
The following file is part of the Grover Heinrichs Mining Collection 

ACCESS STATEMENT 

These digitized collections are accessible for purposes of education and research. We 

have indicated what we know about copyright and rights of privacy, publicity, or 

trademark. Due to the nature of archival collections, we are not always able to identify 

this information. We are eager to hear from any rights owners, so that we may obtain 

accurate information. Upon request, we will remove material from public view while we 

address a rights issue. 

CONSTRAINTS STATEMENT 

The Arizona Geological Survey does not claim to control all rights for all materials in its 

collection. These rights include, but are not limited to: copyright, privacy rights, and 

cultural protection rights. The User hereby assumes all responsibility for obtaining any 

rights to use the material in excess of “fair use.” 

The Survey makes no intellectual property claims to the products created by individual 

authors in the manuscript collections, except when the author deeded those rights to the 

Survey or when those authors were employed by the State of Arizona and created 

intellectual products as a function of their official duties. The Survey does maintain 

property rights to the physical and digital representations of the works. 

QUALITY STATEMENT 

The Arizona Geological Survey is not responsible for the accuracy of the records, 

information, or opinions that may be contained in the files. The Survey collects, catalogs, 

and archives data on mineral properties regardless of its views of the veracity or 

accuracy of those data. 

 

CONTACT INFORMATION 
Mining Records Curator 

Arizona Geological Survey 
416 W. Congress St., Suite 100 

Tucson, Arizona 85701 
602-771-1601 

http://www.azgs.az.gov 
inquiries@azgs.az.gov 



• 

July 5, 1924 Engineering and Mining Journal-Press 5 

Mining Camps of North America: 

Tonopah, Nevada's Best-known Silver. District 
Complex Geology an Interesting Feature 

By Herman D. Budelman 
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faults were probably post-mineral and occurred at dif- In the west-central and western areas or the district 
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but without new developments or a rise in the pric; 
of silver their probable life is problematical. 

timbered to prevent dilution of the ore. Narrow stopes 
are stulled, and wide stopes are square-setted. The 
flatter veins are worked by footwall crosscuts and 
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raises, the spacing of the rajses being an economic 
problem depending on width of vein and other factors, 

was later changed to a sand-leaching and slime-agitation 
plant, and later to an all-slime plant. 

Tonopah Belmont surface plant 
This shaft is 1.700 ft. deep. but practically all production has come from above the 1,400 level. 

The mill has a daily capacity of more than 500 tons, but Is now idle. 
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The Geolo,ieal and Physi al Condition of the Tonopa~ Minea, 
Walter p. Jenney, a1J 1-1-1910. 

t 
Veins are larger ar~ more re,ular when traveroin& the earlier ~B% andeaite, 

contra8t in width or pinch out when entering the rhyolite. Latter is larfely qtz, 
breaks with a fine-~rained, splintery fracture, eolor Ii ht &reens lah ,fay. It ia 
an intrusive sheet. st vein8 pass into rhy -with no chan,e. -

Ores are qtz, With ar .. entlte, pyratYrite, polybasite ' etc, with Bome c pyet • 
ftatl0 is 90-100 oz ·i1 ver toone OUI':t.e of .,;;old.. 



Tonopah • 
. Spurr, Ore Mag!las. p 299 if. 

Comtry Roo~. Oldest rock a trachyte flow; horizontal faulting along transiti0n 
zone of main trachyte body and ~ts gl ~ ssy lower )ortion; here an andeslte in­
trusion ;:>en<etratedj renewetl f issur ing along s8.t!le zone ,glassy trachy- alaslcLtic 
intrusion followed i:nmed.i.ately above the andes Lte; sal!le lane again reopened, 
second trachy-slaskite intruded just above the other. Later copious ourface ande­
site flow, then ser_es of rhyolitic and alaskit_c flows and ntrusions. 

V ains. Main va ins formed after trachyte eru.tion, before any others. ~econd imp 
set of veins after 2nd trachy alask intrusions, and before the succeeding an~es­
ite flow. This set in 4 ;:>eriodst a, large tY:Jically barren qtz velnsjb,tungsten 
veins I,barren qtz-adularia veina;dsilver-gold qt4 ve~n8 s~lilar to f~rat 6rouP. 
'dgroup of veins formed after last rhy-alaek flows and intrusions, carry ng occa­
sional lead zinc and co )~r Bulpha, but not gold and sllver.( Veins in rhy tkS 
of same age are rLch in gold and silver at Goldfield and Divid.:e.) A.Il these veins 
fo~~ed at nearly the same depth below the surface. Therefore pressure had nothing 
to do with for 'lat .on of the different typfes. 1herefore te.!!) fluctutaed u~) and down 
the whole range of ore ue}osition. Astungsten, co~per , zinc and lead are sparse,these 
critical Ts were only briefly sustain~J main dep was s~lver-gold are in qtz-
T and P conditions for th~s ty Je were normal. Only difference between ttLs dep and.. 
the nor:nal silver zone overlywg the lead zone is the gold. Thin.~s gold represents 
se arats low-te:np zone overly~ng the rich silver zone; this gold zone distinct from 
the two other deep-seate~ gold Zonesl 1st below the co)per zone-gold-qtz zone; 2n~ 
above the copper zone-pyrite-arsenop. zone. (Sir ver al so shows two recurrences in 
the deep zonesl 1st below the lead-Zinc zone, in the py-arseno9 zone, and the sec 
above the lead-zinc zone. 

d 
But in a telsooped ep like Tonol~ all three gold zones may be repre~enteJ, 

since all major zones a 2ear to be. 

~inks temperatures were h_gh in these deps; qtz is finer-grained than that 
at ~eptb, p~t this means quick crystallization, like the fine-texture of aasota­
ted volcanic rks, and not initial temp. CalCite, another typical gangue, _s found 
thruout the ~lole ran~e of ore-dep in ~e)th. Adularia is found in th~ copper Zone 

>. et Matehuala; in dee? gold.-qtz veins in Calif; copper depB of . .rich, OM mineral 
in Norway with ores of ~op?er, zinc and ~olyb. 

Vulcano crater (silceous rhy) fumara~es have deposited O:!lpound.s of tin, bi, 
co,Cu, zinc and lead, or nearly the whole range of :netallic deps. 

Alteration. Near the veins: sarlCtte an~ adularia, qt~, py and dider~te; at a 
distance: calcite, chlorite, Jy siderite. Sericite and qtz of ~he V~ln wall: 
in icates fluorine disengaging itself on the .lpt of qtz, togetner w~th ?02 nd 
H2S (as indicated by the py and sidarite}Jbuf; at a distance f'~o.J. the vew only 
C02 and H~S were left. This corresponds w~th recorded B~ccea8~on of gases fr~ 
fur!larCb~ea: hotteat contain clorine, fluorine, boron, whlch ~~sa)pear when T SlnkS. 
S emanations persist :to. Yiluch lower T J while GOa persists from aot T to low T. 



Tonopah. 

Spurr, Ore Magmas, p 152 ff. 

General ieMogy.Shallow co l.)lex veins formed in late Tart i.ary volcanic 
rlows and sills. Veins of several periods. 

~ J?eriod.Silver' sul ;)hs, cc':}y, blend.e, gan~ue qtz and alular la, gold. 

Later Period. Sa..."'lle metallic and gangue _~LneralsJ \'fith abundant rhodochrosite. 
barren '1tz veins, at "11th adularia. 

Ch i.ef, ore-veins have f'ol"'.ned lainly by re) lace ,ent of' cru8h~J. ..nu 6heetd f .rs­
sure zones; ~any of the barren qtz velns are clean fissure veins, no ev i~enve of 
replacerlent. Shar) clean line between vein and wall. 

pi-
'/ . 



St.ar Route 
Garrlen Val' v, Calif. 

Novemher 96, 1962 

Mr.Laul' nce R.B 901, Mininp, Geolo~iAt 
Mackay School of Mines ' 
Univel'sity of HAva~a 
'Rebo, Nf\vada 

D a!' Lal'l'YI 

I R:r:1 P'1' atly obllp. d to 'yourself and Vern fol' lelpinrr JI18 out on 
Tonol ah b:v sentUnp the ~olan PA.' er. I am p,r Rtly interestect,alRO, 
in what yon sav ahout N(blfltlts MR s h lnp. there. Block d1 ~rams ar. 
a hi .... hl",' UR f'ul 8d ,hlnct to p olofYi c l'e orts, lout. tbev R 10nl, not be 
tl Rol. il'.ustrations. I hav u8e<1 them r.eqnentlv as axlli1Rl'1es, 
but. onfl cannot k .. vel' i' ical Rftctlons froPl them cUrectlv,ant1 heCRUA. 
of whR.t I call the Bahylon1R11 stono qnRrry 1'10<10 ot construction ,. 
st:r1lcture in wh5,ch 'Yon Rr. lnteY'esterl sudden'I'V (liI'HI.T"'ears und r tl'e 
noarRst quarry bench. Anoth.r p-ripe iA i;hR t. Nolf~n pre sent s h5. s W'Hl1:e 
ern quarry V1RW8d from on anp,le . his eatl* •• n f }'Olll another. 

Don 't 1a\1~h Rt an 01. 1 Man no ,hnt I RV 
ax1al an leA to gOO,a 10np.,naltnflll 'oblthis 
kno ho to I'· .. t hole of the oripinal plans. 
vailahle,I t ink I shall continue,~ainly b 

constant ly hep to th~ stl'uctural picture, 80 

b ftn chM~lnn' hls 60° 
"aR beCRt1R I didn't 
No you say these r. 
caus to (10 so k, pR rne 
fal' A::I 1 t goes. 

Unf"ol'unately it doftsn't po qnit~ far ftnOl1.ph1too incoMplAte,scrA.tch-y 
on account of the st.one qU~1'ry.For .xRrl1ple,whel'e Nolan's fl:i.nltl'! or 
veins ttl verse A v 1't1cftl qn rl"yMAn t s hank,you can ~t thft clip; but 
el~ewh.re .. wh l' :VOU s it on th ho~lzontal b nch,you don't know 
the nip. . 

I now live clos.1' to Reno thRn to B I'keley~ hat I t ink I sloulrl 
no is eOMpl~t .. rn r8C t11!tcp, tion of ~Nolan' 8 Folly" Ann th n COJl1· 

to Reno ith thfl l"esults Rnd con~l\lt his plans ann sftctions. At th*t 
time I can 1 av . c p~. ,s JI'lRd of the cr5. teal nRl't R nf the n1f4 n s, an(l of 11 
the CI'O~R s etlonA. . 

t 
As for results of my ftpithtu'l'1al IIItallUes , whttthel' anyone puhl1 ~h.R i:lK 
If) Dr not, I shonlrl he hl~hl..., pl Ased to show t.h4l1n to vou. 

Thanks AgAin ' I 

~1nc.,1' ly 



MACKAY SCHOOL OF MINES 
NEVADA BUREAU OF MINES 

Professor Edward Wisser 
Star Route 

UNIVERSITY OF NEVADA 

RENO, NEVADA 

Garden Valley, California 

Dear Ed: 

November 13, 1962 

Dean Scheid asked that your request be taken care of over here. 
Undercseparate cover, I sent you a complimentary copy of Nolan's publi­
cation. It occurred to me that in addition to the bulletin you might be 
interested in our colored photo~tatic copies of Nolan's underground map~ 
(these were used to develop the block diagrams in the report). The 
underground workings are shown at 1":200' and in all include about 
ninety plates. Unfortunately we have only one office set, but I would 
be happy to arrange for a set of copies or copie~ of critical areas and 
cross sections. Positive photostatic copies are about $1.20 each. 

I am looking forward to the results of your study of epithermal 
ore deposits. 

My best regards, 

LHB:hm 

Very sincerely yours, 

~ .~ L~e H. Beal 
M~~:6~~Geologist 

. ACADEMIC DIVISION • NEVADA BUREAU OF MINES • NEVADA MINING ANALYTICAL LABORATORY 
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MINING ~~. Tonopah Envirnment. 

References: Geology of Ton~pah Mining District,J.E.Spurr,USGS 

PP 42, 1905. T.B.Nolan (1) UG Geology of W part of Tonopah District,Univ. 

Nevada Bull.vol.24,1930, No.4 (2) UG Geology of Tonopah ~fining District, 

Nevada, Ibid.vol.29,1935,No.5. 

Rock Format ions: 

Post-ore rhy.Dikes,lenticular masses. 

Post-oreFraction breccia member of Esmeralda formation.Volcanic breccia that 

unco~~or.mably overlies OBs and their wall roaks.(May not be post-min­

eral-cf.Glance cgl.,Bisbee). Extensively silitified,lmcally pyr'tized/ 

() re... West End rhyolite :sills to 600' thick, intrusive into older rks. 

ore Extension breccia:tabulat intrusive mass;in W half of district only. 

or~ Mizpah trachwte: flows 2000' thick originally,much of this removed 
by erosion locally. 

4It . Sandgrass andesite: dark lavas,interla~ered with T6nopah form~ion. 

Tonmpah formation:IB tuffs, breccias,flows,conformably overlain by 
rMzpah grachyte.lOOO' plus. 

Reg ional structure: 

Distr ict aies on a west-dipping monocline, p resumably W flank of a 

N-S uplift~although source of rocks enclosing OBs thought derived from 

i gneous center to the W. Extension Breccia intruded as tabular mass 

along Tonpapah-Mizpah contact. West End rhyolite intruded,same contact, 

but more sill-like. Both ~ pinch E. 

Earliest faults N-S,dip flat E (opposed to beds,antithetic faults 

connected wi th the uplift). Halifax fault zone. In far E p art of dis-

trict. E dip ave.37. One member ends Belmont vein E;other members cut E- W 

Halifax vein i nto several segments. A little min.and ore along Halifax 

f ault zone. Pre-mineral movement 2000' plus. 

- 21 -
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Either contemporaneous with or slightly later than t his early 

Halifax faulting there came the com ound Tonpah fault. Three similar ma-

j or fractures ;all convex E in plan,convex upward in section.Axes of 

curvature of all three on same E-W line,plunge flat E.No comparable de-

formation in wall rocks, so not due to folding. Displacement alopg each 

of the thr&e branches 500-1500',HW relatively down. Thought due to 

up lifted footwall segment,probably an igneous cup~ma. (W side of Halifax 

fault also thought to have been uplifted). Lies W of' Halifax,uplifted 

area Dossibl y a cupola on top of the general uplifted mass. 
~ (I-S 

Uplift succeeded by "collapse!!: NW,N]f faults.Progressively greater 
t 

up l ift a lcbng Hal ifax fault zone (W side )exp lains N dip of most of the 

E-W veins. 

p.39-40: In pre-Esme r alda time present site of Tonopah was uplifted, 

earlne st upl ift along Halifax zone,rocks in FW pushed up,tilted to pre-

seut west dip. This early uplift progJ-e ssively gr eft er to N. 

Then Tonpah faul t cupoloa uplift. "Concomitantly with the 1'0 r mat ion 
" 

of the major fractures~seve ral minor fractures developed along t he crest 

of the curved Tonipah fault segments,possibly as a result of the treching 

in the HW blocks due to the i ncrease of the volume of rock in the uplif­

ted FW block." 

Ore bodies : Rep lac ement veins following faults or minor fractures; 

c ommonly without well-defined w1lls. Ar ge ntite, polyba stte,As-pyragyrite 

et c. Qtz. ,early; fg pink carbona te, contrmp. with ore ;bari te. 

Main ore control Tonopah fault .lmXltt Known OBs limi ted to thin shell, apex 

in centra l part of district; e longa:: ed dorm E- W;median line of ::h ell coi­

ncides wi th crests of t he three major branches of t he Tonmpah fault .Ore 

4It shoots in W p~t restricted to parts of the tw o lower branches of the fIt. 

In E half,to the subsidiary E- W fractures co nnected with the fault. 

Stresse s notion that qtz lIas early ,sealed many fractures;at time of 

- 22 -
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INSERT. 

Alteration Environment: Albttization of feldspars almost universal in the 
district,unlike Pachuca where it is more close.1y confined to veins. Earliest 
effect. Next most widespread is chloritization,everywhere,to varying de­
grees,except in central part.Most intense near fIts. Carbs.py,with chl. 
Qtz-ser cite~adular~a,central area.Hard,bleached rk/A plies to Ndzpah trach. 
1tz-serici te-adularia alterat i on most intense in Tonopah fault area·, coin­
ciding &most exactly wi th highest contours of productive zone. Would have 
been an ore guide. 

C~ld-silver ratios of OBs coincide with contours of central zone:central 
ar ea 1:85,decreasing to 1:115.5 on outskirts. By plotting such ratios and 
drawing isobars thru them, central area would have been delineated. More 
la ter. -

Nolans Suggestions for Prospecting:Segments,unexplored,of known veins. 
wi t h in the productive zone. Sample walls of veins for low-grade. Try for 
new veins,at greater depths in E,W parts (see section). 

Since Halifax uplift, according to Nolan,continues N,suggests prospect­
ing for another local uplift,such as the one that made Tonopah,farther N.~ 
But covered by younger rocks. Might map the few scattered OCs of pre-Esmer~ 
aIda rocks to try to get hunch on s tncture, then drill i:( favorab Ie. 

Illusrtates: (I) U~e of contours to show areal exteht,tdlp and bottom of 
productmve zones.(2) Silver-gold ratio contours. (3) att empt to duplicate 
known ore structure. 

- 22A'" 



metallization only fractures then opened received ore. Renewed ,per-

si stent movement again. 

Qtz denosition largely confined to E-W, N-dipping fractures 

(progress i ve upli f t to N, fan pattern). 

I do not understand t he mechanics of the Tonopah fault; i t might 

nossibly represent a concentric shell in rock surrounding a cupmma, 

formed by shrinkage due to cooling, whereafter the congealed boss was 

shoved up,s§retching the rocks,as Nolan says,above the shell-fracture. 

Spurr's vein mgp,p.84,pP 42,suggests a radial pattern away from t hi s 

dome. He says the channels were fracture zones rather than open fissures. 
1b 

Mineralized sheeted zones. Then stoc work, finally whole qtz vein like 

Pachuca.Replacement between the out er walls domiant. Solution abras 

l ike Pachuca. 

Valley View vein, S of Mizpah,has vertical feather joints. 

Hav e been unable to g et a clearer picture of Tonopah owing to the 

block diagrams.But turning again to general terms,we find: uplift,for­

ma tion of major f aults, this time of' a freak var Ih ety,and renewed uplift 

perS i sting thru the time of metallization. 
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