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OXidation ~ Enrichment. 

Bullfrog Mining D18trict, Nev.(C.T. Rice,EDJ 9-22-06.) Gold-sil.er 
veins in rhyolit ••• Workings at the time down an maximum of about 200'. 
Veins still moetly strongly oxidized at that depth. Gold is free, bright 
yellow in color. Seams of talc riCh in gold occur in the quartz. KnOx. 
Most veins were very low-grade near the surface, the values coming in 
a short distance down. 

As some pyrite and tetrahedrite were found in the lowest wukkings, 
the depth of thorough oxidation was probably in the neighborhood of 
300'. Many of the veins have been reopened. . 



ANTITHETIC FAULTING. 

Geolo~y and Ore Deposits of the Bullfro~ District, Nevada. F.L.man
some,W.H.Emmons & G.H.Garrey.USGS Bull.407,1910, pp.15-16: 

The entire series of volcanic rocks is divided by fault~ into & 
large number of blocks in each of which the flows &re in ~eneral tilt.~ 
to the east at angles up to 400 .The fault plab$s stri~: from northwest 
to northeast and dip generally to the west. The di~plac.ment, ~~ a rule, 
is normal: that is,th~ hangin~ wall ~ in each ca~e has slipp d down 
relatively to the foo~all. In consequence o~ this structur anyon8 
travellin~ across the district from west to east will see the d~es 
of the same flows repeated a~ain and a~ain in the succe3~ive w ~t.rft 
frontsof th rld~es. To the production of this structure two typ •• 
of deformation have 00 ntributed,accordintp; to Me ssrs. Emmons and Gw.r
rey ••• These w re(l) a ~eneral tiltin~ towardi th oast,such as would 
result from the development of a ~road arch or monocline of which the 
ea~t rn limb coincided with the Bullfro~ district (Kmar~osa uplift-
EW) ;and (2) step fa.ultin~ with pro~reSl!li'7e downthrow to the west. Th 
two proce~s.s w re l!I'imultan ous andcompensatory. Their cooperation 
tenned to minimize the actual vertical di~ple.cem nt of the flows from 
their or~~inal nearly horizontal position." 
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Tectonic Analyeis of 

BUELFROG DISTRICT, NEVA~. 

From Geology and Ore Deposite of ' the Bullfro~ District, Nevada, 
F.L.Ransmae, W.n.Emmons and G.H.Garrey,USGS Bull.407,19l0. 

; 

, Add to this , .H.Emmons:Normal FaultA~ in the Bullfrog District, 
Science,n.aer.26(l907) 2~l~222. 

From introduction, the volcanic rocks are divided in many fault 

blocks,in each of which the flows ae tilted to E at angles up to 400 • 
Faults,striking from NW to NE,dip W;n ~al; so repetition of beds. 
Two types of ~efDrmation caused this structure! (1) genereal tilt~~ 
to E, E limb of broad arch,(2) step-fau¥tin~, pro~ressive downthrow to 

~ n~ W."The two processes were simultaneous and compensatory. Their cooper
ation tended to minimize the actual vertical displacement of the flows 
from their ori@,;inal near ly horizontal posi tiona tt (15-16). 

Ori~inal Bullfro~ fault, normal, dips N at op.ly 190 • "It is diffi
cut to underste.nd how normal ra.ultin~ could take place on 8. plane so 
sli~htly inClined unless the displacement had a large horizontal com
ponent". 

o _0 
1~~3~ 

Pre-'l'ertiary Rocks. -Closely folded (NE dip) qtz-~iot. schist and 
qtzite,ble. Meta-ss,sh,ls. Overlyin~ the schist,Silurian? ISJnotf~lded. 
This applies to the complex S of Beatty. S of the Original Bullfrog 
mine the schist, qtzite and mble incili~e sheared masses of diorite, and 
this comnlex cut by pegmatite, t 0 100 ft. wide.This sheared also,but 
less so. Sheared rocks composed of qtz-bioschist and peg, large flds 
drawn out into eye-like bodies,fo~m augen gneiss. Diorite dikes cut 
this complex, ~ls~ branching qtz-porphyry dike,prob. Tertiary. Schis
tosity dips 40-60E. Peg.injected along schistosity. 

Tertiary Flows ~ Tuffs.- Mainly r~yolite with IB basalt. 

T&p Qta-basalt 70' 
--- Rhy tuff No.2 40' 

Dacite 250' 
Plagioclase basalt No.5~O'(10al) 
Rhy No.16,flow breccia 300'. 
Rhy No.15 Flow breccia, 125'. 
Rhy No.14,green glass and pumaceous flow-breccia 100'. 
~ 13 Fissil flow 100'. 

Ore in formations below only. 
12 Bottle glass. 50'. " 

tI 11 Pumiceous flow 400'. 
Tuff No.1J8h.,ss,c~1.Thin rhy flow-breccia. 250'. 
Pla~.bas8lt No.4 250'. 
Rhy.No.10,with basalt and other fraga. 350'. 

" " 9 Flow-breccia 100'. 
Plag-baselt No.3 35'.Local. 
Rhy No.8 500'. 
" " ~, vitreous 40'. 
Plag-basalt No.2,10cal.36'. 
Rhy No.6,white,porous 150'. 

» " 5,micaceous 500'. 
= ~ ~ , 588; : 
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P1ag-basa1t No.1 30'. Local. . 
Rhy No.2,flow-breccia with frag~ basalt and rhy. 270'. 
~ "1. 2600'. (Base unexpo~ed). FG or gla~sy GM,fld~,qtz.,~ic~ 

rh8no~. Ma~~ive 

Structure.- After ~ruption of the q,artz b .. ~alt,n.ar clo~e of 
l'ertiary or in ft.I'ly Quaternar,r, flow~ lay n ar1y horlzont 1. 

Author~ conclude from field fact~ that the plan of the pre~ent 
fault ~y~tem~ wa~ outlined by fie~ur~~ before intru~ion of the ba~alt 
dike~ {no dike~ found in any formation youn~~r than Rhy No.lOjmoet 
dike~ follow fau1 t fi~1!I12~.8 ;main faul tin~ had dlsplltced a 11 floVl~ in
cludin~ tho~. later than Rhy l~ Thi~ fissuri~ might have taken 
place not 1at r than Basalt No.4{ju~t after Rhy l6,dike~ th n injected , 
main di!i!placem nt ~ome time after dik injection Anoth r view i~ "that 
the dikes are younger than any of the flow~ and were intruded while the 
main faulting 'Pas in progre~~ pr after it had been ffected." p.72. 
They f~vor first view (Emmon~ & Garr.y};nan~ome favors ~ cond view % 
coincidence of dikes & fault~ and absenc of offeetting of dike~ by 
cross-faults 

Original Bullfrog Fault. 

Origin~l Bullfrog vein on this.White qtz cements great number of 
breccia.ted frae;s of rh~T., sh., Is. stockwork in 1~ .FR. Brecciation ~hows 
tension, normal fault,not thrust. 

Amargosa Fault. 
v Throw probably ~re8ter than at ri~inal Bullfro~. Two are the 

same fa-a1t. 

Bul1f~0~ Mt. Fault. 

Seem~ to join uri~in~l Bu1lfro~. 

Mont~om.ry-Shoshone Fault. 

P8.~~ee thru Montgomery-Shoehon mine 

M cbe.nic~. 

pp84-85, xce1lent sketch~s and description of antithetic fault
ing. They think component of horiz.movement (heave) whereby W blocked 
moved Sat' -600 

• "As theT'e has been no a pprecia ble chnnge d>fi den~i ty 
in the materfal of the rock~ in consequence of deformation,it is evid
ent that - t.~e thickness of a fa1.l1ted block must decrease if the 1en~th 
or breadt~ increases."(Stretching). Estimate extension of ~urface at 

16% maxirrUm.(Compare my estimate, Section ~-A', 14.5%) • 
. ~ 

Mineralization.-All "ores oxidized. Native gold, small ~pecks in 
center of spot of limonite. Formerly pyrite. Vein~ not rich in ~ul
phides. MinoT' horn s llver. Quartz,xenomorphoc aggregate with calcite. 
MUch is cryptocrystalline, si1if~cation of rhy frag~.Qtz of Orig-
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ina 1 Bullfro~ and Ali Bqbn shaft S of Bonanza Mt. exceptional: 
coarsely -crystalline,largely amethystine. Original Bullfrog,vein 
banded,yellow chalced6nici layers alternating with crusts of radially 
crystallize,' trs_nsparent q tz to 4" thick. Not parallel walls: crustl
fication around f'rA~~ rhy and of shattered early calcite."Thei quartz 
8.1::10 belongs to two or more periods of formation s parated by move
ments which shatt red the vein and produced open spaces to be filled 
by fresh d position of quartz." (p.94). Wad re~ldual from oxidation & 
removal of calc it •• Calci te with qtz., in fine -grained dull whi te a~g" 
regates. S.t. co •• se cryst. 

Structural Features. 

Fis~ur. v8ins in rhy.Mainly alo~ sheetin~ or brecciation in 
the brittle rhy.(cf.Balk's sheeted cross joints). Larger veins have 
fra~s rhy,indistinct b08ndaries. Of l5 ,v ins explor d at any gepth, 
all but two strike ne'1I'ly N and dip at an~les greater than 50 .Excep
tlons:Ori~inal Bullfrog, E-W,dip l.ss than 200 ,and c-ontact vein in 
Mont~o~ery-Shoshone min~,which stri.es and dips with M-S faultt. M-S 
~env.r a.nd Eclips N -S veins hear]y v rtical; Polari s, Na tional Bank, 
Gibraltar,Bobo,Lester N-S veins dip W.Decided and persist nt dip to 
E 1s rare. 

Whi18 v ins & faults closely associated, not ov r 10% of the 
100 faults on t ht- map are veins. Most faults unmineralized;b st \e ins 
in f&ssuresof slight structural importanae. Denver vein and Bonanza 
Mt. veins in f'issures 100 ft.max.displacement,rare. N-S M-S vein5 
converge to S into a fissur that is a minor fault crossing one of tit 
t ctonic blocks. M-S fault limits the ore of the mine on the N.Vein
fissures butt on this.Contact vein follows FW of M-S fault,mineraliz 
ation related to end of N-S veins;main movement on fault in HW. 
Original Bullfro~, fractured rhy in HW of OB fault, abo~e pre-Tert. 
FW. Many fault fissures occupied by basalticdikes in part; pI' -min
eral. Post#mineral faulting on Hobo,Ec1ips , Gold Bar. V~ins sheeted 
zones in rhy to QCBs.L1ttl replacement.of walls or larger fra~8.Smal-
1 r frags silic.Fine-crushed rhy powder betw en fra~s now cryptocryst
alline. On Hobo v8in,qtz v.inl.t~ in crack in older calCite. 

~ontgomery-Sho~hone: Au:A~::1:17. 

E. Vi .Ana1ysi s. 

The ~ccompanyin~ 8tereo~r~m shows pr sent cond1tions;th. restored 
stereo~r8m, condltion~ before the antit •• tic faulti~. The dominant 
fsature of the tl!tructure,shown on the restored structural map and on 
the s ctions, is a monoclinal fold dippin~ dawn to the east. The major 
(nearest to N-S) set of antithetic faults and most of the b~salt dikes 
are a:'lsociated with this monoclinal fold. The regional ~eology explain:!! 
this. 

S.H.Ba1l: GeologiC Recommaissance in SW Nevada and E Calif.,USGS 
Bull. 308,1907. Amargosa Mountain System, 160-176. Called Grapevine Mts 
NW of Boundary Canyon, Funeral Mts. SE of it. S e Spurr, De15crlptive 
Geol.N vada S of 40th P~r. and adjacent portions of Calif. USGS Bull. 
208, 2nd edition 1905. Crest roughly coincides with state boundary. 
(Bullfrog 8-10 mj .NE of bdry). NE sid or range,crrst lin~ rises only 
2000-4000 ft. above Amargosa desert,Sarcobabus Flat;but cr~st is 5000-
7000 ft. aboveDeath Valley (Death Valley trough, a graben). Pa1~0 qtz-
ite, 1s. Above these, Siebert Lake beds and contemp. rhy. and site. 
(latter the older). Rhyolite continuous with that of Bu1lfro" Hills • . 

- 3 - C;) 
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Basalt, later rhy. 

Amar~o~a ran~e 3ubjected to two main period3 of fo11in~ & uplift, 
l3t probably p03t-Jura3~ic, 2nd probably late Miocene (po3t Siebert 
Lake b.d~). Earlier period had rever3e fault~, later by normal ~~ult~. 
Early folch parallel to trend of (Ia~ ,with cros~ folds. Central pa.rt 
of ran~e an anticlinoriulll, NW. Many of the mtnor fold3 are cl03., v n 
fan fold3,som with horiz.axes. Some isoclinal fold3 p~33 to rever38 
fault~. Before 2nd foldin~ period range worn down to low ridge. Ow s 
present height to 2nd folding (uplift). Rhy dip 20-400a~ay from range. 
Siebert Lak c~l. dip3 up to 700away from range. Bullfrog Hills form 
spur off Amar~osa range,but trend E. . 

The principal antithetic faults are ~KtkB~ pretty certainly con
nected wihh the Amargosa uplift. Most of the pre-mineral ba~alt in
jected fissures which formed part of the early fan Pattern of ten~ion 
joints. The main veins, two, filled similar tension joint3 

To be fan-pattern antithetic faults conn ct d with 8. NW uplift, 
the major faults should 3trike NW. They strike E of north. As ~hown pn 
the restor d structural plan, the monoclinal fold i3 not ~imple.There 
is a NW rid~e on it near the NW corner of the map,and the Ori~inal Bull
frog ar"a s em3 to mark a high, wi th a bowl bet ween t her and the NW 
rid~e m ntioned; from th high there extend3 an E-plungin~ nose. Thi3 
n03e probably oonnect3 with theNW rid~o and indicate3 archi~ alon~ 
a direction vi3ible in a. section drawn alon~ a NW plan. E of thi3 
compl~x r ~ion both th structur!.l contoure and the major fault3 
strike N-S, in the NE part of the plan, but in th SE part they show 
decided nose,apparftntly the E continuation of the n03 m ntioned above. 
This end of th n03;e trends more SE than E. The abrupt curve in the 
Amar~osa fault may correspond fairly w 11 with the axi! of the nose. 

It s ems very doubtful whether the Original Bullfrog-Amargo3~ 
flat fault,apparently normal, can be a thrust as pOfftulated by Ransome 
on th basis that the lavas wer deposit d in a basin extendin~ well 
north of Bullfrog. Late Mioc ne thrusts may exist in this region,but I 
doubt it. Th~ antithetic faulting with uplift suggests tension in a 
horiz.plane,not compression. This fault acts more like a Streckflaeche; 
the HW was probably pulled tiown the dip. The bas in notion looks valid. 
If so,the flows would abutt O.n the south margin, younger flows over
lapping older. Now if a plungingi,{i anticlinal u~ift took plac in the 
basin, conditions wou d be like thi3: 

\'1 Wher the old Arnar~osa surface 
fl" was directly pushed upward,it 

os.e.. would arch like a lava bed; but to the 

L 
Q. . ..rtJ S,where it lay beyond the upliftint; 

, 'n..4 D. rf' h - - ",..1. ~ ". pus ,it was a surface of discontinuity 
I Y b tween the lava flow3, which were bein~ :"!tret-

chee,i •• Pulled, ~.way from th fault lrurface,sice the butted on it, 
and th 80ft schist bolow the surfac • The ten:"!ional pull would have eo 
~ton~ component down the dip of the fault,and a strong component away 
from it to overcpm friction. A 3lid1n~ down the dip of the fault would 
be inevitabl , so that the 'fault would r semeble an antithetic fault; 
it would however not rotato and would be a synthetic fault like eo 
Streckflaeche,aiding ~he 3tr tch1n~. At the Original Bullfrog min 
a steep dome lies in the HW of the OB fault,and the mechanics would 
be similar. 

4 
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The antithetic faults of th district fall lnto two sets,one,the 
major faults, or most of them,strikin~ NNE,while the second strikes NE 
to E by N. The two sets however tendto ~erge one into the other, It 
seems likely that the major ~ot i8 related to a great N-S mpnoclin 
mainly N of the Bullfrog district. Topographic maps show a north-trend
ing curve in the Amargosa range,about at the intersoction of the 37th 
parall 'l and 117th ~ridian. That thi~ sy~tem of faults i~ endin~ 
toward the south is suggested (1) by the fact that they ~e~ to butt 
on the OB fault surface and (2) by the fact that displacement on th 
scpptfsr and Hobo faultg decreages rapidly toward the OB fault. Th OB 
~urface is older and serve n as a frame for the antithetic deformation. 

In the Bullfro~ district condition~ chan~e b Cau!!! of the loc~l 
SE nq~e. Here lon~itudinal · b8ndin~ of the IUtldl. nose itself wa~ dominant, 
so that many minor antitheticfaults are cro!!l8-fault8 to the n08e.The8e 
are the antithetic faults ~hown in the sketch on p.4 . That the n08in~ 
is probably later than the orl~inal ma60r archin~ alon~ a N-S axis is 
sug~estedby the fact these minor faults butt on the major N-S faults • 

. Th re is r ally little 01' no di~tinction,as a matt r of f!lct, 
between the two sets of faults except in the E part ~ the district whftre, 
due to the turnin~ of the nose to t he SE,the conditions N of the nose 
enter the picture shown on the maps. ~kK~xx.e(Except the Bullfro~ Mt. 
fault in t he W part,which seem!!l to b lon~to the N-S s.~ ~s and 
the Rush synethticfault ,which appears to have aid. (1 th tplift alon~ 
N-S axiS). Thu~ the Hobo, Montgomery-Shoshone and many other major 
faults are cross-faults to the nose. In the E part of the district,where 
the older N-S faults appear~the cross-faults butt on them, showing 
deformation in unit blocks (Bisb~e, Aspen). 

structural Control of Ore Dsposits.- This is one of Spurr's ~ls
tricts,where ore deposition Came early in the cycle of dia~trophi3m, 
and the major faulting probably came latsr.This follow~ for intl~sion 
as well, for a simple r~ason: dikes and "eins nter fi3sur s(defln 
this word) rather than shear planes. A t the start of archin~ befol'. 
rock competencs is lost,fissures (fan patt.rn~) develop;their w lls 
separate ~ivln~ channelways. Dikes corne first,then veins. Af'j uplift 
continues ,&.nti thetic faul ti~ start s, and once start. dilcannot stop until 
uplift ceas s. Since the basalt dikes ar pre-mineral,and since some or 
them intruded alon~ E by N fractUI'es, the mineralization came after 'ch 
SW nose started to form. Most of the Vein!!! however belon~ to th pre-

. sumably older N-$ system of fissure •• What appears to have happened is 
thi!!!: the SE archin~ wa!!! intense !lnd of Su.c h a na tur. as to form quick
ly a ~r at number of E b~' N antlltheticfaul ts. only one vein strik II 

E by N,the contact vein in the FW of the M-S fault. But th older N-S 
archin, formed many N-S joints,whlch were still in existence at the 
time of n03in~. Thus the S ends of th~ Scepter and Hobo faults (Scepter 
to N-S s t, Hobo appar ntly an intermediate type b.twe n tthe two ~ets) 
b Cam loci of the weins n~ed respectively aftsr these faults,~ cause 
at this point there was practically no faulti~ alont, these planes;theN 
were fissl~es sque z d open by uplift. The typical br ceiated nature 

. of the veins shpws pulling apart of the walls,in a numb r of stages. 
XI. ¢ e>1" m,~e tn",j (Jt} ""-5 t-14"J~Or~rT At the M-S mine,this pullin~ apart was ace ntuated by fr e ~lldin~ 
pttMI 1 ~ 'Jl 4)on the M-S fault {Foeppl eff ct) ~ Th. National Bank miu ore body 
-10'. Se e. lies in a N-S frca.cture at the very crest of the noss. At the Ori@'::lnal 
>~~r~~ Bullfrog,r f.rrin~ to section on p.4,th br ceiation etc. is asily 

I 5~etr~ accounted for by the stre ss dia~ram, 8howin~ lare;e compon nt of pull l normal to the fault surface. 5 
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TECTONIC ANAlYSIS OF THE BUl1rFROG DISTRICT « NiV ADA 
4 • • l 

STATEMENT OF PROBLEM 

The problem is to conduct an tndependent study of the t~ctonic.s of a 

selected m1n.e, mintng district, OT sttuctl¢al unit. FOT th.is papet, the Bullfrog 

mining dtstrtct, Nevada, vas chosen because of its structural defonnation 

patterns and the pO$$ibtl1ty of detennlntng the Ote controls. 

Initially it 'W~ tecoQuhed that an analysts could meet with varying de

grees of suc.cess. In this case, the paucity of detailed infol'IllAtion ptoVed a 

hindtance in making a mote thorough study. The ma,Ot sautee of infonn.atlon 

was U.S.C.S. Bulletin 407, by Ransome, EmmoIlS t and Garrey. 

LOCATION AND TOPOGRAPHY 

The Bullfrog mining dt$trtc.t, which includes the sm.allet dtstrtcts of 

Rhyolite, Beatty and Bullfrog, is in southern Nye county, Nevada, between the 
.. , .. 

town of Beatty and the Cal1fOl'nia - Nevada state Une. Extending east-west 

along the south flank of the Bullfrog Hills, the dl,strtct w dt.scoveted in 1904 

and actively :otked until 1910. Since that time" only small leas1ng opetatlons 

have been petfOtmed. 

Production from 1904 to 1948 totalled 11 ,688,000 frOIn 1}9,OOO tons of 

OTe. Of this amount, the Montgomety-Shoshone mine accounted for it,344,ooO 

from 129,000 tons of ore, or approximately 80% of the total. 

Topogtaphical1y, the Bullfrog Hills are composed of a series of parallel 

euesta.- type tidges, otientated in a. north·south dl'teetton. Most of the t1dge.s 

ot mountains are fault blocY-s, uplifted on the vest and tilted down to the 

east. Valley ate filled by th1ck alluvium.. 

STRATIGRAPHY 

Pre-Tettl!!y 

South of leatty and south of the Original Bullfrog mine {sou.thwest 

1 
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and southeast portions of map, Fig. 1) ate areas of crystalline m.etamorphiC 

toc.ks -- quartz. biotUe schlst$, calcite muscovite schl.$ts, quartzites, matble, 

pegmatites and quartz. veins. TheSe com.-plexe3 ate highly metaJnorphosed, and 

conelaUon between them is difficult. Tentative age determinations classUy 

the rocks as Otdov1c.lan or pre· Qtdov1c.tan. 

In the same areas, a. 30 foot thickness of Silurian (7) ltmestone overlies 

the meta:mOTphics. Age determlnatton 1$ based on foss1ls. 

Tert!t& 

Ovedying the P aleoloole tocks is an even layeted Intetbedded sertes 

of basalt and thyol1te flows. In total, there are stxteen rhyolites, six basalts 

and one quartz laUte. 'Beds of tuff occur at Tandom intervals. 

The sixteen rhyolites compriSe the largeT volume of flow toc.ks and are 

very slmllar mineTalogt.cally and chem1c.ally. Indlvtdu~l flo IS identified 

by coloT, structure and sl1ght petro aphle dtffeTences. R· ~ing from 20 to 

2600 feet in iruiivldual thiCkness, th rhyolites ar petsistant throughout the 

area and have a cumulative thickness of 6,000 feet. 

The six interbedded basalts ate mostly plagioclase basalts, tdenttcal tn 

appearance. These flows ha.ve a total thickness of 470 feet. 

All flovs have been dated as early MiOcene. It is to be noted that the 

base of the lowennost flow haS not been obsetved, because of the fault contacts 

betw'een all Tertlcuy and pte .. Tertlaty rocks. 

The lac. of extensive weathertng and erosion of the individual flow JUT. 

faces indicates thAt the sequence of eruptions was not broken by long time 

intervals. This ItTapid" depositton of varying rock types causes questioning of 

the theory that all the flows originated at one SOUl'Ce or vent. Even bedding 

and relatively constant thicknesses show that tllttng and I Ot faulting did not 

oc.CUT during emplacement of the flo 
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Aftet vulcanism ceased, the flow series -was faulted, and basalt1.c. dikes 

were lntru,ded alons fault planes. 

Quaternary alluvIum. has ac.cumulated to thicknesses exceeding 350 feet. 

STRUCTURE 

Structural studies at Bullfrog are confined to the delotmation patterns of 

the Terttaxy floW" focks. ThiS deformation Is c.aU$ed by an extensIve system of 

nonnal faulttng and little, 1.f any, foldIng. As previously noted t the, faulttng 

is post-volcanic. 

Recognttion and interpretation of the faults Is enhanced by the ease of 

recognitton of the different flow layets. Thus, faults are predicte.d accurately 

hom outcrop patterns, even though the traces may be covered with alluvium. 

The nearly 100 recognized faults are separated lnto two well defined 

systems, one striki.ng north-south and the other strtking N. 30 .. 500 'E. ($ e 

Fig. 1). A third small group is composed of the remainder of the faul , and 

win be dtscU$Sed separately later in th.ts papet. Plots of the atti ldes of 6" 

laults show an absence of strikes 'between west and nOl'thwest, and tlat all dIp 

angles exceed 3,0 (except fOT two special cases). Most dIps are vertical Ot 

to the west. Note that aU movements are normal. 

Topa aphically, the fault blocks have formed a sertes of north. south 

tldges, in which the flows dip to the east at 230 • 

Vert1cal fault dlsplacem.ents vary hom. two feet to mote than one m.t.le, 

the largest being along the 'Beatty, Bullfrog Mountaln, Montgomery Sho$hone 

and 'Rush faults. Fl'om. the cross section in Figure 1. the sum of apparent ver .. 

t1cal displacements of all west dipplng faults 15 measuted a.t 12,.500 feet. The 

dlSplacement fOl east dipping faults Is 1250 feet, leaVing a net of 11,250 feet 

of western dO'Wllthtow. 

Although dominant movements are normal, many fault blocks have obUque 
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strtattons, indicating a strike slip component of movement. Therefore, true 

move.m.ent "Would be oblique slip. Pitch angles on the sttiations range up to 

7<:,0, and plunge averages 60°. Topography and structure have combined to 

produce an areal patt tn showlng mostly left la.teT.. offsetting. 

lNDlVIDU AL rAUL TS 

Detailed discus ton of the 1ndl'Vldual faults 18 unnecessary for this paper; 

however., a few facts should be noted. 

Strtktng anomalously to the dLsttlct fault pattern, are the-east-west "Bull

frog and f\margosa faults (Fig_ 1), whtch cross part of the south flank of the 

'Bullfrog lUlls. Possibly, the two are connected under the lntetvenlng alluvium. 

Dipping ~h at 10- 20°, the faults act as contacts. between the pre-Tettla.ty 

rock and the Tel'tlaty volcanics. Emmons nd Ganey predict that these fractures 

conttnue to the north, undercutttng the entlre district. Shafts and 'mine workings 

have not penetrated to a sufficient depth to ptove or diSprove thl.$ idea . 

ClOSS sections parallel to the dip show the Tertiary volcanics in ,uxta

posltton with the Silurtan (7) liinestone, thus lndlc~tlng a normal movement. 

One posst,ble explanation of the mechan1sm. of fonnation involves reve'tSe fault 

tng tnstead of nonn.al faulting. A thrust plate from the south could have been 

emplaced in the area, and subs quent downwatplng OT subsiden.c:e could cause 

the fault plane to dip to the north. The net result would be the situation now 

observed. 

Ma10r north- outh faults and their apparent vertlCal displacement ate: 

the lullhog Mounta1n - 2,400 feet, the Rush .. 700 feet, the Denver .. 50 fe~t, 

the Scepter ., 100 feet, the Hobo - 100 to 300 -feet ~nd the 'Beatty ., 5000 feet. 

The Montgomery-Shoshone is a northeast fault and localtzes the only mown 
ma,cn ate body, that of th.e Montgomery-Shoshone mine. Composed of a near 

vertical tone of faults, the ontgomety .. Shoshone has an apparent vertical 
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dt.splaceln,ent of 2000 feet. 

STRU~TURAL GEN"ESlS 

Although the "Bullfrog dtstrtc.t is not an. economIc success, it does possess 

the elements of an inte'[esttng structutal problem. This problem l'elates to the 

choice of a defOtmation mechanism. capable of pioducing the. two systems of 

parallel faults, most of which ate dtpp1ng to the west. 

Through the use of the c.roS$ section in Figure 1, several values can be 

c.omputed. By using each segment of thyoUte #7 as a J.typotenuse of a rtght 

trtangle, a horlz.ontal and vertlc.al component can be calculated. Vertical 

values total 13,000 feet, and honzontal values total. 30,000 feet. True length 

of #7 is 33,600 feet. By placing these values in a triangle, 117 is seen to dIp 

east at 23°, apparent dip (observed dip is 27~. The hotuontal component plus 

the appatent horiz.ontal fault displacements total app~x1mately eIght miles, 01' 

the length of the cross section. Comparison of the total appatent vertical fault 

displacement of 11,250 feet (down to the west) and the 13,000 foot vertIcal 

component of 67 (down to the east) results in a net lowertng of the east end 

of the. section by 1,750 feet. Thus, these figures indlcate that tUUng and 

faul tins are nearly compensatory. 

'Em.mons and Ganey USe three sets of mechaniSms as possible explanations 

(')f the fault patterns. Tvo of these systems involve. tUting of the flows to the 

east and synthetic faulting, using the two possible sequences. HO'iVevet, lack 

of evidence of tUting thTOUghout the. surrounding regton necessitates another 

explanation. 

Thts thlro system tnvolves the clockwise rotation of fault blocks whtle in 

place; simultaneously pl'oduc\ng tilted beds and normal faulting (Flgu.'[e 2). 

Initially, the flows can be considered as an even layeted Tock plate. 

Through the effec.ts of expansion to the east and west, a sertes of north .. south 
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tension fissures would be fanned. Continued expanslon would allow a rotation 

of the blocks, producing antithet1c fault1Il!l (FIg. 2). 

The clockWise fotation at BulUrog could be inttIated by uplift on the west 

or subtsdence to the east, cl'eatlng a toppUng effect. Uplift to the east would 

have created the opposite rota.tion. 

Magnitude or amount of'Iotatlon Is in direct pToportlon to the degt'ee of 

block sepal'ation. Thus, 'Iotatlon 15 actually depen.dent on the amount of ex

panslon of the tock plate.. Also, this degree of 'fota.tlon controls the amount 

of normal fault displacem.ent and the dlp of the be within the block. By rule 

of thumb, the shallower the dip of the fault; the gteate'I the amount of d1splace-

lIlent. 

For the Bullftog dtstr1ct, the expanslon of the plate and the subsequent 

fcmnatlon of the rotated blocks must be explained. The key to a probable solu

tion is prOVided by close e)UUUinatton of the work of Emmons and Ganey. In 

one paragraph they s ate that the flow -rocks maIntain constant th1cknesses, 

However. in the descT1pUons of the individual flo'WS, at least five ate noted to 

thicken to the east. This indicates that the SOurce of the flows was east of the 

distrtct. Supportlng evidence can be Infened from the great volumes of volcanic 

flows in the L\U1.a.Igosa deseTt, which lies east and southeast of 'Beatty. 

txttusion of these flows would create a situation favorable to sag or subsi

d.c.-nee _due to the 'Iemoval of material from the crust and the emplacement of 

that material on top of the crust. Such subsidence would create a gentle arching 

(convex upwat'c:D and eastetly tnt in the Bullfrog district. The arch would create 

expansion fissures and the tnt would initiate -rotation. and antithetic faultlng. 

From the Cl'OSS section (Flg. 1) the length of rhyolite #7 can be compaxed 

to its extended hortzontallength, or 33,600 to 42.240 feet. Thus, an expansion 

of 8,640 feet Ot 25.6% is calculated.for the cross section block. Conectlng the 
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f1gures to allow for appatent measurements. reduces the C!xpanslon to 16%. 

The two systems of faults m.ay be related to the $am.e type of deformation. 

Ma.pped fault traces show the northeast faults to terminate against t'he north .. 

south faults, indicating the north-south fonned fust. The axiS of expansion m'USt 

have been east-w~t ortgtnaUy and then shifted to a northwest direction. Fls 

sures not belonging to these two sets probably fotmed along pre-existing lines 

of weakness. 

lack of 1nformation eliminates a diScussion of the genesis of the two east .. 

vest faults. The only known relationship is that they ~e post volcanic in age. 

Age relations show the m.ost recent flows to be- fractured by the northeast 

faults, and the basalt dike intrusions to be post·faulting. Fracturing of both 

dike rocks and vein fUlings indicates recurring or continuous m.ovements, 

In summary, the proposed geologtc htstoty of the 'Bullfrog district is! 

1) 'Extrusion of flows over the area, with no long intervals of -eathertng • 

2) Possible and probable continued eruption of volcanics in the SOUTce 

area, east and outh of neatty. 

3) Removal of large volumes of volcanic materlal from the crust produced 

su tdence in the Source area. 

4) Subsidence created gentle atc.htng in Bullfrog ar a, and resultant 

tension ft.ssures. Tension axiS east- lest. 

5) POSSible continued eruptton (1) in soutee area. Shift of tension axis 

to northwest, creating nottheast tension fissures. 

6) Continued subsidence and expansion of plate by arching. Rotatlon of 

blocks to pToduc.e antithetic faults along tension ~SUl'es. 

7) Creation of east-west faults. T1me undetenntned. 

8) Intrus10n of dikes. 

9) Movement along faults . 
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10) M1neralization. 

11) Movement A1:ong faults. 

Undoubtedly, any d~ussion of this-area would be greatly enhanced by 

geolog1c 1nionnat1on for the su~undlng legions. Unfortunately, such infor

mation is not aVailable. 

ECONOMIC GEOLOGY 
J ; 

The vein minerals of the 'Bullfrog diStrict are few In number and lack. the 

complexity of nearbymlnlng diStrict. They are: 

1) Gold· Native gold 'Wi. th varying amounts of contained silver oc.cuts 

as fine specks in quartz. and limonite. The llmontte and gold is the 

ptoduc t of oxidtz.ad gold-beartng pyrite. 

2) Pyrite - Scarce throughout the dtsttict and believed to have nevel' 

been plenUfu.1. 

3) Cel'atSYtlte - Thought to be Widespl'ead, but found only in minor 

amounts. 

4) QuarU - Most prlmary vein quartz. is ctyptoc.rystaillne. May be ag

gregated 'With calcite. Quartz. in outel' limits of district mOl'e crystal .. 

line and glassy. Secondary quart! occuts as crusts and druse lintngs . 

.5) Limontte - Found in all ores and cause of rusty ppear nc . 

6) Calcite'" Common. primary gangue mineral. Also occu'!S as secondary 

crusts. 

7) Wad. Hydrous manganese oxides pl'oouced by leaching of calcites. 

8) Chalcocite, chtyscolla, malachite - Found only in small amounts in 

the Original 'Bullfrog and "Bullfrog "g est mlnes~ 

All ores mined or I'eported are oxidued. No pnmary 01' secondary enrtc:.hed 

ores W"el'e reported In any of the deeper worki.ngs (down to 700 feet>. The only 

mineral l.on1ng tnd1cated I'elates to the localued occunences of c.a.lcite, 'Wad, 
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fine graIned quartz. and ceTal'gyrlte in the Ladd Mountain - 'Bonama Mountain 

aTea. 

VEIN STRUCTURE 

The Bullhog veins can be classified as fl$suTe ftll1ngs of simple iractute$ 

and sheeted tones containing thyoUte fragments. Deposition occurs in assoc

iation with both thyoUte and basalt wall Toe. , and also faults con.tatnmg diKes. 

MineTa.1ued tones vary in thickness hom a few inches to over 100 feet. 

Of the mapped faults, less than 10% ate ~oc.tated wlth mtnel'alltat1on, the 

rema.ining 90% shOW'ing no deposition of any type. Faults of minor structural 

tmportan.ce and small dtsplacement possess the mote economic veins. Gouge in 

the minera.1u.ation is interpreted as evidence of post OTe movement. 

Vein structuTe varies !tom banded calctte, quartz and thin thyoHte sheets 

to quartz. cemented bl'eceiated thyolite. Several stages 01 deposition have 

OCCUlTed. 

With the exception of veTY limited dev1.trIf1c.atton of some volcanic glasses 

a.nd the m.inor silicificat10n of rhyolite fragments, walll'ock alteration is absent; 

This lack of hltetat on, the scatcity of mtnerali1.a.tiou, bot~ economic and non

economic, and the Simple minel'al emblage indicate that the ore flutds wete 

dilute, cool and not under high PTes5uTes. 

STRUCTURAL CONTROL 

Of panicula).' ec.onomic interest is the structlual control of the mlnetal 

depOsits, 1f such can be detetmined. In thts case, the pUblished data is too in

complete to make a reliable analysts. All. veins, grades and types of mineral. 

i!.atton, and enclosing fissures $hould be plotted on a stereonet and studied to 

determine an.y possible controls. 

Ransome states that of the 12 to 15 mineraUzed fissures, aU but two strike 

north· outh and dip at angles exceeding jOo. The Montgomery .. Shoshone and 
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the 'Bullfrog veins strike northeast and east.west respectively. Except for the 

EcUpse vetn and an upper section of the Denver vein, all dips are veTtlcal or 

to the west. 

'Basically, the minetaluation 1.5 related to the fault planes which pTovlde 

the sUes of deposition. 

FUTURE" POSSl'BTI..lTIES 

As pTeVlously noted, the Ore solutions were probably cool and dilute 

evidenced by the mtnel'al assemblage. A point of interest is the source of the 

calc1um in the calcite. The lack of wall rock alteration eliminates the pos .. 

sible derivation C?f calcium. hom the plagioclase in the basalts. TheTefote, the 

source must be the Sllurlan (1) limestones occun:ing beneath the undeTCuttlng 

Bullfrog and Amargosa faults, Indicating that the solutions passed through the 

pre-Tertiary Tocks. 

~hen considering thts and other theoretical impUcations, two possibUities 

aTe noted. 

1) If all known. ~res are oxidb.ed, is theTe a deeper unknown lOne 01 

secondary enrichment? OT of prtmary ore? 

2) ere the solutions that passed through the Umestone wanner a.nd more 

concentrated? And did they deposit better glades of ore? 

As noted by Wlss t, OXidized ores ate nonna.lly of higher grade than the undet

lying prlmaty ores. 
, 

Deta.iled mapping and structural analysis could conceivably detennlne ote 

controls ~nd indicate potential ore zones. To date, such mapping has not been 

perfonned • . 

Extenstve expenditutes of money far drtlUng and other exploration work is 

not justU'ied on the basis of past perfo1.'lIlan.c.e of the district. 
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MINES 
( 

Only one mine has an attractive htstOty', and then ·only from 190.5 to 1910. 

ThiS m1ne, the Montgomelj"-Shoshone, produced ore With values up to 700 per -'

ton; however, the average grade was 15 pet ton. Mine workings reached 700 

feet in depth, whet'e the watet' ptoblem became tnsurmountable. 

The deposits are localued on the south side of the MontgomeTY-Shoshone 

fault between two north stdlc1ns feathel' (1) jOints. These joints tenn.lnate 

agal t a IIho-rse ll of basalt within the fault tone. Rhyolites comprise the main 

fault blocks. 
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