
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 



History, Geology, and Mining ·Methods 
of the Moscow Silver Mines 

in Utah 



188 MINING AND METALLURGY 



APRIL, 193 6 189 



190 MINING AND METALLURGY 



MINING LEL! 3B-6. SAN FRANCISCO DISTRICT, UTAH. 

On E edge orogenic belt almost within Hurrican-Sevier fault zone 

bounding Colo.Plateau. 

B.S.But1er: Geo1ogyn& O~e Deposots of the San Francisco District, Utah. 
USGS PP.80, 1913. 

l~OOO' Paleo plus 5000' Triassic. 

Trias.Thin-bedded shale,IB 1s ••••••• 5000' 
Carb.-Dev.-Sil. 1s,some IB .sh,qtzits4500 
Sil-Ord.Moorehouse qtzit~ ••••••• 4500 &ain1y competent 
Ord. Limey shale.................. 300 
Ord-Camb.Grampian Is............. 4000 

18300 
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Rhyolite, dacite flows and tuffPs unconform",bly 'lbove seds.but pre-

>\ number of stou-ks occur,larr:est,:NVv part,3 mi N-S, 4 mi.plus E-W 
(QAL on W). Older,GDP,small stoc"s on E.YD",nger,QM,the main stocks. ~M 
dikes extend out fromstockS. Age unknown. Iertiary? 

Structure: Foldin~ minor;intrusions broke re~ion into bloaks,tilted 
them. Same type of unlift out in frame as shown in luddy Mts.,Pioche, 
Gold Fill. Also Bannock rerion. 

~ere is one district where stocks have domed an~ arched the rocks, 
and are larq;ely or wholly responsible for the ... Pre- asin rlange structure. 
Cactus stock -quaquaversal dome. Sideways masses also 
S'1oved blocks away between lbateral fallts. 

Paultin~ not marked;main faults N-S ~asin-ran~e,lar~ely concealed by AI. 
p. 73: Ill' au:ttin;; ha. s probably been in progre ss in the area. over a long 
period. Important faults had doubtless formed before the intrusion of the 
auartz monzonite, and there has certainly be en faulting sine e the intrusion. II. 
T~ovement lar~ely completed by late Pliocene. lfere 8J~ain \Te hAve sytrone 
Drobability that basin-range trends of faulting started lon~ before BR 
time. 

Fissures: ~re channels.E-1V,vert.or steep. Star district, SE corner. 
~-W.N-S,intermediate,S.F. or Cactus area.Fissures caused by stock entry. 

trong CM,marble. 

\\\~tj Geolo~ic history.p.91. "Upn an old erosion surface were Dow;red out, 
\'V Drobably in Tertiary time,great flows of lava,enearly or quite buryinr; the 

entire area. Soon after this outDouring of lava the rep;iOn was bro1{en by 
faultinrr,mainly alonr north-south lines,with minor breaks running east 
and west. At about tpe same time the region the repion was invaded by 
extensive masses of Et ~trusive material,for111inr; the stocks of quartz m"')n­
sonite •• n Intrusion :tExXEJIlKm »~ accomp.by fltg.,fissurin~ of earlier :bks. 
then Clli,dep.of ODes~both close to contart and alonO' channel fissures. 

I;!"eal"ly contemporaneous wi th t~e ip-necPls ac ti v _ ty there was a eneral 
elevation l' th~ re~ion,accompanied by faulting and tiltin~ of the fault 
bloe~s • 

• 

\ Ores: Au-Ag-Cu-.!:£-Zn. CO'Jper alonrr stoctc contac ts. Pb-Ag-Zn, replR.c e~8-
ents of bedd alon~ fissures exactly as at Pioche. Ty,ically beneath shale.' 

More ~s si ve the Is ,the more the ore 
stmctcs to fissure,altho rADlace-

111ent type. Heterogeneous beds, 
selective replace'''1ent, ore 
extends out from fissure 

considerably. 



Re"")lace '11.ent fissure veins in lavas too,E flank Cactus dome. Part 
open-space filling. PbS, y.,ZnS.Gangue qtz.,calcite,barite. 

Hornsilver mine alon~ synthetic fault? N-S,along E side Cactus stock; 
or more likely stock this fault,blotting it out in center 

Ls on W, lavas on 3.Looks like ore replace­
ed both in brecciated stuff. Lavas brecciated 
more. 

Pb-Zn 

Beaver Carb mine in altered latitejfissure,steep, E-V. Gougy,crushed. )re 
in onAn spaces and d J Sgem,thru altered rock. Qtz-calcite gan~ue with 
o en snace ore. Pb Zn. 

('.rQlden rAPf mine in qtzite alon~ sam3 flt.Gold ore alo!1,P' flt.and paral­
:Eel fissures. 

at 
SE or Star district,another N-S fissure fed rerylace 
C 1:1 
edar-lali~man mine. 

nts in Is beds 

N0te similarity with ioche:dependence o~ fissuring for ore channels 
or ',laces in which to deposit. U1m OBs closely associated with stoc .. s, 
c ntacts prolv"1by rov ided main ore channels. Stoc ks ros e thru 10 or 
l ~OOUI of seds. ig Basin anr,e fIt l_S XEX thru cen t er of district,others 
on p; t er side,all din inr: west, beds tilted east. Another district W:lere 

as; n an e trend started in trLar"mide It. 

XXXxxxxxxx 

Note similarity with Pioche, Gold Hill: basement type of deforma tion 
in E frame of Cordilleran geanticline,here farther E of highland. 
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I NTRODUCTION 

The San Francisco district is located in Beaver County, in 

southwestern Utah. It lies toward the eastern margin of the basin 

and range province , and close to the western edge of the Colorado 

Plateau . The latest and most comprehensive paper on the district 

is by Butler! 

/, Butler , B. S. tfGeology and ore deposits of the San Francisco 
and adjacent districts, Utah. 1I U.S.G.S. Prof. Paper 80, pp. 1-212~ 
19 13· 
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GENERAL GEOLOGY 

Approximately 18000 feet of sedimentary rocks have been de­

posited in the district. These extend in age from Cambrian (?) to 

Triassic, and include essentially limestones, quartzites, and shales. 

Igneous rocks, both extrusive, and intrusive, are important 

and widespread in the district. Tertiary volcanic rocks, both acid 

and basic, represent several periods of extrusion. Quartz - monzonite 

is the chief type of intrusive rock, and was intruded shortly 

following the outpouring of the main body of lava. 

Block faulting, rather than folding is the dominant structural 

feature of the region. The predominant fault trend is north-south. 

Hydrothermal metamorphism has been locally extensive in the 

region. The limestones and volcanic rocks have been especially 

strongly effected. 

2 
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DESCRIPTION OF FOR M.TIONS 

Sedimentary Rocks 

Paleozoic 

Cambrian (?) and Ordovician 

Grampian Limestone 

The oldest formation recognized in the area is the Grampian 

limestone. It consists of thick-bedded, blue dolomitic limestone, 

and shows a remarkable uniformity of character through a great 

thickness of t he formation. Locally, the limestone is somewhat 

siliceous. The upper part of the formation becomes shaly, and the 

top few hundred feet consist of limy shales and minor quartzite. 

Apparently these upper ·beds are gradational into the overlying 

orehouse quartzite. The Grampian limestone has a total thickness 

of about 4000 feet. 

Ordovician and Silurian(?) 

Morehouse Quartzite 

The Grampian limestone is conformably oVerlain by the More­

house quartzite, and the contact is apparently gradational. The 

~orehouse is composed largely of thick-bedded, dense, white or 

pink, fine-grained quartzite, and lesser amounts of red shale. 

Minor sandy or limy beds are also present. The 1orehouse quartzite, 

has a known thickness of 2000 feet, but an additional 2500 feet of 

quartzite of supposed Morehouse age should be taken into account. 

The ~orehouse quartzite is overlain, apparently gradationally, by 

the Red 'i'larrior lime stone. 



• 

• 

Silurian (?) and Devonian (?) 

Red 'farrior Limestone 

The Red darrior limestone is for the most part thick - bedded, 

blue, dolomitic and in places siliceous. Lenses of quartzite are 

found in the lower part of the formation. Its thickness is roughly 

1500 feet. 

Devonian 

Mowitza Shale 

The ~owitza shale consists of limy shale beds intercalated 

with thin beds of limestone, both of which are dark grayish- blue. 

The shales a.re unclerlain and overlain by thick-bedded limestone. 

The thickness of the Mowitza is about 50 feet. Its relation with 

the overlying and underlying formations are conformable . 

Carboniferous 

Mississippian (?) 

Topache Limestone 

The lower portion of the Topache limestone consists of thick­

bedded, blue, d~lomitic limestone. This grades into shaly lime­

stones , and these in turn grade into cherty and siliceous beds 

and intercalated limestone and shale at the top of the formation. 

The formation has an average thickness of 1500 feet, and is con­

formable with the overlying Talisman quartzite. 

Pennsylvanian (?) 

Talisman Quartzite 

The Talisman quartzite is fine-grained and pink. It has an 

average thickness of about 400 feet, and is apparently conformable 

below the overlying Elephant lime s tone. 

6 
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Pennsylvanian 

Elephant Limestone 

In the southern part of the district, the Elephant limestone 

is made up of thick - bedded, blue, dolomitic, and in part siliceous 

limestone. To the north the limestone becomes distinctly more 

siliceous, and siliceous shales and intercalated shale become pre ­

dominant. In places the thickness of the formation exceeds 1000 

feet. The contact between the Elephant limestone and the under­

lying Talisman quartzite is ~ossibly gradational. The overlying 

Harrington formation is apparently conformable, but the contact 

is distinctly gradational. 

Mesozoic 

Triassic 

Harrington Formation 

5000 feet of shales with lesser amounts of ILllestone and 

quartzite make up the Harrington formation. The shale is thin­

bedued, red and gray, and is either quite friable, as in the 

southern part of the district, or is hard and siliceous, as in 

the northern part. The shale is overlain by the thick- bedded 

lil.llestone in the northern part, and by thin-bedded limestone and 

shale in the southern part of the district. At the top of the 

formation is A. series of interbedded limestone and siliceous shale. 

Lenses of quartzite are found locally . 

7 



Igneous Rocks 

Extrusive 

A considerable portion of the district is covered by post -

Triassic volcanic rocks. The series is composed of several flows 

a nd pyrodastic members . The flows have the form of lenses of 

varying thickness fro ln place to :place, and each flow is not present 

in all parts of the area. The lowest member is a coarse dacite­

porphyry and andesite flow, several hundred feet thick. Rhyolite-

tuff and rhyolite flows overlie these, and are in turn overlain 

by a succession of dacite and rhyolite flows having a total thick-

ness of several thousand feet. The latest volcanic rock in the 

area is a thin sheet of basalt, and is believed to have been 

~ extruded considerably later than the underlying volcanics • 

• 

8 
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Intrusive Igneous Rocks 

Granodiorite porphyry forms a small stock between the Rocky 

Range and the ,Beaver Lake Mountains. It is a dark, fine- grained 

porphyritic rock. The granodiorite is the earliest of the intrusive 

rocks of the area. 

Quartz-monzonite is by far the most important intrusive 

i gneous rock in the district. It forms a large stock in the San 

Francisco Range, and two large bodies in the Beaver Lake Mounta ins. 
( 
~ A somewhat smaller body is present in the Rocky Range. Several 

stocks are found in the Star district. iapped as quartz-monzonite 

are rocks of the granite family from granodiorite or quartz­

diorite to granite. (Butler
2

devotes several pages to petrographic 

and chemical descriptions of these rocks throughout the area. 

Various dikes of quartz-monzonite, lamprophyre, and aplite, 

a long with more basic types, are a pparently related to t he larger 

intrusive bodies. They represent somewhat later differentiates of 

the crystallizing magma. In some cases, dikes may be directly 

traced into the stocks of quartz-monzonite. 

9 

(The effects which these intrusive igneous rocks have had upon 

the older rocks of the region are discussed in other sections of 

this paper) It seems ' highly probable that the various intrusives 

represent a single i gneous cycle, with the early intrusion of 

granodiorite, closely followed by a more extensive intrusion of 

quartz-monz onite, a.nd finally in t he later stages of crystalliz e.tion, 

• diff erentiation from the magma at depth of t he basic and acidic dikes. 

2. .0p. cit., pp. 52-59. 



tit The exact time of the intrusion is not known, but it certainly 

• 

• 

followed the extrusion of the lavas of the district. By comparison 

with other se ctions , a Tertiary age for the igneous activity is in­
~ 

dicated. Butler suggests that the quartz-monzonite may correspond 

to i ntermediate extrusive rocks found in other parts of Utah . 

3. Op . cIt., pg. 70 . 

10 
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METAS01~TIC ALTERATION 

The rocks of the Sa n Francisco district have been locally 

altered due to the , action of heated gases and liquids which were 

closely related to the intrusion of the quartz-monzonite. Apparent­

ly, these mobile solutions were in part given off by the magma 

during the later stage s of crystallization. The various effects of 

this hydrothermal alteration upon the different rocks of the dis­

trict may be briefly summarized. 

Alteration of the Quartz - Monzonite 

The quartz-monzonite in general has been slightly altered. 

The highest degree of alteration occurs along fissures; the product 

is a nearly white, dull chalky, fine - grained rock. Underground, 

this rock is pale green, and possesses a silky luster due to the 

presence of abundant sericite. Microscopically, biotite and horn-

blende have yielded chlorite and carbonate. Feldspar has altered 

to masses of felt-l-tke sericite. Quartz shows only slight alter-

ation. No evidence was observed to indicate that any appreciable 

volume change oc curred. Silica content has decreased slightly, 

and alumina content has remained fairly constant. An important 

inference to be drawn here is that the solutions contained con-

siderable silica. 

Alteration of the Lavas 

The volcanic rocks have undergone extensive hydrothermal 

alteration. Locally, the lava has been silicified and thus forms 

• a rather weather-resistant rock. The feldspars have been serici­

tized and quartzized. Andalusite has formed in some quantity, thus 

// 



tit indicating that high heat and pressure prevailed at the time of 

alteration. 

Alteration of the Sedimentary Rocks 

The greatest changes due to metasomatic alteration have been 

in the limestone , especially along the intrusive contacts, and 

along fissures at some distance from the stock. The composition 

of the lime stone seems to have been an important factor in deter­

mining the minerals formed. Garnet, tremolite, diopslde, epidote 

are some of the more prominent minerals in the altered zoneS . It 

is significant that the earlier contact minerals have locally 

underDone slight crushing and the fissures have been filled by 

later contact minerals. As in the a lteration of the other rocks , 

there is no indication of any change of volume attending the 

altera.tion. Butler" proposes that .... "the great extent of mineral ­

ization along the contact at certain points suggests that solut­

ions given off by the crystallizing magma were collected into 

channels and entered the lilliAst one c.t these points. II •••• "It seems 

not improbable that after molten magma had entered the sediment ­

ary rocks and the outer margin solidified, channels were formed 

that direct- e el the course of solutions coming from the interior of 

the crystallizing mass and concentrated their action at certain 

points. " 

• 4 Cp . <.;it., PB' 90. 

12 



STRUCTURE 

The structure of the district is essentially one of block­

faulting. There is only one major fold; this is a broad, plunging 

anticline in the Grampian limestone of the San Francisco Mountains. 

Some doming, apparently due to the intrusion of the quartz - monzo -

ni te luass, is noted in the Cactus area. 

The most important structural features of t he district are 

the result of faulting. The San Francisco Mountains are believed 

to be of the typical basin and range type, being a tilted block 

bounded on t he WAst, and in part on the east, by faults. The main 

faults of the district are the Golden Reef and Horn Silver faults, 

which lie along the eastern base of the range. The writer believes 

that the two were almost certainly continuous at the time they 

~ were first formed, and they will be treated in this paper as one 

fault . This fault dips steeply east and has let the v,olcanics down 

against the earlier sedimentary rocks on the west. It is possible 

that this fault is of the synthetic type, having aided the effects 

of some uplift to the west. The fault was apparently present at the 

time of the intrusion of the quartz-monzonite, and there has been 

later movement along the fault since the intrusion. There are 

several parallel faults on the west of the main fault. The chief 

displacement, however, has been the main fault line and was at 

least 1600 feet of vertical movement. 

There are numerous east-west f aults in the district showing 

comparitively slight t hrow. They were a pparently formed at the 

time the block was uplifted, and are thus in part contemporaneous 

with the movement on the Golden Reef-Horn Silver fault. In t he 

13 



~ Star district, a fault block has apparently been crowded to the 

west by the intrusion of the quartz - monzonite of that area . 

Similar a ction near the Cactus stock may be present , but has not 

been reco nized. 

Fissurine has been important in the district. The fissures 

of the San Francisco district can (lot be said to have any pre ­

dominant direction, although those in the adjoining Star district 

are essentially east - west. The fissures in the limestone and l ava 

of the San Francisco di strict are attributed to stresses caused 

by the intrusion of the quartz-monzonite. Fissures in the illonzo ­

nite itself, and in the contact altered rock, probably are due to 

cooling-shrinkage effects. 

/4-



Tectonic Relations 

S" 

The San Francisco district lies within Eardley 's Upper Cre-

taceous orogenic belt on the east side , of the Cordilleran geanti­

cline. It also 1s located within the eastern margin of the region 

of mi d -Cretaceous folding as defined by Spieker. 6 

The region had apparently been uplifted previous to the 

igneous activity, allowing the surface to undergo erosion. This 

uplift took place at some time following the Triassic. Probably in 

the late Mesozoic or early Tertiary ("Laramide" time), the region 

was subjected to tensional stresses accompani ed by the outpouring 

of extensive amounts of lava. North-south normal faults were 

formed at this time, possibly aiding an uplift somewhere to the 

west. Minor east-west breaks also occured at this time. Sligbtly 

later than, but closely related to this activity, the crust was 

invaded by large masses of plutonic igneous rocks. These were 

accompanied by further faulting and fissuring. The fissures were 

utilized as channels for the passage of aqueous and gaseous 

solutions which effected the extensive alteration of the earlier 

rocks, and the deposition of ores in favorable loci. With cooling 

and crystallization of the igneous mass, and readjustment of the 

stresses which had been set up in the rocks, further fissuring 

occured, and these openings allowed the injection of basic and 

acidic dikes as differentiation products of the magma at depth. 

Solutions exuded at this time from t ,he deeper crystallizing magma 

Y. A. J. Eardley, Bull . A.A.P.G. 33 ( 1949) pp. 655-682. 

~ E. M. Spieker, U.S.G.S., Prof. Paper 205 -D (1946) pp. 117-161. 

15 



~ escaped through the fissures and hydrothermally altered and 

mineralized parts of the already crystallized igneous mass. Nearly 

contemporaneous with, or closely following, this igneous activity 

was the general elevation of the region, and the faulting and 

tilting of the fault blocks. Subsequent erosion has reduced the 

surface to its present level. 



l:U\.TUR...'., OF THE OR.!.. DEPJS ITS 

The ore deposits of the San Francisco distr ict fall into the 

epl thArmal 6rouP of the classification of ore deposits in present 

use. The deposits check reasonably well with this cl~ssiftcation 

structurally, texturally, and mineral03ica lly. For an excellent 

paper on epither~al depo sits, the reader is rAferred to Sch.n ltt ~ 

The ore deposits are believed to be contemporaneous with each 

other, ~nd t he ir formation apparently closely followed the em-

placement of the quartz - monzonite intrusive masses. 

The differences in the character of the various deposits are 

Que prLnarily to the following: 

(1) Character of the rock in which the are occurs. 

(2) Distance from the intruslve :nass (thus affecting the 

pressure and temperature conditions.) 

(3) Time of deposition of the are in relation to the ~ineral-

ization period as a whole. 

Of these, (1) seems to be the mos t important factor. 

Ore Deposits in the Quartz Monzonite 

The ore depos its in the quartz - monzonite are characteristic -

ally copper with some gold and silver. uartz and sericite are the 

com~lon gangue minerals . 

The Cactus ore zone is an example of the deposits in the qua rtz -

monzonite . Pyrite, chalcopyrite, and hematite , a nd other sulfide s 

are the i J:1portant 'neta.lli cs. The ~an6ue is lR,r3ely seric i te, quartz, 

carbonate , tour.naline, :::mhydrite, 3YPSUill, and barite. These .Jl inerals 

7. Sch-ni t t, H., Origin of ttl.e "Epi ther,nal" tUneral Deposits. 
]conomic Geology, Vol. 45, No.3, pp. 10 1-1 99 , ~ay, 1950. 
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fill open spaces in bre ccia and replace monzonite. Open spaces and 

well formed crystals are abundant in this deposit. The mine r a l­

ization sequence, as determined by Butler ~ was as follows. First 

period ~ clOt aqueous solutions from monzonite magma depos i ted ser-

iCite, quartz, sulfides and minor amounts of iron oxide and carbon-

ate. Second period~ quartz and sulfides, plus tourmaline 9.nd 

he~Ilatite continued to be deposited. We have here an indication of 

changing physical conditions and changing composition of the 

solutions. The mineralization of the second phase showed a lessen-

ing of power of penetration, and more of a dependence upon fissures. 

It is possible that the change in composition was due to a differ-

entiation in the magma, and the physical change was due to a 

decrease in temperature and / or pressure. Third period~ siderite, 

barite, and anhydrite were precipitated , along with continuing 

pyri te an.d cl1alcopyri te. 

The Cactus ore zone is in the shape of an irregular stockwork. 

The rock has been highly brecciated, apparently by slight illove~ents, 

as no considerable faults can be traced from the ore - zone. At depth 

the breccia fragments become smaller .qnd replacement of the monzo ­

nite is more important. Butler9 states that .... "it is believed 

that .•.. slight movements were taking place in the zone during the 

process of mineralization, and that the gouges formed as a result 

of these movements have from time to time deflected the nineralizing 

solutions from certain areas. " The brecciation and fissuring may 

have been caused by the readjustment of stresses with the cooling 

of the intrusive. 

~ Ope cit., pg. 122. 
9. Op . C it., pg. 125· 
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• There are blocks of barren monzonite within the ore body, and these 

appear to be bounded by faults. Slight movement along these faults 

at the time of mineralization may account for the barreness of the 

blocks. 

Ore Deposits in the Volcanic Rocks 

There are two commercially important deposits in the lava on 

the east flank of the San Francisco Mountains. These are the Horn 

Silver and the Beaver Carbonate mines. Both are essentially replace-

ment-fissure veins, in which ore in part fills open fissures and in 

19 

part replaces the rock adjacent to the fissures. ¢} 
Io/~ -S'O 

The Horn Silver deposit is adjacent to the Horn Silver-Golden 

Reef fault. The minerals include pyrite, galena , sphalerite, some 

chal copyrite, cerar6yrite and other silver sulfantimonides and 

• sulpharsenides. The gangue is predominantly quartz, barite, and 

altered country rock. 

The throw of the main fault here is at least 1600 feet. It dips 

east 60 de6rees. Lava on the east has been thrown down a3ainst the 

Grampian limestone. There has been some east - west faulting sub­

sequent to the formation of the main fault. These are well shown in 
.0 

the workings of the Horn Silver mine . Butler hypothesizes that 

slipping occured along the bedding planes when the beds were tilt-

ed and movement was effected a long pre - existing fissures. There is 

no notable displacement along these fissures-turned-fault. There 

has been some downthrow to the south on these f aults, similar to 

the movement on the Squaw Springs fault. 

Observations in the underground workings of the Horn Silver 

• mine have cast significant light upon movements which have occur~ed. 

/O, Op . cit., pg. 167· 
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The most extens ive movement occurred during the uplift of the San 

Francisco Range, which is believed to have taken place contempo­

raneously with, or immediately following the intrusion of the 

quartz-monzoni te ... ilovement along the cross-faults seems to have 

been i mportant in producing brecciat ion in rocks at these points . 

Ore was deposited after the first faulting and subsequent movement 

has brecciated the ore and slickensided it. There are several 

faults in the limestone parallel to the Horn Silver-Golden Reef 

fault. 

The ore occurs in a highly silicifi8d zone in the lava, appar­

ently physical character is the prime factor in the localization 

of the ore here, although considerable replacement of the country 

rock has occurred. The massive, competent limestone resisted the 

stresses tendin6 to brecciate it, and thus did not favor ,the free 

·circulation of solutions. But the lavas were inherently porous 

and weak. They were rendered brittle by the silicification, a funct ­

ion of the hydrothermal alteration, and were thus easi ly brecciated . 

Little resistance was offered to the mineralizing solutions by this 

material, and a high degree of mineralization was effected. 

The Beaver Carbonate Mine is located on an east - west fault of 

unknown displacement. The alteration is not as intense as in the 

Horn Silver deposit , and breccia filling seems to predominate even 

further . Carbonate is the principal gangue here. Argentiferous 

galena is the only ore mineral of any note. 

Ore Depos its in Sedimentary Rocks 

A.) Contact deposits : 

Ore has been formed by replacement in limestone on fissures 

near the quartz-monzonite. In such deposits, the ore body is irregu­

lar, but follows the contact rather closely. Chalcopyrite is the 
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important ore mineral. Pyrite, magnetite , hematitite , garnet, and 

• diopside are also common. The Imperi8,l, Washinston, and Cupric 

mines are examples of this type of deposit. Apparently the fissur -

i nJ has resulted from the intrusion of the quartz - monzonite. 

B.) Replacement-fissure deposits : 

The r eplacement-fissure deposits have formed a long fissures. 

Where the limestone bed is maSSive, the replacement may occur rather 

uniformly in different beds, and a roughly tabular ore body is 

locally produced parallel to the fissure. Where sediments of vary-

ing physical and chemical character are interbedded, the ore deposit 

has extended out from the fissure in certain beds for conSiderable 

distances , though adjacent beds have suffered little, if any , re­

placement by the ore. Thus physical and chemical controls have 

• operated to localize the ore. ( The tabular development is best s hown 

in the Mammoth mine. Here, the deposit is in the Topache limestone. 

There has been some swelling of the ore-body in certain bedS . ) 

• 

I Selective replacement along certain beds is shown in the 

Harrington-Hickory mine and in mines underlying the Mowitza shale. ') 
,.' 

Replacement has occurred along certain beds to form"chimneys" of 

ore f .ollowing the intersection of the fissure and the replaced bed . 

The fissures obviously must have been tight when passing through 

the shale beds. No breccia was produced in the shale as it was in 

the limestone. Furthermore, the shale must have presented a barrier 

''" to the rising ore-solutions in the fissure. Chemical comDosition 

is a controlling factor in deposits where thin beds of quartzite , 

shale, and limestone are interbedded, and the", replacement has 

selectively been only in the limestone. 

Lead and silver are the chief ores in this type of depos it. 
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Varying amounts of zinc and copper are also present. Secondary 

alteration has been extensive, so that present developments have 

disclosed little priillary ore . The chief 5angue is quartz and 

calcite. The wall rocks tY9ically show silification . 
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ORE CONTROLS 

The ore deposits of the San Francisco district have been 

controlled by three major factors which may be summarized as 

follows: 

(1) Proximity to intrusive igneous masses of intermediate 

size and composition. 

' 2) Deformation of the rocks of the district, especially 

tensional stresses. 

(3) Physical and / or chemical favorability of the rocks in 

which ore has been deposited. 

'C1) A glance at the map will show that all of the mines of the 

district are closely associated either with surface exposures of 

the quartz-monzonite stocks, or are in such positions that they 

are probably underlain closely by the intrusive masses. It is 

strongly believed that the metallic constituents, and probably the 

aqueous solvents themselves, were derived directly from the 

crystallizing igneous mass at some depth, probably as end products . 

'of the differentiation cycle. The strongest piece of direct eVi­

dence for this is the fact that certain dikes, known to be genetic­

ally related to the quartz-monzonite, actually contain metallic 

constituents inter-crystallized with the other minerals of the rock. 

It is hig hly probable that the igneous contacts at depth acted 

as channels for the passage of the ore-bearing SOlutions, l the 

heterogeniety of the rock being the main factor in this case ~ 

(2) Without exception, all of the depOSits of the district show 

a marked dependence upon fissuring. It was these fissures which 

provided the main channels for the passage of the ore bearing 



~ solutions, as well as the solutions which hydrothermally altered 

the rocks so extensively. Not only was tensional deformation going 

on before the introduction of the solutions, but evidence indicates 

that rnovements were going on at the time of mineralization. The 

channels were kept open by recurrent movements, thus allowing the 

free passage of the mineralizing solutions. The brecciation of the 

rocks, discussed under the next heading, was a direct fUnction of 

the tensional deformation which affected the ~egion. 

• 

• 

(3) In all cases, the ore-bodies have been localized by certain 

physical and / or chemical characteristics of the rock in which 

they were deposited. 

Brecciation of the rock seems to be one of the ma jor controll­

ing factors in the emplacement of the ore-bodies. The spaces between 

the breccia fragments acted not only as channels for the passage of 

ore-bearing solutions, but also as loci of ore deposition. While 

brecciation and fissure filling may predominate in the upper levels 

of a deposit, the breccia fragments and their intersticies often 

diminish in size with depth and replacement becomes the dominant 

mode of deposition. It must be emphasized that brecciation depended 

upon tensional deformation and fissuring. The faults producing 

con Siderable breccia were subjected to only slight move~ents. Where 

large movement took place, or where the deformation was locally 

compressional, the production of gouge resulted. The gouge was 

extremely impermeable and inert, and actually deflected the mobile 

ore- bearin6 solutions. 

The extensive hydrothermal a lteration has in some cases con­

ditioned the rocks. For examp~e, in the Horn Silver deposit, the 



• lavas and tuffs on the east side of the main fault were silicified 

and thus rendered brittle. They were subsequently brecciated to a 

hiGh degree, and the ore is noted to be li~ited to this zone of 

silicification and bre cciation. 

Heterogeniety of the rock is extremely important in many of 

the deposits. This i s especially we ll shown in t he lime stone 

fissure-replacement deposits of the Star district. Here, several 

ore bodies have been localized alon rr fissures directly below the 

Mowitza shale. The fissures have produced b recciation in the more 

brittle , t hin-bedded limestone, but due to the incompetent nature 

of the shale, the fissures become tight when they pass through the 

latter. Thus , the shale formed an impervious "dam ll to the rising 

ore-solutions, and caused them to spread out along the favorable 

• bed beneath this barrier. Where the deposits are in rock of a 

homogeneous, massive nature, the ore is more or less restricted 

• 

to the fissure zones. 

No doubt, some of the rocks in which ore was depo sited wa s 

more favorable due to certain chemical and mineralogic differences, 

either in the original or a ltered state. It seems, however, that 

this is a local feature of the individual deposit, and not a 

regional control. The writer f eels that where open cavity filling 

was pOSSible, it was utilized by the ore-solutions, and that only 

when such openings were lacking did the process of replacement 

become important . 
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CONCLUSIONS 

• There is a strons siillilarity between the San Francisco 

d istrict and the Pioche district lying 75 ~iles to the southwest. 

Structurally, the two districts show the same type of basin and 

rane;e deformation, with the emphasis on blocl{ faulting and pract -

ically no folding. The section at ?ioche is between 17,000 and 

18, J,)O feet thick. The section in the San Francisco district is 

18,OJO feet. At Pioche, the predominance of block faulting and 

3eneral lack of folding is accounted for by the ,3eneral competency 

of the lower part of the section. A sLnilar condition exists i n 

the San Francisco district. The section here is quite competent in , 

the lower half, and so;newha t less competent in the upper half. As 

in the San Francisco district, there is a strong dependency upon 

e fissures at Pioche, both as solution channels and as loci of 

deposition. 

With respect to future exploration in the San Francisco 

district, it seeiUS probable that a fault lies along the western 

base of the mountains beneath the alluvium. If SUC rl is the case, 

it is reasonable that new undisclosed ore depo sits would lie in 

that zone in association with the fault and its related fissures. 

In addition , the area in the volcanics south of the Squaw Sprin6s 

fault appears to be in a favorable position, since it would lie on 

an extension of the Horn Silver-Golden Reef fault zone. 

As a possible 6u.ide to ore , more attention should be given the 

hydrothermal alteration of this district. If possible , an alteration 

pattern should be worked out. Sirailarly , a detailed map of the 

fissure and fault pattern might provide a sound foundation for an 

exploration campaign. 
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