, as is shown in figure 13.
Most of the. replacement borders shown in
Plate VIII, B, consist of the undetermined
minetal, but in a few places, as at 4 and A4’,
argentite has formed as the final product.

The transition mineral is indistinguishable
from ‘galena on freshly polished surfaces, but
upon treatment with hydrogen peroxide the
galena is tarnished brown while the transition
mineral is unaffected. Its hardness, tested
by drawing a needle across the contact of
galena and the transition mineral under a
‘I low power of the microscope, appears to be
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about the same as that of galena. The triangu-
lar depressions developed in the galena in the
grinding process continue-into the unidentified
mineral, as shown in figures 12 and 14. These
depressions are due to the tearing out of small

‘inverted pyramids of the minerals between

three intersecting cleavage planes, and their
continuity from galena into the other mineral
shows that the latter possesses a cleavage

identical with and continuous with that of

1 mm.
L . )

FIGURE 10.—Areas of sphalerite (sph) with rounded outlines and of quartz (¢) with
These relations ap-
pear to have resulted from the replacement of galena (gal, alpha hypogene) by
argentite (probably beta hypogene) in ore whose original appearance was like that
shown in figure 4. Numerous remnants of galena remain, and between these and
the argentite narrow rims of an intermediato replacement produet (too narrow to show
Camera lucida drawing from
.Depth uncartain.

crystal outlines in a'matrix consisting mainly of argentite (arg).

on this scale) are invariably present. pyr, Pyrite.
polished surface of ore from Favorite vein, Tonopah Belmont mine.

galena. The undetermined mineral is there-
fore probably, like galena, isometric:

The mineral is readily distinguished from
argentite by its lighter color and the fact that
it 1s brittle rather than sectile. It is present
in too small amounts and is too intimately
associated with other minerals to be separated
for analysis. From the properties already

described it is believed to be an isometric

mineral. with perfect cubical cleavage, in
hardness,- color, and- luster very similar to
galena. From its position as a transition

GENESIS OF THE ORES AT TONOPAH, NEV.

product between galena and argentite it may
be suspected of being a double sulphide of
lead and silver or a solid solution of galena
and argentite with physical properties like
those of galena.

Chase Palmer, of this Survey, has studled
experimentally the action of dilute sélutions
of silver salts on galena from Joplin, Mo., for
the purpose of throwing some light on the
character of the transition mineral observed in

the Tonopah ores. In his first ex-
periment galena, carefully picked to
obtain as pure material as possible,
was finely pulverized and treated in .
a flask with a solution of silver sul-
phate (about N/40) to which had
been added a slightly acid. solution
of sodium acetate to keep in solution
any lead that might be dissolved.
The flask was heated in a water bath
for two weeks, a stream of purified
carbon dioxide passing continuously
through it to. prevent oxidation by
air. ‘At the end of the experiment.
no metallic silver could be detected
by microscopic examination of the
solid residue, but it was found that
smeall amounts of lead had been dis-
solved and some silver removed from
- the solution.

~ For a more detailed st;udy of the
reaction between galenaand a soluble
silver. salt, Mr. Palmer chose the or-
ganic salt silver-benzol sulphonate,
which, though resembling the sul-
phate in containing the SO, radicle,
is much more soluble and yields a
soluble lead salt by reaction with
galena. The results are stated by
Mr. Palmer! as follows:

The galena, obtained from the Joplin district, Mo., was
carefully picked. It was reduced to grains that were
collected on a sieve with 40 meshes to the inch. Particles
of galena were selected from these small fragments. The
mineral thus chosen was ground to pass through.a 200-
mesh sieve. :

Analysis of the powdered galena.
Required for PbS.

Lead......... 86. 56 Lead......... 86. 60

Sulphur 13.39  Sulphur..... 13.40

Iron........ Trace :
99. 95 100. 00

1 Manixscript report, May 16, 1916.
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For the experiment, 0.5145 gram of the powdered galena
was digested in asolution of silver-benzol sulphonate con-
taining 2.075 grams, slightly acidified with benzol sul-
phonic acid. The volume of the solution was about 250
cubic centimeters, The minera] was digested in this solu-

tion five days on thesteam bath. The solution was then -

filtered. No trace of sulphate was found in the filtered
solution, an indication that the sulphur of the galena had
not been oxidized. )

After the removal of the excess of silver from the solu-
tion, it was found that 0.11379 gram of lead had been dis-
solved. This represents 22.18 per cent of the galena used
in the experiment. The: residue was found to contain
13.38 per cent of sulphur—that is, all the sulphur present
in the galena. used-—and from the residue was obtained
0.11242 gram of silver, representing 21.85 per cent of the
weight of the galena.

21.85-+-107.9=0.2025 silver.
22.18-+207 0.=1071 lead.

0.2025-+0.1071=1.89.

The reaction between galena and silver-benzol sulpho-
nate may therefore be written

PbS+2(CoH,S0,Ag)=Ag,S+(CsH S0,),Pb.
The normal reaction occurring between galena and a solu-
ble silver salt may therefore be regarded as strictly meta-
thetical.

Mr. Palmer’s experimental Tesults are in
agreement with the microscopic evidence in
indicating that argentite is one of the stable
products of the reaction of a soluble silver salt
upon galena. The nature of the intermediate
replacement product revealed by the micro-
scope between galena and argentite still re-
mains in doubt; it may be a solid solution of
galena and argentite or a double sulphide of
lead and silver. Nissen and Hoyt® from a
study of a series of melts of galena and. silver
sulphide conclude that ‘‘ the limit of solid solu-
tion at atmospheric temperatures is below 0.2
per cent Ag,S.” The apparent homogeneity
of the transition mineral and the extreme sharp-
ness of the boundaries between 1t and both
galena and argentite seem to favor its interpre-
tation as a double sulphide of lead and silver.

Although galena is the mineral most com-
monly replaced by argentite, a few instances
of the replacement of polybasite by argentite
or an association of argentlte and cha.lcopyrlte
were noted, as shown in figure 11.

and

CHALCOPYRITE.

The copper-iron sulphide chalcopyrite has’

been formed rather commonly by replacement

1 Nisseu; A.E,,and Hoyt, S. L., On the occurrence of silver in argentifer-
ous galena ores:* Econ. Geology, vol. 10, p. 179, 1915.
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of galena, either alone or in association with
argentite. Where galena has been replaced by
a mixture of argentite and chalcopyrite, tran-

sition rims of the possible lead-silver sulphide

are invariably present between argentite and
galena but not between - chalcopynte and
galena, a feature which is shown in figure 14.
Replacement of polybasite by an association
of chalcopyrite and argentite is shown in
figure 11. In a very few places chalcopyrite
was noted with polybasite in replacement vein-

“0.3mm

| FIGURE 11. —Réblﬁcemexii “of polybasite (pol), probably alpha hypo-

gene, by argentite (erg) and some chalcopyrite (chal). ¢, Quartz.
Camera lucida drawing from polished surface of ore from Favorite
vein, 1,000-foot level of Tonopah Belmont mine.

lets traversing sphalerite, as is shown in Plate

VIII, A, and figure 7.
- CARBONATE-SULPHIDE AGGREGATES.

Fine aggregates of light-colored carbonate
with argentite or polybasite and locally chal-
copyrite, identical in character with those de-
scribed above-as probably representing alpha

- hypogene crystallization, replace galena in a
number of the ores.

Such replacement is
clearly shown in Plate IX, A. Carbonate-
sulphide aggregates replacmg galena occur in
the same specimen with aggregates of identical
character that apparently have - directly re-
placed the host rock.

Proofs that the aggregates replace galena are
found (1) in the minutely irregular character

‘of their contact with galena; (2) in the presence

of small “outliers” of galena in the carbonate
areas that have the same crystallographic orien-
tation as the larger galena dreas near by, of
which they were evidently once a part; (3) in
the complete transition of carbonate-polybasite
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areas into areasof polybasite that clearly replace
galena, in the genera.l fashion shown in figure 6;
and (4) in the minor 1rregular1ty of the contaots
between quartz and the carbonate-sulphide
- aggregates contrasted with the smoothness of

those between quartz and galena (a contrast
well shown at A and B in P1. IX, 4), indicating

0.3.mm.

FIGURE 12.—Replacement borders of an undetermined mineral, probably a lead-bearing
The iindetermined mineral is in turn replaced
The triangular pits developed in the. grinding of the ore
surface are common to the galena and the bordering replacement rims.
was tarnished with hydrogen peroxide to differentiate galena from the undeter-
Camera lucida drawing from polished sur-

silver mineral, around galena (gal).
locally by argentite (arg).

mined mineral. ¢, Quartz;sph, sphalerite.
face of ore from Shaft vein, 1,000-foot level .of Tonopah Belmont mine.

that not galena alone but also small amounts
of quartz have been replaced by the aggregate.

ELECTRUM. '

Most of the electrum of ‘the Tonopah ores
‘appears to replace rock minerals (alpha
hypogene) directly, as shown in Plate V, 4
and B; some of it is clearly formed by the
replacement of galena. In Plate IX, B,
shown peripheral replacement:of galena by an
association of electrum and argentite. - While
argentlte and electrum “are sharply segregated
in different parts of the replacemenb border,
the galena boundary shows no jog in passing
from the contact with argentite-into the con-

tact with galena.

GENESIS OF THE .ORES AT TONOPAH, NEV.

Such replacement presents
some analogies to the replacement of galena
by the carbonate-sulphide aggregates shown
in Plate IX, A, though in the electrum-
bearing depos1t only two replacing minerals are
involved. Electrum is, indeed, a component
of a few such carbonate-sulphide aggregates.

SUMMARY OF EVIDENCE OF HYPO-
GENE REPLACEMENT.

The conclusion that the replace-
ment of one ore mineral by another
in the Tonopah ores occurred mainly
during the hypogene mineralization
is perhaps the most important con-
tribution of this paper. It is there-’
fore désirable to summarize briefly
the grounds upon which thlS con-
clusion rests.

1. The minerals that are described
as formed by hypogene replacement
of other ore minerals- include no
species that are not also found as
undoubted alpha hypogene min-"
erals—that is, directly replacing the
host rock. The occurrence of elec-
trum of identical appearance inter-
grown irregularly with sphalerite
(alpha hypogene) and also periphe-
rally replacing galena (beta hypo-
gene) is particularly significant.

2..The fine carbonate-sulphide
aggregates that replace galena (Pl.
IX, A) areidentical in mineral com-
position and in texture with others
(Pls. VI, B, and VII, A) that directly
replace the host rock and that are

The surface

irregularly intergrown with coarser and. un-

doubtedly hypogene sulphides.

3.-Continuous areas of certain minerals and
mineral aggregates were noted which appeared
at one point to replace the host rock and at
another point to replace earlier ore minerals.
This was notably true of the carbonate-sul-
phide aggregates.

4. The presence of electrum peripherally
replacing galena is highly suggestive of hypo-
gene origin, for it is well known that gold
and silver tend to part company in the proc-
esses involved in supergene enrichment be-
cause. of their great difference in solubility
under conditions of oxidation. If.the elec-.
trum is hypogene the argentite which accom-
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[ 0.5 mm 1

4. PARTIAL REPLACEMENT OF GALENA (gal) BY A FINE AGGREGATE OF A LIGHT-COLORED
CARBONATE, ARGENTITE, AND SOME CHALCOPYRITE.

There has also been a slight replacement of the quartz (compare the ragged boundary of the quartz (¢) at A with

the smooth boundary at B). Photomicrograph of polished surface of ore from Favorite vein, Tonopah-Belmont
mine, depth uncertain.

[ 0.3mm |

B. PERIPHERAL REPLACEMENT OF GALENA (gal) BY AN ASSOCIATION OF ARGENTITE (arg) AND
ELECTRUM (STIPPLED).

Note the smoothness of the galena border in passing from contact with argentite to contact with electrum. There
has also been replacement of the type shown in figure 6 along the contact between two galena crystals of

different orientations. Photomicrograph of polished surface of ore from 1,250-foot level, Murray vein, Tonopah
Extension mine. ¢, Quartz.
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L Tmm 3]
A. PHOTOMICROGRAPH SHOWING TUFFACEOUS CHARACTER OF FRACTION DACITE BRECCIA.
Near station 1447 on 300-foot level of West End mine.

B. FERRUGINOUS CALCITE COATING HIGHLY OXIDIZED ORE JUST BELOW FRACTION DACITE
BRECCIA.

From stope 484 not far above 400-foot level, West End vein, West End mine. Two-thirds natural size.
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HYPOGENE MINERALIZATION.

panies it in the peripheral replacement of
galena (see Pl. IX, B) is also hypogene. .

5. chlaccment of the type believed to be
hypogene is as conspicuous in unoxidized ore

from some of the deepest workings (for ex- |

ample, in ore from the 1250-foot level of the
Murray vein, Pl IX, B; and -from the.1200-
foot level of the Belmont vein, figs. 7 and 9)
as in ores near the surface. This argument
is believed to have weight in spite of the great
depth to which oxidation locally extends.

6. The prevalence of the .supposed hypo-
gene replacement minerals does not appear to
be closely dependent upon the degree of
fracturing, as it presumably. would if -the
réplacement had been accomplished by super-
gene solutions. The microscope shows that
replacement has been very extensive in ores
which - exhibit little fracturing and no. depo-
sition of supergene minerals along the few

fractures that are present. _ .

SEQUENCE IN DEPOSITION AMONG HYPOGENE
MINERALS.

The alpha and beta hypogene minerals,
which, to simplify the- discussion, have been

separately described, are believed to have been "

D
s o+t

FIGURE 13.—Galena (gal) area in chalcopyrite (chal) partly replaced
by an undetermined minoral, probably a lead-bearing silver mineral-
Camera lucidn drawing from polished surface of ore from West End
vein, between 700 and 800 foot levels of Jim Butler mine.

deposited during a single period of mineraliza-
tion, in the course of which the composition of
the mineralizing solutions gradually changed.
In the early stages of the process ore minerals
were deposited mainly through replacement of

the host rock; later, when less of the host rock’

remained near the vein fractures and when the
character of the mineralizing solutions had
changed, certain of the ore minerals, notably
galena, were themselves replaced by other ore
mme‘rals _

‘Theé microscopic relations of the hypogene
minerals show that in general quartz and sphal-
erite were deposited most abundantly early in

25

the mineralization; galena, chalcopyrite;. py-
rargyrite, polybasite, argentite, electrum, and
carbonates of calcium, magnesium, iron, and
manganese formed most abundantly a little

‘e

FIGURE 14.—Partial replacement of galena (gal) by an.. umdentxﬁed

mineral, probably a lead-bearing silver sulphxde (z); thisin tum is

. replaccd by an association of argentite (arg)and chalcopyrite (chal)
In the left-hand figure the unidentified mineral forms only a narrow
band between galena and argentite and is not present between’ galena
and chalcopyrite.. ¢, Quartz. Camera lucida drawings{rom polished
surface of ore from VVest End vein, between 700 and 800 fgpt levels_of
Jim Butler mine.

later in the process. Still later galena. and to
some extent sphalerite, quartz, and. polybasite
became unstable and were replaced by one or
more of the minerals. argentite, chalcopyrite,
carbonates, and electrum, ‘whose- deposition
appears to have persisted nearly to the end -of

the hypogene mineralization. : '

Hypogene replacement of the type here de—
scribed has not been widely recognized by stu-
dents of ore deposits, because methods of micro-
scopic study necessary to their perception have
been developed only within recent years. The
studies of Rogers® and Ray? on the copper
ores of Butte, Mont., indicate that hypogene
replacement has probably been a- widespread
process in that district, although the progress
of the mineralization appears to have been
punctuated by periods of fracturing to a greater
extent than at Tonopah.

It appears certain that considerable changes
in physico-chemical equilibrium, due to varia-
tions either in. pressure or temperature or in
the composition. of the mineralizing solutions,
have occurred during the formation of nearly

1 Rogers, A. F.,Upward secondary sulphide enrichment and chalco-
cite formation at Butte, Mont.: Econ. Geology, vol. 8, pp. 781-794,1913,
. ?Ray, J. C., Paragenesis of the ore minerals in the Butte dxstnct
Mont.:- Econ, Geo]ogy, vol. 9, pp. 463-481, 1914,
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all ore deposits. In ores that are mainly fissure
fillings' these changes may be recorded by the
presence of a suite of minerals in vugs and the
medial portions of the veins different from those
next the walls, or by crustification in which the
layers formed last are mineralogically different
from those formed first. In ores formed
mainly by replacement such features as those
observed at Tonopah may not be present if the
earlier minerals are stable in the presence of the
later solutions. The writers are inclined to
believe, however, that careful study of other
-~ ores will show that replacement of earlier ore
minerals by later ones during hypogene min-
- eralization is not uncommon.

Although silver minerals and poss1bly gold
were deposited in greatest abundance in the
later stages of the hypogene mineralization at
Tonopah, the writers prefer not to refer to the
process as ‘‘upward enrichment,”” reserving that
term for the rare occurrences in which the en-
riching metals can be shown to have been
leached from deeper-lying ore by ascending
solutions that were not at the start highly
metalliferous. The deeper ores of Tonopah
show no evidences of notable solution of any
minerals except quartz. In the restricted
sense indicated the term may find an applica-
tion in discussions of certain western deposits
in which - thermal waters are now ascending
along veins.
hand the study of a number of such deposits.

NATURE OF DEEP MINE WATERS.

Warm waters have been encoutered in a
number of the deeper mine workings at Tono-
pah, particularly in the western part of the
camp. The questions arise: Are these waters
now depositing ores? If not, what.relation, if
any, do they bear to the solutions that did
deposit the ores?

Water from the Halifax mine, 1,400-foot level,
about 380 feet east of the shaft, flowing as a
-small stream from a fracture in slightly min-
eralized Mizpah trachyte, had when collected a
temperature of 106° F. (41° C.). This water
was not acid-toward methyl red solution and
was not alkaline toward phenolphthalein. It
was colorless, clear, and tasteless.

~Water from—theTonopah Belmont mine,
1,500-foot level, about 100 feet north of the Bel-

mont vein, had as it issued from the rock a tem- |
It flowed from

perature of 99° F. (37° C.).

The senior writer has now in’

GENESIS OF THE ORES AT TONOPAH, NEV.

drill holes and small fractures in the face of a
crosscut and was depositing a sludgy mass of
hydrous oxides of iron (ocher-yellow) and ox-
ides of manganese (black). The water as tested
in the mine was not acid to methyl red solution
and did not appear to be alkaline to phenol-
phthalein. Field tests with standard potas-
sium permanganate solution showed that prac-
tically all the iron was in the ferrous condition.
Two gallons of this water was collected and was
analyzed by Chase Palmer, of the Geological
Survey, with the results shown on page 29.

A sample of water from the Mizpah mine,
collected by Spurr, was analyzed by R. C.
Wells, of the Geological Survey, in 1910; the
results are also.recorded in the table. This
water flowed from a drill bole which started

from the 1,500-foot level of the Mizpah shaft

and penetrated. 816 feet below that level. Its
temperature at thepoint of issuance was about
106° F. ‘

The analyses are stated in the table in terms
of radicles (or the roots of substances), such as
Na, Ca, SO,, and CQO,, which experience has
shown to represent basal units of chemical in-
terchange. - This method of statement rather
than a statement in terms of oxides is particu-
larly appropriate to water analyses, for it indi-
cates the points at which, according to the con-
ceptions of the physical chemist the dissociation
of the molecules of dissolved substances occurs.
Most substances in water solution are not com-
pletely dissociated, the degree of dissociation
differing for different substances and varying
with temperature, pressure, the concentration
of the solution, etc. In general the more di-
lute the solution the greater the proportion of
ionization.

From the mere statement of the analysis in
parts per million of the various radicles it is
impossible to obtain a clear insight into the
quality of the water, because each radicle has
a different combining weight. It is convenient,

- therefore, to divide the total weight of each

radicle present by the combining weight of that
radicle, to obtain figures representing the react-
ing values of the radicles. The values so ob-
tained are given in the columns headed ‘“Re-
acting value by weight’’ and may be balanced
directly one against another by simple addition
or subtraction. The 2.205 reacting value of
SO, in the Belmont water, for example, may be
balanced against 3.472 reacting value of Na,



HYPOGENE MINERALIZATION,

leaving 1.267 (3.472—2.205) reacting value of
Na to be balanced against other radicles.

Even this mode of statement is not fully sat-
isfactory when it is desired to compare the
qualities of several waters, for the reacting val-
ues obtained vary with the concentration of the
solution. If the Belmont water, for example,
were diluted -with an equal volume of pure
water the reacting value of each radicle would
be halved. It will be readliy understood also
that where dilute solutions act through consid-
erable periods of time two waters carrying like
constituents in'like proportions but differing in

- concéntration will in general produce similar
chemical effects but at different rates. Al-
though the concentration of the solution must
therefore be duly considered, it is convenient in
comparing waters to eliminate this factor. This
result may be accomplished by rating the total
value of all the radicles as 100 and proportion-
ing the value for each radicle to this total; this
has been done in the columns headed “React—
ing value by per cent.”

The method of statement and interpretation
of water analyses here outlined is essentially
that developed by Herman Stabler * and Chase
Palmer,?
Survey.

The factors which in general exert the great—
est influence on the potency of natural waters
as geologic agents are the hydrogen ion and the
hydroxyl ion. Hydrogen ions give acidity and
hydroxyl fons alkalinity (or basicity); to the
physical chemist, indeed, “hydrion’ is the true
acid and ‘‘hydroxion’’ the true base. Acid and
alkaline waters are, at least so far as ore depd-
gition is concerned, the most potent of natural
solutions. Hydrogen ions may result from the
ionization of free acid present in the water, as
they possibly have in the acid water from the
West End mine, Tonopah, described on page 43.
(See analysis, p. 29.) Hydroxyl ions may re-
sult from the ionization of hydroxides present
in the water, as in a deep water from the Com-
stock lode recently analyzed for the senior au-
thor by Mr. Palmer. Hydrogen ions may also

be liberated less directly by thé hydrolysis of -

various salts and the lonization of the resulting

1 Stabler, Herman, The mineral analysis of water for industrial pur-
‘poses and its interpretation by the engineer: Eng. News, vol. 60, p. 356,
1008; The industrial application of water analyses: U. S. Geol. Survey
‘Water-Supply Paper 274, pp. 165-181, 1911.

3 Paimer, Chase, The geochemical interpretation of water analyses: |-

U. 8. Geol. Survey Bull. 479, 1011..

of the United States Geological
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acids; the acidity of copper sulphate in aqueous
solution is attributable to' this action. Simi-
larly, hydroxyl ions may be liberated by the
hydrolysis of various salts and the ionization of
the resulting hydroxides; to this action is at-

“tributable the alkalinity of a solution of sodium

carbonate. -

The geologic importance of the presence of
so-called free acid or free hydroxides in natural
‘waters is self-evident. The geologic impor-
tance of the formation of hydrogen or hydroxyl
by hydrolysis and ionization of salts might on
first thought be questioned, for the proportion
of a salt dissociated at one time is in most cases
very small. As soon, however, as the small
amounts of hydrogen or hydroxyl formed are
neutralized, other hydrogen or hydroxyl ions
are at once liberated, and by such progressive
action a large part of a salt present in solution
may eventually be involved in a reaction. A
solution of copper sulphate carrying at any one
time only a small proportion of hydrogen ions
may, for example, react with calcium carbo-
nate until a large part of the copper is con-
verted into copper carbonate.

The amount of so-called free. acid or freo
alkali present can be computed from the water
analysis. At the present stage in the study of
water analyses the extent to which hydrogen
or hydroxyl ions will be formed through hydrol-
ysis and ionization of salts must be inferred
from a consideration of the relative strength of
the acids and bases that compose the salts, on
the principle that salts of strong acids and
weak bases yield an excess' of hydrogen ions
giving acidity, salts of strong bases and weak
acids yield an excess of hydroxyl ions giving
alkalinity, and salts of strong bases and strong
acids do not hydrolyze perceptlbly, and give
merely neutrality or salinity in the restricted
sense of the term.

The considerations outlined above and the
need of reducing so far as practicable the mul-
tiplicity of terms in most water analyses make
it desirable to group the basic radicles in the -
general order of the relative strength of their
hydroxides and the acid radicles in the general
order of the relative strength of their acids or -
combinations with hydrogen. In the analyses
in the accompanying.table (p. 29) they are
grouped as (1) strong base or alkali radicles,
(2) weaker base or alkali-earth radicles, (3)
weakest base or metal radicles, (4) strong acid
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radicles, and (5) weak acid radicles. As the
strength of an acid or base is, according-to the
ionic conception, a direct measure of the degree
of ionization * such a grouping is a logical pre-
liminary in any attempt to estimate the prob-
able ionization in the solution. By balancing
group totals of basic radicles against group
totals of acid radicles in accordance with the
_well-established chemical principle of satisfy-
ing the strong acids and bases before the weak,
an insight may be obtained into the quality of
the water. In some waters individuals within
“the groups must also be considered. By apply-
ing this method of study it is generally possible
to determine from-the analysis with a fair de-
gree of probability not only whether the water
is acid, alkaline, or neutral, but also what con-

stituents have conveyed these qualities to the

water. Such computations should be supple-
mented in the field and in the laboratory by
testing the water with indicators. In the pres-
ent studies methyl red, methyl orange, and
phenolphthalein were used in the field.

"The details of the method of balancmg the
radicles are set forth below:

A. Balancing of strong acids.

1. Strong acid radicles should be balanced first against
strong base or alkali radicles. Salts derived from strong
acids and strong bases do not hydrolyze appreciably in

water solution and so impart neither alkalinity nor acidity’

but merely salinity to the solution.

2. Remaining strong acid radicles should be balanced
against alkali-earth radicles. Most salts of the.alkali
earths and strong acids do not hydrolyze appreciably in
water solutions and so impart only salinity to the solution.

3. Remaining strong acid radicles should be balanced
against the metallic radicles, the term metallic being here
used in the restricted sense, exclusive of the alkali metals
and metallic earths. Most of the salts of the metallic
elements and strong acids hydrolyze to a considerable
degree in water solution. The resulting strong acids
ionize to a much greater extent than the weak hydroxides
that are also formed, giving an excess of hydrogen ions
over hydroxyl ions and rendering the solution acid. Fer-
ric and copper sulphates in water solutions furnish excel-
lent examples of acidity produced in this way: Waters
rich in ferric sulphate will vigorously attack iron pipes in
mines, even though sufficient iron’ is already present in
solution to balance all the sulphate radicles.? The degree

1 Walker, James, Introduction to physical chemistry, p. 313, 1913.
.2 Jones, L. J. W., Ferric sulphate in mine waters, and it_s action on
metals: Colorado Sci. Soc. Proc.; vol. 6, pp. 46-55, 1897.

.lyze to a notable degree in water solution.
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of acidity imparted by such salts varies greatly, according

to the relative strengths of the acids and bases concerned,

80 that each association must be individually considered.
4. Remaining strong acid radicles should be considered

~as in balance with hydrogen radlcles—that is, as free

strong acid.
B. Balancing of weak a‘cids.

5. Weak acid radicles should be balanced first against
alkali radicles if any remain after satisfying the strong
acids. Most salts of the alkalies and weak acids hydro-
The resulting
alkaline hydroxides ionize to a much greater degree than
the weak acids also formed, giving an excess of hydroxyl

‘over hydrogen ions and imparting alkalinity to the solu-

tion.

- 6. Remaining Weak a,c1d radicles should be balanced
against remaining alkaline-earth radicles. Salts of the
alkaline earths and weak acids hydrolyze to some extent
in water solutions, yielding hydroxyl ions in excess of
hydrogen ions and imparting alkalinity to the water.-

7. Remaining weak acid radicles should be balanced
against remaining metallic radicles (exclusive of the alkali
or alkali-earth metals). The acids and hydroxides re-
sulting from the hydrolysis of these salts are both weak;
their ionization being slight, its effect is not likely to be
pronounced in the direction of either acidity or alkalinity. -

8. Remaining weak acid radicles should be considered
as in balance with hydrogen radicles—that is, as free weak
acid.

In practice there are always analytical
errors that require adjustment in calculations
of this sort. If the basic radicles are in ex-
cess thereacting values of all of them may be re-
duced proportionately until their total exactly
equals that of the reacting values of the acid
radicles. - If the acid radicles are in excess and
the water is not acid to indicators ‘there has
probably.been an error in their determination,
arid, the reacting values of afl of them may be
reduced proportionately until their total ex-
actly equals that of the reacting values of the
basic radicles. If the water is acid to indica-
tors, a notable excess of acid over basic radi-
cles is usually interpreted as indicating the
presence of free acid; a slight excess is not
significant, as the observed acidity may be
due to hydrolysis and ionization of salts of
strong acids and weak bases. If it is known
that the analytical error probably lies in the.
determination’ of certain radicles it may be
desirable to apply the correctlon to those radi-

: cles only.
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Analyses of mine waters from Tonopah, Nev.

Belmont, 1.590-1‘0915 level; - tem- | Mizpah, 2,316-foot drinll ho‘le; ‘tem- West End, 500-foot level: ‘.
ngzlx;xsl{?, 99 F.',’ Chase Palmer, Wf:?ltsl:?ﬂa;;}satl: 106° F.; R. C. es Ch:se’l?almgn?, a.:r?l; Syt.ﬂ-cld.
" Radicles,
Parts Reacting Reacting . Parts Reacting | Reacting Parts Reaeting | Reactiog
er value by value by er value by | value by er value by | value by
miilion. weight. | per cent.s | million. weight. percent.b| million. weight. per cent.c
Nfeeoueeneenaanenaaenns 80 3.472 31.4| 148.8 6.473 | 30.2 135 5.89 ] 12.7
¥ (G 5 . 1.28 1.2 3.4 . 087 .4 12 . 307 .7
Total alkali radicles.|.................. 32.6 ................. 30.6 ficeiniii]aiall, .| 13.4
[0 20 1. 000 9.1 68.8 3.433 16.0 249 12, 450 27.1
Mg........ 4.4 . 362 3.3 6.3 518 2.4 10 822 1.8
Total alkali earth : ‘ . ) ‘ )
radicles. .ooo e deneaiedeeenneann. i A 2 D PUUSDI 18.6 |eeieeeeeeeeannaas 28.9
Fe (ferrous)....cooovueen.. 3 107 Lo 7 025 1 7 252 5
| DA PR PR PN .7 077 .4 -3 . 332 .7
Mn (bivalvent)............. ¢12 . 436 1 O P 75 2.720 5.9
/] 1 ) B 27T O O
0.1 T g e (.6)
Total metal radicles.|....... [.......... L0 1 R N N EE e, s 7.1
(Deficit of basic radicles). .. ... ... oo e [0%:3] APRN PN P
SOy ceeeeenans Ceeeceaeann 106 2. 205 20. 2 327.2 6. 806 31.7 1,019 21.195 46. 0
Ol 35 . 987 9.0 35.6 - 1.004 4.7 65 1. 833 4.0
Brand I.......oooonidiveainiemaiieaaenas None. {.......oifeeiians (e) |...... N
PR PRI JRRPUIRN R Trace. {..oooeen i ]oaan... None. |....... ... ...,
Total strong acid o .
radicles......... o foceiiiifeeeniiit, 20.2 | ees Lol 364 e 50.0
COf oo, 36 1.199 10.9 10.6 353 1.6 None. |ieeeeueiiferioon..
J Y o VO AU IR AU AT IR SR Trace. {cecevecaeifonnnnnn.
HCOg el 51 . 836 7.6 157.2 2.578 i2.0 None. [ceveveniidonen.. ..
Total weak acid . . . .
radicles.......oooeeeeiioiennneantn 18.5 |oeeio et R . 20 ) D PR P
Si0 «eeiieie e 15 ) [ 64.8 |l R ¥ 35 OO E
(Deficit of acid radicles). . .|........]cceene... 2 3 T O e R R P
Total solids......... 367.4 | oo leennn. LLosean ] 90 |
........ 10073210 977 |eeeenaann 21.354 | 99.7 |.........| 45.770 99. 4
........ (711.010)| (100.0)|.........{ (9 21.482) (100.0){.........| (9 46.056)| (100.0)

& The reacting values of the basic radicles in this analysis exceed those of the acid radicles but the discrepancy is within the permissible limit
of oxperimental crror. X

b In this analysis the reacting values of the acid radicles exceed those of the basic radicles by a very slight margin, well within the permissible
limits of experimental crror. . . . ) .

¢ This water was found by testing in the field to be notably acid toward methylred. The slight excess of acid radicles in the analysis is within
the permissible limits of experimental error and is not therefore a certain indication of the presence of free acid. Itis uncertain whether the acidity
toward methy! red is due to free acid or to the hydrolysis and ionization of the small amounts ofiron and aluminum salts present (ferrous and
aluminum sulphates in aqueous solutions are both acid to methyl orange). ,
d [ {}t dtho timo of analysis this water had deposited no.sediment but on subsequent exposure to the air for scveral weeks all of the manganese

eposited. .

¢ Bromine and iodino if present are in minimal amounts. -

f Twice the total reacting value of basic radicles.

¢ Twice the total reacting values of acid radicles.

Instead of distributjng the error among all | Thermal water from Belmént mine, 1,500-foot level:

. . . SR Alkali radicles balanced by strong acid radicles 58. 4
the acid or basic radicles it is in most analyses Alkali radiclesbalanced by weak acid radicles... 6.8

only necessary to distribute it among the| " Allicarth radicles balanced by weak acid

group totals, as has been done for the first two - radicles...... ...l 24.8
analyses in the table. The results of the Metal radicles balanced by weak acid radicles. . . 10,0
application of these methods to the two deep - 100.0

mine waters shown in the table are given| The above statement shows that this water
in the following paragraphs: should be alkaline because of the presence of
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alkali and alkali-éarth carbonates which by
hydrolysis and ionization give an excess of
hydroxyl over hydrogen ions. Tests with
phenolphthalein at. the time of analysis gave
an alkaline reaction. As noted on page 26,
the water at the time of collecting did not
appear to he alkaline toward phenolphthalein,
but the test was made underground, and a
faint pink coloration may have escaped detec-
tion. It is hardly probable that there was any
appreciable absorption of alkali from the glass
of the bottle in which the sample was shipped.
The water may be described as essentially
a sodium and calcium sulphate and carbonate
water which is somewhat alkaline and carries
considerable manganese. In view of the ab-
sence of manganese in the Mizpah water it is
not improbable that the Belmont water acquired
its manganese content from manganiferous ores
with which it came into contact.
Thermal water from Mizpah mine:

Alkali radicles balanced by strong acid radicles 61.2
Alkali earth radicles balanced by strong acid

radicles ... .ol 11.6

Alkali earth radicles balanced by weak acid
radicles ._.... .o 25.6
Metal radicles balanced by weak acid radicles.. 1.6
' ’ 100. 0

This is also essentially a sodium and cal-
cium sulphate and carbonate water but has
more than twice the concentration of the
Belmont water and carries proportionately
much: more silica. No field tests with indi-
_cators are recorded by Spurr, but from the
analysis this water would appear to possess
only the very faint alkalinity attributable to
alkali-earth bicarbonates. Unlike the Belmont
water it carries no manganese. The presence
of traces of nitrate in the Mizpah water is
of interest in view of the known accumula-
tion of nitrogen gas in the tops of certain
stopes and raises at Tonopah.

Although both these waters are hot and the
~Mizpah water is clearly ascending from a

considerable depth, there is nothing in their
compos1t10n to indicate whether they come
from an igneous source, or are surface waters
that descended, became heated in some man-
ner, and.-rose again toward the surface, or
represent mixtures of waters from several
sources. '

- No indications of the deposition of sulphldes
from these waters were found in the mines. As,

'

| nations with sulphur.

‘the lodes.

GENESIS OF THE ORES AT TONOPAH, NEYV.

-according to the analyses, the waters contain no

sulphur beyond that present in the sulphate
radicle, there was probably no deposition of
sulphides from them merely through a decrease
in their pressure and temperature during their
ascent. The deposition of sulphides and of cer-
tain native metals from sulphate solutions of
this general character through reaction with
earlier sulphides appears, however, to be possi-
ble. Such reactions may be metathetical, or
they may involve reduction by the sulphides of
certain metallic salts in the water. Iron and

manganese, the only metallic components ex-

cept aluminum sufficiently abundant to be de-
termined in- the water analyses would probably.
not be susceptible of such precipitation. The
iron and manganese in these waters as they
issued-from the rock were already in a reduced :
condition incompatible with further reduction.
As these metals stand at the end of the Schuer-
mann series,! they are not likely to displace
metathetically other metals from their combi-
Certain other metals,
bowever, notably silver, might if present be
precipitated.

It may be concluded that these waters, if
forming ore at all, are depositing sulphldes or
native metals only in-small amounts by inter-
action with earlier sulphides.
~ It appears idle to speculate upon the possible
relationship between these waters and the solu-
tions that deposited the hypogene ores, either as
regards origin or composition. They differ
from those solutions at least in the absence of
sulphides, for as the rocks that were replaced
by the hypogene ores contained no minerals
capableé of reducing sulphates to sulphides, it is
necessary to assume the presence of sulphides
in the ore-depositing solutions.

SUPERGENE MINERALIZATION.
GENERAL CHARACTER.

Many of the hypogene ores have been exten—
sively modified through the action of the air and
of waters of surface origin descendmg through
The extent and degree of such
action” are dependent on the readiness with
which the agents of alteration can gain access
to the primary ores and are therefore inti-

| mately related to the nature and degree of frac-

1 Schuermann, Emnst, Ueber die Verwandtschaft der Schwermetalle
zum Schwefel: Liebig’s Annalen, vol. 249, p. 326, 1888,
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. turing of the ores and wall rocks and the nature
of the ground-water circulation. The complex
history of the superficial alterations at Tono-
pah, involving two or more periods of oxidation
subsequent to the primary mineralization,
makes it unusually difficult to classify the alter-
ation products in close accordance with the
physical and chemical conditions under which

- they were formed. In- the descriptions that
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west of the fault plane proper the ore is much
shattered and is considerably more -oxidized
than the less shattered ore farther west. Slight
oxidation near fractures was noted in ore of the
Belmont vein on the 1,500-foot level of the
Tonopah Belmont mine. In the workings on
the Murray vein slight oxidation was noted on
the 1,170-foot level but not on the 1,260-foot
or deepest level. - .

LEGEND
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FIGURE 15.—Section'through portion of West End mine showing structural relations of the Fraction ddcite breceia to the West End vein and
.to the Mizpah trachyte. ’

follow they have been grouped according to
their mode of occurrence as (1) residual prod-
ucts of oxidation and deposits in open spaces
and (2) supergere replacement deposits.

DEPTH OF OXIDATION.

General oxidation is characteristic only of the
upper portions of the few veins that crop out.
In the upper portions of the veins that do not
crop out and in the deeper portions of the out-
cropping ‘veins oxidation is local only. Such
local oxidation was noted in some of the deep-
est workings near cross fractures that intersect
the veins. Itis well shown, for example, on the
770-foot level of the Tonopah Extension mine,
the deepest level reached by the workings con-
nected with the main shaft, where fractured ore
~and wall rock just above the Rainbow fault
are much more oxidized than those at a dis-
tance from the fault. On the 600-foot level of
this mine the Extension north vein is cut and
offset by the Rainbow fault; for over 100 feet

OXIDATION AT SEVERAL PERIODS.

At a number of localities in Tonopah there
is evidence of oxidation connected not with
the present surface but with ancient land
surfaces now deeply buried. The most strik-
ing evidénce of this sort is found at several
points near the 300 and 400 foot levels of the
West End mine, where the ore of the West
End vein is capped for short spaces by the
Fraction dacite breccia. In the vicinity of
the West End mine the Fraction dacite
breccia is the surface rock; its base appears
to have a general southwesterly dip of about
30° and truncates the Midway andesite, the
Mizpah trachyte, and in a few places the
West End vein.  The general structural rela-
tions are shown in figure 15.

The dacite breccia is, at least in large part,
8 volcanic tuff, which, like the other volcanic
rocks of the region, is believed by Spurr to be
of Tertiary age. Its tuffaceous nature is

-suggested by its appearance to the unaided
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eye but is especially evident under the micro-
scope, as shown in Plate X, A (p. 25). The
specimen studied microscopically_ and figured
- in this illustration was obtained near station
1447 on the 300-foot level of the West End
mine. It contains rock fragments irregularly
angular in form and of various sizes and
- kinds; most of them are so much altered that
_ their original character can not be deter-
mined ; some show plagioclase phenocrysts in a
finely granular ground mass. In addition,
there are numerous fragments of quartz and
feldspar phenocrysts,.as “shown in the illustra-
tion. The feldspar crystals are mostly andes-
ine. A few of the feldspar crystals are per-
fect, but most of them aré mere fragments, and
many are very angular and 1rregular in form
Some are much fractured, not along cleavage

15 inches

FIGURE 16.—Sketch of a portion of the contact between the Fraction
dacite breccia and the West End vein in stope 309, West End mine.
@, Unoxidized breccia; b, breccia oxidized near fracture; ¢, highly

' O\xdlzed ore.

planes but veryirregularly; the fractures donot

extend into the inclosing matrix. One feldspar

crystal may be much fractured and another
very close to it may be unfractured, indicating
that the fracturing-took place before the crys-
tals became embedded in their present matrix.
Under high magnification (240 diameters) the

matrix still appears fragmental and the frag-

ments show diversity of size sand shape. The
smallest fragments are isotropic and are pos-
sibly volcanic glass. The alterations include
partial calcitization of the plagioclase, some
secondary enlargement of quartz fragments
and the .development of chlorite in certam
rock fragments. o

That the breccia is younger than the ore
of the West End vein is shown by the presence
of & number of fragments of ore and pyritized

- oxides of iron.

GENESIS OF THE CBES AT TONOPAH NEV.

wall rock in the breccia.near 1ts contacts with

the vein.

Where the relations are not complicated by
faulting the breccia appears to have been de-
posited directly upon the ore; in places it
shows an obscure stratification parallel to the
contact. Oxidation of the breccia near its
contact with the vein is not general, but is
usually confined to the vicinity of fractures, as
shown in,figure 16. Breccia in immediate
contact with the vein may be wholly free from
The ore underlying the breccia,
on the other hand, is as highly oxidized as

‘much of the ore found at the present surface

and carries iron oxides in mammillary and
botryoidal forms. Some of the quartzose

| ore next to the contact is porous from parmal
“solution of its constituents.

The high degree of oxidation in the ore, the
unoxidized condition of much of the breccia in
contact with the ore, and the local inclusion of
oxidized fragments of ore in unoxidized brec-
cia indicate that much of the oxidation of this
ore took place before the deposition of the
breccia.

Other evidence leadmg to the same con-
clusion consists in the presence of coatings of
calcite, barite, crystalline quartz, and, rarely,

| pyrite on .the hydrous iron oxides of the ore

just below the breccia contact. -(See PL.X,B.)
In ore from stope 484, not far above the 400-
foot level of the West End mine, a coating of
crystals of a carbonate of iron and calcium is
deposited on hydrous iron oxides. Some barite
is intergrown with the carbonate. On top of
the carbonate occur well-formed crystals of
clear quartz. Locally, quartz has replaced
the exterior of scalenohedral crystals of calcite
which rest on iron oxide. Ore from stope 400A
shows thin coatings- of pyrite on hydrous
oxides of iron. These associations, except
that of quartz, constitute mmeml misal-
liances, for the minerals of the coatings are
not normally formed during the oxidation of
a sulphide ore. Their presence is, therefore,
indicative of a change in the physical and
chemical conditions surrounding this ore.
The structural relations ‘described on page 31
indicate that this change was brought about
by the burial of an ancient, probably Tertiary
gossan under a great thickness of volcanic
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tuffs, inducing a return from' surficial  to
decpcr seated conditions.

Spurr ! calls attention to the probablhty of
a still earlier period of denudation-and oxida-
tion between the deposition of the Mizpah
trachyte and that of the Midway andesite.
He says: “Most likely the earlier andesite

[Mizpah. trachyte] was deeply eroded and the |

veins were exposed before the later andesite
[Midway andesite] was poured out.” The
contact between these two forinations is in
most exposures a fault contact, so- that con-
clusive evidence of oxidation during this
period could not be obtained.

From the evidence above set forth it may be
concluded that although a part of the oxida-

tion, even in those veins which do not crop

out, is certainly recent, some is to be corre-
lated with ancient, probably Tertiary land
surfaces. As downward enrichment has been
an accompaniment of the recent oxidation, it
is logical to suppose that it was also an ac-
companiment of the ancient oxidation, and
that there have, therefore, been several periods
of downward cnrlchment

GROUND WATER.

The common text-beok diagram in which the
water table is shown as a’'subdued counterpart
. of the land surface is. applicable in a general
way to regions, such as the Mississippi Valley,
characterized by moderate humidity and flat-
lying strata through which lateral cifculation of
ground water is easy, but it does not at all ex-
press the relations at Tonopah.
pah mines the active ground-water circulation
is practically confined to. zones of fracturing;
copious flows are limited to a few such zones and
usually to their more open parts. Other frac-
tures have, for considerable periods at least, and
to great depths, been sufficiently free from
water to permit extensive oxidation through
the agency of the atmosphere.
were emphasized by Spurr,® who says:

No general body of ground water has been encountered,
although the rocks are extremely fractured; yet along cer-
tain steeply inclined fracture zones water is found some-
times quite near the surface and occasionally in consider-
able quantity. This water is cool, is sufficiently nonmin-
eral to be fair drinking water, and is undoubtedly the
storage of precipitation.

1 Spurr, J. E., Geology of the Tonopah mining district, Nev.: U. S.
Geol. Survey Prof. Paper 42, p. 35, 1905.
$ Idem, p. 107.
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In the Tono-

These relations:
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Spurr cites much evidence found in the
sinking of shafts and driving of drifts illustrat-
ing the -localization of the ground water in
fractures. Observations from later mining ex-
perience, reported to the writers are wholly
similar in their import and need not be enu- -
merated here. A

RESIDUAL PRODUCTS OF OXIDATION AND DE-
POSITS IN OPEN SPACES BY SUPERGENE
SOLUTIONS.

MINERALS NOTED.

The minerals listed below were notcd either
as residual untransported products of oxidation
or as deposits in open spaces at a very late
stage in the mineralization. As pointed out on
page 42, certain- of them, notably the sul-
phides, were formed as a rule at greater depths
than others, but the fact that there have been
several. perlods of oxidation makes it imprac-
ticable to define closely the conditions of forma- :
tion of each mineral.

Native ‘elements: | Oxides—Continued.
Gold. Hydrous oxides of iron.
Silver. Oxides of manganese.
Sulphides: Carbonates:
Pyrite. Calcite.
Chalcopyrite. Mixed carbonates.
Argentite. Malachite.
-Sulpho-salts: Silicates:
Polybasite. - Calamine.
Pyrargyrite. - Kaolin.’
Haloids: Phosphate:
Cerargyrite. Dahllite.
Embolite. Sulphates: .
Todobromite(?). Barite. .
Iodyrite. Gypsum.,
Oxides:
Quartz. . .
Hyaline silica.
GOLD.,

Grains of bright-yellow gold large enough to
be seen with the unaided eye are commonly
confined to the much oxidized ores of the few
veins that crop out. Such gold was abundant
at a depth of about 100 feet in the Valley View
vein, above and below a fault that displaces the
vein. In specimens examined by the writers
from the 500-foot level on this vein it forms
minute flakes on oxidized surfaces, on which
iodyrite and iodobromite were also deposited;

.Gold in assoéiation with iodobromite was also .

noted in abundance as golden-yellow grains

: 01 to 0.2 millimeter in diameter in the pan-

P
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nings from soft oxidized ore from the South vein
of the Desert Queen mine about 112 feet above
the 600-foot level. . Fractures in this ore are

~heavily coated with oxides of manganese.

The gold of the oxidized ores is commonly in
larger grains than the hypogene electrum and,
to ]udge from its yellow color, is of much greater
purity. It is probably of supergene origin. .

SILVER.

Silver occurs here and there in certain highly
or moderately oxidized ores and in a very few
places is fairly abundant. Argentite is in
many places closely associated with it.

In the Tonopah Belmont mine native silver
is present locally in the Belmont and Shaft
veins. In the Belmont it was found from the
900-foot level, shortly below the “cap rock,”
down to the 1,400-foot level, though most abun-
dant in the rlchest parts of the vein near the
1,100 and 1,166 foot levels; in the Shaft vein
it was noted in ore from d_opths as far down as
the 1,400-foot level. Silver was observed by
‘the writers in ores from the MacDonald vein on
the 330-foot level of the North Star mine and
from vertical depths of 500 to 600 feet in the
West End vein. _ ' o

The silver may occur in wires, flakes, or taper-
ing, fanglike forms commonly curling at the tip.
- The silver wires are found as a rule-in matted
aggregates in small vugs or open fractures,
where they may be attached to quartz or barite
- crystals or to argentite. Ragged incrustations

of silver on fractures and in small solution ¢avi-.

ties were noted in ore from the 1,400-foot level
on the Belmont vein, where they coat quartz
or hydrous oxides of iron.

Small, bright flakes of silver of 1rregu] ar out-
line on fractures in hypogene ore obtained be-
" tween the 1,300 and 1,400 foot levels of the

Belmont vein were not evenly distributed over
the walls of the fractures but were deposited
only where hypogene sulphides were abundant,
sugorestlng ‘that, the sulphides exerted an influ-
.ence in the silver precipitation. In some
slightly oxidized ores of the Belmont vein the
silver flakes are associated with a soft claylike
material of ‘blue-green color. Close study of
this material shows that it is’ probably kaolin
colored by an adsorbed soluble salt of copper.

When pulverized and treated with cold aqua.

‘ammonia the blue material imparts the charac-

GENESIS OF THE ORES AT TONOPAH, NEV..

teristic copper-blue to the solution.. Acidifica-
tion with hydrochloric. acid. yields no precipi-
tate, showing that, contrary to the prevailing
opinion among the miners, the blue material
does not contain silver haloids. In this mate-
rial are embedded flakes of silver and some
grains of argentite, but crushing and panning

‘| may be necessary before they become visible.
- Local shearing since the. silver was deposited

has compacted. the blue-green kaolin-like ma-
terial into a talclike mass and .drawn out the
silver flakes into a very thin natural foil. Such
shearmg must be very recent. '
Tapering, fanglike forms of silver were noted
in ores from the Belmont, Shaft, and West End
veins and commonly rise abruptly from a base
of argentite or more rarely of polybasite; in
some ores minute masses of. argentite are at- .
tached to their sides or tips.. Rarely’ the
“teeth’ are attached to a base of quartz or of
barite. It is believed that the silver ““teeth”

 have resulted from the reduction of silver com- -

pounds in place.
PYRITE.

Deposits of pyritc were noted in a few places
coating fractures in hypogene ores to depths of
about 600 feet. At several localities it is inter-
grown Wlth barite, clear. crystals of WhJCh in
places completely inclose small pyrite pyritohe-
drons. Pyrite closely associated with barite
was noted in fractures in the McNamara vein.
not far above the 300-foot level (344 raise) of
the Tonopah Extension mine; in the Murray.

‘vein on the 600-foot level (end of 603 north
“crosscut) of the same mine; and in the West

End vein on the 500-f00t 1chl (502 drift) of the
West End mine. On the pyrite and barite lo-
cally ferruginous and manganiferous calcite,
rgentite, or both, have been deposited. In
2‘1\ -place - intergrown pyrite and quartz are.
deposited on earher, more coarsely crystallized.
quartz coating a fracture in hypogene ore.

In all the late pyrite deposited in fractures in.
the Tonopah ores the predommant myst;al
faces are those of the pyritohedron, whereas in
the pyrite of the undoubted hypogene ores and

‘in the pyrite developed hydrotherma.lly in the

wall rocks cube faces predominate. That this

i contrast in crystal-form signifies different con-

ditions of deposition can hardly be questioned,
but sufficient data are not at hand to warrant
conclusions as to its precise significance.
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A. BRANCHING DEPOSIT OF ARGENTITE, PROBABLY SUPERGENE, ON WALL OF FRACTURE
IN QUARTZOSE HYPOGENE ORE.

Small amounts of finely crystalline chalcopyrite are associated with the argentite. Specimen from 1,130-foot level,
Macdonald vein, North Star mine, in collection of A. E. Lowe, Tonopah. Natural size.

B. LICHEN-SHAPED DEPOSITS OF ARGENTITE, PROBABLY SUPERGENE, WITH A LITTLE POLY-
BASITE, ON WALL OF FRACTURE IN HYPOGENE RHODOCHROSITE-RICH ORE.

Not far below 950-foot level, Murray vein, Tonopah Extension mine. Natural size.
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A. POLYBASITE, PROBABLY SUPERGENE, PARTLY FILLING FRACTURES IN WHITE, OPAQUE
QUARTZ.

In a few places finely crystalline chalcopyrite and in one place a little native silver are deposited on the polybasite.
Macdonald vein, Montana-Tonopah mine.

B. BRANCHING DEPOSITS OF PYRARGYRITE AND POLYBASITE, PROBABLY SUPERGENE, ON
WALLS OF FRACTURE IN WHITE QUARTZ.

Montana-Tonopah mine, exact location uncertain. About natural size.
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CHALCOPYRITE. . -

- Small amounts of very finely crystalline chal-

. copyrite occur as late deposits along fractures
. In hypogene ore. In the Murray vein not far
below the 1,000foot level (203 stope) of the
Tonopah Extension mine, chalcopyrite, polyba-
site, barite, and argentite have been deposited
on crystalline quartz that coats fractures in
hypogene ore. The sulphides are locally on or
in the barite; elsewhere barite crystals lie on the
sulphides. A part of the argentite in these
fractures is an alteration from polybasite, for the
exterior portions of flat hexagonal c1ystals of
the typical polybasite form are now sectﬂe
argentite.

In the specnncn from the MacDonald vein
lustrated in Plate XTI, 4, finely crystalline
chalcopyrite locally coats the polybasite- in

- fractures only partly filled by polybasite. In
the Fraction vein between the 600 and 700 foot

levels of the Jim Butler mine argentite, locally

intergrown with barite, coats fractures in hypo-

‘gene ore; and on the argentite or intercrystal-
117cd \vlth it are small- crystals of chalcopyrite.
Ore from the West End vein between the 700
and 800 foot levels shows intimate mixtures of
argentite and chalcopyrite coating fractures in
hypogene ore, also chalcopyrite, polvbasme, and
pyrargyrite in quartz-lined vugs.

ARGENTITE.

Argentite is particularly. common as a late
deposit on the walls of fractures cutting the
hypogene ores. In one specimen from the Jim
Butler mine it partly fills fractures in clean
white quartz in much the fashion that polyba-
site does in the specimen shown in Plate XII, A.
A branching deposit of argentite on a fracture
in quartzose ore of the MacDonald vein is shown

-in Plate XI, 4, and lichen-like deposits from the
Murray vein are shown in Plate XI, B. These
. deposits lie directly on the hypogene ore; in

. other places a thin layer of crysta]lme quartz .

Intervenes.

 In many fractures a.rgentlte is accompanied
by light-colored carbonates.” In some places
the argentite coats the c&rbonate, as in the
I‘mcmon vein between the 600 and 700 foot
levels of the Jim Butler mine (stope 4), where
siderite on a fracture is coated with a thin de-
- posit of argentite about the area of a silver
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dollar. In other places argentite and carbon-
ate are intercrystallized in a fashion suggesting
contemporaneity. In fractures in the West
End vein—for example, in a specimen taken
between the 400 and 500 foot levels.of the West
End mine—argentite hias been deposited -over
some crystals of fcrrugmous calcite; elsewhere
on the sami ‘Specimen the calcite coats the ar-
gentite, or the two are“irregular ly,,mtercryst&l—
lized. In the Fraction vein between the 600
and 700 foot levels of the Jim Butler mine the
the wall of a small fracture cutting hypogene
ore is coated with shghtly ferruginous calcite;
over this .in ‘places is an-intimate mixture of
calcite, argentite, and some barite, the argen-
tite in part inclosed by the calcite or barite; and
on this mixture pure argentite is locally de-
posited. In the West End vein, between the
400 and 500 foot levels of the West End mine;
the Fraction vein, not far above the 700-foot
level of .the Jim Butler mine; and the Murray
vein in the 1,000-foat level of the Tonopah Ex-
tension mine alvcntltc was noted ontlrely in-
closed by clear barite. crystals.

POLYBASITE L

Polybaswo is common as a late dcposm in
fractures traversmg hypogene ores; in some
places it is 1ntlmatcly 1ntergr0wn Wlth pyrar-
gyrite, and in many others it is clasely associ-
ated with argentite. The first coating on such
fractures is commonly crystalline quartz, the

“polybasite being dcpos1t0d on this quartz.

In the Belmont vein on the 1,000-foot level
of the Tonopah Belmont mine, near south cross-
cut 1044, fractures cutting hypogene ore are
lined with finely crystalline quartz, on which
thin patches of polybasite and argcntlte are
deposited. -A particularly fine specimen show-
ing  polybasite deposited along fractures in
white quartz from the MacDonald vein is shown
in Plate XII,"A. " In one part of this specimen
a little native silver and in another part fingly
crystalline chalcopyrlte were dep051ted on the
polybasite.

Polybasite in flactules is locally assocmted '
with light-colored carbonates. In the Murray
vein not far above the'1,100-foot level polyba- .
site in some places lies on calcite and.in others is

“coated by calcite, the, two minerals being essen-

tially contemporaneous
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PYRARGYRITE.

Late pyrargyrite that can be cleanly stripped
from fractures- and vugs in hypogene ores was
noted in several places but was much less abun-
dant than the pyrargyrite described on pages
14-15, which is believed to be hypogene. Such
late pyrargyrite is also less abundant in general
than late argentite and polybasite. .

Pyrargyrite with intergrown polybasite and
chalcopyrite was noted coating quartz crystals
lining vugs in the West End vein between the
700 and 800 foot levels of the Jim Butler mine.
The sulphides could be cleanly stripped from
~ the'quartz and were plainly deposited at a later
period. Branching forms of late pyrargyrite

intergrown with some p.olyba51te on the wall of.

a fracture in white quartz in the Montana
' Tonopah mine are shown'in Plate XII, B.

In ore rich in rhodochrosite from the West
End vein between the 400 and 500 foot levels
of the West End mine pyrargyrite and polyba-
site form thin coatings on the walls of fractures,
from which they: can be cleanly stripped.
Specimens showing identical relations were ob-
tained from the Tonopah Extension office, but
their original location in the Extension work-
ingsis unknown. '

SILVER HALOIDS.

Silver, haloids were noted only in the veins
that crop out. They were repdrted from sev-
eral parts of the Tonopah Belmont mine.
Specimens said to contain them were found. to
carry native. silver and a ‘soft blue-green
material, probably kaolin, with adsorbed sol-
" uble copper salts, but no silver haloids were
found. According to Burgess, who had un-

usual opportunities. for studying the occur-
rence of the silver baloids at Tonopah the
most. abundant of them 1Is cerargyrite, al-
though most of the samples tested by hiin
showed traces of bromine. All the gray silver

haloids tested by the writers contained con- |

siderable bromine, but comparatively few
‘spemmens were avmlable There are evi-
dently all gradations from cerargyrite into the
chlorobromide embolite. Silver haloids, carry-
ing chlorine, bromine, and iodine and others
carrying bromlne and iodine, were also noted.
The-pure bromide, bromyrite, -was not noted,

1 Burgess, J. A, The halogen salts of silver and associated minerals at
Tonopah, Nev.: Econ. Geology, vol. 6, p. 17, 1911.
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but nearly pure iodyrite is locally abundant.
The colors of the silver haloids are in places
deceptive, for much translucent pale-gray
haloid appears to carry as much bromine as
chlorine, and some pa.]e-gray iodyrite was
noted. '

The mode of occurrence of these mmerals
presents a number of interesting features. In
one specimen from the Tonopah Mining Co.’s
upper workings (exact locality unknown) frac-
tures in sulphide ore were coated with hydrous
oxides of iron; on these was deposited a thin
coating of malachite, which, in turn, was
coated with calcite. Cerargyrite of dirty-
gray color, carrying some bromine, is locally
intercrystallized with the malachite and cal-
cite. In one place the cerargyrite is wholly
inclosed in calcite, but a short distance away it
lms on unetched crystal faces of calcite.

"A ““sand” from porous oxidized ore from the
Mizpah vein between the 400 and 500 foot

levels carries yellowish iodyrite and a yellowish-

green haloid without cleavage, that appears,-
upon testing,? to contain much bromine and-
less iodine and chlorine. The associated iody-
rite is pale yellow, reacts only for iodine, and
shows the hexagonal form and basal cleavage
characteristic of that mineral.”

In other specimens from the Tonopah Min-
ing Co.’s upper workings (exact locality un-
known) iodyrite that was deposited on the sur-

‘face of iron oxide coating quartz is in part pale

yellow and in part dirty gray in color. Both
varieties are “hexagonal, have perfect basal
cleavage and yellow streak, and react only for
iodine when tested in the closed tube. Some
crystals are gray iodyrite at the base and yellow
above. In partsof one specimen a first genera-

“tion of lodyrite crystals has been coated with

transparent colorless hyalinie silica, and on top
of this a later generation of smaller iodyrite
crystals has been deposited. A centimeter or
so away on the same surface, where hyaline
silica is-not present, there is only one set of
iodyrite crystals, the later lodyrite appearing
to have enlarged the earlier crystals without
forming new ones. Locally iodyrite crystals
are entirely inclosed by the hyaline silica, show-

2 The silver haloids were mixed with a little pulverized galena and
heated before the blowpipe in the closed tube in accordance with the
method recommended by Brush and Penfield (Manual of determinative
mineralogy, p. 68, 1911). The lead chloride, bromide, and jodide formed
are deposited at different heights in the tube and are easily distinguished
from one another. Their relative amounts can be roughly estimated.
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ing that the two minerals formed contempo-
raneously. Another specimen from the same
~ mine shows hyaline silica deposited on iody-
rite and-lodobromite deposited on top of the
silica; still anothér shows both iodyrite and
iodobromite on silica that coats earlier .iody-
tite. The largest crystals of lodyrite seen were
in & vug in oxidized ore, in a specimen from the
Tonopah Mining Co.’s property, in the collec-

tion of J. A. Uhland. They measured three-:

sixteenths of an inch across the hexagon.
The relation of the silver haloids to the phos-
phate dahllite is considered on page 38.

QUARTZ.

Quartz is abundant as a coating on the walls

of fractures traversing hypogene .ores: It
commonly forms-continuous coatings from 1

usually the first coating on such fractures, and
on it barite, carbonates, kaolin, polybasite,
“argentite, pyrite, chalcopyrite, and a few other

minerals are locally deposited. These quartz |

- coatings are possibly late hypogene, as noted
on page 18. '
HYALINE SILICA.

A number -of characteristic occurrences of
hyaline .silica are described in the sections on
silver haloids and dahllite. The mineral was
also noted coating psilomelane in the Valley
View vein on the 400-foot level. It isnot con-
fined to the veins but occurs abundantly at the
‘surface as thin coatings along joints m the
Midway andesite.

OXIDES OF IRON AND MANGANESE,

The presence of rhodochrosite in the hypo-
gene ores has led to an abundance of hydrous
oxides of manganese in the products of their
oxidation. These are rarely pure, being mixed
usually with hydrous oxides of iron. In the
Belmont vein between the 1,300 and 1,400 foot
levels there are masses a foot or so across com-
posed almost wholly of these oxides. Thin
exterior .coatings of dark reddish-brown pul-
verulent oxides coat a porous framework of
hard gray metallic oxides that give an ocher-
yellow streak. On the 1,300-foot level on the |
same vein a lens of pulverulent manganese
oxide 10 inches wide and 2 feet long was noted

' hypogene sulphide ore.
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at one plice.- The material-is d&rk dull gray

and _finely crystalline, gives: a. dark- brown
stredk, and is: probably manvamte

i . CALCITE: .

1 » _

Calcium carbonate nearly free from iron,
manganese, and magnesium is much less com-
mon than the mixed carbonates described

_below and was noted in only a few places.

Colorless calcite carrying & trace of manganese

‘| was noted in the Belmont vein on the 800-foot

level of the Tonopah Belmont mine as a crys-
talline coating on fractures traversing coarse
In places this calcite
is intergrown with crystals of polybasn;e, the
two being apparently contemporaneous. Cal-
cite was also-noted coating malachite in ore

] | from the Tonopah Mining Co.’s property.
to 3 millimeters thick composed of minute col- |’ ' ' '
orless, transparent hexagonal crystals. It is

MIXED CARBONATES.

" Qualitative tests on many of the carbonate
coatings on fractures in hypogene ore show
 the presence of two or more of the elements
iron, manganese, calcium, and magnesmm

Many carbonates that are pure white in color

_|.are notably ferruginous and turn brown on
-} heating. Mé.nganese in. many places accom-
| panies the iron, but its proportion appears less

than in most of the hypogene carbonates, for a

pink color was nowhere noted.

MALACHITE.

Carbonates of copper are not at all common
in the ores now visible at Tonopah. In a -
specimen from the property of the Tonopah
Mining Co. (exact location unknown) a frac-
ture in the hypogene ore is coated with hydrous

| iron oxides; on these locally malachite and

gray ceraroyrlte carrying some bromine have

{ been deposited. Both these minerals are in

places coated with tumspalent colorless cal-
cite. :
CALAMINE.

Characteristic ‘sheafs’’ of the hydrous zinc -
silicate calamine were noted in the West End
vein between the 500 and 600 foot levels .
(stope 600 C) of the West End mine.” A frac-
ture’in the sulphide ore was first coated with a
thin layer of crystalline quartz; on this argen-
tite and siderite were. deposited; oxidation
followed, converting part of the siderite to
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hydrous irdn oxides and rendering the argen-
" tite dull and locally pulverulent; and finally
calamine was deposited on the iron oxide.

' KAOLINITE.

A white pulverulent infusible material that
reacts strongly for alumina but not for potas-
sium ! is common in the vugs and pores of
many of the ores. Microscopic examination
shows that this material is an aggregate of
‘minute, roughly spindleshaped crystals “of
quartz and another mineral-of nearly the same
index of refraction but_ of very low double
refraction.. This second mineral, which is
probably kaolinite, is in too minute grains . to
permit the determmatlon of its optlcal con-
stants. -

to form in the Tonopah ores. Locally it

occupies spaces formed by the solution of

hypogene quartz or carbonates; elsewhere it
has been deposited on argentite, polybasite,
and carbonates that appear to be of supergens
origin. In a specimen from a vertical depth of

1,395 feet on.the Shaft vein (east stope 3) in .

the Tonopah Belmont mine kaolinite has been
deposited subsequent to the formation of wires
of native silver, which it locally coats. Its
presence was noted in"ores from the deepest
workings; it is common if% unox1d1zed ores;
and where it occurs in oxidized-ores its develop-
ment has preceded oxidation sxcept where, as
shown by other evidences, there has been a
return from oxidizing to deeper-séated'condi-
tions. .

Kaolinite is not confined to the ores but is
common in the neighboring wall rocks. In
the north crosscut on the 850-foot level ofthe
North Star mine, for example it forms the
matrix of rock fragments in a brecciated zone
in the Mizpah trachyte.

Much of the kaolinite occurring in the ores
is not a purely residual product but is either a
prempltate from solution or has been intro-
- duced in suspension. This is shown by its

mode of occurrence in certain quartz-lined |

vugs, where it is heaped up like snow on a fence
top on the upper sides of the quartz.crystals
and is relatively scarce on -their under sides.

1 The materié.l was tested for alumma by moistening with cobalt
. nitrate and. heating before blowpipe; for potassium by the flame colora-
tion test.

hyaline silica. -
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DAHLLITE,

The presence of dahllite, the calcium car-
bono-phosphate (3 Ca,(PO,),.CaCO,), at Tono- -
pah was first recogmzed by Rogers? ih ore
from the Mizpah mine. This ore also contained
iodyrite, hyaline silica, quartz, and manganese
dioxide. The dahllite formed small white tabu-

lar cryst‘a.ls of hexagonal outline resembling

apatite in form but effervescmg with warm
nitric acid,

~ The same mineral was observed by the
writers in ore from the Valley View vein just
below the 400-foot level. It forms short
hexagonal prisms 0.5 millimeter or less in
diameter that effervesce slightly with cold

- nitric acid and react for phosphorus with am-

- monium molybdate.
Kaolinite has been one of the latest minerals |

The dabllite crystals lie
upon quartz crystals lining vugs and also upon
hydrous oxides of iron, and on the dahllite in
turn silver haloids are deposited. All these
minerals are covered locally by clear, .colorless
Of the silver haloids olive-green
iodobromite was first deposited and on this

-and also on the ‘dahllite is iodyrite.

In: another ore specimen from the Tonopah
Mining Co.’s workings (exact locality unknown)
dahllite occurs both in and on hyaline silica
coating oxidized surfaces. '

It is apparent that the dahlhte was deposited

“under the same conditions as the silver haloids

and hyaline s1hca

BARITE.

Barium sulphate is fairly abundant in well-
formed crystals on fractures traversing hypo-
gene ore; commonly the first coating is quartz
and the barite crystals lie on that. In many
places the barite was clearly deposited con-
temporaneously with one or more of the min-
erals pyrite, argentite, and polybasite, “grains
of ‘these sulphides being whclly inclosed by the
barite. * In other places barite is the only coat-
ing on the fractures or on the quartz lining the
fractures.

GYPSUM.
Selenite crystals are not uncommon in the

oxidized ores, especially in the veins that crop
out. Abundant sélenite was observed in the

2 Rogers, A. F., Dahllite (podolite) from Tonopah Nev.: Am. Jour.
8ei., 4th ser., val. 33, Ppp. 475482, 1912,
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South vein of the Desert Queen mine on the
700-foot level, where it occupies fractures in
oxidized ore. Pyrolusite is the most abundant
oxidation product there, and the selenite lies

on the pyrolusite, belng clearly of later forma-

tion.
EPSOMITE.

Crystals of hydrous magnesium sulphate
were noted in the West End mine on the

400-foot level (near raise 415 B), where ‘they
had been deposited recently near cracks on

the walls of the drift by the evaporation of

water used in wetting down the stopes. The
epsomite may have been an original constitu-
ent in the water supply or may have been ac-
quired by the water through reaction with the
waste in the stopes. :

SUPERGENE REPLACEMENT DEPOSITS.

REPLACEMENT OF CHALCOPYRITE 'BY BORN- |

ITE (%), COVELLITE, AND ARGENTITE.
In the processes of mineralization thus far
described chalcopyrite has replaced other min-
erals but has not itself been replaced. In other

words, chalcopyrite has behaved as a stable’

mineral under the conditions of supposed hy-
pogene mineralization.
In an ore specimen from the Shaft vein on

the 1,000-foot level of the Tonopah Belmont

Fiaure 17.—Replacement rim of probable bornite (b) bordering chal-
copyrite (chal). ¢, Quartz; sph, sphalerite. Camera lucida drawing
from polished surface of ore from Shaft vein, 1,000-foot level of Tohopah
Belmont mine.

mine, examined under the microscope, chalco-
pyrite has been replaced by what is probably

bornite and this in turn by covellite, argentite,

or an intergrowth of these two.minerals, as

shown in figures 17 and 18.
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‘The supposed bornite rims around ‘chalcopy-
rite showed the purplish color usual in freshly
pohshed bornite. The quantities being micro-
scopic, it was impossible to isolate any of .the -
minerals for analysis. It is known that chal- -
copyrite immersed in silver sulphate solution
soon becomes coated with a tarnish resembling.

‘bornite, probably a sulphide of silver and iron,

as Palmer ! hasshown. This mineralis of course

FIQURE 18.—Peripheral replacement of chalcopyrite (chal) by probable

. bornite (h) which is in turn partly replaced by a fine intergrowth_of

argentite and covellite (e—). ¢, Quartz; sph, sphalerite. Camera
lucida drawing from polished Surface of ore from Shaft vein, 1,000-foot
Ievel of Tonopah Belmont mine.

stable in contact with silver sulphate solution.

‘To determine whether the bornite-like rims

were this mineral, they were treated with silver .
sulphate solution. They tarnished in the same

‘manner as known bornite from Virgilinia, Va.,

and are believed to be bornite.-. The covellite
shows the characteristic blue color. There are
gradations from apparently -pure covellite
through fine intergrowths of covellite and
supposed argentite into areas that are unques-
tionably pure sectile argentite. "When the fine
intergrowths were treated with silver nitrate
solution the covellite became gray and indis-

| tinguishable in tint from the supposed argen-

tite with which it was intergrown. As it is
well known that covellite changes to argentite .
on treatment with silver nitrate, the identi-
fication of both minerals appears reasonably
certain..

The close association of covellite and argen-
tite is of interest in view of the known capacity -
of covellite to form silver sulphide (Ag,S)
when treated with silver nitrate or silver sul-

.1 Palmer, Chase, Bornite as silver precipitant: Washington Acad. Sci.
Jour., vol. 5, pp. 351-354, 1915,
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phate solution.!
tite appears not to be a replacement of the

covellite but to be.contemporaneous with it.’

Covellite alone pempherallv replacing ‘chal-
copyrite was noted in ore from the West End
vein' a short distance above the 600-foot level
(stope 600 C). Areas of pyrite adjacent, to
the chalcopyrlte have not been replaced by
covelhte '

REPLACEMENT OF SPHALERITE AND GALENA
BY COVELLITE OR ‘ARGENTITE OR A MIXTURE
OF THESE MINERALS. - '

In other parts of the specimen from the
Shaft vein mentloned in the preceding section,
covellite and mixtures of covellite and argentite
were noted as formed by the replacement,
mainly - peripheral, of galena and sphalerite.

Ficure 19.—Replacement of galena (gal) and sphalerite (sph) by covel-
- lite (¢). ¢, Quartz. Camera lucida drawing of polished surface of ore
from Shaft vein, 1,000-foot level of Tonopah Belmont mine.

These replacement. deposits are shown in fig-

ures 19 and 20. In the supposed hypogene

replacement deposits described on pages 19-25

sphalerite was rarely attacked, being in gen-
eral stable under hypogene conditions.

In the specimen shown in figure 20 the width

of the replacement rim does not change in pass-

" ing from parts that are wholly argentite to parts

that are wholly covellite. This feature was

also noted in replacement borders of argentite

and electrum developed around galena, as’

shown in Plate IX, B. In other parts of the
same specimen galena is replaced by argen-
tite, but there is a transition band of the un-
1dent1ﬁcd galena-like mineral between the argen-
tite and the galena. : g

" 1 Anthon, E. F., Ueber di¢c Anwendung der auf nassem Wege darge-

" ste!lten Schwefelmetalle beider chemischen Analyse: Jour. prakt. Chemie, *
Posnjak, Eugene, Determination of capric and-

vol. 10, p. 353, 1837.
cuprous sulphides in mixztures of one another: Am. Chem. Soc. Jour.,
vol. 36, pp. 2475-2479, 1914.

In ‘this specimen’ the argen-f
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NATIVE SILVER.

In the specimen from the Shaft vein in
which. the replacement deposits described
above were noted small areas of native slver

FiGURE 20.—Peripheral replacement of sphalerite (sph) by an associa-
tion of covellite (¢) and argentite (arg). ¢, Quartz. Camera lucida
drawing of polished surface of ore from Shaft vein, 1,000-foot level of
Tonopah Belmont mine.

are abundant. The silver-bearing parts of
the specimen are commonly more or less porous
and are apparently the most altered parts of
the ore. The silver is usually associated with
argenite and may, at least in part, replace it,
as suggested by the relations shown in Plate
XIII, A. In other parts of the same speci-
men, as shown in figure 21, silver and argentite

F1cURE 2L.—Association of argentite (arg) and native siiver {sil). Both
minerals are probably a replacement of some hypogene sulphide. gq,
Quartz.. Camera lucida drawing of polished surface of ore from Shaft
vein, 1,000-foot level of Tonopah Belmont mine,

are so irregularly intergrown as to suggest

| contemporaneity.

As electrum is so common in the ores as a
hypogene mineral, it would appear theoreti-

“cally possible that native silver should occur -



U. S. GEOLOGICAL SURVEY PROFESSIONAL PAPER 104 PLATE XIII

L O.1mm 1

A. ASSOCIATION OF SILVER (sil) AND ARGENTITE (arg) SUGGESTING REPLACEMENT OF THE
SULPHIDE BY THE NATIVE METAL.

Photomicrograph of polished surface of ore from 1,000-foot level, Shaft vein, Tonopah-Belmont mine. The argentite
boundaries have been outlined to render them more distinct. The knob of polished silver and argentite is
surrounded by soft porous material which shows black in the photograph.

B. OXIDATION BANDING IN MIZPAH TRACHYTE.

From walls of Valley View vein. Natural size.
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A. OXIDATION BANDING IN MIZPAH TRACHYTE ADJACENT TO VALLEY VIEW VEIN.

About two-thirds natural size. Small crystals of pyrite are abundant in the unoxidized portion (4) but are absent
from the banded portion of the vein.

==

B. OXIDATION BANDING IN FINE, EVEN-GRAINED FELSITE.
Near North Star shaft. Natural size.
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also as a hypogene ore mineral. Close study
of the ores, however, has failed to discover
native sﬂvcr In ‘any situation where a super-
gene ougln is not more probable than a hypo-
gene or1g1n Furthermore, as gold was fairly
abundant in the hypogene solutions, electrum
would seem to be the more likely mlnera.l to
form.

RELATION BETWEEN SUPERGENE ENRICHMI:)'NT
AND FRACTURING.

Deposition in open spaces and metasomatic
~ replacement have both taken part in the super-
gene mineralization, but the former method of

dcposmon has greatly predommated Char-

. pyrargfyr-te argentite, etc.,

Low-grade ore high-
est value 3’7per ton

alon
ue a%out %28 per ton
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‘rite, argentite, etc. The value of the ore de-
creased from the fault eastward and in the 100
feet west of winze 1,050 fell to $3 or $4 a ton.
Low assays continued up to a northerly fault
dipping 65° E. Just east of or above this fault
high-grade ore averaging 0.3 ounce of gold and
-30 ounces of silver to the ton was found for
about 30 feet.” - Examination of this ore showed
argentite along fractures in thin layers that
could be readily stripped off and that are prob-
‘ably of supergene origin. There is half an inch
or so of gouge along this fault, but the vein
is not greatly displaced by it.

In the Extension No. 1 workings ore tenor
in the Extension North vein appears to havev

- High- ade ore,
Low: grade oregver- 923£0%24 perton.
age value *3t094" Argentite on
perton ractures

High-grade silver ore with

ractures. Average val-, |
!
!

80Feet

FIGURE 22.

acteristic deposits of argentite, pyrarcrynte,
polybasite, chalcopyrite, pyrite, native silver,

barite, and carbonates on fractures cutting.

the hyporrcnc ores are described above. The
effect of such deposits on the average tenor of
the ore in certain parts of a vein is in many
places masked by the somewhat sporadic dis-
tribution of the hypogene replacement depos-
its; nevertheless a distinct relationship be-
tween late fracturing and ore tenor is recog-
nizable in a number of places.

On the 1,050-foot level of the North Star
mine (see fig. 22) the MacDonald vein west of
- the point where it was cut by the eastward-

dipping North Star fault was not of excep-

tional grade; just east of or above this fault
oceurred the richest silver ore the mine has
_ produced, carrying an abundance of pyrargy-

—Plan 6! a portion of the North Star mine wofkings showing thc relations between sui)ergene cnrichment and fault fractures.

been influenced by the degree of fracturing
near the Rainbow fault, which trends north-
northeast and is not itself- mineralized. The
zone of maximum movement along this fault is
marked by 2 feet of gouge dipping 50°-60° E.
The North vein west of this gouge was little
shattered, and its ore was not notably rich,
but for 120 feet east of the gouge the vein
was intensely shattered without serious dis-
placement, was much OMdIZGd and was of high,
grade,

According to Mr. J. H. Dynant of the Tono-
pah Extension Co., the ore of the McNamara
vein on the 400-foot level was notably richer
close to the Rainbow fault than away from it
.on either side. The fractured zone here is
at least 20 feet wide, and the ore is highly

' breccmted and ox1d1zed
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In the Tonopah Extension and West End,
mines the most persistent and conspicuous
fractures traversing the veins strike N. 10°-
30° E. and are nearly vertical. Along most
~of these fractures the displacement has been
slight, but some of. the larger faults of similar
trend and considerable displacement, such as
the Rainbow fault, may belong to this series.
Late deposits of argentite, polybasite, and
carbonates are common along these fractures,
which appear to have been influential in guid-
ing the enriching solutions.

Just above the 500-foot level of the West
End mine in stope 505 the West End vein,
which strikes N. 80° W. and dips 35° N, is
cut by a vertical fault striking N. 10° W.
For 50 feet from the main fault the ore is
traversed by a number of parallel subsidiary
fractures.-
said by Mr. J. W. Chandler. to have been
notably richer than that on either side. Ex-
amination showed that it carried argentite,

chalcopyrite, barite, and. ferruginous calcite

on fractures.

In the Tonopah Belmont mine no such regu-

lar and extensive system of fractures travers-
ing the ore was noted as in the western part of
the camp, and it was reported that the few
well-defined fractures that occur appear not to
have influenced greatly the tenor of the ore.
A probable exception to this statement is the
Belmont fault, for some of the richest ore of the

mine has been found in the Belmont vein for 50 .

feet east of (above) this fault on the 1,100 and
1,166 foot levels, where the ore was much frac-
tured and oxidized. Iiregular minor fractures
are numerous in the ores of this mine, and it is
probable that most of the ore was fairly per-
meable to descending solutions.

SUMMARY OF EVIDENCE OF SUPERGENE ORIGIN
OF CERTAIN ORE MINERALS.

The supergene origin of the deep-yellow gold,
silver haloids, hyaline silica, hydrous oxides of
iron, oxides of manganese, malachite, calamine,
dahllite, gypsum, and epsomite in the Tonopah
ores is not open to queston. -

The silver haloids are evidence of solutlon
and redeposition of silver in the oxidized zone,
and it is certainly to be expected that some of
the silver taken into solution would be re-
deposited at greater depths as the sulphide
or sulphosalts of silver. The notable enrich-

The ore of this 50-foot interval. is |
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ment of the MacDonald vein above certain
inclined faults (see p. 41) by deposits of pyrar-
gyrite and argentite on fractures is -concrete
evidence that such deposition has taken place.

The thin coatings of crystalline quartz com-
mon on fractures may be of diverse origin and
age. Though clearly formed after the main
hypogene mineralization and after the ores
had been fractured, some of this quartz was -

| probably deposited by ascending solutions, as

is shown by the presence of wolframite, an un-
doubted hypogene mineral, intergrown with
such quartz in parts of the Belmont vein.
Other quartz coatings are probably supergene,
as for example those on oxidized ore below the
Fraction dacite breccia. Not all the late frac-
tures are coated with quartz, but where quartz
is present it usually forms the first coating and
the late silver minerals lie on the quartz, not -
intercrystallized with it.

Structural evidence of the supergene origin
of some of the argentite, polybasite, and pyrar-
gyrite in the ores has been presented, but the
supergene origin of all occurrences of these
minerals in lafe fractures and of the pyrite,
chalcopyrite, barite, and carbonates in places
associated with them can not be said to have
been proved. Some of them may have been
deposited by ascending solutions ‘at a period
distinctly later than the main hypogene min-
eralization, or by interaction between ascend-
ing and descending solutions. If ‘they are hyp-
ogene they are probably later than the period
of oxidation which preceded the deposition of -
the Fraction dacite breccia, for barite, calcite,
and rarely pyrite coat highly oxidized ore just
below this breccia. (See p: 32.) The writers’
believe that the probabilities favor the super-
gene origin of all the minerals except wolframite
and a part of the quartz, which coat sharp-walled

| fractures cutting the typical hypogene ores.

Native silver appears to be absent from the
deeper ores at Tonopah, even from those that
carry argentite and sulphosalts’ of silver in
abundance. It was noted only in ores that
were somewhat. oxidized, were more or less
porous through solution of certain constituents,
or showed other evidences of alteration, such
as the presence of kaolin containing adsorbed
soluble salts of copper. In places, its relations
suggest that it has been formed by the altera-
tion of argentite or polybasite. All the native .
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silver at Tonopah is, therefore, believed to be
supergene.
The replacement of chalcopyrite by bornite,

of bornité by covellite and argentite, of sphal-.

erite by covellite and. argentite, and possibly
of argentite by native silver, shown by a speci-
men from the Shaft vein, contrasts strongly with
the replacement characteristic of most of the
Tonopah ores. - Under the conditions of the
~ more usual and supposedly hypogene replace-
mentchalcopyrite is-stable (being itself a replac-
ing mineral), argentite is never accompanied by
native silver but on the contrary is in places
accompanied by. electrum,- and sphalerite is
only rarely replaced and then not by covellite
and argentite but by chalcopyrite. and poly-
- basite. Obviously, these types of replacement,
occurred under physical and chemical conditions
quite different from those under which most of
the ores were formed. The loss of iron and the
substitution of silver for copper involved in
the replacement of chalcopyrite by bornite and
of bornite. by argentite,.as well as the forma-
tion of native silver, are changes in harmony
with well-known chemical tendencies in super-
gene enrichment, and to this process the
writers attribute them.

NATURE OF SOLUTIONS PRODUéING SUPER-
GENE MINERALIZATION. '

Where. active oxidation of pyrite and chalco-
pyrite was in progress, ac1d1ty must, at least
locally and transiently, have been imparted to
the waters in contact with the ore. The abun-
dance of primary carbonates (of one or more
of the elements calcium, magnesium, iron, and
manganese) in most of the Tonopah ores, how-
ever, favors the neutralization of acidity early
in the descent of the solution. This inferential
conclusion appears to tally with the observed
facts, for, as shown in the detailed descriptions
that precede, the argentite and polybasite in
late fractures are in many places intergrown

with or even wholly inclosed in calcite or related

carbonates. Such mineral associations were
" evidently deposited by neutral or possibly alka-
line and not by acid solutions., If such-deposits
in fractures have bzen corlectly interpreted as
. supergene, it follows that the supergene solu-
tions were not acid at the places at which these
minerals were deposited, whatever may have
been their reaction earlier in their descent.

Even the silver haloids were, locally at least,

 Palmer.
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deposited by neutral solutions, as shown by
their intercrystallization with malachite and
calcite. Barite is associated with supposedly
supergene argentite and polybasite in much the
same manner as the carbonates. The mineral-
ogic evidence indicates therefore (1).that the
solutions which produced supergene enrich-
ment became neutral early in their downward
journey; (2) that they carried carbonates and
sulphates in abundance, with lesser amounts of
halogens and phosphates; and (3) that they
transported silver, copper, iron, manganese,
arsenic, antimony, and possibly other metals.

In the hope of obtaining further evidence con- = -

cerning the character of the solutions that pro-
duced the supergene ‘enrichment, a sample of
descending mine water was collected in the .
West End mine and was analyzed by Chase
(See table on p. 29). This water
flowed down through the broken ore and waste
filling of a large caved stope between the 400

and 500 foot levels and issued in & small stream

at raise 524 on the 500-foot level. In the stope -
it is in contact with ore and with the air, and the
conditions simulate those originally existing a
short distance below thé natural outcrop of the
veins. The water as tested in the mine was de-
cidedly acid to methyl orange and had eaten
holes where it dripped on corrugated iron at
the foot of raise 524.

The analysis shows that this is essentially a
sodium and calcium sulphate water, carrying
also manganese and chlorine radicles in abund-
ance. Its concentration is nearly twice that

-of the Mizpah deep water and nearly five times

that of the Belmont deep water. The general
relations between its components, computed in
accordance with the Palmer method, are as
follows: .

Alkali radicles balanced by strong acid radicles.... 26.8
Alkali earth radicles balanced by strong acid radi-
L T 57.8 .
Metallic radicles balanced by strong acid radlcles 14.2
I‘ree strong acid (?)...... e ceeeretienenians 12
100. 0

. The slight excess of strong acid radicles in
the analysas i1s within the peI‘mlSSlble limits of
experimental error, and it is therefore uncer-
tain whether the gbserved acidity of the water
toward methyl orange is due to the presence
of free acid (SO, in balance with H) or to the
hydrolysis and ionization of the small amounts

of salts of strong acids and weak bases present.



.44

ferrous and aluminous sulphate in aquéo',us s0-
lution both giving acid reactions. The entire

- absence of earbonate and bicarbonate radicles,

in spite of the fact that the water has perco-
lated through carbonate-bearing ore, is a nat-
. ural ‘consequence of the acidity of the water,
as a.result of ‘which carbonates would be con-
verted into sulphates with liberation of carbon
dioxide.

It appears that this Water may present some
analogy to the waters that. accomplished the
. supergene enrichment in the early part of their
descent, before neutralization and before they

- ..’had, acquired their full load of dissolved mate-

rials. ;- It is apparently not an analogue of the
supergene solutions at, the stage when they de-
. posited most of the supergene silver iinerals,
for at that stage they appear to have been neu-
‘tral and were depositing also carbonates.

PR'(_)BABLE-PERSISTENCE‘ OF ORES IN DEPTH,

The deepest developments in the Tonopah
minés have shown that in certain veins the
.degree of mineralization gradually decreases
Wlth increasing depth. The deep ores of such
. veins carry more quartz and less sulphides than
. 'the ores higher up; microscopic study shows,
however, that the sulphides are the same species
as in the ores above and ‘that replacement
deposits of the type described as probably
hypogene are present, though naturally not in
such abundance as in the ores-richer in sul-
phides. The Belmont vein on the 1,500-foot
Jevel of the Tonopah Belmont mineg, the com-

bined vein on the 770-foot level of the Exten-

sion No. 1 workings, and the Favorite vein on
the 1,200-foot. level of the Tonopah Belmont
mine afford good examples of such diminution
in value with depth

The Belmont vein on the 1,500-foot, leve]
shows sulphides only in a few _places, much of

it is brecciated wall rock traversed by veinlets.|

‘of white or dark-gray quartz, and no ore in
commercial quantity has yet been found. Ore
from a point 40 feet east of raise No. 2, when
examined microscopically, was seen to carry
scattered grains and small aggregates of galena,
sphalerite, chalcopyrite, pyrite, and polybasite
© in a quartz gangue. The polybasite, at least
in part, replaces galena, and there are narrow

transition rims of probable lead-silver sulphide
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between. A sampleof this ore assayed by the
Bureau of Mines showed 0.08 otnce of gold
and 3.90 ounces of silver to the ton. The hand
specimen shows very slicht oxidation along’
fractures, and kaolin occurs as a late deposit
on the quartz crystals in-some vugs. -

Ore from the 770-foot level of the Extension -
No. 1 workings is highly quartzose and carries
scattered minute grains of pyrite and, rarely,

'small dark-colored aggregates of other sul-

phides. A polished surface of a piece com-
paratively rich in dark sulphides shows galena,
sphalerite, pyrite, chalcopyrite, and polybasite.
The polybasite is peripherally replaced by an
aggregate of argentite and chalcopyrite. The
hand specimens show hydrous iron oxides along
some fractures and manganese oxides along
others.. '
In contrast to the veins just mentioned, other
veins show strong mineralization on the deepest
levels to which they have been developed. Ore

from the Murray vein, for example, on the

1,260-foot- level, is rich in sulphides and is
equal in grade to much of the ore higher up.
This ore_ is unoxidized. Microscopic study of
a polished specimen shows the presence of
galena, sphalerite, pyrite, and- chalcopyrite, in
addition to quartz and a pink manganiferous
carbonate. In .places the galena -has been
peripherally replaced by argentite and elect-
rum, as shown in Plate IX, B. Some kaolin
has been deposited in small vugs" '
. The decrease in tenor with increasing depth
in the veins of the Tonopah Belmont mine is

concomitant with the passage of the veins

from the Mizpah trachyte into the West End
rhyolite and is doubtless dependent, at least in
part, upon the differing susceptibilities of the
two rocks to fracturing and replacement. The
mineralization, though varying in degree, was
continuous from one formation to the other.

Although obviously all veins must terminate
in depth as well as laterally, the evidence from
microscopic studies that many of the silver min-
erals at Tonopah are hypogene (primary) and
that they occurin ore from the deepest workings
offers substantial encouragement to deep min-
ing. -In some veins change in wall rock was
probably a more important factor than mere
increase in depth in causmg the decreased ore
tenor. :
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PHOTOMICROGRAPHS OF CONTACT BETWEEN OXIDIZED AND UNOXIDIZED PORTIONS OF
SPECIMEN SHOWN IN PLATE X1V, 4.

A was taken in ordinary light and B in polarized light. In the unoxidized half, as shown at the left in A, small
pyrite crystals abound; in the oxidized half the iron occurs as finely divided oxide, though the spaces originally
occupied by pyrite are still recognizable. B shows that the oxidation banding is in a general way independent
of the original rock texture. It will be noted, however, that very little iron oxide has developed in the
phenocrysts.
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Fe,(S04)3

LIESEGANG RINGS OF FERROUS AND FERRIC HYDROXIDES DEVELOPED IN AGAR AGAR BY
DIFFUSION FROM OPPOSITE ENDS OF TUBES OF IRON SULPHATES AND SODIUM HYDROXIDE.

A, After 17 days. A is the first and B the second ring formed.
B. After one month. Most of the rings were ferrous hydroxide, but in the late stages, when the iron solution
had oxidized, rings of ferric hydroxide were developed at A.
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OXIDATION BANDING IN WALL ROCKS.

A feature of no economic importance but of
gome scientific interest is the regularly banded
distribution of hydrous oxides of iron in certain
of the wall rocks. This feature is especially
well shown in material from the dump of the
Valley View shaft, and most of the specimens
studied were from that source. Similar band-
ing was noted in place in the walls of the South
vein, Desert Queen mine, at a depth of about
500 feet. S
" The agents producing this banding evidently
gained access to the wall rock through frac-
tures and from them permeated the rock. Po-
lygonal blocks bounded by fractures show com-
pletely concentric structures such as are illus-
trated in Plate XIII, B. :

The iron oxides appear to have been derived
from the oxidation of pyrite, for in many speci-
mens cores carrying abundant disseminated
grains of pyrite remain.  This is true of the
specimen illustrated in Plate XIV, 4, the light-
colored, unbanded portion carrying abundant
pyrite grains. Plate XV shows photomicro-
graphs taken at the junction of the oxidized
and unoxidized areas. Plate XV, A, taken

in ordinary light, shows the scattered crys-.
tals of pyrite (black) in the unoxidized por-

tion and irregular blotches of iron oxide, prob-
ably amorphous, in. the oxidized portion. In
the oxidized portion are visible several voids
corresponding in size and shape to the pyrite
crystals and evidently representing their former
presence. Plate XV, B, gives the appearance
of the samo field in polarlzed light and shows
that the oxidation banding is 1ndependent of
the original texture of the rock..

Quarta veinlets that traverse the rock were
at first believed to be later than the banding,
but closer study leads to the conclusion that
they were éarlier. In places they hawve had
surprisingly little influence on the course of the
oxidation bands. Near some very late frac-
tures the iron oxides have been leached.

A very interesting example of oxidation band-
ing in fine-grained felsite from the vicinity of
the North Star shaft is shown in Plate XIV, B.
The senior writer was at first inclined to in-
terpret this as a “development’ by oxidation
processes of a banded distribution of pyrite or
ferruginous carbonates produced during hydro-
. thermal metamorphism; microscopic study
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shows, however, that the position of the bands -
of iren oxide is wholly independent of the distri-
bution of the pyrite from which it was plainly
derived.

It has been suggested by A. C. Spencer that
the banding is the result of alternate wetting
and drying during many seasons. This ex-
planation has much to recommend it in a region
like Tonopah, where cyclonic storms are mainly
confined to the winter months, the remainder of
the year being rainless except for occasional
showers. Furthermore, occasional drying per-
mitting access of air would appear to be neces-
sary for the oxidation of the pyrite.

The possibility of the development of such
oxidation banding by diffusion processes anal-
ogous to the formation of the so-called Liese-
gang rings has been pointed out by Liesegang*
and unquestionably merits serious considera-
tion, although the progress of such processes
must necessarily have been modified by alter-
nations of wet and dry periods. In this con-
nection two experiments carried out by the
writers may be of interest.

In the first experiment the central portlon of
a straight glass tube about half an inch in in-
ternal diameter was filled with a solution of
agar agar in water. This was retained in place
by a wad of cotton until it hardened. After
the agar agar had set to a firm je]ly & solution
of N/20 ferric sulphate was placed in one end
of the tube and a solution of N/16 sodium

‘hydroxide in the other end; the ends were then -

corked and sealed. After two days a faint.
brown band of ferric hydroxide had developed
at the point marked A in Plate XVI, 4. At
the end of another two days the band A had
not moved but was better defined and a new
band of férrous hydroxide (green) had devel-
oped at the point marked B. By the succes-
sive formation of new bands shown, from left -
to right in Plate XVI, 4 (from Fe,(80,); toward
NaOH), the tube at the end of 17 days pre-
sented the appearance shown in the illustration.
Bands-once formed did not shift appreciably.
The agar agar appears to have exerted a re-
ducing influence on the ferric sulphate, so that
most of the rings were of ferrous hydroxide

instead of ferric hydroxide as was expected: -

In a second experiment the agar agar was-
placed in the lower part of a U tube; sodium

1 Liesegang, R. E., Geologische Diffusionen, pp. 106-116, 1913.
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hydroxide was placed above it in one arm and
ferrous-hydroxide in -the other. The appear-
ance at the end of one month is shown in Plate
XVI, B. Most of the rings were green, but
those last formed, at the point marked A, were
brown, evidently because of oxidation of the
iron-bearing solution by .the air.

Rings were also produced in compacted filter

paper under conditions similar to those of the.

first experiment.

ANALYSES OF ORE, BULLION, ETC.

The following analyses, published by Mr. A.
H. Jones® and inserted here with his permis-
sion, have significance in indicating the pres-
ence of certain elements, notably selenium.
whose presence is not apparent from a mineral-
ogic examination, and in showing that certain
others, such as nickel and -cobalt, which are

characteristic of some silver deposits, are prob- |

_ ably absent. For comparison the analysis by
Hillebrand published in Spurr’s report? is
included.

Analyses of Tonopah ores, concentrates, bullion, etc.

1 2 .3 4 5
FeS ) R .26 ...,
Fe e e, 2.10| 9.87 | 29.80 |.......{......
Mn............... 1.60| 1.36 L10 | .o
Cu...... .1.09 1.32 .60 | .2.10 1. 02
Niand Co......... None. [...o..doooo ool
) o+ T .50 6.21 1.30| 2.36 | 241
Zn.. 3.00| 5.84 .60 | 4.70. . 06
Cd... None. [-... .. .o.... 1.007)......
As... Trace. A9 e
Sbaevei .10 L92 e
5 None. |.cooeei|oeeiii]eaeaa st
S 2. 60 {Notdet}! 31.60 |....... .17
Seoiii 20 2.56 | ... 140 | 1.80
Teweeee . Trace.'None.|.......|....... ......
Au.. .06 . 82
Agl I 488 | 2592 } 1.60 ) 74.23 | 93.23
Undetermxned €4.40)..... 1.58 | @1.75| v1. 31
* Imsoluble...........l...o o bl 30.60 |....... .
100. 00 | 81.72 |100. 00 ({100. 00 [100. 00

a By difference, mainly Na, K, and combined H,0

b By difference.

c Jones, A. H. (superintendent of mﬂls Tonopah Belmoat Develop-
ment Co.), The Tonopah plant of the Belmont Milling Co.: Am. Inst.
Min. Eng. Trans,, vol. 52, pp. 1731-1738, 1916. o

d Spurr, J. E., Geology of the Tonopah mining district, Nev.: U. 8.
Geol. Survey Prof. Paper 42, p. 89, 1905,

' GENESIS OF THE ORES' AT TONOPAH, NEV.

1. Analysis by ‘A. H. Jones of piece of rich silver ore
‘from Belmont mine; exact location in mine unknown.

2. Analysis by \V F. Hillebrand, in the laboratory of
the United States Geological Survey, of sulphides sepa-
rated by crushingand panning from sample of rich sulphide -
ore from Montana vein at depths of 460 to 512 feet in Mon-
tana Tonopah mine.

3. Partial analysis by A H.J ones of concentrates from
Belmont mill.

4. Analysis by A. H. Jones of zinc box precipitate, Bel-
mont mill.

5. Analysis by A. H. Jones of bullion, Belmont mill.

" The cadmium shown in analysis 4 very possi-
bly represents a - concentration of cadmium
occurring as an impurity in the zinc used for
precipitation. It is noteworthy that the ratio
of gold to selenium is very nearly the same in
both analyses 1 and 2.

IDENTIFICATION OF METALLIC MINERALS IN
' POLISHED SECTIONS.

‘Some of the methods of identification of min-
erals in polished section that were used in these
studies may include a féw new points of pos-
sible service to other students of ore deposits.

Whenever possible small fragments of the
mineral to be identified were chipped from the
edges of the polished specimen with a stout
needle or very sharp steel prod and tested
before the blowpipe or in a wet way.

Needles of several sizes mounted in the ends
of wooden penholders were found very useful
as prods for testing the hardness, streak, sec-
tility, etc., of minerals. -

‘Most reagents for tarnishing the minerals can
be conveniently applied on a strip of blotting
paper about half an inch wide and 3 inches long.
One end of this strip is moistened with the
reagent and is rubbed lightly back and forth
over the polished surface of the mineral, the
progress of the tarnishing being watched under
the low or moderate powers of the microscope
and checked at the desired stage by simply rub-
bing with the dry end of the blotting paper.

- Reactions aiding in the identification of cer-
tain minerals are the following:

. The bright silvery luster of galena in pol-
ished sections, its lead-gray streak, and the
development of triangular pits due to the tear-
ing out of inverted pyramids of galena between
the three sets of cleavage planes during polish-
ing (see, for example, P1. VII, B) have usually
been considered sufficient to 1dent1fy it. The
wrlters dlscovered however that another min-
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eral, probably a lead-silver sulphide, also pos-
sesses these characteristics. It was found that

the two could be differentiated by treatment with .

ordinary commercial hydrogen peroxide (H,0,).
Thisreagent tarnishes galena brown but doesnot

affect the supposed lead-silversulphide or any of

the other silver minerals with which galena is
commonly associated. It is therefore areagent
of great utility in studying the relations between
galena and associated silver minerals. The tar-
nish it produces on galena appears slowly, can be
quickly checked, and can be easily removed by
a little polishing with rouge on a bit of cotton.

The polished surfaces of argentite usually ap-
pear slightly ““rougher’’ under the microscope
than most of the other sulphides with which it
is associatéd except pyrite; this feature is well
shown in Plate ITI, B. Pricking with a fine
needle reveals its soft sectile character. ‘It is
unaffected by hydrogen peroxide and silver ni-
trate but is mpldly tarnished brown by satu-
rated mercuric chloride solution.

Polybasite is brittle and gives a black streak.
Its polished surfaces are unaffected by hydro-
gen peroxide but are tarnished reddish brown
by silver nitrate solution and rapidly tarnished
brown by saturated mercuric chloride solution.

Pyrargyrite is brittle and gives a red streak..

It is unaffected by hydrogen peroxide but is
tarnished. brown by’ silver nitrate solution,
though much more slowly than polybasite.
Short treatment with saturated mercuric chlo-
ride solution tarnishes it pale brownish yellow;
polybasite by the same treatment is tarnished
a pronounced brown. The polybasite shown in
Plate IV, B, has been differentiated from the
pyrargyrite which incloses it by such treatment.
Before treatment the two minerals were hardly
distinguishable from each other. -

Silver nitrate is a useful reagent for tarnish-
ing chalcopyrite, which becomes reddish yellow,
then deep amber, and finally madder-red; ar-
gentite, galena, and sphalerite are unaffected by
the same treatment.

SUMMARY OF MORE IMI.’ORTA'NT CONCLUSIONS.

1. The hypogene or primary ores have been
modified in places by oxidation and enrich-

ment through the agency of the air and

oxygenated solutions originating at or near
the surface. The high silver content of much
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of the ore obtained in the past and of some
ore now remaining is unquestionably due in
part to these processes.

2. There is evidence not only of recent
oxidation of the ores but also of at least one
period of ancient oxidation, and supergene
sulphide enrichment. was probably an accom-

‘paniment of each of these periods.

"3. The rich silver ores now being mined at
Tonopah are probably in the main of hypooene
or primary origin.

4. Mining has shown that in certain veins
the primary -sulphides become less abundant
with increasing depth, though the same species
are present; mereincrease in depth may account,
for this change in some veins, for every vein’

.must finally end in depth as well as laterally; in
"many veins change in wall rock has been at

least a contributing factor. The veins devel-
oped by other dgep workings are heavily miner-
alized and of high grade, and the geologic evi-
dence is favorable to the persistence of rich -
primary silver ores to depths considerably
greater than those yet attained in the mining -
operations. .

Although hot ascending waters are encoun-
tered in a number of the deeper workings,
there-is little evidence that these waters are
now depositing ores. :
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