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F O R E W O R D  

Nerada Bureau of Mines Bulletin 56, "Geology of the Cande- 
laria &'fining District, Mineral County, Nevada," by Ben M. Page, 
is based on field studies made by the Stanford Geological Survey, 
Geology Department, Stanford University, during three field sea- 
sons-1939, 1948, and 1949. Dr. Page, who is Professor of Geology 
a t  Stanford University, revisited the district in 1952 and 1953, 
in order to check and revise the maps and to bring the statistics 
and other data up to  date, preparatory to  writing this report. 

Since its discovery in 1863, the Candelaria district has produced 
an estimated $15 to $20 million. Most of this came from silver 
ores, but some gold, lead, zinc, and antimony was produced. 
Today, Candelaria is a ghost town, with only a few buildings 
standing as evidence of its past importance. Its interesting early 
day mining activity is recalled by well-preserved examples of 
careful stone work and fine, hand-polished wood work, done by 
Chinese laborers. This stone work still may be seen in the lower 
levels of the Mt. Diablo Mine. After the period of its boom, in 
the latter part  of the last century, desultory mining was prac- 
ticed in Candelaria for many years; however, during the past 
decade there have been steady, but limited, mining operations. 

Although an excellent study of the regional geology of the 
country surrounding Candelaria, entitled "Geology of the Mina 
Quadrangle, Nevada," was published in 1954 by Ferguson, Muller, 
and Cathcart; the present report is the first important study of 
the mining district since "The Candelaria Silver District, Nevada" 
was published in 1922 by Knopf. Professor Page's report is a very 
timely contribution to our knowledge of the mineral deposits of 
Candelaria. His detailed mapping of the district and the regional 
geological studies of Ferguson and others provide valuable new 
information for the exploration of ore deposits a t  Candelaria. 

The Nevada Bureau of Mines is grateful to Professor Page 
for the opportunity to publish his report and to make i t  available 
to the mineral industry. 

V E R N O N  E. S C H E I D ,  Director 
Nevuda Burecrzt o f  Mines. 

November 1958. 
Mackay School of Mines, 
University of Nevada. 
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GEOLOGY OF THE CANDELARIA MINING 
DISTRICT, MINERAL COUNTY, 

NEVADA 

ABSTRACT 
The Candelaria district of western Nevada produced a n  esti- 

mated $15,000,000 to  $20,000,000, principally from oxidized silver 
ore mined in the 1870's and 1880's. Activity during the past 50 
years has been limited for the most part. There are  possibilities, 
not yet thoroughly tested, for  the mining of sulfide ore and recov- 
ery of small to moderate amounts of silver, gold, lead, zinc, and 
antimony. 

The oldest rocks of the district are chert and dolomite of the 
Palmetto formation (Ordovician). These are overlain unconform- 
ably by a thin gri t  bed, the Diablo formation (Permian). The 
next sedimentary rock, the lower beds of which contain most of 
the mineral deposits, is shale of the Candelaria formation (Lower 
Triassic). A serpentine mass and a variety of dikes cut the sedi- 
mentary beds. 

Two major pre-Tertiary orogenies are clearly indicated. The 
earlier of the two was post-Ordovician and pre-Middle Permian 
in age; i t  produced tightly compressed folds and numerous frac- 
tures in the Palmetto formation prior to  the deposition of the 
Diablo formation. The second major orogeny was Jurassic ( ?) in 
age;  i t  affected the Diablo and Candelaria formations, which are  
steeply inclined and are displaced by faults. 

Mineralization ensued after most of the Jurassic ( ?) folding 
and faulting was completed, but i t  was probably related to the 
later stages of the orogeny. The fractured rocks were hydro- 
thermally altered to  dolomite and other products. Then faulting 
recurred, forming fissures which became veins through the action 
of mineralizing solutions. These solutions deposited quartz, addi- 
tional dolomite, pyrite, arsenopyrite, sphalerite, galena, and 
jamesonite. The last two contain silver, and some silver may 
occur in the other minerals as well. 

After the formation of the ore deposits, and after an interval 
of erosion, Tertiary volcanic outbursts blanketed the area with 
a t  least 2,000 feet of pyroclastic rocks and lava. Dacitic and 
rhyolitic rocks predominate, but two or three basalt flows are 
interbedded with these. 

Gentle folding and extensive normal faulting affected all pre- 
Quaternary rocks, together with the mineral-bearing veins. After 
an  interlude of erosion, thin flows of basalt spread over much of 
the area, probably in the Pleistocene. Block faulting of "Basin 
and Range" type displaced the Quaternary basalt flows, further 
dislocated the ore deposits, and may have continued into the 
Recent epoch. The two principal faults participating in this move- 
ment trend east-northeast to  east, and are old faults which were 
revived in the Quaternary period. 
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I INTRODUCTION 

GEOGRAPHY 

This report deals with the Candelaria mining district1, western 
Nevada. The area described is mainly within Mineral County, 
where the mines are situated, but i t  extends slightly into Esmer- 
alda County. The locality is 17 miles straight line distanc-e south 
of Mina, and 47 miles west of Tonopah (fig. 1 ) .  It is shcwn in 

FIGURE 1. Index map showing location of the Candelaria mining 
district, Nevada 

the southeast quarter of the Hawthorne 1-degree quadrangle of 
the U. S. Geological Survey. 

The ghost town of Candelaria, near the principal mines, is the 
chief landmark. It may be reached froni U. S. Iiighway 95 by a 
7-mile dirt road which leaves the highway between Coaldale 

'Originally included in the Colunlbus mining district. The name "Colun~bus" 
appears in rnany clainl notices and old records. 
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Junction and Mina. The Nevada and California Railroad, which 
appears on many maps as  a means of access t o  Candelaria, no 
longer exists. The pipe line and reservoir shown on pre-World 
War I1 maps likewise no longer exist. The nearest water supply 
is a t  Columbus, 5 miles away, and the nearest source of supplies 
is at Mina. At times Candelaria has not a single inhabitant. 

The ruins of Candelaria (figs. 2 and 3) are situated on a small, 
sloping alluvial plain a t  the foot of the Candelaria Hills. This 
range of hills trends generally east-west, and is ill-defined and 
sprawling except west of the townsite, where a single narrow 
horst forms a straight-sided block. Hillsides are steep and bare, 
the bedrock being widely exposed, but summit areas are locally 
broad and gentle in slope. 

The terrain of the district is 5,500 to 6,700 feet above sea level, 
and is arid sagebrush country. Temperatures are high in summer 
but frequently below freezing in winter. 

HISTORY O F  MINING 

An excellent summary of the early history of mining in the 
Candelaria district is given by Knopf (1922, p. 3-5) < a s  follo.uvs: 

"The silver veins in the Candelaria Mountains were discovered 
by a company of Spaniards in 1863, and a mining district was 
organized in the same year. The veins themselves crop out in a 
particularly barren and inhospitable part of Nevada, and the 
town that  grew up, called Columbus, was situated where water 
was obtainable, 5 miles southeast of the  principal mines, on the 
western edge of a great alkali flat, the Columbus salt marsh. In 
1867 the town had 200 inhabitants, many of whom were doubtless 
dependent on the salt industry, for in those days the metallurgic 
plants of Nevada consumed a large quantity of salt; but the work 
that  had been done to prove the silver veins of the district was 
small. Ross Browne, writing a t  that  time, says that  crushings of 
small lots of ore yielded from $50 to  $200 a ton, 'a good result 
considering the quantity of ore of this class that  can easily be 
obtained; so that  the prospect is not unfavorable.' The remoteness 
of the  district, the complex metallurgic treatment required by 
the ores, and the fact that  the veins were held in numerous small 
holdings all combined to  retard the growth of the new camp. Not 
until the middle of the seventies did the district come into its own, 
but then, owing to the successful development of the Northern 

Xnopf acknowledges the following principal sources of information: 
Biennial reports of the State  Mineralogist of Nevada f o r  1870-1880; and 
Annual Reports of the  Director of the Mint upon the production of precious 
metals in  the United States, fo r  1880-1884. Knopf's specific references have 
been inserted parenthetically in  the passages included here, and the cited 
articles a re  listed a t  the end of this report along with those tha t  were con- 
sulted by the  present writer. 
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Candelaria. During 1953 and 1954, a total of 8,575 tons of tailings 
was shipped from Belleville to  the American Smelting and Refin- 
ing Co. plant a t  Selby, Calif. The tailings are said to contain lead, 
as well as precious metals, and to  be nearly self-fluxing. 

SUMX.4RY OF PRODUCTION 

The Candelaria district has yielded an  important quantity of 
silver, and lesser amounts of gold, copper, lead, zinc, and anti- 
mony. A little nickel was produced in 1882 near Columbus, prob- 
ably in the Candelaria district. Small amounts of barite, turquoise, 
variscite, and serpentine rock have been mined. 

The total production, chiefly silver bullion, may have been 
worth $20 million (gross). However, this cannot be confirmed 
by published figures. The data available to the writer are listed 
by year in table 1. The statistics only account for a production 
of about $15,029,000 through 1954, but no figures are at hand 
for some years. Most gaps in the record indicate lack of activity 
in the district, but a t  times the mining companies apparently did 
not submit reports to the agencies compiling data. For example, 
after the Northern Belle mine was acquired by the Holmes Mining 
Co. in 1884 i t  continued to produce through 1891, but its con- 
tribution is not indicated in the annual totals for the district 
during most of that  period. 

The data are  sufficient to  show tha t  the Candelaria district, 
chiefly because of the productivity of the Northem Belle mine, 
yielded more than $1,000,000 per year in bullion during six of 
the years between 1875 and 1883. I n  the first three quarters 
of 1875, the Northern Belle produced 6,982 tons of ore valued a t  
$544,102 (Raymond, 1877, p. 134). In  1877, the same mine yielded 
$1,270,757, and its total output (mostly since 1873) approached 
$3,700,000 (Whitehill, 1879, p. 25). By the end of 1883 the 
Northern Belle had produced more than $10,000,000 in bullion 
and had paid $1,122,500 in dividends (Knopf, 1922, p. 18),  with- 
out ever having levied an  assessment. The Mount Diablo mine 
ranked second to  the Northern Belle, but even a t  its height i t  
produced only about eight thousand tons of ore a year. Knopf 
(1922, p. 19) notes that in 1883 the Mount Diablo sent 7,848 tons 
of ore to  the mill, and that  $441,518 in bullion was obtained from 
this; but in 1891, a total of 7,715 tons of ore yielded only $186,833, 
indicating that  the grade had fallen one-half. The Lucky Hi!l 
mine has produced probably a little more than $1 million alto- 
gether. No estimate is available for  the Potosi mine, which prob- 
ably ranks among the first 3 or 4 properties in the  district. 
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One of the factors in the decline of profitable production was 
an  almost continuous decrease in the price of silver. The year's 
average London price (translated to  dollars) was $1.328 per 
ounce in 1870. In  1875 i t  was $1.246; in 1880, $1.145; in 1885, 
$1.0648; in 1890, $1.046; in 1892, $0.871; and in 1900, $0.620. 
("Report of the Director of the Mint Upon the Production of 
Precious Metals" . . . See volumes corresponding t o  the years 
mentioned.) 

The small scale of the annual production of the district since 
1891 is clearly shown in  table 1. Apparently the only years in 
which the gross output exceeded $100,000 were in 1916-1917 
when tailings were re-treated, and in 1923 when the Lucky Hill 
mine was revived. At  times the combined efforts of several small 
operators brought only meager results ; for example, in 1911 the 
grand total of 278 tons of ore was mined by six producers. Output 
during the past few years has been between 1,000 and 3,000 tons 
annually, valued a t  $20,000 to  $100,000. 

GEOLOGICAL WORK IN THE DISTRICT 
Previous Studies. 

J. E. Spurr included a brief note on the "Candelaria Moun- 
tains" in his compilation of the geology of Nevada south of the 
40th parallel (Spurr, 1903, p. 113-114). His text, as well a s  plate 
1 of this bulletin, indicate the  formations near Candelaria were 
supposed t o  consist of Carboniferous strata, Eocene-Miocene 
strata, and fine-grained Tertiary volcanic rocks. 

The earliest published geological report on the area as  a mining 
district was prepared by Knopf (1922), who a t  that  time was a 
member of the U. S. Geological Survey. Knopf had no opportunity 
for mapping, but his brief report i s  an  excellent preliminary 
survey of the petrology and economic geology, and it includes the 
history of the district. In 1922 and 1930, J. A. Burgess studied 
the surface geology and made geological maps of some of the 
underground workings in the Northern Belle and Lucky Hill 
mines. This work, which has not been published, is in the posses- 
sion of the Argentum Mining Co. 

A reconnaissance of the Tonopah and Hawthorne quadrangles 
was made in 1922 and 1923 by Ferguson and Cathcart (1924), 
and detailed stratigraphic and paleontological work was begun 
by S. W. Muller in 1927. Muller and Ferguson extended their 
studies during subsequent years, and their publications include 
important observations and maps of the vicinity of Candelaria 
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(Muller and Ferguson, 1936, 1939). The sedimentary units were 
defined in print for the first time, and the district became the 
type locality of the Candelaria formation of lower Triassic age. 
Later, Ferguson and Muller (1949) published a description of the 
exceedingly complex structure and tectonic history in the Haw- 
thorne and Tonopah quadrangles. This was based upon field work 
carried on intermittently for many years. Recently, Ferguson, 
Muller, and Cathcart (1953, 1954) published geologic maps of 
the Coaldale quadrangle, just east of Candelaria, and the  Mina 
quadrangle, which includes Candelaria. In  the meantime, Barks- 
dale (1949) studied the Tertiary volcanic rocks of the district as 
a sequel to  his work with the Stanford Geological Survey. 

Mapping by the Stanford Geological Survey. 

Students and instructors of Stanford University field geology 
classes, composing the Stanford Geological Survey, mapped the 
Candelaria district by plane table in 1939, 1948, and 1949. Most 
of the actual plotting of geological features was done by students. 
The instructors planned and supervised the work. During each 
of the 3 years, 4 to  5 weeks were spent in the field, and 2 t o  3 
weeks in the office. The field periods were brief, but the  man- 
hours of work were considerable. Each year, the field party con- 
sisted of 3 to 6 instructors and 20 t o  40 students. Altogether, 10 
instructors and 94 students participateds. 

In  1939 this Survey was directed by D. W. Lemmon, who was 
assisted by B. M. Page and F. R. Kelley. A triangulation net and 
elevations were established, and the geology and topography 
were mapped on a scale 400 feet to the inch. In  1948, the field 

T h e  following students worked on the project: W. A. Adent, R. M. Ander- 
son, I(. H. Arleth, J. Arneill, R. J. Aseltine, A. H. Balch, R. M. Bauer, J. M. 
Beall, R. H. Beggs, E. G. Belosic, C. B. Berry, F. A. F. Berry, R. G. Berry, 
A. E. Bradbury, D. W. Carlson, R. H. Carpenter, S. E. Clabaugh, R. D. 
Conrad, R. W. Constable, D. S. Costello, W. R. Davidson, F. A. Della-Rose, 
H. Dokuzoglu, R. C. Dougiass, C. D. Erickson, R. B. Ferguson, R. D. Fitting, 
D. R. Forbes, W. D. Fritz, J. E. Frost, M. M. Glasser, F. R. Hall, E. L. 
Hamilton, C. L. Hicks, L. H. Hilpert, E. G. Hoskins, R. G. Hoyt, R. S. Johnson, 
V. C. Jones, R. J. Karren, C. F. Knutson, J. A. Kurfess, M. C. Lachenbruch, 
A. Lewis, J. L. Lewis, R. L. Liscomb, E. Magill, C. G. Maio, A. T. Mannon. 
E. L. Marier, W. E. Mattingly, F. A. Mau, %.-D. McCreary, %. W. ~ c ~ i v i t t ;  
J. P. McLain, R. E. Miller, R. L. Myers, W. H. Myers, T. OR. J. L. O'Neill. 
F. Paguirigan, R. Phillips, H. B. ~ d s t ,  H. ~ t a s y n ~ k i ,  J. I. ~ a k l ,  J. L. ~ e a d ;  
A. R. Robins, B. W. Ryan, A. F. Sanborn, N. E. Saunders, P. S. Shepardson, 
F. E. Smith, C. E. Smith, R. A. Smith, N. J. Silberliny, H. R. Taber, P. K. 
Theobald, R. G. Thomas, H. J. Tillia, F. D. Trauger, R. E. Trefzger, J. W. 
Walker, K. G. Wallace, A. S. Walton, W. W. Whitley, W. A. Wickett, J. G. 
Wigmore, R. B. Willis, T. H. Willis, A. C. Wilckens, D. Wilson, G. F. Worts, 
T. S. Wyman, and H. C. Zwang. 
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party was directed by B. M. Page, assisted by J. D. Barksdale, 
F. R. Kelley, E. E. Roberts, E. F. Cook, and C. Webster. The 
geology and topography were re-mapped on a scale of 200 feet 
to the inch. In  1949 the Survey was directed by B. M. Page, 
assisted by F. R. Kelley, H. P. Schaub, C. V. Campbell, and B. W. 
Ryan; the northern two-thirds of the area was re-mapped. 

The writer spent a few weeks in the field during 1952 and 
1953 revising parts  of the plane table map. The latter appears 
herewith as plate 1. Only a little underground mapping was done 
by the Stanford group. No attempt was made to carry out a 
complete petrographic study of the rocks, or a thorough labora- 
tory examination of the ores. 
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ROCK UNITS OF THE AREA 

PALMETTO FORMATION (ORDOVICIAN) 

The oldest formation in the district consists largely of chert, 
thin-bedded dolomite, and shale. These rocks are broadly distrib- 
uted in the southeastern part of the district and along the south 
side of the Candelaria Hills. Ferguson, Muller, and Cathcart 
(1953, 1954) have extended to these rocks the name "Palmetto 
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formation east of the Candelaria district contain a good deal of 
dolomite (Ferguson, Muller, and Cathcart, 1954), but no car- 
bonate facies was found in the area of this report. The explana- 
tion of the "Geologic Map of the Mina Quadrangle" (Ferguson, 
Muller, and Cathcart, 1954), designates type localities of the 
formation. The crest and west slope of Mount Diablo" and the 
hills t o  the  west a re  the type locality of the sandstone or grit. 
The hills west of the road, a mile north of Columbus, are  the type 
locality of the dolomite. 

Lithology.-The gri t  composing the Diablo formation near 
Candelaria is well cemented, and forms rough, rather prominent 
dark brown outcrops. The component grains are  subangular par- 
ticles of chert and rounded particles of quartz, both constituents 
being 0.02 to 0.1 inch in longest dimension. Gray, black, and red 
chert grains of elongated shape predominate, and are obviously 
derived from the underlying Palmetto formation. The cementing 
material is quartz, and the rock tends to break across the sand 
grains when struck with a hammer. I n  many places there are  
transverse joints which have been filled with silica. The gri t  is 
generally about 10 feet thick, but in some localities i t  ranges up 
to 30 feet and in others i t  is entirely absent. Locally the gr i t  con- 
tains sparse, small chert pebbles a t  the base, and the lithified 
basal gravel and sand fill crevices in the vocks of the underlying 
Palmetto formation. In places black flint nodules 0.5 to  1.0 inch 
in diameter occur a t  the very top of the unit, embedded in the grit. 

Zmportanoe as a marker bed.-The Diablo formation is the 
mostdistinctive key bed in the Candelaria district, and fortunately 
is stratigraphically near the most favorable host rocks for ore 
deposits. It has been traced from the southeast corner to the 
northwest corner of the mapped area, appearing and reappearing 
in many fault blocks and folded structures. There is some likeli- 
hood of confusing this sandstone with a similar bed which occurs 
50 to 150 feet higher in the section, within the Candelaria shale. 
However, the "upper grit" conformably overlies shale, whereas 
the "lower grit" (Diablo formation) typically rests discordantly 
upon chert. 

Fossils, and stratigraphic status.-The followillg fossils have 
been recognized in the Diablo formation between Candelaria and 
State Highway 65 (Muller, S. Mi., oral communication, 1948) : 

Talled Candelaria Mountain in this report and in Knopf (1922). It  is 
bounded by the Candelaria and Reservoir faults, and extends from the vicinity 
of the Potosi mine to Pickhandle Gulch (pl. 1). 

Mineral County, Nevada 

Linoproductus phosphaticus Girty 
Neospirifer pseudocawteratus (Girty) 
Pur~ctospirifer pulchera (Meek) 
Pugnoides ;sagensis var. occidentalis Girty 
Chonetes sp. 

These were found in fine grained, locally dolomitic sediments 
which lie to  the east of the Candelaria district. Students working 
in the limited area of the present report also found some of the 
above listed forms, but only as rough molds, in the upper part  of 
the grit. Muller considers thk faunal assemblage t o  be Middle 
Permian. 

CANDELARIA FORMATION (LOWER TRIASSIC) 

Znzpo~tance.-The Candelaria formation is exposed over a large 
part  of the district, and the lower beds are the most important 
host rock for ore deposits. The formation was first described in 
print by Muller and Ferguson (1936, p. 243--244), who pointed 
out that  i t  contains the earliest Triassic marine fauna recognized 
in North America. Par t  of the type locality is included in the map 
of the present report (pl. I) ,  being about 2 miles southeast of 
Candelaria townsite. 

Lithology.-Muller and Ferguson (1939, p. 1582-1583) report 
that the lower part  of the type section consists of 1,225 feet of 
shale with a few thin limestone beds and lenses, and that  this is 
overlain by 1,000 feet of predominantly massive sandstone beds 
(perhaps locally tuffaceous), and that  the sandstone is overlain 
by 1,000 feet of shale with a few beds of limestone. The reader 
should refer to the cited article for details. Apparently only the 
lower third of the section is represented in the  area of the present 
report, a s  no massive sandstone is present there. 

The Candelaria formation in the eastern part  of the mapped 
area, including part  of the type locality, is little affected by meta- 
morphism and alteration. In  the western part, especially near the 
mines, the formation is largely argillite and is locally hydrother- 
mally altered beyond recognition. A comparison between the 
eastern and western lithologies is shown in table 2. The features 
italicized are  useful in recognizing the parts of the column ix 
which they occur, and some of those which are listed in the right- 
hand column are  faintly perceptible even in moderately altered 
rocks near the mineral deposits. 
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TABLE 2-Comparison of sections of Candelaria formation. 
(Lower part only.) 

Section 1Y4-13/4 ,mi. Section j/,-Y8 mi. 
SE of Candelama S and SW of Candelaria 
(Top not exposed) (Top not exposed) 

Tl~ick- Thick- 
ness ness 

(feet) (feet) 
Shale, olive-greenish-gray, toeath- 7 2 5 +  Argillite ; greenish gray, weath- Z O O +  
eritag olive-greetihh-tfin to  t a ? ~ .  ering tan or greenlsh tan, dense : 
Some is flaky, some is platy, but few or no lan~inations ; no visible 
most breaks down Into "pencils" bedding ; plane joints am? s~nootlc 
(slrn<ler prismatic fragments). joint snrfaees. 
Harcl, brittle. 

Argillite : greenislt gray, with I-.! G - T O  
ttiffnceotis ( 1) s f ~ ~ t d s t o ~ ~ e  beds 
about 1 ft. thick. 

Shale : flssile and locally flaky : 2 7 5 +  Argillite : ocivued, \\ catherlng 100- 
sonie \beathers lnve t~der :  part of ~reenis11-tan o r light brown 300 
lower 60 ft. is orig~nally black, Alternate laminae are  dense, tex- 
calcareous, w i t h abundant turelass : intervening la~ttiwae 
Claraia; middle part includes grr~de f ron~ fine sand to  fine s i l t :  
many concretionary lenses of many dull white angular grains 
limestone containing JIeelioce?,c~s. may be volcanic ash. No ten- 

llency to split along bedding. 
Rock commonly cut bv innunter- 
able healetl niiriiature faults. 

Argillite ; gray, greenish-gray, or 30 
black. comnlonly \vith tuhtte In$/- 
evs ye it&. thick. 

"Upper grit." Sandstone, contain- 0-2 
ing t ~ ~ a n y  chert grains; similar 
to Diablo formation at bottom of 
section. 

Shale; fiss~le flaky to platy, 
gray, but cokmonly \\-eather~ng 
l a ~ e n d e r ;  many black layers 1/8 
zn thtck, attd flutte?bcd phobpitut~c 
( ? )  tiodules M-1 in. long. 2-10 
beds of black dolomzte, t ~ t o t h e r -  
t?iy ~~iouue-gray  h 3 O  tn thzclc; 
1 or 2 of thes; near urade,lytng 
~U~tdStoJ te  co$ltc&tn black flint 

"Upper grit." Sc~otdstur~e, coatai t -  0-5 
tng ~nfi t iy  chert grams and locally 
some angular white fragments 
up to % in. Rrachiopocl mol(ls, 
especially near t o  p. Locally 
prominent outcrops. 

-4rgillite ; gray to black, weather- 1.50- 
ing gray to light brown, conl- 190 
monly with white layers in. 
thick, wi th a few flattened white 
~todules  %-I in. thick. 1,ocally. 
a t  base, dolomite 4-20 in. thick. 
with flint notlules. 

" L O U * ~ ~  grit" (Diablo formation). 0-30 "Lo\ver grit" (Diablo formationi. 0--30 
Sundstone, cotisist i%g 1aryt:ly .of Srrnilato?te e ~ n s i s t i n u  l a r g e l ~  o f  
chert grains. &IoIds of brach~o- chert grriins. 3Zolcls of brachio- 
pods near top. Generally rests on pods near top. (:enera~lly vests on 
chert, uncu~&fo~'~~&ul)Zy.  A valuable chert,  7~7~co?~fo?'?)lnbl?l. .I vitluablc 
marker bed. marker bed. 

Stratigraphic relations.-In the description of the type section 
of the Candelaria formation, Muller and Ferguson (1936) chose 
as the base the beds immediately overlying the Permian grit, 
which has since been named the Diablo formation. The top of the 
Candelaria formation is concealed by later deposits, faulting, or 
intrusions. 

Muller and Ferguson found a fossiliferous zone containing 
Lower Triassic (Scythic) species. The lower part  of the zone is 
characterized by Cluraia stachei, C. am-ita, and C. claraiu. The 
upper par t  contains cephalopods, including Meekoceras Zikrngertse 
and M. terruistriuttlikn. Recent plane table measurements sholv that  
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the Claruia beds are 175 feet stratigraphically above the base of 
the formation as defined above, and that the Meekocerus beds are  
270 feet above the base. 

Muller and Ferguson believed that  the underlying Permian 
grit, the Diablo formation, is separated from the Candelaria 
formation by an unconformity. The grit is locally discontinuous, 
and the faunas above and below the contact with the overlying 
shale seemed to indicate a time gap. However, conclusive evidence 
for an  unconformity is lacking in the restricted area of this 
report. In this particular area, the gr i t  probably could have been 
regarded as  the basal bed of the Candelaria formation. Only 
remarkably uniform erosion could have left such a thin remnant 
(the Diablo gri t)  preserved over much of a relatively broad area. 
Moreover, a second, very thin (0.5 to  5 feet) grit bed of pecu- 
liarly similar lithology lies well within the Candelaria shale, 140 
to  190 feet above the Diablo formation (fig. 8) .  Thus i t  would 
seem that  the two gri t  beds belong in the same sequence of strata. 
The main difficulty is that the Diablo formation appears to be 
Middle Permian, whereas the shale of the Candelaria formation 
is Lower Triassic. If the gri t  could be regarded as Upper Per- 
mian, the apparent time gap might vanish. 

ROCK CORIPI,EX O F  PICKHANDLE GULCH 

0bscw.e cha?*acter.-The rocks of lower Pickhandle Gulch are  
well exposed on both sides of the canyon road near the Northern 
Belle mine, but they are difficult t o  identify. They are  dark gray 
to gray-black where fresh, and greenish-gray to  brown in out- 
crops. Monotonous in obscurity, diverse in detail, lacking obvious 
textures and structures, and consisting of microscopic mineral 
grains, they are not well understood. Various geologists have 
applied tentative field identifications such as  "serpentine," 
"altered tuff," "breccia," "altered andesite," "fault zone rocks," 
"greenstone," or simply "altered rocks." I t  now seems likely that  
several of these designations are locally valid, but none gives a 
correct impression of the mass as a whole. 

Recent study suggests rocks of Pickhandle Gulch are a com- 
plex consisting of: (1) Intensely sheared, locally brecciated, 
baked meta-sedimentary host rock, (2) sheared fine grained meta- 
dolerite intrusives, and (3)  mixed material consisting of xeno- 
liths in a dense igneous matrix. In  mapping, i t  was only possible 
to distinguish between the first and second categories. The third 
group, mixed material, was lumped with either of the other two 
according to  the apparent dominance or subordinance of meta- 
sedimentary material. It is difficult to distinguish between some 
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are megascopically unrecognizable, but under the microscope 
some of them show separate quartz sand grains or intact frag- 
ments of sandstone, the matrix in either case consisting of altera- 
tion minerals such as chlorite, sericite, carbonates, fine pyrite, 
and unidentified microcrystalline minerals. Some of the sandy 
rocks show S-planes defined by dimensionally oriented quartz 
grains, but these planes are masked by later shears and fractures 
and are best seen on artificially polished and oiled surfaces. The 
planes are invisible in outcrops and mine workings. A few speci- 
mens show local mylonitization. 

Meta-dolerite.-The second principal constituent of the Pick- 
handle Gulch complex is meta-dolerite. It is an  altered rock in 
which ophitic texture is preserved in small patches surrounded by 
sheared, less recognizable material. The original minerals have 
been partially or wholly replaced. They are represented by near- 
relatives and by pseudomorphous microcrystalline aggregates 
of later vintage. Apparently the chief original minerals were 
pyroxene and plagioclase. The latter occurred as  a groundmass 
of microscopic laths and, in some cases, as tiny zoned pheno- 
crysts. The pyroxene was about as  abundant as the plagioclase, 
and formed stubby anhedral to euhedral grains of microscopic 
to megascopic size. 

The plagioclase which remains a t  present has a low index of 
refraction, and apparently some of i t  is albite, but this is not 
considered to  be the original variety. The major part  of the 
plagioclase has disappeared entirely, owing to replacement by 
sericite and other microcrystalline minerals. The pyroxene, if i t  
did indeed exist, has given way to  a succession of later ferro- 
magnesian minerals. Some meta-dolerite contains abundant green, 
shreddy hornblende with outlines suggestive of original pyroxene. 
Aggregates of microscopic actinolite have succeeded some of the 
hornblende, and actinolite needles extend even beyond the horn- 
blende areas. In  some of the meta-dolerite much of the hornblende 
has been altered to microcrystalline biotite and chlorite. Iron min- 
erals, including ilmenite, are scattered through the meta-dolerite 
in numerous microscopic grains, and sphene and leucoxene also 
are present. 

Xenoliths are a characteristic feature of the meta-dolerite, and 
they occur in great profusion. However, they are not everywhere 
conspicuous, and many of them resemble the igneous matrix in 
color. They include innumerable small, angular, flint-like frag- 
ments measuring 0.2 to 4 inches across. Some of these are prob- 
ably pieces of Palmetto chert, but most are bits of baked and 
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silicified Candelaria shale, almost indistinguishable from chert or 
flint. Other types of xenoliths are  plentiful also. Some are  faintly 
perceptible, greenish-gray, finely banded angular fragments 0.2 
to  0.5 inch across, consisting of secondary silicate minerals. 

SERPENTINE 

Minor. occurrences.-A few serpentine lenses, up to 220 feet in 
length, are  isolated in the Pickhandle Gulch complex. Masses of 
serpentine were encountered underground in the Northern Belle 
workings. Serpentine in more restricted, narrow zones is found 
here and there in shear zones in the meta-dolerite. Relict textures 
suggestive of former serpentine have been noticed in some of the 
completely altered rocks in mineralized areas. 

Principal serpentine 1nass.-The major body of serpentine 
form an  east-west belt more than 6,800 feet long and 300 to 
1,350 feet wide a t  the ground surface. This is believed to  be the 
largest serpentine body in Nevada, and is undoubtedly broader 
at depth than a t  the present level of erosion. The mass a s  pres- 
ently exposed is an elongated sliver bounded by faults on a t  least 
one side. The faulting permitted uplift and exposure of part  of 
the serpentine, but presumably left an  adjoining part  of the 
serpentine body a t  depth, where i t  has not yet been uncovered. 
Consequently, the original shape of the mass is unknown. It may, 
however, have had an original east-west elongation, a s  the pre- 
vailing easterly strike of the older rocks probably influenced the 
pattern of intrusion. 

The serpentine is, for the most part, dark green, but it ranges 
from black t o  bright pea-green. The color is locally varied because 
of alteration and weathering, so that  bleached gray-white patches 
and rusty orange-brown areas are  commonplace. Convex slicken- 
sided surfaces, irregular talcose shear zones, and other typical 
serpentine structures and textures are prevalent. 

Oriyin and age.-Some of the serpentine was derived from 
ultrabasic rocks of granitoid texture, but some developed from 
relatively fine-grained basic rocks. The first-mentioned derivation 
is indicated by a few occurrences of bastite of granitoid dimen- 
sions, and is further supported by the local presence of chromite 
in grains several millimeters across. The derivation of some of 
the  serpentine from doleritic rocks is indicated by apparent 
gradations into meta-dolerite in the  terrain of the Pickhandle 
Gulch complex. 

The serpentine is older than the numerous felsite dikes, which 
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are themselves pre-mineral, yet the serpentine contains inclusions 
of the Lower Triassic Candelaria shale. The igneous rocks from 
which the serpentine originated are probably contemporaneous 
with the basic rocks of the Pickhandle Gulch complex, and may 
have stemmed from the same source. Possibly all are  remotely 
related to the basic intrusives and extrusives described elsewhere 
(Muller and Ferguson, 1936,1939, and Ferguson and Muller, 1949) 
in the Middle Triassic Excelsior formation. 

Alteration.-Intense alteration of parts of the serpentine is 
ascribed to  hydrothermal action immediately preceding minerali- 
zation, and will be described in a later section. However, an  unre- 
lated, earlier type of alteration has affected the rock 600 feet 
northwest of the Mount Diablo shaft. The serpentine has been 
converted to a white tremolite-talc rock which is exposed in an 
area of several thousand square feet. This mass of hydrous mag- 
nesium silicates may have approximately the same bulk chemical 
composition as  the serpentine, except for a greater lime content. 
Vermiculite is scattered in narrow discontinuous streaks within 
the border zone of the tremolite-talc rock. 

BASIC DIKE ROCKS 

Basic rocks, other than the meta-dolerite and serpentine 
described above, are present, although not in abundance. All are  
undoubtedly pre-Tertiary, being more affected by alteration and 
deformation than the Tertiary rocks in the vicinity, but the exact 
ages are unknown. 

Diabase.-Intrusive rocks, called diabase for want of a better 
name, are  well exposed in the Palmetto formation 8,500 feet 
south of Candelaria (see map, pl. 1). The diabase is dark green- 
ish gray and weathers brown. It is not homogeneous, relatively 
coarse varieties being interspersed with fine-grained varieties 
within a single mass, more or less in the manner of composite 
intrusions. In places the fine-grained facies forms angular blocks 
within the coarser variety. The diabase is almost 100 percent 
altered, probably de~ te~ ica l ly ,  and original lath-like crystals are 
only faintly suggested by microcrystalline pseudomorplis. The 
minerals, in order of abundance, are chlorite, albite in fine aggre- 
gates, calcite in many scattered patches, and sphene. 

Miscellaneous basic dikes.-A younger, smaller dike of basalt 
or dark andesite cuts one of the masses of diabase described above. 
Other small basic dikes occur a t  fairly wide intervals in the 
Palmetto and Candelaria formations. Most of them are less than 
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5 feet wide, and not all were mapped. Where weathered, many 
of these small intrusions are olive green or greenish brown. 

ACIDIC TO INTERMEDIATE DIKE ROCKS 

The large number of acidic to intermediate dikes is a prominent 
featwe of the Candelaria district. The lithologic types are numer- 
OLIS, but only the principal varieties will be described here. 

Felsite dikes.--The most abundant dikes in the district are  
felsite. Most of them are  nearly white, except where stained by 
iron oxide, and show no mineral grains recognizable megascopi- 
cally. These dikes are highly irregular in detail, but they fall into 
a striking pattern when considered in general plan (pl. 1 ) .  
Underground the felsite is distinguished froni other rocks, except 
white argillite, by the color and by the joints. The joints are  more 
nearly planes than those of the Pickhandle Gulch complex and 
serpentine, and are more widely spaced than those of the chert 
and shale. 

The average felsite, when viewed in thin section, is found to 
consist largely of sericite and fine quartz. Specks of pyrite, and 
tiny rosettes of extremely fine, dark tourmaline are commonly 
present. Relict aphanitic porphyritic texture and remnants of 
original minerals in some specimens indicate that  much, and 
perhaps all, of the felsite is a petrologic facies of the quartz 
monzonite porphyry described below. Some may have been a fine 
textured equivalent of the porphyry, but some appears to  be 
felsitic merely because of the development of microerystalline 
alteration minerals and the consequent vanishing of original 
phenocrysts. 

Quartz nzonzonite porphgrg dikes.-Quartz monzonite porphyry 
was recognized in the district by Knopf (1922, p. 8 ) ,  who says, 
"The least altered porphyry . . . contains numerous poi-- 
phyritic crystals of feldspar and biotite and a few of quartz. 
Under the microscope the feldspars are seen to  comprise both 
orthoclase and plagioclase, which are set in a microgranular 
groundmass. . . ." The phenocrysts are 1 to 2 mm long. 
The groundmass is locally variolitic and contains exceedingly 
minute incipient euhedral crystals which are probably albite. A 
prominent quartz monzonite dike 70 t o  180 feet wide and 400 
feet long occurs about 1,000 feet east of the Mount Diablo shaft. 
The dikes near the barite mine (pl. 1) are partly altered equiva- 
lent rocks. 

Qztartz dioq.ite plorphg?y, etc.-A dike or other body just 
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assurance that  this correctly represents the age relations. Some 
tuffs (Tv-x) were not fitted into any column. The east volcanic 
section contains dacitic tuffs and welded tuffs, and a columnar 
flow of dacite or rhyolite (Tv-18). Overlying a dacitic tuff 
(Tr-19) unconformably, there is 25 feet of conglomerate, 25 feet 
of basaltic breccia and scoria, and 20 to  50 feet of olivine basalt 
which is texturally unlike any other basalt in the district. The 
conglomerate and basaltic rocks are  mapped together as  Tv-20 
in plate 1. 

A Quaternary (?)  andesitic mudflow breccia (Qmb) unconform- 
ably overlies the Tertiary volcanic rocks, both in the southwest 
and in the east part  of the district. The breccia consists of angular 
boulders, cobbles, and pebbles of andesite or light colored basalt 
in a fine grained matrix. It is spread over an eroded surface which 
truncates many of the older volcanic rocks. 

Quaternary olivine basalt (Qb) covers some of the area a s  a 
nearly horizontal sheet. Typically, it is separated from the under- 
lying rocks by 1 to  5 feet of loose, dark gray ash with a sandy 
texture. The basalt is commonly 25 to  75 feet thick, is columnar 
in part, and is vesicular in places. It is black on exposed surfaces, 
whereas the  hypersthene basalt (Tv-8) weathers brown. 

I n  resum6, the Cenozoic volcanic rocks comprise a predomi- 
nantly acidic sequence interrupted by 3 or 4 basalts. The acidic 
rocks include several flows, but are largely tuffs and welded tuffs 
produced by explosive eruptions. The basalts, on the other hand, 
are  mainly lava flows. They were not preceded by transitional 
extrusives chemically intermediate between dacite and basalt. 
Instead, they abruptly and incongruously appeared between rhyo- 
litic and dacitic outbursts. A possible exception to  the lack of 
transition may be represented by the Quaternary (?)  andesitic 
mudflow breccia, which antedates the Quaternary basalt. 

Unconfo?.ilzities in tlze volccinic sectio.rz.-Discordant relation- 
ships between some of the tuffs may represent appreciable inter- 
vals of erosion, or may simply indicate inequalities in successive 
accumulations of ash from volcanic centers that  were variously 
located. On the whole, there is little evidence for  major uncon- 
formities within the main part  of the volcanic section, but two 
marked unconformities appear near the top. 

One of the two undoubted unconformities is between the upper 
acidic extrusive rocks and the overlying andesitic and mudflow 
breccia. The andesitic mudflow breccia occurs in nearly horizontal 
patches resting discordantly upon a variety of tilted dacitic tuffs 
and flows. 
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The other striking unconformity in the volcanic section is a t  
the base of the youngest flow, the Quaternary olivine basalt. The 
latter is relatively flat-lying and broadly distributed. Apparently 
the andesitic mudflow breccia was largely eroded away before 
the outpouring of the olivine basalt. 

Aye of the volcnnic rocks.-As implied above, the volcanic rocks 
are  considered to  be Tertiary and Quaternary. These age assign- 
ments seem reasonable, but no strong paleontological support is 
available. The rhyolitic and dacitic tuffs, 2 miles southwest O F  
Candelaria, locally contain silicified wood of Pi~zzls sp., kindly 
identified in 1955 by Virginia M. Page. The Newmont Mining Co. 
discovered a bone fragment in tuff about three-fourths of a mile 
east of Candelaria, but the bone is not diagnostic, although prob- 
ably mammalian, according to V. L. VanderHoof (personal com- 
munication). No other fossils have been reported. 

The acidic tuffs and flows (and intercalated basalts) are  
assumed to be Tertiary because they are somewhat similar in 
lithology and degree of deformation to Tertiary rocks in various 
other districts of western Nevada. They are structurally more 
disturbed than most Pleistocene formations of the region. 

The andesitic mudflow breccia, which antedates the latest 
basalt, may be either Late Tertiary or Early Pleistocene. 

The writer considers the late olivine basalt to be Pleistocene. 
The flows are  warped, faulted, and cut by fairly deep canyons 
such as Pickhandle Gulch. However, they are  not strongly folded, 
and they still cover broad, relatively flat areas of the grou~tit 
surface. There is no evidence that  any later formation, other than 
alluvium, has covered the basalt. If a superjacent formation ever 
existed and was stripped away, the stripping was remarkably 
precise, as the original surface features of the lava are  well 
preserved. Moreover, modified remnants of a small basaltic cone 
may be seen 1 to  2 miles west of Candelaria, and the surrounding 
basaltic lava is obviously related to the cone. The latter could not 
be older than Pleistocene, judged by the modest degree to  which 
i t  has been eroded. 

Importance tvith regard to ~tliilit~g.-The volcanic rocks are  
clearly post-mineral, but their practical importance should not 
be overlooked. Some of the units are excellent structural reference 
planes. The latest basalt, in particular, strikingly reveals recent 
faults and thereby serves as  an indicator of certain displacements 
of veins. 

Future mining exploration may have to  take into account the 
great thickness of barren tuffs and flows which would have to  be 
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penetrated in some places before a drillhole or shaft would reach 
mineralized formations. This probability would apply to  the plain 
upon which the townsite of Candelaria is situated, where drilling 
might be contemplated to intersect ore bodies downfaulted from 
the main mass of Candelaria Mountain. 

GEOLOGIC STRUCTURE 

The structures and tectonic events will be discussed in the order 
of their development. For convenience, they are grouped in 
chronological categories which appear as  headings below. How- 
ever, the  categories are somewhat arbitrary. Doubtless several 
tectonic episodes are  crowded into each of the earlier ones, 
whereas relatively minor deformations are singled out for each of 
the later categories because the latter part  of the record is clearer. 

EARLY FOLDS AND FAULTS IN THE PALMETTO FORMATION 
(POST-ORDO\'ICIAN, PRE-MIDDLE PERMIAN STRUCTURES) 

The oldest structures were produced before the deposition of 
the Permian Diablo formation, which rests discordantly upon 
truncated s t ra ta  of the Palmetto formation (Ordovician). 

The Palmetto rocks are  faulted a t  close intervals and are  tightly 
folded. Seen from a distance, in some places they appear to dip 
homoclinally; that is, certain hillsides show broad bands of sub- 
dued color which appear to be traces of north-dipping strata. 
This is  partly illusionary, however, because many of the bands 
of color are  surface expressions of shear zones and isoclinally 
folded members. The rocks are  so broken by faults and ill-defined 
zones of shattering, individual folds are  mappable in only a few 
localities. 

In  the southeastern part  of the Candelaria district the prevail- 
ing strike of the older structures is east to east-northeast and the 
dips of both upright and overturned strata are  predominantly to 
the north, with countless local variations. In  the west part  of the 
mapped area some of the chert of the Palmetto formation strikes 
northwest or even north, and the dips in such cases are  commonly, 
but not invariably, to  the east. These trends do not prevail region- 
ally, according to maps of other nearby districts (Ferguson and 
MulIer, 1949, figs. 7-10). 

The strike of beds and axes varies so much from one place to 
another there is a strong likelihood several episodes of folding 
took place and that  successive forces acted in different directions. 
There was ample time (Ordovician to Permian) for a complicated 
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series of events. Later, the structures were both intensified and 
modified by the superposition of post-Triassic folds and faults. 
Some of the  folds were originally overturned farther than a t  
present, as the several post-Triassic orogenies tended to raise 
upright some of the recumbent folds in the Palmetto formation 
south of Candelaria. -This may be visualized by "undoing" the 
post-Triassic tilting (see cross sections, pl. 1). 

MAJOR DEFORDIATION OF TRIASSIC KOCIiS 
(POST-TRIASSIC, PRE-TERTIARY) 

After deposition of the Triassic sediments, the formations were 
tilted northward until the Triassic beds were inclined 20" to 60'. 
The dips were subsequently steepened, during the Cenozoic. The 
tilting took place along an east-west axis, and presumably was 
a local manifestation of large scale folding. Probably an  anti- 
clinal crest lies south of the present exposure of Triassic rocks, 
and a synclinal trough lies north of the Candelaria Hills. Accord- 
ing to  this supposition, the Triassic rocks of the Candelaria dis- 
trict constitute a single north-dipping limb of a major fold, which 
is otherwise concealed by Tertiary volcanic rocks and Quaternary 
alluvium. 

Shearing, and perhaps actual thrusting, affected the rocks now 
exposed in Pickhandle Gulch. Some of the disturbance occurred 
before, and some after, the intrusion of dolerite. The Palmetto 
formation and Candelaria shale were locally contorted and brec- 
ciated, and possibly some of the "foreign" masses of rock (con- 
glomerate, quartzite, and small amounts of limestone) may have 
been brought in by a thrust  which grazed the present area of 
Pickhandle Gulch. The disordered and highly fractured material 
was then intruded intricately by subsilicic magma represented by 
meta-dolerite. Intense shearing followed the intrusion, leaving its 
impression upon the texture of igneous and host rocks alike. 

Intrusion of peridotitic magma, which led t o  the development 
of serpentine, presumably took place during or shortly after  the 
tectonic events just described. 

FISSURES OCCUPIED BY DIKES 
(POST-TRIASSIC, PRE-TERTIARY) 

The dikes of acidic and internlediate composition occupy 
fissures which are arranged in a rather systematic pattern. I11 

plan, the pattern has three directional elements : N45"E to N65"E9 
N40°W to  N65"W, and approximately east-west (pl. I ) .  

The dikes which strike nearly east-west are  generally wider 
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than the others. I t  is assumed that they occupy tension fractures, 
which might have resulted from arching of the rock mass along 
an  east-west axis. An underlying, elongated intrusion may have 
provided both the arching and the dike-forming magma, which 
effected the simultaneous opening and forcible filling of the 
fissures. 

PRE-BIINERALIZATION REVERSE FAULTS 
(POST-TRIASSIC, PRE-TERTIARY) 

Reverse faults and small-scale thrusts displaced the Triassic 
and older rocks after the intrusion of the dikes. These faults are 
not occupied by igneous bodies. They are displayed particularly 
well in the several places where the Diablo formation is repeated 
or faulted out. Most of the faults strike west or west-northwest, 
but there is little uniformity in dip. Some dip toward the north, 
and some toward the south. The north dipping faults, where 
steeper than the beds, effect the repetition of s t ra ta ;  but where 
less steep than the  beds, cause omission of strata (see cross see- 
tions, pl. 1). Some of the reverse faults are  almost parallel with 
the strata, and are best recognized where mineralized. 

The north-dipping faults which are occupied by most of the 
veins of the district are probably reverse faults related t o  those 
described in the preceding paragraph. Some are bedding faults 
in north-dipping Candelaria shale. Others, with similar attitudes, 
occur in completely altered rocks without bedding. A few of 
the north dipping vein-faults are offset by slightly later pre- 
mineralization fractures, but the great majority of later fractures 
are clearly post-mineralization. 

The veins are described more fully in a later section. 

POST-B.IINERALIZATION FOLDS 
(EARLY PLEISTOCENE ? ) 

After the deposition of ore and a subsequent interval of erosion, 
Tertiary volcanism buried the older rocks beneath a thick mant!e 
of ash and flows. The volcanic centers are  outside the mapped 
area, and their structural situation is unknown. 

Mild folding disturbed the Tertiary volcanic rocks, but some 
of its effects are difficult to distinguish from tilting which accom- 
panied later block faulting. A faulted, open syncline striking east- 
northeast is prominent in the terrain of acidic tuffs in the east 
part of the area north of the serpentine belt. This fold has resulted 
from compression in an approximately north-south direction. 
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OLDER NORMAL FAULTS 
(EARLY PLEISTOCENE ?)  

En echelon northeast-southzuest faults.-Southeast of Cande- 
laria, 4 or 5 en echelon normal faults offset the Diablo formation 
and adjacent rocks. The faults strike northeast, but lie in a 
northwest-trending belt. Most of them dip 50" to '70" SE. Only 
two of the faults are within the mapped terrain, but these two 
are conspicuous in the southeast quarter of the area covered by 
plate 1. They both display a wide zone of shearing and breccia- 
tion between rather distinct hanging wall and footwall surfaces. 
One is marked by a shear zone that  is 90 feet wide a t  a locality 
9,200 feet southeast of Candelaria. The other shows a 140-foot 
shear zone in exposures 6,800 feet southeast of Candelaria. One 
of the two faults has a throw of about 700 feet, and the other 
probably has a greater amount. Surprisingly, both faults die O L I ~  

along the strike within 2,000 feet of the localities where displace- 
ment is greatest. 

East-west no~)naE faults, and 9-elutecl st)~actv~.es.-Among the 
major faults of the district are  some which strike east-northeast 
to east-west, and show normal displacements. These include the 
prominent Candelaria fault, which dips north and bounds Cande- 
laria Mountain on the north, and the Reservoir fault, which dips 
in the opposite direction and which lies along the south margin 
of the mountain. These two faults have had complex histories, 
some of the movement having occurred before the outpouring of 
Pleistocene basalt, and some after this event. Both the  old and 
young features of the faults will be described together in another 
section, in connection with "Basin and Range" faulting. 

In  addition to the two east-west faults cited above, there is 
another which perhaps originated a t  about the same time, but 
which has had no recent activity. This one dips north and forms 
the north boundary of the main serpentine mass for more than 
a mile. The serpentine mass has been uplifted, relatively speak- 
ing, against Tertiary volcanic rocks. The fault is offset in 2 or 3 
places, but i t  can be followed westward toward Pickhandle Gulch. 
There i t  may be represented by a north-dipping fault which 
passes close to the Swastika shaft. This fault and a south-dipping 
parallel fault bound a conspicuous wedge of white Tertiary tuff 
on the east side of Pickhandle Gulch (fig. 11). 

If the east-west faults existed a t  the time of the en echelon 
northeast faulting, possibly they have a strike slip component, 
but this has not been demonstrated. 
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This is in harmony with observed and computed dips of normal 
faults a s  summarized by Hubbert (1951). In  most places the 
fault consists of 20 to  40 feet of sheared and granulated material 
confined between rather distinct hanging wall and footwall sur- 
faces. 

This fault is believed to  cut off one or more of the veins in the 
deeper levels of the Northern Belle mine. However, the Cande- 
laria fault zone itself is mineralized farther west, and contains 
some of the principal veins of the Georgine mine, Western tunnel, 
and Vanderbilt tunnel. The mineralized par t  is presumed to  be 
pre-Tertiary, because the Tertiary volcanic rocks a re  unaffected 
by hydrothermal action. Therefore part  of the Candelaria fault is 
old, and was simply taken over by post-mineral movements. 

Probably there were post-mineral movements both before and 
after  the  outpouring of the Pleistocene basalt, but only the latter 
effects are readily measurable. The nearly horizontal basalt flows 
are  offset a vertical distance of 600 to  800 feet in the  territory 
between the Georgine mine and the main Holmes adit. East of 
Pickhandle Gulch the displacement of the basalt gives way t o  a 
monoclinal flexure in which the lava flows are  draped like an 
inclined sheet over the mountain front for a short distance. 

The dislocation of the Pleistocene basalt is certainly not a true 
measure of the much greater cumulative displacement of the  older 
rocks. The vertical offset of the older formations is probably more 
than 1,000 feet, but i t  can only be accurately determined by drill- 
ing or  shaft-sinking. The pre-Tertiary formations on the down- 
thrown block, for example, a t  the townsite of Candelaria, are  
completely covered by alluvium, by Pleistocene basalt, and prob- 
ably by a thick section of Tertiary tuff beneath the  basalt. This 
knowledge may be of practical importance in future mining. 

The Reservoir fuzclt, and related faults.-The Reservoir fault 
lies along the south margin of Candelaria Mountain and is the 
counterpart of the Candelaria fault except that  i t  is mineralized 
less obviously, or perhaps not a t  all. The dip, as measured in 9 
places, ranges from 55" to 76" S. The throw, which accumulated 
in a t  least two periods of movement (pre- and post-Pleistocene 
basalt), probably amounts to  more than 500 feet. 

North of the Lucky Hill mine, the  Reservoir fault either 
branches repeatedly or cuts off impinging faults which strike 
northeast. The Reservoir fault, or a principal branch, crosses 
Candelaria Mountain obliquely, from the west fork of Pickhand!e 
Gulch toward the mouth of the Gulch. It is a feature to  be reck- 
oned with in mines of that  vicinity, as a throw of 600 feet is 
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indicated by the displacement of the Diablo formation. Another 
principal branch, or related fault, passes eastward, crossing Pick- 
handle Gulch just below the forks. This has been called the Alpha 
fault. I t  dips 50" to 60" S, and forms the north boundary of a 
block of white Tertiary rhyolite, and tuff (fig. 11). The other side 
of the block is defined by an opposing normal fault which has 
been referred to as  the Swastika fault. The rhyolite and tuff 
therefore compose an elongated wedge which narrows downward. 
The Alpha fault must cut off the Lucky Hill ore bodies if the 
veins extend that far, and i t  is said to cut off the Mount Diablo 
vein group in lower levels of the abandoned mine workings. 

Recency of t~zozte,)zent.-The Candelaria fault is probably still 
active, as the accumulation of talus material has been unable to  
catch up with the uplift of the horst. A vague scarplet a t  the 
junction between mountain front and talus cones suggests that 
faulting has occurred since the cones reached their present height. 

The northeast branches of the Reservoir fault offset the basalt 
above the forks of Pickhandle Gulch, and produce low scarps a s  
high as 60 feet. These are strikingly fresh (pl. 1 ) .  Similar small, 
little-eroded scarps are seen on the basalt capping east of the 
Gulch. 

Origin of ctr~o~)zalozis "Basin and Ra?lye" t?-enc1s.-The small 
recent displacements are  but feeble sequels in a complex struc- 
tural history, and they have been strongly influenced by earlier 
events. 

Some of the conspicuous structural trends in the district weye 
determined long ago, principally by the post-Triassic, pre-Tertiary 
folding. The pre-Tertiary folding resulted in the prevalent east- 
west strike of the Permian sandstone and Candelaria shale (see 
map, pl. 1). This could not have come about during any of the 
subsequent fissuring, reverse faulting, post-Tertiary gentle fold- 
ing, or block faulting. Some of these deformations affected the 
inclination of the beds, but none of them seriously modified the 
strike. If cross-folding had occurred, the strike could not have 
remained so nearly uniform. 

The early-established strike of the bedding may have influenced 
the fissuring that  is reflected in the dike pattern, and i t  probably 
determined the elongation of the serpentine mass. It guided the 
pre-mineral reverse faulting, much of which was effected by slip- 
page between the inclined strata. 

Adaptatiow of old faults.-The Candelaria fault and the Reser- 
voir fault, which appear recent a t  first glance, are old faults that  
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have lately assumed a new role. Apparently they have been taken 
over by recent "Basin and Range" movements. Probably the same 
vertically acting forces which cause movements of the more 
prevalent north-south horsts and graben took advantage of these 
ready-made east-west fractures. 

Elsewhere in Nevada there have been instances of the revival 
of old faults within historical times. About 10 miles north of 
Candelaria, an old fault with no direct topographic expression, 
well within the Excelsior Mountains, showed a displacement of 
a few inches a t  the time of an earthquake in 1934, and the 
movement was almost certainly tectonic rather than superficial 
(Callaghan and Gianella, 1935). In 1915 a t  the time of the 
Pleasant Valley earthquake, new scarps appeared not only along 
the foot of pre-existing scarps bounding the Sonoma (Tobin) 
Range, but also appeared along a "dead" fault extending into the 
Stillwater Range. A dip-slip displacement occurred, amounting 
to 3 feet in some places. 

ORE DEPOSITS 

The ore deposits of the Candelaria district have not been 
minutely studied and completely mapped in detail, but sufficient 
work has been done to show the geologic setting of the deposits 
and to indicate some valuable guides for exploration. Most of 
the deposits are in northward dipping veins near a single strati- 
graphic horizon and most of them are enveloped in intensely 
altered rock. 

ROCK ALTERATION 

Some of the rocks in the Candelaria district have been serici- 
tized, argillized, carbonatized, and silicified. These types of altera- 
tion a r e  here attributed to hydrothermal action presaging or 
accompanying ore deposition. This view is supported by the 
spatial relations of ore deposits and altered rocks (pl. 1) .  The 
altered rocks have been examined in the field more than in the 
laboratory, and microscopic work to date has not been thorough. 
The following descriptions should be evaluated accordingly. 

Sericitixed and u?*gilliaed rocks.-Sericitization has clouded the 
feldspars of many basic dikes and nearly all intermediate and 
acidic dikes. The inner parts of zoned plagioclase laths have been 
almost completedly replaced, and in some rocks all of the feldspar 
has been replaced. Generally minute specks of pyrite are dis- 
seminated in such rocks. The felsite dikes seem to  be particulariy 
sensitive indicators of hydrothermal action. If an unaltered dike 
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was found, i t  probably could be considered post-mineral in age, 
or outside the general area of mineralization. 

Masses of soft white material in parts of the Mount Diablo 
mine are thought to be hydrothermally argillized rock, although 
no laboratory study has been made. The clay-like material occurs 
near some of the veins, but is not a constant associate. 

Carborntixed rocks, ancl their association with ore deposits.- 
Carbonatization has produced the most striking transformations 
and is responsible for the majority of the altered areas shown 
in piate 1. Nearly all pre-Tertiary rocks except the Palmetto 
formation have been susceptible, and those which are largely 
carbonatized show no vestige of original characters. Candelaria 
shale, rocks of the Pickhandle Gulch complex, and serpentine have 
been particularly affected. Weathered outcrops of carbonatized 
rocks are orange-brown, rough-surfaced, devoid of systematic 
structures, and transected by irregular joints and veinlets. Below 
the zone of oxidation the carbonate rock is largely gray-white, 
except for  some of the veinlets. It is dense-textured, tough, and 
contains enough silica to  impart a deceptive apparent hardness. 
The carbonate is predominately microcrystalline dolomite, which 
occurs in aggregates and in tiny disseminated euhedral crystals. 
It is generally accompanied by a small amount of chalcedonic 
quartz. Dolomite and quartz also occur as coarser grained veinlets 
cutting the earlier, microcrystalline material. Specks of pyrite, 
or limonite pseudomorphs, are commonly sprinkled through the 
rock, especially along the veinlets. 

The carbonate of the altered rocks varies as to iron and ma3- 
ganese content. Most of the dolomite is ferruginous and, during 
weathering, develops yellowish brown stains. Iron also appears 
in the form of siderite, but this is probably not abundant. Some 
of the dolomite is manganiferous, as indicated by earthy black 
manganese oxide coatings on weathered surfaces. Neotocite locally 
forms veinlets and also occurs as microscopic pseudomorphs, 
rhombohedra1 in shape, after carbonates. Rhodochrosite was seen 
in vein material from the Petrel Lode tunnel in Pickhandle Gulch, 
and i t  may possibly occur as  a constituent of some of the dolomi- 
tized rocks, 

A common carbonatized rock derived from serpentine is pinkish 
white to tan white when seen in outcrops a t  a distance of a fen7 
feet. Closer observation shows a gray-white background wit'n 
rusty splotches and veinlets. The pale material is microcrystalline 
talc and fine, disseminated dolomite. The rusty splotches are  
weathered microcrystalline aggregates of ferrugino~ls dolomite. 
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Some of the veinlets consist of dolomite and others are  fine quartz. 
The talc betrays the serpentine ancestry of this type of altered 
rock. In some places serpentine has been completely transformed 
to a talc-free aggregrate of carbonate which shows few clues as  
to its history. Some geologists have considered the dolomite to 
be an  original rock from which the serpentine was d'erived, but 
bastite and chromite in the serpentine cannot be explained by 
this theory. 

Intensely carbonatized rock is spatially associated with miner- 
alized veins to a notable degree, although not all mineralized 
veins are enclosed in carbonatized rock. Examples of close asso- 
ciation are  seen in Pickhandle Gulch, where the two principal 
veins below the forks of the gulch are  bordered by orange-brown 
weathering dolomitized rock. The footwall rock of one of the two 
veins is altered in a zone 50 to 100 feet thick, and where the vein 
flattens near the site of the abandoned camp of Pickhandle, much 
of the hillside is dolomitized rock. &companying mineralization 
has attracted prospecting and the hillside is conspicuously pock- 
marked with adits. The veins of the Lucky Hill mine a re  virtually 
encased in a roughly tabular envelope of dolomitized rock about 
300 feet thief. The Mount Diablo veins are somewhat similarly 
situated, and the eastward termination of the veins, a t  the ground 
surface, approximately coincides with the eastern boundary of 
the carbonatized zone. 

Silicified ?*ocks.-Rocks resembling quartzite form prominent 
outcrops in many of the alteration areas. Quartzose masses are  
particularly conspicuous near the Lucky Hill mine, where they 
are associated ivith dolomite of hydrothermal origin. It is tempt- 
ing to suppose that  the dolomitization of the CandeIaria formation 
and other rock units displaced quantities of silica as  the elastic 
particles were replaced by carbonate, and that  the silica was 
deposited almost contemporaneously to form the quartzite-like 
masses. Also, alteration of the underlying Ordovician (?)  chert 
would have provided an ample supply of silica, but the chert areas 
now exposed show relatively little susceptibility to  carbonatiza- 
tion. 

It is difficult, if not impossible, to megascopically distinguish 
some of the silicified rocks from metamorphosed sandstone of the 
Pickhhndle Gulch complex. 
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VEINS 

Most of this section applies t o  the silver-bearing veins, except 
where otherwise noted. 

Varieties of Veins. 
Several types of veins occur in the Candelaria district: 
Quar-tz veins.-These are generally thin (1 to  12 inches thick) 

and white, with few or no rusty stains, and are  apparently nearly 
barren. They are marked "q" on plate 1. 

Silve?.-bea~ing veins, with some quartz 07. dololrzite ya?zgue.- 
These veins have been most productive. They are mineralized 
faults, so limonite-encrusted fault surfaces or cemented fault 
breccia commonly comprise the outcrops. Surface exposures are  
heavily stained with brown hydrous iron oxides or black man- 
ganese oxides, which tend to conceal the scanty to moderately 
abundant quartz. Such veins have produced silver, gold, lead, zinc, 
and antimony. They (and possibly some barren veins) are marked 
"q, Fe" or "q, Fe, Mn" on the map (pl. l ) ,  in allusion to minerals 
which characterize the outcrops. Fine tourmaline occurs in some 
of the vein walls, but not as abundantly as  in the veins next 
described. 

Tourmaline-coppe?*-bea?ing veins.-These are l e ss  clearly 
defined than the preceding variety. Although the tourmaline- 
copper-bearing veins developed along faults, the fault features 
are nearly obliterated. Outcrops are marked by brown hydrous 
iron oxides, streaky black aggregates of tiny tourmaline prisms, 
inconspicuous fine quartz, and small amounts of green copper 
minerals. Veins of this type have been unproductive to date, 
although they have attracted prospecting. They are marked "q, t ,  
Fe, Cu" on the map (pl. 1). 

Barite veins.-These apparently contain little except the min- 
eral barite. They are marked "Ba" on the map. 

Favorable Horizon. 
At first glance, the Candelaria mines appear to be scattered 

unsystematically. However, many of the silver-bearing veins are 
actually in a single part  of the stratigraphic 3ection, which 
appears and reappears in various parts of the district because of' 
faulting. Probably the relationship was first recognized by J. A.  
Burgess (1922). The discovery of this fact could not have been 
easy, a s  the formations nearest the mineral deposits are not 
readily identified. 

The key to the relationship between veins and stratigraphy is 
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The offset has resulted from a long history of recurrent faulting, 
the earlier phases of which are completely obscured by the Pick- 
handle Gulch complex. The latter probably owes its existence to 
this very same faulting, which paved the way for complicated 
intrusions and rock alteration. Only the more recently reopened 
faults a re  discernible. 

The metalliferous veins of the Candelaria district are  miner- 
alized faults. The parent structures may be divided into non- 
bedding faults, like many of those in the Pickhandle area, and 
bedding faults, which are  probably more prevalent to  the west 
and to  the east of the scene of greatest deformation. 

Veins That Occupy Bedding Faults. 
The bedding faults, such as  those occupied by silver-bearing 

veins in the Potosi mine and the deep levels of the Northern 
Belle, all dip north and are essentially concordant with the beds 
of the footwall (figs. 13, 14 and 15). In  several exposures near 
the Potosi mine the hanging wall strata are locally slightly crum- 
pled and abraded against the  footwall, indicating that  the sense 
of the slippage was that  of a reverse fault. Crumpling of the 
hanging wall, on a larger scale, may be inferred from the inter- 
esting distribution of the "upper grit" marker bed (Xg, pl. 1). 
The veins in the vicinity do not mimic the configuration of this 
bed, but remain nearly parallel with the less disturbed footwall 
strata. 

Some of the veins apparently occupy bedding faults a t  certain 
localities, but extend laterally or vertically beyond the stratified 
rocks and enter massive altered rocks without drastic change in 
strike and dip. This seems to  apply t o  1 or 2 east-west veins of 
the Northern Belle. Possibly the attitude of the faults was initially 
determined by the attitude of the Candelaria formation, and this 
orientation was more or less maintained as the faults lengthened 
and entered rock masses devoid of bedding. 

Veins That Occupy Nonbedding Faults. 
Some of the faults which have become mineral-bearing veins 

were not influenced by bedding in the country rock. The discovery 
vein of the Northern Belle mine strikes nearly north-south across 
east-west strata of the Candelaria formation. The silver-bearing 
veins in the upper levels of the Mount Diablo and Lucky Hill 
mines are essentially restricted to altered rocks in which strati- 
fication has disappeared. Oddly, in these mines the mineralized 
faults strike about east-west and dip north a t  nearly the same 
angle (50" to  70") as  the bedding faults in other parts of the 
district. 
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Repeated Reopening of Fractures and Veins. 
Repetitious fracturing alternated with the action of fluids in 

the Candelaria district. The rocks were faulted and locally shat- 
tered prior to  alteration. The fractures admitted hydrothermal 
fluids, which permeated, and reacted with, the host rocks. 111 
places this resulted in the development of massive dolomite or 
mixed dolomite and fine quartz. 

The fractures were healed by the hydrothermal alteration, but 
not for long. Renewed or continued mechanical disturbance opened 
the altered, and some of the unaltered, rocks. A small amount of 
quartz gangue was precipitated in many of the resulting fissures, 
while quartz and calcite or dolomite were precipitated in others. 
This newly formed gangue was broken during additional move- 
ment, and new solutions left pyrite in the veins. It is d e a r  that  
some of the pyrite was, in turn, brecciated before the  deposition 
of a succession of ore minerals. Later the array of gangue and 
sulfides was again fractured, a s  a prelude to  the arrival of more 
quartz, which occurs scantily as  minute veinlets cutting the 
earlier vein matter. 

Not only did recurrent movement accompany vein formation, 
but i t  also followed mineralization. The Candelaria fault, which 
is mineralized west of the ruins of Candelaria, is one of the best 
examples. It has had a long history of intermittent activity, the 
latest phase of which has been a "Basin and Range" type of 
normal faulting in the Quaternary period. 

I SILVER ORES 

General Distribution and Character. 
The ore mined to date has nearly all come from veins. The 

most productive veins lie in an area extending from the Mount 
Diablo mine on the east t o  the Potosi mine on the west. Within 
this area, silver has accounted for most of the values, but the 
ores contain some gold and base metals as well. 

Judged from old stopes, a few of the veins were largely ore, 
such as  the discovery vein of the Holmes-Northern Belle property. 
Elsewhere, ore occurred in more restricted shoots. Most of the 
mined ore bodies were on the order of 2 to 10 feet in thickness, 
but some were 20 feet or more in the widest places. Ore bodies 
of moderate thickness apparently extended along the strike 50 
to 100 feet or  more, and down the dip several hundreds of feet. 

The oxidized ores were the object of early mining. When these 
were exhausted in any one mine, operations ceased. For this 
reason the major veins were never "bottomed," although some were 

followed downward to  faults which cut them off before the sulfide 
zone was reached. The oxidized zone extends from the ground 
surface to  varying depths of several hundred feet. In the Northers 
Belle mine, oxidation affected most of the ore west of the shaft 
down to  the 17th level, which is 600 to  700 feet below the surface. 
East  of the shaft, weathering is pronounced down to  the  12th or 
13th levels, 200 to 350 feet deep, but some sulfide ore occurs a t  
the 13th level, and apparently it predominates in successively 
deeper levels on that  side of the shaft. In  the Mount Diablo mine 
the ore is oxidized to  the 700-foot level. I n  the Potosi mine there 
are  local small pods of sulfides within 200 feet of the  ground 
surface, although the major part  of the ore is thoroughly oxidized 
t o  a greater depth. 

The only place in the district where continuous sulfide vein 
material has been partially developed is the Northern Belle mine, 
particularly on the 17th and 19th levels. Reportedly some of this 
vein material is ore. A small tonnage was mined by a lessee in 
1926. Some of the sulfides obtained from development work may 
be seen on the dump a t  the Belle shaft. The newer, gray parts of 
the dump contrast markedly with the rusty brown waste from 
older operations in the oxidized zone. 

The workings in sulfide ore were not examined by the  writer, 
a s  the deep levels of the mines were hardly accessible during the 
geologic mapping. It is said no water is present. As concluded by 
Knopf (1922, p. 14), probably the zone of saturation has receded 
faster than weathering has advanced, perhaps because of a rela- 
tively rapid change in climate. Because of this lack of stability 
in the water level, Knopf predicted that  no important zone of 
sulfide enrichment would be found. 

Gangue. 
The gangue minerals are not as prominent as in the the silver 

and gold-bearing quartz veins of many other western districts. 
Few continuous sheets of vein quartz are  found in the Candelaria 
district. This may explain the inconspicuous aspect of some of 
the veins. Thin discontinuous streaks of gangue do occur, and 
they make up a large percent of the ore, but in the oxidized zone 
they are largely concealed by limonite. 

Altered host rock, quartz, and dolomite are  the most prevalent 
gangue materials in the ore specimens studied. One specimell 
contains a little rhodochrosite. I n  some specimens, early milky 
quartz gangue was brecciated, the pieces were rotated, and the 
breccia was cemented by dolomite prior to further fracturing and 
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the introduction of sulfides. In other specimens, quartz and dolo- 
mite gangue appear to be intergrown. Some ores show clear 
late quartz in minute veinlets cutting early gangue and sulfides. 
Obviously, quartz and carbonates have been deposited in several 
stages separated by other events. 

Primary Ore Minerals. 
Only a few sulfide ore specimens have been studied in detail. 

Some of the samples came from mine dumps. Others were 
obtained underground by the operators of the Northern Belle and 
Potosi mines. A small number of polished surfaces were examined 
microscopically, and various tests were made, but no intensive 
laboratory investigation has been attempted. 

Primary ore from the Northern Belle is  rudely banded; the 
sulfide-rich parts more or less alternating with layers of gray-to- 
black host rock or with white gangue minerals. The most abundant 
metallic mineral is pyrite (FeS,), which is chiefly euhedral but 
fine-grained, occurring both in solid streak-like aggregates and 
in disseminated specks. Arsenopyrite (FeAsS) forms rare 
euhedra in the pyrite and quartz areas of some ore specimens. 
Sphalerite, (Zn,Fe) S, is next to pyrite in abundance. It is dark 
brown and occurs in nearly solid aggregates or bands up to  one- 
fourth or one-half inch in width, in some specimens symmetri- 
cally flanked by pyrite. It apparently does not form masses of 
large size. Chalcopyrite (CuFeS,) occurs in exceedingly minute 
specks in sphalerite, showing a n  "unmixing" relationship; but i t  
i s  quantatively negligible in the samples examined by the  writer. 
Galena (PbS) was only found in a few specimens a s  microscopic 
blebs. 

As yet there is  no adequate mineralogical explanation for 
the high content of silver in the Northern Belle ore. Galena is 
scarce, and no native silver, or  silver compounds have been iden- 
tified. A scanty mineral resembling galena, and containing lead, 
gives negative etch tests to  all the routine reagents except pos- 
sibly KCN, which seems to darken i t  slightly. It was not found 
in most of the ore specimens examined. A lead sulfantimonite ( ?) 
in  extremely fine striated needles, about 0.1 mm in length, occurs 
in microscopic swarms in some of the quartz of nearly all the 
samples. Suggestive of stibnite or jamesonite, the needles do not 
show the requisite properties of either. Locally the  prisms a re  
large enough and sufficiently coalesced to  permit very small scale 
testing. Etch tests with HNO, 1 :I a re  positive, but HCI, KCN, 
FeCl,, KOH, and HgCl, give negative results. Microchemical 
tests show the presence of lead and antimony. Two X-ray powder 
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photographs were kindly made by Donald E. Lee, but the results 
were inconclusive. A spectographic analysis of the unidentified 
needles, embedded in quartz, was generously made by Fred L. 
Humphrey. This analysis shows abundant lead and antimony, 
traces of various base metals, and a small amount of silver. Also 
seen microscopically under high magnification were 2 or 3 other 
unidentified metallic minerals. Altogether the Northern Belle 
sulfide ore contains 4 or 5 "unknowns," some of which a re  prob- 
ably silver-bearing. 

Primary ore in the Potosi mine is not extensively exposed and 
has been little studied. Unweathered lumps in the oxidized zone, 
together with the minerals in the oxidized ore itself, a re  some- 
what different from the Northern Belle ore. One specimen of 
primary ore consists of milk-white quartz containing small prisms 
and thick veinlets of jamesonite (Pb,FeSb,,S,,), which is the most 
plentiful metallic mineral in the specimen. The jamesonite does 
not give the conventional reactions to  etch tests. It was identified 
by means of X-ray powder photographs made by Donald E. Lee. 
Sphalerite is fairly abundant, and some contains n~icroscopic 
"unmixiny" blebs of chalcopyrite. The latter mineral was seen in 
no other situation, and it is not quantitatively important. Pyrite, 
some of which appears to be later than the sphalerite, occurs in 
tine cubes and veinlets. Sparse arsenopyrite euhedra are  imbedded 
in quartz. Some lumps of sulfide ore from the Potosi mine a re  
largely massive galena. This is locally preserved from weathering 
by enclosing fine-grained quartz gangue, which contains a few 
limonite pseudomorphs after pyrite. Where less protected, the  
galena is enveloped in anglesite or cerussite. 

The silver in primary ore of the Potosi mine occurs both in 
galena and in jamesonite, as  proved spectrographically by Fred 
L. Humphrey. Polished surfaces have shown no silver minerals. 
Therefore, much, or all, of the silver is presumed to lie in the 
crystal lattices of the two lead minerals. 

Secondary Ore Minerals. 
Oxidized ore in the Candelaria district contains a good deal of 

limonite (rust-brown hydrous oxides of iron). This is partictt- 
larly abundant in the west part  of the mineralized area. Some of 
the near-surface ore shows black manganese oxides, partly derived 

4 from hydrothermally altered wall rocks. The Potosi veins, and a 
few others, locally contain a yellow t o  greenish-yellow mineral 
identified by KnopS (1922) a s  bindheinlite (Pb,Sb,O,,nH,O) . 
This is derived from the jamesonite, and is silver-bearing. Weath- 
ered ore of the Potosi mine also contains gray anglesite (PbS0,f 
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and encrustations of tiny colorless crystals of cerussite (PbCO,) . 
Smithsonite (ZnCO,) occurs in some of the Northern Belle oxi- 
dized ore. 

Metal Content. 
The mineralogy and proportions of the metals varies from east 

to west. On the east side of the mine area, in the Northern Belle 
and Mount Diablo, silver greatly overshadowed gold in quantity 
and value; much of the oxidized ore averaged about $65 in silver 
and $1 in gold. On the other hand, gold was important in ores 
produced on the west side a t  the Potosi mine, and a t  present some 
small remnants of oxidized ore are  said to  contain an  ounce of 
gold per ton. On the basis of the few samples of sulfide ore 
studied, i t  seems likely zinc is the principal base metal on the 
east side of the productive area, while lead is probably much 
more plentiful than zinc on the west side of the area. Antimony 
is present in the primary ore throughout, but appears t o  be most 
abundant on the west side. 

The oxidized ore mined in early days must have averaged 30 
to 90 ounces of silver to  the ton, in view of the costs of mining, 
transportation, and treatment. Judged from tonnages and values 
quoted in "Nevada's Metal and Mineral Production" (Couch and 
Carpenter, 1943), the ore shipments from Candelaria in the 
1870's declined from about $90 t o  $40 per ton within a decade. 

Several thousand tons of mixed oxide and sulfide ore shipped 
by G. A. Peterson from the Potosi mine during 1948-1952 was 
valued a t  $35 t o  $75 per ton. The average metal content per toll 
was as follows (6. A. Peterson, personal communication, 1952) : 

Gold .................................................... 05-06 ounce 
................................................... Silver 8-12 ounces 

Lead .................................................... 8-12 percent 
Antimony ............................................. 4 percent 
Iron oxide ........................................ 12-15 percent 
Copper ................................................ 0.5 percent 
Zinc ........................................................ 0.5 percent 

Payment was received from the smelting company for four 
metals : gold, silver, lead, and antimony. 

The sulfide vein material now partially developed in the lower 
levels of the Northern Belle mine contains from 1 to  106 ounces 
of silver per ton, according to assay maps of the Argentum 
Mining Co. Local ore shoots of modest dimensions reportedly 
carry 10 to 30 ounces of silver per ton, and a little lead and zinc. 
Probably there is a much lower content of gold and lead, and 

Mineral County, Nevada 59 

possibly a higher content of zinc, than in the above-described 
ore from the Potosi mine. 

MISCELLANEOUS MINERAL DEPOSITS 

Copper Showings. 
Green and blue copper carbonates and sulfates have attracted 

attention to some of the tourmaline-bearing veins, such as that  
of the Climax mine area. Lack of extensive workings in these 
well-exposed deposits would seem to indicate that  the copper 
content is low, a t  least near the ground surface. Copper showings 
are conspicuous in other types of very small veins a quarter of a 
mile east of the Climax adit and in a small dissemination 600 feet 
northwest of the same adit. Copper minerals are evident 600 feet 
southeast of the Mount Diablo shaft and in widely scattered 
prospects to the east. Some showings are even found near the 
south edge of the mapped area in chert of the Palmetto formation, 
which is poorly mineralized elsewhere in the district. Nowhere 
is copper mineralization both intensive and extensive, judging 
from surface exposures. 

Nickel and Chron~iunr Showings. 
According to Lincoln (1923, p. 141), 10 tons of high grade 

nickel ore was mined in 1882 somewhere near Columbus. The 
writer does not know the locality from which this ore came, but 
supposes that it was the serpentine area. Nickel is not mentioned 
in subsequent reports. A spectographic analysis kindly made 
by Fred L. Humphrey showed a minor amount of nickel and 
chromium, as well as a trace of tin in a single sample from one 
of the tourmaline-bearing veins of Candelaria Mountain. 

Chromite (FeCr,O,) has been reported in specks and streaks 
in the main serpentine mass. Inasmuch as  serpentine is the cus- 
tomary host rock for chromite, and because the serpentine body 
a t  Candelaria is the largest known in Nevada, a brief examination 
was made by the Nevada Bureau of Mines (Prince, R. W., 1946). 
This preliminary reconnaissance failed to  disclose any deposit of 
economic value. The main showings were two small lenses of 
chromite on the C & M No. 1 claim, both showings being near the 
south margin of the serpentine. One of the lenses was about 6 
feet long, 10 inches thick, and extended down the dip about 6 feet. 

Serpentine. 
The serpentine, itself, has been quarried on a small scale and 

used in the treatment of magnesite a t  Gabbs, Nev. Probably less 
than 1,000 tons has been shipped for this purpose. 
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Vermiculite. 
Flakes of vermiculite (hydrous silicate of Mg, Fe, and Al) 

occur in streaks and disseminations in altered serpentine 600 feet 
northwest of the Mount Diablo shaft. Outcrops and prospect pit,s 
do not show commercial concentrations, although individual ver- 
miculite flakes are fairly large, being one-eighth to 1 inch in 
diameter. The enclosing rock is a white soft aggregate of talc and 
tremolite extending over an area of a few thousand square feet. 

Talc. 
Talc, Mg,%Si,Q,,, (OH) ,, is found along fractures in the  serpen- 

tine mass. I n  most cases i t  is highly sheared, admixed with other 
minerals, and restricted to thin, curving, lenticular seams a few 
inches thick. One prospect pit exposes talcose material 4 to  5 feet 
wide, in the main mass of serpentine, near its south border 
(Prince R. W., 1946). This is on a claim known as C & M No. 1. 
Another prospect near the north side of the  same claim, and near 
the north border of the serpentine, has exposed talcose material 
to a depth of 12 feet (Prince, R. W., 1946). No minable talc has 
been found. It should be mentioned that  most of the talc contains 
more iron than is permissible for uses such as ceramics, elec- 
trical equipment, and cosmetics. 

Barite. 
Veins of barite (BaSO,), marked "Ba" on the map (pl. 1 )  are  

fairly long, but narrow. Some barite was mined on a small scale 
in the 1930's, and about 200 to 2,000 tons were produced in the 
1940's, probably for use in oil-well drilling mud. There has been 
no recent activity. The surface cuts from which barite was 
removed show vein widths of 1 to 3 feet, but most of the exposed 
veins are  narrower than 1 foot. Dips appear to be nearly vertical. 
Some of the barite is white, but some is stained reddish brown 
by iron oxide. The texture varies from medium to coarse, some 
of the material consisting of closely packed lamellar crystals up 
to 1.5 inches long. The barite veins have sharp contacts with the 
wall rocks, which are invariably Candelaria shale or felsite dikes. 
Structurally, the veins probably represent filled tension fract~uaes. 

Turquoise and Variscite. 

Turquoise ,  CuAl, ; (QH),(PO,) , .5H2O,  a n d  v a r i s c i t e  
(A1,Fe) ?0,.2H,O, both occur in the Candelaria district. Variscite 
is light green, but in other respects resembles turquoise. The two 
minerals occur in exactly the same way, forming discontinuous 
veinlets. The veinlets range from less than .O1 inch to about 0.6 
inch in thickness, and are somewhat irregular, varying greatly in  

thickness and subdividing into branches within a distance of :t 

few feet. Rarely are  the zones of veinlets traceable for more than 
50 or 100 feet, yet several thousands of pounds of commercial 
material have been laboriously picked out by hand from shallow 
pits and trenches. 

One of the sites of small scale turquoise and variscite mining 
is about 100 feet west of the glory hole a t  the discovery vein of 
the Holmes-Northern Belle area on the summit of Candelaria 
Mountain. Here, and in several places in the southeast part of the 
mapped area, the veinlets are  found cutting across shale beds in 
the lower part of the Candelaria formation. This part  of the 
formation locally contains ellipsoidal phosphatic nodules up to  
three-fourths of a n  inch long. Therefore, the sediments probably 
provided the phosphate of the turquoise and variscite. This con- 
cept is weakened by 1 or 2 occurrences of variscite in chert and 
shale of the Palmetto formation, but these sediments also may 
have been phosphatic. 

CONCLUSIONS AND RECOMMENDATIONS 

POSSIBILITIES FOR FUTCRE MINING 

During its active period the Candelaria district produced silver 
from oxidized ore. This phase of activity has probably been com- 
pleted, although a few small segments of veins in the oxidized 
zone were missed by the early operators, especially in structurally 
complicated localities. 

The lower parts of the veins have been little explored, a s  the 
sulfide vein matter was not workable a t  the time of the early 
operations. It remains t o  be seen whether this primary vein mate- 
rial can be profitably mined. 

The following considerations are  favorable : 
1. Whereas the early operations chiefly recovered silver and 

gold, i t  would now be technically possible (but not inevitably 
profitable) to extract lead, zinc, and antimony as well a s  the 
precious metals. 

2. Exploration methods, mining methods, and equipment have 
improved. 

On the other hand, the following considerations are unfavor- 
able : 
1. The oxidized ore was enriched by weathering, and apparently 

the  grade declined as the mines grew deeper, so the sulfide ore 
will probably be leaner with respect to gold and silver. 
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2. Judging from available samples, the base-metal sulfides do 
not occur in great quantities. 

3. Many of the veins are  too narrow to be mined primarily for 
base metals, assuming the ore is only of moderate grade. 

4. There is little likelihood a zone of enrichment exists a t  the 
water table. Silver and gold have obviously remained in the 
oxidized zone, lead and zinc are  generally not concentrated at 
the water table, and copper is not plentiful in the primary ore. 

5. The ore bodies may be too small t o  allow much mechanization 
of mining. 

6. Future mining will, in general, be deeper and involve more 
hoisting than before. 

7. The water system of Candelaria has disintegrated. 

8. The electric power system has been dismantled. 
9. The railroad has been removed. 

The question of present-day costs as compared with those 
during Candelaria's hey-day cannot be answered without more 
detailed knowledge of the ore and the size of ore bodies. I n  small 
operations, higher prices of metals might be more than offset by 
the high cost of labor and materials. 

Interested parties will have to weigh the factors, pro and con, 
find favorable areas, explore and sample, then reduce the qualita- 
tive considerations to  quantitative data. 

FUTURE EXPLORATION 

The foregoing discussion has assumed some ore remains. This 
assumption is probably valid, but some of the remaining ore may 
not be easily accessible. 

Some veins formerly worked may simply be followed down dip, 
but others are cut off by faults a t  depth. This is probably true of 
some of the veins of the Mount Diablo mine and the Lucky Hill 
mine, both of which are doubtless affected by the faults that  
extend east-west past the Swastika shaft. Some of the veins of 
the Northern Belle mine will probably be cut a t  depth by the 
Candelaria fault. One method of ore search in the district is to 
determine the character and magnitude of fault displacement:;, 
in the hope of finding missing segments of faulted veins. Explora- 
tion north of the Candelaria fault or east of Northern Belle will 
certainly have to take into account a probable great thickness of 
barren Tertiary volcanic rocks intervening between the Quater- 
nary basalt and the mineralized formations. 
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Exploration for new ore bodies should be guided toward three 
geological features described in preceding pages: Favorable 
stratigraphic horizon, favorable structure, intensely altered rocks. 
Probably a t  least two of these should be found in a given area 
before a great expenditure is made. 
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