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; Yol. 66, 19:1. pp. 1433
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Absrract

* Golil- h(.guu'vjr depoatts in nmth central NPv'lda occtr in a wide variety of geologic
environments related to major stratigraphic and structural features.” These environments
include pre-Tertiary sedimentary and metamorphlc rocks, granitic r(rc!\s, and volcamc
~rocks of pre-Tertiary and Tertiary age which have been complexly deformed “The
. deposits were formed during five prmcxpal intrusive metallogenic cpisodes; the oldest is
Jurassxc two are Cretaceous, one early Tertiary, and the last late Tertiary. | Three
major epigenetic groups of gold-bearing derosits are recogmzul replacement deposits, R
 disseminated deposits, and veins.  The replacﬂmen: deposnts may be subdivided in or(‘er_'

- of decreasing temperature of formation into contact pvrometasomatic deposits, base-metal
deposits, and penphera] gold-silver deposits. The disseminated gold deposits seem. to be

. intermediate in mmerﬂowy hetween the penpnera] replaremcnt deposits and low-temper-

. ature veins, but differ in that they contain ouly minor amounts of silver. ! They are here
.~ considered to be a distinct group. The veins are ‘subdivided into two classes: veins in
: -719-Te1 tiary and granitic rocks and veins i or a ssouated thh Tertiary. voIcamc rocks.

~ Contact pyrometasomatic deposits have yielded srgmﬁcant productxon ‘in only one
district, Battle Mountain (Copper Canyon and Copner Basm) s, Where c1k~homfels con-
taining" pyrite, chalcopyrite, pyrrhotite,: arsenopyrlte, [ iy ied
as copper-gold ore, Ba»e-mctal xcphcement‘depc\snts |

: inc-lead-s

chs mm.‘lted gold depon.s such
are re]atweb ncw dlS\.O\.’Criea, hav

vems 'Lre Jvar\cteuzed by tetnhz.dute, g'ﬂ
vems by pyTi xfe and :\Ic.la and b) stllwnlte*

1 LEC
“canic '\d(s (Table 1) 5. ‘
“valid e*{cept that the dxssen.mmc:rl gold depowt dis-

: Publxcatmn auﬂmrwed by th.. Dxrec tor, U =5, C coluexcal {
Survey, -




 able.

#‘

A
# Mining Districts |
'\ 1 Disaster
i National
3. Gold Basin |
_ . 4. Mountain City
., 5. Jarbidg2
6. Alder
7. Edgemont
B, Aura L
19, Charleston =
' 10. Island Mtn
11. Rebel Cr, ¢

13. Lime Mtn

.. ogy, and geoch
‘ Some of these new
rticular emphasis on t
th-central. Nevada and southwestern

deposits in nor _
o) In this report Roberts is_re-

12, Paradise Valley

emistry of the ore deposits are avail-
data will be summarized
he gold-bearing

§pons;ble,.forﬁ_‘the Zeologic framework an
replacement deposits;
ection on disseminate

Roberts and Radtke for_ the
d deposits; Coats for the sec-

Tasl
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" COLD-BEARING DEPOSITS IN NEVADA AND IDAHO
E 1. Metallogenic Epoché; i;l Nevadd; (Fergusbn, 19‘29)' i

ectioi’ ot

11

C. Pre-late Miocene

Silver-gold deposits :

B

Deposits associated with volcanic r(I))clés

¥

I Deposits associated with intrusive rocks ¢
~ A. Jurassic or Cretaccous e B Fa
Argentiferous quartz veins

Pbst-iéte”Miogéne ;
Gold-silver deposits

i

sec- !

ountain

4 .’ e 4
- Mountain ¥
i S City \3

10 QB', :

ELKO®
; one o
ATusc'arora@
idas M
~e T =—a-
s i {ork]
’
Fi 22 11Q26 CARLIN MINE
01 3

dg a 42. Black Can
5 i 43. Railroad
i | 44, Rye Patch

45. Unionville
4. Lewis |
47. Hilltop

48, Lee i
49. Ruby Valley "
50. Sacramento
51. Spring Valley .
52. Rochester

4 §3. Kennedy
vii | 54. McCoy
+ | 55 Bullion (Tenabo) *
* | 55a.Gold Acres
. 56. Willard

-~_ " '| 57.Antelope

S I 58 lersey
59. Cortez  ©
60. Buckhorn

61. Mineral Hill
62. Table Mtn
63. Bald Mtn

64, White Cloud
65.Anielope
.66, Diamond
67, Shade Run
68. Bernice
69. Ravenswoof
70. Mount Hope
T1XL ;
72. New Pass |
73. Alpine

| 74. Skodkum
75. Eureka ¢
76. Granite
77.Wonder |
78. Reese R (Austin)
79. Birch Cr

 100,000-1,000,000 o
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Fic. 2. 4, Map showing distribution of facies in the Cordilleran 'g.é05yncliné,‘7Cahibriari ‘through Devonian_time
R B, Distribution of facies after late Devonian to early Mississippian thrusting. ' & e

tion bn'veiﬁs; and Silberman and McKee for the
section on age of plutonism. == e T e e

b}

Structural and Stratigraphic F_raméwof“k_

‘ - ‘Precambrian Time.
he pré dep0$its of the Western United States are
ocalized in a structural framework that formed in
Precambrian time and which has continued to de-

relop till the present day.  The Precambrian struczs

ural_tectonic_events developed northeasterly, east=

“west, and northwesterly stratigraphic and structural
Survey, 1968). The principal northeasterly trend
vas paralleled by the Cordilleran geosyncline, which

i formed in late Precambrian time and was a zone of
m?jorksubsidenceluntil Late Devonian time.  East:

leposition of three principal facies in northeasterly
trending belts (Fig. 24) : an eastern carbonate fac

rends (Roberts, 1957, 1960, 1966, 1968 ; U. S. Geol.® T

vest orogenic trends along zones of . Precambrian

 deformation_have been. recognized in_ central Utah ;8
these trends have been projected into western Utah
ﬁndd_:xﬂ\_lgvédai"(Rober"tws‘et al.; 1965 ; Zietz et al.; 1969)

where. they are recognized in

" trending features that probably follow
ﬁf"r’cca‘mb"ri&n Lorigin_include mineral ‘be
rized by lines of fractures, domes, and £ lts

o

.~ Paleozoic_Time.
The Cordilleran geosyncline, which came ‘into,
existence in late Precambrian time, was the site of

e

“Jurassic
1962 Wallace,




" GOLD-BEARING DEPOSITS IN NEVADA AND IDAHO

 Tatlock, and Silberling, 1960 ; Wallace, Tatlock, Sil- bodies appear to be distributed randomly in the re-
berling, and Irwin, 1969).  Since then, the region  gion, others may be structurally controlled. - Thirty-
‘has” been undergoing uplift and erosion. ~In late - one - of these plutons have “peen  dated, by the
 Mesozoic time, block-faulting, accompanied by igne-  K-Ar method, and their ages are considered repre-
ous intrusions and volcanic activity, ushered in a  sentative of the times ‘of major plutonism
new regime which culminated in the development of . The grouping of ages indicates that plutonism
 basin-and-range _ structure. The cycle began with “occurred during five ‘periods in’ the Mesozoic ‘and,
the emplacement of - intrusive bodies “during - late ' Cenozoic (Fig. 4). The ‘group of dates in
Eocene and early Oligocene time, followed soon aiter  Jurassic (168 to 143 m.y. 0 n_follow
by widespread volcanism throughout Oligocene, Mio-  Cretaceous groups (105 to 87 and 71 to 68 m.y.
cene and Pliocene time. Block-faulting, which gave  respectively), the next group is early. Tertiary (40
rise to the present topography, was most intense in  to 30 m.y. old) and the youngest group is late
Pliocene and early Pleistocene time. e Tertiary (16 to 10 m.y. old ) haa s
EUE e ' ' i tivity - including the ‘em- 4

. Widespread tectonic_ac

T et Mgtallogenic Provinces e . placement of large granitic bodies west of central -
HA%T-Nevada' may be dividcd into two rnajor me_tauo_ Nevada in_thc Sierra Nevada 1S reﬂected by the plu- :
genic provinces: a. western one, characterized by tons of ‘the two older age groups in north-central =
‘gold, silver, tungsten, mercury, ‘and antimony de- Nevada. The oldest group of north‘-Centra] Nevada
posits; and an eastern province, characterized by plutons are the same age as parts of the Inyo and
‘lead and zinc deposits with minor silver and gold ? Yosemite intrusive epochs of the Sierra Nevada
< (Figs. 1, 5) (Ferguson, 1920; Bateman, 1950; batholith as defined by Evernden and Kistler .(197_0;
'Roberts, 1966)." The boundary between the prov- . Fig. 4).  The older of the Cretaceous periods. of
nces is gradational and roughly bisects north-central plutonism in north-central Nevada is about midway
Nevada. . Copper, tungsten, and molybdenum de. in age between the Huntington Lake and Cathedral
- posits occur in both provinces. ol 2 . Range Sierran intrusive epochs of Evernden and
The ore deposits of the western or precious metal Kistler (1970; Fig. 4), and a _r}umber of plutenic
province occur mostly in eugeosynclinal Paleozoic . Focks n the Sierra Nevada batholith have been dated ..
ind Mesozoic rocks (shale, chert, graywacke, vol- at about 100 m.y. as well. The younger Cretaceous
canic rocks, and minor Jimestone) and in_overlying - intrusive rocks in north-central Nevada (70, my.. .-
Tertiary rocks.  The eugeosynclinal rocks were de- old) correspond in age to early Laramide, as defined . -
posited on simatic oceanic crust 5-10 km thick "The . by Damon and Mauger (1966).  The early Tertiary =
re deposits of the eastern or. pRe R ince Tk 10,10,50. Iy old) plutons in north-central Nevada =
cur . mainly  in  miogeosynclinal "carbonate rocks &€ the same age as the_star of /Tertiary 1gneous - -
(limestone,” dolomite, and minor shale) that were §activity au the Great Basin. (McKee :Emd‘Sllbgz:{nan, ;
"déf)osited Rt s i e ,;;--‘197_'051, b). ';#Plutomc rocks‘of‘ I.:aramm.le‘ands n}x_ddl&,
. The boundary between the two provinces coincides - Tertiary age are not found in_the Sierra Neyada,
roadly with the boundary between major geosyt- uggesting that the two young_er.perlqu of plutonism .
clinal trends and with the frontal zone of the Roberts | (70 m.y. and 40 to 3(.) m.y.) In ,’“’.““'“‘,“ml Nevada
 Mountams thrust fault. The nature of these rela- 12¢ ot rleated t0k §1erran mtwmon»but Lt related
tionships is not clear, but processes related to geo- O geologic events in the eastern Great Basin. &0 -
T - - | Large bodies of plutonic rocks younger than about |
30 m.y. old are not known in north-central Nevada, -
unge n about 16

ynclinal sedimentation and subsequent orogeny re-
ulted in _qn’version"of the upper mantle under the
geosyncline _to 'continental - crust with  consequen

magmatism and _yolcanism - during several epochs =
(Bateman, 1950 Coats et al., 1965 ; Roberts, 1968

but widespread volcanic rocks younger tha
'y. old probably have deep-seated plut
alents not exposed at the present level 0
This younger ‘group (16 to
Table 2 was_defined by S
10 S

g Rt T AR ;«“\v_w R LT
n_north-central; levada (Fig. 3) there are :

proximately 50 pl ons of coarse-grained _equigran:

ular to porphyritic quartz-monzonite to granodiorite.

These bodies range from about 130 to Toss than 1 WDy s i o : -

square kilometer in outcrop arca. Although many ‘__C.Pf"e? ounisins axudRolnertsMougtallls
T e : - A0Y S Roberts and Coats ‘consider that the five

Z[Qa}) from occurrences I theohe
e A AR TS SR T,
‘and_northern’ Shoshone Ranges,

ented | y basaltic andesit%jt_jgNghygiité"\"ﬂéyv a
Gwarm of these dikes and flows also occu

- tAﬂ ech'L‘tliOn to this 'pés\tten; is ttlhc Eﬁ district, “f’hifh - epochs in north-central Nevada also represent dis- = -
" contains porphyry copper deposits; the gold content of the iy & B e o ! S . A i e i
. ore is low, but the total production is significant because of tinct l}\ctdllogcmc epochs, and have so de§1gllntccl :

the enormous tonnage of ore treated. o them 1n Table 2. The replacement deposits were .
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(GOLD-BEARING DEPOSITS IN

5 v' . Figure 3 (cont'd.)

i i T Rad o : Age in m.y-
"1 1. Osgood Mountains pluton
2 Gregg Canyon pluton e
' 3. Buffalo Mountain plutonic complex 4
4, Stany Basin pluton i i e s
5 Lee Peak pluton 1 ey i A e A i
b Granite Mountain (Humboldt Range) plutonic complex & ¢
7. New Yotk Canyon plufon " T T e
.8 Trenton Canyoa pluton, ¢
Copper Canyon pluton. .
10. £ider Creek pluton
_11..Tabin pluton s
12. McCoy pluton
13. Hilltop phaton 170 ¢ AL i %
‘13 Granite Mountain (Shoshone Range] pluton
'15. Gold Acres quartz monzonite
. 16. Goal Ridge pluton
/17, Tenabo pluton. 2
' 18. Cain Creek pluton
- 19. Ravenswaad pluton
20. Swales Mountain pluton
21. Frenchie Creek plutonic complex
22. Mill Canyon pluton 3
23. Cortez dike
24, Cortez dike swarm
25 lowa Creek pluton
26. Grass Valley pluton
27. Austin pluton 3
28, Walti pluton R
29. Clipper Gap pluton
\ 30. Northurmberland pluton
31. Mount Hope pluton
32 Whistler Mountain pluton
33. Ruby Hill 28 i

i Intrusive epochs in north-central Nevada
¥

L1V N—X),‘ (Early Tertiary)

153
Wells and others, 1969

7 16-‘i0 * (Late Tertiary)

‘:7!—68 . fLate Cretaceous)
10587 (Cretaceous)
: 163-143  (jurassic)

undated intrusive body -

ge of‘GréSSIValley Pluton (No. 26) sjhou'ld‘

read 168 m.y., not 68 m.y. = & D

 Fic. 3. "Plutons in north-central Nevada.
ap 30, Nevada Bureau of Mines by Roland V. Wilson and
ichard R. Paul.% K-Ar age and name of pluton listed. ©

:

formed during the first four of these epochs; certain

‘of the disseminated gold deposits are also apparently

ssociated with * igneous _rocks of the first three

© CRETACEOU

SH ‘ Laramide igneous activity
7 {7 Southwest Basin
& Range Province o
79~90

1_(Damon and Mauger, 1966) 1

. activity in central Nevada | I
{McKee & Silberman, 1970) +

Cathedral
I Range

epochs, but the principal gold

.Modiﬁe& from‘ :
1957, 1966).. The principal northwesterly belts't
~* have been recognized are the Lynn-Railroad, Battle

Austin; the northeaste

Intrusive epochs of Sierta Nevada batholith rom Evernden & Kistler (1970)

NEVADA AND IDAHO = .

Table 2. Intrusive and metallogenic epochs in north-central Nevada

Characteristic metals
i and source of da

Age span, B.¥.
bafore present

Intrusive and
Metallogenic epoch

¥ Gold, silver, mercury
% (Gilluly and Hasursky, 1965; |
Wells, Stoiser, and Elloitt,
1969; Sch 65) s ko
I e EN

- 16- 10
' (ickee and Gy
g Silberman, 1970a) .

iyt [ i A

Vi Late Tertisry

“ PO ST R e Major base metal
IV G Early Tertiary silver, sntimony (Roberts,

B b P e v fulaes
111 | late Cretaceous ° ' i Tungsten, silver, gold.)
A (This Report) RO

i 3 i i i

105 87 0 s i s
¢ Tungaten, base metals, gold

II  Cretaceous
5 - (Hotz and Willden, 1964)

mu Report)

168-143 B ey :
A Tungsten, minor base metals,
minor silver and gold ;
(Muffler, 1964; Coats et al.,
1965; Coats, 1967; Gilluly
and Masursky, 1965) 32

I Jurassic i
Sy ¢ (This Report)

taken place during the fourth (40-30 m.y.).+The

veins contained in granitic and

Mineral Beifs :

: Thetprihcipal gold deposits in north-central Nevada |

oceur in mineral belts that trend northwestward and
northeastward (Roberts and Lehner, 1955 ; Roberts,
s that

Mountain-Eureka, Getchell-National, and Loikf;lpck-

rly Shoshone-Jarbidge  belt

metallization may have

pre-Tertiary rocks
‘were mostly formed during the first three epochs;
the veins in volcanic rocks were formed during the &
last two epochs. ; S

cuts across . the  northwesterly trends (Table 3;°

Fig. o) St iy

S“

.J.'
160 180 !

I Inyo Mountains & &

104 - 121 % 132 = 148
Huntington Lake




Mineral belt
and trend

Geology

Commodities

Lynn—Railroad
N. 40“-47‘ H.

o

Paleozoic lim —estone, i
calcareous siltstone

Au, Ag, Pb

B;u:tle Mountain-
Eureka i
N. 40°-47° W.

Paleozoic chert, shale,
limestone; calcareous
conglomerate

o 1 b
Au, Ag, Cu

Pb, Zn

1(1965) 5 R
_Shawe (1965)
(1968) ;

N. 25°-30° W.

| Getchell-National

Paleozoic chert, shale,
limestone; calcareous
conglomerate

Au, Ag, W

AIinemenr. oE dmtnc:s s

4 aeromagnetic data :

Lovelock-Austin
N. 40° W.

Palzozoic chert, shale,
volcanic rocks; limestone

W

Ag, Au, Pb,

: Miﬁe_inént of districts;
" aeromagnetic data

: Rob:rts anrl Le‘nner (1955), lnbur.s.

(1966) H Ross (1953).

‘| Shoshone-Jarbidge
N. 40° E.

Paleozoic chert, shale,
volcanic rocks; ’
Tertiary volcanic g
rocks il

Barite, Au :
Ag, Hg, W =

Aliné’méﬁt of districc,'
fracture zones, and
geosynclinal trends = )

Ketner in Gilluly and Gatu (1965),

Roberts (1966); D. R. Shawe (oral

coumun., 1966)3 Landwehr {1967) .
5 h 3

The mmexal belts have been

tural, geophysical, and geochemic
erts, 1966, p. 57). Structural evidence is best shown

bythe striking northw_cst\\ ard almement of wmdow

deﬁned from stfﬁc;
al evidence (Rob-

_fauI g

‘21

TIc. 5 Mineral bel

Rob»rts (1966)

ts in north-c cntnl Ncmda modiﬁed

in_the upper pl'lte of
s along the L)

otopea “of the two 'belts
mg that the lea(l_ may have

the Roberts Mountains t 5
nn—Rallr a.d and Battl Moun— ‘

lutons southwest of Gregg plfﬁ'}l‘nf" on Fig.
1otable northwesterly alinement ‘of plutons ¢ of group.
lies in the B'Lt*le Mountam—Eurgku. miner '
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. GOLD-BEARING ' DEPOSITS IN NEVADA AND IDAHO

R

Teble 4. Gold-bearing deposits in north—éer.tral flevada and southvestern Idaho

1.' Replacement deposits

II. Disseminated deﬁosit

III. Veins

Veins essociated with
Tertiary volcanic rocks

Veins in pre-Tertiary st Esg.
tified rocks and plutons T.%C

inated

Dissem

Disseminated gold deposits
(pyrite, quartz, gold,
realgar; minor stibnite,
cinnsbar, sphalerite,
galena) (Carlin; Cortez;
Gold Acres) Est. depth
2,000-5,000 ft

Peripheral gold deposits
(pyrite, gold, argentif-
erous galena, sphalerite,
minor tellurides

(Battle Mountain) . Est.
depth 3,000-10,000 ft

Base metal replacement !
deposits (pyrite, argen-
tiferous ‘gelena, arseno-
pyrite, chalcopyrite,
giderite, sphalerite,
gold) (Battle Mountain;
Fureka) Est. depth o
3,000-10,000 £t "

Pymmeta.-mmatie deposits
(scheelite, molybdenite,
pyrrhotite, pismuthinite,
arsenopyrite, pyrite,

galena, chalcopyrite,

sphalerite; gold in sul-
fides) (Battle Mountain;
Eurcka) /Est. depth -
3,000-10,000 ft A

Stibnite-gold (SG) veins
i | (sargentite, polybasite, i} i
|electrun, minor cinnabar).|

A Stibnite-quartz (SQ) veins

ipyrite, minor galena) | t
(Pattle Mountain) Est. ‘INational) Est. depth
depth 1,000-5,000 £t 1 o 1,000~3,000 P

i s el N 'Argentite—aduluia-quartz

! i (AAQ) veins (sneumannite,

(Jarbidge; Mides) Est.

depth 1,000-4,000 ££ 5

e

L

Argentite-ndularin«quax‘tz
(AR) veins in pre-Tertiary
rocks (tnaumannite, gold,
pyrite, galena) (Silver
City; Tuscarora) Est.
depth 2,000-5,000 £t

Tetrahedrite-quartz (1Q)
veins (tetranedrite, gold
sphalerite, galera, rhodo
chrosite) (Gold Creek:
Reese River) Est. depth
2,000-5,000 ft

Arsenopyrite-quartz (AQ)
|| veins (arsenopyrite, golé,
pyrite, galena, sphaler-
fte) (Battle Mountain)
Est. depth 3,000-10,000 ft

.

‘lﬁl”mrniggé'éhx;bi;aééév éﬂargcteiistié of each group sh

- 2Temperature range of pyrometasamstic
3 - 'of mesothermal Tep

of veins in volcanic rocks Ir
wnite (1967); Browne (19691 - |

ature determinations by U.5. G

ez deposits). 3

Gold Deposits

% lﬁs&iﬁ cation

"basis of form and host

own in pnrenthesés; nct alf species 1isted are found in encf\ depésit. G

deposits from Ridge (1969, P 1816-17) 300°-600°C. 5 Park and MacDiarmid, 196, p. 210
: {ts and veins from Ridge (1969, p. 1817); Sevkins (1964, - 833-919)5 Roedder and
i Creel (1965); Roedder (1967) 5 Meyer et ali:(1969, p.i1k12); Helgeson and Garrels (1968); Lovering (1950) SRR
anges of peripheral deposits and Jow-temperature stibnite-quartz and stibnite-gold veins using upper meaotpemal and
Jeptothermel ranges frem Ridge (1969, P+ 1817); Dickson and Tunell (1969, p. 1690); White (1967); Brovne (2969) -
ve! om Bidge (1969, D 1817)s neer-surface veins from Wnite (1955, p- 103-108, 1h0-141) 3
<) ' ‘ 4 _ S St

col. Survey (1970, P-

rock, éold' ﬁepos_itxj’ '

in ni:;ijt‘h-t_:,ent_faluNevzida and southwestern Idaho may
ided into three major classes:. replacement de
its, disseminated ‘deposits, and veins.' The r¢

ient ,ﬁeﬁbéitsi‘m:ifﬁe"ﬂsubdié
Hic® deposits, base:

ided into pyrometa

tal - replacement “deposits
 Carlin-type dissemi

‘2 distinct clas;

-

and veins in oOr associated

been summarized in Table 4 to

ted here '_gcparafclj The veins

e

';;"idé"dffritdf\véinsfix_i"épré-Tertiary and granitic

with Tertiary vol-

o r ~g > ; W
canic rocks. - Characteristics of these deposits have

“show the inferred

relationship = in mineralogy - and temperature and

depth of formation of one group to another.

Ttis

granodiorite.

A7) and from Nash end Theodore (29T1), and Radtke (unpub. data on_

recognized that the isogeothermal surfaces are curved
over intrusive bodies and along structural features
so_that ‘some estimates of depth of formation may -
need modification.’ e i O S e e O

Replacement bOdlCS ‘have been, tk

ore deposits »,in:,f‘r,}_,cm_xft}}-(':entra.l,;,;l}l

iscovered in the 1
W e
- scen:

Battle Mountain is n xt:fwki‘tklw;m”
oo | . , s

lowed by Cortez with more than $13 milliot
The replacement'deposits ‘are gene al‘lf’(fu

zonally around small stocks of quartz monzonite Ot |

The central zone is characterized by

(Roberts and Arnold, 1965




. ROBERTS, RADTKE, AND COATS

outer zones beyond the main base-metal deposits, and -
thus far have yielded only small producti “They™=
et W L are of interest principally”;bgca} th
‘t;'_gm..\_r" 1o g i ¢ b i A R ¥ S ‘; - R
G an?rﬂm i : rm ';‘q};;ll\ beﬁ“. een some bas

I

S i
‘replacement

i d

v “‘Tertiary volcanic rocks which conceal :
Sm1iangle | - Ship of the Paleozoic( 2) ‘lix_"nestorié' and related rocks e
X .S widdises | 0 BPaleozoicrocks. in-‘other parts: of ‘Idaho and
Stk Moaniai . " Nevada. * The ‘pyrometasomatic deposits associated *

] | with granodiorite on South Mountain contain high-
5 MILES ; | temperature silicates such ‘as hedenbergite, ilvaite, -
17 . 1160 45° ‘ ' diopside, and garnet; the sulfides are pyrite, chal-
opyrite, arsenopyrite, ’sphalef_it‘ 'ahdﬂa' little galena. -
The ' replacement deposits \w ich fringe the pyro- -
metasomatic  zones ‘contain sulfide assem-
blages. All of these deposits contain small amounts

: . Fic. 6. Index map of southeastern Idaho.

a pyrometasomatic assemblage of high-temperature

silicate and sulfide minerals. = This zone is bordered of gold and silver, but the principal gold-bearing ore.
~ by an inner envelope of base-metal replacement bodies odies were found in the associated vei S oranton
 containing gold and silver, and grades outward into ‘ S S =
 peripheral gold-silver deposits. This zonal arrange-
ihent has been noted at Eureka, Battle Mountain,

South Mountain, and Cortez. Rt

“The pyrometasomatic deposits represent the high-
est temperature gold-bearing deposits in the regio;
Gangue minerals include garnet, hedenbergite, ilya e,
diopside, wollastonite, zoisite, and related minerals
the ore minerals, which commonly appear to ha
been introduced later than the silicates, include py
rhotite, pyrite, arsenopyrite, chalcopyrite, and some
sphalerite and galena. The gold content is generally ‘{:Batt'lé'Foﬁﬁatidﬁ :
Jow.: Ore was mined from the pyrometasomaticBSFdna’ Mountain' Forma
zone at Copper Canyon and South Mountain chiefly @ Golconda thrust plate-
for its base-metal content.” ek : 8

_Replacement base-metal deposits in the Eure
and Cortez districts are in dolomite of early Pal zoic.
ge; the deposits in the Battle Mountain district are

a.

odlies contain significant am
“and some ore bodies were mined principally fo
precious-metal content. i = ; i
 Peripheral gold deposits associated with base- : has been 'm ‘the Duval Corpora

 deposits occur in the Eureka, Battle Mountain, and, on-per- Cany
* Cortez districts. . These deposits are generally i he ore mined in unde ground workings at Cop-

RRSd




= per Canyon was mainly in calcareous conglomerate
" * and hornfels of the Battle Formation; adjacent to the
Copper . Canyon_stock these rocks were metamor-

.. phosed to calc-hornfels.
metallization the silicates were

erite and galena were introduced. ' This ore ranged
in grade from 0.5 to 1 percent copper, and contained
0.10 to 025 ounceg gold, and about 1.5 ounces silver
to the ton. " Rt e e SLEER RS
' At Copper Basin, gold ore was found in the
- Carissa and Copper King mines in metamorphosed
limestone beds of the Harmony Formation and in
‘overlying Battle Formation adjacent to .intrusive
. bodies. . This ore contains remnants of garnet, diop-
side, epidote, pyrite, pyrrhotite, and chalcopyrite in
‘a groundmass of chlorite and clay minerals. The

per .in_the ore occurred mainly as supergenc )

chalcocite.”~ About 9,100 tons of this

re was mined which averaged 2.96 percent copper .
and 0.49 ounceg’ gold and 2.15 ounces silver to the -

Between Copper Canyon and Copper Basin, gold-
- and silver-bearing veins are found in outer zones
- beyond the base-metal replacement bodies. These
veins_include the following ‘mineral assemblages:

pyrite-quartz containing  gold and silver ' (Buena

Vfl’_sfz'l),‘\‘"stibnite—quartz_,,(Antimony King) and a

quartz-telluride  (Telluride) " (Roberts and Arnold, = g ; , A
1965) 4 i iR S e ~ The disseminated gold deposit

At the White and Shiloh mine, silver-gold ore was comers to the Nevada mining scene
‘been _tested by the ‘bonanza-seeking

The primary ore contained small amounts of pyrite,

‘sphalerite, and galena, but was mined principally for -

: ‘ - replacement "deposits.
" mostly too fine grained to be recovered in a'pan and
. could be detected only by fire assay.  Although early -
_ day placer operations in the vicinity of  Carlin and.

its silver, content. " The silver was mostly in galena,
but Whitehill (1873, p. 48) reported wire silver and
pyrargyrite in the oxidized ore. i S

" Eureka district—The ore bodies at Eureka have

been described by Curtis (1884), Nolan' (1962, p.
(1968, p. 966-991).
fost occur in the Eldorado Dolomite and Hamburg .
olomite of Cambrian age, which are cut by intru-
ive quartz diorite dated at 100 m.y. by K-Ar. The =

141-46), and Nolan ‘and Hunt

ometasomatic central

eld’eam i _.,’»‘. =

the Southern part of the district on
contain more gold than, those in the central part.
' The pyrometasomatic (tactite) bodies

mainly of garnet, de, tremolite, epidote, zoisite

diopsi

which are altered to chlorite and serpentine; magne- .

During later stages of
altered to chlorite *
and clay minerals, and sulfides including pyrite, pyr-
rhotite, arsenopyrite, chalcopyrite, and minor sphal-= and
* mimetite, plumbojarosite, calamine,

ined from pe"riphgral\_‘i'éplacement bodies and veins.

‘Prospect Ridge the fir
" burg, 11939, p. 39). " Getchell Hollow
' (Joralemon, 1951) ; during World War II produc-

consist

. GOLD-BEARING DEPOSITS IN NEVADA AND IDAHO

tite; pyrite, and pyrrhotite occur sporadically in the - =
tactite (Nolan, 1962, p. 46).  The gold and silver
content of this material has not been reported. ‘-‘
‘The replacement ore bodies range in ‘form from
irregular, chimneylike bodies to podlike
bodies. The ores that were mined during
and 1870’s were “ mixtures ‘of i

. Gyt - . i IERT w7y R .
“achite, and iron oxides along ‘with relic
. sphalerite, pyrite, and minor_quartz.

" tion iron. zinc, and sulfur were largel

leaving lead, gold, and silver relatively ‘concent
Ore on the deeper levels is largely unoxidized. &=
The peripheral ore bodies in the Eureka district =

“on Prospect Ridge are typified by those of the Wind-

fall mine (Nolan, 1962, p. 44, 70; Nolan and Hunt,

1968, p. 989). These ores consist mostly of sanded ks

dolomite and quartz veins containing a little limonite
and the ferric arsenate, scorodite, derived from the
oxidation of pyrite and arsenopyrite. . Gold was pre-
sumed to occur as the native metal. Production from /
1908 to 1916 totaled 65,132 tons valued at $349,428.
In addition to gold, the ore contained small amounts
of zinc, copper, and antimony ; locally it contained
silver and lead. The metal content of these ores

clearly differs from that of the central and inner - :

zones, suggesting that they formed in a cooler en-
vironment. st R R e S
et “._Disse'minated gold_‘.d}‘z])o.‘s"its“&,_
ec‘}e‘l_avt‘iv_‘;_nel\‘
hey.may have
rospectors _of -

_the late 1800’s, but their comparatively fow. grade =

made them less attractive than the richer veins and

_In addition, the gold was

Cortez (Vanderburg, 1930, _1936,»"‘.';1239)’-’in'di‘rgéted

the presence of lode gold, no veins of si

‘were found in the disseminated gol

bearing veins at Tenabo, 3 miles.

f e

t, and in the Lynn dis
: - of 'ez_lrby

the first

tion was stopped for several years, then resumed in-

1962 through 1967. Rising costs, a fixed gold price, o
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-‘ and met'lllurgrcul prohlems ultlm'xtely m'lde} oper-

ations unprofitable at Gold Acres and Getchell,  In -

1961 the Carlin deposit, which was much higher in"
. grade, was discovered; opentions began 'in ;1965
- (Hardie, 1966). More recently, in 1968 the Cortez
~mine was put into operation.

. Current production of gold from the dlssemmated

leposits has raised Nevada to second rank: in gold
' production in the United States, after South D'il\_ tz

Other shows of dlssemmated gold mineralization in_
- north-central Nevada are still being C\plored an
_ it seems likely that some of these w111 become"pr
ductive in future years. ' Only a small part of the
potentially productive ground has been thorou"hly
.tested to date because most of the region is covered
by thrust plates, volcanic rocks, and alluvium (Nolan,
1950; Roberts, 1966; Stewart and McKee, 1968

Gott 'md Zablocki, 1968)

The cllssemlmted gold deposits thus far dlscovered :

~in north-central Nevada are spatially related to the
- Roberts Mountains thrust fault. Ore bodies dis-
- covered thus far formed in the thrust zone or within =
a few hundred feet below it in carbonate rocks, -
especially where the thrust has been domed.  The
‘thrust zone therefore appears to exert an overall
. regional control. Roberts (1966), however, has
- emphasized that three other significant requtrementb
must be met in order for an ore body to form: (1) =
“a_source for gold-bearing solutions; (2) fractured
‘and permeable ground to permit access of solutions ;"

and (3) precipitants, such as carbonate and(or)'
organic carbon (Radtke and Scheiner, 1970), must
" The role each"’ \

be available in a potential ore zone.
ore control played appqrently varred from deposrt to
dep051t 7

The genetic rehtlonshlp of the dlssemmated gold

- this implies that the "deposit

DTKE AND COAT.S‘

are gnen by Al\rigﬂht Rsldllse' and -.Grunes ( 1969) S
at Gold Acres by Wrucke, Armbrustmacher, and .
‘Hessin  (1968) ; at Getchell by " Erickson et al.

(1964) 2 and at Cortez by Wells, ‘Stoiser, ancl'Elhott

S S

h}racterrstu': gold sxlver%élt 05 i
30:1wh
ve

‘more varrxrtlon angmg fro ]
230:1 at Mountam City

" Coexistence of the assemblage stxbmte—realgar-

" cinnabar as at Getchell and Carlin are uncommon in

_ the Western States, but have been recognized locally .

© at Bingham, Utah, where stibnite and cinnabar were

deposrted during late-stage metallization on upper
levels in the U.'S. and Lark mines (Rubright and
Hart, 1968) ; in the Mercur area, Utah (Gllluly,, .
1932; Hewitt, 1968) ; and at the White Caps mine, "
' Manhattan " district, *Nevada = (Ferguson,” 1924 ;"

Hewitt, 1968). Mercury and antimony sulfides also
.occur in hot spring environments  (White, 1955 ;.

~ Schoen and White, 1965 ; Dickson and Tunell, 1968)

‘and a close rehtlonshxp between disseminated gold
(deposits and hot .springs has_been suggested by
]’oralemon (1951) and by Hausen and Kerr (1968) ;
formed _at _shallow

depths Roberts and C ts

Jdeposrts to the gold-bearing replacement (lepOSltS, on |

the one hand, and to the vein deposits, on the. other
is still uncertain. The disseminated cleposxts are a
special kind of replacement deposit in | that larg

" amounts of carbonate are replaced by silica, but. they ‘

contain mineral assemblages which more closely. re-
semble those of the ]ow—temperature veins than those
jof the replacement deposxts . Unoxidized ores in the
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(99 m.y.)f’ but veins in the Tenabo and Cortez areas
are associated with Oligocene intrusive bodies of

th'e"fourth epoch (40-30 m.y.; Wells, Stoiser, and
Elliott, 1969 ; Wrucke, Armbrustmacher, and Hessin,

1968 ; ‘Wrucke and Armbrustmacher, 1969; Silber-
man,: Wrucke,“and - Armbrustmacher, 1969) . At
Gold  Acres pyrite, | arsenopyrite, & sphalerite,

greenstone ; sericite in the dikes has been dated at 94

m.y. (M.” L. Silberman,  written communication, -

1970)." The associated gold metallization jin_chert
and shale nearby could be younger than this, how-
‘ever, and may represent an Oligocene overprint on
a higher temperature pyrometasomatic metallization
of Cretaceous age.  The reason for this speculation
is that the mineral assemblage commonly found in
the disseminated gold deposits here and elsewhere is
distinctly lower temperature than implied by the

_tactite assemblage at Gold Acres. i
' Detailed discussion of the geochemistry of -these
types of gold deposits and that of individual deposits
\in_each group is beyond the scope of this paper.
‘Basic data on transport of gold in hydrothermal
' solutions were given by Helgeson and Garrels (1968)
nd by Helgeson. (1969). The chemical model pro-
osed by Helgeson and Garrels for vein deposits in
which gold is carried in acid solutions as the aurous

hloride ‘complex at temperatures above 175° C also

fits well for the disseminated deposits at both Carlin

! :
case of disseminated deposits a S
and Getchell, the types and amounts of carbonaceous

i

o gold deposition.

Silica is a ubiqui

quartz was_precipitated along with gold. " Small

asperoid bodies containing widely varying amounts

of 'gold ‘are’ present in and mear these " deposits.

Quartz makes up the bulk of the gangue minerals in
irtually all ‘vein deposits. Although replacement

deposits commonly ‘contain_only ‘small amounts of
lica with the ore, numerous barren and gold-bearing -

quartz veins usually are located on the periphery of
: The close association between gold
deposits, plits the dependence of

emperature, forms sis for

P

bearing

he disseminated gold deposits are stitl
ried on by the U/\S. Geological Suryey
“the mining companics. Many new data are be

sserabled which will lead to a better \1:}(]:?'s£fiﬁdiljg

W

s 3 The fgncous “rock vielding this date
“hole at about 500 feet below the open pit at Gold Acres.

* Willden (1964), and Erickson et al

- described | the Getchell ‘gold,
galena are associated with altered dikes and tactite in
een than $15 million (Bergendahl

Cortez (Radtke and Scheiner, 1970). " In the 200, averaging abo

of disseminated deposits at Carlin, Gold Acres, .

erials in the host rocks were a ‘domjnant influence

SR e L | The gumbo is the principal gold-bearer
: tous constituent .in all_types of =
1d deposits. - In disseminated deposits, fine-grained it :
' tals embedded in a nearly ‘submicroscopic intergrowth
. of quartz and amorphous ¢arbon... % '

" that the “gumbo” is an al

came from a drill

of these significant ore bodies.  Basic information on’
Gold Acres gold ¢

the Getchell, 'Carlin, Cortez, mld
deposits will be summarized briefly below. &
Getchell deposit.—Jorale (1951), Hotz and.

ountains, north-central N ada, wl

436,000 ounces. of ‘gold valu
2

ore than

ore body extends along the Qefclié’ ‘

i

gold deposit at Getchell is associated with the Osgood
Mountains stock, which has been dated. by M. L.
Silberman by the K-Ar method as 90 m.y.¢ " Tungsten
deposits along the margin of the stock are believed
to be genetically related to the stock (Hobbs and

Clabaugh, 1946; Hotz and Willden, 1964). " The o
mineral assemblage of the gold deposits ‘appears to

be distinctly lower temperature than the assemblage

" of the tungsten deposits, and the gold deposits are

considered by Roberts and Coats to be considerably
younger, possibly early Tertiary. It should be em-

phasized that the gold deposit itseli has not been - ..

dated as yet, so this conclusion is tentative,
" Joralemon (1951, p.

ous strands of the Getchell fault zone. They extend -

¢ Teast 7000 feet horizontally and 800 feet down the

- dip, and vary in width from a few feet to more than

ut 40 feet wide. . .. The veins |
consist of sheared and mineralized argillitc and lime-
stone cut by quartz and calcite veins and containing a
soft, plastic gumbo that has replaced the sediments.
. gold e [1t] ds
while it appears to be a fault gouge,

.

‘unusual in that ‘ alt
it actually consists of minute subhedral quartz crys-

" Joralemon . (1951, p. 273).
“oumbo’”’ formed hydrothermally.

tion

bonaceous shale or argillite and chert of fl
 plate of the Roberts Mountain )
Cfmght:,yp,m‘.‘.tlzgv‘Qeﬁﬁhﬂ!@%‘f‘%@
=

£ T R

leposit 1s

| 270-73) has described the
© gold deposits in detail as follows: “The gold ore = =
‘bodies are sheet-like masses that lie along the vari-
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_roasted before cyanidation; evidently a significant
amount of the gold was associated with organic mate-
The ores generally contain a low-temperature
mineral assemblage of quartz, gold, realgar, stibnite,"
pyrite, and minor amounts of other sulfides. Small
~ amounts of arsenopyrite have been recognized lo-
“cally. Gold ores at Getchell :
- nifcantly larger percentages of arsenic (mainly as
'~ realgar) than any of the other disseminated deposits.-
" The distribution of gold within the Osgood Moun-
. tains stock was studied by Neuerberg (1966). He
found that the gold content in the stock was one or .
two orders of magnitude greater than for crustal and
but did not establish a clear-cut spatial
high-gold zones in the stock and
Getchell fault. Ly

rial.

- granitic rocks,
- relationship between

gold deposits along the _
‘Cortez gold deposit—The Cortez silver district

. was discovered in 1862, shortly after the discovery
" of the Austin district, and was productive during
several stages until the 1930’s (Vanderburg, 1938;
Gilluly and Masursky, 1965).  The Cortez gold
mine, 3 miles north of the old silver camp, was dis-
covered in 1965 following the discovery at Carlin.
" Erickson and Marranzino (1961) and Erickson et al.
(1961, 1964) had been carrying on a program of
_geochemical studies in the Cortez district, but no
gold determinations. were ‘made on_the samples.
- After the discovery at Carlin, some samples from the
‘earlier . program at Cortez were ‘rerun for gold.
. Anomalous amounts of gold were detected in some
of them : this led to resampling of the areas by the
Geological Survey and  the Cortez joint venture

_might be present.
1965-68 resulted in the discovery of 3.4 million fons
" of ore containing about 0.30 ounceg of gold per ton.
The host rocks of the Cortez gold body are de-
scribed by Gilluly and Masursky (1965), Elliott and
Wells (1968), and Wells,
" as altered calcareous siltstone and _
Roberts Mountains Formation and limestone of the
‘Wenban Limestone. - These rocks are cut by intru-
sive igneots rocks of Jurassic an 1Ty
and overlain by T ertiary volcanic 1o
may be genetically related to biotite-quartz
dikes and sills of Oligocene age (34 m.y.
the Roberts Mountains,
\e ore zone, OF to younge i
Wells, Stoiser, and Elliott, 1969).
~ The zone of g
any obvious structural
“westward, parallel to th
‘tains thrust at .the :mo
‘Wells, Stoiser, and Elliott
ore body in a tight, overturne
" Mountains ‘Formation ; the overlying W

porphyry
‘that

a4

old metallization is not controlled by

o i

ADTKE, AND COATS .
~stone was appnrenﬂy‘x}ot“ invol

. verse fault. Roberts believes that

‘are characterized by sig- = t

~and clays.

. discussed  the geochemistry ‘of

" milled and 1,218,497,

group, which revealed that ore of commercial grade
Subsequent exploration during

Stoiser, and Elliott (1969) =
limestone ‘of the =

d early Tertiary age &
cks. The ‘ore 2

al feature, but it trends north-
e strike of the Roberts Moun-=
uth of Mill Canyon nearby.
(1969, Fig. 6) show the
d fold in the Roberts
enban Limﬁ; ~ Scheiner, and Christ

ved in this fold, indi- &
be separated by a re-.
the Roberts Moun

ed the area at th 2

cating that the two units may

tains thrust plate probably o
time of metallization anc may.
portar ol ‘

S g e S

Tesozoic and

T
posits during several met: loge
- 1966 - Roberts et al., 1967

- Gold ores of the Cortez.
by quartz, metallic gold, _vari
pyrite, and small ‘amounts of remnant carbonates -
 Fine-grained gold is dispersed through =
‘hydrothermally altered carbonate -
ned metallic gold occurs in small &

quartz veins and is intergrown with partly oxidized
hydrothermal pyrite scattered through the host rocks.* :
" Carlin deposit—The Carlin gold deposit is in the
northeast corner of the Lynn window in the Tusca- e
rora Range of northern Eureka County. Excellent
descriptions of the geologic environment of the Carlin
deposit are given by Hardie (1966) and Hausen and
Kerr (1968)." Radtke and Scheiner (1970) recently
: gold deposition at
" Carlin.  The Carlin mine was put into operation in
1965." By January 1 , 1970, 3,694,405 tons had been
unces of gold recovered; ‘pre
“averaging 0.253 ounces of

deposit are characterized
ous iron oxides. after

‘the oxidized and
rocks.  Coarser grai

e T

s g vy A ST O

eserves are 6,251,000
old per ton. 7

" Gold ore bodies of th
~ upper. part of ‘the Robert:
~ several hundred feet elow
45 ;thx}xgt:fjf:“'Alth'ough/' sold i

iy

r

| the geometric

as and certain

‘mineralized zon ‘i
eralized are:

#

relationship between m

. <ets of high-angle faults and intersections of fault
cets, indicate that structural ntrols are critic

dies

als in the host rocks w ‘;d(:s{i'oyp
“weathering oxidation™ of by thermal metamorphism incucs
by igneous intrusion ‘prior to gold in ralization. Thus, th

i Auence of organic carbon on_ the deposition ‘of gold ‘at_
. Cortez was less than that at Carlin. Details of the genesis
of the Cortez ores will be discussed in a paper by Radtke,
(unpublished manuscript).
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‘surface ore bodies reflecting strong oxidation and

" secondary alteration contain mainly quartz and illite,
minor carbonates ‘and iron oxides, plus barite and

extremely fine-grained metallic gold (Radtke and

Scheiner, 1970). S S ‘
\"Gold Acres deposit.—The Gold Acres deposit is

ank of the Northern Shoshone Range. ' From 1935

01957 the mine yielded about 2 million tons of ore
- from which about $10 million in gold was recovered.

Since 1961 the mine has been inactive. -

The ore deposits at Gold Acres are in the brecci-

rocks, ‘volcanic rocks, or bo
Nolan, 1933). e ;
. Gold-bearing sulfi

1929;

th V'(Fe'rgus'on,

at  Eureka and Battle Mountain, Nevada - (Hill, ;

“at the edge of the Gold Acrés window on_the ‘east . ature st res
" metal replacement deposits

ated zone of the Roberts Mountains thrust and in

. rocks above the thrust which have been complexly
- broken' by younger high-angle faults. The ore oc- -
“cutrence therefore differs significantly from that of
' the Carlin and Cortez deposits, -which are largely
 within the lower plate. :The thrust zone at Gold

Acres contains_sheared _and brecciated chert and

- shale of the upper plate, as well as fragments of
_ lower plate limestone; in addition, it also contains
dikes of altered felsitic -intrusive rock and tactite

zones with pods and veinlets of pyrite, arsenopyrite,
and a little sphalerite and galena; according to

Wrucke and Armbrustmacher (1969) the gold con- -

s ‘mentioned above, has been dated at 99 m.y. and
ericite in the sheared zone at 94 m.y. (M. L. Silber-

‘man, written communication, 1970). -Gold quartz
eins in_ the northern ‘part of the Tenabo “district -

oldime'tﬂz;_l_l’iz’atipn at Gold Acres may be related to
hese younger igneous bodies, and was superimposed
ipon an_ older pyrometasomatic deposit. e

tent of this material is low. « The quartz monzonite, -

nearby are associated with Oligocene intrusive bodies -
“(Silberman ‘et al,, 1969)." Roberts believes that the i

| " ‘milky quartz and rhodochrosite, but most othersul-
~ fides, particularly the silver-rich ones, are related to

‘rocks ‘includes those of massive  textt
_ simple mineralogy, principally = pyrite,

1915), and South ~ Mountain,  Idaho /(Sorenson
11927) . These veins contain_relatively high-temper
ature sulfide assemblages similar to those of the ase-

A minor class of quart s found in
¢ texture, and W
‘sphalerite,
galena, and tetrahedrite. = These _yeins have becen
found associated  with ‘many plutons (e.g., Gold
Creek, Mountain City
cally mineable.

In two areas, vei

ns in granitic plutons have tex-.

tures and mineral compositions suggesting that they

are, in part, of later and shallower origin than the
pluton.  These areas are Mountain City and Austin
_(Reese River), Nevada. At Mountain City, hydro- =~
thermal alteration of Tertiary volcanic rocks near
the gold-silver veins gives indir
relative youth of the gold-silver veins. At Austin,
Nevada, veins in the mineralized area, which is

aareally restricted compared to the exposures of the 5

pluton of quartz ‘monzonite, are made up largely of =

_vein quartz that Ross (1933, p. 58) “recognized as

being formed in at least three stages. ‘Ross regarded .

 chalcedony and flamboyant quartz, which are areally

restricted, as being possible ‘associates of Tertiary
‘volcanic rocks which rest on ‘the granitic Tocks.
Pyrite 1s in large part contemporaneous. with early

- alater generation of fine-grained quartz. “The sulfide -

Gold-bearing disseminated ore is erratically dis-

ributed within ‘the thrust zone and along fracture
ones and in felsite (Wrucke and Armbrustmacher,
1969)." No simple pattern of the distribution of

gold has been worked out; fragments of limestone of &
"the Roberts Mountains Formation in the thrust zone

are of ore grade only where cut by veins of iron
oxide.’ It therefore seems that control by fractures

dominates over lithologic control. * An overall litho-

: fn}'ifmiéd

ic control _is nevertheless possible, because com-;
-arbonate rock and carbonaceous material in
a position where they icc

the thrust zone are in it - the
the precipitatiort of gold from b

 Gold-bearing  veins in north-central Nevada and

. traced

southwestern Idaho belong to two major groups,:

those that cut only pre-Tertiary rocks and are related

" to the replacement deposits, and those that'a‘i'e re-.
" lated to volcanic rocks and that may cut pre-Tertiary

minerals identified (Ross, 11953," p. 56) include -

" galena, sphalerite, chalcopyrite, arsenopyrite, pyr-

rgyrite, stephanite, polybasite,
‘conite. Tt e s St S
“The Austin and Mountain City vein systems re-
semble in sulfide mineralogy the veins of Silver City
\Idaho. At Silver City, however, the veins may be
from the underlying: granite pluton up into

the volcanic rocks. & AL 5

enargite, and xanth

ounding  re

CH1S,

(-

i Wi ¥ i W e, o LA - /
~ Other classes of veins related to Tertiary volcanic

. rocks are the low-temperature veins containing pyrite,
gold (electrum), argentite, naumanmnite,. pyrargyritc, -

proustite, and other sulfosalts in a guartz-adularia

ity

de veins cut replacement bodiés - 2%

) but have not been economi-_

ect evidence for the =
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naumannite, and silver sulfantimonides.” The aver-

age Au:Ag ratio was about 1:190 in _the Trade
. Dollar-Black ' Jack . vein; the ‘ore “averaged 0.246
ouncey gold and 47.2 ounces r_per _to b

gangue, and the quartz-stibnite-gold veins (National,
~ Nevada) (Lindgren, 1900; Hewett, 1964; Hewett

cand Radtke, 1967 ). s s e ‘
. . In the following discussion, veins typical . of the =
. principal groups will be described; the higher tem
. perature veins will .be described first. S

AN

- Copper Canyon.—The Superior vein in the Copper.
_Canyou underground mine yielded high-grade seC
. ondary copper ore on the uppet levels and sulfide
" ore below the 300 level (Roberts, 1951 ; Roberts and.
. Arnold, 11965). The ore minerals include pyrits
* | pyrrhotite, arsenopyrite, ‘and _ sphalerite ‘in_quartz MR e
g gangue; this assemblage is similar to that in the re-. Vational - district —Gold-silver © quartz-adularia
i ~ placement bodies, ' Individual particles  of metallic ' veins in the National district yielded spectacular ores
R “gold in these sulfide ores are not abundant even unhder = in the period from 1908 to 1920 (Lindgren, 1915;
; high magnifications, and most of it is probably finely  Willden, 1964)." Ore as rich as $135,000 a ton was
disseminated in the sulfides, especially pyrrhotite and ' recorded ; much ore was valued at $20 a pound. flhe i
pyrite. In a drill core at Copper Canyon free gold ' Veins, which cut yolcanic rocks of probable Miocene *
was found in a pyrite-amethystine quartz veinlet. = age, are mostly banded and show excellent radial or
. This yeinlet may well have formed late in the metal- ' comb structure,  The principal sulfide ywas stibnite,
. logenic cycle at a distinctly lower temperature than “talong with pyrite, and a little chalcopyrite, arsenopy-
R the main ore phase. o o e ~ rite, sphalerite, and galena‘;ﬁ]\most’of the gold and
~ Peripheral gold-silver deposits in and near Copper silver was_ in electrum, but, in addition, silver was S
" Canyon are characterized by pyrite, quartz, and _found as cerargyrite and pyrargyrite.
" argentiferous galena (Roberts and Arnold, 1965, p.. * Jarbidge—The Jarbidge mining district was dis- ¢
i ~ B32), with minor amounts of sphalerite, arsenopyrite, Covered. in 1909, and between 1910 and 1949 pro- . .
li.  and tellurides. These deposits are mostly veins con-.  duced about $10 miltion in gold and silver..=Sub- .

. taining lenticular shoots "of ~gold-silver ore, but \istantial production ended about-1937, and minor pro- . -
Jocally the ore replaced favorable beds adjacent to duction’ continued through 1948 (Granger et'al, .
 the veins. The gold ‘content ranged from .0.08 to (11957 . p. 84). 'The silver-gold ratio averaged about -«
2.80 ounces per ton and silver from 4 to 55 ounces 0 17 5 : '

Aotinm 3
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Stibnite-quartz veins containing a little pyrite oc
cur in the outer zone of metallization between Cop-

* per Canyon and Copper Basin at ‘the Apex and' Jarbidge Rhyolite,
* Antimony King mines.These veins do not contain & xich rhyolite flows, w
much gold, but are listed here to show their place in In the min

. the zonal scheme. A pocket of rich silver ore was ' Mountai
mined during the early days at the Antimony King ;
but these veins are normally low in precious metals

et and Laney,
: i 3 S WEREIT
. The veins arc massive and consisti

" of comb quartz, adularia, and a littlg”‘calcite‘."i‘j;‘Th
~ ore minerals_ include pyrite, native gold, argentite,

\

S ‘bel
ruption of the I
‘the

mineralization 1s

i
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 The ore depout‘; in thc, rhyolite follow steeply dip-

: pmg faults, trending gencrally north to northwest; a
. few have northeast trends.

in addition to quartz and adularia, include early cal-_.
cite (largely replaced), barite, fluorite, kaolinite, and
hal‘oysm: ore minerals include pyrite, gold, argen-"
tite, tand naumanmte (Schrader, 1923 p 50—52
de1dson, 1960).

Tountain City (C n{)e) ~—The orlgma] dlscoverxes‘
of silve r-gold ore 1n the Mountain City district ha\,e

been shaded into obscurity by the later production of |
copper ore from the Mountain City Copper Com-
pany’s Rio Tinto mine.  The copper deposits are

gemt'cally ‘unrelated (to the  Silver-gold deposatS'
The proportion of .

'(Coafs and Shephens 1968).
.= silver to gold in _the bullion nroduccd from the veins -
_ during ‘the period 1869—19'*2 was about 230 to 1.
- The gold and silver dcpusus of the Mountain Cxty
‘mining district are quartz yeins, mostly in a pluton
‘that ranges from granodiorite to quartz monzonite in
_composmon.v Near the southern margin of the plu-
ton, veins ‘cut Paleozoic sedimentary rocks. In the:
central part of the ‘pluton, near the town of Mountain -
City, - veins occur near, but not in, ‘a narrow east-
trending graben 'of rhyolific rocka, “lnch are hydro-
thermally altered near the veins.
After a long period :m which these mines were
orm'mt, one, the Protec.tmn was reopene(l in 1946
and’conthued to producc. until 1948, Total ore pro-
during this 3-}ear ‘period is estimated at 2
X vet'acvx)nt7 about 40 ounces. of silver

f:fy that vxo .
ec1ous1neta1 deposzts are preceut hcre at N ountam

City, one’ consxctmg of Crétaceouo pyritic ‘gold- quartz

ems mlnch have not Deen ni med but have con-

. C,' brnuflzmtgt‘a.—,—l\/hmng operatlons at Cor
11873 to 1882, Old tailings 'y

: ted i 1937-40. Total _productlon Granger e ;

,41)‘wa p $’1 2!3 OOO S1lve g’ld
i Info 'atmn 0

D1 | andesite,
argillized
structires in the \nllrockb are unclcar
- (1910, p- 64) reported quartz-porphyry e\posed i

_the mine workmgs Ivm OUYCTU[h were not seen in

The gangue mmcralb ;

ito 1.4

* sive andesite bodies of i

Primary
.Emmons

1966. Altered and mmerahzcd rock:, are o\'erlam
unconformably by rhyolite ignimbrite and andesite,
both of which postdate mineralization.” Coats (1967,
p-1) found evidence for the existence of unexploxted
pclftb of veins beneath the later volcamc rocks. The.
-age of the mineralization is not precis ely known, bu

':'the ignimbrite yxelded sa dme tha _was dated ;b
¢ €. Von Essen (wntte ¢

commumcatxon, 1969 )

mmerals are quartz, barxte .p R

‘hedrite, and possibly. p}rarg)nte . Comb " structure
is present in the quartz veins. 'In places, silicified
country rock was worked. = The maximum grade of e
mill-run ore reported to Emmons (1910, p. 64) was

" 400 ounces silver per ton.  Reworking of the t’ulmgs;_;"

yielded 0.13 ounces of gold and 9 ounces of sdver
per ton. ;
Tuscarora—The Tuscarora dlstnct was chscov~f
ered in 1867. Placer gold was mined for a number
 of years, mostly by Chinese; the total. production was
_about $700,000 (Nolan, 19.)6 p..14)" ~The lode .
deposits were discovered in 1871, and the recorded
production through 1941 (Granger et al., 1957, p.:
" 153) was 128,165 ounces  of gold and 7138684
-ounces of silver, for a sxl\'er-gohl ratio of about 44
Production since 1941 has been neg 11g1b1e.
The bedrock in the mmeralxzcd area consists

| clneﬂ) of two types: (1) : a bedded serzes of rhyolxtlc

_ tuff and interbedded andesmc flows, ‘and (2). intru
gular shapl" (Nolan, 1936
The bedded series ‘dips east or southeast
- quite regularly but is cut by many faults, mostly of .
north to northeast. trend with indeterminate’ dip " and
- displacement.  Recent. mappmg has shown that the
- Tuscarora district is ‘bounded on the north by @
- narrow_ horst of Valm quartz1te md chert no ore

p 14

' The age of the mmcra]lzatlon at. Tuscarora
dete'-mmed by a K-Ar date or “adularia from the

]meons"‘(lQIO p )
‘kinds
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gene . solutions were removed or dissipated in the . (Rott, 1931, p. 16)." Some calcite is early, and has

. wide fracture zones in the bedded pyroclastics. How-. _been partly replaced and removed by later vein-form-

~ ever, the material mined in the most successful gold  ing solutions. 1 e veins es ar ely

.~ ¢ producer,” the :Dexter, ‘was notably - pyritic, where HLies.
. fresh (Emmons, 1910, p..61), and it is ‘difficult to
~ understand ‘why available silver should not have
. been precipitated by this pyrite. Differences in the
" chemistry of the wallrock may ‘be ‘responsible for

- differences in the silver-gold ratio in the ores: AT ) hor 1€ 10!

© The principal gangue minerals are quartz, adularia,  tez is iliceous Ty age )

‘and calcite ; the principal ore minerals were, accord- n by an 5 berts et al.,

ing to accounts summarized by ‘Nolan,  argentite, i wor ings explore an- V_650,feét:“‘f_lp\ﬁ§g,; 45 feet
stephanite, proustite, .pyrargyrite, pyrite, enargite, « wide, and 120 feet de hich has yielded 39,024
. arsenopyrite, bornite, chalcopyrite, sphalerite, and ~ounces gold, 311,278 ounces silver, and 319 pounds
galena.  Secondary horn silver and hative silver were  copper valued at $1,109,838.5The ore body consisted -
. _common. The textures are simple, at least in the = of pyritic siliceous breccia zones, oxidized to a depth
. very low grade material that remains, = Crude crusti--= of 100 feet. that strike N5°W. and dip 75°E; the. .
" feation and vuggy textures may be recognized. - ~ andesite and shale adjacent to the ore were exten-
" The grade of ore as mined ranged from $50 to cively argillized. " Correlative andesite near Tenabo
-$200 per ton in the early days of production, but fell = has been determined by K-Ar methods to be 16 m.y.
to as little as $6 per ton in 1890 for one mine (Nolan, . old (McKee and Silberman, 1970a). = el
Gold Circle—The Gold Circle, (Midas) district S ot HIDING 01 ol
was discovered in 1907 (Emmons, 1910, p..48). & =G 1d-bearing deposits in north-central Nevada be-
Mining essentially tertninated in 1942. Production > ee principal groups : replacement and dis-
statistics are summarized by Granger et al. (1957, p.. seminated deposit {“ind veins which were formed
- 65). " From 1903 to 1949 the Gold Circle district iring fi e principal 1 senic epochs, i the early
“produced 401,752 tons of ore ‘Containing 126,726 Mesozoic : Tes ly Tertiary, and late
cunces of gold and 1,630,208 ournces, of silver; the . Tertiary. Tt ' deposits were mostly’
ayerage grade of the ore produced was thus 0.314 " {ormed ' isse
ounces goid and 4,60 ounces of silver “per_ton; the
silver-gold weight ratio was 12 to 88. During the
last years of production, the grade ‘fell to about $5
periton. = S nis
_ The rocks mn the known niineralized area are en-
tizely Tertiary volcanic rocks.  Emmons (1910, p
'47) ‘mentioned an outcrop of shaly limestone abou
5 miles from Midas; this has not been verified, bu
t suggests that the Midas district may be undeslain
in part by rocks of the eastern carbonate assemblage.
The Tertiary volcanic rocks include ‘premineraliza—
n chyolite and, andesite ‘and  postimineralization,
hyclite ignimbrites ‘of the Cougar Point. W,elzledv
Tuff, known to be as young as 122 m.y. in thi
egion (Coats and Stephens, 1968,
ore deposits are veir

Summary and Conclusions -

e age of mineralization I
ined at 15.0 by K-Ar dating o
by Dan Shawe (R, H. Maryit
Rationi1068) Tl dul i O sl e The (g
| The vein material is principally quartz and altered e 1 to replacement:
* wallrock, with minor amounts of calcite and adularia @50 »faﬂ’i/o’:rixble".strhtigfdti}ilc

dompros Zrerer efilhemineraizimg seldiens pre

§ ,‘ X o’u 7h > véyz;n ; werc/ o,aenc.hqnﬂflf for 0 langu'ﬁwc-)and The:
5
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* pany; and to Dave Blake, Fred Howell, J. B. Mc-
~ Carthy, and A. E. Schiell of the Duval Corporation;
- 7. and to Don Duncan and C. J. Purdy of the Cortez
- Gold Company. In addition, geologists of the U. S.

' Geological Survey, including T. J. Armbrustmacher,

 Wells, and C. T. Wrucke, have furnished valuable

mining company  officials in_north-central Nevada,
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