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PREFACE 

A January 1987 Interagency Agreement between the U.S. Bureau of 
Mines, U.S. Geological Survey, and U.S. Forest Service describes the 
purpose, authority, and operation for a program of forest-wide studies. 
The program is intended to assist the Forest Service in incorporating 
mineral resource data in forest plans as specified by the National 
Forest Management Act (1976) and Title 36, Chapter 2, Part 219, Code of 
Federal Regulations and to augment the Bureau's mineral resource data 
base so that it can analyze and make available minerals information as 
required by the National Materials and Minerals Policy, Research and 
Development Act (1980). This report is based upon available published 
information, field investigations, and mining company data. 

This open-file report contains data gathered and interpreted by 
personnel of the U.S. Bureau of Mines, Western Field Operations Center, 
Branch of Resource Evaluation, East 3460 Third Avenue, Spokane, WA 
99202. This report has been approved by the Branch of Mineral Land 
Assessment, Washington, D.C. 
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SUMMARY 

In 1989 and 1990 the U.S. Bureau of Mines performed a mineral survey of 
those parts of the Shoshone Range within and adjacent to the Toiyabe 
National Forest. This study is part of a mineral resource evaluation of 
the 1.6 million hectare (4 million acre) Toiyabe National Forest located 
in central Nevada and eastern California. This report is a compilation 
of u.S. Bureau of Mines field data with mineral information obtained 
from literature, unpublished company reports, and files of the U.S. 
Bureau of Mines, UIS. Forest Service, and the Nevada Bureau of Mines. 
The main goal of this report is to provide the U.S. Forest Service with 
mineral resource inf~nnation for long range land-use planning by 
defining areas of po$sible mineral related activity in the future. An 
additional goal is to add to the Bureau's mineral data base. 

The Shoshone Range study area is located in central Nevada, about 64 
kilometers (40 mi) northwest of Tonopah and covers about 81,000 hectares 
(200,000 acres) of mountainous terrain in Nye and Lander counties. The 
study area is part of the Basin and Range geologic province, and 
consists of north-trending, block-faulted mountains of sedimentary, 
metamorphic, and volcanic rocks. 

Mining activity started in the early 1860's and continues in the 1990's. 
Total recorded mineral production for the study area amounts to about 
2,998 kilograms (96,400 oz) gold, 771,300 kilograms (24.8 million oz) 
silver, 1,180,000 kilogram$ (2.6 million lb) lead, 64,860 kilograms 
(143,000 lb) copper, 322,240 kilograms (710,400 lb) zinc, 10,900 
kilograms (24,000 lb) antimony, 488,500 kilograms (14,168 fl) mercury, 
3,570 metric .tons (3,940 tons) fluorite, and small amounts of barite. 
Most of the precious-base metal production came from the Shamrock, 
Berlin, and Alexander mines; most of the mercury from the Ione Mercury 
and Nevada Cinnabar mines; and all of the fluorite from the Sea Bee and 
Chicago mines. 

Reported resources from lode deposits with metallic commodities contain 
4,350 kilograms (140,000 oz) gold, 40,400 kilograms (1.3 million oz) 
silver, 1,090,000 kilograms (2.4 million lb) lead, and 124,000 kilograms 
(3,600 £1) mercury. Most of the gold is in the Grantsville Summit area. 
Reported precious metal resources should increase when data is released 
on gold deposits being explored in the Cloverdale and Grantsville mining 
districts. The remaining ore in the Fury open pit accounts for most of 
the silver resources, and deposits at the Iron Rail mine account for the 
lead resources. Deposits with mercury are located at three mines, the 
Ione Mercury, Nevada Cinnabar, and the San Pedro. Information on 
mercury resources was, in some cases, derived before cessation of mining 
operations, making it likely some of these resources were mined. An 
additional 246 kilograms (7,900 oz) of gold, has been reported from 
placer resources, most of which are in the Ione and Cloverdale Canyon 
areas. 

Reported industrial mineral resources include 91,000 metric tons 
(100,000 tons) of fluorite and 82,000 metric tons (90,000 tons) of 
barite. The fluorite is located in defined deposits at the Sea Bee and 
Chicago mines; the barite is an estimated resource at the Sky mine. 

Areas favorable for future mineral-related activity were defined as to 
the expected mineral deposit types, and rated as to the likelihood of 
future activity. Areas with high potential for activity involving bulk- 
tonnage, low grade gold deposits include the Cloverdale district, 
Grantsville Ridge and Grantsville Summit areas, the Vernal prospect, and 
the northeast front of the range. Favorable areas for fissure vein and 
replacement deposits containing precious-base metals are in the central 



p a r t  of t h e  range from t h e  town of Ione, south t o  G r a n t s v i l l e  Canyon. 
Severa l  smal le r  a r ea s  inc lude  t h e  main p a r t  of t h e  Jackson mining 
d i s t r i c t  and one property near  M t  Ardivey. Addit ional  a c t i v i t y  may 
occur where T e r t i a r y  volcanic  rocks cover p o t e n t i a l l y  minera l ized  
t e r r a i n s  s i m i l a r  t o  a r ea s  of p a s t  precious-base metal  product ion.  
Future  mining a c t i v i t y  f o r  fumarole o r  hot sp r ing  type  mercury depos i t s  
would probably be l im i t ed  t o  t h e  Ione d i s t r i c t  near  t h e  b i g  mercury 
mines. Areas t h a t  may a t t r a c t  i n t e r e s t  f o r  replacement t ype  d e p o s i t s  of 
f l u o r i t e  and hydrothermal veLn depos i t s  of antimony e x i s t s  around known 
occurrences i n  t h e  Ber l in  and C r a n t s v i l l e  mining d i s t r i c t s .  Uranium 
occurrences near  South Shoshone Peak i n d i c a t e  a p o s s i b i l e  presence of 
t h i s  commodity. Postulated i n t r u s i v e  s tocks  under c e n t r a l  p a r t s  of t h e  
range suggest  t h e  p o t e n t i a l  f o r  mining a c t i v i t y  involv ing  porphyry type  
depos i t s .  There i a  a p o s s i b i l i t y  of copper-tungsten porphyry d e p o s i t s  
i n  t h e  G r a n t s v i l l e  Canyon a r e a  and i n  t h e  South Shoshone Peak a r e a  of 
molybdenum porphyry depos i t s .  



INTRODUCTION 

This report describes the U.S.Bureau of Mines (USBM) investigation of 
mineral resources in that part of the Shoshone Range which is 
administrated by the Toiyabe National Forest. 

The study was undertaken at the request of the U.S. Forest Service 
(USFS) and included an examination of mines, prospects, and mineralized 
areas. Field work was accomplished in 1989 and 1990 by personnel from 
UsBMrs Western Field Operations Center, East 360 Third Avenue, Spokane, 
Washington 99202. 

Results of this investigation are intended to: 1) help the USFS define 
areas of likely mining arid mineral exploration activity in the future; 
2) help the USFS to incorporate mineral resource information into forest 
plans as specif,ied by the National Forest Management Act (1976); and 3) 
augment the USBM resource data base as required by the National 
Materials and Mineral Policy. While the USBM's immediate goal is to 
provide timeiy, accurate reports to other government agencies involved 
with land stewardship or mineral related legislation, and to the Public 
and the scientific cohunity, our long-term objective is to ensure the 
Nation has an adeqate and dependable supply of minerals at a reasonable 
cost. 

Geoaravhic and Climatic Settinq 

The Shoshone Range is located in central Nevada about 64 kilometers (40 
mi) northwest from Tonopah (fig. 1). The study area covers most of the 
Shoshone Range south of State Highway 722 and is comprised of about 
81,000 hectares (200,000 acres) of National Eorest lands, with small 
inclusions of State Park lands, patented mining claims, and homesteads. 
This study area is a part of the 1.6 million hectare (4 million acre) 
Toiyabe National Forest. The closest town with commercial facilities is 
Gabbs, Revada, about 26 kilometers (16 mi) west of the central part of 
the range. Numerous secondary roads, dirt roads, and jeep trails 
provide fairly good access to most of the areas of mining development 
(fig.2). 

The range trends north-northeast and is bounded by broad valleys on the 
northeast and west aides. On the southeast side are the narrow valleys 
of Indian and Cloverdale creeks. Elevations range from about 1,800 
meters (5,900 ft) on Cloverdale Creek to 3,143 meters (10,313 ft) at the 
summit of North Shoshone Peak. ~opographic relief is, generally, 
greater in the northern half of the study area. 

The climate is arid and, except after rainstorms and during snowmelt, 
most creeks are dry. Winters are cold but relatively short with little 
snowfall. Summers are long, hot, and dry. The high elevations of 
central Nevada result in a slightly wetter and a more temperate climate 
than other parts of the state. Most of the range has year around 
vehicle access except when the ground is very wet. Vegetation is 
typical of the high desert with grasses on high, wind-swept areas, 
pinyon pine and juniper forest on slopes, and sage and dryland grasses 
at the lower elevations. 

Geoloaic Settinq 

The Shoshone Range is part of the Basin and Range geologic province, a 
terrain typified by north-trending fault-block mountains separated by 
broad, sediment-filled valleys. The geology has been described by 
Abrams (1979), Bonham (1970), Kleinhampl and Ziony (1985), Silberling 



Figure 1.- Map showing the location of the Shoshone Range and five other ranges in west-central 
Nevada containing land administered as Toiyabe National Forest 
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(1959), Steward and McRee 119771, and Vital iano (1963, 1972), and t h e  
following b r i e f  geologic s e t t i n g  is derived, i n  p a r t ,  from these  
publicat ions.  

Bedrock e x p ~ a e d  in-$he range is from Permian t o  Ter t i a ry  i n  age and has 
undergone several,+$$eg#ei of FectoniBrn ( f i g .  3). In t h e  c e n t r a l  and 
western p y t s  6F thi.@nge *here is a nearly complete sequence of 
stratigraphic t q k t s  frw l a t e  Paleozoic t o  Middle J u r y s i c  i n  age. The 
o ldes t  i s  ,tbb +pkdiatl P*%o Pormatidn consiC$Sng of sedimentary rocks 
in ter layered  with ~ a d e a i t i c  volcpnic rocks and gzeenstones . Overlying 
t h e  Pablo is a 2,534 *tgx (7,666 f t )  sec t ion  of nvarine and a l l a v i a l  
sedimentary a?$!!& of, tW ~ k a n t m i i l e ,  tuning, Sunriio, Gabbs, and Dunlap 
formations, which are Tr iass i c  t o  3drdssic i n  age. 

These  re-~eftfary k&ks ha& Been af fec ted  by t h e  Mesozoic Nevadian 
orogeny whip+ crblitexSltqd the marine basin f n  western Nevada. This 
compression81 tec tdnl*  hyent f oldedt f hrus t  faul ted ,  and normal f au l t ed  
these  rock unite .  The,Yajor f w J t  ey6 tms  i n  Union and Gran t sv i l l e  
canyons p r o b e )  bqJor&g $g,_this t ec ton ic  epiSGdi3. Several in t rus ions  i wsllrs rmplaoeh d r i n g  %&iozbic t i m e r s ;  most notable is t h e  d i o r i t e  
in t rus ion  i n  t h e  Ione area. 

The ~ w t i a r p  wbg t&.5ii6$l-by ext&$iona$ t c c t a n i c s  . Ter t i a ry  bedrock 
consl$ ts  of ttikgg decei~rI& of vdi'oan&c rocR accumulated from volcanic 
centers t h a t  w&e, m&kn$f,,to the eas t .  Therpe skct ions  cons i s t  
prcidot~inantly icl;f f &*a f lo$&, pykoclastic rocke, a# volcanoclas t ic  
s~d imenta ry  t$z:&@._, T@re we afso  dikes and plugs adsociated with 
vcrlcani'c fe@@~~Oy~~$ttw-aqd vents. Sevekal &albera s t r u c t u r e s  have been 
mapped in t5k Mi abe M&d$&iily t o  t h e  east of t h e  Shoshone 
Range (Bardyhan, & Ijriiii). +him l a rge  s t rbc tu res  r e su l t ed  i n  regional  
f a u l t i n g  and alk&tati;aa of surrbuhding country rock. 

About 17 m i l i $ h a  p r f  @go, $be formation of +he Basin and Range 
Province st@r$-'c;td w&th regional donring t h a t  Wretched and u p l i f t e d  t h e  
e a r t h ' s  suria*. Wis tectd@.c event is sti l l  ac t ive  and is  a main 
cause of t* p+e@epZ t-riphp. , b p l l f t e d  fault-block mountains a r e  
~ p U e r e d  dr;itisnfZi?kted, ' ide valleys,  t h a t  art3 bqunded by high-angle ": n p q a l  fau ts. %%i&b duthfui  ~hountains have high r e l i e f ,  and t h e  a r i d  - clljlnate has r & b u l t d  4 E klrylaad ergsion typ j f red  by sediment-filled 
val leys ,  a l l u b i a l  fanl, and lack of a drainage system. 

Prhvious Studies 

Most of the ~ f ~ i a r a t u r g  on-geolg9y and miner&$ Fesources i n  t h e  Shoshone 
range cons i s t  of u h v l i j ~ # ~ e d  remrts from mining companies o r  
individuals  fneL,v& i n  %he mineral explorat ibn and production of t h e  
range. An a t t ' h ~ t  t b  c~ lzec t  kbPs , l if@ratu;se f o r  our study resu l t ed  i n  
o b t a b i n g  about 340 d o c w p t s ,  &@lddi&$ pr6perty and explorat ion 
repor ts ,  maps, hu'r:is, lettbro, mfnoran8uml analyses, and plans of 
operation. A f u l l  l i s t i n g  of t h i s  l i t e r a t u r e  is beyond t h e  scope of 
t h i s  r-eport . 
The geology of t;@   hone Range has been published by Ferguson and 
Muller (1349$, -41 [1951), ~ i l b e r l i i &  (1959), Vi ta l iano (1963, 1972), 
Bonhaq ( 1970) ,& l!t&uaPt! Cnd Mc&ee ( 1977 ) , Kleinhampl and Ziony ( 1985 ) and 
Bardman (%$,pzq@sj. The U.S. Geological Survey's (USGS)  work i n  
centgal  NefBa;l*l re ulked,&n published geologic mass by John (1987), McKee f and John 1%997)r ash &nd SF PLouff (1990, 1992a, 1992b), 
a* $ubli'rsfirlsvd gbQc~kRiical an repor ts  by Dwyer and Nash 
( 1,9943 , Fa l r f  ieLd &XI&! othexs and o thers  (1991), Nash 
(1§&8), O r r i s  and R l i i n h h p l  and o thers  (19861, Whitebread 
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(1986), and Whitebread and John (1992). The geology and mines of the 
central part of the range are described in detail in theses by 
Silberling (1957) and by Abrams (1979). 

The earliest published mineral report was a study by Daggett (1908) of 
faulting at the Berlin mine. During and after World War 11, the 
government produced a number of unpublished strategic mineral reports. 
Reports on mercury deposits included those by Bailey and Phoenix (1942a, 
1942b), Smith (1942a, 1942b), U.S. Bureau of Mines (1942, 1943a), Couch 
and Carpenter (1343), and Holmes (1958a, 1958b). Base metals at the 
Alexander mine weee addressed by the U.S. Bureau of Mines (1943b) and at 
the Copper King mine by Barnes and Robertson (1953). A report by 
Sheahan and Reeves (1955) was on the uranium in Bonita Canyon. 

Mines, mineral resources, and mining districts are discussed by Stager 
(1977), McNary and Hose (1979), Voss (1981), Tingley and Smith (1983), 
and Kleinhampl and Ziony (1984). Mineral resources are described 
briefly in statewide commodity reports on placer gold by Vanderburg 
(1936) and Johnson (19731, on mercury by Bailey and Phoenix (1944), on 
fluorspar by Horton (1961) and Papke (1979), on antimony by Lawrence 
(1963), on radioactive minerals by Garside (1973), and on strategic and 
critical minerals by Lowe and Raney (1985). 

Present Studies 

Prior to field examfnation, pertinent literature, county mining records, 
and files of the USBM, Nevada Bureau of Mines, and USFS were researched. 
Claimants, mine owners, and mining companies were contacted to obtain 
information on claim location, history, and economic geology. 

Field work was conducted during the spring and summers of 1989 and 1990, 
and consisted of examining all mines, prospects, and mineralized areas 
within and adjacent to the study area. Most sites were mapped using 
1:6,000 scale topographic base maps on which were located workings, 
sample localities, and prominent geology. Existing mine and deposit 
maps were used when available. The study area was reconnoitered by 
foot, jeep, and helicopter traverses to locate mineral sites not 
disclosed by prefield studies. 

A total of 541 samples were taken for this study (fig. 4). Each mineral 
site was sampled to determine the commodities present. When possible, 
high grade samples were taken to indicate possible maximum grades. 
Sampling the placer resources of the range was not within the scope of 
the study. Lode samples consisted of four types: 1) - a 
continuous series of rock chips across a mineralized structure in 
bedrock; 2) randm chi= - an unsystematic series of rock chips from 
bedrock; 3) srab - rock samples collected unsystematically from a 
stockpile, dump, or float (loose rock lying on the ground); 4) select - 
rock samples collected with a bias for unique or unusual 

All rock samples were crushed, pulverized, homogenized, split, and 
checked for radioactivity and fluorescence. One split was sent to a 
commercial laboratory for analysis and the other was retained at the 
Western Field Operations Center for future reference. Assay 
laboratories used for this study were Geochemical, Services Inc., Bondar- 
Clegg Inc., IGAL Inc., and Root & Norton Assayers. Each sample was 
analyzed for 15 elements by inductively coupled plasma emission 

I 

1 Use of trade and company names in this report are for descriptive 
purposes only and does not imply endorsement by the USBM. 
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spectroscopy and graphite furnace atomic absorption methods. A few 
samples were analyzed for fluorine, uranium, tungsten, and barium. All 
analyses are reported in parts per million (ppm) except where noted. 

Many of the numbers in this report have been converted from English 
units to metric units aa part of a metric conversion program within the 
USBM. The metric number is presented first, followed by the English 
equivalent in parenthesis. For uniformity, a number in English units 
quoted from a reference will also follow the metric conversion. 
Rounding to significant figures to maintain the proper data precision of 
the converted number with the original may lead to confusion for the 
reader when attempting to reconvert back to imprecise, original figures. 
Many of the numbers on the maps were not converted to metric since the 
overall elevation data is based on English units. 
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MINING HISTORY 

Earlv Metal Minina Activity 

Earliest mineral exploration dates back to the 1850's. By 1863, silver- 
lead-zinc ores were discovered in the Shamrock Canyon area. Additional 
discoveries were made shortly thereafter, and by 1864 the towns of 
Union, Grantsville, and Ione (fig. 5, top) were established. Mills were 
set up in Ione and at the mouth of Knickerbocker Canyon to process ore 
coming mainly from high-grade deposits from several locations in 
Shamrock and Grantsville canyon areas. Mining from these rich deposits 
continued intermittently into the 1890's. While early production 
records are often incomplete for the 1860's-1880's, there was an 
estimated production of 1,900 kilograms (61,000 oz) gold and 727,700 
kilograms (23.4 million oz) silver (calculated from: Kral, 1951, p. 196- 
197; Couch and Carpenter, 1943, p. 120-121; Gardiner, 1926, p. 5). Much 
of this mineral wealth came from impressively rich ores at the Shamrock 
mines which ran as high as 110,000 grams per metric ton (3,200 oz/ton) 
silver and 315 grams per metric ton (9.2 oz/ton) gold (Barrett, 1963, 
P. 3 ) -  

In the Gold Park and War Eagle Canyon areas precious metal veins were 
discovered in the lh6O's. By the 1880's several mines and a mill were 
in operation. The mineral production from the 1880's to the 1950's was 
about 106 kilograms (3,460 oz) gold and 849 kilograms (27,300 oz) 
silver, as calculated from Kral (1951, p. 78-79) and U.S. Bureau of 
Mines unpublished production records. 

On the west slopes of the range about 8 kilometers (5 mi) south of Ione, 
NV, the Berlin mine (fig. 5, bottom) produced gold-silver ores from 1896 



Figure 5.--View looking north at town of Ione, and the Hugh and King 
Midas properties left side (top); and view of the Berlin mine and 
facilities (bottom). 



to 1914. During this period this mine became the focal point for mining 
activity in the range and the mills at Ione and Knickerbocker were moved 
to the Berlin camp. Metal values were mainly in gold with approximately 
998.3 kilograms (32,100 oz) produced in the Berlin mine area accompanied 
by 5,007 kilograms (161,000 oz) of silver and lesser amounts of copper 
and lead (calculated from: Kral, 1951, p. 199; U.S. Bureau of Mines 
unpublished production records; Nevada Bureau of Mines and Geology, 
undated report). 

The last mineral area to be discovered is situated in the southern part 
of the range in the Golden Wash and Cloverdale Creek drainages. The 
Cloverdale mining district was established around 1906 and is in both 
the Shoshone Range and Toiyabe Range study areas. The Shoshone Range 
part of the district is centered on the Golden King and Webb mines, 
where amall amounts of precious metal were produced from narrow veins 
(Kral, 1951, p. 46; U.S. Bureau of Mines unpublished production 
records). Placer gold was discovered in Golden Wash and in Cloverdale 
Canyon, but atterhpts to mine this resource on a large scale in the early 
1930'8 never reached the production stage (Kral, 1951, p. 46-47). 

Second Round of Metal Mininq 

Many of the mines that were active early on were reopened intermittently 
from the 1920's through the 1950's. Most of the production was small 
and involved cleanup of old deposits, reprocessing of dump material, and 
extension of existing workings. The 1930's saw a resurgence of small 
precious metal mines caused by the relatively high price of precious 
metals during the Great Depression. 

World War II and strategic metal stockpiling that followed, encouraged 
the production of many metals, except gold. The Shoshone Range, 
however, had few developed metal deposits, other than mercury, to take 
advantage of higher wartime prices. The reopening of the Alexander 
mines in the Grantsville mining district during 1941 resulted in a 
recorded production of about 5,600 kilograms (180,000 oz) silver, 
209,000 kilograms (460,000 lb) lead and 95,300 kilograms (210,000 lb) 
zinc by 1947.(Kral, 1951, p. 202; Couch and Carpenter, 1943, p. 120-121; 
U.S. Bureau of nines unpublished production records). Attempts to 
develop this deposit for tungsten resources in the 1960's were without 
success. 

In 1939, efforts to mine antimony in the southern part of the 
Grantsville mining district in Milton Canyon were largely unsuccessful 
and only a few tons of stibnite ore were shipped (Lawrence, 1963, p. 
153). 

During the 198OVs, Marshall Earth Resources Inc. established an office 
in Ione and proceeded to expand land holdings and to initiate 
exploration for precious metals in all of the Shoshone Range mining 
districts. Activities included renovation and expansion of old 
underground workings, trenching, mining, drilling, dousing, and mapping. 
MERI controls the Shamrock mine area and continues to search for 
additional metal resources on the property. 

Mercury Production 

The birth of Nevada's mercury industry occurred in 1907 when cinnabar 
deposits were discovered in Sheep and Shamrock canyons in the southeast 
part of the Ione mining district. The Ione Mercury and Nevada Cinnabar 
mines (fig. 6) were steady producers up to 1928, producing about 410,000 
kilograms (12,000 fl) of mercury from lode deposits; approximately 
22,000 kilograms (650 fl) were recovered from placer operations (Kral, 



Figure 6.--View of  m i l l  and retort  a t  the Nevada Cinnabar mine ( t o p ) ,  
and view of the  Ione Mercury mine looking southeast (bottom). 



1951, p. 204; Bailey and Phoenix, 1944, p. 151; U.S. Bureau of Mines 
unpublished production records). A resurgence of mining activity 
occurred at the Ione Mercury in the 1930's and at the Nevada Cinnabar in 
the 1940's and 1 9 6 0 ' ~ ~  adding about 48,000 kilograms (1,400 fl) of 
mercury production (Kral, 1951, p. 204; Holmes, 1958, p. 2; U.S. Bureau 
of Mines unpublished production records). A number of small properties 
produced mercury in the Ione mining district and the Grantsville Summit 
area in the 1930's and 1940's with total production probably not 
exceeding several thousand kilograms. 

Development of Industrial Minerals 

Fluorite deposits were discovered and developed in the late 1940's and 
1950's in an area from the mouth of Union Canyon, south to Grantsville 
Ridge. About 820 metric tons (900 tons) of high-grade fluorite ore was 
produced from several properties from 1948 to 1954 (Horton, 1961, p. 16; 
Jones, 1959, p. 3). In the early 19701s, about 18,100 metric tons 
(20,000 tons) of lower grade ore was mined and stockpiled at the Sea Bee 
mine (fig. 7, bottom) , and a resource of about 392,800 metric tons 
(433,000 tons) of 18.5% fluorite was drilled out (Papke, 1979, p. 35). 
As of early 1993 this resource has not been developed. 

An unrecorded amount of barite ore was mined from the Sky mine in the 
early 1980's and was concentrated in a mill on the property. Production 
and remaining resources appear to be small and in 1993 there is no 
activity. 

Exploration for Low-Grade Precious Metal Deposits 

In the last two decades the range has undergone exploration by a number 
of mining companies for large, disseminated precious metal deposits that 
were overlooked in the past by miners exploring for smaller high-grade 
deposits. 

Four low-grade, bulk tonnage precious metal deposits were developed 
during the 1980's. Small deposits were explored and drilled in the 
Grantsville Summit and Grantsville Ridge areas by Amax Exploration 
Company, and in the Cloverdale district by Battle Mountain Exploration 
Company. An open pit operation was developed by Fury Exploration at the 
Alexander mine (fig. 7, top) with production from 1987 to 1988 of about 
3,100 kilograms (100,000 oz) silver and 1.2 kilograms (40 oz) gold 
(Charles Tyler-consultant, 1991, oral communication). 

In 1993, while exploration far disseminated gold continues, exploration 
activity seems to be decreasing and mining activity is at a standstill. 

MINING DISTRICTS, PROPERTIES, AND MINERAL RESOURCES 

Mining districts, as used in this report, are groupings of mining 
properties based on geographic proximity, geology, and historic 
activity. District boundaries are not well defined and, in places, are 
arbitrary. Some mining properties that are not part of a mining 
district have been included in the nearest district for organizational 
purposes. Figure 4 is a key index map that shows the study area's six 
mining districts along with sample sites and the locations of more 
detailed maps found in Appendix B and of plates in pockets at the end of 
this report. The Union district was the first to be formed and was 
often used to describe five of the districts used in this report: the 
Ione, Berlin, Union, Grantsville Summit, and Grantsville. The 
properties on Idlewild Creek, north of Ione, have been referred to in 
the past as the Midas district. This report includes these properties 
in the Ione district. 



Figure 7--View of the Fury open p i t  looking north ( t o p ) ,  and view of the 
open p i t  a t  the Sea B e e  f luor i te  mine (bottom). 
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Figure 8 shows mining property locations along with land status, and 
recent mining claim activity. Properties are arranged in this report 
into 77 major groups and are named as to the most used or most recent 
property name. Property production amounts were, in some cases, 
calculated from blending multiple references, some requiring price-to- 
weight conversion, or the multiplication of tonnage mined by average 
grade. 

Jackson Minina District 

Location 

The Jackson (Gold Park) district is located high on the western flank 
and the crest of the Shoshone Range, covering the area from Park Creek 
south to the South Fork of Barrett Creek (fig. 8, nos. 2-10). Other 
properties on the northern side of the range are often included with the 
district (fig. 8, nos. 1, 11-19). 

History and Production 

The district was discovered in the 1860's by Thomas Barnes, and given 
the name of North Union (Kral, 1951, p. 76). At first, activity was 
limited to the mining of rich surface outcroppings of oxidized and 
enriched ores which were hauled by ox teams to milling plants at Austin, 
Ellsworth, and Ione (Bedford, 1931, p. 2). The district obtained it's 
present name in the late 1870's after being called Barnes Park district 
for a short'time. 

The precious metal production from the district totals about 106 
kilograms (3,400 oz) gold and 849 kilograms (27,300 oz) silver 
(calculated from: Kral, 1951, p. 78-79; U.S. Bureau of Mines unpublished 
production files). There was also a small production of copper and 
lead. Mines were active between the 1880's and the 1950's. Mineral 
production was mainly from the lode deposits at the Star of the West, 
Artic, War Eagle, and Peterson mines in the main part of the district, 
and the One Ounce mine on the east side of the range. Ores were 
processed in several stamp mills with amalgamation and concentration 
circuits that were set up in the Gold Park Basin where water was 
available. 

Geology 

In the main part of the district, mineral deposits consist of base-metal 
quartz fissure veins cutting through metamorphosed andesites and 
greenstones of the Permian Pablo Formation (Kleinhampl and Ziony, 1984, 
p. 112-113). The Pablo host rock is part of a large (15.6 sq km) 
inlier, a gently northwest-tilted fault block surrounded by Tertiary 
volcanic rocks. Veins trend northeast, steeply dip to the sout?kpast, 
and range in thickness from a few centimeters to three meters (10 ft), 
with an average of about 0.6 meter (2 ft). Veins are, in some areas, 
accmpanied by Tertiary ( ? )  dikes (Crosby, 1908, p. 5). Mineralization 
and hydrothermal alteration in the wallrock is minimal. 

Ore shoots or mineralized portions of the quartz veins consist of 
variable amounts of pyrite, galena, and chalcopyrite. Ore values were 
principally gold with a varying gold-silver ratio. Much of the 
production was from oxidized zones, where ores contained cerussite and 
other oxidized sulfides. Copper and lead are good indicators of 
precious metal content, suggesting gold and silver were formed with the 
base-metal sulfides (Kral, 1951, p. 77). 
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24. Jenny prospect 
41. JJJ prospea 
76. Joan prospect 
25. King Midas mine 
70. Lab prospect 
58. Landmark prospect 
10. Last Chance mine 
11. Lebeau prospect 
43. Lookout prospect 
19. Lost Pick Handle prospea 
65. MERI prospect 
64. Milton Canyon mine 
37. Moon mine 
46. Mountain pmspect 
44. Nevada Cinnabar mine 
18. One Ounce mine 
5. Peterson mine 

39. FDG prospect 
60. Pinto prospect 
17. Prominence prospect 
52. Richmond mine 
71. RoyalColden King prospect 
54. Sea Bee mine 
36. Shamrock mines (patented) 
34. Sheep Canyon prospect 
55. Sky mine 
40. Sniffer prospect 
51. Spar prospect 
6. Star of the West mines (patented) 
3. Stone Cabin placer prospec' 

30. Sun prospect 
~_Tp,oLthe Wlou"*.m6e -- 
20. Vernal prospect 
7. War Eagle mine 

15. Waterfall prospect 
R Webb mine 
4. WEC placer prospect 

35. Wire prospect 
16. YS prospect 
29. Yellow catmine 

Figure 8.- Map showing mining claim activity, land status, and property location for the Shoshone Range study area 



In addition to the main part of the district, there are a number of 
mineral occurrences along the east side of the range. These mineral 
occurrences (fig. 8, nos. 12-19) are associated with faulted and altered 
Tertiary volcanic rocks where range front faults are intercepted by 
northwest-trending faults, and exhibit intense fracturing, 
silicification, propylitic alteration, and bleaching. Several 
properties, well inside the range front fault system, have a large 
variety of mineralogy and include uraniferous fluorite, cinnabar, and 
chalcedony. 

Recent Mining Activity 

Recent activity consists mainly of exploration on the eastern side of 
the range for disseminated, low-grade, precious metal deposits. In the 
Gold Park area there is a small amount of placer mining. 

The old mines in the main part of the district are inactive. Additional 
production here would be tied to the discovery of high-grade precious- 
metal ores in sulfide veins that are extensions at depth of deposits 
already mined out. Since past production indicates that higher grades 
were associated with shallow oxide zones, future production is unlikely. 
Exploration and drilling by Marshall Earth Resources, Inc., in the last 
ten years has, apparently, failed to find additional resources. 

On the eastern side of the range, there has been some exploration for 
large, epithermal, low-grade precious metal deposits in the pervasively 
altered, faulted volcanic rocks along the range front. Exploration at 
the YB and DD prospects by Placid Oil Company and Noranda Exploration 
has included geological and geochemical mapping, resistivity surveys, 
and limited drilling. Interest extends into the areas of shallow 
pediment east of the range front. Other exploration programs include 
work at the One Ounce mine by Noranda Exploration, Willow Creek 
Resources, and Homestake Mining Company; and work at the Anvil prospect 
by Amax and Dome Exploration. 

Underground survey work by Evans (1974) established a small resource at 
the Star of the West mines of 102,000 metric tons (112,000 tons) 
averaging 12.2 grams per metric ton (0.357 oz/ton) gold and 116 grams 
per metric ton (3.37 oz/ton) silver. There are no other reported 
identified resources in the district. 

Mines, Claims, and Prospects 

The following list of 19 properties includes prospects, mines, and claim 
blocks both within the Jackson mining district and in the general 
vicinity. In certain cases, several properties are discussed under one 
name. The groupings are made of properties having geographic proximity, 
similar geology, or common commodities. 



Property name: Anvil 

Locat ion : 

cornmodit ies : 

Size: 

Samples : 

T. 16 N., R. 41 E., secs. 10, SE1/4, 11, S1/2, 14, N1/2, 
15, NE1/4 

Gold, silver, antimony 

25 unpatented lode claims 

Figure B-1, nos. 502-504; samples averaged 0.36% As, 
with as much as 0.27 ppm Au, 1.6% Sb, 183 ppm MO, 156 
ppm Hg, and 57 ppm U. 

Property type: Prospect: a few old shafts and pits; drilled in 1986, 
exploration target for disseminated gold deposits. 

Production: 

Resources: 

Geology: Brecciated tuff along the range front fault is 
moderately argillized and silicified. Finely 
disseminated pyrite, and hairline quartz veinlets 
are common in mineralized areas. Stibiconite is 
associated occasionally with the quartz. 

Pro~ertv name: Bald Eaule 

Location: T. 15 N., R. 39 E., sec. 36, W1/2 

Commodities: Gold, silver 

Size: 12 unpatented lode claims 

Samples : Plate 1, nos. 509-510; samples averaged 0.18 ppm Au and 
0.02% Pb. 

Property type: Prospect: several old shafts, adits, and pits; some 
recent bulldozer work. 

Production : 

Resources: 

Geology: Sulfide-bearing quartz veins along faults in 
meta-andesite breccia. 
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Prowrtv n&e: Dottie Lee (War Cloud). 

Locat ion: T. 14 N. R. 39 E., sec. 24 

Commodities : Gold, silver, fluorite, mercury, uranium 

s'iiie: Three unpatented lode claims 

Samples : Figure B-3, nos. 448-454; samples assayed as much as 
0.5% Hg, 9.6% CaF,, 200 ppm U308, 850 ppm Mo. 

Property type: Prospect: several old adits and pits; recent bulldozer 
trenches. 

Production: 

Resources: 

Geology: Narrow fissure veins of calcite, opal, and fluorite 
occur in brecciated, silicified ash-flow tuff. Sparse 
cinnabar and autunite crystals are disseminated in the 
veins and the wallrock. 

ProDertv name: Gold Park 

Locat ion : T. 14 N., R. 39 E., sec. 1; T. 15 N., R. 39 E., secs. 
14, 15, SE1/4, 22, N1/2, 24, 25, W1/2, 36 

Commodities : Gold, silver, lead, copper 

Size: 

Samples : 

65 unpatented lode claims 

Plate 1, nos. 508, 521, 525-527; samples (nos. 525-526) 
of quartz-sulfide ore averaged 27.55 g/mt (0.804 oz/ton) 
Au, 267.4 g/mt (7.8 oz/ton) Ag, 0.6% Cu, 3% Pb, and 75 
ppm Te, with as much as 0.27% Zn and 947 ppm Cd. 

Property type: Prospect: several old shafts and adits, and many pits; 
some recent drilling and bulldozer work; exploration 
area for undiscovered precious metal veins. 

Production: 

Resources: 

Geology: 
.,.-**- . 
Quartz veins in Permian greenstone are similar to other 
mineralized structures in the mining district. 



P r o m t v  name: Grev Eaqle (Sunavside. Travverl 

Locat ion : T. 15 N., R. 39 E., sec. 35, 5112 

Commodities: Gold, silver, lead, copper 

Size: 

Samples : 

Six unpatented lode claims 

Plate I, nos. 506, 516; sample (no. 506) of fault gouge 
assayed 11.05 g/mt (0.322 oz/ton) Au. 

Property type: Prospect: one old adit and several pits; recent 
bulldozer work has replaced part of the adit with a pit. 

Production: --------- 
Resources: --------- 
Geology : Precious metals occur with galena and pyrite in a quartz 

vein within faulted meta-andesite. 

Prowrtv name: Last  Chance (Black Mountain) 

Locat ion : T. 14 N., R. 39 E., sec. 1 

Commodities: Gold, silver, lead, copper 

Size: 

Samples : 

25 unpatented lode claims 

Plate 1, nos. 511, 531-533, 535; samples (nos. 531, 535) 
of quartz-eulfide veins averaged 2.74 g/mt (0.08 oz/ton) 
Au, 137 g/mt (4 oz/ton Ag) 0.11% Cu, 3.4% Pb, and 189 
ppm Te. 

Property type: Mine: several old adits and shafts, and numerous pits. 

Production: Small production of gold ore from mill formerly on the 
property (Kral, 1951, p. 79). 

Resources: 

Geology: Precious metals occur with sulfides in quartz veins in 
brecciated meta-andesite. 



Proper tv  name: Labeau 

Locat i on  : T. 14 N.,  R. 39 E . ,  secs .  17, SW1/4, 19 

Commodities: Gold, s i l v e r  

Size: 11 unpatented lode claims 

Samples : Figure B-4, nos. 505, 539-540; samples contained no 
s i g n i f i c a n t  values.  

Property type: Prospect:  s e v e r a l  bu l ldozer  c u t s  

Production: 

Resources: 

Geology: 

--------- 
Altered  t u f f  and b a s a l t  along f a u l t s .  

~ r a ~ e r e v  nShO+ ~ o s t  p i c k  Handle 

Locat ion  : T. 14 N., R. 39 E., secs .  2, ~ ~ 1 / 4 ,  3, SE1/4, 11, 

Commodities : Gold, s i l v e r  

Size:  

Samples : 

14 unpatented lode claims 

Figure B-2, nos. 490-491; samples contained no 
s i g n i f i c a n t  values .  

Property type: Prospect:  s eve ra l  o l d  p i t s ;  one d r i l l  s i t e  

Production: 

Resources: 

Geology : A range f r o n t  f a u l t  i t ?  hTi6e"ialized i n  t h e  v i c i n i t y  of a 
t r a c h y t e  plug in t rud ing  t u f f .  



Property name: One Ounce (Gram, Wardl 

Locat ion: 

Commodities : 

Size: 

Samples : 

T. 14 N., R. 40 E., sec. 10 

Gold, silver 

15 unpatented lode claims 

Figure B-2, nos. 479, 481, 484-489; four samples (nos. 
479, 480, 486-487) of quartz and breccia averaged 6.17 
g/mt (0.18 oz/ton) Au and 5.49 g/mt (0.16 oz/ton) Ag. 

Property type: Mine: numerous adits and pits, and a mill in ruins. 

Production: Between 1935 and 1956 about 3.33 kg (107 oz) Au and 2.18 
kg (70 oe) Ag from 181 mt (200 tons) of ore milled on 
the property (calculated from Kral, 1951, p. 198; U.S. 
Bureau of Mines unpublished production records). 

Resources: 

Geology : Precious metals are limited to zones of quartz veinlets 
and stringers with minor oxidized pyrite in several 
northeast-trending faults within tuff. Country rock 
shows pervasive but weak alteration. 

ProDerty name: Peterson 

Locat ion : T. 15 N., R. 39 E., sec. 26, SE/4 

Commodities : Gold, silver, lead, copper 

Size: 

Samples : 

Three unpatented lode claims 

Plate 1, nos. 512-515, 519; samples (nos. 512-513, 515, 
519) of quartz veins and weathered sulfides averaged 
8.57 g/mt (0.25 oz/ton) Au, 48 g/mt (1.4 oz/ton) Ag, 
0.13% Cu, 1.2% Pb, and 0.1% Zn. 

Property type: Mine: numerous old adits, shafts and pits; an old 
miner's camp with a mill and several buildings in 
ruin. 

Production: 

Resources: 

Geology: 

Between 1912 and 1941, about 16.5 kg (530 oz) Au, 75.9 
kg (2,440 02) Ag, and small amounts of copper and lead 
(calculated from Kral, 1951, p. 79; U.S. Bureau of Mines 
unpublished production records). 

Gold and silver is associated with partly oxidized lead 
minerals that occur in quartz veins within 
meta-andesite. 



Pro~ertv name: Prominence 

Locat ion : T. 14 N., R. 40 E., sec. 9 

Commodities : Gold, silver 

Size: Nine unpatented lode claims 

Figure B-2, no. 480; sample assayed 26.1 g/mt (0.76 
oz/ton) Au and 20.6 g/mt (0.6 oz/ton) Ag. 

Samples : 

Property type: Prospect: one adit 

Product ion : 

Resources: 

Geology : Vein consists of clay fault gouge and quartz stringers 
in tuff . 

Promrtv name: Star of the West, A r t i c ,  and San Francisco 

Locat ion : T. 15 N. R. 39 E., secs. 25, SW1/4, 26, SE1/4 

Commodities : Gold, silver, lead, copper 

Size: Three patented and 12 unpatented lode claims 

Samples: Plate 1, nos. 517-518, 522-524; Samples averaged 9.9 
g/mt (0.29 oz/ton) Au, 189 g/mt (5.5 oz/ton) Ag, 0.39% 
Cu, and 4.3% Pb, with as much as 32.2 g/mt (0.94 oz/ton) 
Au, 405 g/mt (11.8 oz/ton) Ag, and 0.12% Sb. 

Property type: Mines: numerous adits, shafts and pits; ruins of a 
mill; several hundred meters of underground workings. 

Product ion: Between 1882 and 1942, about 51 kg (1,640 oz) Au, 461.2 
kg (14,830 oz) Ag, 10,944 kg (24,128 lb) Pb, and 401.9 
kg (886 lb) Cu (calculated from Kral, 1951, p. 77; U.S. 
Bureau of Mines unpublished production records). 

Resources: An identified resource of 101,584 mt (112,000 tons) 
averaging 12.2 g/mt (0.357 oz/ton) Au and 115.5 g/mt 
(3.37 oz/ton) Ag (Evans, 1974). 

Precious metals are associated with galena, cerussite, 
pyrite, and chalcopyrite in quartz veins. The quartz 
sulfide veins trend northeast and follow faults in a 
meta-andesite. 

Geology: 



ProDertv name: Stone Cabin 

Locat ion: T. 15 N., R. 39 E., secs. 25, E1/2, 24, S1/2 

Commodities : Gold, silver 

Size: Four placer and one millsite unpatented claims 

Samples : Plate 1, no samples taken. 

Property type: Mine: several pits 

Production: Probable small amount of placer gold 

Resources: --------- 
Geology: Small amounts of placer gold have washed into Gold Park 

creek from the gold-bearing veins in the hillsides to 
the south. 

Promrtv name: War Eaale (Black Mountain) 

Locat ion : T. 15 N. R. 39 E., sec. 36, NW1/4 

Commodities: Gold, silver, lead 

Size: 

Samples : 

12 unpatented lode claims 

Plate 1, no. 507; sample assayed 14.9 g/mt (0.43 oz/ton) 
Au, 15.1 g/mt (0.44 oz/ton) Ag, and 0.11% Pb. 

Property type: Mine: several old shafts, adits, and pits. 

Production: Between 1927 and 1956, about 33.6 kg (1,080 oz) Au, 
311.6 kg (10,020 oz) Ag, and small amounts of copper and 
lead (calculated from Kral, 1951, p. 78; U.S. Bureau of 
Mines unpublished production records). Production came 
mainly from oxide ore. 

Resources: 

Geology : Gold, silver, and lead are associated with galena and 
cerussite occurring in a quartz vein with limonite 
within meta-andesite. 



Prowrtv name: Waterfall 

Locat ion : T. 14 N., R. 40 E., secs. 17, SE1/4, 20, N1/2 

Commodities : Gold, silver 

Size: 

Samples : 

Three unpatented lode claims 

Figure 8-2, nos. 464-465, 469; sample (no. 465) of 
fractured tuff assayed 0.32 ppm Au. 

Property type: Prospect: one adit and several shafts and pits 

Product ion : 

Resources: 

Geology: Range front faults in ash flow tuffs have been 
chloritized and silicified. 

ProDertv name: WEC 

Locat ion : T. 15 N., R. 39 E., sec. 27, El12 

Commodities : Gold, silver 

Size: 

Samples : 

Seven unpatented placer claims 

Plate 1, no samples taken 

Property type: Prospect: several old pits 

Product ion: 

Resources: 

Geology: Small amounts of placer gold have washed out of War 
Eagle Canyon. 



Pro~ertv name: YB (Avery, Blue Bell] 

Locat ion : T. 14 N. R. 40 E., sec. 16, NW1/4 

Commodities : Gold, silver 

Size: 

Samples : 

19 unpatented lode claims 

Figure 8-2, nos. 470-478; samples assayed as much as 
9.43 g/mt (0.27 oz/ton) Au, 22.42 g/t (0.654 oz/ton) Ag, 
and 164 ppm Mo. 

Property type: Prospect: several old shafts, adits, and numerous old 
pits; recent activity includes drilling; exploration 
target for disseminated precious metal deposits. 

Production : 

Resources: 

Geology: Mineralized, fractured tuff and fault gouge along range 
front fault zones with argillic and silicic alteration, 
secondary quartz stringers, and limonite. 



Ione ~inina District 

Locat ion 

The Ione district, as used in this report, includes the hills around the 
town of Ione, from the break of the high peaks of the Shoshone Range at 
Bald Mountain, south to the north side of Buffalo Mountain (fig. 8, nos. 
20-38, 40, 43-45). This area has also been referred to as the northern 
part of the Union mining district. 

History and Production 

The earliest prospecting in the Shoshone Range was in the 18501s, and by 
1864 the town of Ione was established near rich silver deposits in the 
hills to the southeast. In 1864 Ione became the county seat for the 
newly formed Nye County (Kral, 1951, p. 195). Initially, production was 
shipped to facilities in California and Utah. But soon, ore coming from 
the Shamrock mines, the principle producers in the Ione district, and 
from the mines to the south in the Grantsville area, were processed in 
two mills, the Pioneer mill in Ione, Nevada, and the Knickerbocker mill 
at the mouth of Knickerbocker Canyon. Since production from the 
district was mainly in the 1860's and 1 8 7 0 ' ~ ~  there are few surviving 
records of mine output. Estimates made from reports by Kral (1951, p. 
196-197), Couch and Carpenter (1943, p. 120-121), and Gardiner (1926, p. 
5 ) ,  combined with unpublished U.S. Bureau of Mines production records, 
suggest a total production for the district of 72,800 kilograms 
(23,400,000 oz) of silver, 1,890 kilograms (60,800 oz) gold, and small 
amounts of copper and lead; almost all from the Shamrock properties. By 
1880 mining activity had decreased in the Ione district as the rich ores 
were depleted in the Shamrock mines. Smaller scale mining operations 
from 1920 through 1940 were mainly involved with cleanup of what was 
missed in the old mines and the reprocessing of dump material. 

At the turn of the century, large mercury deposits were discovered in 
the district. Most of the production came from two mines, the Ione 
Mercury and the Nevada Cinnabar. Over 486,500 kilograms (14,111 fl) of 
mercury were produced in on-site retorts between the 1900's and the 
19601s, with most of the production before the early 1920's (Kral, 1951, 
p. 204; Bailey and Phoenix, 1944, p. 151, Holmes, 1958, p. 2; U.S. 
Bureau of Mines unpublished production records). There were several 
other small mercury mines in the area. The district was the first and 
one of the largest producers of mercury in Nevada. Activity ceased 
after known reserves were exhausted and prices declined. 

Placer gold mines west of Ione in the Ione Valley were active 
intermittently between 1909 and 1941, with a production of about 3.1 
kilograms (100 oz) gold (Johnson, 1973, p. 99). The Goldfield Rand Co., 
in 1958, and the Alice Mining Company, in 1980, evaluated the placer 
deposits to determine if large scale mining operations were feasible. 
The Alice Mining Company produced about 0.68 kilograms (22 oz) gold by 
1981 (Alice Mining Co., unpublished letter, 1981). The King Midas and 
Hugh mines produced about 20.2 kilograms (650 oz) of placer gold in the 
same area during 1983 and 1984 (Marshall Earth Resources, Inc., 1984, p. 
2, 11). 

Geology 

The center and southern parts of the district are underlain either by 
greenstone and clastic rock of the Permian Pablo Formation or by shale 
and limestone of Mesozoic age. The eastern and northern parts are 
covered by Tertiary volcanic rocks. Pre-Tertiary rocks are intruded by 
quartz monzonite, granodiorite, and diorite stocks and dikes. Pre- 



Tertiary structure is mainly high angle normal faults trending 
northwest, while Tertiary structure trends north. 

Precious-base metal deposits in the district are believed to be related 
to a metallogenic epoch of late Jurassic or early Cretaceous age 
involving small intrusions ranging from diorite or granodiorite to 
quartz monzonite (Abrams, 1979, p. 57). Most notable of this type of 
deposit are the veins worked in the Shamrock mines. The Shamrock or 
Crown veins have a strike length of about 1,520 meters (5,000 ft) and 
were mined to a depth of 76 to 91 meters (250 to 300 ft) from the 
surface where the veins flatten (Firth, 1981, p. 2). The quartz veins 
contained varying amounts of pyrite, tennantite, argentiferous 
tetrahedrite, and galena, argentite, bornite, and chalcopyrite. Most of 
the early production at the Shamrock mines was from zones of oxidation 
and supergene enrichment containing abundant cerargyrite, acanthite, 
native silver, and small amounts of native gold. Rich ore shoots along 
the vein were reported to contain as much as 110,000 grams per metric 
ton (3,200 oz/ton) silver (Barrett, 1963, p. 3). The host rock for this 
deposit is a emall diorite intrusion and the surrounding sections of 
Mesozoic greenstone, limestone, and shale. 

Similar mineral occurrences are also found in numerous sulfide-quartz 
veins scattered throughout the Mesozoic greenstone and clastic country 
rock in areas of faulting and fracturing. The Violet and Catherine 
mines both have had some mineral production, with ores from the latter 
having values principally in gold. 

Additional precious metal resources may be on the east and north sides 
of the district where Tertiary volcanics have covered the older rock 
section. At the Gold Hill prospect, epithermal mineralization may be 
related to Tertiary volcanic centers farther east. At the head of 
Idlewild Creek, small, high-grade precious metal occurrences on the 
Vernal prospect are found in a quartz-pyrite stockwork within a fault 
breccia. The host rock is a hydrothermally altered, silicified rhyolite 
dome, and adjacent tuff. Gold occurs as very fine electrum and petzite 
(silver-gold telluride) grains in the pyrite (McLean, 1983, p. 7). This 
geologic situation has been interpreted as an old hydrothermal vent with 
the potential for shallow low grade gold deposits (McLean, 1983, p. 1) 
or for copper-molybdenum porphyry deposits at depth (Briner and Ernst, 
1981, p. 138). 

Mercury deposits in the district consist of cinnabar in veinlets, 
stringers, and as disseminations and painty films along fractures. 
Deposits are shallow and appear to be localized on old volcanic fumarole 
or hot spring areas along north-trending faults of Tertiary age. At the 
Ione Mercury mine, Mesozoic sediments are faulted against Tertiary 
agglomerates and tuffs. The main ore body was composed of cinnabar in a 
gange of calcite, psilomelane, and pyrite in folded calcareous shales. 
At the Nevada Cinnabar mine, mercury deposits of cinnabar fracture 
fillings and disseminations are along a fault in silicified Tertiary 
volcanic rocks. 

Placer gold occurrences west of Ione on the Alice and Earth Science 
properties consist of fine gold accumulated in soil and surface gravels 
overlying a hard caliche cemented gravel. The gold probably originated 
from gold-bearing quartz stringers that are fracture fillings in 
Tertiary rhyolite just north and uphill from the placer area. At the 
King Midas and Hugh properties remnants of elevated paleogravel deposits 
were the center of interest (Marshall Earth Resources, 1984, p. 7). 



Recent Mining Activity 

Since the early 19808s, Marshall Earth Resources Inc. has been procuring 
properties in the district. Large tracts of land were claimed as the 
Hugh and King Midas properties on placer deposits northwest of Ione. A 
placer recovery plant produced for a short period before shutdown. 

Marshall Earth Resources has initiated exploration programs at the 
Shamrock, Catherine (Hugh), Top of the Mountain, Yellow Cat (HM), Nevada 
Cinnabar, and Ione Mercury properties. Efforts up to 1993 have included 
mapping, drilling, dousing, sampling, trenching, and rehabilitation and 
expansion of underground workings. Other than a brief period of mining 
on the Hugh and King Midas mines, there has been no production from 
properties in the district. 

There has been some recent exploration interest by Homestake Mining 
Company in gold deposits related to the mercury mineralization on the 
south side of the district. The volcanic fumarole origin of the large 
cinnabar deposits mined here in the past, suggests this area has a 
potential for epithermal, low-grade precious metal deposits. Also, the 
recognition that high-grade precious metal veins in this district are 
often associated with mercurian tetrahedrite, has resulted in 
geochemical exploration of this region by JCP Geologist Company (Sniffer 
prospect). 

In the mid 1980'8, exploration interest for Tertiary age, bulk tonnage 
gold and copper-molybdenum type deposits focused on the Vernal property. 
The area was mapped in detail, sampled, geochemically interpreted, and 
diamond drilled by hnselco Exploration, Noranda Exploration, and J. 
Prochnau & Co. Lack of activity in the last five years suggests results 
were unfavorable. 

Identified resources from the district include: 1) about 61,000 cubic 
meters (80,006 cu yd) averaging 1.5 grams per cubic meter (0.036 oz/cu 
yd) placer gold at the Alice mine (Kral, 1951, p. 198), 2) about 45,000 
metric tons (50,000 tons) of dump material with 1.0 kilograms per metric 
ton (2 lb/ton) mercury at the Ione Mercury mine (Bailey and Phoenix, 
1942, p. 4), 3) about 160,000 metric tons (176,000 tons) of inferred 
resource averaging 0.155 kilograms per metric ton (0.31 lb/ton) mercury 
at the Nevada Cinnabar mine (Calculated from: U.S. Bureau of Mines, 
1943a, p. 1; U.S. Bureau of Mines unpublished production records). 

Mines, Claims, and Prospects 

The following list of 23 properties includes prospects, mines, and claim 
blocks both within the Ione mining district and in the general vicinity. 
In certain cases, several properties are discussed under one name. The 
groupings are made of properties having geographic proximity, similar 
geology, or common commodities. 



Locat ion : T. 13 N., R. 39 E., secs. 32, SE1/4, 33, W1/2 

Commodities : Gold, silver 

Size: 15 unpatented placer claims 

Samples : Figure B-8, no samples taken; company sampling of placer 
gold ranged from 0.034 to 2.4 g/mt (0.001 to 0.07 
oz/ton) Au (Marshall Earth Resources, 1981, p. 4). 

Property type: Placer mine: numerous old trenches, pits, and drill 
holes. 

Production: 

Resources: 

Geology: 

Between 1909 and 1941, about 3.1 kg (100 oz) Au 
(Johnson, 1973, p. 99); about 0.68 kg (22 oz) Au in 1981 
(Alice Mining Co., 1981, unpublished letter). 

About 61,000 cu m (80,000 cu yd) gravel averaging 1.5 
g/cu m (0.036 oz/cu yd) Au (Kral, 1951, p. 198). 

Placer deposits are in stream gravel at upper edge of a 
alluvial fan. Gold occurs in soil and surface gravels 
bverlying a hard, caliche cemented gravel about 0.6 to 
0.9 m (2 to 3 ft) deep. 

Pro~ertv name: ri"6Gi.l view (Black said1 

Location: T. 13 N. R. 39 E., sec. 24 

Commodities: Gold, silver, copper 

Size: 12 unpatented lode claims 

Samples : Figure B-7, nos. 92-93, 96-97, 99-101; high grade 
(select) samples (nos. 92-93, 101) averaged 6.3% Cu, 
with as much as 0.32 ppm Au, 171 g/mt (5 oz/ton) Ag, 
3.2% AS, 1.8% Sb, 246 ppm Hg, and 155 ppm Mo. 

Property type: Prospect: numerous pits and bulldozer trenches, several 
shafts and drill sites 

Production: 

Resources: 

Geology: 
I 

Several small fissure veins of quartz, copper oxides, 
and limonite in silicified, argillized volcanogenic 
sediments and tuff. 



Promrtv name: Catherine tColullobus) 

Locat ion : T. 13 N. R. 39 E., sec. 34, E1/2 

Commodities: Gold, silver 

Size: 

Samples : 

About 57 ha (140 acres) that are part of the Hugh claim 
group. 

Plate 2, nos. 7-9, 51, 57-58; sample (no. 9) of fault 
gouge assayed 0.54 ppm Au and 0.46% As. 

Property type: Mine: numerous adits, shafts, and pits; about 600 m 
(2,000 ft) of underground workings; recently the main 
workings have been rehabilitated and drilled. 

Product ion : 

~esources : 

Geology: 

In 1911, 1.76 kg (56.7 oz) Au and 0.958 kg (30.49 oz) Ag 
(Xanchester Mining Co., 1912); recently (1980's) small 
amounts have been mined and stockpiled. 

Oxidized sulfide-bearing quartz veins and small 
replacement bodies contain high-grade, spotty gold 
along a northwest-trending fault between 
hydrothermally altered dolomite and greenstone. 

ProDertv name: Barth tcience 

Locat ion : T. 13 N., R. 39 E., secs. 29, 32, 33; T. 12 N., 
R. 39 E., secs. 4, 5 

Commodities : Gold, silver 

Size: 

Samples : 

1,200 ha (3,000 acres) of placer claims 

Figure 8-8, no samples taken 

Property type: Prospect: several scattered pits. A large exploration 
claim block to cover any possible placer deposits 
discovered outside known placer production areas. 

Production : 

Resources: 

Geology: Area of range-front pediment and alluvial fans. 



Pro~ertv name: Gold Hill (Spanish Canvonl 

Location : T. 12 N. , R. 39 E., sec. 6, N1/2; T. 13 N., R. 39 E., 
sec. 36, NE1/4; T. 13 N., R. 40 E., secs. 31, 32, W1/2 

Commodities : Gold, silver 

Size: 

Samples: 

55 unpatented lode claims 

Figure B-7, nos. 118-121; samples had slightly elevated 
amounts of As and Sb. 

Property type: Prospect: several small pits and drill sites; 
exploration target for low grade gold epithermal 
deposits. 

Production: 

Resources: --------- 
Geology : Areas of jasperoids in volcanic rocks and minor placer 

gold occurrences. 

ProDertv name: H.b.lQoraran 

Locat ion : . T. 12 N., R. 39 E., secs. 11, S1/2, 12, S1/2 

cornmodit i"e% Mercury 

Size: 

Samples : 

15 unpatented lode claims 

Plate 2, nos. 140, 154; assays contained no significant 
values. 

Property type: Prospect: several old caved shafts and adits; more 
recent bulldozer work; a number of drill holes on the 
east side of the claim block. 

Product ion : 

Resources: 

Geology: Cinnabar occurs along fractures in a faulted tuff. This 
may be a northern extension of mercury mineralization 
at the Nevada Cinnabar Mine. 



Propertv name: Hazel E (IdlewfldZ 

Locat ion : T. 13 N., R. 39 E., sec. 3 

Commodities: Uranium 

Size: Part of the southern Vernal claim block. 

Samples : Figure B-5, nos. 497-498; sample (no. 497) of altered 
rhyolite assayed 165 ppm U308. 

Property type: Prospect: several bulldozer cuts 

Product ion : 

Resources: 

Geology: Radioactivity occurs in a gouge and breccia zone along 
a faulted rhyolitic tuff. 

Propertv name:. HM 

Locat ion : T. 12 N., R. 39 E., secs. I, N1/2, 2, NE1/4; T. 12 N., 
R. 39 E., sec. 6, NW1/4; T. 13 N., R. 39 E., secs. 35-36 

Commodities: Mercury, gold, silver 

Size: 64 unpatented lode claims 

Samples : Plate 2, nos. 62-63, 67, 126; Fig. B-7, nos. 122-123; 
assays contained no significant values. 

Property type: Prospect: several old adits, shafts, and pits; claim 
block covers possible deposits of mercury along the 
Mercury Mine Fault and of precious metals similar to 
those at the Shamrock mines to the west. 

Product ion : 

Resources: 

Geology : Mineralized Tertiary volcanic and Mesozoic clastic rocks 
in areas of faulting and fracturing. 



Promrtv name: Huoh 

Locat ion : T. 13 N., R. 39 E., secs. 26, W1/2, 27, 34, N1/2, 35, 
W1/2 

Commodities : Silver, copper 

Size: 56 unpatented lode claims 

Samples : Figure B-9, nos. 1-3, 6, 10-11, 17, 33, 38-40, 94-95, 
353; quartz ore samples (nos. 1, 3, 11, 38, 40) assayed 
as much as 0.52 ppm Au, 355 g/mt (10.4 oz/ton) Ag, and 
3.8% Cu. 

Property type: Prospect: numerous old pits, adits, and shafts; 
bulldozer work and drill sites associated with recent 
exploration. 

Production: 

Resources: 

Geology: Small hydrothermal veins in limestone, quartzite, and 
greenstone are associated with northwest-trending 
faults, some of which are extensions of structures at 
the Catherine and Yellow Cat mines. 
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pro-rtv name: zone mrv 

Location : T. 12 N., R. 39 E., secs. 1, W1/2, 2 

Cornmodit ies : Mercury 

Size: 

Samples : 

17 patented lode claims 

Plate 2, nos. 24-25, 66, 125, 130-131, 133-138, 483, 
499; samples assayed as much as 7.7% Hg. 

Property type: Mine: numerous cuts, trenches, adits, and shafts, and 
10 large pits; four open stopes; ruins of a mill and 
retort; about 1,040 m (3,400 ft) of underground 
workings. 

Product ion: 252,980 kg (7,337 fl) Hg between 1911 and 1958 (Kral, 
1951, p. 204; Holmes, 1958a, p. 2; U.S. Bureau of Mines 
unpublished production records). 

Resources: 

Geology: 

About 45,000 mt (50,000 tons) of dump material averaging 
1.'0 kg/mt (2 lb/ton) mercury (Bailey and Phoenix, 1942, 
P. 4 ) .  

Cinnabar with small amounts of native mercury, occurs as 
stringers in folded calcareous shales near two vertical, 
parallel faults, and as disseminations or smears in 
andesite agglomerate within an old volcanic vent (fig. 
9 1  top)* 



Figure 9.--View of volcanic agglomerate mercury deposits at the Ione 
Mercury mine (top), and view of Marshall Earth Resources, Inc., placer 
recovery plat, King Midas mine (bottom). 



yroRertv name: Jennv 

Location : T. 13 N., R. 39 E., secs. 24, SE1/4, 25, E1/2; T. 13 N., 
R. 40 E., sec. 30, W1/2 

Commodities: Gold, silver, copper 

Size: 29 unpatented lode claims 

Samples : Figure B-7, nos. 91, 98, 109-117; sample (no. 114) of 
ore assayed 15.2 g/mt (0.44 oz/ton) Ag and 0.2% Cu. 

Property type: Prospect: numerous pits and trenches; several shafts 

Production: --------- 
Resources: --------- 

Geology: Copper oxides, limonite, fluorite, and pyrite occur in 
scattered, small bodies of highly altered, faulted 
volcanogenic sediments and tuff. 

Property name: Kinq Midas (Bald Mountain Bill) 

Location: T. 13 N., R. 39 E., secs. 27, W1/2, 28, 29, E1/2, 32, 
NE1/4, 33 

Cornmodit ies : Gold, silver, copper, lead 

Size: 62 unpatented lode claims 

Samples : Figure B-8, nos. 13-15, 20-23, 34-37; B-9, nos. 4-5, 12, 
16; quartz-sulfide vein samples (nos. 13, 34, 37) 
averaged 10.6 g/mt (0.31 oz/ton) Au, 1,046 g/mt (30.5 
oz/ton) Ag, 0.15% Cu, 1.3% Pb with as much as 0.21% As, 
0.16% Sb, and 0.38% Te. 

Property type: Mine: numerous old pits, shafts, and trenches; recent 
bulldozer cuts and access roads; an operational placer 
processing plant (fig. 9, bottom). 

Production: About 20 kg (650 oz) of placer gold in 1983-84 (Marshall 
Earth Resources Inc., 1,984). 

Resources: --------- 
Geology: Gold-bearing Quaternary ( ? )  channel gravel deposits and 

reworked placer equivalents were mined in 1983-1984 from 
surface cuts (fig. 10, top). Old workings are on small, 
high-grade, gold-bearing stringers in silicified 
rhyolite. On the southeast corner of the property, 
sulfide-bearing quartz veins associated with a quartz 
monzonite intrusion contain gold, silver, copper, and 
lead. 



Figure 10.--View of paleochannel deposits (top), and view of Pelton 
adit, Shamrock mine (bottom). 



Prowrtv name: Lookout (Mountain Brow, Pleiades~ 

Locat ion: T. 12 N., R. 39 E., sec. 11 

Commodities : Gold, silver, copper, mercury 

Size: 

Samples : 

19 unpatented lode claims 

Plate 2, nos. 148-153; high-grade copper ore samples 
(nos. 148-151) averaged 4.1 g/mt (0.12 oz/ton) Au, 374 
g/mt (10.9 oz/ton) Ag, and 5.5% Cu with as much as 0.17% 
As and 0.95% Sb. Mercury-bearing samples (nos. 149, 
152,) averaged 0.05% Hg. 

Property type: Prospect: several old shafts, adits, and pits; numerous 
recent bulldozer cuts. 

Product ion : 

Resources : 

Geology: Mercury occurs as cinnabar seam and fracture fillings 
in faulted interbedded limestone and conglomerate. The 
precious metals and copper are associated with altered 
metasedimentary rock adjacent to a quartz diorite 
dike. 

Promrtv name: Moon, Indian Johnnie Dick, !l!wo Iniun 

Locat ion: 

Commodities: 

Size: 

Samples : 

Property type: 

Production: 

Resources: 

Geology: 

T. 12 N. R. 39 E., secs. 2, 3, W1/2, 11, N1/2, 12, NW1/4 

Mercury, copper 

33 unpatented lode claims 

Plate 2, nos. 82-83, 127-129, 132, 139; one sample (no. 
83) of quartz-sulfide ore assayed 0.9 g/mt (0.03 oz/ton) 
Au, 238 g/t (6.94 oz/ton) Ag, 0.18% Pb, and 0.07% W; one 
sample (no. 127) had 127 ppm Hg. 

Mine: numerous pits, trenches, and several adits and 
shafts; two small retorts in ruins. 

A small unrecorded production of mercury is likely. 

At the Two Injun and Johnnie Dick mines, cinnabar occurs 
both as disseminations in gouge and as fracture fillings 
in faulted, silicified limestone and conglomerate. This 
may be a western extension of the mineralized rocks at 
the Ione mine. On the west side of the property several 
areas contain minor amounts of copper and tungsten in 
hydrothermal quartz veins. 



ProDertv name: Nevada Cinnabar (Sheshone quick silver^ 

Locat ion : T. 12 N., R. 39 E., secs. 11, SE1/4, 14, NE1/4 

Commodities : Mercury 

Size: 11 unpatented lode claims. 

Samples : Plate 2, nos. 155-157, 500; assays contain no 
significant values. 

Property type: Mine: numerous pits, cuts, shafts, and adits; two open 
stopes on the main deposit; mill and retort in ruins. 

Production: 233,568 kg (6,774 fl) Hg between 1907 and 1969 (Bailey 
and Phoenix, 1944, p. 151; U.S. Bureau of Mines 
unpublished production records). 

Geology: 

Resources: About 160,000 mt (176,000 tons) of inferred resources 
averaging 0.155 kg/mt (0.31 lb/ton) Hg (calculated from: 
U.S. Bureau of Mines, 1943a, p. 1; U.S. Bureau of Mines 
unpublished production records). 

Cinnabar occurs several ways: 1) in silicified tuff as 
narrow veins or bands parallel and below a high-angle 
fault, 2) in the fault gouge, 3) in unaltered tuff as 
disseminations, 4) as narrow fracture-filling veins in a 
vitrophyre above the high-angle fault. (Bailey and 
Phoenix, 1944, p. 152) 



Promrtv name: 

Location : 

Cornmodit ies : 

Size: 

Samples : 

Property type: 

Production: 

Resources: 

Geology: 

Shamrock (Crown, Wild Eaiarant, ~honoaranh. 
fndianawlis, Clinver, Northern Star, Stonewall, 
Keystonel 

T. 12 N., R. 39 E., secs. 2, N1/2, 3, N1/2; T. 13 N., R. 
39 E., secs. 34, S1/2, 35, S1/2 

Silver, gold, lead, copper, zinc 

12 patented and 11 unpatented lode claims 

Plate 2, nos. 26-32, 49-50, 55-56, 68-81, 84, 86-87, 
482, 520; samples of quartz veine with sulfides (nos. 
27-30, 49, 55-56, 68-75, 78, 80-81, 84, 87) averaged 
2.06 g/mt (0.06 oz/ton) Au, 360 g/mt (10.5 oz/ton) Ag, 
and 0.26% Pb, with as much as 9.19 g/mt (0.27 oz/ton) 
Au, 1,473 g/mt (43 oz/ton) Ag, 2.4% Cu, 1.4% Pb, 0.47% 
Zn, 0.51% As, and 0.26% Sb. One sample (no. 73) 
contained 0.1% W. 

Mine: numerous pits, adits, and shafts (fig. 10, 
bottom); thousands of meters of underground workings are 
mostly inaccessible; recent development includes 
rehabilitation of several adits and drilling. 

From 1864 to 1940, estimated 72,800 kg (23.4 million oz) 
Ag, 1,870 kg (60,000 oz) Au, and small amounts of lead 
and copper (calculated from: Kral, 1951, p. 196-197; 
Couch and Carpenter, 1943, p. 120-121; U.S. Bureau of 
Mines unpublished production records; Gardiner, 1926, 
P* 5 ) .  

Deposits are hosted by a diorite stock, less than 2.6 sq 
km (1 sq mi) in extent, and by the surrounding Permian 
to Jurassic age clastic and metamorphic (greenstone) 
rocks. Several subparallel northwest-trending quartz 
fissure veins range from 0.3 to 1.2 m (1 to 4 ft) thick, 
strike for about 1,520 m (5,000 ft), and are offset 
about 30 to 90 m (100 to 300 ft) by northeast-trending 
faults. The veins dip 60 degrees northeast at the 
surface and flatten out at a depth of about 90 m (300 
ft) setting the limits of mining (Firth, 1981, p. 2). 
Mineralized portions of the quartz veins, called ore 
shoots, contained high grade silver sulfide and oxide 
ore, which assayed as much as 110,000 g/mt (3,200 
oz/ton) silver (Barrett, 1963, p. 3). 



Property name: Sheer, Canyon (Cowbov, Hard Time) 

Locat ion: T. 12 N., R. 39 El secs. 3, N1/2, 4, 5, W1/2, 9, N1/2 

Commodities : Gold, silver 

Production: 

Resources: 

Geology: 

Size : 70 unpatented lode claims 

Samples : Plate 2, no. 88; sample assayed 1.6 g/mt (0.05 oz/ton) 
Au, 442 g/mt (12.9 oz/ton) Ag, and 0.32% Pb. 

Property type: Prospect: several small pits and placer test trenches; 
exploration target in pediment area where there could be 
possible hidden mineral structure extensions from the 
Shamrock mines to the east. 

Sulfide-bearing quartz veins in altered, faulted diorite 
are partly covered by alluvium. 

Prowrtv name: Sniffer 

Locat ion: T. 12 N., R. 39 E., secs. 10, N1/2, 11, NW1/4 

Commodities : Gold, silver 

Size: 

Samples : 

18 unpatented lode claims 

Plate 2, nos. 147, 208-210; sample (no. 147) of quartz 
with sulfides assayed 12.7 g/mt (0.37 oz/ton) Au, 56.7 
g/mt (1.65 oz/ton) Ag, 9.8% Cu, 0.16% Hg, and 0.36% Sb. 

Property type: Prospect: several small pits; exploration target for 
precious metal veins established with soil sampling for 
mercury. 

Production: --------- 
Resources: 

Geology : Area of anomalous amounts of mercury in soil suggest 
undiscovered precious metal-bearing veins with mercurian 
tetrahedrite in faulted metamorphic rocks. 



Prortertv name: Sun 

Location : T. 13 N. R. 39 E., secs. 33, W1/2, 34, 35, SW1/4 

Commodities : Gold, silver, copper, lead, zinc. 

Size: 18 unpatented lode claime 

Samples : Plate 2, nos. 52-54; sample (no. 54) of quartz-sulfide 
vein assayed 1.64 g/mt (0.048 oz/ton) Au, 848 g/mt (24.7 
oz/ton) Ag, and 0.29% Pb. 

Property type: Prospect: numerous pits, trenches, and adits; several 
drill sites. 

Product ion: 

Resources: 

Geology: kineralized areas on the northern side of the Shamrock 
diorite stock where: 1) several quartz veins with 
sulfides are along faults cutting a diorite-greenstone 
hontact; 2) dolomite and greenstone are in fault 
contact. 

Prmertv name: Toe of the Mountain 

Locat ion : T. 13 N. R. 39 E., secs. 13, NW1/4, 14, 23, NE1/4 

Cornmodit ies : Gold, silver, copper 

Size: 

Samples : 

27 unpatented lode claims 

Figure 8-6,  nos. 18-19, 102-108; one sample (no. 102) of 
tuff from shaft dump assayed 1.5% Cu and 0.31% Sb; one 
sample (no. 108) of argillite contained 1.86 g/mt (0.054 
oz/ton) Au and 9.8 g/mt (0.29 oz/ton) Ag. 

Property type: Prospect: several adits that have been recently 
rehabilitated and drilled, four shafts, and numerous 
pits. Recent exploration for disseminated gold deposit. 

Production: 

Resources: 

Geology : Faulted and folded metasedimentary rocks and rhyolite 
contain small veins with pyrite, secondary quartz, and 
copper oxides. 



Promrtv name: Vernal (Sunnvsidel 

Locat ion : 

commodities : 

Size : 

Samples : 

T. 13 N., R. 39 E., secs. 3, 4, NW1/4; T. 14 N., R. 39 
E., secs. 34, 33, W1/2 

 old, silver 

54 unpatented lode claims 

Figure B-5, nos. 492-496; samples of rhyolite breccia 
assayed as much as 9 g/mt (0.26 oz/ton) Au and 191 ppm 
no. 

Property type: Prospect: numerous old adits, shafts, and pits; recent 
development work included drill sites and access 
roads. 

Production: 

Resources: 

Geology: Highly anomalous gold is associated with silicified, 
brecciated, or argillically altered rhyolite with 
quartz-pyrite stockworks. 

ProDertv name: Wire 

Locat ion : T. 12 N., R. 39 E., sec. 3, S1/2 

Commodities : 

Size: 

Samples: 

Gold, silver, copper 

13 lode, one placer, and one millsite unpatented claims 

Plate 2, nos. 85, 89-90; samples averaged 1.37 g/mt 
(0.04 oz/ton) Au, 103 g/mt (3 oz/ton) Ag, 3.5% cu, 0.7% 
As, and 1.4% Sb. 

Property type: Prospect: several trenches, one shaft, and one larger 
open pit. 

Production: --------- 
Resources: 

Geology: High-grade silver-copper oxide and sulfide ore occurs as 
discontinuous lenses of quartz and breccia along a 
quartz diorite dike in a northeast trending fault within 
greenstone-quartzite country rock. 



Prouertv name: Yellow Cat fYellow~acket, Golden Fleece) 

Locat ion: T. 13 N., R. 39 E., sec. 35, N1/2 

Commodities: Mercury, gold, silver 

Size: About 40 ha (100 acres), part of the HM claim group 

Samples : Plate 2, nos. 41-42, 59-61; assays contained no 
significant values. 

Property type: Mine: one lower adit that has recently been 
rehabilitated and drilled; a large, upper open pit with 
a caved shaft; numerous pits and trenches. 

Small amount of mercury in 1930 and 1961 to 1969 (U.S- 
Bureau of Mines unpublished production records). 

Production: 

Resources: 

Geology: At the lower adit, a hydrothermally altered dolomite 
and quartzite have discontinuous, gold-bearing quartz 
veins along a fault. The upper workings have cinnabar 
occurring as high-grade veinlets in altered dolomite 
adjacent to the Mercury Mine Fault. 



Locat ion 

The Berlin District includes the west side of the range from 
Knickerbocker Wash, south to the area around Union Canyon (fig. 8, nos. 
39, 41-42, 46-54). The district is centered on the Berlin Mine and has 
been often referred to as part of the Union mining district. 

History and Production 

Initial exploration of the district was most likely in the 1860's when 
mining activity started in the Ione district to the north and the small 
town of Union was established in Union Canyon. The Berlin camp was 
established and the Berlin mine, known then as the B and B mine, was in 
production by the mid 1890's. In 1898, the mills at Knickerbocker 
Canyon and at Ione were moved to Berlin to handle the increased 
production coming from the mine. Sulfide ores were crushed in a stamp 
mill, concentrated, amalgamated to liberate free gold, and shipped to 
Salt Lake City, Utah, for reduction (Smith, 1913, p. 3). 

A number of smaller mines were also in production at this time, 
including the Bowler, Good Luck, and Jesse mines to the north of Berlin 
and the Richmond mine to the south. By 1911 lode mining was declining 
and most of the production until 1914, when activity stopped, was by 
cyanide leaching of the tailings at the Berlin mill. Small lode 
operations continued in the district from the 1920's into the 1940's. 
Total recorded metal production for the district is about 995 kilograms 
(32,000 oz) gold, 5,000 kilograms (161,000 oz) silver, 7,521 kilograms 
(16,580 lb) copper, and 8,838 kilograms (19,485 lb) lead (calculated 
from: Kral, 1951, p. i99-200; U.S. Bureau of Mines unpublished 
production records; Nevada Bureau of Mines and Geology, undated. Most 
of this production is from the Berlin mine from 1897 to 1912. 

In 1948, an attempt was made to reopen the Berlin mine by driving a 
tunnel from the Diana mine to the caved main incline. The attempt 
failed due to the extensive caving encountered in the Berlin workings. 

A large tract of land in the district, south of Union canyon, was made 
into a state park in 1955 for the preservation of impressive 
Ichthyosaurs fossils of Triassic age. The state park was expanded in 
the 1970's to include the historic town of B@rlin, the Berlin mine, and 
about 160 hectares (400 acres) of previously patented mining claims. 
The Berlin-Ichthyosaur state park covers most of the mines that produced 
in the district. 

Fluorite was discovered at the mouth of Union Canyon in the early 
1950's. From 1953 to 1971, 327 metric tons (360 tons) of high-grade 
fluorite ore were mined at the Sea Bee property and shipped to the 
Kaiser Mill in Fallon, Nevada; an additional 18,140 metric tons (20,000 
tons) of low-grade ore was stockpiled (Papke, 1979, p. 35). By 1972, 
The Standard Slag Company had drilled out a resource of 392,731 metric 
tons (433,000 tons) averaging 18.5% fluorite (Papke, 1979, p. 35). 

Geology 

Mineral deposits in the district consist of sulfide-quartz fissure veins 
hosted either in the Pablo or Grantsville formations of Permian and 
Triassic ages respectively. The geology of the deposit at the Berlin 
mine, the district's main producer, was described by Daggett (1908). 
Ore occurs as 0.6- to 1.0- meter (2- to 3-ft) wide quartz veins that are 
extensively faulted in two directions, thus terminated on all sides by 



faults. Veins strike northeast, dip about 45 degrees southeast, and are 
characterized by an unusual degree of uniformity in width and values. 
Ores are relatively unoxidized and have a sulfide content of about two 
percent, containing pyrite, chalcopyrite, galena, sphalerite, and 
stibnite. Values are principally in gold. At the Richmond mine, ore 
minerals also included tetrahedrite. Host rock for the mineral deposits 
at the Berlin mine is a Permian meta-andesite, often referred to as 
greenstone. Other deposits in the district are either hosted by 
greenstone or by Triassic calcareous sediments. 

Structure in the district is dominated by the northwest-trending Union 
Canyon fault and a complex system of northwest- or northeast-trending 
faults that suggest uplift from a possible intrusion at depth. 
Throughout the terrain are small intrusions and dikes of granodiorite 
and quartz porphyry. 

Mineralized structures at many other metal properties in the district 
are similar to those at the Berlin mine. The Bowler and Good Luck mines 
were developed on flat lying, sulfide-quartz veins, and at the Richmond 
mine quartz veins are segmented by faults in two directions. The old 
prospects in Buffalo Canyon involve a number of oxidized quartz-sulfide 
veins in faulted metasedimentary rock and greenstone. several of the 
prospects are adjacent to small granodiorite intrusions and have 
tourmaline as a gangue mineral. 

Several other different types of metal occurrences in the district 
include veins of copper sulfide and carbonate in sheared Triassic 
schist, slate, and quartzite at the Copper King; and mercury and 
precious metal in faulted, brecciated, altered Tertiary volcanic rocks 
at the Evelyn and Mountain prospects on the east side. 

Fluorite deposits at the Sea Bee mine occur along two parallel, range- 
front faults crosscut by a northwest-trending fault in the floor of 
Union Canyon. Depoefts are hosted in brecciated, argillized, and 
silicified limestone, conglomerate, and siltstone. Fluorite occurs as 
nodular masses, banded veins, and veinlets that have been broken into 
fragments 5 to 15 centimeters (2 to 6 in.) wide by movement on the 
range-front faults after the formation of the deposits. The grade of 
ore ranges from 15% to 80% fluorite with an average mine run of about 
60% fluorite. 

At the Spar prospect, fluorite occurs in three jasperoid bodies along 
northwest-trending faults in Triassic limestone. The fluorite is in 
vuggy masses, banded veins, and vug fillings. Occurrences are 
irregularly distributed, and diluted by a gangue of calcite and quartz; 
overall grades of the occurrence are low. 

Recent Mining Activity 

Most of the mines in the district have been incorporated in the Berlin- 
Ichthysaur state park and have been removed permanently from mining - 
development. The properties immediately east of the park are also 
inaccessible since any reasonable access would have to be through the 
park. 

There has been recent (1988) exploration activity for epithermal, low- 
grade precious metal deposits by Nevada Mine Development Corp. and 
Golden Hunter Resources. At the Mountain prospect, a large claim block 
on the east side of the district, Tertiary volcanic rocks have 
widespread argillic alteration overlaping with localized silicification, 
alunite mineralization, and breccia pipes. There is also exploration on 



the west side at the GHR prospect where projections of the major faults 
meet in areas of pediment that display jasperoid and fluorite bearing 
rocks. 

Mines, Claims, and Prospects 

The following list of 12 properties includes prospects, mines, and claim 
blocks both within the Berlin mining district and in the general 
vicinity. In certain cases, several properties are discussed under one 
name. The groupings are made of properties having geographic proximity, 
similar geology, or common commodities. 

Pro~ertv name: - .  Adams Rib (Doonan) 

Locat ion 2 T. 12 N., R. 39 E., secs. 21, S1/2, 22, SW1/4, 28, NE1/4 

Commodities: Gold, silver, copper 

Size: 

Samples: 

19 unpatented lode claims 

Plate 3, nos. 198-201, 205-206, 226-231, 234; one sample 
(no. 200) of quartz-sulfide ore assayed 6.35 g/mt (0.19 
oz/ton) Au, 164 g/mt (4.78 oz/ton) Ag, and 0.28% Cu. 
Vein samples were anomalously high in As and Sb. 

~2h"p'ert~ ty$: kine: numerous old workings on the surface and 
underground. 

Production: 

Resources: 

Geology: 

A small amount of gold and silver in 1939 (U.S. Bureau 
of Mines unpublished production records). 

Sulfide-bearing quartz veins, and siliceous breccia and 
stockwork on faults between greenstone, limestone, and 
clastic Triassic age rocks. 



Property name: Berlin, Diana, Good Luck (Bowler1 

Locat ion : 

Commodities: 

Size: 

Samples : 

T. 12 N., R. 39 E., secs. 20, SE1/4, 21, SW1/4, 28, 
W1/2, 29, NE1/4 

Gold, silver, copper, lead, zinc 

13 patented lode claims and 2 patented placer claims 

Plate 3, nos. 165-166, 177-179, 219-225, 232-233, 235- 
236, 241-242, 541; samples (nos. 165-166, 177) of ore 
from Good Luck mine (fig. 11, top) assayed as much as 
4.19 g/mt (0.12 oz/ton) Au, 160 g/mt (4.7 oz/ton) Ag, 
0.74% Cu, and 0.11% Zn; samples (nos. 221-223) of quartz 
ore (fig. 11, bottom) from main workings averaged 12.7 
g/mt (0.37 oz/ton) AU, 219 g/mt (6.4 oz/ton) Ag with as 
much as 0.13% Cu, 0.57% Pb, and 0.11% Zn; from 
mineralized structures near the mine, two samples (nos. 
235-236) assayed as much as 2.26 g/mt (0.066 oz/ton) Au, 
26.1 g/mt (0.76 oz/ton) Ag, 3.9% Cu, 0.43% Sb, and 121 
Ppm MO* 

Property type: Mines, incorporated into a state park: about 6,000 m 
(20,060 ft) of underground workings; numerous shafts, 
adits, pits, bulldozer trenches; ruins of a stamp mill 
and a mining camp (fig. 11, bottom). 

Production: Between 1898 and 1941: about 995 kg (32,000 oz) Au, 
4,790 kg (154,000 oz) Ag, 8,221 kg (18,124 lb) Pb, and 
1,712 kg (3,775 lb) copper (calculated from Kral, 1951, 
p. 199; and U.S. Bureau of Mines unpublished production 
records) . 

Resources: 

Geology : Sulfide-bearing quartz veins, 0.6 to 1 m (2 to 3 ft) 
thick, fill fissures in greenstone. The veins have been 
extensively faulted into segments, trend northeast, and 
dip 45 degrees southeast. The longest vein is traceable 
on the surface for about 460 m (1,500 ft). 



Figure 11.--View of  o l d  ad i t  and quartz v e i n  a t  Good Luck mine ( t o p ) ,  
and v i e w  of  shaft  from 19208s, quartz ore, and stamp m i l l ,  Berl in mine 
(bottom). 



Proeertv name: Boulder (Buffalo Canvon). 

Location : T. 12 N., R. 39 E., secs. 15, SW1/4, 16, S1/2, 21, N1/2, 
22, NW1/4 

Commodities: Gold, silver, copper, lead, zinc 

Size: 

Samples: 

56 unpatented lode claims 

Plate 3, nos. 160-164, 167-176, 180, 182, 186-189, 
202-204, 207, 218; samples from veins and gossan in the 
Buffalo Canyon area assayed as much as 13.9 g/mt (0.41 
oz/ton) Au, 186 g/mt (5.4 oz/ton) Ag, 1.8% Cu, 3.7% Pb, 
1.8% Zn, and 1% As. 

Property type: Prospect: numerous, scattered adits, shafts, and pits. 

Production: --------- 
Resources: 

Geology : Widespread, narrow quartz veins with sulfide minerals 
are associated with faulted metasedimentary rocks. 

Promrtv name: Comer Kina IJDSL 

Locat ion : T. 12 N., R. 39 E.1 secs. 10, S1/2, 11, SW1/2, 14, 
NW1/4, 15, NE1/4 

Commodities: Copper, lead, silver, gold 

Size: 

Samples : 

11 unpatented lode claims 

Plate 2, nos. 145-146; copper ore sample (no. 145) 
contains 4.9% Cu and 49.9 g/mt (1.5 oz/ton) Ag. 

Property type: Mine: one adit, one inclined shaft, and several pits. 

Product ion: Small amounts of copper, lead, silver, and gold in 
1926-27, 1948, 1950-51, 1954, and 1956 (U.S. Bureau of 
Mines unpublished mining records). 

Resources: 

Geology: Chalcopyrite and copper carbonate veins occur along with 
calcite, barite, and quartz in a northeast-trending 
bedding-plane fault in altered metasedimentary rocks. 



Pro~ertv name: Evelvn (Kina, Mini) 

Locat ion : T. 12 N., R. 39 E., secs. 14, SE1/4, 23, NE1/4 

Commodities : Mercury 

Size: Three unpatented lode claims 

Samples : Figure A-10, nos. 190-192; one sample of altered tuff 
contained 431 ppm Hg. 

~ r o s r t y  type: Prospect: several pits, bulldozer cuts, and the ruins 
of a small retort; possible southern extension of the 
mercury mineralizat~on belt associated with the Nevada 
Cinnabar mine. 

Production: 

Resources: 

Geology: Mercury-bearing, altered, faulted tuff. 

Prowrtv name: OHR 

Locat ion : T. 12 N., R. 39 E., secs. 20, E1/2, 29, 30, S1/2, 31, 
32, 33, W1/2; T. 11 N., R. 39 E., secs. 5, N1/2, 6, N1/2 

Commodities:  old, silver 

Size: 150 unpatented lode claims 

Samples : Plate 3, no. 181; sample of quartz vein assayed 23.4 
g/mt (0.68 oz/ton) Au. 

Property type: Prospect: a few old placer pits; exploration target for 
possible precious deposits under the pediment along 
extensions of mineral-bearing structures exposed to the 
east in the Berlin district. 

Product ion : 

Resources: 

Geology: Area of pediment and alluvium covering Permian and 
Mesozoic sedimentary and metasedimentary rocks. 



Prowrtv name: JJJ (Knickerbocker Wash) 

Location : 

Commodities: 

Size: 

Samples : 

T. 12 N. R. 39 E., secs. 9, SE1/4, 10, SW1/4, 15, 16, 
NE1/4 

Copper, zinc 

30 unpatented lode claims 

Plate 2 and 3, nos. 141-144, 183-185; one sample (no. 
183) assayed 0.29% cu. 

Property type: Prospect: several old adits, shafts, and pits; an old 
mill in ruins at the mouth of the wash. 

Production: 

Resources: 

Geology: Metasedimentary rock, granodiorite, limestone, and 
conglomerate contain sulfide-bearing quartz veins in 
breccia and fracture zones. 

ProDertv name: Mountain 

Locat ion : T. 12 N., R. 39 E., secs. 12, S1/2, 13, 22, S1/2, 23, 
S1/2, 24, 27, N1/2, 26 NW1/4 

Commodities: Gold, silver, mercury 

Size: 

Samples : 

112 unpatented lode claims 

Figure B-10, nos. 193-194; Plate 2, no. 158; Plate 3, 
nos. 195-197, 214-215, 245; USBM samples were, 
generally, low in values. Breccia (Plate 3, nos. 214, 
215) has been reported to contain 2,640 g/mt (77 oz/ton) 
Ag (Pratt, 1988, p. 4). 

Property type: Prospect: several old pits; mostly undeveloped; 
exploration target for possible low-grade gold deposits 
in altered Tertiary volcanic rocks and underlying 
Pre-Tertiary sedimentary rocks. 

Production: 

Resources: 

Geology: Three areas of interest ar&: cinnabar on faults (no. 
158), quartz-alunite alteration in fault breccia zones 
(no. 193), and altered breccia pipes (fig. 12, top) with 
high silver values (nos. 214-215). 



Figure 12.--View of pinnacle of silicified volcanic rock surrounded by 
breccia zones (top), and view of tetrahedrite-quartz ore from the 
Richmond mine (bottom). 



Propertv name: PDQ 

Locat ion : T. 12 N., R. 39 E., secs. 9, S1/2, 16, 17 El12 

Commodities : Gold, silver 

Size: 

Samples : 

61 unpatented lode claims 

Plate 3, no. 159; one sample iii shgared greenstone 
assayed 1.23 ppm Au and 0.13% As. 

property type: Prospect: several old prospect pita; exploration target 
for possible mineral deposits under the pediment. 

Production: 

Resources: 

Geology: Area of pediment and alluvium covering faulted 
metasedimentary rocks. 

ProDertv name: Richmond 

Locat ion : T. 12 N., R. 39 E., sec. 27, S1/2 

Commodities : Gold, silver, copper, lead 

Size : 

Samples : 

Three patented lode claims and one patented millsite 

Plate 3, nos. 211-213, 216, 243-244, 272-273; one sample 
(no. 213) of tetrahedrite vein (fig. 12, bottom) assayed 
an impressive 124 g/mt (3.6 oz/ton) Au, 1,561 g/mt (45.5 
oz/ton) Ag, 1.4% Cu, 0.16% Pb, 0.24% Zn, and 0.8% Sb. A 
154 ppm Hg content confirms the ore as slightly 
mercurian. 

prope'rty type: Mine, incorporated into a state park: numerous old 
adits and pits; about 610 m (2,000 ft) of underground 
workings; a small mill in ruins. 

Product ion: Between 1906 and 1963, 8.55 kg (275 oz) Au, 201.2 kg 
(6,470 oz) Ag, and 1,575 kg (3,476 lb) Cu (Nevada Bureau 
of Mines and Geology, undated). 

Resources: 

Geology : A 0.1- to 1.2-meter (1- to 4-ft) thick, discontinuous 
quartz vein in greenstone and limestone strikes 
northeast and is offset by northwest-trending faults. 
High-grade ore shoots in vein contain tetrahedrite, 
pyrite, chalcopyrite, and galena. 



ProDertv name: Sea Bee (Shoshone Fluorspar, Union Fluors~arr 

Locat ion: 

Size: 

Samples : 

T. 12 N., R. 39 E., secs. 33, NW1/4, 32, 
NE1/4Commodities: Fluorine 

10 unpatented lode claims 

Plate 3, nos. 246-249; fluorite ore samples (nos. 246- 
248) averaged 50.7% CaF, with as much as 
88% CaF2. 

Property type: Mine: numerous pits, adits, and trenches; one larger 
benched open pit. 

Production: 

Resources: 

Geology: 

327 mt (360 tons) averaging 73% CaF2 were shipped in 
1953 and 1954. About 18,140 mt (20,000 tons) averaging 
16% CaF2 were mined in 1971 and stockpiled (Papke, 1979, 
p. 35). 

392,818 mt (433,000 tons) averaging 18.5% CaF2 (Papke, 
1979, p. 35). 

An epithermal ore body is along a northwest-trending 
range front fault where it was displaced by the 
northeast-trending Union Canyon Fault. Fluorite lenses 
within the range front fault zone are nodular or 
fracture fillings in lightly altered conglomerate, 
siltstone, and chert. 

Property name: 6par tMorton, Vulture1 

Locat ion : T. 12 N., R. 39 E., sec. 28, SW1/4 

Commodities: Fluorine 

Size: Two patented lode claims 

Samples : Plate 3, nos. 237-240; fluorite samples averaged 65% 
CaF, . 

~rsperty type: Prospect, incorporated into a state park: several old 
small pits; extensive recent bulldozer work with drill 
sites. 

Production: 

Resources: 

Geology : Fluorite is distributed along a northwest-trending fault 
in three large silicified bodies within altered 
limestone and conglomerate. The fluorite occurs with 
calcite and jasper in botryoidal masses or vug fillings. 



Grantsville Sununit Minina District 

Location 

The Grantsville Summit area is on the crest of the Shoshone Range at the 
head of Grantsville Canyon (fig. 8, nos. 56-57). This area has been 
often included in discussions of the Grantsville mining district to the 
west, but for the purposes of this report has been split out for 
separate consideration. 

History and Production 

Initial prospecting of the Grantsville Summit area probably occurred in 
the 1860's when the town of Grantsville was established 6.4 kilometers 
(4 mi) to the west. The earliest mining efforts are evidenced by a 
number of old workings on copper oxide-stained zones, and some very old 
claim posts and stone monuments. The copper prospect was known as the 
Sue, Blue Rock, or Reese River Copper. 

In 1941, a mercury deposit was discovered at the San Pedro property on 
the west side of the crest and by 1942 was in production. The deposit 
was mined both from Qpen pits and from a shaft, with ore shipped to the 
Red Rock furnace in Fish Lake Valley, Nevada. The mine was in operation 
intermittently up to 1962, with a total production of 1,970 kilograms 
(57 fl) (Bailey and Phoenix, 1944, pt 153; U.S. Bureau of Mines 
unpublished production records). An estimate by Hughes (1941, p. 3) of 
the possible size of the mercury deposit at the mine was about 26,300 
metric tons (29,000 tons). Bailey and Phoenix (1944, p. 153) suggest an 
average grade of about 1.6 kilograms per metric ton (3.2 lb/ton) 
mercury. 

Geology 

The Summit area is a structural and erosional inlier of sedimentary and 
intrusive rocks of Mesozoic age surrounded by an extensive blanket of 
Tertiary volcanic rocks. The Mesozoic rocks were hydrothermally 
altered, first by Jurassic or Cretaceous diorite intrusions, then by 
Tertiary volcanic events. Copper mineralization was probably related to 
the diorite intrusions and the gold-silver-mercury mineralization 
related to the Tertiary volcanic events. 

Mercury occurs on the west edge of the Mesozoic inlier, in a Tertiary 
volcanic agglomerate consisting of boulders of tuff, rhyolite, and 
altered argillite. Cinnabar, the only mercury mineral, replaces 
boulders or fills fractures in the agglomerate, Ore grades ranged from 
1.6 to 4.9 kilograms per metric ton (4 to 12 lb/ton) (Bailey and 
Phoenix, 1944, p. 153). The overall geology of the area suggests the 
mercury occurrence represents an old fumarole vent of Tertiary age. 

The limited amount of copper minerals are found in skarn and gossan 
adjacent to a diorite intrusion. The iron-rich skarns are in 
recrystallized limestone units, and contain diopside, garnet, and 
epidote. Copper occurs over an area about 910 meters (3,000 ft) long 
and 60 meters (200 it) wide as malachite, azurite, and cuprite veinlets 
in a calcite gangue. 

A gold deposit, discovered in the 1980'8, occurs on the west edge of the 
Mesozoic sedimefitary rocks inlier. The following geologic description 
is based on a report by Nuttycombe and others (1989). The deposit is 
hosted mainly by an altered dolomite, with smaller parts hosted by 
andesite and rhyolite. The main ore body is in hydrothermally altered, 
silicified dolomite directly beneath the overlying volcanic units. The 



dolomite-volcanic contact acted as a conduit for gold-bearing fluids 
ascending from Tertiary volcanic activity to reach the reactive 
carbonate host rock, and was probably the principle control for gold 
distribution. Higher grade parts of the deposit are where hydrothermal 
fluids would have accumulated, such as where the dolomite-volcanic 
contact is at a low angle. 

Recent Mining Activity 

Exploration for minerals in the 1950's and 1960's resulted in little 
more than claim staking, with interest slowly turning to the low-grade 
gold deposit potential for the area. 

Recent exploration for precious metal deposits at the Grantsville Summit 
property started with a mapping, sampling, and drilling program by 
Arrowhead Resources Ltd from 1983 to 1986. Kerademex did additional 
geologic mapping. In 1987 Amax Exploration obtained the property and 
continued the mapping and drilling programs. The gold deposit 
discovered by Amax has been calculated to have a total reserve of 
1,800,000 metric tons (2,000,000 tons) averaging 1.78 grams per metric 
ton (0.052 oz/ton] gold with 36,000 metric tons (40,000 tons) averaging 
9.26 grams per metric ton (0.27 oz/ton) gold being open pit minable 
(Nuttycombe and others, 1989, p. 1). To date (1993), the deposit has 
not been developed for production, probably because of its small size. 
Other than some geologic reconnaissance by Amax Exploration (Homer 
prospect), there is no activity on the copper or mercury occurrences in 
the area. 

Mines, Claims, and Prospects 

The following liet of two properties includes prospects, mines, and 
claim blocks both within the Grantsville Summit mining district and in 
the general vicinity. In certain cases, several properties are 
discussed under one name. The groupings are made of properties having 
geographic proximity, similar geology, or common commodities. 



Pro~ertv name: Orantsvflle Summit (San Pedro, Sue1 

Locat ion: T. 12 N., R. 40 E., secs. 31, 32. W1/2; T. 11. N., R. 40 
E., sec. 6 

Commodities: Gold, silver, mercury 

Size: 

Samples : 

45 unpatented lode claims 

Figure A-11, nos. 299-301, 306-310, 312; samples (nos. 
300, 304, 308-310) from copper ores averaged 0.15 ppm 
Au, 41 g/mt (1.2 oz/ton) Ag, 4.2% Cu, 0.48% As, 0.34% 
Sb. 

pr&erty type: Mine and prospect: past mercury mining resulted in 
numerous pits, shafts, and trenches; gold prospecting in 
the 1980's resulted in several drilling programs and 
extensive bulldozer work. 

Product ion: 

Geology: 

1,970 kg (57 fl) of Hg from 1941-1962 (Bailey and 
Phoenix, 1944, p. 153; U.S. Bureau of Mines unpublished 
production records). 

About 26,300 rnt (29,000 tons) resource (Hughes, 1941, p. 
3) averaging 1.6 kg/mt (3.2 lb/ton) Hg (Bailey and 
Phoenix, 1944, p. 153), and about 1,800,000 mt 
(2,000,000 tons) averaging 1.78 g/mt (0.052 oz/ton) Au, 
with 36,000 mt (40,000 tons) averaging 9.26 g/mt (0.27 
ozjton) open pit mineable (Nuttycombe and others, 1989, 
P- 1)- 

A low-grade gold deposit is associated with dolomite 
hydrothermally altered by hot spring and fumarolic 
activity just before and after the deposition of 
Tertiary lithic tuffs. Mercury occurs as cinnabar in 
fractured tuff. 



Prowrtv name: Homer 

Locat ion : T. 12 N., R. 39 E., secs. 1, S1/2, 12, 24, 5112, 25, 26, 
36, 35, E1/2; T. 12 N., R. 40 E., secs. 20, S1/2, 29-32; 
T. 11 N., R. 39 E., secs. 1, 12-14; T. 11 N., R. 40 E., 
secs. 5-7, 8, NW1/4. 

Commodities : Gold, silver 

Size: 

Samples : 

518 unpatented lode claims 

Figure 8-11, nos. 302-304, 311; Plate 4, no. 317; one 
sample (no. 304) of skarn and limestone breccia assayed 
1.6 ppm Au, 42.8 g/mt (1.25 oz/ton) Ag, 4.5% Cu, and 305 
PPm Bi* 

Property type: Prospect: several old pits; exploration target covering 
areas of poesible mineral structure extensions east of 
the Grantsville district and around Grantsville Summit 
area. 

Production: 

Resources: 

Geology : Tertiary volcanic rocks covering possible extensions of 
mineralized structures. 



Grantsville Minina District 

Locat ion 

The Grantsville district covers the area from Berlin-Ichthyosaur state 
park, south to Grantsville Canyon, Grantsville Ridge, Milton Canyon, and 
the range front to Mission Canyon (fig. 8, nos. 55, 58-65). The 
district is centered on the Alexander mine and the old mining town of 
Grantsville. The area, as the Ione and Berlin districts to the north, 
is often referred to in literature as part of the Union mining district. 

History and Production 

Discovery of mineral deposits in the district was made by the first wave 
of prospectors in the Shoshone Range in the late 1850's and 1860's. The 
rich silver veins in Grantsville Canyon were the center of interest, and 
by the end of the 18708s, 14 mines were in production, a mill was 
erected, and the town of Grantsville was established, named after 
Ulysses Grant (Glanville, 1986, p. 4). The patented claims in the 
center of the district date from the early 1880's. 

The biggest producer was the Alexander mine. This report uses the 
Alexander to represent a number of mines that were spatially close and 
were on the same deposit. Other historic names include the Brooklyn, 
Silver Palace, Grantsville, Great Eastern, Great American Rooster, 
Webster, and Fury. 

By 1891, the Alexander had a 366-meter (1,200-ft) shaft, 152-meter (500- 
ft) decline, and about 1,600 meters (5,280 ft) of underground workings 
in eight levels. While most of the production was prior to 1891, the 
mine reported shipments of ore in 1917, 1921-1922, 1927-1928, 1937-1938, 
1941-1944, 1946-1947, 1953-1954, and 1987-1988. Most of the activity 
after 1891 involved cleaning up parts of the deposit missed by earlier 
mining operations, and reprocessing dump material. The latest mining 
effort involved open pit mining of low-grade ore in previously mined 
areas. Total district metal production is equal to the Alexander mine's 
production numbers (see district property descriptions) since there was 
very little metal production outside of the Alexander mine area. 

Deposits of fluorite in the district were most likely discovered in the 
early days of metal mining. Development of these deposits started in 
the 1940's with activity at the Chicago (Allied, Mary Jane), Last 
Chance, and Sky (Fluorspar) properties. Larger fluorite deposits are on 
the east side of Grantsville Ridge, where the Chicago, an old silver 
mine, produced 527 metric tons (581 tons) of high-grade fluorite ore in 
1948, 1949, and 1951 (Horton, 1961, p. 17; Jones, 1959, p. 3). Some of 
this production was hand sorted to obtain a higher grade. Exploration 
of the mine and the surrounding area from the late 1950's into the 
1970's indicated an estimated resource remaining at the Chicago of 
45,000 metric tons (50,000 tons) averaging 45% fluorite (Evans, 1970, p. 
2 )  

In the late 1930's, there was a small production of antimony ore at the 
Milton Canyon mine. The mine is along both sides of Milton Canyon about 
1.6 kilometers (1 mi) south of Grantsville. 

Geology 

Bedrock for most of the district is greenstones of the Permian Pablo 
Formation and clastic and carbonate rocks of the Mesozoic Grantsville 
and Lunning formations. The east and south parts have been covered by a 
blanket of Tertiary volcanic rocks. Pre-Tertiary rocks are folded into 



an asymmetric, overturned anticline plunging southwest and faulted by 
pre-Tertiary west-trending normal faults. The southern part of the 
district is thrust faulted. 

Silver-base metal deposits in the Alexander mine area, are related to a 
910 meter (3,000 it) long, 560 meter (1,500 it) wide, intense alteration 
zone in Grantsville Canyon. The zone consists of calc-silicate skarn, 
and an area-wide pyritic alteration, in a fractured, calcareous 
argillite and a silty limestone. Around the skarn-pyrite zone are a 
number of smaller mines and prospects where narrow sulfide veins with 
surface gossan cut through faulted country rock. The larger deposits 
occur in the skarn-pyrite zone as a series of stacked tabular 
replacement bodies with up to 10% sulfides in the form of pyrite, 
sphalerite, galena, and chalcopyrite (Sanguinetti, 1986, p. 13). 
Scheelite is a minor, erratically distributed constituent. The deposits 
have supergene alteration with accumulations of oxide ore that would be 
suitable for heap leaching. These oxide ores were the reserve base for 
the latest mining operation in the late 1980's. 

In addition to the silver-base metal metallization, there was an 
extensive silica-fluorite mineralization, associated with Tertiary 
volcanic centers to the east. Bold, cliff-forming outcrops of jasperoid 
formed along faults from Grantsville Ridge, where they occur along with 
fluorite and antimony in Mesozoic limestones, to the south end of the 
district, where occurrences are predominately in volcanic rock. 
Precious metal deposits have been found associated with this jasperoid 
belt at several properties (fig. 8, nos. 58, 61) and this area is under 
exploration for low-grade, bulk-tonnage gold deposits. 

Fluorite deposits have been worked on the east side of Grantsville Ridge 
and to the north of Grantsville Canyon (fig. 8, nos. 55, 62). At the 
Chicago mine, the fluorite is aligned north-south on the east side of a 
large jasperoid body in limestone and siltstone. The fluorite occurs in 
replacement deposits as irregular masses with botryoidal bands and as 
vug fillings in the jasperoid. A number of occurrences on Grantsville 
Ridge are similar in nature. To the north at the Sky property, fluorite 
is exposed along two parallel, north-trending fault zones in siliceous 
conglomerate. Fluorite occurs in small, low-grade irregular vuggy 
masses and in veinlets with a gangue of calcite and quartz. 

Antimony ore at the Milton Canyon property on the south end of 
Grantsville Ridge, consisted of hydrothermal veins containing stibnite, 
antimony oxides, and minor pyrite in faulted and altered limestone. A 
rhyolite dike cuts the country rock in the vicinity of the occurrence. 
Stibnite is found as blebs, clusters, and bladed crystalline aggregates. 
Small, similar stibnite occurrences are found in the Milton Canyon area. 

Barite deposits on the Sky property consist of veins and irregular 
shaped bodies along west-trending faults in both greenstone of the Pablo 
Formation, and clastic rocks of the Grantsville Formation. There are 
several occurrences and the larger, more continuous ones are in the 
greenstone. 

Recent Mining Activity 

In the 1970's and 19808s, the Grantsville Canyon area was evaluated by 
Union Carbide Corp. for tungsten, porphyry copper, and low-grade, bulk 
tonnage precious metal deposits. Activity included geochemical, 
geophysical, and geological mapping; dewatering and sampling of 
underground vorkings; and extensive diamond drilling. In the early 
1980's Fury Exploration Ltd. developed a near-surface silver resource of 
795,000 metric tons (876,000 tons) averaging about 147 grams per metric 



ton (4.3 oz/ton) silver (Sanguinetti, 1986, p. 2). Part of this deposit 
was mined in 1987 and 1988 by open pit and heap leached, leaving about 
186,000 metric tons (200,000 tons) of resources. The Fury mine ceased 
operations after experiencing disappointing silver production. Problems 
cited were poor recovery in the heap leach circuit, and ore dilution 
from inefficient mining methods (Charles Tyler-consultant, 1991, oral 
communication). 

Exploration activity in the 1980's and 1990's was concentrated on the 
search for epithermal, low-grade gold deposits in the district. Areas 
of exploration activity include: 1) mapping, sampling, and drilling of 
the Grantsville ridge area by Amax Exploration (Beth prospect); 2) the 
mapping, sampling and drilling by Amselco Exploration Inc. and Canerta 
Resources Ltd. of the jasperoid belt that runs from Grantsville Ridge 
south to Spanish Canyon (Landmark prospect); 3) reconnaissance of range 
front faulted and altered rocks by Marshall Earth Resources, Inc., (MERI 
prospect); 4) reconnaissance by Amax Exploration of the potentially 
mineralized areas between deposits in Grantsville Canyon and Grantsville 
Summit, which are covered with Tertiary volcanic rocks (Homer prospect). 

Some mining of barite on the Sky property in the 1970's and 1980's is 
indicated by several small stockpiles and an ore loading dock. Marshall 
Earth Resources, Inc., has built a concentration mill at the Sky and has 
estimated a resource of about 82,000 metric tons (90,000 tons) barite 
(McClelland Engineers, Inc., 1980, p. 1). 

Mines, Claims, and Prospects 

The following list of nine properties includes prospects, mines, and 
claim blocks both within the Grantsville mining district and in the 
general vicinity. In certain cases, several properties are discussed 
under one name. The groupings are made of properties having geographic 
proximity, similar geology, or common commodities. 



Promsty name: Alexander (Brooklvn, silver Palace. Webster, 
Grantsvills, Great Eastern, Mitchell, Great American 
Rooster, Furv 1 

Locat ion : T. 11 N., R. 39 E., secs. 2, W1/2, 3 

Commodities: Gold, silver, copper, lead, zinc, tungsten, bismuth 

' Size: 

Samples : 

62 unpatented lode, and 15 patented lode and one 
patented millsite claims 

Plate 4, nos. 258-264, 275-284, 286-295, 297, 298, 322, 
323, 325-327, 330-333, 342, 534; average for veins 
sampLes from main workings (nos. 261-263) was 975 g/mt 
(28.4 oz/ton) Ag, 0.11% Cu, 3.5% Pb, 2.5% Zn, 0.29% Bi, 
and 0.28% W; samples were anomalously high in Cd, As, 
Se, and Te. Oxide ore samples were similar but lower in 
values. A select sample (no. 534) from a dump assayed 
20% Pb, had 1.7% W, 0.4% Bi, and 0.02% Te. Outside of 
main mine area, samples from mineralized structures 
assayed as much as 8.92 g/mt (0.26 oz/ton) Au (no. 280), 
485 g/mt (14.1 oz/ton) Ag (no. 276), 4.3% Cu (no. 277), 
0.16% Bi (no. 289), and 0.9% Sb (no. 277). 

Property type: Mines: over 8,000 m (5,000 ft) of underground workings 
with extensive stoping on eight levels. There are heap 
leach pads and a recovery plant (fig. 13, top). 

Product ion : Between 1866 and 1988: estimated 2.5 kg (80 oz) Au, 
37,300 kg (1,200,000 o z )  Ag, 56,200 kg (124,000 lb) Cu, 
1,130,000 kg (215001000 Ib) Pb, 322,000 kg (710,000 lb) 
Zn (calculated from: Couch and Carpenter, 1943, p. 120- 
121; U.S. Bureau of Mines unpublished production 
records; Charles Tyler, consultant, 1991, oral commun.). 

Resources: About 180,000 mt (200,000 tons) averaging 147 g/mt (4.3 
oz/ton) Ag (Charles Tyler, consultant, 1991, oral 
commun. ) . 

Geology: Ore occurs on the north side of the canyon in a series 
of stacked tabular tactite beds in altered, faulted 
argillite (Sanguinetti, 1986, p. 13). Ore consists of 
sulfide veins and pods containing pyrite, sphalerite, 
galena, and chalcopyrite. The argillite also contains 
disseminated sulfides. On the south side of the 
canyon, pyrite-sphalerite replacement ore bodies occur 
in limestone. Both areas have spotty occurrences of 
scheelite. 



Figure 13.--View of Fury mine heap leach pad and recovery plant (top), 
and view of Chicago and Beth properties on Grantsville Ridge on left 
and Alexander mine center right (bottom). 
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P r o m r t v  name: Cbicauo (Allied, Marv Jane), Last Chance 

Locat ion : T. 11 N . ,  R. 39 E. ,  sec. 10, SE1/4 

Commodities: Fluorine, s i l v e r ,  copper 

Size: One patented and 16 unpatented lode claims 

Samples : P l a t e  4, nos. 334, 337-341, 343, 344, 346-347; samples 
(nos. 337, 339) of f l u o r i t e  o r e  contain a s  much a s  88.5% 
Cap,; sample (no 346) from ore  s tockp i l e  contained 457 
g/mt (13.3 oz/ton) Ag, 18.9% Cu, 0.4% Pb, 0.8% Zn, 0.3% 
Hg, 4.7% A s ,  and 10.3% Sb. 

Property type: Mine: several  old a d i t s  and sha f t s ,  and numerous p i t s  
( f i g .  13, bottom). 

Product ion : 

Resources: 

Geology: 

527 m t  (581 tons)  of sorted o r e  mined, with a s  much a s  
92% CaP2 i n  1948, 1949, and 1951 (Horton, 1961, p. 17; 
Jones, 1959, p. 3 )  and an estimated average of 85% CaF,. 

Estimated resource of 45,000 metric  tons  (50,000 tons)  
averaging 45% CaF, (Evans, 1970, p. 2 ) .  

North-trending f rac tu re  zones contain severa l  small 
replacement bodies of massive f l u o r i t e  ( f i g .  14, top)  i n  
brecciated limestone and vug f i l l i n g s  of f l u o r i t e  i n  
j asperoid, 

P r o ~ e r t v  name: Lanibark 

Location : T. 11 N . ,  R. 39 E., secs.  4, S1/2, 9, 16, N1/2 

Commodities: Gold, s i l v e r ,  antimony, f luor ine  

Size: 65 unpatented lode claims 

Samples : P l a t e  4, nos. 351-353, 542, 543; s&ples averaged 
0 . 2 4 ~ ~  Au with a s  much a s  0.2% A s  and 0.76% Sb. 

Property type: Prospect: several  old a d i t s  and p i t s ;  many recent  
bulldozer t renches and d r i l l  sites; explorat ion t a r g e t  
f o r  low-grade, disseminated gold deposi ts .  

Production: 

Resources: 

Geology: 
. '  _ - 

Dolomite i n  t h e  u&r p l a t e  of a northwest-trending 
t h r u s t  f a u l t  and nearby large ,  f rac tured  jasperoid 
outcrops ( f i g .  14,  bottom) contain anomalous gold, 
antimony, and f l u o r i t e .  



Figure 14.--Fluorite ore from the Chicago mine (top), and view of 
jasperoid outcrop on Grantoville Ridge (bottom). 



Pro~extv name : MERI 

Location: 

Commodities: 

Size: 

Samples : 

Prop@rty type: 

Product ion: 

Resouxces : 

Geology : 

T. 11 N., R. 39 E., secs. 16, S1/2, 21, 28, 33; T. 10 
N., R. 39 E., secs. 4, 9, N1/2 

Gold, silver, barium 

114 unpatented lode claims 

Figure A-12, nos. 360-373; samples had elevated values 
in As and Sb. 

Prospect: several small pits and bulldozer trenches; 
exploration target for low-grade, disseminated gold 
deposits. 

Area of faulted, altered sedimentary rocks in the north 
and in the south, tuffs along the range front; contains 
outcrops of jasperoid marking mineralized areas, and one 
vein of barite. 

Propertv name : Milton Canvon (Kate1 

Locat ion : T. 11 N., R. 39 E., sec. 15, NE 114 

Commodities: Antimony , copper 
Size: Seven unpatented lode claims 

Samples : Plate 4, nos. 348, 349, 355, 357-358; samples (nos. 348- 
349, 358) with stibnite averaged 2.6% Sb with as much as 
60.2 g/mt (1.8 oz/ton) Ag, 1.4% Cu, and 0.48% As. 

Property type: Mine: several old shafts, short adits, and prospect 
pits. 

Product ion : 27 mt (30 tons) of ore averaging 40% Sb was produced in 
1939 (Lawrence, 1963, p. 153). 

Resources: --------- 
Geology: Stibnite and antimony oxides occur as blebs, pods, and 

crystal clusters (fig. 15, top) in silicified limestone 
along several fracture zones proximal to a rhyolite 
dike. 



F i g u r e  15.--Antimony o r e  o f  s t i b n i t e  c r y s t a l s  from Mi l ton  Canyon mine 
( t o p ) ,  and view of  b a r i t e  open p i t  a t  t h e  Sky mine ( b o t t o m ) .  



Property name: Pinto (Burro1 

Locat ion : T. 12 N., R. 39 E., secs. 35, E1/2, 36; T. 12 N., R. 40 
E., sec. 31, SW1/4; T. 11 N., R. 39 E., secs. 2, W1/2, 
1, N1/2, 11, NW1/4 

Commodities: Gold, silver 

Size: 77 unpatented lode claims 

Samples : Plate 4, nos. 313-314, 316, 321; assays contained no 
significant values. 

Property type: Prospect: several old pits and trenches, mostly 
undeveloped; exploration target for extensions of 
deposits in Grantsville area that may be under Tertiary 
volcanic rocks. 

Product ion : 

Resources: 

Geology: Most of the property is underlain by Tertiary volcanic 
rocks. Older workings are on outcrops of sedimentary 
rocks with quartz veins on the western side of the 
property. 

Proaertv name: Sky rFluors~ar~ 

Location: 

Cornmodit ies : 

Size: 

Samples : 

T. 12 N., R. 39 E., secs. 26, SWlj4, 27, SE1/4, 33, 
SE1/4, 34, 35, W1/2; T. 11 N., R. 39 E., secs. 4, N1/2, 
5, NE1/4 

Gold, silver, copper, lead, barium, fluorine 

64 lode, eight placer, and four millsite unpatented 
claims 

Plate 3, no. 296; Plate 4, nos. 43-48, 250-257, 265-271, 
274, 285, 501; samples (nos. 48, 501) of barite ore 
averaged 55.6% BaSO,; samples with sulfide minerals 
assayed as much as 6.74 g/mt (0.2 oz/ton) Au (no. 251), 
406 g/mt (11.8 oz/ton) Ag (no. 267), 7.6% Cu (no. 265), 
0.38% Pb (no. 257), and 0.42% Sb. 

Property type: Mine: numerous adits, shafts, pits, drill sites, 
trenches, and one large open pit (fig. 15, bottom); an 
operational mill and concentrator. 

Production: A small amount of sulfide ore has been stockpiled; 
probably a small production of barite. 

Resources: About 82,000 mt (90,000 tons) of BaSO, (McClelland 
Engineers, Inc., 1980, p. 1). 

Geology : Sulfid?-bearing quartz veins with precious and base 
metals trend north to northeast in faulted greenstone 
and clastic rocks; barite is in several locations as 
fissure veins in clastic rocks. Fluorite is associated 
with both the barite and silicious, faulted conglomerate 
on the northern side of the property. 



Cloverdale Minina District 

Locat ion 

The Cloverdale (Golden) district is on the southern tip of the Shoshone 
Range, and covers an area from Merritt Canyon, south to the Golden Wash 
and Cloverdale Creek areas (fig. 8, nos. 66-77). This district was 
defined by Kral (1951, p. 43) to include parts of the southern Toiyabe 
Range and northern Cedar Mountains. This report concerns itself only 
with the part of the district that lies in the Shoshone Range. The main 
concentration of lode mining is at the head of the Golden Wash drainage 
and east into the Cloverdale Creek drainage. Placer mining is in the 
Golden Wash Basin and creek bottom in Cloverdale Creek. This area in 
literature is often referred to as either the East Golden or West Golden 
subdistricts, which are separated by the Shoshone Range crest. 

History and Production 

Gold was discovered near the Golden King mine at the head of Golden Wash 
in 1902. The first camp, Golden, was established in 1906, and a mill 
was built in 1909. Mining at the Golden King was intermittent with 
periods of activity from the 1900's through the 1930's. While there is 
no recorded production figures for the Golden King mine, a small amount 
of gold-silver ore was probably produced during the mine's years of 
operat ion. 

The Webb mine, on the east side of the district, was a small lode mining 
operation active from the 1920's into the 1950's. Mills were built on 
the property in the 1920's and in 1941. The mine produced a small 
amount of gold and silver. 

On the west slopes of Mt Zirdivey, about four miles northwest of the main 
part of the district, is the Iron Rail property. Workings indicate that 
activity probably dates back to the 1930's or earlier. Development work 
here in the 1960's and 1970's defined a small resource of 9,070 metric 
tons (10,000 tons) of blocked-out ore averaging 343 grams per metric 
ton (10 oz/ton) silver and 12% lead (B.M. Clem, Consulting Geologist, 
1970, written communication). 

The district is probably better known for its placer gold occurrences 
even though there was little production. The estimated production from 
the district is 3.1 kilograms (100 oz) gold (Johnson, 1973, p. 98). 
While placer deposits were discovered in the area about 1906, it was not 
until the 1920's and later that serious exploration reached the Golden 
Wash and Cloverdale Creek areas. Most of the district's placer gold 
production was in the 1930's. At this time the Cloverdale Creek area 
was prospected by 26 shafts over an area of 712 hectares (1,760 acres), 
and plans were made to mine a defined placer resource using a dragline 
(Vanderburg, 1936, p. 123). For some reason the project never reached 
the.production stage. Several engineering reports from the 1920's 
through the 1940's estimated a placer resource of nearly 150,000 cubic 
meters (200,000 cu yd) with uniform gold values of 1.02 grams per cubic 
yard (0.025 oz/cu yd) gold (AGS, Inc., 1987, p. 188). 

Little is known about the placer mining in Golden Wash, but judging from 
the amount of diggings in the area there was a emall production of gold 
from the 1900's through the 1950's. Most of the workings date to the 
1930's when several small operations were dry washing from shallow 
gravels. Placer operations in the Golden Wash area were hampered by 
the flow of water on bedrock surfaces (Kral, 1951, p. 47). Individual 
properties produced as much as 30 grams (1 oz) per day from gravels that 
averaged 0.41 grams per cubic meter (0.01 oz/cu yd) gold (Royal Minerals 
Inc., 1971, p. 2). 



Geology 

The district is underlain by Tertiary volcanic rocks consisting 
principally of tuffs, rhyolitic tuffs, and ash flow tuffs of the Toiyabe 
Quartz Latite and Bonita Canyon Formation (Kleinhampl and Ziony, 1985, 
plate AIA). There are some small rhyolite stocks and felsic dikes. The 
Peavine caldera to the east in the Toiyabe Range, is the most likely 
source for these rocks. Structure in most of the district suggests a 
position within the peripheral, ring fracture zone of the Peavine 
caldera. Mineralized structures in the main part of the district 
contain only precious metals with anomalous amounts of arsenic and 
antimony . 
At the Golden King mine, parallel, thin, gold-bearing quartz veins are 
within a sheared, altered tuff. The shear zone strikes west by 
northwest and dips to the northeast. Rocks in a large area to the west, 
north, and east of the mine are pervasively silicified, argillized, and 
propylitized. In this area are a number of workings on small northwest- 
trending gold-bearing structures, with anomalous high arsenic and 
antimony and occasional adularia on vein margins. Zones of quartz- 
cemented, hydrothermal breccia have some of the higher gold values. 
Occurrences of epithennal precious metals associated with this altered 
and mineralized terrain have been the main target for recent 
exploration. This terrain has been interpreted as a possible Tertiary 
volcanic eruptive center (Kleinhampl and Ziony, 1984, p. 74). 
On the east side of the district at the Webb mine, gold- and silver- 
bearing veins are in a northwest-trending, 910 meters (3,000 ft) long 
shear zone in a rhyolitic tuff. The shear zones contain breccia, 
quartz, gouge, and iron oxides between argillized and silicified 
wallrock. A felsic dike has intruded along parts of this structure. 

Unlike other mineralized structures in the main part of the district, 
the quartz fissure vein at the Iron Rail property contains pyrite, 
sphalerite, chalcopyrite, argentite, galena, and several unidentifiable 
secondary copper and lead minerals. The vein strikes west by northwest 
and dips to the northeast in a densely welded, epidotized tuff. This 
somewhat isolated mineral occurrence is thought to be in an upthrown 
block with the mineral structure cut off by block-bounding faults 
(Kleinhampl and Ziony, 1984, p. 76). 

The placer deposits in the district are most likely derived from the 
weathering of a number of small gold-bearing veins in the hills at the 
head of Golden Wash, and east into the Cloverdale valley. In the 
Cloverdale Creek area, deposits are in creek gravels in the canyon 
bottom 13 to 15 meters (42 to 50 ft) deep, and in hillside colluvium 
below the Webb mine (Johnson, 1973, p. 59). 

Recent Mining Activity 

The district caught the attention of several major mining companies in 
the 1970's and 1980's as having the potential for low-grade, bulk 
tonnage precious metal deposits. The areas in the vicinity of the 
Golden King mine and the west side of Cloverdale Creek canyon were 
mapped and drilled by a succession of companies including Exxon Minerals 
(Lab prospect), Royal Minerals Inc. (Royal-Golden prospect), Great Basin 
Exploration Corp. (Joan prospect), and Battle Mountain Exploration Co. 
(GKL prospect). J. Prochnau & Co. sampled and mapped the Ardvark 
prospect in the northwest corner of the district. 



A c t i v i t y  i n  t h e  d i s t r i c t  i n  t h e  1990's cons is ted  of land pos i t i on ing  and 
some minor explora t ion  t o  f u r t h e r  d e l i n e a t e  t h e  low-grade, bulk tonnage 
prec ious  metal  resources  i n  t h e  Golden King and i n  t h e  Cloverdale  Creek 
area.  A c t i v i t y  involving p l ace r  resources  is  probably l i m i t e d  t o  small  
i n t e r m i t t e n t  operat ions.  

Mines, Claims, and Prospects  

The fol lowing l is t  of 12 p r o p e r t i e s  inc ludes  prospec ts ,  mines, and claim 
blocks both wi th in  t h e  Cloverdale mining d i s t r i c t  and i n  t h e  genera l  
v i c i n i t y .  I n  c e r t a i n  cases ,  s e v e r a l  p r o p e r t i e s  a r e  d i scussed  under one 
name. The groupings a r e  made of p r o p e r t i e s  having geographic proximity,  
s i m i l a r  geology, o r  common commodities. 

P r o ~ e r t v  name: Ardvark 

Locat ion  : T. 10 N. R. 39 E., secs .  15, SW1/4, 16, S1/2, 21, NW1/4 

Commodities : Gold, s i l v e r  

Size:  

Samples : 

22 unpatented lode claims 

Figure B-13, nos. 374-376; sample (no. 375) of a l t e r e d  
t u f f  and qua r t z  ve in  assayed 0.37 ppm Au, 36.34 g/mt 
(1.06 oz/ ton)  Ag, 0.08% Zn, 216 ppm Mo, and 0.04% Cu. 

Property type: Prospect: one a d i t  and s e v e r a l  small  p i t s ;  exp lo ra t i on  
t a r g e t  f o r  low-grade, disseminated gold depos i t s .  

Product ion  : 

Resources: 

Geology: Linear a r ea s  of a r g i l l i c  and s i l i c i c  a l t e r a t i o n  and 
l imoni te  i n  T e r t i a r y  t u f f s  a r e  a s soc i a t ed  wi th  r h y o l i t e  
porphyry dikes .  The o l d  workings c e n t e r  on a qua r t z  
vein with p y r i t e  a t  a dike- tuff  contac t .  

Prowertv name: Cloverdale Creek P l ace r s  (Golden Eas le ,  Black Hawk) 

Location: T. 9 N. ,  R. 40 E . ,  secs .  5, SE1/4, 8,  17, 20, W1/2, 30, 
NE1/4 

Cornmodit ies : Gold, s i l v e r  

S i z e  : About 810 ha (2,000 a c r e s )  

Samples : p l a t e  5, no samples taken 

Property type: Mines: numerous p i t s ,  t renches ,  and p l ace r  s h a f t s .  

Production: 

Resources: 

Geology: 

Probably a small amount of p l a c e r  gold between t h e  e a r l y  
1900's and 1940's. 

150,000 cu m (200,000 cu yd) averaging 1.02 g/cu m 
(0.025 oz/cu yd) Au (AGS, Inc. ,  1987, p. 188) .  

The bottom of Cloverdale Creek canyon con ta in s  
gold-bearing g r a v e l s  o r i g i n a t i n g  from t h e  small  gold- 
bear ing qua r t z  ve ins  i n  a l t e r e d  r h y o l i t i c  t u f f .  



Pro~ertv name: 4s. 2s 

Locat ion : 

Commodities : 

Size: 

Samples : 

T. 9 N., R. 39 E., secs. 12, SE1/4, 13, E1/2; T. 9 E., 
R. 40 E., secs. 7, W1/2, 18 

Gold, silver 

42 unpatented lode claims 

Plate 5, nos. 390-391, 404-408, 410, 412, 415, 437a442, 
455, 458; samples assayed as much as 10.5 g/mt (0.31 
oz/ton) Au (no. 406), 135.3 g/mt (3.95 oz/ton) Ag (no. 
390), and 0.29% As (no. 390). 

- -4.  ' 

Property type: Prospect: several old adits and shaft; recent drill 
sites and Bulldozer work. 

Product ion: 

Resources: 

Geology A number of small, precious metal-bearing veins are 
associated with northwest-trending faults in fractured, 
silicified, rhyolitic tuff and felsite dikes. 

Pro~ertv name: QilL ICXover~ 

Locat ion : 

Commodities : 

Size: 

Samples : 

T. 9 N., R. 39 E., secs. 13, S1/3, 14, S1/2, 23, N1/2, 
24, N1/2; T. 9 N. R. 40 E., secs. 18, SW1/4, 19 

Gold, silver 

56 unpatented lode claims 

Plate 5, nos. 413-414,417-419, 423, 425-426, 430-432, 
434; one sample (no. 414) of altered tuff and rhyolite 
assayed 1.2 ppm Au, 193 g/mt (5.63 oz/ton) Ag, 0.27% As, 
and one sample (no. 431) of rhyolite and quartz had 82 
ppm Mo. 

Property type: prospect: numerous old pits and shafts; a large pit and 
bulldozer cuts on the west side. 

Product ion: --------- 
Resources: 

Geology : Northwest-trending faults in altered rhyolitic tuff have 
gold-bearing quartz fissure veins with clay, chalcedony, 
and adularia. 



Propertv name: Golden Kinq 

Locat ion : T. 9 N., R. 39 E., sec. 13, NW1/4 

Commodities : 

Size: 

Samples : 

Gold, silver 

Part of the Royal-Golden King claim group 

Plate 5, nos. 398-399; samples averaged 0.3 ppm Au and 
28.15 g/mt (0.821 oz/ton) Ag. 

Property type: Mine: several adits, shafts, and numerous pits and 
extensive bulldozer work; mill site (1909) in ruins. 

Production: 

Resources: 

Probably a small, unrecorded amount of silver and gold 
in the early 1900's and in the 1930's. 

Quartz fissure veins and quartz cemented tuff breccia 
with limonite and clay gouge contain silver. Country 
rock is a weakly altered rhyolitic tuff cut by 
northwest-trending faults. 

Pro~ertv name:  olden Vallev 

Locat ion : T. 9 N., R. 39 E., secs. 14, 15, 5112 

Commodities: 

Size: 

Gold, silver 

20 unpatented lode claims 

Samples : Plate 5, nos. 381-382, 386-387, 422, 424; samples had, 
generally, low values except for As, with as much as 
0.26% As (no. 422). 

Property type: Prospect: numerous pits and trenches, many for placer 
mining; exploration target for extensions of gold- 
bearing veins to the east. 

Product ion : 

Resources: 

Geology: Argillically altered, faulted tuffs. 



~ r o m r t i  'hi&$: &i'&e"n d%fi %igcgic= c8hPi; &*net, Black Diamond, Golden 
Hawk. Llovdl 

~ o c a t  ion : T. 9 N., R. 39 E., secs. 14, W1/2, 15, 21-22, 23, NW1/4 

Commodities: Gold, silver 

Size: 

Samples : 

About 486 ha (1,200 acres) 

Plate 5, no samples taken 

Property type: Mines: numerous pits, trenches, and excavations; 
several placer shafts. 

Production: 

Resources: 

Geology: 

A small amount of placer gold from the early 1900's 
through the 1940's. 

Gold-bearing gravels fill the basin downslope from lode 
gold occurrences in the Golden King mine area. 

Pro~ertv name: Iron Rail 

Locat ion : T. 10 N., R. 39 E., secs. 22, S1/2, 23, SW1/4, 27, NW1/4 

Commodities : Gold, silver, lead, copper, zinc 

Size: 11 unpatented lode claims 

Samples : Figure 8-13, nos. 377-378; samples averaged 0.06 ppm Au, 
107 g/mt (3.12 oz/ton) Ag, 0.36% Cu, 3.5% Pb, and 0.17% 
Zn. 

Property type: Prospect: numerous shafts and adits; area of intense 
bulldozer cuts. 

Production: 

Resources: 9,070 mt (10,000 tons) averaging 343 g/mt (10 oz) Ag and 
12% Pb (Clem, 1970, written commun.). 

3 .. , 
Geology : A quartz fissure vein containing pyrite, galena, 

cerussite, anglesite, argentite, sphalerite, and 
secondary copper minerals, within a fault in an altered, 
densely welded tuff. 



~ro&rtv name: Joan 

Location : T. 9 Net R. 40 E., secs. 18, SE1/4, 19, E1/2, 20, W1/2 

Commodities: Gold, silver 

Size : 

Samples: 

28 unpatented lode claims 

Plate 5, nos. 433, 435-436, 443-447, 545-547; one sample 
(no. 436) of quartz veins and altered tuff assayed 3.4 
ppm Au and 9.4 ppm Ag with elevated As values. 

Property type: Prospect: numerous pits and trenches; recent activity 
includes drill sites and bulldozer cuts. 

Production: 

Resources: 

Geology: Gold occurs in numerous limonite stained fractures with 
quartz and intensely silicified breccia pipes within 
rhyolitic welded tuff. 

Prowrtv name: Lab 

Locat ion : T. 9 N., R. 39 E., secs. 10, SE1/4, 11, W1/2, 14, NW1/4, 
15; T. 9 N., R. 40 E., secs. 7, 8, 18, NE1/4 

Cornmodit ies : Gold, silver 

Size: 

Samples : 

95 unpatented lode claims 

Plate 5, nos. 383-385, 544; assays contained no 
significant values. 

Property type: Prospect: exploration target for low-grade, 
disseminated gold deposits. 

Product ion: --------- 
Resources: 

Geology: ~aulted, altered volcanic rocks. 



Pro~ertv name: Roval-Golden Kinq 

Locat ion : T. 9 N., R. 39 E., secs. 11, E1/2, 12, 13, 14, El12 

Commodities: Gold, silver 

Size: 

Samples: 

82 unpatented lode claims 

Plate 5, nos. 388-389, 392-397, 400-403, 409, 411, 416, 
420-421, 427-429; one sample (no. 401) of tuff breccia 
assayed 5.52 ppm Au and 106 g/mt (3.09 oz/ton) Ag. 

Property type: Prospect: numerous old shafts, adits, and pits; recent 
exploration includes numerous drill sites and bulldozer 
cuts; exploration target for disseminated gold deposits 
similar to the Round Mountain, Nevada, type. 

Product ion : 

Resources: 

Geology: widespread alteration of brecciated rhyolitic tuff, 
numerous small gold-bearing veins, felsic intrusions, 
and adjacent placer gold. 

Provertv na'Q"e: Webb (East Golden, OK) 

Locat ion : T. 9 N., R. 40 E., secs. 7, S1/2, 18, N1/2 

Commodities : Gold, silver 

Size: 

Samples : 

10 unpatented lode claims 

Plate 5, nos. 456-457, 459-463; sample (no. 460) of tuft 
breccia with quartz assayed 1.76 g/mt (0.051 oz/ton) Au 
and 165 g/mt (4.81 oz/ton) Ag. 

Property type: Mine: several adits, shafts, and pits; about 600 m 
(2,000 ft) of underground workings; mill in ruins. 

Product ion : Small amounts of gold and silver between 1940 and 1950 
(U.S. Bureau of Mines unpublished production records). 

Resources: 

Geology: Quartz fissure vein and gouge is associated with a 
felsic dike in faulted, brecciated, and silicified 
rhyolitic tuff . 



MINERAL RESOURCE EVALUATION 

Elements and Their Sianificance as Exploration Tools 

The possibility for unexposed or undiscovered resources can be defined 
using the presence of anomalous concentrations of certain elements that 
are associated with economic mineral deposits. Generally, each type of 
deposit will have its own set of associated elements. Some of these 
elements, called pathfinders, spread some distance from the deposit, 
forming enveloping halos or diffusion aureoles. Other elements that are 
relatively immobile, called indicators, suggest that a mineral deposit 
is close. Geochemical mapping of pathfinders and indicators, when 
combined with considerations of bedrock alteration, is a useful tool in 
finding areas that may host mineral deposits. 

Amounts of pathfinder and indicator elements from samples collected 
during this study are located in figures 16-22. Analytical results are 
arbitrarily divided into three groups that best graphically display the 
data. These geochemical location maps were used to help delinate areas 
deemed likely for future mining activity. The following text, derived 
from Cox and Singer (1986), Boyle (1974) and Peters (1987, p. 403), 
lists some of the elements and their significance in mineral exploration 
for possible deposits in the study area. 

Precious Metal Deposits 

A basic goal of this study was to outline broad areas where gold-silver 
mineralized zones may exist. Numerous shear and breccia zones, altered 
zones, quartz veins, and silicified zones were sampled. Gold and silver 
deposits types most likely to be mined in the area are the disseminated 
or stockwork, vein, and replacement-skarn types. Epithermal 
disseminated precious metal deposits have been the center of exploration 
interest in Nevada for the last several decades. Associated elements, 
in addition to gold, include As, Ag, Hg, Sb, T1, Te, Ba, Bi, Mo, W, and 
F. The fluorine apparent in the fluorite in the central part of the 
study area has been an attraction to various exploration groups looking 
for precious metal deposits. 

Vein type precious metal deposits have been the source for nearly all 
the past production in the study area. Associated elements include Zn, 
Cu, Pb, As, Hg, Ag, Mn, and Ba. Geochemical exploration for precious 
metal-bearing mercurous tetrahedrite veins in the southern Ione district 
has focused on Hg since this element is very mobile and detectable in 
small amounts. 

The Alexander mine area in the Grantsville district has replacement- 
skarn type deposits that have produced mainly silver. Elements 
associated with these type of deposits are As, Mo, W, Bi, Cu, Pb, Ba, 
Zn, Fe, Sb, Ag, and Be. 

Base Metal Deposits 

Hydrothermal veins containing copper, lead, and zinc can be found in the 
Grantsville, Berlin, Ione, and Jackson mining districts. These deposits 
may be indicated by the following elements: Zn, Pb, Au, Cu, Ag, Hg, Fe, 
Mn, Cd, As, and Sb. Base metals also occur in replacement-skarn 
deposits which are described under precious metals. 

Tungsten Deposits 

Skarn deposits, a major source of tungsten, occur in the Alexander mine 
area in the Grantsville district. This area was explored for tungsten 



Figure 16.- Map showing sample sites and location of gold and silver analytical results, 
Shoshone Range study area 



Figure 17.- Map showing location of copper, lead, and zinc analytical results, 
Shoshone Range study area 
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Figure 18.- Map showing location of molybdenum m-, and bismuth analytical resul~, 
Shoshone Range study area 
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Figure 19.- Map ehpwing loation of cadmium, thallium and arsenic analytical results, 
Shoshone Range study area ' 



Figure 20.- Map showing location of antimony, selenium, and tellurium analytical results, 
Shoshone Range study area 



Figure 21.- Map showing location of gallium, tungsten, and uranium (U308)analytical results, 
Shoshone Range study area 
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fi&ie 22.- ~a~ showing location of fluorite (CaF2) analytical mults, Shoshone Range study area 



in the past. These deposits are associated with MO, Sn, Sc, Bi, Cu, Pb, 
Zn, Fe, Be, As, Au, Ag, B, and F. Quartz vein deposits containing 
tungsten can vary widely in their elemental associations. Generally, 
good secondary indicators of tungsten include Sn, Mo, and Bi. 

Mercury Deposits 

Mercury deposits in the Ione district and the Grantsville Summit area 
are associated with volcanic hot spring systems. Particularly 
characteristic associates of these deposits are As and Sb. Individual 
deposits may be enriched in Cu, Ag, Au, Sr, Ba, Zn, Cd, B, T1, Ge, Pb, 
Bi, Se, Te, Mo, W, and F. 

Antimony Deposits 

Antimony vein and replacement deposits are in the southern Grantsville 
district in the Milton Canyon area. These low temperature deposits of 
stibnite contain enrichments of Sb, Si, Fe, Mn, Ba, Sr, As, Au, Ag, Ca, 
and Hg. Tingley and Smith (1983, p. 99) state that Se, Fe, Ag, and Cu 
are associated with antimony in the study area. 

Fluorite Deposits 

Fluorite occurs as hydrothermal vein and replacement deposits in the 
central parts of the study area. Elements accompanying fluorine in 
these types of deposits are Ca, Fe, Y, Rb, Hg, Sf Si, Ba, Sr, Pb, and 
Zn; some deposits have Sn, W, Mo, and Cu. Fluorine is very mobile and 
is an excellent indicator of fluorite deposits. 

Geoloav Related to Mineral De~osits 

Mineral resources in the Shoshone Range are related to two major 
geologic events. The first event was during the Mesozoic Era when one 
or more stocks may have intruded under the range. The second involved 
volcanic centers during the Tertiary Era. The following discussion of 
these two events is the basis of understanding for defining the range's 
resource potential and the areas possible for future mineral activity. 

Mesozoic Mineralization Event 

Mineralization in the Mesozoic accounts for most of the production of 
precious-base metals and the minor occurrence of tungsten, in the 
Jackson, Ione, Berlin, and Grantsville districts. A likely cause for 
this mineralization could be Late Jurassic or early Cretaceous stocks 
intruded under parts of the range. 

There is ample evidence for a large, unexposed intrusion under the 
central part of the range, from Ione, south into the Grantsville area. 
Uplift by the emplacement of an intrusion at depth is suggested by 
extensive northeast- and northwest-trending sets of faults in parts of 
the Ione, Berlin, and Grantsville districts that could have been caused 
by vertical compressional forces. Additional evidence for uplift can be 
found in the horst structures in the pre-Tertiary rocks in the northern 
and central parts of the range, that have been folded into anticlinal 
structures in the Grantsville area. 

Abrams (1979, p. 80-81) also stated a number of reasons to support the 
presence of a large intrusion under the study area. He felt that the 
widespread occurrence of small intermediate-to-acid dikes in the central 
part of the range may be related to a central source. Regional 
alteration of bedrock and intrusions, extensive hydrothermal activity, 
and the similarity of mineral deposits are all cited as evidence. 



Regional lineaments in the Basin and Range province are believed to pass 
under the central Shoshone Range, and could be structural control for 
the placement of the Mesozoic mineral deposits. Ekren and others (1976, 
p. 3) believed that the west-trending fault system in Union Canyon is an 
expression of the Timpahute Lineament, a regional structural feature 
that may extend deep into the earth's crust. These ancient zones of 
structural weakness make excellent conduits for intrusions and are often 
cited as a basic control for the placement of many of the mineral 
deposits in Nevada. 

Tertiary Mineralization Event 

~ o s t  of the mineral exploration in the study area during the last 20 
years has been for precious metal deposits associated with Tertiary 
volcanism. Areas for these deposits include the Cloverdale, Ione, and 
Grantsville districts, the Grantsville Summit area, and the east range 
front in the northern part of the range. 

Tertiary precious metal deposits in the Shoshone Range originated with 
the extensional tectonics associated with the Basin and Range province. 
The thinning of the earth's crust during this time resulted in numerous 
volcanic complexes surrounded by extensive hot spring activity. 
Epithermal mineralization occurred around the water conduits below the 
spring area. These "hot springs" occurrences contain valuable minerals 
in areas of intense volcanic activity where the parent intrusion was 
rich in metals, and in areas where the regional heating remobilized pre- 
Tertiary mineral deposits. These deposits are typified by finely 
disseminated, micron-size gold or electrum, a large surrounding area of 
altered country rock, the lack of base metal veins, and an association 
with mobile elements such as mercury, antimony, and arsenic. They are 
often referred to as bulk-tonnage, low grade, epithermal gold deposits. 
Mining districts with epithermal gold deposits typically have a small 
historic precious metal production and consist of many prospects on 
small gold-bearing quartz veins, some with associated placer gold 
deposits. Often overlooked by earlier mining operations, these precious 
metal resources in Nevada have caused a mining boom during the last 30 
years of historic proportions. 

In central Nevada, Tertiary volcanic centers are marked by caldera 
complexes, areas where volcanoes have collapsed, leaving large 
concentric "ringw structures. East of the Shoshone Range, several of 
these complexes have been mapped, including the Arc Dome, Toiyabe, and 
Peavine calderas (Hardpan, in press). Albers and Kleinhampl (1979, p. 
C2) list some typical geologic settings associated with volcanic centers 
that include: 1) rim fracture zones that follow the outer edge of the 
caldera; 2) areas of local uplift that may reflect intrusions beneath; 
3) groups of veins, breccia pipes, and breccia zones. 

Several other mineral commodities in the range are associated with 
Tertiary volcanic centers. Mercury resources occur along a Tertiary 
fault system that is situated in the middle of the range between 
Grantsville Summit and Ione Canyon. Volcanic fumaroles or hot springs 
deposited mercury in these structurally weak zones. Epithermal and 
mesothermal deposits containing fluorite, antimony and barite resources 
are also found along hydrothermally mineralized structural zones. 
Uranium occurrences in the northern part of the range are probably 
relgted to localized Tertiary solfataric fumarole activity (Garside, 
1973, p. 85). 



Areas of Future Mineral Ex~loration and Develo~ment 

Areas favorable for future mining activities are displayed on figure 23- 
25. Activity areas are labeled as to the type of mineral deposit 
involved and rated as to whether mining activity is likely or just 
possible. The figures were made using a compilation of USBM field data, 
geologic maps, past mining activity, production statistics, and 
published and unpublished mineral information. 

Low-Grade Gold-Silver Deposits 

Figure 23 shows areas favorable for mining and exploration activity 
involving low-grade precious metal deposits. These deposits are related 
to Tertiary volcanism. The Cloverdale district, in the southern part of 
the study area, exhibits many of the features expected of a "near 
caldera" mineralized area, such as rim fracture zones, breccia pipes 
related to local volcanic vents, and large alteration zones. These 
features cause much of the district to be classified as favorable for 
future activity involving epithermal gold resources. Significant 
exploration and development activities during the 1980's and 1990's have 
been focused on the epithermal resource possibilities in the district. 

In the last ten years, deposits of low-grade, disseminated gold have 
been defined in the Grantsville Ridge and in the Grantsville Summit 
areas, and there is every reason to expect that there will be future 
activity in these areas. There has been exploration activity recently 
for gold deposits at the Vernal property and along the range front from 
Bonita to Becker canyons. 

Places possible for future mining activity associated with bulk tonnage, 
low-grade precious metal deposits includes pediment areas near 
previously discovered gold deposits, mercury resource areas, and various 
areas that typify geologic features of past hot spring activity. 

Precious-Base Metal Deposits 

The likelihood for mining activity involving precious-base metal 
deposits is displayed in figure 24. These deposits are related to a 
postulated Mesozoic intrusive event and include hydrothermal fissure 
vein-type and replacement-type deposits. Possible resources are similar 
to the high-grade precious-base metal veins that were mined in the 
Jackson, Ione, Berlin, and Grantsville districts. Most of these 
resources would probably be mined by expensive underground mining 
methods and would be unlikely to attract serious mining interest under 
present (1993) economic conditions. Notably attractive for exploration, 
is the pediment area west of the Berlin Mine. Deposits at the Berlin 
were of a higher grade in gold than other nearby deposits, and possible 
mineralized extensions under the pediment would be an attractive 
exploration target. 

The replacement deposits in Grantsville Canyon at the Alexander mine are 
large and shallow enough to be mined by open pit methods and there may 
be mining activity in the near future. Problems with these deposits at 
the Fury operations (Alexander mine) will have to be solved before open 
pit mining resumes. 

Discovered precious-base metal resources from the Mesozoic Era are 
limited, for the most part, to the exposed pre-Tertiary rock terrain in 
the western part of the range. The possibility for additional deposits 
extends under the volcanic rocks that covers the east, north, and south 
sides of the range. Gravity studies by Snyder and Healey (1983, p. 7) 
mapped high anomalies in the east-central part of the range suggesting 
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that rocks with similar densities to the exposed pre-Tertiary rocks are 
buried under the Tertiary volcanic rocks. Areas of volcanic rock cover 
in the central part of the range are, in the early 1990'9, being 
actively explored. 

Mercury ~eposits 

Areas of future mining activity involving mercury are displayed in 
figure 25. Mercury mining in the United States has declined in recent 
years due to environmental requirements and competition from foreign 
sources. Areas likely for future activity coincide with areas of known 
mercury production. Resumption of mining in the range would probably be 
accompanied by the discovery of additional resources near some of the 
large, mined-out deposits in the Ione district, and a change in the 
basic economics of the mercury market. 

Fluorite, Uranium, and Antimony Deposits 

The possibilities for future mining of fluorite, uranium, and antimony 
are displayed in figure 25. Fluorite resources have been developed in 
the Berlin and Grantsville districts, and resources have been outlined 
by drilling at the Sea Bee mine. Future mining activity would be in the 
vicinity of these known occurrences. The lack of a local market has 
stalled further development of these resources for the present (1993) 
time . 
Development of antimony deposits in Milton Canyon during the 1930's 
resulted in a small production. Exposed resources are too small to 
attract much mining interest in the near future. Any future activity 
would probably be coupled with the discovery of additional resources in 
the Milton Canyon area. 

Areas of reported uranium occurrence are found at the Dottie Lee and 
Hazel E properties. While these small uranium shows may result in some 
future exploration, it is unlikely that there would be enough resources 
discovered to result in any production. 

Porphyry Copper, Tungsten, and Molybdenum Deposits 

The possibility for mining activity involving copper, tungsten, and 
molybdenum porphyry deposits is shown in figure 25. A postulated 
Mesozoic intrusive stock under the range has regional implications as to 
the potential for porphyry type deposits. 

The rich precious-base metal veins in the central parts of the range 
could represent upper levels of a mineral system that involved large 
porphyry deposits at depth. Areas of possible mining activity include 
the Grantsville Canyon area where intense alteration with mineralization 
is probably associated with a shallow, unexposed pre-Tertiary intrusion 
suggesting a potential for a porphyry copper deposit with tungsten at 
depth. Another area favorable for porphyry deposits with associated 
molybdenum is the Vernal property. 

MINE DEVELOPMENT COSTS 

Mine development costs for several deposit types and sizes are given in 
tables 1-3. Capitol costs include all expenses incurred to bring the 
operation to its designed production capacity, and represent the 
investment required before any return can be expected. Operating costs 
include all expanses incurred to keep the project operating at its 
designed capacity. Infrastructure costs will contribute significantly 
to development costs of remote deposits where construction and 



maintenance of access roads, camp facilities, and on-site power 
generation is required. Infrastructure costs will also be influenced by 
deposits near small towns where additional housing, utilities, and 
schools may be required to accommodate the increased population. 

Mine development costs not reflected in the tables include pre- 
operational permitting (environmental assessments, base line studies, 
legal challenges) and taxes. All models are based on using new 
equipment, paying standard wages, and expecting normal profits. 

Please note that the costs shown are for generic models and may not fit 
most individual deposits. They are intended only to give the reader a 
general idea of mine development costs associated with different deposit 
types and sizes. The U.S. Bureau of Mines Cost Estimating System, 
available in Information Circulars 9142 and 9143, can be used to 
estimate costs for individual deposits. 



Table 1.--Estimated mining cost in 1992 dollars for surface and underground mining 
[NA, not applicable1 

SURFACE 907 mt/day ore 4,536 &/day ore 9,072 mtlday ore 18,144 mttday ore 45,360 mtlday ore 90,720 mtlday ore 
MIUXRO (1,000 stlday) (5,000 stlday) (10,000 stlday) (20.000 stlday) (50,000 stlday) (100.000 stlday) 

Capital Operating Capital Operating Capital Operating Capital Operating Capital Operating Capital Operating 
Cost Cost Cost Cost Cost Cost Cost Cost Cost Cost Cost Cost 
(W) (Slmt) W (Slmt) ( 1  (Slmt) (W) (Slmt) (-1 ($I&) (-1 (Slmt) 

1:l stnippine 8.5 5.74 19.0 2.95 27.1 2.25 45.8 2.05 105.8 1.80 204.4 1.62 
3:1 stripping 11.9 8.58 27.3 4.49 45.8 4.09 86.2 3.70 204.4 3.25 NA NA 
5:1 strippi* 14.4 10.88 35.1 8.22 68.2 6.14 125.0 5.23 NA NA NA NA 

UNDEBGRWND 454 mtlday ore 907 mtlday ore 4,536 &/day ore 9,072 mtlday ore 18,144 mtlday ore 36.288 mtlday ore 
MINING (500 stlday) (1,000 stlday) (5.000 stlday) (10.000 stlday) (20.000 stlday) (40,000 stlday) 

Capital Operating Capital Operating Capital Operating Capital Operating Capital Operating Capital Operating 
Cost Cost Cost Cost Cost Cost Cost Cost Cost Coat Cost Cost 
(kMi9) (Slmt) (WS) (Slmt) (t%4$) t$lmt) (-) (Slslt) (Slmt) (w) (Slmt) 

Block caving 
Adit NA 
Shaf tl' NA 

Room and pillar 
Adi t 5.5 
Shaft 7.9 

Cut and fill 
Adi t 22.6 
Shaft 25.0 

Shrinkage stope 
Adit 8.7 
Shaft 11.3 

Sublevel lonllhole 
Adi t 3.7 
Shaft 6.3 

Vertical crater retreat 
Adit 4.8 
Shaft 7.4 

1' Shaft cost based on average ore body depth of 914.4 m (1,000 ft) 



Table 2.--Emtimated milling cost in 1992 dollars for various beneficiation methods 
[NA, not applicable] 

MINERAL 454 mtlday ore 907 mtlday ore 4.536 mtlday ore 9,072 mtlday ore 18.144 &/day ore 36.288 mtlday ore 

~ S S I N O I ~  (500 stlday) (1,000 stlday) (5,000 stlday) (10,000 sttday) (20,000 stlday) (40,000 stlday) 

Capital Operating Capital Operating Capital Operating Capital Operating Capital Operating Capital Operating 
Cost Cost Cost Cost Cost Cost Cost Cost Cost Cost Cost Cost 

(MI ($/mt) (W) ($I&) (W) (Slmt) (W) ($/mt) (W) (8Imt) (-1 (SImt) 

Gold/silver extraction 

Autoclave-CIL-mi 12.7 21.59 21.1 18.84 78.1 13.74 130.5 12.00 Nh NA lt& NA 

CIL-EW2' 6.1 13.73 9.6 11.29 35.3 7.19 60.2 5.91 NA NA NA NA 

CIP-EW2' NA NA 16.8 12.10 44.1 7.43 66.4 6.02 103.5 4.88 NA NA 

CCD-MZ2/ 16.9 18.53 24.9 15.06 67.7 9.29 103.4 7.55 162.6 6.13 HA NA 

Float-roast-leach NA NA 23.2 17.25 60.6 11.61 91.0 9.79 140.3 8.26 NA NA 
Heap leach NA NA 11.3 6.31 29.9 4.41 45.1 3.77 71.6 3.23 NA NA 

Baselprecious metal extraction 

\O O m  product flotation 6.8 14.10 10.4 
00 Tro product flotation 7.5 15.24 11.6 

Threa product flotation 7.8 16.86 12.3 

Heavy mineral extraction 

Gravity 

J/ Includes tailings impoundments averaging 13 ha (32 acres) per 907 mtld (1,000 stld) capacity. 
9 Carban-in-leach, eletro-winnowing. 
2 Carbon-in-pulp, eletro-winnowing. . 
9 Counter-current-decantation, Merril-Crow. 



Table 3.--Estimated infrastructure cost  in  1992 dollars 

Capital 
Cost 
(EMS) 

Capital 
Cost 
(W)  

Capital 
Cost 
(-1 

Gravel haulage roadd1 
Per ha 

Power l ines  
Per ~ I Q  

9 . 1  m (30 f t )  wide 
0.126 

6 . 1  m (20 i t )  pokes 
0.492 

18.3 m (60 f t )  wide 
0.187 

9 . 1  m (30 ft) poles 
0.505 

24.4 m (80 f t )  wide 
0.515 

12.2 m (40 f t )  poles 
0.517 

9 Based on l e v e l  terrain requirins no dri l l ing or blasting. 
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TABLE A-1.--Sample locations and descriptions, Shoshone Range, Nevada. 

Sample Sample Location 
number type Lonnitude Latitude Samle Descrivtions 

1 select 117 35 1.7 38 57 8 .7  Stockpile of brecciated, limonite-stained quartz vein with 
jasper. 

2 grab 

3 grab 

4 grab 

5 chip 

117 34 52.7 38 57 22.2 Drill cuttings of andesite with epidote and limonite. 

117 35 1.3 38 57 30.0 Pit dump of altered andesite conglomerate. 

117 35 13.6 38 57 51.5 Dump material of fractured, limonite-stained welded tuff. 

117 35 8.2 38 57 49 .1  Across 1.37 m (4 .5  ft) pit face of thinly bedded, fractured 
siltstone. 

6 random chip 117 35 18 .6  38 58 8.7 Outcrop of fractured, argillically altered tuff. 

7 chip 117 34 19.9 38 57 7.3 Across 0.3 m ( 1  ft) of talc-chlorite stringers within 
limestone in adit wall. 

8 chip 117 34 19 .9  38 57 7.3 Across 0.67 m ( 2 . 2  ft) shear zone of gouge and limestone 
breccia in adit wall. 

9 select 117 34 19.9 38 57 7.3 Winze dump of limonitic gouge from lenses on intercepting 
faults. 

10 select 117 34 32.2 38 57 14.9 Stockpile of greenstone with malachite along fractures. 

11 select 117 34 29.6 38 57 15.6 Stockpile of greenstone and vein quartz with iron and copper 
stains. 

12 grab 117 35 22.6 38 57 4.3 Dump debris of altered diorite. 

13 select 117 35 27 .2  38 57 12.1 Stockpile of quartz vein with fine disseminations of pyrite, 
chalcopyrite, galena, and malachite in quartz diorite. 

14 grab 117 35 36.2 38 57 19.2 Dump of brecciated quartz with jasper and limonite. 

1 5 '  random chip 117 35 31.2 38 57 26.2 Trench face of altered andesite. 

16 grab 117 35 22.2 38 57 26.7 Pit dump of greenstone with jasper and clay fracture 
fillings, and small quartz veins. 

17 random chip 117 34 40.8 38 57 54.8 Pit face of weathered, altered tuff. 

18 grab 117 34 46.9 38 59 49.5 Float of slightly altered crystalline tuff. 

19 grab 117 34 41.9 38 59 26.2 Float of siliceous tuff with Liesegang banding. 

20 placer 117 36 12.6 38 58 5 . 2  Across trench face of poorly sorted, altered cobbles and 
boulders with sand and clay matrix; alluvium from old 
channel( ? 1. 

2 1  placer 117 36 28.4 38 58 2 . 5  Trench face of poorly sorted, matrix-supported alluvium. 

22 random chip 117 36 23 .8  38 58 2 . 2  Pit face of intensely argillically altered. bleached, 
faulted rhyolite. 

23 grab 117 36 1 0 . 1  38 57 52.9 Pit dump of limonitic gouge and altered andesite. 

24 select 117 33 10 .1  38 55 58.0 Stockpile of massive jasper with small pods of hematite. 

25 random chip 117 33 8.3 38 55 58 .3  Sheared, intensely altered rhyolitic tuff in face of pit. 

26 grab 117 33 59.8 38 56 27.5 Debris from adit working face of faulted, altered diorite 
with gouge and Liesegang banding. 



TABLE A-1.--Sample locations and descriptions, Shoshone Range, Nevada--Continued. 

Sample Sample Location 
number t m e  Longitude Latitude S w l e  D e s c r i ~ t i o n s  

27 chip 

28 chip 

29 chip 

30 se lec t  

3 1  chip 

32 chip 

33 s e l e c t  

117 33 59 .8  38 56 27.5 Across 0.15 m (0 .5  f t )  of quartz vein with pyr i t e ,  galena 
and possible t e t rahedr i t e ,  i n  a d i t  wal l ,  s t r i k e s  N. 75' E., 
dips 45' NW. 

117 33 56.2 38 56 31.5 Across 0 . 6 1  m ( 2  f t )  of quartz vein with weathered sulf ides ,  
in  ad i t  wall, s t r i k e s  N. 35' W . ,  dips 55' NE. 

117 33 56.2 38 56 31.5 Across 0.46 m (1 .5  f t )  of quartz vein with very f ine  
sulf ides  throughout, i n  a d i t  wall,  s t r i k e s  N. 35' W., dips 
55' NE. 

117 34 14.5 38 56 29.3 Vein quartz with pyri te  and hematite, from shaf t  dump. 

117 34 45 .1  38 56 43.3 Across 0.37 m (1.2 f t )  of quartz vein with sparse sulf ides  
and quartz breccia, i n  a d i t  wall,  s t r i k e s  E-W, dips 47' N. 

117 34 4 5 . 1  38 56 43.3 Across 0.37 m ( 1 . 2  f t )  of quartz vein and quartz breccia 
with minor sulf ides ,  i n  a d i t  wall,  s t r ikes  N. 75' W . ,  dips 
65' NE. 

117 35 12.8 38 57 12.5 Argil l ic  a l tered,  s i l i c i f i e d  d i o r i t e  with jasperoid 
s t r ingers ,  from dump. 

34 s e l e c t  117 35 53.5 38 57 12.7 Stockpile of quartz vein with f ine ly  disseminated su l f ides ,  
and i ron oxides and secondary quartz on fractures .  

35 s e l e c t  117 35 58.6 38 57 20.4 

36 random chip 117 35 49.6 38 57 34.8 

37 se lec t  117 35 44 .9  38 57 20.8 

38 s e l e c t  1 1 7 3 4 3 4 . 3  3 8 5 7 2 6 . 4  

39 grab 117 34 40.8 38 57 12.5 

40 s e l e c t  1 1 7 3 4 1 4 . 2  3 8 5 7 2 5 . 6  

4 1  randdm chip 117 33 49.0 38 57 16.4 

42 random chip 117 33 49.0 38 57 16.4 

43 se lec t  1 1 7 3 5  2 . 8  3 8 5 1 4 6 . 2  

44 s e l e c t  

45 chip 

46 random chip 117 34 38.3 38 5 1  42.4 

47 random chip 117 34 38.3 38 51 42.4 

Stockpile of a l tered,  s i l i c i f i e d  greenstone with quartz 
s t r ingers  and i ron oxide. 

Greenstone breccia with mylonite and i ron s t a i n s ,  i n  face of 
open p i t .  

Stockpile of quartz vein having about 5% content of 
weathered sulf ides  and copper oxides. 

Stockpile of quartz and c a l c i t e  with weathered pyri te ,  and 
iron and copper oxides. 

Si l ic ious greenstone breccia with abundant limonite,  from 
p i t  dump. 

Quartzite breccia with quartz s t r ingers  and limonite, off 
ad i t  dump. 

Faulted quartzi te  breccia with gouge, i n  a d i t  wall. 

Faulted quartzi te  and s i l i c i f i e d  gouge, i n  a d i t  wall.  

Greenstone with s t r ingers  of pyr i t e  and c a l c i t e ,  from a d i t  
dump - 
Greenstone breccia with pyr i t e  and quartz,  from a d i t  dump. 

Across 0.61  m ( 2  f t )  of quartz vein i n  a l t e red  greenstone, 
in  a d i t  wall. s t r i k e s  N .  83' W . .  ve r t i ca l .  

7.62 m (35 f t )  wide quartz vein with f l u o r i t e  and bar i t e ,  i n  
open p i t  . 

Pebble conglomerate with fracture  f i l l i n g s  of limonite. 
f luor i t e  and quartz, in  wall of open p i t .  



TABLE A-1.--Sample locations and descriptions, Shoshone Range, Nevada--Continued, 

Sample Sample Location 
number t w o  Longitude Latitude Samule Descriptions 

48 chip 117 34 38.6 38 5 1  44.6 Across 0.38 m (1.25 ft) of barite vein with inclusions of 
greenstone and quartz, in open pit. 

49 chip 1 1 7 3 4 4 3 . 3  3 8 5 6 4 0 . 0  A c r o s s 0 . 3 m ( 1 f t ) o f f r a c t u r e d q u a r t z v e i n w i t h  
disseminations, stringers, and pods of base-metal sulfides, 
in adit wall. 

50 chip 117 34 43.3 38 56 40.0 Across 0 . 3  m ( 1  ft) of quartz vein with pyrite stringers, in 
adit wall. 

5 1  select 117 34 2.3 38 56 59 .8  Black limestone breccia, calcite and limonite, from shaft 
dump. 

._ . .  
117 33 55 .1  38 56 45.6 Quartz with sparse pyriik A d  liknite, from adit dump. 52 select 

53 select 

54 select 

117 33 47.2 38 56 5 1 . 1  Iron-stained limestone breccia from shaft dump. 

117 34 0 . 1  38 56 44.6 Stockpile of quartz with pyrite, galena, tetrahedrite, and 
chrysocolla. 

55 select 117 34 1.6 38 56 38.6 Stockpile of quartz with galena, tetrahedrite, and 
chrysocolla. 

56 select 117 33 45.4 38 56 35.2 Stockpile of quartz with limonite, and sparse pyrite ana 
galena. 

57 grab 

58 select 

59 select 

60 select 

117 33 57.2 38 57 6.2 Dump material of Limestone breccia with quartz and limonite. 

117 33 45.7 38 57 14.0 Quartz with limonite. from adit dump. 

117 33 40.7 38 57 6 . 9  Altered, weathered quartzite with limonite fracture 
fillings, from shaft dump. 

6 1  random chip 117 33 42.3 38 37 5 . 6  Intensely altered quartzite with limonite and hematite, in 
pit wall. 

62 grab 117 33 16.6 38 56 38.4 Argillically altered volcanogenic mudflow breccia from adit 
dump. 

63 grab 117 33 16.6 38 56 34.0 Silicified and argillically altered volcanic rock from shaft 
dump. 

64 number not used 

65 number not used 

66 random ship 117 33 22.7 38 56 23.5 Intensely altered tuffs with limonite, in face of open pit. 

67 chip 117 33 3 3 . 1  38 56 37.0 Across 1.2 m (4 ftl of sheared quartzite with limonite, in 
shaft. 

68 select 117 33 4 2 . 1  38 56 3 5 . 1  Stockpile of quartz with finely disseminated sulfides, 
limonite, and malachite. 

69 select 117 33 53.3 38 56 31.5 Stockpile of quartz and quartz breccia, with steaks of 
weathered sulfide minerals. 

117 34 '6.5 3 i  56 &. 1 Stockpile of massive quartz with stringers of pyrite, 
galena, tetrahedrite, and chalcopyrite. 

70 select 



TABLE A-1.--Sample locations and descriptions, Shoshone Range, Bevada--Continued. 

Sample Ssmple Location 
rider t n e  Longitude Latitude Sample Descrivtions 

7 1  se lec t  117 34 22.8 38 56 32.5 Stockpile of quartz with pyr i te ,  galena, te t rahedri te .  
malachite, and fracture f i l l i n g s  of secondary quartz. 

72 select  

73 se lec t  

74 se lec t  

75 se lec t  

1 1 7 3 4 4 8 . 7  3 8 5 6 4 6 . 8  Stockpi leofquartzwi ths treaksof f ine lyd isseminated  
pyri te ,  galena, and sphaler i te .  

117 34 53 .8  38 56 38.5 Stockpile of iron-stained quartz with limonite and cerussi te  
( ? I .  

117 34 39.0 38 56 42.0 Stockpile of quartz with secondary quartz fracture f i l l i n g s .  
pyri te ,  te t rahedri te .  galena, and malachite. 

117 34 35.4 38 56 40.5 Stockpile of quartz with minor pyri te ,  galena, te t rahedri te ,  
and malachite. 

76 se lec t  1 1 7 3 4 3 1 . 1  3 8 5 6 3 2 . 5  Stockpileofquartzbrecciaanddioritewithlirnonite. 

77 se lec t  117 34 34.3 38 56 44.5 Iron-stained quartz from dump of inclined shaft .  

78 se lec t  117 34 25 .0  38 56 40.2 Stockpile of quartz with s t reaks af f inely dissminated 
sulf ides  and copper oxides. 

79 se lec t  1 1 7 3 4 1 3 . 1  3 8 5 6 3 7 . 3  Altereddioritecountryrockfromshaftdump. 

80 se lec t  117 34 34.3 38 56 29.7 Stockpile of iron-stained quartz, l imonite-filled boxwork, 
and minor malachite. 

8 1  se lec t  

82 grab 

83 se lec t  

84 se lec t  

1 1 7 3 4 5 7 . 0  3 8 5 6 3 8 . 0  Stockpile iron-stainedquartzandquartzbrecciawith 
pyri te ,  galena, and sphaler i te .  

117 34 33.2 38 56 16.3 Altered quartzi te  with limonite and minor secondary copper, 
from shaft dump. 

117 34 3 1 . 1  38 56 22.4 Stockpile of quartz with limonite, weathered pyri te ,  and 
minor scheel i te .  

117 34 43.0 38 56 21.7 Stockpile of quartz with limonite, weathered sulf ides ,  and 
malachite. 

85 se lec t  

86 se lec t  

117 34 41.5 38 56 15.7 Stockpile of a l tered quartzi te  with abundant chrysocolla. 

117 34 54 .1  38 56 45.9 Iron-stained quartz and boxwork limonite, from dump. 

87 se lec t  

88 select  

117 35 3.5 38 56 43.8 Stockpile of quartz, boxwork limonite, and weathered 
sulfides. 

117 34 50.2 38 56 26.2 Stockpile of iron-stained quartz and boxwork limonite with 
weathered sulf ides .  

89 select  117 34 43.0 38 56 2 . 2  Metasedimentary breccia with limonite. malachite, and 
azuri te ,  from dump. 

117 34 4 5 . 1  38 56 0 . 2  Stockpile of quartz with malachite, disseminated sulf ides .  
and pockets of black, sooty, weathered sulf ides .  

90 select  

91 grab 

92 grab 117 32 8 .5  38 58 45.8 Siliceous conglomerate and breccia with quartz, malachite. 
and azuri te ,  from dump. 

93 se lec t  

94 grab 

117 32 18 .6  38 58 49.6 Stockpile of quartz pebble conglomerate with malachite. 

117 34 2 7 . 1  38 58 7 .9  Iron-stained conglomerate from p i t  dump. 



TABLE A-1.--Sample locations and descriptions. Shoshone Range, Nevada--Continued. 

Sample Sample Location 
number t m e  Longitude Latitude Seuivle Descriptions 

95 select 117 34 15.2 38 57 37.8 Breccia with kaolinite and limonite, from dump of inclined 
shaft. 

96 grab 117 33 0.4 38 58 42.2 Iron-stained tuff breccia from.pit dump. 

97 grab 117 32 38.8 38 58 54.5 Crystal tuff with jasper veinlets, from trench dump. 

98 grab 117 31 50.2 38 58 32.8 

99 grab 117 31 54.1 38 58 41.0 

100 grab 117 32 7.1 38 58 47.1 

101 select 117 32 5.3 38 58 47.1 

Vitric tuff with clay, from backhoe pit. 

Vitric tuff with abundant clay, from dozer pit. 

Volcanogenic conglomerate with hematite, from trench. 

Sheared, copper-stained conglomerate with weathered 
sulfides, from shaft dump. 

Iron-otained, tuff with malachite, limonite, and pyrite, 
from incline shaft dump. 

Siliceous conglomerate with jasper lenses and pervasive 
limonite. from dozer cut. 

Across 0.91 m (3 ft) of fractured argillite with hematite 
and pyrite, in a stope pillar. 

Metasedimentary rock with euhedral pyrite, from adit dump. 

Contact between argillite with chert pods and vitric tuff, 
from pit dump. 

Quartz vein and iron-stained argillite, from pit dump. 

Altered argillite with quartz fracture fillings, from pit 

dump. 

Iron-stained, clay-rich conglomerate with quartz veinlets, 
from pit dump. 

Altered, silicified tuff flows with limonite, from pit dump. 

Altered, iron-stained ash with chert, from trench dump. 

102 select 

103 grab 

104 chip 117 33 36.7 39 0 3.5 

105 select 

106 grab 

107 select 

108 grab 

109 grab 

110 grab 117 31 23.2 38 57 52.7 

111 select 1173118.8 385815.8 

112 number not used 

113 grab 117 31 28.2 38 58 25.0 

114 select 117 31 33.2 38 58 9.1 

Outcrop of limonitic sandstone, and conglomerate 

Stockpile of iron-and copper-stained metasedimentary rock 
with chalcopyrite, from shaft dump. 

Limonite and metasedimentary rock with hematite, fluorite, 
and pyrite, from pit dump. 

115 select 

116 grab 

117 select 

Tuff with veinlets of clay and quartz, from dozer trench. 

Iron-stained conglomerate with pyrite and chert, from shaft 
dump. 

118 grab 

119 select 

Outcrop of fractured jasperoid. 

Argillically altered sandstone with quartz stringer, from 
drill site debris. 

120 grab Jasperoid from dozer pit. 



TABLE A-1.--Sample locations and descriptions, Shoshone Range, Nevada--Continued. 

Sample Sample Location 
number type Longitude Latitude Samile Descriutions 

random chip 117 31 37.2 38 56 33.6 Outcrop of iron-stained tuff with Lieseganl banding. 

122 random chip 117 32 10.7 38 56 58.5 Iron-stained, altered tuff from dozer trench. 

123 grab 117 32 3.8 38 56 39.9 Outcrop of rhyolite country rock. 

124 random chip 117 32 48.1 38 56 31.0 Rhyolite in dozer trench. 

125 select 117 32 55.7 38 56 18.5 Argillically altered rhyolite with some cinnabar, from shaft 
dump. 

126 grab 

127 select 

117 32 39.5 38 56 21.6 Iron-stained rhyolite from dozer cut. 

117 33 51.8 38 55 58.5 Silicified conglomerate with pyrite and pyrolusite, from pit 
dump. 

128 random chip 117 34 0.8 38 56 3.2 Silicified conglomerate with pyrite, from adit dump. 

129 grab 117 34 4.4 38 55 47.9 Iron-stained conglomerate with veinlets of epidote and 
quartz, from adit dump. 

130 grab 117 33 34.2 38 56 1.5 Iron-stained vitric tuff from pit dump. 

131 select 117 33 35.6 38 56 15.9 Silicified breccia with limonite, from pit dump. 

132 grab 117 33 48.6 38 56 10.6 Weathered, iron-stained mylonite from pit dump. 

133 random chip 117 32 58.9 38 56 5.3 Altered rhyolite with streaks of limonite and hematite, from 
trench. 

134 select 117 32 51.7 38 56 2.8 Argillically altered rhyolite from shaft dump. 

135 select 117 33 10.8 38 56 4.6 Altered andesite agglomerate from open-pit debris. 

136 select 117 33 13.7 38 56 3.7 Slate with calcite veins and sparse cinnabar, from open-pit 
debris. 

137 select 117 32 57.1 38 55 51.4 Altered rhyolite from shaft dump. 

138 random chip 117 33 0.4 38 55 54.7 Limonitic clay gouge and breccia, from open pit. 

139 grab 117 33 21.6 38 55 34.6 Altered calcareous shale from pit debris 

140 select 117 33 10.4 38 55 24.8 Silicified tuff with limonite, from shaft dump. 

141 grab 117 34 27.8 38 54 40.3 Float of iron-stained. altered conglomerate. 

142 select 117 34 38.6 38 54 38.6 Weathered, silicified. and fractured conglomerate with 
disseminated pyrite, from adit dump. 

143 select 

144 grab 

145 select 

117 34 59.5 38 54 48.7 Altered, iron-stained quartz from adit dump. 

117 35 19.3 38 54 53.5 Altered granodiorite with limonite, from adit dump. 

117 34 59.9 38 55 2.8 Copper ore of altered, fractured greenstone laced with 
malachite and calcite, from shaft dump. 

146 grab 

147 select 

117 35 0.6 38 55 13.6 Greenstone with calcite and siderite. from pit dump. 

117 34 7.3 38 55 38.2 Quartz with copper oxides. and silicified conglomerate 
wallrock, from pit dump. 
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Sample Sample Location 
nwber t m o  Lon~itude Latitude Sample Descriptions 

148 select 117 33 53.6 38 55 33.1 Siliceous. sheared greenstone and limonite boxwork, from 
shaft dump. 

select 117 33 39.2 38 55 21.9 Stockpile of sificeous gremstone with abundant limonite, 
cuprite, malachite and quartz. 

150 select Siliceous greenstone with stringers of cuprite and 
malachite, from pit dump. 

151 grab Stockpile of sheared anderite with malachite, quartz, and 
limonite. 

152 random chip 117 33 29.9 38 54 34.2 

153 grab 117 33 28.4 38 54 32.8 

154 grab 117 33 2.5 38 55 13.3 

155 grab 11733 9.0 385455.1 

156 select 117 33 11.5 38 54 49.7 

157 select 117 33 14.8 38 54 50.6 

158 grab 117 32 59.6 38 54 40.3 

159 randomchip 1173537.7 385434.6 

160 random chip 117 35 44.5 38 54 8.7 

161 select 

162 chip 

163 grab 

164 grab 

165 select 

166 select 

167 select 

168 grab 

169 select 

170 select 

171 select 

172 grab 

173 select 

174 grab 

Silicified tuff with limonite, from dozer cut. 

Altered, weathered tuff from adit dump. 

Bleached, altered tuff from pit dump. 

Iron-stained tuff from adit dump. 

Argillically altered tuff with hematite, from shaft dump 

Bleached rhyolitic awlomerate with minor disseminated 
cinnabar, from glory hole. 

Iron-stained, sheared tuff from pit dump. 

Outcrop of siliceous, sheared greenstone with limonite. 

Outcrop oL iron-stained metasedimentary rock with gossan and 
quartz veinlets. 

Granodiorite with manganese, quartz veinlets, and 
tourmaline, from adit dump. 

Across 0.4 m (1.3 it) of sheared granodiorite with gouge and 
limonite, from adit portal. 

Metasedimentary rock with limonite, hematite, and quartz 
veinlets, from pit dump. 

Limonite and limestone, from pit dump. 

Calcareous shale with malachite, from adit dump. 

Quartz vein with pyrite, galena, and clay, from adit dump. 

Limonite and greenstone, from adit dump. 

Metasedimentary rock with malachite and azurite, from pit 
dump. 

Faulted quartzite with limonite and calcite, from pit dump. 

Limonite with calcite and pyrite, from pit dump. 

Quartzite with quartz veinlets, from adit dump. 

Silicified, iron-stained metasedimentary rock from pit dump. 

Limestone breccia with calcite veinlets, from pit dump. 

Greenstone with pyrite, calcite, and garnet, from pit dump. 



TABLE A-1.--Sample locations and descriptions, Shoshone Range, Nevada--Continued. 

Sample Sample Location 
number t m e  Longitude Latitude Samule Descrivtions 

175 select 117 35 44.5 38 53 57.4 Limonite and faulted greenstone, from pit dump. 

176 select 117 35 15.7 38 54 5 .8  Altered, sheared, and silicified limestone with 
calcite-quartz veins and some scheelite, from adit dump. 

177 select 117 36 19.4 38 53 17.6 Limonite, quartz, and altered metasedmentary rock with some 
malachite, from adit dump. 

178 grab 117 36 16.2 38 53 10.4 Copper- and manganese-stained limestone with limonite, from 
pit dump. 

117 36 19.4 38 53 31.0 Quartz vein with Limonite and tourmaline, from shaft dump. 179 select 

180 grab 117 36 3 3 . 1  38 53 29.7 Outcrop of altered metasedimentary rock, some breccia, and 
quartz veins. 

117 36 36.7 38 53 9.7 Quartz vein with limonite, and shale wallrock, from pit 
dump. 

181 grab 

117 34 46.9 38 53 44 .2  Altered, silicified metasedimentary rock with limonite and 
clay, from pit dump. 

182 grab 

117 34 54 .1  38 54 22.8 Greenstone with calcite veins, chalcopyrite, and hematite, 
from pit dump. 

183 select 

184 select 

185 select 

117 34 43.7 38 54 24.4 Limonite from shaft dump. 

117 34 43.7 38 54 24.4 Quartz vein and quartz breccia with limonite, from shaft 
dump. 

186 grab 

187 grab 

188 select 

189 select 

117 34 57.7 38 53 36.0 Silicified metasedimentary rock with quartz filled vugs, 
from pit dump. 

117 35 26.5 38 53 34.9 Quartz vein with sparse malachite and chalcopyrite, from pit 
dump. 

117 35 25.8 38 53 41.1 Siliceous, argillically altered metasedimentary rock from 
pit dump. 

117 35 43.4 38 53 49.8 Limonite with relict sulfides, quartz, and malachite, from 
shaft dump. 

190 grab 117 33 8 . 6  38 54 3.4 Float of altered crystalline tuff. 

191 select 117 33 1.4 38 53 55.0 Altered lithic tuff with limonite, from pit debris. 

192 select 117 32 51.4 38 53 56.0 Iron-stained welded tuff from trench debris. 

193 grab 117 32 49.6 38 53 35.6 Altered tuff with limonite and alunite(?), from trench dump. 

194 random chip 117 33 9.4 38 53 22.2 Outcrop of slightly siliceous tuff country rock 

195 grab 117 34 46.9 38 53 11.3 Bleached, argillically altered tuff from pit dump. 

196 random chip 117 34 27.8 38 53 7 . 6  Sheared, altered limestone and clay gouge, from adit wall. 

197 random chip 117 34 30.4 38 53 21 .2  Outcrop of faulted tuff with quartz. 

198 random chip 117 35 10.3 38 53 18.2 Silicified, brecciated metasedimentary rock from pit 

199 grab 117 35 10 .7  38 53 21.4 Altered ash flow tuff from pit dump. 



TABLE A-1.--Sample locations and descriptions, Shoshone Range, Nevada--Continued. 

Sample Sample Location 
number type Longitude Latitude Sample Descriptions 

200 select 117 35 29.4 38 53 29.1 Quartz vein with pyrite, chalcopyrite, malachite, azurite, 
and iron oxides, from trench dump. 

201 select 

202 select 117 35 38.4 38 53 36.3 Quartz vein from pit dump. 

203 select 117 35 35.2 38 53 40.6 Altered greenstone with malachite and azurite, from pit 
dump. 

117 35 54.6 38 53 38.2 Quartz, argillite, and greenstone, from adit dump. 

select 117 35 47.0 38 53 30.2 Quartz vein with iron oxides, from shaft dump. 

206 select 117 35 45.2 38 53 31.7 Fault gouge and fractured metasedimentary rock, from adit 
debris. 

select 117 36 7.2 38 53 34.3 Quartz with chalcopyrite, malachite, and azurite, from pit 
dump. 

random chip 117 34 17.4 38 55 33.2 Granodiorite with hematite, from pit wall. 

random chip 117 34 24.2 38 55 38.6 'Argillically altered granodiorite from pit wall. 

210 grab 117 34 20.3 38 55 43.8 Iron-stained metasedimentary rock with calcita and quartz, 
from pit dump. 

117 34 59.5 38 52 32.2 Altered, fractured limestone with quartz veins and limonite, 
from pit dump. 

select 117 34 58.4 38 52 35.0 Quartz vein with pyrite, malachite, and covellite(?), from 
adit dump. 

select 117 34 44.4 38 52 28.6 Quartz vein with tetrahedrite and chalcopyrite, from adit 
dump 

214 random chip 117 34 2.6 38 52 41.7 Outcrop of rhyolitic quartz stockwork and crackle breccia. 

random chip 117 33 53.6 38 52 26.7 Rhyolitic crackle breccia from pit. 

random chip 117 34 37.2 38 52 31.5 Outcrop of fractured jasperoid with clay and limonite 
fracture fillings. 

217 grab 

218 select 

117 31 17.4 38 55 1.7 Weathered, altered tuff from pit dump. 

117 35 54.6 38 54 1.9 Metasedimentary rock with tourmaline and quartz, from pit 
dwnp . 

117 36 27.4 38 53 6.8 Quartz vein with' limonite and argillite, from pit dump. 219 select 

220 select 1173622.7 3853 6.8 A l t e r e d , s h e a r e d q u a r t z w i t h p y r i t e . c h l o r i t e , a n d l i m o n i t e ,  
from pit dump. 

221 random chip 117 36 31.0 38 53 4.3 Quartz vein with pyrite and hematite, from adit dump. 

222 select 117 36 37.8 38 53 2.1 Quartz with pyrite, chalcopyrite, galena, sphalerite, and 
tetrahedrite, from adit dump. 

223 sble'it 

224 select 

225 grab 

117 36 22.3 38 52 53.2 Quartz with limonite and hematite, from shaft dump. 

117 36 20.2 38 52 57.2 Chloritized breccia with pyrite, from shaft dump. 

117 36 4.7 38 52 58.4 Quartz with limonite and argillite, from pit dump. 
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S q l e  Semple Location 
nunber type Longitude Latitude Samwle Descriptions 

226 select 117 35 54.6 38 52 56.9 Quartz vein from pit dump. 

227 select 117 35 48.5 38 52 55.0 Quartz vein and quartz stockwork with limonite, from adit 
dump. 

228 select 117 35 41.6 38 52 53.9 Quartz with pyrite and malachite, from shaft dump. 

229 select 117 35 37.0 38 53 6 . 1  Quartz vein with sparse sulfides, from shaft dump. 

230 select 117 35 37.7 38 53 15 .1  Quartz stockwork in argillite with limonite, from shaft 
dump. 

231 select 117 35 44.5 38 52 57.9 Quartz with limonite and hematite, from shaft dump. 

232 select 117 36 11.2 38 52 53.7 Quartz vein with altered pyrite and secondary quartz, from 
adit dump. 

233 grab 117 35 57.5 38 52 43.4 Quartz vein with malachite, from pit dump. 

234 grab 117 35 54.6 38 52 50 .1  Fractured, silicified shale from pit dump. 

235 grab 117 36 14.0 38 52 39.0 Quartz with chalcopyrite, limonite, and jasper, from pit 
dump. 

236 select 117 36 16.2 38 52 39.8 Argillically altered metasedimentary rock with abundant 
malachite, from pit dump. 

237 select 117 36 16.2 38 52 32.9 Fluorite vein with altered metasedimentary rock, from pit 
dump. 

238 select 117 36 16.2 38 52 32.9 Fractured conglomerate with clay and limonite, from pit 
dump. 

117 36 8.3 38 52 2 9 . 1  Banded fluorite with some interbedded calcite, from trench 
dump. 

239 select 

240 grab 117 36 1.1 38 52 33 .8  Botryoidal fluorite with limestone, from pit dump. 

241 select 117 35 48 .1  38 52 36.0 Altered limestone with quartz and clay, from trench dump. 

242 select 117 35 59.3 38 52 23 .8  Quartz vein with iron oxides, from pit dump. 

243 select 117 35 13.2 38 52 3 0 . 5  Massive fluorite with gypsum and quartz, from adit. 

245 select 117 34 51.8 38 52 56.9 Limestone stained by limonite, from pit dump. 

246 select 117 36 17.3 38 52 6 . 9  Vein of botryoidal fluorite from pit debris 

247 select 117 36 17.3 38 52 6 . 9  Faulted, altered limestone with fluorite breccia, from pit 
debris. 

248 select 117 36 8 .3  38 5 1  58.3 Iron-stained metasedimentary rock with pods of fluorite, 
from pit dump. 

249 select 

250 select 

251 select 

252 select 

117 36 6 . 8  38 52 0 . 2  Limonite with some quartz, from pit dump. 

1 1 7 3 5 2 3 . 3  3 8 5 1 4 9 . 7  O u t c r o p o f s h e a r e d s h a l e w i t h l i m o n i t e .  

117 35 1 2 . 1  38 5 1  32.7 Quartz with sparse sulfides, from shaft dump. 

117 35 13.9 38 5 1  28 .8  Greenstone with malachite and azurite, from pit dump. 
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Sample Smple Location 
number type Longitude Latitude Sample Descriptions 

select 117 35 21.1 38 51 34.3 Quartz with iron and manganese oxides, from shaft dump. 

select 117 35 9.6 38 51 41.0 Argillically altered metasedimentary rock with malachite, 
from trench dump. 

select 

select 117 34 54.1 38 51 30.6 Quartz vein with chalcopyrite, pyrite, malachite, from shaft 
dump. 

select 117 35 1.3 38 51 26.5 Quartz with pyrite. galena, and chalcopyrite, from edit 
dump. 

select 117 34 52.3 38 51 16.3 Altered metasedimentary rock with pyrite, from shaft dump. 

select 117 34 48.0 38 51 19.5 Limestone, and quartz with streaks of fine sulfides and 
copper oxides, from adit dump. 

select 117 35 8.9 38 51 17.1 Quartz with oxides of iron and copper, from pit dump. 

random chip 117 34 23.9 38 50 43.9 Silicified limestone with chalcopyrite, galena, pyrite, and 
sphalerite, from adit room pillar. 

random chip 117 34 23.9 38 50 43.9 Silicified limestone with chalcopyrite, galena, pyrite, and 
sphalerite, from stope wall. 

random chip 117 34 23.9 38 50 43.9 Altered shale with clay and iron oxides, from adit wall. 

random chip 117 34 24.2 38 50 46.2 Iron-stained shale from open pit debris. 

265 select 117 34 58.8 38. 51 46.9 Greenstone breccia with massive cuprite, chalcopyrite, 
malachite and azurite, from shaft dump. 

266 select 117 34 44.0 38 51 44.0 Quartz with disseminated pyrite, from adit dump. 

267 select 117 34 43.0 38 51 33.0 Quartz with chalcopyrite, pyrite, and tetrahedrite. from 
shaft dump. 

268 select 117 34 43.0 38 51 52.0 Quartz with manganese, iron oxides, and sparse pyrite, from 
pit dump. 

269 select 117 34 42.6 38 52 0.2 Silicified siltstone with quartz veinlets and some pyrite. 
from pit dump. 

270 select 117 34 55.6 38 52 3.7 Quartz vein with chalcopyrite and iron oxides, from trench 
dump. 

271 select 117 34 32.5 38 52 6.0 Siliceous limestone with limonitic jasper and quartz 
breccia, from pit dump. 

272 select 117 34 52.7 38 52 20.1 Metasedimentary breccia with quartz and malachite, from 
trench dump. 

273 select 

274 grab 

117 34 53.4 38 52 15.8 Quartz with sparse pyrite, from adit dump. 

117 34 18.8 38 51 58.0 Outcrop of silicious metasedimentary breccia. 

117 35 4.6 38 51 14.0 Fractured quartz with chalcopyrite, pyrite, and malachite, 
from shaft dump. 

275 select 

117 35 4.2 38 51 8.1 Stockpile of quartz vein with pyrite, chalcopyrite, and 
malachite. 

276 select 
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number type Longitude Latitude S a m l e  Desorivtions 

277 se lec t  117 34 57.0 38 51 10.4 Sheared metasedimentary rock with malachite and anker i te ,  
from shaf t  dump. 

278 se lec t  117 34 50.9 38 51 1.5 Quartz and metasedimentary rock with malachite,  from sha f t  
dump. 

117 34 44.4 38 51 10.5 Metasedimentary rock with p y r i t e ,  malachite,  azur i t e ,  and 
anker i te ,  from sha f t  dump. 

279 se lec t  

280 se lec t  117 34 49.1 38 50 54.1 Quartz ore  with pyr i t e ,  chalcopyri te ,  malachite, and sparse 
galena, from inclined s h a f t  dump. 

281 random chip 117 34 43.7 38 50 47.5 Outcrop of s i l i c i f i e d  metasedimentary rocks with i ron  
oxides. 

282 s e l e c t  117 34 58.4 38 50 59.9 Quartz with l imonite and p y r i t e ,  from s h a f t  dump. 

283 grab 117 33 52.6 38 50 51.8 S i l i c i f i e d  a r g i l l i t e  with i ron  oxides and sparse pyr i t e ,  
from a d i t  dump. 

284 grab 117 33 52.9 38 51 1 .0  Arg i l l i ca l ly  a l t e red  a r g i l l i t e  from s h a f t  dump. 

285 s e l e c t  117 33 55.8 38 51 35.0 Quartz and boxwork limonite wi th  weathered pyr i t e ,  from 
sha f t  dump. 

286 s e l e c t  

287 s e l e c t  

117 34 17.4 38 50 48.7 Fractured ,quartz with weathered su l f ides ,  from sha f t  dump. 

117 34 18.5 38 51 0.0 Limonite and sheared, a l t e red  metasedimentary rock, from 
sha f t  dump. 

288 grab 

289 s e l e c t  

117 34 25.3 38 51 14.5 Fractured a r g i l l i t e  with i ron  oxides,  from s h a f t  dump. 

117 34 32.5 38 51 3 .5  Limonite and quartz breccia with weathered su l f ides ,  from 
a d i t  dump. 

290 s e l e c t  

291 s e l e c t  

292 s e l e c t  

293 grab 

117 34 25.3 38 50 52.0 Quartz vein with pyr i t e ,  galena, and spha le r i t e ,  from a d i t  
dump. 

117 34 31.8 38 51 10.3 Quartz with pyr i t e .  galena, and spha le r i t e ,  and s i l i c i f i e d  
a r g i l l i t e ,  from a d i t  dump. 

117 34 36.1 38 51 8.9 Calci te  vein and breccia  with azur i t e ,  malachite, and 
limonite,  from sha f t  dump. 

117 34 41.5 38 50 58.1 S i l i c i f i e d  metasedimentary rocks with pyr i t e .  malachite, and 
quartz,  from sha f t  dump. 

294 grab 1 1 7 3 4 4 2 . 6  3 8 5 0 4 3 . 7  Silicifiedmetasedimentaryrockswithfinelydisseminated 
p y r i t e ,  from a d i t  dump. 

295 s e l e c t  

296 grab 

297 grab 

298 grab 

299 grab 

117 34 0.5 38 52 15.2 Limestone with c a l c i t e  veins ,  from trench dump. 

117 33 58.3 38 50 45.9 Limonite with quartz ve in le t s ,  from p i t  dump. 

117 34 7.3 38 50 50.2 S i l i c ious  l imonite from p i t  dump. 

117 30 34.2 38 51 50.9 S i l i c ious  metasedimentary rock with jasper veins ,  from p i t  
dump. 

117 30 29.5 38 51 54.3 Altered metasedimentary rock with i ron  and copper oxides. 
from dozer cut .  

300 grab 
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Sample Sample Location 
number t m o  Lonrri tude Latitude Sample Descriptions 

301 select 1173030.2 385141.9 

302 grab 117 30 15.1 38 51 44.6 

303 random chip 117 30 16.6 38 50 59.5 

304 select 117 30 33.1 38 51 1.0 

Argillically altered tuff from shaft dump. 

Altered rhyolite with limonite, from pit dump. 

Altered andesite lava and breccia, from dozer trench. 

Skarn and silicious limestone breccia with malachite. from 
trench dump. 

305 grab Silicified limonite and limestone, from trench dump. 

306 grab 117 31 16.3 

307 random chip 117 31 7.3 

Lithic tuff with limonite, from trench dump. 

Altered. faulted dolomite from trench wall. 

308 select Weathered limonite from dozer trench. 

309 select Silicified dolomite with malachite and azurite, from shaft 
dump. 

select Stockpile of altered limestone with malachite, azurite, and 
turquoise. 

grab 

grab 

grab 

grab 

grab 

grab 

random chip 

grab 

select 

select 

grab 

grab 

select 

Weathered vitric tuff from trench dump. 

Lithic tuff with limonite, from trench dump. 

Iron-stained vitric tuff from pit dump. 

Sheared tuff from trench dump. 

Altered lithic tuff from trench dump. 

Altered rhyolite with iron oxides, from pit dump. 

Outcrop of altered lithic tuff. 

Weathered diorite from trench dump. 

Diorite with quartz veinlets and hematite, from pit dump. 

Altered lithic tuff from pit dump. 

Vitric tuff from pit dump. 

Argillically altered tuff from pit dump. 

Metasedimentary rocks with jasperoid and Liesegang banding, 
from shaft dump. 

324 select 

325 select 

326 select 

327 select 

328 select 

117 35 11.0 38 50 35.1 Limestone with limonite and stibnite(?), from adit dump. 

117 34 29.6 38 50 43.9 Silicified limestone and limonite, from adit dump. 

117 34 22.1 38 50 36.4 Skarn and faulted limestone, from shaft dump. 

117 34 23.2 38 50 37.8 ' Quartz with pyrite, galena, and sphalerite, from adit dump. 

Fluorite and minor calcite in quartz breccia, from adit 
dump. 

329 grab Iron-stained quartz breccia with calcite and fluorite, from 
pit dump. 



TABLE A-1.--Sample locations and descriptions, Shoshone Range, Nevada--Continued. 

Sample Sample Location 
number t m e  Lon~itude Latitude Samule Descriptions 

330 select 

331 grab 

332 select 

333 grab 

334 select 

335 select 

336 select 

337 select 

338 grab 

117 34 32.9 38 50 29.2 Outcrop of silicified limestone with veinlets of fluorite. 

Limonite and silicified limestone, from trench dump. 

Limonite and altered limestone, from shaft dump. 

Altered, weathered lithic tuff from pit dump. 

Stockpile of quartz with limonite and weathered sulfides. 

Limonite and boxwork limonite with pyrite, chalcopyrite and 
malachite, from dump of inclined shaft. 

Marble with manganese stains, from pit dump. 

Massive botryoidal fluorite and sheared limestone, from adit 
dump. 

Sheared limestone from adit dump. 

339 random chip 117 34 38.3 38 49 46.8 Limestone with cavities filled with fluorite. from adit 
portal. 

340 select 117 34 32.9 38 49 54.4 

341 select 117 34 37.2 38 49 26.7 

342 random chip 117 34 18.8 38 50 7.5 

343 select 117 34 16.7 38 49 49.8 

344 grab 117 34 19.6 38 49 43.7 

345 select 117 34 21.0 38 49 30.0 

346 select 117 34 32.2 38 49 21.0 

347 grab 

348 grab 

349 select 

350 grab 

351 grab 

352 select 117 35 22.9 38 49 40.0 

353 random chip 117 35 16.4 38 49 13.4 

354 random chip 117 34 48.0 38 49 3.4 

355 select 117 34 33.6 38 48 56.8 

Silicified limestone and limonitic boxwork with malachite 
and azurite, frcm shaft dump. 

Limestone with iron oxides, from adit dump. 

Altered tuff with clay, from pit wall. 

Limonite, jasper, and altered limestone with iron oxides, 
from pit dump. 

Altered metasedimentary rock with iron oxides, from pit 
dump. 

Silicified limestone with disseminated pyrite, quartz and 
limonite, from shaft dump. 

Stockpile of limonite and altered limestone with abundant 
malachite, azurite, turquoise, cuprite, and stibnite(?). 

Altered dacite dike with iron oxides, from pit debris. 

Stockpile of bomrork limonite with quartz. 

Altered limestone with iron oxides, from adit dump. 

Siliceous limestone breccia and skarn, from shaft dump. 

Silicified limestone and jasper with limonite and secondary 
quartz, on fractures from pit dump. 

Iron-stained jasperoid and limestone breccia, from drill 
site debris. 

Outcrop of massive jasperoid with limonite. 

Outcrop of faulted, altered limestone. 

Silicified limestone with malachite and azurite, from shaft 
dump. 
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Sample Sample Location 
number t w e  Longitude Latitude Ssmple D e s c r i ~ t i o n s  

356 s e l e c t  117 34 45.8 38 48 44.5 Iron-stained jasperoid from d r i l l  pad debris 

357 random chip 117 34 34.7 38 48 44.0 Altered v i t r i c  tu f f  from p i t  dump. 

358 se lec t  117 34 33.6 38 49 1.5 S i l i c i f i e d  limestone with radiat ing s t i b n i t e  c rys ta l s  
a l tered t o  s t ib icon i te ,  from shaft  dump. 

359 placer 

360 grab 

361 grab 

362 se lec t  

117 34 32.9 38 57 52.2 Sand and gravel i n  small stockpile.  

117 36 19.1 38 48 39.8 Iron-stained, sheared a r g i l l i t e  from trench dump. 

11736 9.0 384835.6 Iron-stainedquartzitefraapitdump. 

117 36 10.1 38 48 24.9 Argi l l i t e  and jasperoid, from p i t  dump. 

363 randomchip 1173534.8 384816.5 Outcropoflimoniticjasperoid. 

364 s e l e c t  117 35 36.2 38 48 18.9 Slope debris of limestone beneath jasperoid cap. 

365 se lec t  117 35 29.4 38 48 35.5 Altered shale beneath jasperoid cap, from shaf t  dump. 

366 grab 

367 s e l e c t  

117 36 25.6 38 48 16.9 Iron-stained interbedded limestone and shale  from p i t  
debris.  

117 36 31.0 38 48 4.8 Limonite, limestone breccia, and quartz vein with i ron 
oxides, from p i t  dump. 

368 random chip 117 36 16.6 38 47 44.3 Outcrop of s i l i c a  flooded breccia. 

369 grab 117 36 8.6 38 47 25.5 Float of iron-stained chert.  

370 random chip 117 36 3.6 38 47 0.5 Altered welted tu f f  from slope debris.  

371 random chip 117 36 12.6 38 46 26.8 Outcrop of welted t u f f  and jasperoid. 

372 grab 117 36 7.9 38 45 54.4 Float of a l tered t u f f .  

373 grab 117 36 15.5 38 45 34.6 Altered t u f f s  from trench dump. 

374 se lec t  117 35 49.9 38 43 42.1 S i l i c i f i e d  tu f f  with limonite, from a d i t  dump. 

375 random chip 117 35 47.4 38 43 40.2 Quartz vein i n  fractured t u f f  with weathered pyr i t e ,  from 
p i t .  

376 grab 

377 s e l e c t  

378 se lec t  

117 35 54.6 38 43 56.0 Float of a l tered t u f f .  

117 34 27.1 38 42 33.4 Fault gouge with weathered su l f ides ,  from a d i t  por ta l  
debris.  

117 34 26.0 38 42 30.3 Stockpile of quartz with pyr i t e ,  chalcopyrite,  galena. 

379 number not used 

380 number not used 

381 grab 117 35 14.3 38 38 22.9 Altered tuff  from trench dump. 

382 grab 11735 4.9 383830.6 G o u g e a n d a r g i l l i c a l l y a l t e r e d t u f f , f r a a p i t d u m p .  

383 grab 117 34 59.9 38 38 58.2 Altered, fractured t u f f  from p i t  dump. 

384 random chip 117 34 45.1 38 39 2.6 Tuff from p i t  wall.  
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Sample Sample Location 
number t m e  Longitude Latitude Samle Descriptions 

385 random chip 117 34 51.6 38 38 59.1 Argillically altered tuff from pit wall. 

386 random chip 117 34 30.0 38 38 40.5 Altered ash fall tuff weathered to clay, from pit wall. 

387 random chip 117 34 38.3 38 38 27.6 Iron-stained tuff and clay, from trench wall. 

388 random chip 117 32 12.8 38 39 36.4 Fault gouge and altered tuff with iron oxides, from pit 
wall. 

117 32 lg.'i 3h 3'9 30.7 Silicified, iron-stained tuff, and clay, from shaft dump. 389 grab 

390 grab 117 32 8.5 38 39 12.8 Bleached tuff with drusy quartz on fractures, from shaft 
dump. 

391 grab 117 32 7.4 38 39 7.3 Silicified tuff with weathered pyrite and drusy quartz, from 
pit debris. 

392 grab 117 32 16.1 38 39 17.3 Silicified tuff with Liesegang banding and chloritic 
alteration, from trench debris. 

393 grab 117 33 11.2 38 38 49.2 Welded tuff with Liesegang banding, from pit dump. 

394 grab 117 33 9.4 38 38 46.4 Silicified, bleached tuff breccia from shaft dump. 

395 grab 117 32 53.5 38 38 55.1 Iron-stained. siliceous tuff breccia from shaft dump. 

396 grab 117 32 43.4 38 38 52.0 Quartz vein. and altered, silicified tuff with sparse 
pyrite, from pit dump. 

397 grab 117 32 49.6 38 39 8.1 Float of silicified tuff with quartz stringers. 

398 random chip 117 32 55.7 38 38 35.6 Iron-stained rhyolite tuff breccia and clay, from adit 
portal. 

-799 select 117 32 51.7 38 38 34.8 Silicified tuff with secondary quartz on fractures, from 
adit dump. 

400 select 117 32 44.9 38 38 31.7 Silicified tuff breccia with limonite and chlorite, from 
shaft dump. 

401 select 

402 grab 

403 select 

117 32 47.4 38 38 46.8 Silicified tuff breccia with limonite, from shaft dump. 

117 32 42.7 38 38 46.5 Outcrop of volcanic ash and banded chert. 

117 32 44.9 38 38 31.6 Silicified tuff with quartz, chlorite. and limonite, from 
shaft dump. 

404 grab 

405 grab 

406 grab 

407 grab 

408 select 

409 grab 

117 32 14.6 38 38 44.2 Altered quartz breccia from shaft dump. 

117 32 8.9 38 38 47.4 Altered, silicified tuff with hematite, from shaft dump. 

117 31 57.0 38 38 48.3 Fractured, silicified tuff with limonite, from adit dump. 

117 31 52.7 38 38 41.9 Silicified rhyolitic tuff from trench dump. 

117 31 56.3 38 38 33.7 Faulted tuff with quartz and limonite, from pit dump. 

117 32 33.0 38 38 41.1 Silicified rhyolitic tuff with limonite after pyrite, from 
shaft dump. 

117 32 4.9 38 38 58.3 Silicified, iron-stained crystal tuff and tuff breccia, from 
pit debris. 

410 grab 
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Sample Sample Location 
nratber t m e  Lonsi tude Latitude Sam~le  Descriptions 

411 grab 

412 grab 

117 32 28.0 38 38 57.0 Bleached, a l tered tuff  with s i l i c a  a l t e ra t ion ,  from p i t  
dump. 

117 32 19.7 38 38 38.5 Bleached, a r g i l l i c a l l y  a l tered,  s i l i c i f i e d  tu f f  from ad i t  
dump. 

413 random chip 117 32 27.2 38 38 15.0 Argi l l ical ly  a l tered,  s i l i c i f i e d  tu f f  with Liesegang banding 
and some chlor i te ,  from p i t .  

414 se lec t  117 32 33.0 38 38 8.6 Chloritized tu f f  with limonite, from shaf t  dump. 

415 grab 117 31 59.2 38 38 28.6 Outcrop of bleached, s i l i c i f i e d  tu f f  with weathered pyri te .  

416 random chip 117 32 6.4 38 38 24.5 Fractured, s i l i c i f i e d  tu f f  with quartz veinlets ,  f r m  p i t .  

417 grab 117 32 1.7 38 38 15.4 Altered crystal  t u f f  with some quartz,  from p i t  dump. 

418 se lec t  117 32 6.7 38 37 57.9 Argi l l ical ly  a l t e red ,  chlor i t ized,  fractured t u f f ,  from ad i t  
dump. 

419 grab 

420 grab 

421 grab 

422 grab 

117 31 55.2 38 38 3.0 Bleached. a l tered tu f f  with some secondary quartz on 
fractures ,  from p i t  dump. 

117 32 52.4 38 38 22.7 S i l i c i f i e d  tu f f  with Liesegang banding, from p i t  dump. 

117 32 59.6 38 38 19.7 Intensely a r g i l l i c a l l y  a l tered t u f f  with i ron and manganese 
oxides, from trench dump. 

117 34 9.1 38 38 15.2 S i l i c i f i e d  tu f f  with limonite,  from p i t  dump. 

423 random chip 117 33 58.7 38 38 11.5 Faulted, a r g i l l i c a l l y  a l tered t u f f  from p i t .  

424 random chip 117 34 5.2 38 38 10.3 Fractured, a l tered welded t u f f  with i ron oxides, from trench 
wall. 

425 random chip 117 33 24.5 38 38 2.2 Argi l l ical ly  a l tered t u f f  from open p i t  wall. 

426 number not  used 

427 grab 117 33 21.6 38 38 28.8 S i l i c i f i e d  tu f f  breccia from shaf t  dump. 

428 random chip 117 33 2.5 38 38 28.0 S i l i c i f i e d  tuff  breccia with clay and i ron oxides. from 
shaft  co l l a r .  

429 se lec t  

430 grab 

431 grab 

432 grab 

433 grab 

434 grab 

435 grab 

436 grab 

437 grab 

117 33 0.4 38 38 24.6 S i l i c i f i e d  tu f f  breccia with i ron oxides, from p i t  dump. 

117 33 51.1 38 38 27.8 Iron-stained rhyo l i t i c  breccia from shaf t  dump. 

117 31 41.2 38 37 38.6 Iron-stain rhyol i te  and quartz,  from trench dump. 

117 31 23.9 38 37 31.1 Weathered tuff  debris from dozer cut .  

117 31 11.6 38 37 48.3 Altered rhyo l i t i c  tu f f  with i ron  and manganese oxides. from 
trench dump. 

117 31 20.3 38 37 46.3 Argi l l ical ly  a l tered t u f f  with limonite. from p i t  dump. 

117 30 54.7 38 37 31.0 Siliceous tuff  with chalcedony, from dozer cut debris.  

117 30 51.5 38 37 39.7 Quartz vein and welted t u f f .  from shaft  dump. 

117 31 17.8 38 38 34.2 Fractured, s i l i c i f i e d  welded t u f f  from shaf t  dump. 
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438 random chip 117 31 25.3 38 38 26.6 Altered, fractured tuff from shaft collar. 

439 grab 117 31 31.4 38 38 35.2 Argillic, siliceous tuff breccia with some chlorite, from 
pit dump. 

440 random chip 117 31 28.9 38 38 27.0 Silicified tuff with limonite, from pit. 

441 grab 117 31 36.1 38 38 22.2 Altered, silicified tuff breccia with limonite, from pit 
dump. 

442 random chip 117 31 39.4 38 38 25.0 Fractured, silicified tuff from adit portal. 

grab Altered, welded tuff breccia with iron oxides, from shaft 
dump. 

Silicified, fractured tuff with limonite, from shaft dump. grab 

grab 

chip 

Bleached, silicified tuff from pit dump. 

Across 3.05 m (10 ft) of altered tuff breccia with limonite, 
from drill site. 

Outcrop of intensely brecciated and silicified tuff with 
iron oxides. 

random chip 117 31 2.6 38 38 14.5 

Altered, silicified tuff breccia from pit dump. 

Altered, silicified tuff breccia from adit dump. 

Silicified tuff breccia with iron oxides and Liesegang 
banding, from dozer trench. 

Altered tuff breccia with iron oxides, from trench debris. grab 

select Silicified tuff breccia with veinlets of quartz and fine 
cinnabar, from adit dump. 

Altered lapilli tuff with veinlets of chalcedony, fluorite, 
cinnabar, and autunite, from adit dump. 

select 

454 grab Bleached rhyolitic tuff with secondary quartz, from pit 
dump. 

455 grab 1 1 7 ~  4.3 3 . 4 3 e 4 1 . ~  

456 grab 117 31 15.6 38 38 43.2 

457 random chip 117 31 36.1 38 38 49.6 

Tuff and chalcedony. from adit dump. 

Faulted, iron-stained rhyolite from shaft dump. 

Altered, iron-stained tuff breccia and gouge, from adit 
portal. 

Silicified tuff with iron oxides and weathered pyrite, from 
trench dump. 

Across 0.61 m (2 ft) of fault gouge and siliceous tuff, frwi 
adit wall. 

Altered tuff breccia with quartz, from shaft dump. 

Bleached tuff with secondary quartz and limonite on 
fractures, from adit dump. 

Iron-stained tuff from pit dump. 

458 grab 

459 chip 

460 grab 

461 grab 

462 grab 
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463 grab 

464 chip 

117 31 32.5 38 39 6.8 Iron-stained rhyolite from adit dump. 

117 30 17.3 39 4 8.8 Across 0.3 m (1 ft) of chloritized, silicified tuff from 
adit wall. 

465 grab 117 30 18.0 39 4 13.9 Fractured, chloritized. silicified tuff from shaft dump. 

466 grab 117 30 47.2 39 3 24.0 Silicified tuff breccia from adit dump. 

467 grab 117 31 0.1 39 3 11.5 Silicified tuff breccia with iron oxides and quartz 
stringers, from adit dump. 

468 grab 117 30 45.4 39 3 38.2 Silicified tuff breccia with iron oxides and chalcedony, 
from pit dump. 

469 random chip 117 29 57.5 39 4 24.2 Fractured, silicified tuff and jasperoid, from pit. 

470 grab 117 29 11.0 39 5 6.1 Iron-stained. argillically altered tuff from pit dump. 

471 grab 117 29 8.9 39 5 8.4 Altered, fractured tuff with limonite. from shaft dump. 

472 grab 117 29 21.1 39 5 2.5 Fault gouge with quartz stringers, from shaft dump. 

473 random chip 117 29 19.0 39 5 1.4 Fault gouge with quartz stringers, in adit wall. 

474 grab 117 29 25.8 39 5 0.0 Silicified tuff with quartz veinlets, from pit dump. 

475 random chip 117 29 27.2 39 4 56.4 Faulted tuff and gouge with iron oxides and quartz veins, in 
adit wall. 

476 grab 117 29 10.3 39 5 2.8 Altered, tuffaceous sandstone with Liesegang banding, from 
trench dump. 

117 28 57.7 39 5 15.4 Across 0.7 m (1.5 it) of silicified, iron-stained tuff 
breccia from adit wall. 

477 chip 

478 grab 

479 chip 

117 28 56.3 39 5 16.4 Tuff breccia from pit dump. 

117 28 29.6 39 5 52.1 Across 0.38 m (1.25 ft) of gouge with quartz stringers, from 
adit well. 

117 28 39.7 39 5 42.5 Fault gouge and tuff breccia with quartz stringers, from 
adit dump. 

480 grab 

117 28 34.0 39 5 48.0 Silicified, fractured tuff with chlorite and quartz 
veinlets, from adit dump. 

481 grab 

482 random chip 117 34 14.5 38 56 30.0 Quartz vein w i e  galena and malachite, from pit wall. 

483 select 117 33 18.0 38 56 14.4 Greenstone with veinlets of cinnabar, from pit debris. 

484 chip 117 28 13.1 39 5 26.4 Across 0.91 m (3 ft) of iron-stained tuff breccia in adit 
wall. 

485 grab 117 27 46.1 39 5 38.9 Altered, silicified tuff with iron and manganese oxides, 
from pit dump. 

117 27 54.4 36 5 54.6 Andesite breccia with quartz blebs, from adit dump. 486 grab 

487 chip 117 28 6.2 39 5 58.5 Across 0.61 m (1 ft) of gouge and andesite breccia with 
quartz stringers from adit wall. 

117 27 36.7 39 5 36.7 Iron-stained tuff breccia from adit dump. 488 grab 
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489 grab 117 27 27.4 39 5 42.9 Outcrop of iron-stained tuff and tuff breccia. 

490 grab 117 27 7.2 39 5 53.7 Outcrop of fractured tuff at drill site. 

491 grab 117 27 18.0 39 6 10.2 Float of rhyolitic tuff with iron stains. 

492 grab 117 34 40.4 39 1 48.4 Siliceous rhyolite breccia with argillic alteration, from 
adit dump. 

493 select 117 34 41.5 39 1 49.4 Silicified rhyolite breccia with argillic alteration, from 
adit dump. 

494 select 117 34 42.6 39 1 44.9 Argillic altered rhyolite with limonite after pyrite, from 
adit dump. 

495 grab 117 34 48.7 39 1 45.4 Rhyolite breccia with quartz blebs, from adit dump. 

496 grab 117 34 48.7 39 1 48.8 Silicified, iron-stained rhyolite from shaft dump. 

497 grab 117 34 49.4 39 1 10.3 Altered rhyolite with limonite after pyrite, from pit dkp. 

498 grab 117 35 1.7 39 0 57.9 Quartz latite with chloritic alteration, from pit drrmp. 

499 random chip 117 33 12.2 38 56 2.8 Shale with cinnabar on fractures, from trench wall. 

500 select 117 33 14.8 38 55 2.4 Silicified tuff with iron oxides, from retort stockpile. 

501 select 117 35 31.2 38 51 29.7 Stockpile of barite. 

502 grab 117 20 33.7 39 15 31.5 Silicified tuff breccia with chalcedony, from pit dump. 

503 grab 117 20 16.1 39 15 37.6 Altered tuff breccia with chalcedony and iron oxides, from 
pit dump. 

504 select 117 20 39.5 39 15 22.2 Altered, fractured tuff with iron oxides and stibnite, from 
shaft dump. 

505 grab 

506 grab 

507 select 

117 37 47.3 39 3 36.8 iron-stained tuff breccia from trench dump. 

117 33 49.7 39 7 30.2 Fault gouge with chalcedony, from adit dump. 

117 32 57.5 39 7 35.0 Quartz and limonitic boxssork with sparse pyrite and galena, 
from adit dump. 

117 32 35.9 39 7 19.9 Andesite breccia with quartz infilling and gouge, from shaft 
dump. 

508 select 

509 select 

510 select 

511 select 

512 select 

117 32 43.8 39 7 17.1 Andesite breccia with quartz flooding, from adit dump. 

117 32 52.1 39 7 6.2 Andesite breccia with quartz stringers, from adit dump. 

117 32 46.0 39 6 29.7 Altered andesite with pyrite, from adit dump. 

117 33 13.3 39 7 59.5 Quartz vein with weathered sulfides. ankerite. and 
malachite, from adit dump. 

117 33 15.1 39 8 4.6 Stockpile of quartz vein and quartz breccia with weathered 
sulfides and malachite, from adit dump. 

513 select 

514 grab 

515 select 

117 33 41.4 39 8 9.1 Outcrop of altered tuff and tuff conglomerate. 

117 33 52.9 39 7 51.4 Altered andesite with weathered sulfides, iron oxides and 
malachite, from shaft dump. 
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chip  117 33 33.8 39 7 8 . 1  Across 0.3 m ( 1  f t )  of f rac tured andesi te ,  gouge, and 
quar tz ,  i n  p i t  wal l .  

s e l e c t  117 33 4.0 39 7 48.1 Stockpile of quar tz  with p y r i t e ,  galena, chalcopyrite,  i n  
ore  b in .  

518 s e l e c t  

519 s e l e c t  

-. .' 
117 32 55.7 39 8 0.6 Stockpile of andesi te  breccia  and quar tz  with galena, and 

chalcopyrite.  and l imonite.  

117 33 7.9  39 7 51.4 Quartz with weathered p y r i t e  and galena, from a d i t  dump. 

grab 117 34 53.0 38 56 53.3 

s e l e c t  117 32 25.1 39 7 15.7 

random chip 117 32 28.7 39 7 50.3 

random chip 117 32 31.2 39 7 49.8 

s e l e c t  1 1 7 3 2 3 5 . 5  39 7 5 8 . 4  

s e l e c t  

s e l e c t  

527 grab 

528 grab 

529 grab 

530 grab 

531 s e l e c t  

532 s e l e c t  

533 grab 

534 s e l e c t  

535 s e l e c t  

536 grab 

537 grab 

538 grab 

539 random chip 117 35 23.3 39 3 36.1 

540 random chip 117 35 8.2 39 3 9.0 

Metasedimentary breccia  with quar tz  s t r i n g e r s  and i ron  
oxides,  from p i t  dump. 

Quartz,  gouge, and faul ted  andesi te ,  from p i t  dump. 

Quartz,  gouge and f rac tured andesi te  with p y r i t e ,  
chalcopyrite,  and malachite,  from a d i t  wal l .  

Fracture quar tz  with p y r i t e ,  galena, and chalcopyr i te ,  from 
s tope p i l l a r .  

Andesite with p y r i t e ,  galena, and chalcopyr i te ,  from a d i t  
dump - 
Quartz with py r i t e ,  galena, chalcopyr i te ,  from p i t  dump. 

Stockpile of quar tz  with p y r i t e ,  galena, chalcopyr i te ,  near 
o ld  m i l l  s i t e .  

Altered t u f f  i n  a d i t  dump. 

Float  of a l t e red  andesi te  with Liesegang banding. 

Altered t u f f  with l imonite,  from p i t  dump. 

Amygdaloidal r h y o l i t e  and r h y o l i t i c  b recc ia ,  from h i l l s i d e  
cu t  dumps. 

Quartz and andesi te  with p y r i t e ,  galena, and l imonite,  from 
a d i t  dump. 

Quartz breccia  and gouge, from s h a f t  dump. 

Si l iceous  conglomerate from p i t  dump. 

Altered limestone and s c h e e l i t e ,  from a d i t  dump. 

Quartz vein i n  andesi te  with weathered su l f ides  and i r o n  
oxides,  from a d i t  dump. 

Float  of a l t e red ,  f rac tured t u f f  with Liesegang banding. 

Float  of weathered t u f f .  

Altered t u f f  breccia  with c h l o r i t e  and i r o n  oxides,  from p i t  
debr is .  

A r g i l l i c a l l y  a l t e red  b a s a l t  from trench wal l .  

Faulted b a s a l t  with l imonite,  from trench wall .  



TABLE A-1.--Sample locations and descriptions, Shoshone Range. Nevada--Continued. 

Sample Sample Location 
number type Longitude Latitude Sample Descrivtions 

541 chip 117 36 24.5 38 52 56.1 Across 0.3 m ( 1  ft) of quartz and fractured phyllite with 
iron oxides and malachite, from adit wall. 

542 random chip 117 35 11.4 38 49 36.4 Outcrop of jasperoid. 

543 grab 117 35 21.8 38 49 34.6 Limestone breccia with sparse stibnite, from adit dump. 

544 select 

545 select 

546 select 

547 grab 

117 30 51.5 38 38 29.7 Iron-stained tuff with quartz veinlets. 

117 30 50.5 38 37 32.5 Iron-stained, bleached tuff. 

117 30 51.1 38 37 32.2 Drill cuttings of tuff. 



TABLE A-2.--Sample Analyses, Shoshone Range, Nevada 
(Analyses in ppm; -, Less than; NA, not analyzed) 

Oald Silver Comer Lead M n c  Molybdunum Mercury Bismuth Cadmium Thallium Arsenic Antimom Selenium Telluriwn Gallium Hisc~llaneous 

Nil 





TABLE A-2.--Sample Analyses. Shoshone R w e ,  Nevada--Continued 
(Analyses in p p ;  -, less than; M, not analyzed) 

Skbple 
lb, 061d Silver Comer Lead Zinc Molybdenum M6rcurp Bismath Cadnium Thallium Arsenic Antimony Selemirna Telluricrm Gallim MisceLlaneous 

64 Kumber not used 

65 Rumber not used 



- - - -  
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TABLE A-2. --Slunple Anal$was, Sbo.hone m e ,  Ipwada--Continued 
(Kaaly8aa in p p ~ ;  -, S-a khan; NA, aot analyzed) 

- - 

&.-. - *%I S&%var &&d Eiac %i%dmm Merccl~ Billaua C h W m  'fRallium Arsenic Antimom Sdvnirn Tellutirr~ 6alliwo Hisee11.11;ma 

70 1.3- 1473.00 1419.00 2171.00 074.00 13.20 2.57 -2.1 47.60 -4.63 93.60 U19.00 -9.25 -4.63 -4.63 HA 

$1 'B.'~&o a61.W 22886.'00 2251.00 801.00 2Z.80 8.0i -2.35 5 5 .  ' - 7  304.00 1610.00 -9.43 -5.71 -4.71 NA 
. L. 

72 0.3'0i6, '224;biD 180.00 1510.00 4717.00 7-36 3.04 -0.23 67.30 -0.49 120.00 105.00 1.18 -0.49 -0.49 1U 

73 9.&0 2m.h 226.00 4552.00 941.00 1a.d i.26 -0.24 18.80 -0.47 1339.00 196.00 1.19 -0.47 -0.47 mO.00 W 

7.b% $&.PO 1186.00 3740.00 1-3.00 33,s 2.95 -0.23 145.00 -0.47 811.00 980.00 1.41 0.59 -0.47 RA 

5 o.B&I &Ail eS8 . 00 101.00 71.90 1s.66 2-96 -0.24 4.31 -0.49 2U6.00 198.00 -0.98 -0.49 -0.4Q NA 

r5 0:&h ~ 2 . 8 ~  69.50 l(~1.00 1 ~ 0 . ~ 0  14.'lO 0.d -0.23 2.41 -0.47 100.00 99.90 -0.94 -0.47 -0.47 NA 

17 1.1160 8.34 9.42 63.00 222.00 15.b 1.36 -0.34 2-74 -0.46 1532.00 13.60 -0.96 -0.48 -0.48 UA 

ta o.3iio xos.dO 7b.00 530.00 479.00 13.ji 0.35 -0.24 18.30 -0.48 544.00 124.00 -0.96 -0.48 -0.48 185.00 up. 

fe 0.0210 0.a' 7.87 3.93 18.30 7.85 -0.09 -0.28 0.11 -0.46 200.00 4.47 1.27 -0.46 -0.46 NA 

E 110 i.1160 101.W 106.00 382.80 124.00 15,lO 0.96 -0.24 3.88 -0.49 629.00 30.20 -0.97 -0.49 -0.49 NA 

81 ~.4&dO 58.10 Ul. 00 9aS.QO 2825.00 13.86 Z.04 -8.24 37.60 -0.49 856.00 51.30 -0.98 -0.49 -0.49 MA 

d o.ovoe m.& xw.m 5.39 6.95 la.& s.ri -b.w 0.42 -0.46 35.40 71.00 -0.91 -0.46 -0.46 NA 

.a P.&O &.DO 174.00 1807.00 649.00 18.80 2.04 -0.24 10.60 -0.47 274.64 225.00 -0.95 -0.47 -0.47 665.00 W 

84 0.ffSQ 5?3.@O 518b.0b 653.00 ll&,Ob 12.h 881.10 3.79 32.20 -0.57 356.00 3704.00 2.20 -0.47 -0.47 NA 

'63 3.7$00 &b.sD h4800.6b 221.00. 721.00 I%,& -0.M i71.00 15-90 -4.80 279.00 5224.00 -9.61 -4.80 -4.80 NA 

3B 0.0b80 4.15 50.30 96.70' 32.80 1L10 t.26 -0.29 1.83 -0.47 68.20 37.20 -0.94 -0.47 -0.47 HA 

87 3.8i00 422.00 392.00 l4ODQ.00 852.00 z -0.95 -2.38 16.10 -4.76 5079.00 277.00 -9.52 -4.76 -4.76 75.00W 

l.6&@ 442.00 337.00 3160.00 469.00 24.70 6.2b -0.24 17.1b -0.47 346.00 187.00 -0.95 -0.47 -0.47 HA 

~ , g 4 8 ~  57.20 207~b.00 34.10 k.20 a$.$& 46.& 104.aO 2.57 -4.71 18500.00 17300.00 -9.43 -4.71 -4.71 UA 

h Q.l&4kl 1rt3.@0 40QW.00 38.30 310.0~ & . i d  0 222.00 19.30 -4.80 2119.00 18300.00 -9.61 -4.80 -4.80 NA 

st o;aozb o.as 16%. 00 15.40 55.b I.$$ 3-31 1.03 0.15 -0.50 180.00 125.00 -1.00 -0.50 5.15 NA 

o.6.e'h 2.56 3~8'ao.00 10.70 gl . l fb  G.$$ 4.33 4.1d 2.43 -4.80 1088.00 538.00 -9.61 6.54 -4.80 UA 



TABLE A-2.--Sample Analyses, Shoshone Range, Nevada--Continued 
(Analyses in p p ;  -, less than; RA, not analyzed) 

Sample 
I%. Gold Silver Copper Lead Zinc Molybdenum Mercury Bismuth Cadmium Thallium Arsenic Antimony Selenium Telluriun Gallium Miscellaneous 

112 R d e r  not used 

113 -0.0005 0.08 7.89 

114 0.0380 15.20 2159.00 



TABLE A-2.--Sample Analyses, Shoshone Range, Nevada--Continued 
(Analyses in ppm; -, less than; NA, not analyzed) 

Sample 
IPo. Gold Silver Comer Lead Zinc Holrbdenum Mercum Bismuth Cadmium Thallium Arsenic Antimony Selenium Tellurium Gallium Hiscellaneour 

216 -0.0005 0.07 7.63 9.14 17.70 2.80 -0.10 -0.25 -0.10 -0.49 4.41 2.06 -0.99 -0.49 1.82 NA 

117 -0.0005 0.01 10.90 3.57 6.23 3.79 -0.09 -0.23 -0.09 -0.47 10.10 9.27 -0.94 -0.47 1.04 NA 

118 0.0290 0.19 16.30 2.93 2.92 14.10 -0.09 -0.23 -0.09 -0.46 14.40 3.92 -0.92 -0.46 0.71 NA 

119 0.0020 -0.01 5.52 3.11 11.30 1.93 11.10 -0.24 -0.10 -0.47 2.48 10.70 -0.95 -0.47 4.66 NA 

120 0.0180 0.03 4.70 0.83 -0.97 6.99 2.74 -0.24 -0.10 -0.49 2.25 3.82 -0.97 -0.49 0.72 NA 

121 0.0020 1.29 172.00 11.10 21.20 2.74 1.46 1.64 0.17 -0.48 98.60 60.60 -0.96 -0.48 1.09 NA 

122 0.0010 0.04 6.95 1.57 1.78 3.15 0.95 -0.24 -0.10 -0.49 5.28 6.20 -0.98 -0.49 0.50 MA 

123 0.0020 0.04 3.19 7.44 20.30 2.20 0.11 -0.24 -0.10 -0.49 9.07 2.70 -0.98 -0.49 1.41 NA 

124 0.0010 0.04 4.42 6.07 6.33 4.83 1.06 -0.25 -0.10 -0.49 10.90 13.20 -0.99 -0.49 0.96 NA 

125 0.0010 0.04 2.85 3.27 3.32 4.54 938.00 -0.24 -0.10 -0.48 1.90 0.59 -0.97 -0.48 0.67 NA 

126 0.0010 0.06 4.58 7.46 17.70 3.08 -0.10 -0.24 -0.10 -0.48 4.00 0.91 -0.95 -0.48 1.22 NA 
ul 

127 0.0020 0.15 34.60 3.89 6.50 8.76 127.00 -0.24 -0.10 -0.48 23.00 124.00 -0.96 -0.48 0.48 NA 

128 0.0040 0.15 94.10 2.20 19.20 3.18 0.69 -0.24 -0.10 -0.49 20.80 16.20 -0.98 -0.49 2.55 NA 

129 0.0030 0.08 110.00 2.00 45.60 0.96 35.40 -0.24 0.10 -0.48 12.80 12.10 -0.96 -0.48 3.65 NA 

130 0.0020 0.11 7.91 10.40 17.10 2.38 0.55 -0.24 -0.10 -0.47 13.30 1.71 -0.95 -0.47 0.89 NA 

131 0.2960 3.30 13.10 90.10 24.20 12.30 0.20 -0.23 0.17 -0.47 42.20 18.20 -0.94 -0.47 -0.47 NA 

132 0.0250 0.18 33.50 5.73 51.50 1.58 8.10 -0.24 -0.10 -0.47 70.10 14.80 -0.95 -0.47 2.68 NA 

133 0.0020 0.06 1.53 11.20 9.33 1.65 0.72 -0.24 -0.10 -0.48 10.70 17.10 -0.96 -0.48 0.87 NA 

134 0.0010 0.04 1.27 8.10 11.40 1.74 0.40 -0.24 -0.10 -0.47 7.47 20.10 -0.94 -0.47 0.95 NA 

135 0.6020 0.10 55.60 16.30 38.90 2.07 30.30 0.46 0.25 -0.49 40.30 19.50 -0.97 -0.49 2.28 NA 

136 -0.0005 0.04 11.80 1.72 8.66 1.09 128.00 -0.23 -0.09 -0.47 8.57 3.09 -0.94 -0.47 -0.47 NA 

137 0.0010 0.05 1.89 6.19 30.30 2.22 0.90 -0.25 -0.10 -0.50 8.15 3.86 -1.00 -0.50 1.09 NA 

138 0.0030 0.05 16.20 10.60 46.20 4.92 16.80 -0.25 0.10 -0.49 179.00 24.60 -0.98 -0.49 5.34 NA 





TABLE k 2 .  --Sample Analyses, Shoshone R a e ,  Nevada--Continued 
(Analyses in ppn; -, lers than; NA, not analyzed) 

&3td ~ l l v e r  C m r  Led Zinc %Lybdtmsn Hercun lirrc~atth Cadmium Thallium Arshic Antimon~ Selmirrm Tellurium Oallium Misoellm.ou. 





TABLE A-2. --Sample Analyses, Shoaboae Range. Nevada--Continued 
(Analyses in ppr: -, lesa than; 10A, not analyzed) 

- 

*t 
&h¶ S-r C a w e  bead Zinc XolyM.nun Mercury Bimtith Cadmium Thalliwn Arsenic Anti- Selenium Tellurirna 6ellir~la Mis8ellmeou~ 



- - 
@ n?aI& *?b lk*# 

'& 'a. a@- $w4aa. m 
dt a sr'& m.rb 

br& e . 1  -#.it &%r400 4S.00 l,l0 0.52 Q.88 M 

. i  i ,  13r.w urs.ao -s.43 -4.71 -4.71 MA 

8 6.04 4.b @.so 2 1 , ~ ~  -0.~3 -0.47 1.63 64. OOX C B ,  



en*. . . r s a r n -  

TABLE A-2. --Sample &f$k09, h&& Nevada--Continued 
(Analyses id ppo; -, G s s  &ham; HA, &t analyzed) 

3. 

.SaV6r f m r  Lead Zinc Ihly&denum EIlrcum hiamth Cadmium Thallium Arsenic hntimom Selenium T e l l u r i ~  Qalliun Mfscellamous 

2.3200 

6.2f 60 

0.45W 

0.0020 

2. orm 

0. a 1 0  

o.om0 

o.oz20 

0.0210 

1.9500 

4 .  a 0 0  



TABLE A-2. - - S w h  Analyses. Shoshone Range, Nevada--Continued 
(Analyses in ppm; -, less than; NA, not analyaed) 

Geld Sil-r C m i r  Lead Zinc Molybdnnrm Hbreuxy Bismuth Cadmium Thallium Arsenic Antiwmr Selmium Tellurium Gallium Miscellan.6us 



TABLE A-2.--Sample Analyses, Shorhone Ran((e, Nevada--Continued 
(Analyses in pps; -, less than; HA, not analysed) 

I 

CW~crr Lead Zinc Molybdenum Wrourr Bl& Cadmium Thallium Arsenic Anti- Selenium Telluriun Gallimo Mscollaraus 





T ~ L E  A-2. - - S q l e  Analyses, Shoshone Range, Nevada--Conti nued 
(Analyses in ppn; -, i ess  than; NA, not analyzed) 

Sample 
Ra. Gold Silver C-er Lead Zinc Malybdenum Mercun Bismuth Cadmium Thalliwn Arsenic Antiwnn Selenium Tellurium Gallium ttircmllarmous 





TABLE A-2. --Sample Analyses, Shoshone Range, Nevada--Continued 
(Analyses in p p ;  -, less than; NA, not analyzed) 

Sample 
Ro . 6oLd Silver Comer Lead Zinc Molybdenum Mercury Bismtlth Cadmium Thallium Arsenic Antimony Selenium Tellurium Gallium t4iscollan.ous 

1.10 5.10 UP, 



TABLE A-2.--Sample Analyses, Shoshone R a e ,  Nevada--Continued 
(Analyses in ppn; -, less than; NA, not analyzed) 

Sample 
N. Goid Sflvsr Comer Lead Zinc Molybdenum Mercufv Bismuth Cadmium Thallium Arsenic Antimony Selenium Tellurium Gallium Mircellaneous 

-0.50 M 

-0.50 NA 

0.93 NA 

-0.50 NA 

-0.50 NA 

2.43 5.70 UP, 

1.21 RA 

1.06 M 

0.72 NA 

number not used 

0.0794 0.20 

0.0978 1.81 

0.1194 0.49 

0.0284 0.15 

0.2080 1.12 

0.0116 0.06 

0.0038 0.06 

0.0056 0.20 

0.0080 0.01 

3.3670 9.42 

0.0900 1.11 



TABLE A-2.--S~nple Analyses, Shoshone Range, Nevada--Continued 
(Analyses in p p ;  -, less than; NA, not analyzed) 

S q L  e 
Uo. W l U  Silver Comer Lead Zinc Molybdenum Mercury Biaauth Cadmium Thallium Arsenic Antimom Selenium Tellurium Gallium Miscellaneous 

NA 

NA 

NA 

4.70 Up. 

NA 

NA 

NA 

5.30 Up, 

NA 

15.30 Up. 

2.40 Up. 

3.90 Up. 

1.10 up. 

40.10 up. 

11.80 up. 

9.60% CaP. 

200.60 Up. 

2.40 Up, 

NA 

NA 

NA 

NA 

NA 



wm &-2.--SL& bhl j rsor ,  &a b&.. 8nr.cta--eaathkltBd 
(htlwisrr h j%@; -, h&a &tm; #A, aot rnalysudl 

4 $ I  &.w 18-71 a . ~  l&14 11.16 - 8 . 1 ~  . . 4 .  P ~ . Q Q  18.80 -1.00 - 0 . ~ 0  -0.50 1~ 

w ~ l  11l.s~ dr. rn la.& 1 a,$% -4.i; i t -0 .d  m.67 IC.OO -1.00 -0.50 0.67 S.MUP, 

b ~ i &  - ~ , . O L  5. P Y ~  a,oa 10.4 . - -osi - 4,s s s . 2 ~  0.60 -1.00 -10.50 3.51 NA 

r&h irlW @hi s;+b m a r  4 Q.d5 . -8.h -&.& -&.h r s . a  1 . 0  -1.00 -0.50 1 . 5  1 3 ~  

' ri&C 1 . a  29 .~4  3.9s 6 :  $.&i e.$b b.3i dc.3ii 6 . x ~  0 . ~ 0  -1.00 -0.50 4.25 a 

r& @..OM O L ~  S.M as.as 4.m +.$is ~ . 2 8  +&Ar *.& &.a s o  -1.06 -0.50 1.05 

e.<&$h z.rs I.% 1 7 . t ~  3 . a  3 8 . d  4 . 2 4  . -b.& r 5 . a ~  8-60 -1.0.0 -0. SO 0.70 )(A 

4 )e:G%a a.ior 9-23 i i .m r.os 6.k -a;& 4;3 9.10 rr.sa 0.70 -1.00 -0.50 0 . ~ 1  I &Wi. 5&&c4 ,a 3.u za.m 7.d 4 b,f& -#.$is -+.gd -6.8 st.78 0.80 -1.oa -0.50 0.73 m .. I 

' b i a s  a;& 8.m 6.1s l,a 4 : .  . - 4 .  -I.$& 4 .  3.03 0.60 -1.00 -8.50 0.63 NA 

I i i 8.33 1a.Tl 8.89 25.18 , 6 . k  . ~4.; -0.m &.se 0.m -3.00 -o,m 1.51 Ha 

d& a:&@ e3.h <z..&i r2.ali 4 . w  0,& 8.9 -aw& - 6 5  4 .  s + 5 ~  0.18: -1.60 -a.so 1.00 1od 

1 .&$ cii%.& i.i~ 1 . n  r , ~  -ii.isi . -be& -b,% B~.SX 0.8% -1.60 -0.m -0.50 m 

+L a &  &.k i l  4 ii.d a.iB -&.jtb IS.& 0 , s  -LBO -0.30 1.e~ M 

t 4  %:A i.% s -0 $.aj $.&I 4 % .  d.,& -$.a5 -a.rb -0.90 11.39 6.W -1.aO -0.50 0.72 l?& 

4 % 1.1s k.63  is,^ do.& oi*$$ 8 -4.24 - 6 .  -e& 1.37 1.23 -1.00 -0.50 1.16 tfk 

4% &.iWi%J @.a3 1 . ~ 8  27.14 It..& &,k &.&a 0.55 -0.1 -Ct.$@ 1 . b  3.54 -1.M -0.51) 8.68 FA 

43s a m k  a.m 1.61 21r.s 7 3 9  p3.%% -d.& -b.f.d - 8 . ~ 0  6.87 -0.80 -%.a6 -0.50 1 . 8 ~  NA 

rk @.a%$ -b.&r Z,WJ 4 . a  7.42 3.h - -$.xi - 0 . 3  li.& -0.20 -1.00 -0.50 1.05 M 

b &&.-&3&t1 8.% d.e &+,@I Y $ 8 .  P,$$ 8 ,  -b.M - 1 . 4 1  o.n - 1  - 0 . n  2.71 NA 
i 

- I  we 1.95 3 . h  B.& 9a.a . - 4  -i.& ~ . n  1.57 -1.00 -0.50 1 . s  

, s;&jBB %s 8 . 6  9.n ' &.a $ d.& a.& - 6 .  -Q.s ~ 3 . 4 0  2.74 +1.00 -0.50 1.53 IU 

4& 4.-&30 -U.P1 ~ h . 2 3  *.k la.%& . 19.4 $ 3  &i.& -6.5~. =.en 7 8 7 . ~ 1 ~  -1.m +.SO -0.M 3.08 W 



TABLE A-2.--Smple AnalyLes, Shoahcme Range, Nevada--Continued 
(Analyses in p p ;  -, leas than; nA, not analyzed) 

NA 

IU 

NA 

tu 

NA 

#A 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

M 

lSS.20 up, 

NA 

NA 

NA 

71.54% BaSb, 

HA 

NA 

56.60 Up. 

NA 
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Figure 8-1.- Workings, sample sites, and geology of the Anvil property, and vidnity 



= Figure B-2.- Workings, sample sites, and geology of the One Ounce, Lost Pick Handle, Prominence, YB, and Waterfall properties, anh vicinity 



Fiprc  B-3.- Workings, samplc sites, and p l o g y  of thc Dottie Lee and DD properties, and vicinity 



Figure B-4.- Workings, sample sites, and geology of the Lebeau property, and vicinity 



Figure B-5.-.Workings, sample sites, and geology of the Vernal and Hazel E properties and vicinity 



Figure B-6.- Workings, sample sites, and geology of the Top of the Mountain property, and vicinity 



Figure B-7.- Workings, sample sites, and geobgy of the April View, Jenny, and Gold Hill properties, and vicinity 
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F i p  B-8.- Workings, sample sites, and geology of tke K i n g  Midas and Alice propties and vicinity 



Figure B-9.- Workings, sample sites, and geology of the Hughes property, and vicinity 



Figure B-10.- Workings, sample sites, and geolo~y of the Evelyn and Mountain properties, and vicinity 
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Figure B-11.- Workings, sample sites, and geology of the Grantsville Summit properties, and vicinity 
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Figure 8-12.- Workings, sample sites, and geology of the MERI property, and vicinity 



Figure 8-13; Workings, sample sites, and geology of thc Ardvark and Iron Rail properties, and vicinity 
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Appendix C.--Commodities Highlights 

The following commodity highlights give background market information 
concerning the uses, prices, and import reliance of certain minerals or 
commodities found in the Shoshone Range study area. The source for 
these highlights is the U.S. Bureau of Mines annual publication Mineral 
Connnodity Summaries, 1993 (1993). Please refer to this publication for 
additional information. 



(Data in metric tons of antimony content, unless noted) 

1. h s t i c  Production and Use: Primary antimony metal and oxide were produced by six companies 
operating six plants utilizing both foreign and domestic material. Two plants were in Texas, 
and there was one each in Idaho, Montana. Nebraska, and New Jersey. Antimony was recovered as 
a byproduct from the smelting of domestic load and silver-copper ores. The estimated value of 
primaxy antimony metal an8 oxide production in 1992 was $40 million. The estimated 
distribution of antimony uses were flame retardants, 72%; transportation, including batteries, 
10%; chemicals, 107; ceramics and glass, 4%; and other, 4%. 

2. Salient Statistics+htited States: 

Production: Mine, silver-copper, lead, 
and stibnite ores 

Refinery: Primary plants' 
Secondaqy plants 

Imports for consumption 
Exports of metal, alloys, and oxide 
Conlrumption, apparentz 
Price, average, cents per pound' 
Stocks, yearend 
Employment, plantw 
Net import re1ianoe4 as a percent of 

apparent consumption 

3. Bacyclim: kpproximately 18,400 tons or which is equivalent to 97% of the total secondary 
antimony was recovered as antimonial lead, most of which was consumed by the battery industry. 

4. hport Sources (1888-91): Metal: China, 86%; Bong Kong, 4%; Mexico, 3%; Thailand, 3%; and 
other, 4%. Ore and concentrate: China, 40%; Mexico, 22%; Bolivia, 14%; Guatemala, 9%; and 
other. 15%. Oxide: China, 36%; Republic of South Africa, 23%; kxico, 18%; Bolivia, 7%; and 
other, 16%. Total: China, 61%; Mexico, 11%; Republic of South Africa, 9%; Ror,& Kong, 4%; and 
other. 15%. 

i. Tariff: Item Host favored nation (WA) 
1/1/93 

Ore and concentrates 
Antimony and articles 

thereof, including 
waste and scrap 

Antimony oxide 

Free Free. 

Free 
Free 

6. Depletion Allowance: 22% (Domestic), 14% (Foreign). 

'%stimated. W Withheld to avoid disclosing company proprietary data. 
'Includes antimony recovered from domestic and foreign ores. 
Domestic mine production + secondary production from old scrap + net import reliance (see 
footnote 4). 

'New York dealer price for 99.52 to 99.6% metal, c.i.f. U.S. ports. 
defined as imports - exports + adjustments for Government and industry stock changes. 
l o r  a list of Non-MPN trade areas, see U.S. Bureau of Mines (1993), Appendix B. 
'See Appendix D for definitions. 
'Excludes U.S. production. 
'As constituted before Dec. 1991. 



I .  Govenment Stockpile: 
Stockpile Status-9-30-92 

Goal 

Antimony 80,287 

Ulrcdtted 
inventory 

Coprmitted 
inventory 

1. Events, T d ,  and Issues: In 1992 antimony production from domestic source materials was 
largely derived from recycling of lead-antimony batteries. Recycling plus U.S. mine output 
supplied less than one-half of the estimated domestic demand. 

On April 25, 1991, a coalition of five U.S. antimony trioxide producers and/or manufacturers of 
antimony trioxide-based products filed an antidumping petition with the International Trade 
Cwmission (ITC) and the U.S. Department of Com~erce (DOC), chareing China with unfair trade 
practices. 

On February 28, 1992, the DOC announced its final determination that Chinese antimony trioxide 
entering the United States should be assessed the following weighted-average dumping margins: 
China National Metals &Minerals Import h Export Corp. (Minmetals), 80.64%; China National 
Nonferrous Metals Import & Export Corp. (CNIEC), 13.05%; and all others. 33.10%. However, the 
ITC unanimously determined that imports of refined antimony trioxide from the People's Republic 
of China did not materially injure or threaten to injure this particular U.S. industry. For 
further information see Federal Register, v. 57, No. 40, February 28, 1992, pp. 6801-6808: and 
Federal Register, v. 57, No. 73, April 15, 1992, p. 13118. 

Environmental and ecilogical problems associated with the treatment of antimony metal and ores 
were minimal because emissions and effluents were controlled at the processing plants. 

9. World Uine Production, Reserves. and Reserve Base: 

United States 
Bolivia 
Mexico 
South Africa, ~epublic of 
Other countries 

World total 

Mine production Reserves* Reserve base' 
la91 - 1992' - 

10. World Resources: U.S. resources are mainly in Idaho, Nevada, Alaska, and Montana. Principal 
identified world resources, estimated at 5.1 million tons, are in China, Bolivia, the 
U.S.S.R.', the Republic of South Africa, and Mexico. Additional antimony resources may occur 
in "Mississippi Valley Type" lead deposits in the Eastern United States. 

11. Substitutes: Caagounds of titanium, zinc, chromium, tin, and zirconium substitute for antimony 
chemicals in paint, pigments, frits, and enamels. Combinations of calcium. strontium, tin, 
copper, selenium, sulfur, and cadmium can be used as substitutes for hardening lead. Selected 
organic compounds and hyclrated aluminum oxide are widely accepted alternative materials in 
flame-retardant systems. 



.. . . 

Arsenic 

(Data in metric tons, unless noted) 

1. Domastic Production and Use: Arsenic trioxide was imported and converted to arsenic acid for 
use in the production of wood preservatives by three companies, most of whose plants are in the 
southeastern United States. Nearly all arsenic was consumed in compound form, mainly by two 
producers of agricultural chemicals and three producers of wood preservative chemicals. 
Metallic arsenic was used in nonferrous alloys and in the electronics industry for 
semiconductor materials. The estimated end-use distribution of arsenic in 1992 was 66% in wood 
preservatives, 23% in agricultural chemicals (principally herbicides and desiccants), 4% in 
glass, 4% in nonferrous alloys, and 3% in other uses. The total value of arsenic metal and 
compounds consumed was estimated to be about $15 million. 

2. Salient Statistics-United States: 

Imports for consumption: 
Metal 600 
Arsenic trioxidel 28,056 
Arsenic compounds' 215 
ExportsJ 400 
Consumption, apparent, arsenic content 22,300 
Price, cents per pound, average:' 
Trioxide, Mexican 33 
Metal. Chinese 73 

Stocks, yearend, refinery, arsenic content 100 
Net import reliances as a percent of 

apparent consumption 100 

3. R e c y c m :  None. 

4. hport Sources (1988-91): Chile, 22%; France, 19%; Mexico, 16%; and other. 43%. 

5. Tariff: 

Metal 
Trioxide 
Sulfide 
Acid7 

Item Most favored nation (MEW) 
1/1/93 

Free 
Free 
Free 

3.1CIke 

13.2CIkg. 
Free. 
Free. 

6.6Clkg. 

6. Depletion Ularamce: 14% (Domestic), 14% (Foreign). 

7. Goveroment Stockpile: None. 

qstimsted. 
'Arsenic trioxide (As'Q,) contains 75.73 arsenic by weight. 
2Arsenic compounds include arsenic acid and arsenic sulfide. 
'Exports for 1988 include compounds; exports for 1989 through 1992 include metal only. 
'Calculated from Bureau of the Census import data. 
'Defined as imports - exports + adjustments for Government and industry stock changes. 
'For a list of Non-MFN trade areas. see U.S. Bureau of Mines (1993). Appendix B. 
7Tariff is free for Israel, Caribbean Basin Countries, and designated Beneficiary Developing 
Countries. For Canada, the tariff is 1.8tlkg. 
'See Appendix D for definitions. Reserves for the United States were 50.000 metric tons and 
the reserve base was 80,000 tons. 
'As constituted before Dec. 1991. 



8. Events, T r d ,  .nd Issues: In January 1992, a Panamanian ship traveling from New York to 
Baltimore via the Delaware Bay encountered a storm off the coast of Cape May, NJ, and lost four 
containers of arsenic trioxide weighing a total of 75 metric tons. Some $2.7 million in 
Superfund cleanup money was approved by the Environmental Protection Agency (EPA) to help cover 
the costs of the extensive search and recovery of the arsenic-containing drums, although total 
cleanup costs were approximately $5 million. The U.S. Coast Guard recovered three of the four 
shipping containers, but the fourth container was never located. The Coast Guard concluded its 
cleanup operation before yearend. 

EPA's Waste Management Division, Office of Solid Waste and Emergency Response, sponsored a 
workshop in August in Alexandria, VA, on removal, recovery, treatment, and disposal of arsenic 
and mercury. 

9. World Uine Production, Reserves, and Reserve Base: 

Uine production 
1991 - 1992' - 

United States 
Belgium 
Canada 
Chile 
China 
France 
Mexico 
Namibia 
Peru 
Philippines 
Sweden 
U.S.S.R.v 
Other countries 
World total (rounded) 

iese&esl Reserve base' 

10. World Resources: World resources of copper and lead contain about 11 million tons of arsenic. 
Substantial resources of arsenic occur in copper ores in northern Peru and the Philippines, and 
in copper-gold ores in Chile. In addition. world gold resources, particularly in Canada, 
contain substantial resources of arsenic. 

11. Substitutes: Substitutes for arsenic exist in most major end uses, although arsenic may be the 
preferred material because of its lower cost and superior qualities. In agricultural uses, 
synthetic organic compounds such as paraquat may be substituted for arsenical pesticides, 
herbicides, and desiccants. The wood preservatives pentachlorophenol and creosote may be 
substituted for chrmated copper arsenate where odor and paintability are not problems. 
Nonwood alternatives such as concrete and steel may be substituted for arsenical pressure- 
treated wood. 



Barite 

(Data in thousand metric tons, unless noted) 

1. Domestic Production and Use: Barite production in 1992 decreased to 410,000 tons and was 
valued at $17 million. The leading five companies supplied over 90% of the domestic output. 
Production came from five States, with about 88% of the total coming from Nevada. The second 
largest producing State was Georgia. Nearly 90% of the barite sold in the United States was 
used as a wei6hting agent in oil- and gas-well-drilling fluids, mostly in the Gulf of Mexico 
and Pacific coast areas. Barite was also used in the production of paint, rubber, glass, and 
barium chemicals. 

2. Salicmt Statistics-bited States: 

Production, mine 
Imports for consumption: 
Crude barite 
Ground barite 
Other 

Exports 
Consumption, apparent1 
Consumption2 (ground and crushed) 
Price, average value, dollars per ton, 
mine 

Stocks, producer, yearend 
Employment, mine and mill* 
Net import relianceJ as a percent of 

apparent consumption 

3. Recyclina: None. 

4. Import Sources (1988-91): China, 71%; India, 17%; Mexico, 4%; Morocco, 3%; and other, 5%. 

5. Tariff: Item N d e r  Most favored nation 
1/1/93 

Crude barite 
Ground barite 
Witherite' 
Oxide, hydroxide, and 

peroxide6 
Other chlorides6 
Other sulfates 
Other nitrates* 
Carbonate 

t .  

S1.251mt 
$3.20/mt 
3% ad val. 

S3.94/mt. 
S7.381mt. 
30% ad val. 

2% ad val. 
4.2% ad val. 
, 0.4C/kg 
3.5% ad val. 

0.9Clkg 

10.5% ad val. 
28.5% ad val. 

2. 8C/k&. 
10% ad val. 
3.3Clkg. 

6. Depletion All-c:: GX (Domestic 1,  142 (Foreign). 

7. Govenmmnt Stockpile: None. 

'Estimated. NA Not available. 
'Sold or used by domestic mines - exports + imports. 
'Domestic and imported crude barite sold or used by domestic grinding establishments. 
'Defined as imports - exports + adjustments for Government and industry stock changes. 
'For a list of Non-MFN trade areas, see U.S. Bureau of Mines (1993). Appendix B. 
'Per metric ton. 
Y d  valorem per kilogram. 
'Oil & Gas Journal, PennWell Publishing Co., Tulsa, OK, Sept. 21, 1992, p. 50. 
'See Appendix D for definitions. 
'As constituted before Dec. 1991. 



8. Evmts. Trends. and Issues: The demand for  bar i t e ,  as indicated by the ground and crushed 
b a r i t e  consumption figure, declined strongly from tha t  of 1991. The decrease resulted from the 
declining petroleum prices t o  a level  tha t  discouraged o i l  and gas d r i l l i n g  i n  the United 
States  through the f i r s t  half  of the year. The d r i l l  r ig  count i n  the United States  i n  June 
was 596 r igs .  After that  the count rose strongly, reaching 756 for  the week of October 2. The 
increase seemed t o  come from the r i s e  i n  the price of natural  gas and replacement of capacity 
a f t e r  Hurricane Andrew damaged 850 t o  900 mcfd  of gas production, and 50,000 t o  90,000 barrels  
per day o i l  production i n  the Gulf of Mexico. One forecast puts the average r i g  count a t  about 
BOO f o r  1993 and 960 i n  1994.' The longer term trend i n  bar i t e  prices was t o  d r i f t  downwards 
from 1982 t o  1987 and t o  s tay a t  the 1987 level  i n  terms of constant dol lars .  This corresponds 
t o  the decline of d r i l l i n g  r igs  from nearly 5,000 U.S. r i g s  i n  1982 t o  the 850 t o  1,100 range 
i n  1987 and less  than 600 i n  the suomer of 1992. 

Imports fo r  consumption of lower cost foreign bar i t e  s l igh t ly  exceeded domestic production. 
Apparently, domestic s e l l e r s  chose t o  reduce imports and continue domestic mines ra ther  than 
reduce employment, and shut down mines and m i l l s .  Major sources of imported b a r i t e  are  China, 
India, and Mexico. One of the factors allowing the lower cost  of foreign b a r i t e  i s  the cheaper 
(per ton-mile) cost of ocean transportation as compared t o  r a i l  transportation from Georgia and 
Missouri t o  the end-use regions. Nevada mines, crushers, and grinders are  competitive i n  the 
California market. 

The principal  environmental impact of chemically i n e r t  bar i t e  i s  the land disturbance normally 
associated with mining. Mud p i t s  a t  petroleum dr i l l ing  s i t e s  which contain some b a r i t e  are 
t reated different ly according to chemical content other than bar i t e .  The mud i n  the p i t s  may 
be dewatered and covered, dewatered and spread over the ground, or transported t o  special  waste 
handling f a c i l i t i e s .  

9. World Mine Production, Reserves, and Reserve Base: 
Hine production 
1991 - 1992' - 

United States  
Algeria 
Brazil 
China 
Czechoslovakia 
France 
Germany, Federal Republic of 
India 
Ireland 
I t a l y  
Mexico 
Morocco 
Poland 
Romania 
Thailand 
Turkey 
U.S.S.R.' 
United Kingdom 
Other countries 

World t o t a l  (may be rounded) 

Reserves' Reserve bas$ 

,O. World Resources: In the United States ,  identified resources of b a r i t e  are  estimated t o  be 100 
million tons, and hypothetical resources include an additional 150 million tons. The world's 
bar i t e  resources i n  a l l  categories are  about 2 b i l l i o n  tons, but only about 500 million tons 
are ident i f ied.  

.I. Substitutes: In the d r i l l i n g  mud market, alternatives t o  bar i t e  include c e l e s t i t e ,  ilmenite, 
iron ore, and synthetic hematite that  i s  manufactured i n  the Federal Republic of Germany. 
Bowever, none of these subst i tutes  has had a major impact on the bar i t e  d r i l l i n g  mud industry. 



Copper 

(Data in thousand metric tons of copper content, unless noted) 

1. h a t i c  Production and Use: Domestic mine production in 1992 was about 1 . 7  million tons, 
valued at $ 4 . 1  billion. The principal mining States, in descending order, were Arizona, New 
Mexico, Utah, Michisan and Montana; copper also was recovered at mines in seven other States. 
Fourteen mines accounted for more than 95% of mine production. Eight primary and 5 secondary 
smelters, 10 electrolytic and 6 fire refineries, and 14 electrowinning plants were operating at 
yearend. Refined copper was consumed at 20 wire rod mills, 4 1  brass mills and about 750 
foundries, chemical plants, and miscellaneous manufacturers. Copper was consumedi in building 
construction, 41X; electrical and electronic products, 24%; industrial machinery and 
equipent,l3%; transportation, 12%; and consumer and general products, 10%. 

2 .  Salient Statistics-hited States: 

Production: Mine 
Refinery: Primary' 

Secondary3 
Copper from all old scrap 
Imports for consumption: 
Ores and concentrates 
Refined 
A11 imports 

Exports: Ores and concentrates 
Refined 
All exports 

Consumption: Refined, reported 
Apparent, totap 

Price, average, cents per pound: 
Domestic producer, cathode 
London Metal Exchange, high-grade 

Stocks, yearend, refined' 
Ehployment, mine and mill, thousands 
Net import reliance6 as a percent 
of apparent consumption 

Recycliw: Old scrap, converted to refined metal and alloys, provided 547,000 tons of copper, 
or 24% of apparent consumption. Purchased new scrap, derived from fabricating operations, 
yielded 700,000 tons of contained copper. Of the total copper recovered from scrap, smelters 
and refiners recovered 32%; i w o t  makers, 11%; brass mills, 49%; and miscellaneous 
manufacturers, foundries and chemical plants, 8%. About 77% of the copper contained in new 
scrap was consumed at brass mills. Copper in all old and new, refined or remelted scrap 
comprised 42% of U.S. copper supply. 

4. Import Sources (1988-91): Canada, 46%; Chile, 22%; Mexico, 12%; and other, 20%. Refined 
copper comprised 58% of total imports, including unalloyed and alloyed scrap. 

5. Tariff: Number Most favored nation (W) Cauada 
1/1/93 1/1/93 

Unrefined copper: anodes 7402.00.0000 
Refined and alloys, unwrought 7403.00.0000 
Copper powder 7406.10.0000 
Copper wire (bare) 7408.11.6000 

1% ad val.' 
1% ad val. 

5.4% ad val. 
4% ad val. 

Free 6% ad val.' 
Free 6% ad val. 

3.2% ad val. 49% ad val. 
2.4% ad val. 28% ad val. 

'Estimated. E Net exporter. 
'Some electrical components are included in each end use. Estimated after Copper Development 
Association, 1992. 

'From domestic and imported materials. 
'From new and old scrap at primary and secondary refineries. 
'Defined as primary refined production + copper from old scrap + refined imports - refined 
exports * changes in refined stocks. 

qeld by industry and by Cornnodity Exchange Inc.; excludes Government stocks. 
'Defined as imports - exports + adjustments for Government and industry stock changes for 
refined copper. 

'For a list of Non-MFN trade areas, see U.S. Bureau of Mines (19931, Appendix B. 
Value of copper content. 
'As constituted before Apr. 1992. 
*See Appendix D for definitions. 
"As constituted before Dec. 1991. 



6. hpletion Allowance: 15% (Domestic), 14% (Foreign). 

7. G o v e ~ t  Stockpile: 

Uaterial Goal 

Stockpile Status-9-30-92 

Uncamoitted Committed 
inventory inventory 

Disposal. 
Jan.-Sept. 92 

Refined copper 907 20 - - 

In addition to the quantity of refined copper shown above, the stockpile contained 6,124 tons 
of copper in brass and 548 tons of nonstockpile-grade material. 

8. Events. Trends, aud Issaes: World copper production was higher despite continued disruptions 
caused by decreasing ore yades, strikes, political disruptions, industry deterioration, 
smelter constraints and other problems. U.S. and Chilean copper mine production continued to 
rise during the year, contributing to a new world record. Mine production might have been 
higher except for continued production losses caused by the severe deterioration in the copper 
industries of Yugoslavia,' the Republics of the former U.S.S.R., Zaire, and Zambia. Zaire was 
producing at about one-third of its previous potential. A month-long strike in Poland and the 
continued global smelter bottleneck also affected copper deliveries. The long-planned Texas 
City, TX, smelter project was canceled, but plans were announced for a new smelter at Garfield, 
UT. Mine closures included the Tyrone mine and mill in the United States. The high 
smelterlrefinery charges began to ease as excess concentrates were transported to places such 
as the Republics of the former U.S.S.R., Poland and Zambia for processing. By the third 
quarter, copper supplies were easing as additional copper was becomlng available from 
concentrates that had been shunted to these countries for smelting and as the world's economies 
continued to reflect the spreading recession. Parts of Europe and Japan were especially 
affected. Even so, world copper consumption set another record, largely owing to significant 
growth in countries such as China. 

Copper consumption improved in the United States and was estimated to be about 8% higher than 
in 1991. U.S. exports of copper materials and semifabricates continued to be high, prompted by 
the continued dollar weakness and demand from Mexico, Canada, and the Far East. China, in 
particular, continued to take an increased share of scrap and other raw materials. It was 
estimated that domestic copper consumption in 1993 will exceed 2.2 million tons and that mine 
production will approach 1.8 million tons. 

9. World Mine Production, Reserves, and Reserve Base: 

United States 
Australia 
Canada 
Chile 
China 
Indonesia 
Peru 
Philippines 
Poland 
Zaire 
Zambia 
U.S.S.R." 
Other countries 
World total (may be ';&ded) 

Production 
1992 - 

Reserves'" Reserve base" 

10. World Resources: Land-based resources are estimated at 1.6 billion tons of copper, and 
resources in deep-sea nodules are estimated at 0.7 billion tons. 

11. Substitutes: Aluminum substitutes for copper in some products such as electrical equipnent, 
automobile radiators, and refrigerator tubing. Titanium and steel are used in heat exchangers, 
and steel is used for artillery shell casings. Optical fiber substitutes for copper in some 
telecomounications applications. Plastics also substitute for copper in water pipe, plumbing 
fixtures, and many structural applications. 



Fluorite 

(Data in thousand metric tons, unless noted) 

.. h s t i c  Production and Use: One company in southern Illinois shipped an estimated 50,000 tons 
of fluorspar in 1992. Zinc and lead concentrates were produced as coproducts of processing in 
Illinois. 

More than 65% of the reported fluorspar consumption in the United States in 1992 went into the 
production of hydrofluoric acid, the primary ingredient from which virtually all organic and 
inorganic fluorine-bearing chemicals are produced. Hydrofluoric acid is also a key ingredient 
in the processing of aluminum and uranium. An estimated 15% of the fluorspar was consumed as a 
flux in steelmaking and in iron and steel foundries. The remainder was consumed in aluminum 
fluoride manufacture, primary aluminum production, glass manufacture, enamels, welding-rod 
coatings, and other end uses or products. 

To supplement domestic fluorine supplies, about 60,000 tons of fluosilicic acid (equivalent to 
105,600 tons of 922 fluorspar) was recovered from phosphoric acid plants processing phosphate 
rock. Fluosilicic acid was used primerily to make aluminum fluoride for the aluminum industry 
and in water fluoridation. either directly of after processing into sodium silicofluoride. 

2. Salient Statistica-llnited States: 

Production: Finished, all gradesc1 
Fluorspar equivalent from 
phosphate rock 

Imports for consumption: 
Acidspar 
Metspar 
Fluorspar equivalent from 
hydrofluoric acid plus cryolite 

Exports2, ceramic- and acid-grade 
Consumption: ApparentJ 

Reported: Acidspar 
Metspar' 
Total 

Stocks, yearend, consumer 
Employment, mine and milP 
Net import reliance' as a 
percent of apparent consumption 

3. Recycliw: Primary aluminum producers recycled fluorides from smelting operations. There was 
no recycling in other consuming industries. 

4. Import Sources (1988-91): Mexico, 41%; Republic of South Africa, 23%: China, 23%; Canada, 4%; 
and other, 9%. 

5. Tariff: H d e r  Most favored nation (HFII) 
1/1/93 

Acid grade (more than 
97% CaF,) 

Metallurgical grade 
(less than 97% CaF,) 13.5% ad val. 13.5% ad val. 

6. Depletion Allowance: 22% (Domestic), 14% (Foreign) 

'Estimated. W Withheld to avoid disclosing company proprietary data. 
IShipments . 
'Export levels higher than U.S. shipments are the result of imports reexported. 
'Excludes fluorspar equivalent of fluosilicic acid, hydrofluoric acid, and cryolite. 
'Includes fluorspar briquets. 
'Defined as imports - exports + adjustments for Government and industry stock changes 
T o r  a list of Non-MFW trade areas, see U.S. Bureau of Mines (1993). Appendix B. 
'See Appendix D for definitions. 
Measured as lOOX calcium fluoride. 
'As constituted before Dec. 1991. 
'Includes the United States. 



Fluorite-Continued 

7 .  tkve-t Stockpile: The Defense Logistics Agency, Defense National Stockpile Center, was 
authorized to sell 20,000 short tons (18,144 metric tons) of metallurgical-grade fluorspar from 
the stockpile. The material was available from 11 different stockpile locations in 
Connecticut. Indiana. New Mexico, and Pennsylvania. It was classified as Metallurgical Grades 
A and B and contained material with a gross CaF, content ranging from 63% to 89% with S i 4  
content ranging from 3.6X to 10.5%. The sale was to take place during fiscal year 1992. The 
offering received one bid for 4,000 pounds, which was accepted. 

In addition to the data shown below, the stockpile also contains 899 short tons (816 metric 
tons) of nonstockpile, acid-grade material and 116,777 short tons (105,938 metric tons) of 
nonstockpile, metallurgical-grade material. 

.I.. L - 
~ t o o ~ p i l e  ~ L a t w * - ~ ~ - g i  

(Ihousand short tom) 

Material Goal 

Acid grade 900 
Metallurgical grade 310 

U n c d t t e d  
inventory 

M t t e d  
inventory 

8. Events, Treads, and Issues: Legislation called for the modernization of the National Defense 
Stockpile. It included a section on disposal of obsolete and excess materials contained in the 
National Defense Stockpile. The list of excess materials contained 44 items and included all 
stockpiled metallurgical-grade and acid-grade fluorspar. 

The President advanced the schedule restricting the production and importation of 
chlorofluorocarbons (CFC's) and ordered the phase out of the production of CFC's by the end of 
1995. In addition, the Environmental Protection Agency was scheduled to issue rules and 
proposals to regulate the use and disposal of CFC's captured when servicing motor vehicles and 
refrigeration equipant. 

Parties to the Montreal Protocol on Substances That Deplete the Ozone Layer met in Copenhagen, 
Denmark, in November 1092 to enact changes moving up the production phaseout dates for CFC's 
and to cap production and establish a production phaseout schedule for 
hydrochlorofluorocarbons. 

Suspension of the 13.5% ad valorem tariff on metallurgical-grade imports expired December 31,  
1992. The temporary suspension had been part of the Customs and Trade Act of 1990, signed into 
law August 20, 1990. 

9 .  World Production, Reserves, and Reserve Base: 

United States 
China 
France 
Italy 
Kenya 
Mexico 
Mongolia 
South Africa, Republic of 
Spain 
United Kingdom 
U.S.S.R.* 
Other countries- 
World total (may be rounded) 

Mine production 
1991 - 1992' - 

Reserves7 a Reserve base" 

10. World Resources: Identified world fluorspar resources were approximately 400 million tons of 
contained fluorspar. Resources of equivalent fluorspar from domestic phosphate rock are 
approximately 32 million tons. World resouroes of fluorspar from phosphate rock are estimated 
at 330 million tons. 

11. Substitutes: Olivine andlor dolomitic limestone were used as substitute fluxes for fluorspar. 
Gaseous hydrocarbons and carbon dioxide have been substituted for chlorofluorocarbons (CFC's) 
as aerosol propellants, hydrocarbons for CFC's in plastic foam production, and aqueous cleaning 
agents for CFC's in cleaning printed circuit boards. 



Gold 

(Data in metric tons of gold content, unless noted) 
1 metric ton (1,000 kg) = 32150.7 troy ounces. 

Doouatic Reduction and Use: Gold was produced by about 200 lode mines, nearly all in Western 
States, a dozen or mare large placer mines, nearly a11 in Alaska, and numerous small placer 
mines, mostly in Alaska and Western States. About 10% of domestic gold was recovered as a 
byproduct of process in^ base metals, chiefly copper. Twenty-five mines yielded 68% of the gold 
produced. The value of 1992 mine production was more than $3.6 billion. Comnarcial-grade 
refined gold canre from about 2 dozen producers. A few dozen companies, out of several 
thousand companias and artisans, dominated the fabrication of gold into useful products. 
Nearly all jewelry rtanufacturing was centered in the New York, NY, and Providence, RI, areas. 
Estimated uses in 1982 were as follows: jewelry and arts, 70%; industrial (mainly electronic), 
23%; and dental, 7%. 

Saliemt Statistics-United Statas: 

Production: Mine 
Refinery: Primary 

Secondary 
(incl. toll) 

Imports' ' 
Exportsa ' 
Consumption, reported 
Demand, appsrentl ' 
Stocks, yearend, Treasury' 
Price, dollars per ounce 
Employment, mine and mill* 
Net import reliance' as a percent of 

apparent consumption 

Recycling: Conversion of old scrap to refined gold provided about 60 metric tons of metal to 
the market, a quantity equivalent to about 60% of domestic gold consumption. The balance of 
secondary production was from prompt industrial scrap, partly toll refined. 

Import Saurcea (1986-91):' Canada. 50%; Switzerland, 13%; Chile, 6%; and other, 31%. 

Tariff: Host favored nation (MFR) 
1/1/93 

~d;lmdnet&y b:lli& 
Dor6 
Waste and scrap. 

including metal clad 
with gold but excluding 
sweepings containing 
other precious metals 

Free 
Free 

Free. 
Free. 

Free Free. 

'Estimated. NA Not available. E Net exporter. 
'Excludes sold contained in fabricated items and official monetary gold. Also excludes 
estimates of net imports of gold coin (in metric tons): 17.9 (19881, 13.2 (1989), 8.5 (19901, 
3.5 (19911, NA (1992). 

ZExcludes net bullion flow (in metric tons) to the market from foreign stocks at the New York 
Federal Reserve Bank: 208.3 (1988). 132.2 (1989), 51.5 (1990). 61.6 (19911, and 60.0 
(estimated, 1992). 

'Defined as refinery production from primary materials + refinery production from old scrap + 
net bullion flow to m~rket from foreign stocks at the New York Federal Reserve Bank + net 
imports of bullion. May include some gold held for investment purposes. 

41ncludes gold in Exchange Stabilization Fund. Stocks were valued at the official price of 

$42.22 per troy ounce. 
'Defined as imports - exports + adjustments for Government and industry stock changes. 
T o r  a list of Non-MFN trade areas, see U.S. Bureau of Mines (1993). Appendix B. 
'See Appendix D. 
'As constituted before Dec. 1991. 
Zxcludes China and some other countries for which data are not available. 



6. Dspletion Allc&&ce: 15% (Domestic), 14% (Foreign). 

7 .  Goverrment Stockpile: The U.S. Department of the Treasury maintains stocks of gold (see 
section 2 above) and the General Services Administration administers a Government-wide 
secondary precious metals recovery program. 

8. Events, Trends, and Issues: Despite continuing weak gold prices, the United States maintained 
its position as the world's second largest gold-producing nation, after the Republic of South 
Africa. Nevada and California were again the Nation's dominanb gold-producing States, together 
accounting for about 70% of the U.S. total. U.S. gold exploration activity, having apparently 
peaked about 1988, continued to trend downward. Improved business, investment, and regulatory 
climates elsewhere, especially in Latin America, continued to attract explorers from throughout 
North America. It is estimated that in 1993 domestic mine production of gold will be about 330 
metric tons. 

The Engelhard Industries/London daily final price of gold during the first three-quarters of 
the year was bound by highs of about $360 per troy ounce in January and July, and a low of 
about $336 in May, its lowest level since April 1986. Some factors contributing to the 
lackluster perfozmance of the price during 1992 included periodic heavy bullion sales to the 
market by some central banks, producers, and investors, a deteriorating and unsettled world 
economic situation accompanied by fluctuating currency values and some apparent asset 
deflation, continuing conflict and uncertainty in eastern Europe, and the reluctance of many 
investors to seek the safe haven of gold for some of their assets while benefitting from the 
widespread availability of alternative investment vehicles. 

Environmental pollution abatement continued to be of concern to domestic gold producers, 
especially in Alaska, where there are many small placer mines. Provisions for reclamation of 
mined land is an integral part of an increasing number of gold mine plans. 

Changes in the world reserves and reserve base numbers from numbers published earlier reflect 
adjustments for depletion and new gold discoveries. 

9. World Uine Production, Reserves, and Reserve Base: 

United States 
Australia 
Brazil 
Canada 
Chinac 
South Africa, Republic of 
U.S.S.R.' 
Other countries 
World total (may be rounded) 

Mine production 
1991 - 1992' - 

Reserves' Reserve base' 

Of an estimated 112,000 tons of gold mined from historical times through 1992, about 15% is 
believed to have been lost, used in dissipative industrial uses, or otherwise unrecoverable or 
unaccounted for. Of the remaining 95,000 tons, an estimated 36,000 tons are official stocks 
held by ~entral banks and nearly 59,000 tons are privately held as coin, bullion, and jewelry. 

10. World Resources: Total world resources of gold are estimated at 75,000 metric tons, of which 
15% to 20% are byproduct resources. The Republic of South Africa has about one-half of world 
resources, and Brazil, the U.S.S.R., and the United States have about 122 each. Some of the 
9,000-ton U.S. resource would be recovered as byproduct gold. 

11. Substitutes: Base metals clad with gold alloys are widely used in electricalIelectronic and 
jewelry products to economize on gold; many of these products are continually redesigned to 
maintain high utility standards with lower gold content. Generally, palladium, platinum, and 
silver may substitute for gold. 



Lead 

(Data in thousand metric tons of lead content, unless noted) 

.. Domestic Production and Use: The value of recoverable mined lead in 1992, based on the average 
U.S. producer price, was $317 million. Seven lead mines in Missouri plus lead-producing mines 
in Alaska, Colorado, Idaho, and Montana yielded virtually all of the total. Primary lead was 
processed at two smelter-refineries in Missouri, a smelter in Montana, and a refinery in 
Nebraska. About 99% of secondary production came from 31 plants with annual capacities of 
6,000 tons or more, 2 of which had permanently closed by midyear. Lead was consumed at about 
220 manufacturin~ plants. Transportation was the major end use, with about 70% consumed in 
batteries, fuel tanks, solder, seals, and bearings. Electrical, electronic, and com~nications 
uses (including batteries), ammunition, TV glass, construction (including radiation shielding), 
and protective coatings accounted for more than 25% of consumption. The balance was used in 
ballast and weights, ceramics and crystal glass, tubes and containers, type metal, foil, wire, 
kame, and specialized chemicals. 

2. Salient Statistics-United States: 

Production: Mine, lead in concentrates 
Primary refinery: 
From domestic ore 
From importad materials' 

Secondary refinery, 
old scrap 

Imports for consumption, lead in 
concentrates 

Exports, lead in concentrates 
Imports for consumption, metal, wrought 

and unwrought 
Exports. metal, wrought and unwrought 
Consumption: Reported 

Apparent 
Price, average, cents per pound: U.S. 

London 
Stocks, metal, producers, consumers, 
year end 
Employment: Mine and mill (peak) 

Primary smelter, refineries 
Secondary smelters. 
refineries 

Net import reliancd as a percent of 
apparent consumption 

3. Recycling: Recovery of lead from scrap batteries was approximately 760,000 tons (756,000 in 
1991). 

4. Import Sources (1988-91): Lead in concentrates: Canada. 36%; Peru. 27%; Australia, 17%; 
Mexico, 17%; and other, 3%. Metal, wrought and unwrought: Canada, 70%; Mexico, 22%; 
Australia, 3%; Peru, lit; and other, 4%. Total lead content: Canada, 67%; Mexico, 21%; 
Australia, 4%; Peru. 3%; and other. 5%. 

5. Tariff: Item Number Most favored nation(MFN) 
1/1/93 

Unwrought lead (except bullion) 7801 3.0% ad val.' 

Nop-wxP 
1/1/93 

10.0% ad val. 

6. Depletion Allowance: 22% (Domestic), 14% (Foreign) 

7. G o v e m e n t  Stockpile: 
Stockpile Status-9-30-92 

Disposals 
Jan.-Sept. 92 

- 
U n c ~ t t e d  
inventory 

54 5 

Camnitted 
inventory - Material 

Lead 

dstimated. 
'Included in imports for calculating net import reliance (see footnote 2). 
'Defined as imports - exports + adjustments for Government and industry stock changes 
'For a list of Non-MmO trade areas, see U.S. Bureau of Mines (19931, Appendix B. 
'Total rate not to be less than 2.342Clkg lead content. 
'See Appendix D for definitions. 



8. Evcmts, Iran&, and Issues: After considerable growth in domestic refinery production and 
consumption during 1987-89, and a leveling out in 1990, all sectors in 1992 continued to 
reflect recessionary conditions. Although one small and one medium-sized secondary plant 
closed permanently during the year, there was little loss of capacity as a new smelter-refinetjr 
came on stream in midyear, and capacity utilization continued to be about 82% in that sector. 
World demand declined for the third year in a row, to about 5.5 million tons compared to about 
5.6 million tohs in 1991, 5.8 million tons in 1990, and 1989's record 6.05 million tons. At 
yearend, world metal and battery stocks were at high levels. North American lead prices during 
1992 were slightly above 1991 prices, in spite of level demand. This was thought to be 
primarily psychological owing to perceived potential supply disruptions resulting from labor 
problems at Hegculaneum, MO, and Trail, B.C., Canada, primary smelters. In the U.S., producer 
prices averaged 34.2 to 34.5 cents per pound on a weekly basis through June, then rose 
gradually to 38.8 cents in early September before falling back as domestic and world lead 
stocks continued to rise. This occurred even though the Nation's largest primary smelter, at 
Herculaneum, struck at the end of July, was operated at about one-half capacity through yearend 
by salaried personnel. 

Although there was considerable legislative and regulatory investigation activity relative 
to lead in 1992, only the final drinking water regulations were promulgated. Numerous 
hearings were he14 concerning r~authorization of the Resource Conservation and Recovery 
Act, with proposed amendments affecting lead relative to packaging, and deposits on 
batteries with mandatory take-back procedures; mining wastes apparently would not be 
included. Other bills in various hearing stages dealt with labeling of all lead products, 
premanufacture notification and approval for any new lead products, comprehensive 
inventorying of lead products, leaching and content standards in plumbing fixtures, 
tightening of paint and packaging standards, and excise taxes on all lead produced or 
imported with the revenue to be applied to a comprehensive lead-based paint abatement 
program. In the second half of the year, the largest domestic secondary producer and the 
largest battery-metal integrated producer both announced plans, with permitting already 
underway, to build large smelter-refineries in the southeast. This occurred in spite of a 
strict new EPA dient-air lead standard, and new source performance standards (total air 
emissions) for secondary plants, both pending at yearend. 

Domestic mine production of lead in 1993 is expected to be about the s m e  as in 1992, with 
continued exports from Alaska. The U.S. secondary plants are expectad to continue producing at 
relatively high levels as individual States continue to enact and enforce battery disposal or 
mandatory recycling laws. Future growth in lead demand is contingent on the developaent of 
cost-competitive electric vehicles for general and new industrial uses, power supply load- 
leveling systems, and expanded use of uninterruptible powor supply batteries, especially for 
networked computer systems of all capacities. Sealed lead-acid batteries will continue to 
replace nickel-cadmium and lithium batteries in some household and military "consumer" 
applications. 

9. World Mine Production. Beserues, and Reserve Base: I,. .  . 
Uine production Reserves' 
1991 - 1992' - 

United States 
Australia 
Canada 
China 
Mexico 
Morocco 
Peru 
South Africa, Republic of 
Sweden 
Other countries 
World total (may be rounded) 

Reserve basd 

10. World Resources: In recent years significant lead resources have been demonstrated in 
association with zinc andlor silver or copper in Alaska, Australia, Canada, China, India, 
Mexico, Pakistan, and the Republic of South Africa. Identified subeconomic lead resources of 
the world are about 1.4 billion tons. 

1. Substitutes: Substitution of plastics has reduced the use of lead in building construction, 
electrical cable covering, and cans and containers. Aluminum, tin, iron, and plastics compete 
with lead in other packaging and protective coatings, and tin has replaced lead in solder for 
new or replacement potable water systems in the United States. 



Mercury 

(Data in metric tons of mercury content, unless noted) 
1 metric ton (1,000 kilograms) - 29.0082 flasks 

.. Dcrustic Production and Use: Mercury was produced as a byproduct at eight gold mining 
operations in Nevada, California, and Utah. Several companies in the Eastern United States 
recovered secondary mercury from worn out or obsolete items, such as dental amalgruns, 
batteries, and instruments. Mercury was also recovered at chlorine and caustic soda plants and 
from U.S. Department of Energy stocks of secondary mercury. The value of mercury used 
domestically was estimated at less than $3 million. It was estimated that approximately 30X of 
the mercury consumed domestically wag used for electrical and electronic applications; an 
additional 302, in the manufacture of chlorine and caustic soda; and the ramaining 40X for 
applications such as measuring and control instruments and dental equipment. 

. Salient Statistics-United States: 

Production: Mine' 
- Secondary. industrial 

Imports for consumption 
Exports 
Shipments from Government  stock^:^ 

National Defense Stockpile 
U.S. Department of Enegy 

Consumption: Reported 
Apparent 

Price, average value, dollars 
per flask, New York, dealer 

Stocks, yearend: Mine 
Consumer and 
dealer 

Employment, mine and mill, avearge 
Net import reliancd as a percent 

of apparent consumption 

3. Recycliw: From 1987 to 1991, annual production from old scrap averaged nearly 180 metric 
tons, equivalent to 16X of the average industrial demand during that period. 

4. Import Sources (1988-91): Spain, 52X; China, 25X; Canada, 12X; Algeria, 62; and other, 
5X. 

Item 
.U. 

Most favored natim (H) 
1/1/93 

5. Tariff: 

Mercury 2805.40.0000 16.5Cfkg 

6. Depletion Allowance: 22X (Domestic), 14% (Foreign). 

7. he-t Stoakpile: In addition to the quantities shown below, 327 metric tons of secondary 
mercury was held by the U.S. Department of Energy at Oak Ridge, TN. 

Stockpile Status-9-30-92 

UncarrmLtted 
inventory 

Committed 
inventory 

Disposals 
Jan.-Sept. 92 Material 

Mercury 

Goal 

-. 362 

Zstimated. NA Not available. W Withheld to avoid disclosing company proprietary data. 
'Includes only mercury recovered as a byproduct of gold mining. Mercury recovered as a 
principal product during 1988-90 was withheld to avoid disclosing company proprietary data. 

#eta1 sold from the Nati~pal Defense Stockpile as excess to goal. and surplus secondary 
mercury released from U.S. Department of Energy stocks. 
'Defined as imports - exports + adjustments for Government and industry stock changes. 
T o r  a list of non-MFN trade areas, see U.S. Bureau of Mines (19931, Appendix B. 
'See Appendix D for definitions. 
'As constituted before Dec. 1991. 



8 .  Events, Trends, and Issues: During 1992, domestic mercury demand remained weak. Over the long 
term. U.S. mercury consumption is expected to decline, owing in part to increasing concern 
about the potential environmental problems associated with mercury use, and to increasingly 
stringent regulations affecting the use, handling, and disposal of mercury. 

Of particular concern is the large quantity of mercury currently held by the Federal 
Government. At the current rate of demand, about 500 metric tons per year, the Government 
holds enough excess mercury to supply total domestic demand for nearly 10 years. This excess 
mercury presents the Government with a quandary. One Government agency, although constrained 
to avoid unduly disrupting the shrinking mercury market, is attempting to dispose of the excess 
material. These sales resain some of the tax money spent over the years to purchase and store 
the mercury, and provide funds to purchase material currently judged to be needed for national 
defense purposes. Bowever, other Government agencies, concerned about the potential health and 
environmental problems associated with mercury, are proposing increasingly stringent 
regulations to control the metal's use and ultimate disposition. 

9 ,  World Mine Production, Reserves, and Reserve Base: 

United States 
Algeria 
Italy 
Mexico 
Spain 
Turkey 
U.SA3.R.' 
Other countries 
World total (may be 
rounded) 

W n e  production 
rn - 1 9 9 2  

58 60 
431 400 - - 
720 700 
450 500 

60 100 
1,900 2,000 

975 - 1.ooo 

Reserves' Reserve basd 

10. World Resources: World mercury resources are estimated at nearly 600,000 metric tons, 
principally in Spain, the U.S.S.R.d, Yugoslavia, and Italy. At present production rates, 
sufficient resources are available for about 100 years. 

11. Substitutes: Present and potential mercury substitutes include lithium, zinc-air, and nickel- 
cadmium cells in batteries: diaphragm and membrane cells in the electrolytic production of 
chlorine and caustic soda; composite ceramic materials for dental fillings; and organic 
mildewcides in latex paints. 



Silver 

(Data in metric tons of silver content, unless noted) 
1 metric ton (1,000 kilograms) = 32,150.7 troy ounces 

1. Daoestic Production and Use: Silver produced by about 150 mines in 17 States had an estimated 
value of $230 million. The following four States accounted for more than two-thirds of the 
1992 mine production: Nevada, 34%; Idaho, 16%; Montana, 11%; and Arizona, 7%. There were 22 
principal refiners of comaercial-grade silver. The principal silver fabricators were located 
primarily in the Northeast. About 30 fabricators accounted for more than 90% of the silver 
consumed in arts and industry. The remainder was consumed mostly by small companies and 
artisans. Approximately 50% of the refined silver consumed domestically during 1992 was used 
in the manufacture of photo&raphic products; 21% in electrical and electronic products; 9% in 
electroplated ware, sterlingware, and jewelry; and 20% in other uses. 

2. Saliemt Statistics-United States: 

Production: Mine 
Refinery: Primary 

Secondary 
(old scrap) 

Imports for consumption' 
Exports' 
Shipents from Government stockpile 

excesses 
Consumption, reported: Industrial 

Coinage 
Demand, apparent2 
Price, average, New York, dollars per 

troy ounce 
Stocks, yearend: Treasury Department' 

Industry, COMM, CBF 
Department of Defense 

Employment, mine and mills 
Net import reliance* as a percent of 

apparent consumption 

3. Recycling: About 100 metric tons of silver was recovered from old scrap in 1992, equivalent to 
3% of the apparent demand for refined bullion. About 1,800 metric tons was recovered from new 
scrap. 

4. Import Sources (1988-91): Mexico. 41%; Canada, 32%; United Kingdom, 6%; Peru, 6%; and other, 
15%. 

5. Tariff: Item Most favored nation (MPN) 
1/1/93 

Ores and concentrates 1.7tlkg on 8.8elkg on copper content + 
lead content 3.3C/kg on lead content + 

3.7tlkg on zinc content. 
Free Free. 
Free Free. 
Free Free. 

Powder 
Unwrought 
Waste and scrap 

Tstimated. NA Not available. 
'Excludes coinage. 
'Defined as refinen production from primary materials + refinery production from old scrap + 
net imports of bullion. Represents not only the quantity of silver required by the domestic 
fabricating industry, some of which may be placed in stocks, but also the quantity of silver 
demanded by U.S. investors. 

'Balance in Mint only. 
'Industry: Refiner, fabricator, and dealer. COMM: Comnodity Exchange Inc., New York. CBT: 
Chicago Board of Trade. 

'Source: Mine Safety and llealth Administration. 
Qefined as imporbs - exports + adjustments for Government and industry stock changes. 
The United States is a net importer of silver; however, changes in unreported investor stocks 
preclude calculation of a meaningful net import reliance. 
Tor a list of non-WN trade areas, see U.S. Bureau of Mines (1993). Appendix B. 
*Includes silver recoverable as a byproduct of base metal ores. See Appendix D for 
definitions. 
''As constituted before Dec. 1991. 



6. Depletion Allowance: 15% (Domestic), 14% (Foreign) 

7. Government Stockpile: 
Stockpile Status-9-30-92 

Goal 
[hrcdtted 
inventory 

Committed 
inventory 

Silver - 2,255 - 

Disposals 
Jan.-Sept. 92 

8. Events. Trends, and Issues: U.S. silver production, as estimated from preliminary data, 
declined for the second consecutive year. During 1991, operating levels at a number of silver- 
producing mines were reduced or the mines were temporarily idled. In 1992, operations at 
these mines generally remained unchanged. Additionally, other mines either closed or operated 
at reduced rates during the year. The low silver price was cited most often by company 
officials when discussiw these decisions. The types of mines most impacted by currant market 
conditions were those for whom silver was the primary product. To illustrate the growing 
importance of polymetallic deposits to domestic silver production, in 1985. 39% of U.S. mined 
silver was recovered as a byproduct; in 1991, more than 55% was a byproduct. 

The Government continued to dispose of the silver held in the National Defense Stockpile (NDS), 
using it for the production of comnemorative coins and the Eagle silver bullion coins. In 
nearly 11 years, from 1982 through late 1992, the Government has reduced the quantity of silver 
held in the NDS from nearly 4.300 metric tons to less than 2,300 metric tons. 

In 1992 the average silver price decreased for the fifth consecutive year. Throughout the 
first 9 months, the daily price ranged between $3.50 and $4.50 per troy ounce. Analysts 
attributed the silver price weakness to weak industrial demand caused in part by the U.S. 
economic recession. Also cited as a factor in the weak price was the lack of investor demand 
for the metal. 

9. World Mine Production. Reserves. and Reserve Base: 

Nice production 
1991 - 1992 - 

Reserves* Reserve band 

United States 1,848 1,800 31,000 72,000 
Canada 1,600 1,200 37,000 47,000 
Mexico 2,196 2,000 37,000 40,000 
Peru 1,770 1,500 25,000 37,000 
U.S.S.R." 1.300 1,200 44,000 50,000 
Other countries 6.2oa 6.000 106.000 174.000 
World total (may be rounded) 14,723 13,700 280.000 420,000 

10. World Resources: Approximately two-thirds of world silver resources are associated with 
copper, lead, and zinc deposits. The remaining one-third is in vein deposits in which silver 
is the principal metallic component. Although most recent discoveries have been primarily gold 
and silver deposits, significant future reserves and resources are expected to be the result of 
major base metal discoveries that contain byproduct silver. 

11. Substitutes: Aluminum and rhodium substitute for silver in mirrors and other reflecting 
surfaces. Tantalum can be used in place of silver for surgical plates, pins, and sutures. 
Stainless steel is an alternate material used widely in the manufacture of table flatware. 
Nonsilver batteries being developed may replace silver batteries in some applications. 
Silverless black and white film, film with reduced silver content, and xerography are 
alternatives to some uses of silver in photography. 
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