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January 4, 1971 

TO: H. Lanier 

FROM: C. E. Osborn 

SUBJECT: Calta Mines, Ltd. 

Ken Chattin called in from Boise today at 10:00 a.m. to 
say that he plans to be in Tucson on Wed. and Thurs. of this week 
(1/6 and 1/7, 1971). He would like some time to visit with you 
and will stay over if necessary. 

He says he thinks he has a r'evised program that might 
be attractive to Essex. 

The most recent geologic evaluation makes their prop­
erties look more interesting than ever. His quote - "Things are 
looking better an the time." 

I'n let you know his arrival time. 

~ 
C. E. Osborn 

CEO:td 



Nov. 24, 1970 

TO: H. Lanier 

FROM: C. E. Osborn 

SUBJECT: Calta Mines, Ltd. 

Mr. Ken Chattin, general manager of Calta Mines, 
caUed to discuss thetr continuing progress at Contact, Nevada 
and to inquire about developing further interest with Essex. 

In addition to the initial ore reserves of approximately 
2,250,000 tons of 2.2% Cu they have added through further eV..llu­
ation of drill logs and .lddttlonal drnUng some 9,200,000 tons of 
0.7Sr.. Cu to thet r reserves, making a total of 11,500,000 tons of 
1.010 Cu reserves. -The recent additional tonnage can be mined 
by open cut and/or pit methods. 

He is talking of a 1500 T /D operation. 

Mr. Chattin is coming to Tucson on Cec. 1 to talk to 
Walt Heinrichs about ~ddittonal I. P. and mapping. His geologists 
are of the opinion that they are on top of a large mineral, hopefully 
copper, deposit. 

He would Uke to meet you while he is here next week. 

Clyde Osborn 
CEO:td 
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Petrologic Report on Altered Rock from 

Contact, Nevada 

Rock No. N-13-n, Altered rock from depth of 685' 

Mineralogy: 

Primary unaltered minerals 

25% quartz 

.0( 1% apatite 

Alteration minerals and introduced minerals 

45% sericite 

19% bleached biotite 

1% actinolite 

10% carbonate (calcite) 

Texture: Fine grained replacement aggregate 

Classification: Sericitized granodiorite 

Observations: The rock is an intensely altered plutonic igneous rock 

in which the only minerals not completely replaced are quartz and the 

minor accessory mineral, apatite. The former presence of feldspar, 

hornblende and biotite is indicated by relict shapes and structures of 

these minerals. From these features it is evident that the pre-alteration 

rock contained approximately 25% quartz, 40% feldspar, 20% biotite, and 

15% hornblende. The feldspar apparently was predominently plagioclase so 

the original rock was a hornblende, biotite granodiorite. 

d The former presence of fe~spar is indicated in thin section by 

rectangular to irregular shaped areas of fine-grained aggregates of clear, 
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colorless sericite. Relict feldspar cleavage is suggested by the pre-

sence of larger and more elongate sericite grains in parallel orientatiori 

within some of the aggregates. Other structures, suggestive of relict 

composition zoning of plagioclase are visible in some of the sericite 

aggregates. It is likely that some of the sericite aggregate areas 

represent replaced orthoclase crystals. 

Other aggregations of sericite occur preserving the character-

istic shapes of hornblende crystals. Both rhombic cross-sections and 

prismatic longitudinal sections are evident. This sericite, replacing 

hornblende, has a light brownish tint due to a dusty material (possibly a 

clay) disseminated evenly through the grains. The sericite is somewhat 

coarser grained than that replacing feldspar. 

Biotite likewise has disappeared from the rock and its former 

presence is revealed by inclusion-filled, recrystallized, white mica. 

This white mica after biotite, has the appearance and composition of 

muscovite and is sometimes referred to as bleached biotite. The inclusions 

in the bleached biotite are very minute, elongate crystals arranged in 

layers parallel to the mica cleavage. In basal sections of the mica the 

inclusions are seen to be oriented in a triangular pattern apparently 

controlled by the prismatic crystallographic planes. The inclusions appear 

to be actinolite but, because of the extremely small size, the identification 

is uncertain. 
. . 

Introduced carbonate (probably calcite) occurs in veinlets and in 

irregular patches throughout the rock. It is generally fine grained with 

the veinlet calcite being slightly coarser than that occurring in irregular 
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patches. The veinlets cut across quartz grains as well as the sericite 

alteration products. 

Conclusions: The original granodiorite underwent intense hydrothermal 

alteration which affected all of the major minerals except quartz. The 

feldspars and hornblende were completely sericitized. This process 

requires the addition of potassium supplied by the altering solutions. 

The biotite was unstable in the sericitizing solutions and it 

recrystallized to form muscovite (same compostion as sericite), releasing 

iron and magnesium which combined with silica in the solutions to produce 

minute crystals of actinolite. 

The sericitization alteration was followed by the introduction 

of carbonate as a minor second alteration episode. 

Respectfully submitted, 

.~¥/?~ 

~. 

Max P. Erickson 
November 15, 1971 
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KENNECOTT 

Data from 4/22/71 Prospectus 

Indicated 
Reserves: Total Domestic Lb rec/t Lbs Rec Cu Recovery 

3,025,000,000 @ 0.749% 12.29 37,180,000,000 

Bingham 1,773,300,000 @ 0.71'7. 12.42 22,023,000,000 87.461-

Ray 736,310,000 @ 0.82i. ' 12.17 8,964,800,000 74.201. 

Chino 452,307 t OOO @ 0.781- 12.04 5/+47,000,000 77.181 

Nevada 63,100,000 @ 0.791- 11.80 144,600 ,000 74.681 

'70 Mining Rate Indicated Life 

Bingham 597,354,000 1bs Cu/yr 36.9 yr til" 

Ray ,196,922,000 1bs Cu/yr 45.5 yr ", 

Chino 160,106,000 1bs C~/yr 34.6 yr " 
Nevada 83,394,000 1bs Cu/yr 8.9 yr 

Total 1,037,776,000 1bs Cu/yr 35.8 yr 

\ 
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INTRODUCTION 

.j 
I 

~ ?ne mining claims of the Calta Mines, Ltd., are located in 
-;;:1e Salmo;1 River Mining District, in northern Elko County, Nevada, 

. w~iC:-l is a mining district that was first discovered in 1870. 

" For an exact description of the Calta Mines property refer-
ence should be made to the com?any maps and files. 

S~nall scale copper mining has been carried on in a sporadic 
•• "1anncr since 1906, but mostly at times of high copper prices. Such 
o::"'es were mostly shipped to the Garfield, p'tah smelter of the 
J-\.merican Smelting and Refining Company, but thi s outlet was closed 
in 1959 when this smelter was sold to the Kennecott Copper Corpora­
tion, Since that time the district has been largely inactive, except 
the exploration by Calta Mines and others starting in 1967. 

The Contact copper ores occur in an extensive area that is 
large! y associated with the periphery of a large granodiorite batho­
lith. These ores are found in a serie s of fissure ve ins, some of 
great length. The discovery of a di s seminated sulfide depos i t has 
been a hope that has so far not been realized, but may still be found 
with additional exploration. This report deals with the ore in the fis­
sure veins. 

Th.is district is well located for favorable o?erating conditions 
and is served by the Rogerson branch of the Union Pacific Railroad 
and U. S. Highway 93. A high tens ion power line of the Idaho Powe r 
Company passes within a mile of the property, and good motel and 
restaurant facilities are to be found at Jackpot, which is fifteen miles 
north of Contact, but there are only poor accommodations at Contact. 

Th~ present feasibility study is directed at the following matt,ers: 

1. Evaluating the geological and geophys ica1 information 
and·how they influence future exploration for addi­
tional ore. 

l. · J!:f:ltir(li'lting 1()11nd kc1Q "lll,l I III'i, .. I' I "ldr-liI IIf tl,,,, " l' pl'l 

developed by the Calta dr illing program. 

3. '. Estimat ing, on a preliminary basis, the cost of 
developing and equipping the mine. 



" 

• 4~. _ P.:.'1 inve stigation of the phys ical nature of the ore 
-::0 Geterrnine the portion that is non-sulfide and 
~ ... ctallurgical tests to arrive at the best mi.ll 

- flew sheet for the recovery of the optimum metal 
content. 

5. • Estimating, on a preliminary basis, the cost of 
Luying and erecting an adequate mill at the 

property. 

. 
6. Estimating the cos t of mining and milling and 

tae profit arrived the refr am. 

7. Surveying the market for the best sales outlet 
for concentrates and precipitat~s and making a 
contract with the most favorable buyer. 

8. Reviewing the future trend of the supply and 
demand for copper and the future trend of 
copper prices. 

The above matters are covered in the following sections of this 
l"eport and summarized at its c onc1usi on, 

GEOLOGICAL FACTORS 
INVOLVED IN FURTHER EXPLORATION 

The ore reserves of this property, as calculated in this report, 
are 2, 148, 696 tons with an average grade of 2. 19070 copper and 0.60 1 
oun'ces silver per ton that are containe d in severa11arge fissure veins, 
There are reasons to believe that significant additions to this tonn~ge 
will result with more drilling. 

Previous production from the Contact district has been estimated 

unofficially at a,s much as 300, 000 tons of are. The grade has been 
around 5% copper.' One partial estimate for the years 1913-1949 was 

• 34,404 tons with an average grade of 4, 85o/~ copper, 0.2 ounces gold 
and 1. 7 ounces silver per ton: At pr e s e nt rnf~ tal p r ic e s the gr os s 

value of lhis Ol' e wvuld VO $1, IflO, uuo , 

-2-
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• .;.i.1. :926- a series of 129 shipments from the Marshall 
(Dela •• a) Minc averaged 5. 3% COp?C r. 

~:~J.5 old production is t11c best indication of \vhere the better 
orcs occur, and it snould be noted that such ores were mined from 
vei~s tha.t are near the contact of the nranodiorite with the surround- ~ 

~ 0 

i~1.S; seGimentary rocks and mostly in the north contact zone that occurs 
in a zone that starts at old Contact and runs for about four miles to 
the West. The presently calculated ore reServe lies entirely within 
t!1is zone. 

I 
Also in this zone lies the Palo Alto Mine, which had an early 

production of 300 tons of 320/0 cop;:>er ore before 1910 and 1,400 tons 
of 5% copper ore between 1910 and 1928. 

Blue Bird ore s mined in early days contained from 170/0 to 
350/0 copper, 20 ounces silver, and $3.50 gold per ton. Bryan ores 
Were stated to average 5% copper, 8 ounceS silver and $20 in gold 
per ton. 

The Brooklyn Mine, also on the contact, is said to have had 
spectacular sulfide ore, of which the only visible proof is a dump 
said to average 15% copper. 

The above mentioned mines contained some of the best ore 
m.ined in the district and are located on, or ncar, the contact. This 
high-grade ore was largely mined from erratic ore shoots in the sedi­
ments, which could open up into more cons isten tore bodie s in the 
underlying granodiorite. This zone has not been explored except in 

, the old Delano workings where the limesto:1e, slate and quartzite 
overlie much of the good ore that was mined in this vein in the 
granodiorite. The extension of this orebody and the North Vein 
to the east, under the sediments, are two of the best exploration 
objectives on the property . 

Such an exploration project would carry the drilling onto the 
Palo Alto, Bryan and Blue Bird claim.s where the previously mentioned 
high-grade ores- occurred in the sediments and where the objective 
should be the extensions of these ve ins into the underlying granodiorite. 

J Il r () () '} J, 'r. n :1 i1 N Y ~ I. tI (. 0\ i 1\ ,,1\ . 1 It i ( I r ill I·: II )~ i II .... <" ..; I I /-: P J 

Mining Journal that there was a vein only IJ fcet wide in the slate 
, on the Delano No.2 claim which, when followed onto the Palo Alto 
claim and'inro the granodiorite enlarged by replacement to a maxi­

- mum of seven feet. 

-3-
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~ ?hc exploration, the g eo ;?hysic s , the geological mappin g a nd 
\;:1C drilli::.;; th at ha.s been done on the C a lta ' propc':ly in ti-,e p a s 'c tiuee 
~ r ca:.-' s :'1a.v~ Dr-oduced a considerable ore r ese rve, as calculated herein. 
J ~ 

T:.i::;: \vo:.-k has also lurnishcd e xc e ll e nt information that wa.:rants 
wevc':;:al cO>lclusions in regards to future eXLJloration, ,as follows: 

\ 
' \ 

" \ 

\ 

'\ 

• 1. .. ... '!-.e Cc..-,t::","ll Granodiorite Datholith: Thl~ western 
extension of thi s batholith that is contained on the 
Calta prope rty has been closely explor ed by a grid 
of induced polarization lines that was run with the 
objective of discovering a disseminated sulfide 
copper deposit. 

'. No encouraging anomalies were found in the central 
batholith even though this batholith is laced by a 
swann of syenite dikes, many of which have sub­
stantial showings of copper carbonates. Therefore, 
unless some new and encouraging evidence is pre­
sented, this section of the batholith can be eliminated 
from further cons ide ration. 

There was a partial!. P . . anomaly developed in the 
limestone north of the contact zone which will be 
discussed later. 

z. Favorable Ore Zone: Recent exploration and olde:;: 
mining operations definitely indicate that the better 
and more consistent orebodies are located along the 
contact zone betwe e n the granodiorite and the lime­
stone, slate, quartzite series and that this zone 
extends from the site of old Contact for about four 
miles in leng~h to the west . . 

There is much ground yet to be explored along this 
contact, but the most obvious objectives would be to 
drill for the easte rn extensions of the Delano ore 
shoot and the North Ve in ore shoot in Palo Alto, 
Bry.an and Blue Bird ground. 

3. Zoning of Ore Shoots: There is a definite vertical 
z () n in g 0 for e s h 0 '() r b i n t 11 8 1 i rr, Po 5 t () Ii r. , B 1 at .-: I 

quarlzile scrlcs. wll c rc Ihf' , vcill" t e Jld tu L(' lI a rrow, 

but rich, and in the lower. granodiorite where the 

-4-

" 



---. 
( 
(' 

., 

VC1;1S arc' much wider, eithe r from replacement 
or super;;cne enrichment, 0;:' both, with widths and 
value s of ore being more consis tent. • 

Except in thc Delano Vein the veins in the grano­
diorite have not been adec,ua tely explored under the 

• capping of scdime nt ;:lTY rocks. 

4. Supe rgene Enrichmen t and Oxida tion: The se pro­
cesses play an important role in the contact zone on 
-;;he Calta property even thOUGh it is impos s ible to 
define a definite supergene, or secondary sulfide 
zone. It is quite probable that a rich secondary, or 
supergene, sulfide zone was fo,rmed which was later 
reoxidized due to a shifting of the water table. 

There is a zoning of better grades and widths of ore 
that is shown by the isograms of the ore shoots that 
accompany this repor t. 

Oxidation went deepe r in the ve lnS that are furthe r 
to the south of the contact. In the Delano Vein oxida­
tion went to 600 feet below water level, but oxidation 

. in the Br.ooklyn was shallower with sulfides be ing 
encountered at 200 feet in depth due to the fact it was 
exactly on the contact. 

The proximity to the contact se emed to hinder oxida­
tion, and this may be due to a chemical or physical 
impedance of oxidation, but while the oxidation process 
is not well understood, its results are and can be 
reasonably well mapped. 

Most of the ore cut in the recent drill holes averaged 
about 67% oxide, or non- sulfide ore. A few of the 
holes cut only sulfide, but no true supe rgenc sulfide 
zone has been definitely established. 

5. RaKe of Ore Shoots: This is a very important factor 
to establish as the success of future drilling may 
depend on it. In 'the Dab.no Vein a d e finite eas t ral::e 
~ t\ 1\ bo £l r' 11 n ;) 1\ I II" i;-lll i·: l' ;1 I 1\ l" II I r·· ,. II ",, f) I r. ) C "' ;'; j t II d j I ,.1 I 

section of that vein. This rake is approximately minus 

-5-
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20° to 30° to the east. r~'n~s rd.;, e moly be controlled 
"-.;;'1 t:1e overlyinG sedimen~.lry r ,o c~s or othc:;,- iacto~s, 

::;,J.;; it is .l definite fC.lturc .lna. indicatcs that dr illinci 
:':c:: rno::c ore should bc laterally to the east into 
Palo .A:. \:0, Bryan ana. Blue Bird ground l".lthcr than 
t::ying to explore the Delano Vein to greater depths 

• with vertical holes. 

The eastern extension of the North Vein ore shoot 
doc s not have as definite a r.lke est.lblishcd, but 
it is about to go under the sedimentary rocks 
wb.ich would be a rC.lI rc.lS on for .l fl.lt, easte rly 
~akc.' This vein too should be explored to the east 
on Palo Alto and Blue Bird gro,und. 

6. More Geological Mapping: An excellent geological 
"map was prepared of the Calta property, but at 
that ti~ the Palo Alto, Bryan, Blue Bird and other 
adjacent claizns were not pa rt of the Calta holdings 
and were cons equently not znapped. It is quite 
essential to have this area znapped if znore drilling 
is contemplated, 

The tim.e required for such a mapping job is 
estimated at one month and the cos t at $4, 000. 

l 

'the discussion of geological factors as related to future are dis­
covery will be limited to the four-mile zone already described, although 
many good prospects exist to the west of this zone. Also the contact 
deposits on the Allan No. 2 claim will not be considered for the present 
although they present certain features that warrant close study. 

Specific Drilling Objective s 

. 
Drilling objectives that can be considered are-~ 

Delano Vein: 

This ore shoot has not b ee n delimited on its eastern edge where 
the granodiorite is under the' sediments. Several drill holes on Palo 
Altl) gt'\I\l11'1 i\l'f'l warranlrlll to r.Xr,l n l'.., 1 •• 1' thi p 1I1'r. fihcltlt on its nil! 

l'ake. If such drilling is successful, cl1'illing should be extended Cdst­
ward onto the Bryan or Blue Bird ground. 

-6-
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North·V ci n : . \ 

I 'Y~c ca~tc rn extcns ion 0: this or..! shoot too is logical. It 
i:::; nbt cut off by Drill Holes 15A a nd l5D. .-\n error in assaying, 
:.:.:::cer.tly discovered, shows tha t t h ere is 2i feet of 6.980/.1 copper 

I 

ore ~n Hole 15A instead of 1. 7% copper as first reported. 

I 
\ l'io drilling has been done on this veL .. where it goes under 

t:1e sediments to the east, and there should be good pos sibilities 
. ior ore if a flat rake is allowed for. Two drill holes are warranted 
~s suggested. 

Brooklyn: 

i At least two drill holes should be drilled to explore this 
vein at depths of 300 feet. No drilling has been done on this ore 
~hoot which is reputed to contain the best sulfide are in the district. 

Bellevue: 

There has been only one drill hole drilled into this ore shoot 
below the previously known one. This hole was Ve ry encouraging and 
showed (t feet of 4.40/0 copper ore. At least two mor e holes are war­
ranted t~ better define the patte rn of this are shoot. 

To explore these objective s the following drilling is suggested: 
I 

Eastern Extension of the Dela no Ore 
2 Holes each 700 ft. d e ep 1, 400 ft. 

Eastern Extension of the North Vein Ore 
3 Holes each ' 600 ft. deep 1, 800 ft. 

Brooklyn Vein 
2 Holes each 400 ft. deep 800 ft. 

Bellevue Vein 
2 Holes e<:.ch 500 ft. deep I, 000 ft. 

Total Suggested Drilling 5, 000 ft. 

At an estimated cost Of $11 p e r ft., this pr og ram would co s t 
~, ~, ~ , 0 (l U . 

Th.e above drilling does not include any deep drilling that mi ght 
be warranted after further induced polarization studies have been made. 

\ . 
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.. ~'\~"ALYS~S OF ALL INDUCED POLARIZATION 

SURVEYS AT CONTACT 

?I-:c induced polarization surveys at Conta·ct dated from May, 
1967, when Heinrichs Geoexploration Co., ran a series of I. P. lines 
cv(:~ the ai-ca. This work was done for Mr. Paul Kayser who required 
only ve~bal ~eports on results. However, Heinrichs did submit a 
::<~:;;:"ler rudimentary w~itten report to the Calta Mines staff on 
D-::cem ber 11, 1967, and this has been available for the purpose s of 
this report. 

C: the fourteen lines that Heinrichs ran at that time, th~ee 

were on the east side of the river on the Stewart claims and had no 
bearing on the Calta property. Eight 1. P. lines were across the 
central portion of the batholith on what is called the Blue Jay area, 
and three lines, No's. 12, 12A and 13, were on the Banner (Calta 
Mines) property. Of all these lines only these last three showed · 
anomalous results. The other lines were all negative and for this 
reason it has been concluded that this central part of the batholith 
contained no dis seminated sulfide deposi ts . 

A drill hole, BK-l, was drilled wrere lines 12 and 12A cross 
and where an anomaly was indicated, and some fissure ore was found, 
but no disseminated sulfides. 

This early I. P. wo~k indicated that, in the Contact area, this 
technique could not consistently outline fissure ve in ore, most of which 
was oxidized, but it did give the first indication of the weak anomaly in 
the limestone at the end of line l2A. This weak anomaly is yet to be 
fully outlined and defined, but with the later 1. P. results, it assumeS 
some importance. 

Another I. P. survey was run between Julyand September, 1967, 
by the Heinrichs organization for the Circuit Foil Corporation, who .. 
held claims adjoining Calta ground. Now these Circuit Foil claims 
are encorporated in th\! Calta holdings. The report that Heinrichs 
made at .that tim:e to Circuit Foil is available and was reviewed for 
this analysis. 

At that time JIeinrichs' wi:ls th ~ f i rs t t. l slt!.stcililial1\r ili r1icCllc! 

a weak anOlnatous zune Oil tIle Jlurl It cild ,\)( thf' properly, buL <.IiLl Ilul 

fully delimit the anomaly as it appeared to be running off the property. 
This north. area Vias later taken up by three tiers of Liz claims for 
Calta. 

'-8-
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_ :-rebrichs lines 3, 4, 5 and 6 show thi s anomaly in part but 
clic. not.defbe t1:e r..orth limit. 'Thcir lines 8 and 9 also show weak 
z.nor.lCliics. From these results Heinrichs recommended further 
L P. ddailing (which was not dor.e). They estimated that the west 
c::.ci of this anomalous zone was 500 feet deep and the east end 1000 
icct deep. 

., 
Between August and October, 1<)69. the Mineral Surveys. 

Inc., ran an I. P. grid over the Banner ground and adjacent claims. 
L"'l their report, dated November 7. 1969. they said that background 
count was determined to be about 4.0 milliseconds and that the only 
place where this was significantly exceeded was on the north ends of 
~\eir lines 0 + 00, 8 E and 8 W where the maximum reading was 9.5 
milliseconds. 

!vir. Parker Gay, Jr .• the local manager of Mineral Surveys 
. estimates L"-lat the depth of their 1. P. probing did not exceed 900 feet 

<lnd also that it would be possible to increase the depth of their 1. .P. 
probing to as much as 1, 500 feet. He thought that auch additional work 
might be warranted. 

Conclusions 

It is fairly well established that the central portion of the 
Contact batholith holds little promise for disseminated copper ores 
and that the ore potential of this district is closely associated with 
the periphery of the Contact batholith and not with its central part 
despite the copper showings there. 

All forms of ore d~posits may occur on this peripheral zone 
of the batholith, including " eli sseminated copper ores. but any ore 
deposits developed will probably require undergro~d mining. 

As 'the only consistent 1. P. anomaly found was in the lime­
Gtone, any further I. P. work should be confined to that area and 
should be so set up that der.ths of 1,500 feet will be probed. 

Of this situation Heinr ichs says: 

"A h,ll 'j of ,niii,jl· n1i ;,: ~.! i,," (~ ;\ 1'1''11.11.\" t ' ;1I1"" lIf 

the long band 01 induced polarization anomali6m near 

\ " 
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• t:-1C north eCcie' of the claim group and rouzhly paral­
.1eE:'g the igneous contact inferred [.rom the aerial 
?~ctograph. Since the anomaly was not completely 
c:,osscd, it is impossible to say how wide this 
a4. .... omalous zone is or how deep the polarizable mate­
::.·ial may be. The data on hand bdicate that it is less 
ceep on the west, possibly less tnan 500 feet deep, 

I, 

but appears to be at least I, 000 fect deep on the east 
side and very likely entirely north of the claim group. " 

Heinrichs goe s on to mention that they tested one suspicious 
limestone for graphite content, but with negative results. They do 
c~ution that further studies in this regard should be made as graphite 
can cause definite I. P .. anomalies .. 

Heinrichs concludes with the statement, 

. "Should no positive explanation of the anomaly 
be obtained by surface examination, we recommend 
at least four more spreads of 1, 000 foot dipole I. P.' tr 

The Mineral Surveys report, while recording this weak anomaly, 
has little to say about this feature. It should be noted that the Heinrich 
work on the west end and the Mineral Surveys work on the east end all 
seem to combine to form a continuous weak anomalous zone, which 
has been indicated on the attached map as "Suggested sulfide zone. " 
The extent, nor the depth of this zone, have not been completely 
defined, and it would seem that such additional exploration wo rk is 
worthwhile. 

Such an anomalous zone, if found to pe r sist with further 1. P. 
work, could mean any of the four following situations: 

II. 

1. A disseminated sulfide deposit in porp~yry under 

.. . the limestone . 

2. . A contact metamorphic sulfide deposit between 
granodiorite and limestone, 

. 3. A sulfide :,eplacem~ nt deposit in limestone. 

4. A pyrite or graphite deposit which would be 
of no v~.lua • . 

" 

-10- i . 

... 



. ' 

r 
~, 

.' 

• r.l'~C Ca.lta. l\..:i~e s ge ological maps do not extend as far north 
~:J the of'Suggested sulfide zone" and further reconnaissance geological 
mapping seems indicated. 

\ 

\ . 
I . 

·. 
1. 

2. 

3. 

Rccommend2..tions 

No additional claims need be staked at this time as the 
anomalous zone appears well covered. 

A reconnaissance geological map should be made of 
the anomalous area wi th particular attention be ing 
paid to any occurrence of grap~itic limestone. 

If no graphitic limestone is detected, then additional 
LP. lines should be run which will probe to de~hs 
of at least 1,500 feet. A few reconnaissance I. P. 
lines should first be run across the east and west 
ends of the anomalous, or "Suggested sulfide zone" 
and, if these lines are encouraging, a detailed grid 
of deep L P. lines should be accomplished. 

4. . If Calta Mines is intere sted in furthe ring this pro gram, 
it should be broken down into several phases and costs 
of all phases estimated. 

·5. The ultimate of such a program would be drilling, 
which should be initiated with several pioneer holes . 

Costs 

The time required for a reconnaissance geological map of the 
suggested' anomalous area is one month and the cost is estimated at -. 

The time required for an induced polarization survey of the 
suggested anomalous a:.ea is three weeks and the cost at $6, 000. 

Hthis (IIrtl.er 1. P . "\vorl, I n, ii,' 21i,,,<> II.OlI Oll\ ::1tti'd.tiv.., 'lIl ' ""::11 1 

exists, then pioneer dr illing will be war ranted on the following bas is: 

\ . 

-11-
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Two 600 foot holes 
Two 1.000 foot holes 

1, 200 feet 
2, 000 feet 
3, 200 feet 

At an estimated 
(- '2 ;, 

cost of $11 per foot the total cos t would be 

""JS,?OO. 9 . 

i. 
If~~s pioneer drilling is successful, more drilling will be 

I:.ceded, but this cal"mot be estimated on present information. 

I 

.' . 

..:. . . 

. ' 

" -." . 

., , 

) 
, 

-12-

. . 

, 
, 

. ... 

,' . 



, . 
" i 

· . ~ . 

" 

, 

r:::STIMATE OF ORE RESERVES 
\ 

CALTA MINE 

CONTACT, NEVADA 
IJ' 

I , 

i 

I TT.ll.s estimate of the ore reserves is made for the Calta Mines" 
L~d .• at the request of Mr. Kenneth Chattin. The data used were 
taI~en almost entirely from the very excellent compilation of data 
obtained from exploration results at the property of the Calta Mine s, 
Ltd., at Contact, Nevada. This compilati~m was made by the 
Cordilleran Engineering Ltd., 1418 - 355 Burrard Street, 
Vancouver 1, B. C •• under the direction of J. W. Stollery, a pro­
fessional engineer of British Columbia, Canada. 

L'"l. addition ~o the above report by Mr. Stollery, reports of 
several other engineers have been closely examined; nearly all are 
credible and of authentic conditions existing at the time of their 
report. 

In addition to the information and data of the Stolle ry com­
pilation of facts of the drilling the reports of the following er,gineers 
have been read and studied. Although the se reports did not ente r into 
the calculation of the ore reserves, they were extreme ly helpful to 
give a background of the conditions that prevailed at the time of their 
respective reports. Therefore I wish to acknowledge the following 
'reports; M. F. Hickey, April, 1906; W. E. Dunkle, April, 192.3; 
Arthur I-L Lawry. January, 1930; S. V. Kemper, January, 1930; 
F. C. Schrader, Bulletins 497 and 847, 1930 and 1935; S. A. Taylor, 
Utah Construction Co .• November, 1966; Frank Lewis, 1. P. work by 
Heinrichs for Circuit Foil. August. 1967; W. J. Franklin and L. K. 
Requa, ~rch, 1968; F. L. Croteau, June, 1968, 'July, 1969; W. F ... 
Bondar, Geo Chemical, August, 1968; and Talis Kalnin, Trenches, 
December. 1968. 

Mining ii-lvestors are, coming mar e and more to the engineer 
for sound advice 'because such advice can be given within certain 
lirnits. It is to the engineer's interest to give his best advice Zll1l1 to 
}Jrulecl the ll1vc~lul' 90 thrtllllt' llldllq( I' Y, \Vlli~ II l . lI11CCnW Ids UWll lUc'a 
work, m.ay be of honorable repute and tl~at capital may be forthcoming 
to provide. the neces sary work to plac~ the prope4'ty in a profitable 
position. 

-13-
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Tb;refore to the investor, valuation is the knowledge of the 
::um of the following factors: 

!. Determinat~on of the average metal content of the ore; 

2. Determination of the quantity of the ore; 
. , 

• 
... Prospective value; 

~. ' Recoverable percentage of gross values; 

. : 

',' .. ;. 

5. Price of metals; 

6. Cost of production; 

7. Amortization of capital and interest; 

8. Valuation without ore indicated in report; and 

9. General conduct in"the examinatio:1 of old reports . 

Sometimes the engineer can make even a short visit to the 
mine for data purposes--more often he cannot. Inthe former case 
he may resolve for himself an approximation of factors bearing upon 
value, excepting the quality of the ore. 

Reports of other engineers are to be studied for their value, 
which are accepted in the ratio of the estimator's confidence in the 
men who presented the reports. This, then becomes a case of judg­
ment of his own experience. of men, reports and things, and for this, 
no rule applies. 

The ore deposits of copper may be considered to have four 
horizons, explained as follows; 

1. The zone immediately below t~ surface outcrop 
where the main feature of the zone is the oxidation 
and leaching of the soluble minerals. 

2. Under the first zone is a lower zone, still in the 
zone of oxidation,' where tr.e main feature is the 
i1ofJosHjnn of thd ITk t"l", "'''' lI;:ltivo ",r,d t1.n uxi,\r.p 
and carbonates of copper. 

-14- \ . 
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3. Below zone nvo is the uppe r norizon of the sulfide 
zone where the spc cial featur e. is the enrichment 
of secondary deposition and sl4lfides. The best 
va-lues usually are in this zone. 

~_ The lowest horizon is where the deposition 1S m 
9 the primary sulfide state and undis turbed. 

The above zones are seldom sharply d efined but may be 
recognized in a general manner by the knowledge of which mineral 
~ s where and by the increase and decrease of metal values. No 
<::.t t empt has been made to define the zones in this report; but it was 
noticed that the maps and sections of the old reports show that a 
high percentage of the stope area of the Be,llevue, Dunkle and Delano 
workings indicate a continuation of vein deposition laterally and in 
depth. The values shown, as sampled in the lower levels of the 
respective mines, show values in excess of the values obtained by 
diamond drilling as a rule. One instance is the penetration of the 
North vein by drill hole N-lO, which is merely in agreement with 
t11e cited values of the ore on the lower level of the Bellevue Mine. 
In cases where values of wi dth of the vein and copper values were 
cited as in the old reports, such information, when compatible with 
Mr. Stollery's factual report, was an influence but not ave raged with 
the data of the Stollery report . 

. , 

. The copper ore depos its of the Contact area are of three types . 

1. The veins found in the seyenite dike s, whose dip 
and strike are confined wi thin the dike, are of 
least importance as of this date. 

Z. The contact metamorphic veins--the Brooklyn 
Mine and other. mines along the limestone­
granodiorite contact are example s. 

3.' Fis sure veins - -this repor t consists of metals 
in veins, namely, the North vein, the Delano 
veinj the Delano Split vein, and the four South 
veins. The South veins did not show sufficient 
mineral to be inclli;ded in this report. although 
shows promise of possible Ol'e deposition. 

-15-
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RouZh estimates of the cost of mining, milling and amortiza- . 
':::on irrdicated that ores having a vein width of five feet, or expanded 
·~o five feet with an assay value of 2.. 0070 copper, or near its 
equivalent, should be the target of the estima te, which is considered 
<lG conservatively adequate at the present time. 1£ nccessa:-y, a , 
:'czscr amount of higher-grade ore is possible to esti~atc. 

Examination of the old reports and the later drilling program ' 
proved that the best "new" ore will be found below the presently 

. clccpest workings of the Bellevue, Dunkle, and Delano mines. It 
iz suggested that below the deepest workings is to be found the zone 
of .enrichment. 

From long-held definitions of the clas sification of are s, the 
most commonly held definitions are as follows: 

1. 

z. 

3. 

PROVED or POSITIVE ORES 

Ores where there is practically no risk of failure 
of extraction or continuity. Usually are blocked 
out on four sides--this is sometimes called 
developed or blocked-out ore. 

PROBABLE ORES 

Ores where there is some risk, yet a warrant­
able justiiication for the as sumption of continuity-­
ore on two s ides as a usu al requisite. 

POSSIBLE ORES 

Ore where the whole or part is below the range 
of knowledge" and/or without proof of existence. 

Fpr the clas siiication of this estimate, under the stri ct terms 
above, this ore has been developed by diamond drill holes. There-' 
fore its existence and copper content at that small area of penetration 

. spot O~1 the vein confirm the existence of the vein at the depth or 
elevation being' the same a$ that vein of the outcrop and the mine 
workings, and that it is but the extension of kno·.vledge previously 
OA.ccuri1111ated. The are of thi s estimate cannot be called Positive ore 

all~ call1lut U8 l~ ::tl1("tt ) \?Fl81\,\e lIt'r.. 1t. t.A ll pi'~.kdo\y I'e \)('81. 1I :1I11(,..\ 

PROBABLE MINABLE ORE for' want of a better name. 

-16-
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• At best an are estima.te is based solely on the information 
C2.inec· by dr-illing, however accurate, old reports, secondhand 
:;?::cdu.ction d::l.ta, tOi1.S and assays. Such a.n estimate, of course, 
C2.:-l only be approximate or indicative made from the best informa­
tion available. 

, . 
\ ri'h'-c sp~cific gravity of the ore in place was determined to 

be 2~ 676, weighing 167 lbs. per cu. ft., or 12 cu. ft. per a 2000 
pound ton. This was dete rmined by using the average spe ciiic 
2ravity found in several handbooks and in Herbert C. Hoover's 
Principles of Mining, as follows: 

I 

~pecific Gravity Lbs. ICu, Ft. Cu. Ft./Ton 

. Granite * 2.6122 163 lbs. 12.30 
Diorite * 2.7564 172 lbs. 11. 73 
Granodiorite 2.6761, 167 lbs. 12. 00 Average 

" Schrader 3. 1251 195 Ibs. 10.25 
Croteau 3.2051 200 Ibs. 10.00 

The selection of 12 cu. ft. per ton was made to be more on 
the conservative side of estimating. 

Then the amount of are was calculated by the prismoidal 
. formula ordinarily used--

TWLD 
C 

TW 

L. 

D 

C 

v TW1,n 
x - C--

" 

= tonnage of a prisrnoid, where 

= true width of ore in feet (width x sine of ' 
inte'rsect angle between vein dip and hole dip) 

'= horizontal length of block 

= dip length of ore run (Difference of elevation 
divided by sine of dip. ) 

- number of cubic feet per ton 

* Average cubic feet per ton of granite and diorite. 

'1 
-11-

\ 

,. 

of above (are) 

". 



i ' 

, 

-, 

• 'I':1C, following tables are a cOlTIpilation of data required to deter­
r .... ine tonnages and ore values: 

}.ll true thickne 5S es ave raged arithmetrically . 

. All assays are weighted when ave raged. 
\J 

(Dip Le ngth or 
Wid 'i:~) x (Horizor.tal Dist, ) x Fis sure Ru..) 

12 (cu. ft. pe r ton) 
Tons Ore = (True 

" 

, . 
,', 

. , 

f , 

.' ,J 
/ , 

, , 

" , 
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MINING DISTRICTS ASSOCIATED WITH ELONnAT~ DOM~S AND PLUNGING ANmICLINES 

(6) CROSS AND LON(HTUDINAL FRACTURES MORE OR U;SS EQUALLY DEVELOPED 

Contact, Nevada 

Source.-

F.C.Svhrader(19~5), Contact mining dis~rict, Nevada, U.S.Geol.Sur­

vey Bull.847, p.1-41. 

This copper-gold-lead-silver di~~rict lies near ~h~ northeast cor­

ner of Nevada, 4v mileseast of Jarbridge (plate 1). 

Paleozoic qua2tzite, limestone and shalb and a granodiorite stock 

mak~ up the country rock in whmch tho ore deposits formdd. 

Strncture .- The granodiorite s~ock forms th6 core of an east-west 

anticline which plunges westward. The sedimentary cover has been stripped 

from th~ cres~ part of the UPfO~but in the ore district, situated on 

the westward-plunging nose,the structure of the cover is portrayed by 

the beds surrounding the stock, which parallel in strike the U-shaped 

periphery of the intrusive and dip everywhere away from the latter. 

The fracture pattern duplicates that of Figure 4F,which the various 

typ~s of tension fractures devel¢,oped on an t:llongated dOm:l b~r vertical 

force. On the east,where the axis of the anticline seems to lie nearly 

horizontal,north-south cross fractures aprear. On the plungin~ western 

nose, arcuate fractures convex to the west are oriented like cone ntric 

fractures with respect to a half-dome. Radial fractures related to the 

half-dome occur also. These fracture sets extend from the aurrounding 

sediments into the plutonic core. Ala~kite dikes ·follow all three sets. 

Ore Deposits.- Ore was found in contact deposits in metamorphosed 

limeston~ close to the border of the stock jiB fissure veins in limestone, 

locally enlarged b replacement; in fissures in or along alaskite dikes, 

or disseminated in shattered parts of sUvh dikes. 



The granodiorite contact, esppcially the northern segment just 

eas~ of the plunging nose, is a locus of fracturing and faulting. 

The so-called contact dep6sits lay along fractures developed along 

the contact between the pluton and the adjacent tactite zone. The gangue 

was glassy vein quartz,which contained most of -the sulphides.Later 

veinlets of quartz and calcite cut earlier vein minerals. The prin-

cipal sulphide Was chalcopyrite,accomnanied by sporadic molybdenite, mag­

netite and s peculari te. 

Most of the fissure veins lie a16ng the north contact of the stock 

and follow fissures and zones of brecciation in either the granodiorite 

or the adjacent sediments. These were lead-bearing lodes but they Car­

ried as much copper as did the copper "contact" deposits. The lead 

lodes showed much more intricate and abundant brecciation of country 

rock and early quartz than did the strictly copper lodes. 

The alaskite dik~s followed by veins invaded for the most part 

the radial fracture set on the plung ing nose of the anticline. The 

veins are of the copner-bearing type. 

Tectonic Notes.- Shattering and ripping-open of alaskite dikes 

in mass i ve granodiorite indicates that the forces of uplift were ex­

ceptiona lly strong. Intramineral fracturing shows that u plift was por­

sistent or recurrent. Apparently solutions carr~ ing mainly copper en­

tered and sealed fissures available to them at the time,mainly long 

the stock contact and along radial dikes. As uplift continued, some 

of th~se lodes were reopened to admit lead-cop er solutions ,which 

dropped their load also in newly-flormed fractures. 

While fractures of the radial set are developed mainl~T in the 

stock,one contact of the latter is planar and oriented like a radial 



.~ ," l . 'LCt/ 

fracture,sugp,esting that the granodiorite emplaced partly under the 

guidance of a radial fracture produced during the early stages of up-

1ift,and that there uplift and intrusion went on concurrently. 

~.-------------------------------------------------------
Gatorce, San Luis Potosi, Mexico 

Sour 

G.L. General geology of Gatorce mining district,Mexico, 

Engrs.Trans. vo1.46,p.4B. 

Robert Report ~ Montana Y Anexas 

Intern cional, Sept.,19~2. 

Fra ela(1922), Distrito 
~----.." 

Internacio al, Sept.,1922. 

C.B.E.Douglas(1936), 

Catorce,rankinp, with t~ 

lies 20 kilometers west of 

Metamprphic rocks, larp,e1y 

e , Ingenier ia 
-.'--

Catorce, Ingenieria 

producers in Mexico, 

incipient slaty 

c1eavap,e,are overlain ngular unconformity by Upper Jurassic 

conglomerate followed by 
I 

be~om~s calcareous toward the top. 

1imestone,which accordi g to Baker 

to sandy Shale which 

the shale lies the ore-bear ing 

cliff-making, but 

according to Douglas is ra ther th:tn-bedded, mpure and with sha1y part-

i gs . / 

Above the ore limestone thin-bedded compl~te the 

Jurassic section. The young~st exposed Cretaaeous age, 

consists of thick to thin-bedded limestone. 

StruGtura.- T~e Jurassic and Cretaceous strata hav~ been folded into 
? 

an a tic1ine trending north-northwest and plunRing north. Both longitu-

dina1 and cross fractures occur. The former are arranged in fan pattern 

in eross section,di ning each way toward the axial plane of the anticline. 
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The ore is mostly oxidized and stained reddish or yellowish brown 
with iron oxide and "lead carbonate and is calcareous. Much of it 
has a gangue of quartz and jasperoid material. It replaces the wall 
rock locally and contains a few bodies of galena as much as 3 feet 
in diameter. The ore shipped is said to have run about 20 percent 
()f lead, 20 percent of zinc, and 20 ounces of silver to the ton. The 
()re minerals are chiefly cerusite, cerargyrite, and zinc oxide. 

MIDDLE STACK MOUNTAIN AND TROUT CREEK AREA 

There are numerous openings along the granodiorite contact near 
Middle Stack Mountain and on both sides of Trout Creek. Much 
()f the development work here was done in the early days of the 
district, and the production has never been large. The lodes are 
essentially similar in character to those of the north contact area, 
except that alaskite dikes are more closely associated with them. 
The reader is referred to the earlier report 27 f.ordescriptions of the 
different properties. · --

The Boston mine is the only one at which any considerable amount 
()f work has been done since 1910. The deposit here is in contact­
metamorphosed limestone, essentially parallel to the bedding. It 
has been opened to a depth of 190 feet by a tunnel, shaft, winze, and 
drifts and is 4 to 20 feet thick. In the few years preceding 1926 this 
mine is said to have made several small shipments of good-grade 
copper-gold ore, in which the principal ore minerals besides copper 
carbonates were bornite and chalcopyrite. In 1928-30 considerable 
additional development work was done in the mine, with enoour­
aging results. At a depth of 90 feet in the shaft was found a 6-inch 
shoot of cerargyrite ore running about 300 ounces in silver to the 
ton. The drift on the 190-foot level had been extended 140 feet 
northward in the footwall side of the vein and showed there the 
same ore tenor as on the upper levels. The last 40 feet of the drift 
was all in ore that averaged 2 percent of copper and $1 in gold to 
the ton. An 8-foot crosscut started for the hanging wall showed 
increased tenor in the face. 

Smelter returns dated June 10, 1930,Oli a carload of sorted ore 
shipped from this mine report 6.77 percent of copper and 6.6 ounces 
of silver and 0.265 ounce of gold to the ton-a total value of $19.18 
to the ton. 

rrr Schrader, F. C .• op. cit., pp. 146-150. 

o 



40 CONTRmUTIONS TO ECONOMIC GEOLOGY, 1934-35 

or dips steeply northwest and contains much iron and manganese 
oxide in a siliceous gangue. The ore minerals are mainly argen­
tiferous lead carbonate, galena, and possibly argentite. A consider­
able portion of the vein is said to carry 10 percent of lead and 8 
ounces of silver to the ton. From substantial portions of the vein 
J. F. O'Byrne reports having obtained assays as follows: Manganese~ 
40 percent; copper, 2 percent; lead, 20 percent; silver, 4 ounces to the 
ton; and gold, a trace. A little zinc is also present. The ore in the 
bottom of the shaft is said to carry about 4 percent of copper. 

In openings on the ridge 200 feet to the southwest and 80 feet 
higher than the shaft the vein is mostly coarsely banded quartz and 

I?OAO ~ stands about vertical or dips steeply _____ .!:::!:.:=~_----- northwest, with white quartz crop-
E!. 7080+ n. . pings standing 4 feet above the sur-

N 

face. 
SILKWORM 

The Silkworm mine, owned by 
Glen Moore, is about 3 miles south­
west of the Silver King mine, ap­
proximately on the south boundary 
of the area shown in plate 2. It 
is in a steep hillside on Spring 
Creek, a south tributary of Knoll 
Creek, with the portal of the tunnel 
at an altitude of about 7,080 feet. 
The deposit was discovered by Mr. 
Moore about 1926. By 1930 he had 

200 0 400 FEET shipped from it about 40 tons of good 
W"~'~"~'~"U!~"L-____ ~ ____ ~' 

FIGURI!I 6.-Diagram showing r elations 
of veins and workings In the Silk· 
worm mine. 

grade lead-silver ore. The property 
comprises the Silkworm group of 13 
claims in a compact, nearly square 

block. It is developed by a 400-foot crosscut tunnel and a 50-foot 
shaft, 250 feet above the face of the tunnel (fig. 6). 

Much of the country rock at the mine is a reddish or lavender 
dolomite, but some is a very fine grained black argillaceous quartz­
ite. It is brecciated and recemented by quartz. A few hundred 
yards west of the mine a large north-south dike of diorite porphyry 
is exposed along the road and creek. 

The shaft is sunk on the vein originally discovered, which is about 
2 feet wide and dips 80° NW. Nea.rly all the ore so far mined 
has come from this shaft. A short distance to the right of the 
tunnel, near its face, as shown by a crosscut and drift, is what 
seems to be a second vein, which strikes nearly north and dips steeply 
east. 
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THE CONTACT MINING DISTRICT, NEVADA 

By FRANK C. ScHRADER 

ABSTRACT 

This report summarizes the results of a reexamination, in 1930,. of the Con­
tact mining district, in Elko County, northern Nevada. A report published as 
a result of a visit in 1910 summarizes the major features of the geology of 
the district, and the principal new data in the present paper pertain to mining 
development occasioned by the completion of a railroad through the camp in 
1925. 

The district contains a stock or laccolith of granitic rock, which intrudes and 
arches Carboniferous limestone with some argillaceous and quartzitic beds. 
There are a number of dikes of alaskite and other rocks. Tertiary volcanic 
and sedimentary beds locally cover the older rocks. Ore deposits are rather 
closely spaced around the border of the main granitic mass and also associated 
with alaskite dikes that locally cut the gt'anitic rock. The ore deposits are 
prinCipally valuable for copper and in general are of contact-metamorphic type, 
although some are controlled in part by fractures and contain little or no lime 
silicate material. Mining has been carried on intermittently since the seventies. 
and it is estimated that over 300,000 tons of ore has been produced, most of it 
partly or wholly oxidized material from fairly shallow workings. Here, as 
at most other copper camps, operations have had to be greatly curtailed in 
recent years. 

INTRODUCTION 

SCOPE OF REPORT 

The present report brings up to 1930 information regarding the 
Contact copper mining district, in northeastern Elko County, Nev. 
A reconnaissance of this district was made by the writer 1 in 1910 
during a period of revived interest in this old camp. The coming 
of the ' railroad in 1925 again stimulated activity, and in order to 
study recent underground developments a brief reexamination of 
t.he district was made in October 1930. As there was little oppor-

1 Schrader, F. C., A reconnaIssance of the Jarbidge, Contact, and Elk MountaIn mInIng 
,· dlstrlcts, Elko C()Unty, Nev.: U. S. Geol, Survey Bull. 497, pp. 99-157, 1912. 

1 



2 CONTRIBUTIONS TO ECONOMIC GEOLOGY, 1934-35 

tunity during this brief trip to reexamine the surface geology of the 
district, the reconnaissance map accompanying the earlier report is 
here reproduced with slight revision (pI. 2). 

The geographic, historical, and geologic data given in the original 
report are summarized here, with such modification as is required 
by later information. Details regarding individual properties pub­
lished in the earlier paper are repeated here only as far as required 
for adequate presentation of the new information. 

ACKNOWLEDGMENTS 

Valuable information and aid were generously given by the sev­
eral mining companies, especially the Gray Copper Corporation and 
the Nevada-Bellevue Copper Mining Co., and by the mining men 
in general. In the laboratory study of the more difficult rock and 
ore specimens the work has received the hearty cooperation of the 
Geological Survey's specialists in chemical mineralogy, petrography; 
and metallography. The author is especially indebted to Mr. C. B: 
Ross for his critical review and revision of the manuscript. 

GEOGRAPHY 

LOCATION 

The Contact mining district comprises the developed portion of 
the Salmon River mining district, legally established in 1909. Con­
tact, the principal settlement, is close to the center of the area, on a 
branch of the Union Pacific Railroad, about 60 miles south of Twin 
Falls, Idaho, and 50 miles north of Wells, Nev. The district is 
about 300 miles by rail, from the smelters at Salt Lake City, Utah. 
(See fig. 1.) 

TOPOGRAPHY 

The district is in one of the numerous small groups of mountains 
along the northern boundary of Nevada. It is drained by Salmon 
Falls Creek,2 locally also called the" Salmon River." This stream 
rises in mountains close to the State boundary, flows southward and 
southeastward for nearly 30 miles, swings sharply to the northeast 
about 5 miles south of Contact, and continues northward to the Snake 
River at Lees Ferry, Idaho. Above Contact the stream flows in a 
narrow valley. Measurements made by the United States Geological 
Survey in 1914 at a point in this stretch of the stream above the di­
version ditches indicate a mean annual flow of 134- secona~feet-. -
Below the town the valley widens where Meadow Creek enters. 

• Declslon of U. S. Geographlc Board. Thls usage avolds confuslon with the Salmon 
Rlver that drains much of Idaho. 
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limestone and quartzite, which becomes more siliceous toward the 
tace. Also near the face the tunnel intersects a 20-foot porphyry 
dike. 

At 40 feet from the face of the tunnel occurs a 2Y2-foot quartz 
vein dipping 40 0 W., toward the portal. It ca~ries a little gold and 
silver. At various points there are other streaks with a little lead 
carbonate and copper stain and some small bunches or -pockets 
yielding good-looking specimens consisting of quartz, malachite, 
and red copper oxide. Several tons of ore on the dump is said to 
average 20 percent of copper and 20 ounces of silver to the ton. At 
the shaft there is said to be a 4-foot vein. 

A brick-red boulder about 2Y2 feet in diameter, apparently from 
some other lode, was found on the ground near the tunnel dyirlp. 
It consists of a breccia of small quartz grains, possibly with some 
feldspar, cemented by fine-grained quartz and earthy hematite, and 
is reported to carry a fair tenor of silver. 

SILVER XING 

The Silver King mine, formerly the Kratz, is 2 miles south of the 
Vulcan mine, on the west slope of Knoll Mountain at an altitude of 
7,500 feet (pI. 2). The mine is on the northern part of the Silver 
King vein, which is said to extend 4 miles southwestward and to 
range from 5 to 20 feet in width. 

The deposit was discovered and located about 1885 by Mr. Truro 
and partner, who sunk a shaft and took out some ore. It is now 
owned by the Silver King Mining Co., of which H. R. Hice & Son are 
leading members. 

There are two main openings, about 1,500 feet apart. The north 
opening, situated well up the mountain side, consists mainly of an 
80-foot shaft and a 20-foot incline. Here the deposits are contained 
mainly in a 5-foot vein in Paleozoic sedimentary rocks, which con­
sist, in part at least, of slate-colored finely banded metamorphosed 
siliceous shale or quartz schist. The vein dips 70° SE., into the 
mountain. It consists mainly of finely comminuted quartz and rock 
firmly cemented in a siliceous matrix. It is crudely banded and is 
stained greenish, brownish red, and blackish with lead carbonate and 
iron and manganese oxides. Some of it shows also streaks of copper 
stain. About 4 tons of lead-silver ore, said to run $20 to the ton, lies 
on the dump. 

The south opening is about 1,500 feet southwest of the north 
opening and several hundred feet lower, where the vein is exposed 
in the south bank of the ravine eroded across it. Here a shaft said 
.to be 100 feet deep and 200 feet of adit tunnel, drifts, and cross:," 
c~ts expose a vein about 15 feet wide. The vein stands about vertical 
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BLANCHARD MOUNTAIN AREA 

-The present study has added nothing to the , .data on properties 
in the Blanchard M«mntain area contained in the earlier report.26 

-Most of the lodes here are in contact-metamorphosed limestone close 
·to the ' granodiorite. Alaskite dikes crop out close to some of the 
lodes. 

KNOLL MOUNTAIN AREA 

mCE 

The property .owned by H. R. Hice & Son is near the head of 
!Knoll Creek about 2 miles southeast of Blanchard Mountain. It is 
'.on a minor ridge composed of faulted and slickensided Tertiary lake 
beds, which in general parallel the ridge line and dip 20°-30° NW . 
.A breccia composed of different kinds of Paleozoic sedimentary rocks 
with jasper, barite, quartz, and cerusite crops out at the upstream 
-end of the ridge crest in an area 10 to 30 feet wide. This material 
is said to contain 60 percent of lead, 2 to 3 ounces of gold to the ton, 
.and as much as 240 ounces of silver to the ton. Much of that in the 
,outcrop is firmly cemented, but underground the breccia is in part 
<mly loosely coherent and is crudely stratified. A l30-foot shaft 
.and other openings sunk on the croppings encountered no solid 
material, and a 300-foot tunnel that passes under the outcrop pene­
trated only the Tertiary beds. Hence the cap of mineralized breccia 
.on the ridge crest appears to result from faulting or, perhaps more 
probably, from a landslide. 

VULCAN 

The Vulcan mine, owned by the Vulcan Mine Co., of Twin Falls, 
Idaho, is in the northern part of the Knoll Mountain area, on the 
east side of the head of Trout Creek (pI. 2). The company began 
.developing the property in 1912 and has worked on it at intervals 
.since, on a small scale. 

The property is said to comprise a claim group of 400 acres. It is 
-developed mainly by a 700-foot crosscut tunnel and shaft. The 
tunnel, at an altitude of about 7,000 feet, runs S. 60° E. into the 
mountain side and attains a depth of 300 feet at the face. The shaft 
'is situated well in advance of and 260 feet higher than the tunnel 
.and is accompanied by many lateral openings. 

The country rock consists mainly of brown Paleozoic limestone and 
.quartzite. The mine is about 2 miles out from the granodiorite 
contact. On the lower slopes the Paleozoic rocks are overlain by 
Tertiary lake beds. The first 200 feet of the tunnel is in the lake 
beds, and the ' next 500 feet in a breccia of dark-brownish Paleozoic 

II Schrader, F. C., op. cit., pp. 139-148. 
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FIGUBII 1.-Index map of Nevada showing location ot the Contact district. 
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Farther north the valley is sharply contracted by a spur from Middle 
Stack Mountain, and downstream it widens again into a broad flat 
where Trout Creek joins Salmon Falls Creek. Most of the. valley 
is somewhat more than 5,300 feet above sea level. . 

To the west there are rolling hills CUlminating in Ellen D. Moun­
tain, over 8,200 feet high. (See pI. 1.) To the east there is a ridge, 
concave toward the main valley, with China Mountain, about 8,000 
feet high, at the southwest end and Middle Stack Mountain, about 
7,800 feet, near the northeast end. This ridge is cut off from high 
ground farther east by the curving valleys of Trout and Knoll 
Creeks. Along the central part of the ridge it is scarped on the 
side toward Salmon Falls Creek. The crest of the next ridge to the 
east, the H. D. Range, only a little of which is included in the area 
shown on plate 2, forms part of the divide between the Great Basin 
and the Snake River Basin. 

The region is semiarid, and most of the scanty precipitation falls 
as snow. Vegetation is sparse on the mountain slopes, but on favor­
able slopes, especially in the area underlain-by granitic rock, forage 
grasses grow. Willows and cottonwoods line the larger creeks. The 
flats along Salmon Falls Creek are utilized for grazing and for 
raising hay. 

HISTORY AND PRODUCTION 

Contact was founded in the early seventies. At first only gold 
was sought, but it soon became evident that copper was the principal 
valuable constituent of the ore of the distriet. Since 1876 there has 
been intermittent development and production, each period of activ-
ity being about 5 years long. It has been estimated that shipments 
from the district aggregate over 300,000 tons of copper ore, mostly 
from shallow workings. A smelting furnace was built in 1897 but 
ceased operations after three test runs, in which 14 tons of 98 percent 
copper was produced. There was considerable development in 1905 
to 1910. During this period the site of the settlement was shifted 
about a mile east, to its present position. The World War brought 
another period of production. In 1918 the Vivian Tunnel Co. began 
to drive a long tunnel under the principal properties in the part of 
the district known as the" north contact zone," to facilitate their de­
velopment. By 1930 only a relatively small part of this projected 
tunnel had been driven. _ Activity in the district was resumed in 1925, 
after · the branch railroad from Twin Falls to Rogerson, in Idaho, 
had been extended through Contact to Wells, Nev. This bianc pro-­
vi des easy access to points on the Union Pacific, Southern Pacific, 
and We~tern Pacific Railroads. It and a new highway have largely 
eliminated the transportation difficulties from which the camp had 
long suffered. As a result in 1930 the total cost of shipment to Salt 
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disseminated in fractured alaskite. The deposits contain glassy 
quartz with chalcopyrite and bornite or their oxidized derivatives 
and small amounts of specularite and molybdenite. 

The shallow shafts on the Florence group do not appear 
to have been extended in recent years. They expose several veins, 
most of which are in or close to alaskite dikes. No production is 
reported from this group. 

The Copper Shield or Effie Fay group of claims, northeast of 
the Florence group, has been acquired by James Gerardet, who in 
1930 was engaged in driving a crosscut tunnel, at that time 300 feet 
long. There are several alaskite dikes on this property, one of which 
is said to be 200 feet thick at one place. The dikes are mineralized 
at several places. 

No new development is reported on the Salt Lake group, south 
of the Copper Shield property, or at the Yellow Girl mine, to the 
southwest. No production is recorded from any of these properties. 

The Red Metal mine, a relatively new discovery, owned by the 
Five & One Mining Co., of Twin Falls, Idaho, is said to be on a 
porphyry dike 90 feet wide, running about 2~ percent in copper. 
It has 800 feet of development work with encouraging results. 

CHINA MOUNTAIN AREA 

There are numerous prospects in the China Mountain area, but 
none have yet attained much production, and most have only shallow 
workings. Most of them have changed little since they were 
described in the earlier report.2a The deposits are grouped along 
the contact between the granodiorite and the Paleozoic strata. Most 
of them are in contact-metamorphosed limestone, but some are 
within the granodiorite in or near alaskite dikes. Most of the small 
shipments that have been made are reported to have been relatively 
rich in copper. 

Since the previous report the Chinaman mine has been acquired 
by the Clark Mining Co., of Rupert, Idaho. This company nas 
mined some ore from the old workings but has not shipped any. 
Its principal work consisted in extending a tunnel on the Skylark 
No.1, claim to a point 1,800 feet from the portal and 250 feet 
vertically below the surface. Work here ceased in 1927. 

At the old Truro-Sheckles mine, now termed the "Arizona ", 50 
tons of 10-percent copper ore was shipped in 1928-30 from work 
done by a lessee in extending the shaft to a depth of 165 feet. 'This 
mine is on a lode parallel to the bedding of whitish limestone with 
steep southerly dip, about 900 feet from the granodiorite contact. 

lIS Schrader, F_ C., op. cit., pp. 134-139. 
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received much recent development. For details regarding the other 
claims and early work on the Sue group the reader is referred to the 
previous report. . 

The early production was small~ and the development not exten­
sive. At the Nevada mine, on Ivy Wilson no. 5 claim, 500 tons of 
ore ,r~ported to contain 8 percent .of copper and 60 cents in silver and 
$1.50 in gold to the ton, as well as a little lead, was shipped in 1929 
and 1930. About half of this was sulphide ore. Since 1926 the 
Sue group has been owned by Mrs. D. G. McCulley, of Las Vegas, 
Nev., and the estate of W. T. McArolle, the former owner. 

The principal recent developments on the Sue group comprise 
six tunnels averaging more than 400 feet in length, short shafts, 
raises, and winzes. Most of the ore produced at the Nevada mine 
is reported to have come from a raise 50 feet to the surface above 
a 270-foot tunnel and from a shaft close to the raise. 

In the west contact area in general the granodiorite mass is bor­
dered by greatly disturbed and steeply inclined limestone, with abun­
dant metamorphic minerals in a zone 1,200 feet or more wide. Dikes, 
sheets, and irregular masses of granodiorite and alaskite cut the 
marmarized and replaced limestone and locally, as on Ivy Wilson 
nos. 3 and 4 claims, are exceedingly abundant. Bodies of ore, in 
some of which sulphides persist at the surface, are scattered through 
this zone, but the ore is not as closely related to the main granodio­
rite contact as it commonly is farther north. 

In the Nevada mine the lode is 5 to 12 feet wide and dips steeply 
west. !\fost of the rock in the footwall is granodiorite, and most of 
that in the hanging wall is limestone. The lode matter is limestone 
('xtensively silicified and replaced by garnet, chlorite, and kindred 
minerals. There are also considerable limonite, hematite, 11on­
tronite, and secondary calcite. The calcite in part has a finely 
fibrous radiating structure. The principal ore minerals are 
chrysocolla and cerusite. Some of the ore is in pockets along cross 
fractures in the wall rock. In the bottom of a winze near the face 
of the tunnel there is a steeply inclined solution cavity 20 feet or 
more deep and in places large enough for a man to stand in. The 
cavity is lined throughout with calcareous sinter 4 inches or more 
thick. 

LODES IN THE GRANODIORITE SOUTHWEST OF CONTACT 

The deposits within the granodiorite mass between Contact and 
the west contact area, just described, have received little development 
since they were described in the earlier report.24 Most of the lodes 
here are fissure veins in or near alaskite dikes. In places the ore is 

.. Schrad~r, F. c., op_ cit., pp. 132- 134 . . 
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Lake City had been reduced to $2.75 a ton on 5 percent copper ore. 
Like many other copper camps, the Contact district has had to cur­
tail activities greatly during the recent period of exceptionally low 
copper prices. 

Produotion of the Oontaot di~triot, N evada, 1~~5-30 

[Compiled Crpm,Mineral J;tesour~ of the U~ted States) 

Year Ore Gold Silver Copper Lead 
Value Num· 

Total per her oC 
value ton of produc-

are &8 

--1---1---1------
Ton3 Ouncu Pounds Pound3 1915 G_______________________________ 36 $37 278 12, 386 ________ $2, 346 $65.16 5 

1916·_______________________________ 3,327 2,314 14,852 688,564 3,295 181,701 54.61 13 1917 ,_______________________________ 253 38 746 65,655 5,215 _______ _ ________ 8 
1918 d_______________________________ 555 234 431 198,222 __ ______ 49,626 89.42 4 
1922 '_______________________________ 71 ________ ________ __________ ________ ________ 50.46 2 
1923 , _________________ ___ ____ _____________________________________ ____________________ '-_______ 1 
1925 ,___________________________ ____ 350 228 1,374 70,788 ________ 11,234 32.10 _______ _ 
1928·____________________________ ___ 4,142 2,060 7,933 418,645 1,000 67,044 16.19 4 
1929 ,___________________ ____________ 5,786 1,997 11,135 606,660 55,628 118,209 20.43 10 
1930 i _______________________________ I, ~ 954 4,399 133,810 71,269 23,606 18: 84 8 

• From Delano, Champ Clark, High Ore, and Copper Shield. 
• Mostly from Delano; some from Mammoth, Bonanza, Palo Alto, and Hanks. 
'From Bellevue, Champ Clark, Bonanza, Blue Bird, and Hanks. 
d Mostly from Bellevue; some from Green Monster, Palo Alto, and Bellevue. 
, Copper ore containing considerable sllver from Delano and Blue Bird. 
, Two lots of oxidized copper ore from Delano. 
, Mostly from Delano. 
• The ore shipped included one lot of copper precipitate from a leaching plant operated experimentally. 
, The Seattle Contact Copper Co., operating the Delano group, was the principal producer of copper ore, 

shipping 3,924 tons to the copper smelters near Salt Lake City. The Gray Mining Co. shlpped to the 
smelter 456 tons of copper ore; 220 tons additional went to the smelter from the Arizona, Brooklyn, Hanks, 
Lewis, Liberty Bell, and Queen of the Hills groups. 

I Most of tho production was made by the Seattle Contact Copper 00. and the Gray Copper Oorporatlon. 

NOTE.-In most years not listed small amounts of oro were produced. 

In 1930 the new town of Contact had been laid out and electric 
power supplied from a Diesel plant installed by the Vivian Tunnel 
Co. and a water supply piped from nearby springs, in anticipation 
of an expansion, which was delayed by the depressed copper market. 
The town had a population of 260 people. 

GEOLOGY 

THE ROCKS 

The rocks of the district include quartzite, limestone, and shale of 
Paleozoic age, intruded by granodiorite of probable Mesozoic age, 
Tertiary rhyolitic flows rest unconformably on the older rocks, and 
the principal valleys are floored by Tertiary lake beds covered by 
Quaternary alluvium. The general distribution of the rock units is 
shown in plate 2, but many details are necessarily omitted from this 
sketch map. 

PALEOZOIC SEDIMENTARY ROCKS 

Oharaete1'.-The Paleozoic strata form an irregular belt 1 mile 
to several miles wide, surrounding the central granodiorite mass, 

90756--35---2 
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They consist largely of blue limestone, mostly thick-bedded, with 
intercalated white beds, and quartzite and slaty quartzite, mostly 
near the base of the exposed sequence. The greatest exposed thick­
ness is probably 2,000 feet or more in the area north of Ellen D. 
Mountain and Contact. The composite section below, compiled in 
part from data kindly supplied by J. V. Marshall, illustrates the 
general succes!?ion of the Paleozoic beds in the district, but it seems 
clear from the observations of Purington,S Bailey,4 and the writer 
that lateral variation exists. 

Seotion of Paleozoio rook8 -In Oontaot di8tri..ot 

Bluish limestone ________________________________________ \ 
White Iimestone _______________________________________ _ 
Bluish limestone _______________________________________ _ 
Thick-bedded quartzlte__________________________________ 1, 100 
Black limestone ________________________________________ _ 
Reddish limestone and shale ____________ ~ _______________ _ 
Slate or dark slaty to shaly quartzite___________________ 300 
Quartzite, basal (?) _____________________________________ 200 

1,600 

The lower quartzitic and argillaceous beds have been examined 

I ~ 
j 

in the vicinity of the Bryan tunnel, north of Contact, and on the------­
Sue group of claims, 5 miles southwest of the town. (See fig. 4.) 
In both localities the basal quartzite is a thick-bedded pinkish-gray 
rock, and on the Bryan ground it has a total thickness of about 
)200 feet. The rock just north of the granodiorite contact, from the 
Nevada-Bellevue mine nearly to the portal of the Vivian tunnel, 
is quartzite and slate. Between the Bryan and Brooklyn claims 
there is a mass of dark slate or slaty quartzite about a mile long 
and 350 feet wide, enclosed in granodiorite G and cut by tongues of 
the intrusive rock. The slaty rock is deformed, silicified, and 
metamorphosed. Its most conspicuous lamination stands vertical, 
but there is an imperfect transverse cleavage, so that the rock 
weathers into irregular blocks with smooth faces. Near the Bonanza 
mine the rock for 400 fee~ from the granodiorite contact is limestone, 
but above this most of the rock is dark quartzite or quartzitic slate. 
There are also some quartzite and slaty beds in the limestone along 
Knoll Creek and on Middle Stack Mountain. 

The limestone along the granodiorite contact is disturbed and 
broken. Locally large blocks of the limestone are included in, the 

a PUrington, c. W., The Contact, Nevada, quaquaversal: Colorado Sci. Soc. Proc., vol. 7. 
pp. 127-188, August 1903: The ore deposit at Contact, Nev.: Eng. and Min. Jour., vol. 
78, pp. 426-427. 1903. 
, • Bailey, J. T" The ore deposits of Contact, Nev,: Eng. and Min. Jour., vol. 78, pp. 

612-618. 1903. 
, a Idem. 'P. 612. 
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little calcite, quartz, and green garnet. It is cut by veinletsof 
diopside and calcite. Part of the rock in the Old Abe vein is grant\)':>. 
diorite containing specks of chalcocite and a little molybdenite, chal­
copyrite, bornite, and covellite. The ore zone is about 30 feet wide. 
It has been sampled at 5-foot intervals along both drifts. The aver­
age of the 20 assays gave 4.25 percent of copper, 1.68 ounces of silver 
to the ton, and $2.90 in gold to the ton, and the range was 0.96 to' 
13.38 percent of copper, 0.68 to 8.02 ounces of silver to the ton, and a 
trace to $31.82 in gold to the ton. The Mammoth tunnel cuts across 
the Old Abe vein, 35 feet of the tunnel being in the lode. Assays 
here range from 2.4 to 3.4 percent of copper with some silver. The 
520-foot tunnel nearby exposed bodies of chalcopyrite ore ranging 
from 3 to 7 percent of copper and as much as 7 ounces of silver to 
the ton. The 460-foot tunnel cut a body of 5-percent copper ore 
30 feet wide. These tunnels are in the metamorphosed limestoner-
now mainly diopside, with nontronite and wollastonite locally 
plentiful. 

STANDARD 

The Standard prospect, a new discovery comprising a group of six 
claims owned by N. P. Nielson, is on the upper east slope of Ellen 
D. Mountain. It joins the Highland group of the Gray Copper 
Corporation on the north. No deep opening has yet been made on ' 
the property. 

A specimen of the surface ore shows primary chalcopyrite dissem­
inated and in streaks in a highly oxidized complex gangue of brown­
ish massive actinolite and axinite, garnet, and bluish chalcedonic' 
silica. 

BONANZA 

The Bonanza mine is the most westerly of those in the north con­
tact area. It has been idle since 1910, and the reader is consequently 
referred to the earlier report for a full description of the property.2a 
Small workings develop ore through a vertical range of 350 feet 
in the sides of a canyon. The ore consists of oxidized copper min­
erals with some copper sulphide and molybdenite in metamorphosed, 
limestone containing garnet and other minerals. There is an alas­
kite dike, which is mineralized where it crosses the mineralized 
limestone. 

WEST CONTACT ZONE 

The deposits in the west contact area were described in the earlier 
report as the" Ivy Wilson group." 28 The more snutherlrclaims'~r'---­
now termed the" Sue group ", are the only ones that appear to have 

.. Schrader, F. C., op. cit., pp. 126-129. 
.. Idem, pp. 129-132. 
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is reported to extend more than 2 .miles southwestward, to the 
north end of the Ivy Wilson group. Another, the Old Abe, crosses 
the granodiorite-limestone contact but is mainly in the granitic rock. 
It is reported to be 3,500 feet long and 40 feet or more wide. 

Helen B. Smith.-On the Helen B. Smith and neighboring claims 
in the vicinity of the deposits above mentioned relatively extensive 
development work has been done by the Gray Copper Corporation. 
The principal tunnel, driven in 1918-20, is known as the" Helen B..", 
from the claim in which it starts. This tunnel trends N. 62° W. 
It is 2,2.05 feet long, and its face is in the Highland No. 5 claim, 
at a depth of 600 feet below the surface and over 1,000 feet below 
the top of Ellen D. Mountain. Drifts are run 40 feet each way about 
1,205 feet in from the portal. A raise 340 feet long at this point 
connects with the surface. From the fa<;:e of the tunnel there is a 
60-foot drift to the northeast and a 40-foot drift in the opposite 
direction. On the slope 515 feet above the Helen B. Smith tunnel 
an old tunnel, known as the "Mammoth", has been extended to a 
length of 580 feet. In the same vicinity there is a tunnel 520 feet 
long with its face at a depth of 375 feet, another tunnel 460 feet 
long, and a number of minor workings. 

The Helen B. Smith tunnel starts in granodiorite and encounters 
the mineralized limestone at 1,205 feet and the Old Abe vein at its 
face. The ore body at the contact is about 20 feet wide and dips 
about 20° N. Six assays at intervals of 5 feet in the granodiorite 
along the main tunnel ranged from 0.96 percent of copper where ore 
is first encountered to 1.60 percent near the contact. Similarly 
spaced samples in the drift to the northeast along the contact 
averaged 1.50 perc~nt copper and ranged from 3.18 to 0.38 percent. 
In the opposite drift the average for 15 feet was 2.69 percent of 
copper, and the range 4.59 to 1.35 percent. All assay data here 
quoted were supplied by the company. 

Between the contact and the face the tunnel passed for 200 feet 
through a da'rk slate-colored, slightly laminated rock composed 
chiefly of diopside and quartz, with a little magnetite, hematite, 
and green garnet. In this part of the tunnel also beds consisting of 
wollastonite with some diopside and a little quartz with finely dis­
seminated chalcocite are cut diagonally for a distance of 300 feet. 
This rock is reported to average about 1 percent of copper. 

The extension of the Old Abe vein in the face of the Helen B. 
Smith tunnel strikes about N. 25° E. and stands almost vertical. 
It contains chalcopyrite and bornite and locally abundant chalcocite 
in a fine-grained reddish-gray banded rock, locally called" quartzite." 
This rock is limestone replaced by actinolite, garnet, quartz, and 
other minerals, as in the similar lodes described above. Some of 
the rock is dull olive-green and is composed of diopside with a 

.. 
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granodiorite, and elsewhere sill-like apophyses of 'the-granodiorite 
an:d Hikes ·of related · pOl'phyritic rocks intricately intrude the main . 
limestone mass. On the south slope of Ellen D. Mountain between 
the Silver Circle and Bonanza mines, a distance of about 2% miles, 
the limestone in a zOne 100 to 200 feet wide along the contact is 
especially broken. Several steeply inclined blocks of limestone ap­
pear to be detached and enclosed in granodiorite. These blocks and 
the main mass of sedimentary rock are cut by apophyses of granitic 
rock, both parallel and trans,erse to the bedding. Along some sec­
tions of the contact, such as the area east of the Brooklyn mine,6 
there is no noticeable contact metamorphism of the limestone, but in 
most parts of the contact this feature is conspicuous . 
. The contact-metamorphosed portions of the limestone are silici­

fied and replaced in varying proportions by actinolite, garnet, 
chlorite, and diopside, together with less amounts of scapolite and 
other silicates. Axinite is locally conspicuous. (See also p. 15.) In 
places, such as the east slope of Ellen D. Mountain, some distance 
above the granodiorite contact, certain beds in the limestone are 
converted into a light-colored aphanitic rock, locally called "quartz­
ite '.', which consists largely of diopside with a moderate amount of 
wollastonite and quartz. Rock of this sort is exposed in the face of 
the Helen B. Smith tunnel, on the Brooklyn claim west of the work­
ings, and is abundant at the Hickey mine, 2% miles east of the crest 
of Ellen D. Mountain, and on its north slope. 

The most extensive area of contact metamorphism in the lime­
stone is in the so.-called "west contact zone ", about 6 miles south­
west of Contact. In this vicinity most of the limestone in a zone 
1,200 to 1,600 feet wide. along the granodiorite contact contains abun­
d.a,nt lime silicates and related minerals and is intricately intruded by 
dikes and sheets of granodiorite and alaskite. 

One of the masses of metamorphosed limestone of especial eco­
nomic interest extends from the Brooklyn mine through the Silver 
Circle to the Rattler, a distance of about a mile. In this zone 
actinolite is the dominant mineral. Ore bodies are closely spaced 
within the zone except for a gap of about 1,000 feet between the 
Silver Circle and Brooklyn mines, in which as yet little development 
work has been done. 

Age.-In the original report 7 it was suggested that the strata 
abqve described were probably of Carboniferous age, on the basis of 
similarity to strata of known or probable Carboniferous age ex­
posed in several of the mountain masses in the surrounding region. 
I .n 1930 the writer found abundant crinoid remains in gray lime- , 
stone on the divide between Trout and Knoll Creeks, in the south-

• Batley, J , T., op, cit" p. 612. 
• Schrader, F. C., op. cit., p, 106. 
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e~tern part of the area shown on plate 2. G. H. Girty identi­
.fi.ed these as Carhoniferous forms, thus establishing ,the a:ge ·ut at 
least part of the limestone sequence. . 

GRANODIORITE 

Oharacter.-The granodiorite mass has an exposed width of 6 to 7 
miles and a length ·of about 18 nllies in the central part of the area 
mapped on plate 2. It continues east of the mapped area to a total 
exposed length of over 25 miles. Along its border apophyses, not 
shown on plate 2, radiate into the surrounding sedimentary rocks. 

The granitic rock at the Brooklyn mine is typical of the mass 
as a whole. It is a gray speckled rock of hypidiomorphic texture. 
Most of the grains have maximum dimensions of 1 to 2 millimeters. 
The rock contains about 55 percent of zoned plagioclase of the ap­
proximate average composition of oligoclase-andesine, 20 percent 
of granular interstitial quartz, 10 percent of perthitic potash feld­
spar which tends to lie between and wrap around the plagioclase 
crystals, 10 percent of pale-brown biotite, and 5 percent of green 
biotite. Here and there are small amounts of myrmekitic inter­
growths of quartz and plagioclase. Apatite and titanite al'e 
abundant accessory constituents. Most of the rock is fresh, but 
there are knots and flakes of sericite in some of the plagioclase, and 
the ferromagnesian minerals are locally somewhat chloritized. 

In some localities, especially along the borders, the granodiorite 
shows the effects of pressure. Crystals are bent and broken, and 
the quartz shows strain shadows. At the Johnson property, near 
the head of Trout Creek, the granodiorite close to the contact is dis­
tinctly gneissic. The larger plagioclase crystals and the ferro­
magnesian minerals, which are somewhat more' abundant than in 
most of the rock, have their long axes parallel. Much of the inter­
stitial material is finely granulated quartz and feldspar. 

The granodiorite appears to have been extensively and deeply 
weathered. It is friable and so porous as to absorb water readily, 
as is shown by the numerous springs in the areas underlain by it. 

Age.-The granodiorite is younger than the Carboniferous beds 
and older than the Pliocene ( ~) volcanic strata that rest on its eroded 
surface. In the earlier report 8 it was suggested that the granitic 
rock of the Contact district and the siurilar rock of the Jarbidge 
district belong to the same general period of intrusion as the bath­
oliths of California and western Nevada, which came to place near 
the end~of~the-J urassic-or early-in the Cretaceous. Recently Ander­
son 9 has suggested that the somewhat similar Cassia batholith, about 

I Schrader, F. C., op. cit., pp. 34, 108. 
I Anderson, A. L., Geology and minerai resources ot eastern Cassia County, Idaho: 

Idaho Bur. Mines and Ge<>logy Bull. 14, pp. 55--56, 1931. 
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Much of the ore consists of quartz fragments cemented by the oxide 
-:copper minerals--cuprite, melaconite, and malachite-with no trace 
of hypogene sulphides remaining. 

Alice.-The Alice claim joins the Rattler claim on the west. Ac­
cording to returns of the Garfield Smelting Co., dated December 13, 
1916, a shipment of '71/2 tons' of the Alice ore made by the Seattle 
Contact Copper Cpo ran 14.8 percent of copper, 10.2 percent of iron, 
and 5.05 ounces of silver and 0.02 ounce of gold to the ton. In 1929 
the mine produced and shipped 400 tons of ore containing 51.12 percent 
of copper and 13 ounces of silver to the ton. The deposit is opened 
by a 12 by 12 foot shaft, 80 feet deep, sunk on the ore. 

The lode is in light-colored, partly silicified limestone about 300 
feet north of the border of the granodiorite mass. Both lode and 
bedding dip 70°_80° S., toward the granodiorite. A granodiorite 
dike cuts the limestone 100 feet west of the urine. The lode is about 
.s feet 'Wide and is the result of a replacement of limestone by di­
opside, with urinor amounts of fine-grained quartz, wollastonite, and 
axinite. Within the silicate mass there are vertical bands and irreg­
ular stringers as much as a foot wide containing malachite, azurite, 
chalcopyrite, and locally chalcocite, bornite, covellite, and black cop­
per Qxide. Small amounts of molybdenite and specularite are present. 
The sulphides are most abundant in the more quartzose parts of the 
ore zone. 

M ag7Wlia.-Adjoining the Alice claim on the west is the Mag­
nolia claim, which contains two east-west parallel lodes separated 
by 150 feet of granodiorite. The lodes dip steeply south near the 
granodiorite-limestone contact. The principal opening is a 40-foot 
tunnel, mostly in limestone, on the south lode. The north or main 
lode has a width of about 25 feet and consists mostly of a brownish 
to greenish gangue of actinolite, axinite, garnet, and nontronite, with 
~odcarbona:te and copper oxide ore. 

Mamnwth.-The Mammoth and neighboring prospects in the mid­
dle part of the Gray Copper Corporation's upper group were de­
scribed in some detail in the earlier report 21 and have not been 
extensively developed since. Prior to 1926 the corporation shipped 
from these prospects 240 tons of ore containing 7.7 percent of cop­
per and about 8 ounces of silver and 82 cents in gold to the ton. 

The principal deposits on the Mammoth and Blue Lode claims 
are similar in character to those of the Rattler and Silver Circle, 
described above. They have received only shallow development. To 
the south, within the gl'anodiorite, there--are-se-veral :veins tl~ending 
N. 10°-25° E., transverse to the contact. One of these, the Junction, 

m Schrader, F. C., op. clt., pp. 124-126. 
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Nearby there is a granodiorite dike of northerly trend and a dike 
of porphyritic alaskite. The zone of metamorphosed limestone along 
the granodiorite contact is about 100 feet wide, and the principal 
ore zone within it is 41;2 to 10 feet wide. Some ore is present here 
and there in other parts of the metamorphic rock. The limestone 
has been silicified and later replaced by actinolite, diopside, chlorite, 
tremolite, biotite, axinite, a little garnet, and other minerals. The 
proportions vary in different places, but commonly actinolite is 
the most abundant mineral. In the ore zone glassy vein quartz is 
abundant and veinlets of later quartz cut the ore. The principal 
sulphide minerals are chalcopyrite and bornite. Magnetite is locally 
conspicuous. In places a little chalcocite is present, and the lower 
workings show a little galena. 

Unlike most other lodes in the district, the Silver Circle contains 
sulphide even in the outcrops. This is thought to be · due to the im.: 
perviousness and resistance to weathering of the actinolite masses. 
Oxidized minerals are conspicuous at the surface, however, and are 
present in minor amount in the lowest or 250-foot level. The oxi­
dized minerals include iron and copper oxides, malachite, an~ 
cuprite. Shallow workings in the granodiorite nearby expose areas 
8 to 10 feet wide and 40 to 50 feet long in which the granodiorite 
is stained and penetrated by copper carbonate. Locally along frac-' 
ture planes the carbonate is sufficiently abundant to constitute 
8 percent copper ore. 

UPPER GROUP OF PROPERTIES OF THE GRAY COPPER CORPORATION 

Most of the deposits along the granodiorite contact between the 
Silver Circle and Bonanza mines are now owned by the Gray Copper 
Corporation. Most of this ground was formerly owned by the 
Nevada Mining, Milling & Power Co. The present owners refer to 
the 20 or more claims here as their "upper group" of properties. 
The principal development on this group is at the Rattler, Alice, 
Magnolia, Highland, Helen B. Smith, and Mammoth mines, described 
separately below. 

Rattler.-The Rattler mine is a few hundred feet northwest of 
the Silver Circle mine, on the Rattler claim, on a mineralized belt 'Or 
lode 120 feet wide, which seems to be a northerly spur or offshoot 
from the main granodiorite contact. This lode is mineralogically 
similar to the Silver Circle lode, in that the chief ore mineral is 
chalcopyrite in an actinolite-quartz gangue . The mine is opened 
mainly by a 40-foot cut and a winze and is said to have produced in 
1928 100 tons of 6 percent copper ore that contained 3 ounces of 
sil Vel' to the ton. 
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50 miles northeast of Contact, is of late Cretaceous or early Tertiary 
age. The exact age of the granitic rocks of this region is still 
subject to debate. 

ALASKITE DIKES 

. ?lw,ra~fer.~The dikes termed in the earlier report 10 "syenitic or 
SIlIceous . , whICh cut both the granodiorite and the Paleozoic beds 
seem .on further study to be best designated" alaskite." Nearly all 
the.d?kes mapped on plate 2 are of this character. A few may be an­
desItIC. Most of these dikes are less than 5 feet wide but some are 
much wider, and locally, as on the Salt Lake ground,' near Contact 
and .on t~e Camp Bird claim, 2 miles east of Salmon Falls Creek, the; 
attam WIdths of 200 feet or more. Some of the dikes are so resist­
ant to erosion as to stand up above the surface of the surroundinO' 
granodiorite. Only the larger and more persistent dikes are mapped 
on plate 2. Most of them are pale pink or flesh-colored, especially 
where weathered. Some are light gray to iron-gray. The rock is 
somewhat porphyritic, and phenocrysts are most conspicuous on 
weathered. surfaces. In some dikes the component grains are 
rounded; .m othe~s they show crystal form. Commonly the grains 
have maXlIDum dlIDensions of 1 to 2 millimeters; some phenocrysts 
are larger. So~e of the d~elets an inch or so wide are composed 
of elongate grams perpendIcular to the walls, approximating comb 
structure . . In places there are small cavities, some of which contain 
chalcedonic or hyaline silica. 

The rock is composed mainly of potash feldspar and oligoclase in 
roughly equal pro~or~ions, with less than 10 percent of quartz, less 
than 5 percent of b,lOtIte and hornblende, and titanite apatite zircon d . , , , 
an ma~etIte ~s accessory minerals. The titanite is conspicll,ous, 
s~me gralll~ bemg as much as 2 millimeters wide. Many of ' the 
dikes, espeCIally near ore deposits, contain considerable sericite and 
in these dikes t~e ferromagnesian minerals are largely chloritized. 

Age.-These dIkes cut the granodiorite and surrounding P aleozoic 
rocks. They appear to represent a late phase of the igneous activity 
that produced the granodiorite mass and hence to be of com­
parable age. 

ANDESITE DIKES 

. Oharac~e~'8.-Some of the dikes, termed" lamprophyric or basic" 
:~ th~ o~,Igmal repor~ 1~ and .locally called " birdseye porphyry" or 

felSIte ,have andesItIc habIt and composition. Dikes of this kind 
w~re observed chiefly in the western and northern parts of the dis­
trIct, where they cut the granodiorite and Paleozoic rocks and are said 

1. Schrader, F. C. , op. cit., p. 110. 
n Idem, p. 111. 
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to cut the alaskite dikes also. In the gulch southeast of the Bryan 
shaft, near Contact, there is a dike of this kind nearly 8 feet wide. 
Another crops out on the southeast flank of Ellen D. Mountain, and 
this or a similar dike is exposed at the top of the mountain. These 
dikes are iron-gray to nearly black, with feldspar and hornblende 
phenocrysts, commonly about 2 millimeters long, in a groundmass 
composed largely of irregular, zoned feldspar laths about 0.2 milli­
meter long with a tendency to parallel arrangement resulting from 
flowage. In some dikes the laths are as much as 0.5 millimeter long. 
The average composition of the feldspar is about that of andesine. 
The ferro magnesian minerals commonly make up 25 percent or more 
of the rock. They are hornblende and biotite with occasionally a 
little augite. Quartz is nowhere abundant and where present appears 
to be of late introduction. There is some titanite. The rock was 
hydrothermally altered, probably during and just after consolida­
tion. The ferromagnesian minerals are so thoroughly chloritized 
that the original character of many grains is indeterminate, and the 
feldspar is sericitized. 

Age.-These dikes appear to be younger than the alaskite just 
described. As their texture resembles that of volcanic rocks, it is 
suggested that they may be of Tertiary age. They- might be related 
either to the more calcic varieties of the Pliocene(?) flows of the 
Contact district or to the somewhat older Tertiary flows that are 
plentiful in neighboring areas. 

TERTIARY VOLCANIC ROCKS 

Oha1'acter.-Tertiary silicic lava flows and pyroclastic rocks cover 
the older rocks on the borders of the Contact district and in small 
ero.$ion remnants in the central part of the district, some of which 
ha;e not been shown on plate 2. Obviously these volcanic strata 
once covered the whole area and have been eroded from much of it. 
The maximum known thickness in the Contact district is about 500 
feet, on the northwest slope of Ellen D. Mountain. 

Most of the beds are dense rocks through which minute feldspar 
grains are sparsely disseminated. They are bluish to brownish 
gray on fresh surfaces and reddish brown where weathered. Some 
of these rocks are fine-granular rhyolitic or latitic lava containing 
alkalic feldspars (in part oligoclase), subordinate tridymite and 
quartz, a few small grains of augite, and a little epidote. Many are 

---~w-elded pumice built up principally of. fragmentLof glassy pumice 
that were ejected during explosive eruptions and fell while still 
hot enough to coalesce and flow to some extent. These contain a few 
crystals of quartz and alkali feldspar, rarely more than 0.2 millimeter 
wide, and a little augite and epidote. ' 

• 
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50 feet wide and seems to be mostly a replacement deposit III a 
finely comminuted siliceous fault breccia. 

No igneous rock was observed at the mine, although the limestone 
nearby is largely altered to a greenish-gray silicate rock composed 
chiefly of diopside about 60 percent, quartz 30 percent, wollastonite 
10 percent, and some sericitic mica. The wollastonite occurs mostly 
in small grains and stout prisms, and the quartz in very irregular 
small areas, crystals, and grains. 

The vein is said to extend through the length of two claims. The 
principal ore mineral down to the 100-foot level is argentiferous 
cerusite, probably derived by oxidation from the primary ore min· 
erals, argentiferous galena and argentite, which are still present in 
the ore. 

The formation is said to have changed to calcareous shale on the 
100-foot level, possibly a result of faulting. From this point to the 
bottom of the mine copper carbonate is increasingly abundant, with 
the result that the ore in this deeper part of the mine is changed 
from the yellowish lead carbonate or cerusite ore to a brownish-red 
material known locally as "binoxide ore ", which seems to consist 
principally of carbonate and oxides of iron, lead, and copper. 

About 300 feet west and uphill from the mine a quartz vein con­
taining copper and a little gold dips 80 0 E. in dense light-colored 
shattered quartzite. Nearby the quartzite is cut by a north-south 
alaskite porphyry dike, which on the north passes beneath a mass of 
rhyolitic lava (not shown on pI. 2) and on the south is said to extend 
to the west end of the Brooklyn property. 

SILVER OIROLE 

The Silver Circle mine, formerly the Queen of the Hills,20 is 
about a mile west of the old site of Contact. It is now owned by 
Dominick Quilici, of Wells, Nev., and operated under lease by the 
Silver Circle Mining Co., of Salt Lake City, Utah. Little was done 
here prior to 1928. From then to the middle of the summer of 
1930, 1,000 tons of sulphide ore containing about 11 percent copper 
had been mined and shipped. Some of this ore contained 29 percent 
of copper and a little lead and silver. 

The mine is opened to a depth of 250 feet by a shaft inclined 
500 S., with drifts and stopes and two tunnels, 80 and 100 feet long, 
both driven northeastward. At the time of visit in 1930 a bulkhead 
at the 150-foot level prevented access to the lower part of the mine. 

The mine is on the main granodiorite contact about lian a mile 
west of similar mineralized ground in the Brooklyn mine. Most of 
the ore IS In the metamorphosed limestone north of the contact. 

• Schradl!r, F. C., op. cit., pp. 123-124. 
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VIVIAN 

The Vivian Tunnel Co., a subsidiary of the Gray Copper Corpo­
ration proposed to drive a tunnel nearly 4 miles long that would , . 
pass under the principal properties in the north contact zone, dram 
them, and facilitate development at depth. When completed, this 
tunnel was intended to be made available as a haulageway for all 
mines along its route, on a toll basis. 

The portal of the tunnel is on the Bobs claim close to the Bryan 
mine and about half a mile from the railroad at Contact. The 
tunnel trends due west. It is double-tracked and 7 by 9 feet in 
cross section. Between 1918 and 1930 it had been advanced 310 
feet from the portal, but business conditions had compelled suspen­
sion of operations. The objective is a point 20,452 feet from the 
portal and 2,050 feet below the surface. This point is below the 
Helen B. Smith tunnel and other workings on the upper group of 
properties of the Gray Copper Corporation. 

HICKEY 

The Hickey mine, commonly known as the" Lead-Silver mine" 
and also as the" Jones mine ", is on a group of four claims about a 
mile northwest of old Contact, in the canyon on the north side of 
the eastern spur of Ellen D. Mountain, three-fourths of a mile north 
of the main contact, at an altitude of 6,050 feet (pI. 3). It is the 
most northerly of all the north contact deposits. The deposit was 
located in 1887 by Thomas Gray, the present owner. For many 
years it was owned by M. F. Hickey. A small production was 
made prior to 1910, after which the mine lay idle until about 1929-30, 
when T. O. Jones, the present lessee, mined and shipped 600 tons 
of ore, of which 45 tons is said to have netted about $12 to the ton. 
The shipment was mostly yellowish and pink lead carbonate ore. 

The ore is said to average about 18 percent of lead, 3 percent of 
zinc, 1.5 percent of arsenic, and 12 ounces in silver to the ton, and 
it contains also a little copper, which rapidly increases below the 
100-foot level. Some of the ore mined was very rich in silver. 

The deposit is opened to a depth of 150 feet, mainly by a shaft 
and drifts aggregating 600 feet of new work. The first 50 feet of 
the shaft is vertical and is timbered; the next 50 feet inclines 80° E., 
down to the 100-foot level, below which the shaft is again vertical 
to the bottom of the mine. The old workings consist principally 
of a short tunnel driven southward, from which lead-silver ore was 
mined in the early days. 

The deposit is a north-south quartz vein 2 to 5 feet wide, with an 
epidotelike mineral and nontronite. It dips steeply eastward in 
limestone on or near the hanging wall of a bed of gray quartzite 
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Age.-The scanty information available regarding the, area betwoon 
the Contact and Jarbidge districts suggests that the rhyolitic rocks 
above described are practically coextensive with ,the young rhyolite 
flows of the Jarbidge district, which have been tentatively referred 
to the Pliocene.12 Petrographically there is much resemblance be­
tween the rock in the two areas. Similar rhyolitic flows and pyro­
clastic rocks appear to be widespread in northern Nevada and south­
ern Idaho. In the latter area, also, the younger flows of this kind 
are regarded as Pliocen~.13 

TERTIARY LAKE BEDS 

o naraoter.-The larger valleys of the district are floored by gray 
tuffaceous sandstone beds, which rest unconformably on an irregular 
surface carved on representatives of each of the rock units described 
above and are in large part covered by alluvium. The tuffaceous beds 
are particularly well exposed along upper Knoll Creek. They under­
lie much of the alluvium in the valley of Salmon Falls Creek and 
in the large, gently sloping embayment between Meadow Creek and 
Middle Stack Mountain and extend nearly to the heads of Knoll and 
Trout Creeks. 

Erosion in the soft tuffaceous beds tends to produce bluffs a:nd 
miniature badland forms. The present known thickness of the 
formation ranges from a maximum of about 400 feet on Knoll Creek 
to a knife-edge. In undissected parts of the formation along Salmon 
Falls Creek the thickness may be materially greater. In most places 
the beds lie nearly horizontal, but in some places they are gently 
folded. 

The tuffaceous sandstone is thought to be material deposited in ash 
showers and somewhat sorted by water. The bedding is variable and 
not sharply defined. Most of the beds are composed of minute 
elongated particles of volcanic glass with a little biotite and horn­
blende. Along Trout Creek there are local deposits of calcareous 
tufa or marl containing fragments of the older rocks. Near Contact 
there is a thickness of 100 feet or more of coarser, angular volcanic 
tuff. At the old site of Contact a 72-foot well is entirely in medium­
grained tuffaceous sandstone. In the present town a well 90 feet deep 
is almost entirely in tuffaceous sandstone, with some argillaceous 
material. This well is bottomed in granodiorite, 60 feet below the 
level of Salmon Falls Creek. 

The tuffaceous sandstone has been used to some extent in buildings 
in Contact. The principal quarry is about 1% miles north of the 
town. 

'" Schrader, F. C., op. cit., pp. 42--47. , 
10 Stearns, H. T., and others, Geology and ground-water resources of the Snake River 

Plain In southeastern Idaho (manuscript report). 
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Age.-The tuffaceous sandstone is younger than the rhyolitic beds 
previoU'sly described. No fossils have been found in it. The beds 
were tentatively correlated with tbe Humboldt formation (Pliocene) 
in the earlier report. H 

STRUCTURE 

The Paleozoic sedimentary rocks are flexed into a gentle dome with 
an intrusive mass of granodiorite at its core. The doming and 
intrusion are probably interrelated. Unlike most of the folds in 
the surrounding region, this dome has a long axis trending almost 
due east. In this respect and in the apparent relation between fold­
ing and intrusion the structure of the Contact district resembles 
that of the Raft River Mountains, in northwestern Utah, about 50 
miles away.u 

In the Contact district the sedimentary beds dip away from the 
granodiorite on all sides at low angles, rarely over 20°. In the 
immediate vicinity of the contact there is much contortion and 
fracturing. In several places near and west of the old town of 
Contact and also in the west contact area the limestone dips steeply 
toward the granodiorite, as a result either of overturning or of 
faulting. A fault has been tentatively mapped in the sedimentary 
rocks near and parallel to the granodiorite contact on the south 
slope of EUen D. Mountain, and similar faults probably exist at 
other points. Cross faults affecting the contact have been mapped 
near the Johnson mine above the head, of Trout Creek. Detached 
masses of sedimentary rock enclosed in the granodiorite commonly 
stand vertical. The granitic rock has in places been injected along 
the bedding, and locally, as in the vicinity of the Bryan tunnel and 
in parts of the west contact area, such injected, sill-like masses are 
interconnected by dikelets filling fractures in the intervening sedi­
mentary rocks. The granodiorite of the main mass, especially along 
its margins, is jointed and more or less closely sheeted. 

The alaskite dikes intruded shortly after the granodiorite came 
into place are remarkably long and straight and follow a conju­
gate fracture system affecting both the granodiorite and the sur­
rounding Paleozoic beds. One set of dikes trends mainly N. 30°-
45° E.; the other N. 45°-60° W.; a few in both sets trend somewhat 
outside of the limits indicated. Apparently both sets stand essen­
tially vertical. 

The data outlined above point strongly to some genetic relation 
between folding, faulting, and intrusion. It has been suggested 16 

,. Schrader, F. C., op. cit., pp. 31-32. 
15 Butler, B. S., and others, The ore deposits of Utah: U. S. Geol. Survey Prof. Paper 

Ill, pp. 496--499, 1920. • 
1. P~rlngton, C. W., op cit., pp. 130-132. Ba1ley, J. T., op. cit., p. 612. 
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over 3 percent of copper. Replacement deposits of oxidized ore 
occur in and along the cross fault and in the limestone north of the 
mme. 

BRYAN 

The Bryan mine is about 1,200 feet southwest of the Blue Bird 
mine, on the southwest end of the Bryan claim, which joins the Blue 
Bird claim on the south. It is opened by a shaft and tunnel. The 
tunnel is in granodiorite just under quartzite, in or just above which 
three or more granodiorite sills that apparently follow the bedding 
of the sedimentary rocks crop out several feet above the surface and 
in places are connected by cross dikelets. The shaft is said to have 
in the bottom ore averaging 4.78 percent of copper, but so far as 
learned the mine has not made any shipment. 

ANTELOPE 

The Antelope mine is about one-third of a mile northwest of the 
new site of Contact, south of the Palo Alto and Bryan mines. The 
deposit was discovered about 1898 and worked on a small scale until 
1910, but nothing appears to have been done there recently. The 
production is very small. 

The Antelope vein is in the main mass of granodiorite about 600 
feet south of the contact and is one of the few promising deposits so 
situated. The granodiorite is sheeted approximately parallel to the 
vein, which strikes northeast and dips 80° SE. The vein is about 2 
feet thick and contains glassy quartz and oxidized copper minerals, 
with some sulphide showing in the bottom of a 60-foot shaft, the 
deepest working on the property. A parallel vein with nearly verti­
cal dip about 75 feet to the north is reported to contain high-grade 
ore where opened by a shaft on Antelope ground. 

DETWEILER 

John Detweiler, of Contact, has recently opened a new prospect 
on two claims about 2,000 feet north of the old site of Contact, south 
of the Nevada-Bellevue property. At the time of visit in 1930, 
30 tons of ore had been shipped and 20 tons lay on the dump. The 
property is developed by a tunnel with a short crosscut 50 feet from 
the portal and a 40-foot inclined winze from the crosscut. Minor 
openings extend 100 feet or more farther up the hill. The work­
ings are in limestone 800 feet north of the granodiorite contact. The 
limestone dips 4 a little souTo of eas ~here is an alaskite 
porphyry dike near the lode, which is a replacement deposit along 
a fracture zone trending N . 60° 1-V. and dippjng northeast, into 
the hill. 
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In the southeastern part of the Palo Alto claim the slate is cut 
by a quartz vein striking N. 60° E. and dipping 70° SE. Pits show 
it to contain sufficient red copper oxide and carbonate to suggest that. 
further prospecting is warranted. 

BLUE BIRD 

The Blue Bird property comprises 10 claims immediately ~ast of 
the Palo Alto and is two-thirds of a mile almost due north of the 
present site of Contact. It is owned by the Gray Copper Corpora­
tion. 

The mine, which is on the Blue Bird claim, at the west end of the 
group, was located in 1884. Its early production is not known. 
Prior to 1910, 100 tons of ore from an ore heap here was shipped to 
smelters at Selby and Contact. The ore sent to the Selby smelter 
is reported to have contained 32 percent of copper, and that smelted 
at Contact is said to have contained 17 percent of copper and about 
20 ounces of silver and $2 in gold to the ton. About 300 tons of 
lower-grade ore remains in the ore heap. Since 1910 the Gray 
Copper Corporation has mined and shipped 1,000 tons said to have 
averaged 6 percent of copper and 3 ounces of silver to the wn. 
The principal shipments were made in 1928, and · most of the 'Ore 
came from around the collar of the shaft. The shaft is inclined 
70° SW., and chambers and short crosscuts lead off from it. 

The mine is in white· limestone with intercalated quartzite and 
slate about 1,000 feet north of the granodiorite contact. North of the 
lode there is a band of quartzite, and to the south and southeast 
th€re is considerable dark siliceous slate or slaty quartz, which dips 
steeply south and is cut by northward-trending dikes of granodiorite 
and similar rocks. 

The lode appears to be the eastward extension ·of the main vein 
on the Nevada-Bellevue group (p. 23), with local enlargement by 
replacement of limestone. It strikes northeast, dips about 60° SE., 
and is intersected by a fault of northerly trend. West of the cross 
fault the limestone dips steeply south. East of it the dip is steep to 
the north, and some of the rock appears to be quartzite. These con­
ditions indicate considerable displacement. Mineralized ground ex­
tends laterally along the bedding planes of the limestone and quartz­
ite on both sides of the fault near the surface. On the 60-foot level 
the vein terminates against the cross fault, in and near which 
considerable quartz and calcite have been deposited. 

The main ore body in general has a width of 3 feet but in places 
is much wider. The ore oontains malachite, chrysocolla, red, brown, 
and black copper oxides, and some chalcocite and is said to average 
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that the granodiorite mass is a laccolith intruded between the Car­
boniferous beds that it arches and underlying older strata, such as 
are known in several places in the surrounding region. This is a 
possible but by no means a necessary explanation of the observed 
facts. The hypothesis that the intrusion has the form of a stock 
which .crosscut the buried older rocks fits the available data. ~ually 
well. Although, as can be seen from plate 2, erosion has cut several 
thousand feet into the central part of the grandiorite below the proh­
able original upper surface, no evidence of a floor is known. Prob'­
ably the relatively deep erosion over the central part of the granitic 
mas~ was facilitated by fracturing related to the intrusion and the 
Paleozoic rocks along the margins are preserved in part becaus~ 
they were rendered harder and more resistant as a result of the ig­
neous metamorphism. They were baked and more or less completely 
replaced by quartz and lime silicate minerals. 

The Tertiary strata have been disturbed, probably in two periods 
of deformation. Neither the rhyolitic beds nor the tuffaceous sand­
stone shows much folding. Locally, as on upper Knoll Creek the 
lake beds are inclined as much as 30° and may have wen fadlted. 
The distribution of the rhyolite as mapped on plate 2 suggests either 
that it was deposited on an irregular surface or else that there has 
been subsequent faulting of some magnitude. 

MINERAL DEPOSITS 

TYPES AND DISTRIBUTION OF THE LODES 

The ore deposits ?f the Contact district are valuable mainly for 
copper . . They contam also some gold and silver and locally enough 
l~ad to 00 of value. The lodes are of three related intergradationaI 
kmds. These are (1) deposits in or closely related to contact-meta­
morphosed limestone, commonly in close association with the border 
of the granodiorite mass; (2) fissure veins with local enlarO'ement. 
by re~lacement, especially in the limestone; (3) deposits ~l;ng fis-. 
sures I~ or near alaskite dikes or disseminated in fractured parts of 
such dIkes. All three kinds of lodes have features in common as 
will ?e .seen from the descriptions oolow. The distinguishing char­
~ctel'lstlCS appear to result from differences in the wall rocks and 
~n struc~ural details rather than from any fundamental difference. 
m geneSIS. Most of the lodes of the first two kinds are in a narrow 
zone along the roughly horseshoe-shaped contact between the 
granodiorite and the Paleozoic rocks'. 

The pri~cipa! developo:ent to the date of writing is in the area·. 
about a mIle WIde extendmg from the vicinity of the present town. 
of Contact almost due west for about 7 miles. This area is commonly 
known as the "north contact zone." It is also sometimes called 

90756-35-3 
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the" east ridge area," because much of it is on the eastern spur of 
.Ellen D. Mountain. Another group of properties i in an area about 
4 miles long and 1 mile wide known as the "west contact zone", 
from the fact that it lies along the most westerly part of the grano­
:diorite contact. Although contact metamorphism 'is more wide-
spread here than in any other part of the district. and numerous 
prospects have been opened, past production and recent aotivity are 
much less here than in the north contact zone. In both zones the 
deposits belong to the first t,~o kinds defined above. 

Most of the deposits of the third type, associated with alaskite, are 
in the granodiorite area between the west contact zone and the present 
town of Contact. Similar lodes occur in the granodiorite northeast 
of China Mountain. 

Most of the scattered and for the most part slightly developed 
prospects on both sides of the granodiorite mass east of Salmon 
Falls Creek are associated with contact-metamorphosed limestone 
and hence are of the first type. Some of them differ from the de­
posits of this type farther west in that they are not quite so close 
~o the contact and appear to conform essentially to the bedding of 
the limestone without much shearing. 

The parts of the granodiorite contact traversed by Salmon Falls 
Creek and Meadow Creek are hidden by Tertiary beds and by allu­
vium. They have consequently not been prospected, but they may 
contain buried lodes .similar to those on each side. Lodes in these 
valleys would be at somewhat greater depths below the crest of. the 
rrranodiorite mass than those that have been prospected and nught 
b 

therefore be mineralogically somewhat different. Moreover, pres-
ent ground-water level here is obviously nearer the surface than it 
is on the mountain slopes, and any ore found beneath the young de­
posits would be expected to be comparatively free from the effects 
of oxidation and enrichment. To what extent this is true, however, 
.depends largely on the geomorphic history of the region, which has 
.not been' worked out. 

CHARACTER 

LODES RELATED TO CONTA.CT METAMORPHISM 

Some of the lodes intimately associated with contact-metamorphic 
minerals are directly on the contact of the main mass of granodi­
Ol'ite. The deposits in the Brooklyn and Nevada mines are typical 
of this variety. In such deposits and in some of those within the 
sedimentary-rocks there is evidence of fissuring and fracturing that 
doubtless aided the circulation of the mineralizing solutions. It 
seems likely- that -in most or all places where a lode has .formed 
~irectly on the contact the mineralization was localized bY 'previous 
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mostly along the steep cleavage planes in the slate, as shown dia­
grammatically in figure 5. 

The principal lode here is a small fissure vein in one of the grano­
diorite tongues, about ·40 feet wide, in the upper part of the mine. 
The shaft shown in figure 5 ~olJows this vein, which pinches down­
ward and ends at the contact with the enclosing slate. Hence the 
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FIGURE 5.-Geologic cross section through the Palo Alto sbaft. After J. T. Bailey, mng. 
and Min. Jour., vo l. 76, p. 613, 1903. 

workings in the lower 200 feet of the mine are in barren slate. This 
vein is paralleled by a smaller, blind vein-in the slate, which was 
found in a crosscut driven as a result of a suggestion made orally 
by-the writeT in H)10.h:eblllrd-win has ielCleCl a Tall' tonnage 
and still contains some good ore. The ovein followed by the shaft 
is likewise reported to contain ore as :yet unmined. Some -of this 
ore contains about 30 percent of chalcocite. 
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copper and 1 ounce of silver to the ton to 10.14 percent of copper and 
8.4 ounces of silver to the ton. Most assays show less than 5 percent 
of copper. On both sides of the winze near the northeast end of this 
level there is a shoot of higher-grade ore with a length of about 60 
feet along the drift. Assays here range from 5.46 to 25.48 percent 
of copper and 4.1 to 13.1 ounces of silver to the ton. In a shoot of 
chalcocite ore nearly 100 feet long .and 2 to 4% feet wide on the 300-
foot level. assays ;range froni 4.77 to 15.09 'pen:ent Qf copper and ' 2:28 
to 11.89 ounces of silver to the ton, and ·the average of 16 consecutive 
samples is 9.05 percent of copper and 3.09 ounces of silver to the ton. 

East of the Nevada-Bellevue mine the main vein can be traced on 
the surface through the Delano no. 2 and Palo Alto claims and 
part of the Blue Bird claim. (See p. 23.) The rock here is 
quartzite and slate, and the vein in consequence tends to be pinched 
and interrupted. It averages about 4 feet in width, however, and on 
the Delano no. 2 claim much of the ore is reported to contain about 
3lh percent of copper. 

PALO ALTO 

The Palto Alto mine is about two-thirds of· a mile north-northwest 
of the town of Contact, on the Palo Alto claim, which joins the 
Bellevue and Delano group on the east, at an altitude of about 5,850 
feet (pI. 2). The deposit was discovered in 1894 and was owned by 
the Nevada Copper Mining, Milling & Power Co. until about 1926, 
when it was acquired by the present owner, the Gray Copper Cor­
poration. The mine is credited with the production of about 1,700 
tons of ore, of which most of the 300 tons produced prior to 1910 is 
said to have averaged about 30 percent of copper and $3 in gold and 
8 ounces of silver to the ton, and 200 tons produced in 1914 and 1,200 
tons produced in 1928 ran 5 peroent of copper and 3 ounces of silver 
to the ton. Most of the latter ore was obtained in sinking the winze 
from the tunnel or 150-foot level to the east drift. 

The mine is developed by a 292-foot shaft, a 150-foot crosscut 
tunnel, 300 feet of drifts, and 100 feet or more of crosscuts and 
stope, distributed on 4 levels. The whole workings are said to have 
cost more than $8,000. The 50-foot level contains the crosscut tunnel, 
150 feet of drift, 50 feet of crosscut, and a 60-foot winze; the 100-foot 
level contains 30 feet of drift and 50 feet of crosscut; the 290-foot 
level, 125 feet of drift and 25 feet of crosscut; and the 250-foot level, 
30 feet of stope. 

The mine is in dark-colored coarse slate with some pinkish quartz­
ite a few hundred feet north of the main granodiorite body. .The 
Paleozoic beds are upturned and dip toward the contact at angles 
of about 75°. They are cut by ~umerous granodiorite apophyses, 
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faulting, possibly as a result of settling and readjustment following 
the intrusion of the granodiorite. .. 

Certain of the lodes, ' such as the l).un'o'r deposits in the west COIl­
tact zone, are distributed through contact-metamorphosed limestone 
with little apparent relation to fissuring. Qthers, as in the Boston 
mine, in Middle Stack Mountain, are in beds of c(mtact-metamor­
phosed material essentjally conformable -to the surrounding less 
altere<,1, limestone . 

The proportions .and ,relations of the different minerals vary 
somewhat, but it appears that gE;\neraUy the limestone was first 
silicified and then replaced by cOlltact-metamorplUc minerals. Com­
monly actinolite, diopside, or wollastonite or two or more of these 
minerals cons.titute most of the metamorphosed rock. Garnet, axi­
nite, epidote, and chlorite are present in varying proportions in 
many of the lodes. Axinite, a rather rare borosilicate of aluminum 
and . calcium with some iron and manganese, has been shown to 
oceur' in a number of the lodes, but much of the material locally 
regarded as axinite is composed mainly of actinolite and other 
silicates. Garnet, also, is not as abundant as is commonly supposed. 
Part of the carbonates in the original limestone remain unchanged. 
There is also some recrystallized calcite and locally apparently 
dolomite as well. In most of the lodes, especially those associated 
with shearing, glassy vein quartz is conspicuous, and most of the 
sulphides are in such quartz. Later veinlets of quartz and locally 
of calcite cut the lodes. The complex ,silicates are mostly in the 
limestone, but some have replaced the adjoining granodiorite. Sim­
ilarly the quartz and sulphides are chiefly in the limestone but enter 
the granodiorite, especially in places where apophyses of the grano­
diorite are intercalated in limestone . 

The principal hypogene copper mineral is chalcopyrite. Bornite 
is commonly present and may in part be hypogene. In several of 
the lodes molybdenite, magnetite, and specularite are present but not 
in sufficient quantity to be of economic interest. It is noticeable· that 
pyrite is rare or absent in the lodes of the district. 

In many of the lodes, particularly those along the granodiorite con­
tact, there is a rough, irregular banding arising in part from shear­
ing, in part from original interlamination of different kinds of rock, 
and in part from' variations in the degree of contact metamorphism 
and of deposition of the valuable minerals. Most of the lodes of 
apparent economic interest are 15 to 30 feet thick, but commonly 
only certain bands within the lode cont~in much copper. 

The copper content of the ore ranges from 3 percent or less to 
rarely as much as 50 percent. Probably much of the ore so far 
exposed contains materially less than 10 percent of copper. Several 
ore bodies of this grade have much of their copper in certain narrow 
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high-grade bands. Essentially all the ore in the present workings 
has been affected by supergene processes (pp. 11-18), so that it is 
impossible to judge the average content of the original ore. In 
places, however, considerable massive chalcopyrite is present, and 
therefore some of the hypogene material is evidently of high grade. 

Both in these lodes and in the others in the Contact district the 
content of precious metals varies with the copper. Except in certain. 
bands of nearly massive sulphide, the amount of silver and gold is 
too small to be of much commercial consequence. 

FISSURE VEINS 

The lodes of the second type are typified by most of the veins in 
the north contact zone east of the Brooklyn mine. They follow lines 
of fissuring and brecciation in either granodiorite or sedimentary 
rocks. A few, such as the N evada-Bellevue, lie in the granodiorite 
contact in localities where contact metamorphism is inconspicuous. 
Some, such as the Junction and Old Abe veins, in the western part 
of the north contact zone, cut diagonally across the granodiorite 
contact. Certain of them, such as the Old Abe, are enclosed in 
part in contact-metamorphosed limestone and here resemble lodes 
of the sort previously described. The veins that contain notable 
amounts of lead minerals, such as the Silver King and others east 
of Salmon Falls Creek, show much more intricate and abundant 
brecciation of both country rock and quartz with recementation by 
later quartz than is present in the more common variety of veins 
valuable mainly for copper. In those copper veins that extend into 
relatively unmetamorphosed limestone there is local enlargement by 
replacement of the limestone in the walls of the fissure zone. 

The veins of this type are rudely banded, largely as a result of 
shearing. Most of them range from 1 foot to 10 feet in thickness. 
There has been some alteration of the country rock and deposition of 
silicates, but the principal introduced gangue mineral is quartz. 
Much of the quartz is coarse-grained and vitreous, but in places, 
especially in the brecciated parts of the veins, there is jasperoid 
silica. The copper sulphides are the same as in the other lodes in 
the district. Some lodes contain 3 to 10 percent of copper and small 
amounts of precio_us metals, largely in supergene minerals. Certain 
of the lodes, low in copper, evidently originally contained galena, a 
little sphalerite, and possibly some argentite, but these hypogene 
minerals have been largely destroyed by oxidation. The small 
amount of arsenic reported in ore from the Hickey mine suggests 
the original presence of arsenopyrite or a sulpharsenide. Most of 
the lead ore so far exposed contains 10 to 20 percent of lead, 4 to 20 
ounces of silver to the ton, and from a trace to 3 ounces of gold to the 
ton. In most of it the amount of zinc is small, but some of the Silver 
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whereas in most other places it is limestone. The diiferenC(; in be· 
havior during intrusion resulting from this fact may ha\ e had 
an influence on the shape of the contactl In the part of the ilTegu­
larity in the contact explored by the Nevada-Bellevue mine the 
contact dips steeply northeast down to the 104-foot level and more 
gently below. Close to the intersection between the drift on the 250-
foot level and the lIo tunnel (pI. 4), a 30-foot dike of porphyritic 
alaskite cuts the quartzite in the footwall of the vein. Similar dikes 
cut the granodiorite on Copper King no. 2 claim. 

The mineralized zone along the granodiorite contact extends east 
from the Brooklyn ground (p. 23) into the Allen no. 2 claim, 
where shallow workings expose it for a width of 120 feet. This 
zone consists of alternating bands of altered and mineralized granitic 
rock and thin layers of limestone, capped with gossan. A 10-foot 
tunnel in the eastern part of the Allen no. 2· claim shows carbonate 
ore containing 8 percent of copper. The mineralized zone does not 
appear to persist eastward beyond the bend in the contact. The 
two discontinuous veins in white limestone on the Delano no. 1 
claim (fig. 4) may possibly mark extensions of the fissuring along 
the contact. These veins average about 5 feet in width, and the 
ore consists of red and black oxides, carbonates, and some bornite. 
It is reported to average 3Yz percent of copper, but some of it is 
said to contain as much as 50 percent. 

South of the claims above described there are four or more veins 
that have yielded most of the ore so far mined in the Nevada-Belle­
vue group. These veins trend somewhatJ north of east, parallel to 
the general trend of the granodiorite contact, but at least one of 
them cuts across the part of the contact with southeasterly trend 
(fig. 4). Their average dip is about 50° SE. The veins range in 
thickness from 1 to 10 feet. Much of the oxidized ore in them con­
tains about 4 percent of copper. The longest one, known as the 
"main vein ", has been traced on the surface for nearly 10,000 feet 
and opened in the Nevada-Bellevue mine to a vertical depth. of about 
400 feet. 

On the Copper King no. 2 claim the main vein is about 6 feet 
wide, dips about 50° S., and consists largely of copper oxides and 
carbonates in a quartz gangue. A similar vein, called the "third 
vein ", approximately parallels the main vein about 120 feet to the 
north. This vein is nearly 2,000 feet long and about 3 feet wide. 

The main vein in the Nevada-Bellevue mine trends about N. 10° E. 
and-aips about 55° SE. The- oTe- above the 250:ofoot-Ievehs largely 
oxidized. Ore shoots tend to pinch in passing from the granodiorite 
into the quartzite, as is well shown on the 104-foot level. According 
to data supplied by the company, much of the vein on the 200-foot 
level is 3 to 8 feet wide, and assays range from about 2 perC'ent of 
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oxidized ore were shipped by lessees. In 1928 to 1930, 180 cars or 
2,000 tons of ore was shipped. Of this total, 55 cars contained 
freshly mined ore, and tie rest was obtained from the dump. The 
average content of 20 cars that came from the no tunnel was 9 per­
cent of copper and 4 ounces of silven and 70 cents in gold to the ton. 
The remainder averaged 6 percent of copper and 23 ounces of silver 
and 60 cents in gold to the ton. Much of this ore came from the raise 
on the 100-foot level of the Nevada-Bellevue mine, the winze on the 
zero level, and the upper tunnel of that mine. The Allen claim 
yielded 8 cars of ore. The Bellevue mine yielded $50,000 in 1917 to 
1925 (apparently included in the total above given). Some lots con­
tained as much as 26 percent of copper.. The material from the dump 
averaged 5 percent of copper. 

In 1926 to 1928 an attempt was made to leach the ore in place. 
About $7,500 in copper was recovered, but the cost of pumping and 
loss of solution in fissures and other openings made the undertaking 
so unprofitable; that it was abandoned. Water was pumped from 
Salmon Falls Creek, a distance of 8,000 feet, with a lift of 600 feet 
to the upper tunnel of the Nevada-Bellevue. A solution of 3 percent 
sulphuric acid was allowed to percolate from this tunnel through 
the oxidized ore and collected in and near the no tunnel, some 
250 feet below. 

The Bellevue mine contains a 200-foot shaft, a 120-foot crosscut 
tunnel, and 1,000 feet of drifts, mainly on the 100-foot and 200-foot 
levels. In the ground lying between the Nevada-Bellevue and Belle­
vue mines there is a prospect crosscut tunnel 300 feet long from . 
which 150 tons of high-grade ore has been shipped. On the Allen 
.no. 2 claim there is a 40-foot crosscut tunnel and other minor 
workings. 

The Nevada-Bellevue mine, like the Bellevue, develops the lode 
-commonly termed the" main vein" (fig. 4). The principal workings 
(pI. 4) comprise the zero, 50-foot, l04-foot, 200-foot, and 300-foot 

levels. The zero level connects directly with the surface, and the 
·other levels are reached by winzes. This part of the mine develops 
the vein to a depth of more than 400 feet vertically below the out­
-crop and an average distance of about 500 feet along the strike. On 
the 250-foot level a drift extends 700 feet eastward on the vein to 
-connect with the no tunnel at a point 1,360 feet frpm its portal. 
The no tunnel was driven for purposes of development and drainage 
:about 1926. 

As shown in figure 4 and plate 4, the group lies along the bound­
.ary between the granodiorite and Paleozoic beds at a place where 
there is a sharp bend in the contact. It is possible that the bend 
results from faulting, but direct evidence of this has not been found. 
At and close to the bend the Paleozoic rock is quartzite and slate, 
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King ore is reported to carry 20 percent of zinc. In the lead mines 
that have been opened to depths of more than about 100 feet copper 
is present on the lower levels. T 

VEINS RELATED TO ALASKITE DIKES 
tJ 

The veins of the third type differ little in character of ore from 
the copper-bearing variety of the fissure veins just described. Most 
of them follow fissures in and parallel to alaskite dikes, and locally 
the ore minerals are disseminated widely through fractured and 
altered dike rock, so that the whole dike is more or less mineralized. 
The principal hypogene minerals are quartz, chalcopyrite, molyb­
denite, and specularite. None of these veins have yet received much 
development. 

OXIDATION AND ENRICHMENT 

Oxidation is prevalent in most df the lodes of all three kinds 
down to depths of 150 to 250 feet below the surface, although the 
ground-water level is reached in most of the mines at shallower 
depths. In some places, notably in the western part of the north 
contact zone and in the west contact zone, considerable chalcopyrite 
remains in the outcrop. Locally in dense contact-metamorphosed 
rock containing abundant actinolite much or all of the original 
sulphide has been preserved from oxidation, even in the immediate 
vicinity of the surface. 

Chrysocolla, malachite, azurite, copper pitch, cuprite, and native 
copper constitute much of the valuable content of the copper ore 
so far mined. Hematite and limonite are fairly plentiful. Pyrolusite, 
psilomelane, and probably other oxidized manganese minerals are 
locally conspicuous. Cerusite is the principal oxidized mineral in 
the lead ore, but mixtures of oxides containing lead and zinc are also 
present. Kaolin and chloropal or nontronite are derived from 
weathering of the silicate minerals, and the chloropal is locally 
abundant. Chalcedony is present in places, probably as a result of 
redistribution of silica by meteoric water. The oxidized copper min­
erals, especially chrysocolla, have imp~.egnated both the original lode 
matter and neighboring wall rocks. In several places there are large 
masses of low-grade ore consisting of chrysocolla in limestone or 
granodiorite with little or no indication of hypogene mineralization. 
Such widespread staining of the rocks by the brightly colored copper 
minerals gives the impression of very extensive ore deposition. 

Underground exploration is as yet hardly adequate to give much 
of an idea of the extent of sulphide enrichment. Bornite is present 
in most of the copper deposits that have been opened to depths of 
much more than 100 feet and to a less extent nearer the surface. 
Most of the narrow, high-grade streaks contain abundant bornite 
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associated with chalcopyrite. Presumably part or all of the bornite 
is of secondary origin, but the available evidence on this point is 
inconclusive. A little covellite and locally considerable chalcocite 
are present, and there can be little question that both are formed by 
supergene solutions which derived their copper from oxidized ore 
near the surface. Some of the cKalcocite, like the chrysocolla pre­
viously mentioned, has been deposited in what apparently would 
otherwise be barren country rock. The 300-foot zone in the limestone 
of the middle part of the Helen B. Smith tunnel, reported to contain 
1Y2- percent of copper as chalcocite, is probably of this nature. 

OUTLOo.K 

The future of the Contact district depends largely on the progress 
of the copper industry in the United States. Although the railroad 
has improved its situation markedly, the district remains one of small 
production and high costs as compared to the areas from which most 
of the world's copper ore is derived. Development has progressed 
far enough to show that several ore bodies of small to moderate size 
exist here, although some are irregular and discontinuous. Appar­
ently much of the ore contains 5 percent or less of copper and not 
enough of other metals to add greatly to its va1ue. It is reasonab1e 
to suppose that shoots of enriched sulphide ore of higher tenor exist. 
A certain amount of such ore has already been found, but it has not 
yet been extensively developed. Below the enriched ore, at levels not 
yet reached by any of the workings, bodies of hypogene chalcopyrite 
ore, perhaps comparable in grade to the oxidized ore that has been 
mined, are to be expected. 

MINES AND PRo.SPECTS 

In the following descriptions the properties are grouped geograph~ 
jcally. Those in the north contact zone, economically the most im­
portant, are described first. . As the group of lodes from the Brooklyn 
east to the Antelope are interrelated and include' some of the most 
productive mines, they are described before the lodes in parts of the 
north contact zone to the north and west. After the..<;e come the pros­
pects in. the west contact zone, followed by those in the granodiorite 
area between that zone and Contact. Next come the properties near 
China Mountain, followed by those near Blanchard Mountain and 
the heads of Trout and Knoll Creeks. Finally mention is made of 
th pl'-ope.rti0S-n~ar-Midd-le--Sta(lk Mmmtain- and along ths- ne-arby 
slopes of the valley of Trout Creek. Plate 3 shows the distribution 
of the claims accoI_ding to the best informatiolL available ill 1930. 

As little work has been done since the writer's previous visit, in 
1910, on many of the deposits in the west contact zone and most of 
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earlier report 19 as the Delano and Copper King groups of claims. 
This mine is about 1,500 feet northeast of the old town of Contact. 
Another mine, the A 

"'-Bellevue, is about _---\ 'O;Z 

3,000 feet west of the \ \ ~ \\ ~] ~ 
Nevada.-Bellevue and Jl s 
600 feet south of the \ ~ ,g 
Brooklyn mine. \ i ~ ~ 

Most of the group \- ~ ~ ~ c.li ~ 
was acquired by the I ~ 0'!!~~~'Q; ,,; « ~ ~§!~gE ::: 
present company for I ~:;- ~ ~~~~ j 
$250,000. The Belle- I ~~ ... :S 
vue claim cost an ad - \ ~~ ~ 
ditional $20,000. It is 1 h § 
reported that $350,000 1_ ~!~ ~ 
was expended by the rna g ; 
company prior to 1925 ~.8 ~ S 
in developing and ~ 
equipping the prop- ~o;t ~ 
erty. OIl • 

'" '"'-Although most of .~ ~ 
the deposits have been ~ §"' W 0 

known since the late ~ ~ 
'Ol~ 
<) ... 

.0 

eighties, there appears 
to have been little 
production prior to 
1913. The shipments 
from 1913 to 1930 ag­
gregated over $2,500,-
000. In 1913 to 1917 
roughly $125,000 was 
prod uced, mainly 
from ore averaging 
about 10 percent of 
copper. In 1918 the 
group produced 12,000 
tons containing 22 
percent of copper, 75 
cents in gold to the 
ton, and a little sil­
ver, valued in all at 
$65,000. In 1920, 300 
tom,was shipped, and 
in 1926 two lots of 

~( . 

,. Schrader, F. C., op. cit., pp. 121-122. 
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claim, about 1,000 feet north of the Brooklyn mine. Returns on 
10% tons of this ore shipped to the Garfield Smelting Co. at Salt 
Lake City a,re about 3.5 percent of copper and 1.3 ounces of silver 
to the ton. From a point near his shaft, which is some 60 feet deep, 
a ledge of garnetiferous gossan extends nodheastward on the Green 
Monster claim, where also some good copper carbonate (malachite) 
ore was mined in or near the gossan. 

SALMON RIVER MINI NG CO. 

The Salmon River Mining Co., of Butte, Mont., incorporated in 
1896, owns 13 patented claims, in part surrounding the Brooklyn 
property, just described. The principal development is on the 
Empire and. Lena claims. 

The Empire miile is on the south side of Town Gulch, half a mile 
southwest of Old Contact and about 1,000 feet south of the Brooklyn 
mine. The Empire contributed some ore from shallow workings, 
now caved, to the local smelter in 1896 but has long been idle. The 
principal development is a 260-foot shaft sunk in soft, altered grano­
diorite in the hanging wall of a fissure vein similar to that on the 
Delano (Nevada-Bellevue) ground. The vein dips ~teeply south. 
In shallow early workings it was about 3 feet wide. The shaft 
caved before a crosscut could be driven to the vein. On the surface 
the vein appears to continue northeastward through the Arkansas 
and Western Union claims of the Nevada-Bellevue group and south­
westwa1'd through the Empire extension. 

The Lena shaft, about half a mile southwest of the Empire, was 
sunk in 1896 and 1897. The shaft is 200 feet deep and has a 50-foot 
crosscut at the bottom driven southward to tap a vein that crops 
out at the surface. The shaft and workings are in weathered 
granodiorite. They are now caved, and the data here given were 
kindly furnishe-d by V. S. Kemper.' s An O1'e body was encountered 
60 feet below the collar of the shaft. This body, which dips 60 0 S., 
appears to be a local enlargement by replacement of the vein, which 
continues below it. About 50 tons of oxidized shipping ore, assay­
ing 14 percent of copper, was obtained from this body. The cross­
cut at the bottom of the shaft disclosed nothing of value. 

NEV ADA·BELLEVUE COPPER MI NING CO. 

The property of the Nevada-Bellevue Copper Mining Co. (or­
ganized about 1917) compri es 10 claims (fig. 4) on which there are 
12 small mines and some pro peets. The area containing the prin­
cipalmine of the group, the Nevada-Bellevue, was descrihed in the 

" Letter of Oct. 21, 1931. 
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those in the other areas here described, only some of the salient 
points in regard to them are here given, and the reader is referred 
to the earlier report 17 for more detailedl descriptions. 

NORTH CONTACT ZO'NE 

BROOKLYN 

The Brooklyn property is about a mile west of Old Contact, at an 
altitude of about 6,300 feet. It was first located about 1890, and 
the principal development work was done in 1901 to 1904. Recent 
operations include the shipment in 1928 of a small amount of picked 

100 0 200 Feet 
, , , , , , , r ! ! , ! 

FIGURE 2.-Diagrammatlc sketch of Brooklyn workings. From map furnished by the 
Brooklyn Mining Co. 

ore from the dump and some mining by a lessee in 1930, mainly in 
a tunnel 80 feet below the shaft collar. 

The pr.operty comprises 2 full and 4 fractional claims. As is 
shown in figures 2 and 3, it is developed by a shaft 196 feet deep 
with a crosscut at a depth of 186 feet which extends 276 feet from 
the shaft to the lode. There are short drifts both ways from the 
end of the crosscut, and a 30-foot winze sunk in sulphide OIl'e of 
good grade close to the end of the crosscut. A tunnel 332 feet long 
is driven along the lode, entering the hill 80 feet vertically below 
and about 550 feet northeast of the shaft. This tunnel is connected 
with the lower workings by a winze. 

\ 

• 17 Schrader, F. C., op. cit., PP. 129-150. 



20 CONTRmUTIONS TO ECONOMIC GEOLOGY, 1934-35 

The shaft and crosscut are in granodiorite, and the lode is on the 
contact between that rock and Paleozoic strata, here mainly white 
limestone. The contact -trends N. 80°-85° E. and dips 73° toward 
the granodiorite, apparently as a result of fault movements subse­
quent to the intrusion. The walls of the lode on the 186-foot level 
are parallel, clean, and smooth. The vein is 18 feet wide. The 
limestone here is silicified close to the lode, and the granodiorite 
on the hanging wall has a coarse, almost pegmatitic texture for a 
width of 2 feet. At the mouth of the tunnel at the 80-foot level the 
lode is 8 feet wide in sheeted granodiorite, apparently with asso­
ciated alaskite dikes. 

o 

'-

'-

o 

80' t.EVEt. 
c===== 

Oxidized zO,ne 

Below water level 

tOO 0 100 200 ~~ET 
~'~'~'~'~'~'~'~'~'~'~'--------~'--------~, 

FIGURE 3.-Dlagrammatic geologic section through the Brooklyn mine. 

The gangue minerals of the lode include glassy white quartz, gar­
net, calcite, actinolite, and axinite. Down to about the 186-foot 
level the metallic constituents of the lode are largely in the form 
of carbonates and other oxidized minerals, although at present 
ground-water level is about 96 feet below the collar of the shaft. 
In the winze connecting the 80-foot and 186-foot levels the ore is 
oxidized and leached and contains seams of native copper. Much 
of it is reported-to-contain--ahout--3-percent-of-copper. 

Seams of native copper are reported in the granodiorite near the 
lode in the lowest workings. On and near the 186-foot level the 
metallic minerals are bornite, chalcopyrite, and pyrite with little 
oxidation. One 15-inch seam of bornite ore, much of which contains. 

THE CONTACT MINING DISTRICT, NEVADA 21 

46 percent of copper, is reported. The bornite appears to be second­
ary. The lode over a width of. 16 feet, inCluding the high-grade 
seam, is reported to average 4 percent'" of copper and 1.5 ounces 
()f silver and 0.01 ounce of gold to the ton. 

At the end of the crosscut on the 186-foot level there is 2 feet of 
chalcopyrite ore of commercial grade in a garnet-axinite gangue on 
the footwall, followed by a 20-inch high-grade band containing alter­
nate seams of bornite and chalcopyrite ore. Beyond this is nearly 
-3 feet of chalcopyrite-pyrite ore of commercial grade with quartz 
gangue, followed by 8 feet of similar material averaging about 3 
percent of copper, and, on the hanging wall, 2 feet of vein matter 
with some chalcopyrite and pyrite. 

The following analysis of the gangue of the Brooklyn vein has 
been kindly supplied by the Brooklyn Mining Co.: 

Analysis of the gangue of the B1'ookZyn vein 

Silica ________________________ 53. 50 

Alumina______________________ 8. 24 
Iron protoxide________________ 6.22 
Lime _________________________ 16.60 
~fagnesia _____________________ 9.26 

Soda _________________________ 5.00 
Potassa ______________________ . 40 
VVater________________________ .20 

99.42 

Specific gravity, 3.1251. 

The following analyses help further to give an idea of the com­
position of the vein: 

Analyses Of Brooklyn vein and adjacent material 

Silver 
(ounces Copper Sillca Iron Lime 
to the (percent) (percent) (percent) (percent) 
ton) 

----------------------1---------- - -----
Gangue near footwaIL ______________________________ _ 0.6 2.7 80.6 ~2 2.4 
Average of 10 feet of footwall side of vein ____________ _ 
FootwalL __________________________________________ _ 

1.4 9.2 _____________________________ _ 
.5 __________ __________ __________ 2. 8 

Picked sample of bornite ___________________________ _ 14.14 48.6 13.6 14. 5 _________ _ 
Average waste of vein from big dump _______________ _ 1.60 3.66 8.2 7.1 4.6 

The average smelter returns of several small shipments of ore to 
the American Smelting & Refining Co. at Garfield, Utah, are: 
Copper, 4.08 percent; iron, 12 percent; silver, 1.25 ounces to the 
ton; gold, 0.01 ounce to the ton. Returns by the same company 
dated August 23, 1929, on 44% tons shipped by W. A. Southard, 
give copper, 4.5 percent; silver, 1.25 ounces to the ton; and gold, 
0.015 ounce to the ton. 

For some time Mr. Harrington, a lessee, has been working with 
encouraging results on a nort1!!last-southw~t vein associated with 
a granodiorite dike or sill cutting the limestone on the Valley View 
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