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.llBSTR CT 

The ~hasta Cop~er Belt is the belt of ~hasta 
County, Oalifornia copper deposits, st~etching from 
iron MOQntain of, the SOQth to the ~ummit and ~Qtro 
mine~ on the north . The deposits are all in one formation, 
the alaklala volcanics, and are all of a unique type: 
bedded re lacement de ~ osits . 

'.J.:he formations in the district are all aleozoie. 
Thesewere intruded by a heterogenous stock, the rocks of 
which range in composition from alkali granophyre to 
hornblende diorite . 

l NTRODJ CTION 

The purpose of this paper is to describe the geology 

and ore deposits of the ~hasta Copper Belt in the light 

of r ecent work done in the area by the U. S. G. S. 

The 5hasta Cop~er ~elt, as deIined by the u. ~. G. S. 

project mapping the belt, is that area in the Redding, 

La Moine and Weavervil1l uadrangles shown below, Un red). 

I 
I 

MODOC I 
. Altur ... I 

I 

~ .. -_.1 __ ·_·_·1 
I 

o Sus;nvil le 



This is at the southern extreme of the ~lamath 

Mountains. The belt does not include Bully tiill and 

Afterthought mines; these are considered part of the 

East ~hasta Copper ~elt. 

The author is deeply indebted to A. R. Kinkel and 

J. P. Albers of the u. S. G. ~. for peEtinent information 

concerning detailed mapping done in the belt. lhanks 

are also due to ~rofessor ~isser for his kind help . • 

Many workers have made brief reconnsaince trips to 

the belt but only a few have done detailed work. 

Among the earliest, an~ most exact, was that done by 

J. ~. Diller. (3) Diller gave the Balaklala volcanics 

and the Copley volcanics their respective names. He 

correctly concluded from . his field observations that the 

opley is a met~-andesitie rock and that the Balakala is 

a meta~rhyolite. The Balaklala may be a meta-quartz 

keratophyre, but rhyolite is certainly a prominent 

member of the volcanic series. Gra ton (6) concluded 

that the Balaklala was not a volcanic series, but was an 

intrusive laeoolithic body of alaskite. tlershey(9) 

agreed with Gratol:' . and, inc order to explain the many 

types of "Alaski te", he hypothesized six stages of 

intrusion. Both Graton and Hershey explained the 

volcanic agglomerate present in the formation as well 

as the tuffS, sediments and breccias as auto brecciation 

caused by intrus ion. Walker and ~alker (16), who now 



own the Balaklal ~ and Shasta ~ing Mines, believed the 

breocia, agglomerats and tuff to be a thrust fault 

breccia. The sediments they believed to be xe noliths in 

the ~Alaskite.ll Fergeson (5) found that gold pockets 

were less numerous in the Balaklala rormalton than in the 

~ragdon shale. Uinds (11) felt the rook previously cal~ ed 

Alaskite should be incorporated with the dioritic stock 

to the south of the Balkala and rega rded the stock as the 

parent of the ~laklala, proof not withstanding that 

~laklala wa s interbeded with vevonian sediments and 

the above mentioned stock inva de c Jurassic rocks. 

Hinbs (10) thQ~fti the BalaklalJ:~~trologically identical 

to the diorite stock. Averill (1) summari2ed the miniUg 

activities and gave short notes (2) on techniques em­

pl oyed in mining the copper ore. ~inkle, Albers and the 

a uthor found th~t a distinguisha ble diffenence does 

exist in the pe~rology of the Balaklala and Vioritic 

intrusion, and that the shale and other sedimentary beds 

in the ~laklala are not zenollths, as they were seldom 

seen cut by a dike (the author did not see one Single 

instance of a dike cutting the sediments or tuffs). 

Professor Turner, in examining a number o' sections of 

Balaklala, thought the original rock was rhyoli~ 

aeratophyre and quartg keratophyre. In the field each 

was found interoedded with the other. 



nRIEF GEOLOGIC SKETCH OF THE BELT 

Formations 

The oldest formation occuring in the area is the 

Co~ley meta-andesite. ~111er (3) tho lght the original 

rock as largely andesite. He also ~elt the rormation 

was pre-Devonian. Hinds (10) showed that basalt made 

up a considerabie part of the formation. The author, 

in working south of the copper belt, ro.nd that the 

Copley is interbedded With lmtassiliferous Shales Diller 

ca lIed Kennett (Devonian). 'the vOf ley is also pro ba bly 

interbedded with tne Balaklala quartz keratophyre, etrologic 

study of the Halaklala shows it to be ma de up or rp.yoli te, .. 

quartz-keratorphyre, keratophyre and sediments~ 

~ndividual rlows of rhyolite or ~eratophyre do not 

exceed 100 feet in thickness, and these may be separated 

by tuffs. tu:t'r . breccias, agglomerates, sha les, aEkoses, 

or devitrif'ied obsidian. The balaklala is conformable 

with fossiliferous ~ennet Shales and the contact between 

the two formations is gradational . Kennet shales 

(Devonian} contain limestone lensesand one rlow of 

Balaklala quartz-keratophyre. An erosional unc . onformity 

separates the ~ennet from the overlying Bragdon (Miss.) 

shales. The Bragdon haspractically no economic importance 

in the district as far as copper mineralization is 

concerned, though im~o:tant gold deposits are found 

in it. 



~Kennett 

I .. -,?.~.~ .. l Balakla1a 

~ liopley 

ldeal nlock .uiagr-am showing relations 

between the lJopley, balaklala., and l\.ennett 

dQring Middle .u~vonian. 

lTEOLOGIC HISTORY 

The earliest deci~herable pictQre of the paleogeogra ' hy 

LS that of the Devonian. broad vo~c8nic domes of 

ahdesite and basalt covered the region. That tne lava 

flows did not form a broad plate~Q , SQch as the uol~mbia 

of toda~is clearly i~~lied oy tne great variatiJn in 

lava composition. rlate~Q lavas are remarkably Qniform 

in com_osition bQt lava s composing the COj;:.ley series 

varied between dacite and ba~alt in comf,ostion . 

While the low broad domes of andesitic and basaliiic 

lava continQea to erQpt, acidic lava high in soda from 

a north easterl y line of vents ~oQred OQt in great amoQnts. 

These volcanoes, formlng the ~laklala series, rose to 

heiohts of aOOQt 4,OOOfeet. middle Vevonian fauna can be 
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4000~ .oa l a kla 1a l~i d l _e .lJevon i an 

7000 ' Copley ~,i ddl e JJevonian 

~Ql e MOQntai n ~tock-- J Qras8 ic 

utra tigraphi c colQmn as seen ·in the c opp er belt. ' 

f OQnd in some of the tQff beds between rlows . The 

volcanoe s rodQced mQch a sh ~ith the f lows . 

As' they ~ontinued er~ptlng , activity from basa ltic 

and ande sitic cent~rs declined and f ~ nal ly cea s ed . 

~ear the end o£ the erQption of the Bala klala, subsidence 

became ma rked and nea r shore coral reefs developed on 

the mar gins of the volc anoes. AS sQosidence oontinQed 

and the ocean covere d t he volcanoes, i genoQs activity 

coninue d, OQt in a contin OQsly di minishing degree . 

~oft shales and cnerts covered the vents and t he last 

activi ty form the ~ents con isted 01' t hin dikes into the 

shales and f lows on the then ocean bottom. An unknown 

thicknes s 01 shale, sandstone and lnne s tone was de posited 

in the Kennet sea and a l a r ge part of t his ~ a 3 stri pp ed 



off in an upwo rp of the · crust before Bragdon ~ M.issipf ian) 

time. ~rosion during this interval did not, however, 
. l'f\ ~t" a+ 

expose.the balaklala or ~opley. Conglomer&te fragments 

in the Hragdon were almost entirely shale and limestone 

from the Kennett. 

Minor fluctuations in earth movements caused 

alternate defositi on and erosion, with the former 

predominating, until Jurassic time. Late Jurassic ~ 

orogenic movements on the crust of the earth metamorpho~ed 

the entire region, folding the sediments and volcanics 

to gently undulatin~ olds. A heterogenous igneous 

mass, the Mule Mountain stock, intruded the olcanics. 

This stock is believed to be genetically associated wi th 

the cop per de~ osits. 

El Kennet t . 

~ .t;alaklala 

Co ley 

I.ule rLollntain 
stOC A: 

Ideal block diagra m shoving gent l e QndQlating folding 

an d its relation to i ntrusion 



Following the Bule Mountain i~trusion the region 

waa tilted to the ea 3t by a granodiorite intrusion. 

ihis last int,rusive ... ~f .Late urassic age, was m..1ch 

larger than the Mule Mountain stock and is thought to 

be the Il John tne Ba:ptist' of the gold deposits. °rhe 

axis of the granodiorite intrusion s~rikes about N450w 

while the axis of tne Mule Mountain stock strikes ~-5. 

'the Mule ountain bOdy intrud.ed the folded rocks before 

the folding was com~ leted and beiore regional metamorphism 

had reached its present Isograde. this is clearly im-

plied by the ~lanar schistos~ty map compiled by ~inkel 

and ·Albers . This map ~hows that only locally has the 

schistosi ty of the sllrrounding r~.~k been crumpled by the 

60r the most .part the intrusion came in 
":'., . 

parallel to the SChistds~~y as it exi sts today~ cutting 

the SChistosity in detail, but apgearently not crumpling 

it. The intrusive, doming in parallel to the schistosity 

during regional metamorphism, would find the effects 

ot' crumpling in the sllhistosi ty planes obliterated or 

materially altered by the continuing metamorphism. 

The history of the vopper belt from the vretaceoue 

on is that of most of the ~ierra ~evada: long perio ~ of 

erosion rollowed by regional u~warping. ~rosion stripped 

tne cover rrom the intrusives and metamorlbics and er(.-

posed the ore defosits oT the district. The topography 
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is rugged and the "stream canyons have the sharp nv" 

typical of yo~thful streams. ~ome of the stream canyons 

are, in fact, n,early impassible beacuse of their high 
'~-., : 

v.'a 'terfalls and steep bounding cliffS. 

~tructure of the Ure ~e~osits 

'rhe ore depo .3its are all blanket replacement 

deposits; the are bodies parallel the rock struc~~re in 

every detail. - "usually the ore bodies have the shape of 

& syncline, but the larger bodies may have the shape of 

a syncline and an adjoining anticline. " 

ldeal block ~iagram of a faulted are body at 

lron ountain. The ore body exactly parallels 

and lies just 400 1 oelow a tuff bed~marker 

horizon) in the nalakl : la • 
" , 
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~hoto gr ayh o~ the ~ha8ta ~ing gossan s nowing strQC~ 
t Qre in the nalakla l a . ~ ote caved a dit ~or scale, 

l1reqQently tne synclinal shap e ot- tne are body is 

faQLted parallel to the leng-th of the syncline. 'rhese 

faQlts may either act a ~ fissQres throQgh ~hich the 

mineralizing sol~tions ro se, or thay may be paralle to 

a set of ris ~~I es wflich did. 1 t is intere oting to .note. : 

tnat the reeding fissQres usually have a high&r ~n and 'Q 

c ontent than ~ does the ore oody above; clea rly i m1 1ying 

that Zn and ~u were intro dQced late in the mineralization, 

atter the bQlk of the massive sQlfi de deposite had Iormed. 

Above some are bodies and nea r others, distinct fractQres 

in tne cOQntry rock can be seen. These a re close s~aced, 

being rrom an inch to three inches afart, and are cross 

cQtting in their relations. They all ap pear to be 

simQltaneoQS and are filled with thin crQsts of pyrite. 

Identifiable f a Qlts can not be seen nea r by and there is 

practically no displacement along the ~ ra ctures. They 
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1: racture 
11anes 

ucal.e 
'~I~' 

.i:'lan view 

~ X'j~ \ .LineS parallel to \ :x;X.X t'ractu.re 1-1anes 
;; )Xy / I i 'l )\ 
/ I 

Ideal plan view showing fractures in the 

nalaklala near ore de osi~S . 

are not oelieved to be due to f c Ult bction. Under the 

microscope two directions of shearing can be detected. but 

since the sec t ions ~ere not oriented in the field, it 

is not .;ossible to correlate tne shea r to field obser-

bations . ~n the fiel d a third direction of she ~ring was 

observed by ~inkel to be 1aratler to the bedding. 

~he ores are of massive yyrite with copper and 

zinc occuring as chalcopyrite and an iron rich s~halerite 

res ectively. The two me~als were in~roduced into the 

massive pyrite bodies and intergrowths of chalpyrite-

pyrite and s~halerite-~yrite have made concentration of 

the ores a dif1ic~lt 1roblem. 'orne residual bOJlders of 

si iCilied lava occur in the ore, but for the most part 

the ores nun u~ to 90~ or better ~yrite . 

~he are oe~ring sol~tions h&ve re~laced a partic~lar-

ly raveraole fmc~ or tut't' or volcanic for ~tlon , and the 

ores are restricted to the ed Lnd the feed ing fisdllre • 
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The: contacts of the ore to the overl in~ and.~naerlying 
. ~. . . 

norizon are sharr and ell uefined . 

Descri tion of the vre De~osits 

··tt 
he ores derosits occar in well d~fined strQptures , 

usually synclines . The mineralizing sblutions forming 
. l ~ . : 

the ore deposits Were limited in their Gction to but 

one or t,o beds in a artic~lbr seq~ence 0 1 beds . he 

bed re lbced is usually i dentical to those be ds ling 

a ove it 2nd elow it, chemically, but is ·6f grebtly 

CO~1 entence than the adjoining beds . ~he re~laced bed 

at lron Mountain mine is a qu~rtz por hyry breccia and 

1 t 1s overlain by a thick q,u.artz porphyry flow .' .At the 

~alaklala mi ne ore re~laced another breccia of quartz 

por hyry and it is overlain by a q,uartz porphyry flow . 

which hAS large qwsrtz henocrysts. values at the 

.Jj8laklala are as follows: 2.770 Cu, 0.90z Ag, 0.03 oz Au, 

21.4~ bi02• 31 .5~ Fe, ~ .4~ A1 203 • 4.3~ CaO, 212~ Zn 

and 35.2~ sQlfur. 

The Golinsky mine, a f1ssQre and not a bedded de-

~osite, is a gold mine . It is one of the few gold mines 

in the belt. The fissure strikes ~ 700 E and dips 

steeply to the south east. 
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The Mammouth mine, lying oetween the Golinsky 

and the uncle Sam, is a bedded deposit. The ore bodies 

have ty~ical s100n or synclinal shape. ~he ore replaces 

a breccia and is overlain by a massive flow of Quartz 

por hyry. alker and alker, owners of the Balklala, 

believe this breccia ia a' thrust fault breccia. Ei­

cellent exposures to the north of the mine in Little 

Backbone Greek, howevEr, show conclusively the breccia 

is a volcanic agglo.erate with interbedded and cross­

oedded tuffs. The ore averages 3% copper and '2 a 

ton gold. 

The ~'riday-Lowden mine is connected -wi th the lBtnIrlollth 

underground and the ore body replaced the same horizon 

the ore replaced at the Mammouth. 

Keystone Mine is another mine whose ore body is 

tabular. The ore horizon is a breccia that has been 

reI-laced by ore. The keystone body may be a faulted 

segment 01' the Ba laklala ore body. Average grade of 

ore is 3~Copper. 

~pread Eagle ~ine is just east of the Balaklala 

Mine and like all the other copper mines, is restricted 

to the Balakla 18 forma ti on. 'l:he ~prea d ~agle 0 re 

body, however, is not far from the bsse of the Balaklala. 

The ore occurs re~lacing a quartz porphyry breccia and 

is overlain by a rhyolite- flow eith st~ong columnar 
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jointing. The flow is thin, only about 20 feet thick, 

but forms a distinctive horizon. Above the flow is a 

thick massive coarse grained qQartz porphyry and below 

it, partly re1laced by massive sulfides, is a breccia. 

The breccia here is probaly a volcanic agglomerate but 

hydrothermal alteration has destroyed most of the field 

evidence pointing to origin near the ~pread ~agle. 

towell Mine is located half a mile west of the 

~pread E~gle. Exact data concerning the stowell are 

lacking and it is only known that the ore carries 3% 

cop er and tl.50 in gold and silver per ton. The atowell 

is well ~p into the Balaklala and may be a blanket depoitt 

near the top of the formation or it may be an upfaulted 

segment of the ~eystone ore body. 

The ~utro Mine. north of the Mammoth, has a tabular 

ore body striking about ~ 70° E and dipping a bOQt 25° ~E. 

Appearently only one limb of the syncline in this 

partiCQlar deposit waS rep~aced, thDugh another possib-

ili ty remains that aIter forma ti on of the deposi t the 

sOQtheast half of the ore body was faulted away from the 

northwest half. The tabular body of ore is 25 to 50 feet 

thick and 200 feet in length. ure averages 3~ copper and 

~2 a ton gold and silver. The ore replaced a tQff-

breccia which was overlain by a massive medium grained 

quartz porphyry_ 
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iron ountain ore bodies lie at the extreme 

southern end of the belt. They are the largest of the 

de : osits and are nearest the Mule Mountain stock. Copper 

in the iron ountain ores varies within the limits 2.5~ 

to 6~ cop er with avout 2 a ton in gold and silver. 

~everal ore bodies are know; one has the dimension 1400 feet 

by 400 feet by 100 feet while another is 800 feet long, 

400 feet wide and 200 feet deep. All de posits are 

tabular and have a soon shape. The ore replaces a 

quartz porphyry breccia which is overain by a massive 

medium grained quartz por~hyry flow. 

~hasta ~ing ore deposit, no~th of the Balaklala, is 

eXfosed in the canyon of bquaw Creek. The ore body is 

a 'somewhat irregularly basin shaped' deposit, "several 

hundred feet in width with the longer axis running north 

south" (1). The ore averages 2~ copper and loz silver. 

The ore replaces rhyolite and is overlain by shale and 

tuf1'. 

'rhe uncle :;)am Mine, a gold mine wi th high copper 

values, is a fissure de~~sit see adjoining section). 

The control of the ore is a contact betwee n a diorite 

porphyry dike and the Balaklala formation. 

The ~ummit Mine, the most northerly and smallest 

of the belt, 1s the farthest from the Mule Mountain 

stock. It has been ex~~ored ~ith only 400 feet of drifts 

and little is known concerning the grade of the ore. 

• L. 
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The mine is high up in the ~alaklala formation and is 

near the ~ennet contact. 

All the copper mineralization is ' restricted to the 

tabular repl acement bodies that occure in the Balaklala fo 

formation. Major bodies of cop~er ore outside of the 

Balaklala formation are unknow in the Shasta Copper 

Belt. 

Theories Aegarding Mode of Ore Deposition 

Any theory postulated rega rding depostion in these 
9 

4eposits must take into account and explain these fact: 

(a) The massive sulfide deposits were almost com­

pletely formed at the time copper and zinc solutions 

were introduced. 

(b) The cOPi er deposits are restricted to the 

Balaklala formation. 

(c) The mineralization appearently affects but one 

bed in a particular sequence and the bed is overlain 

by another bed of markedly differing compe!tence. 

(d) The copper deposits tend to decrease in size 

from south to north, the largest being associated 

with Balaklala volcanic nearest to the Mule Mountain 

~tock. 

(e) Intrusion of _tne Mule Mount~ in stock during 

~olding. 

The evidence clearly implies, and most writers 
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agree, that the Mule Mountain stook is genetically 

assooiated with the ore deposits. tlowever . from this 

point on agreement ends. Graton thought the ore replaoed 

breccia resulting from autobrecciation of the Balaklala, 

which he felt wa s intrusive. The finding 'of Middle 

Devonian fossils in some of the interbedded tuffs 

proves conclusively the Balaklala ~ ~s not intrusive and the 

breccia did not result from fracture of the solididying 

magma. ninde, Wal~r and others felt the breooia is a 

thrust fault breocia. The presence of crossbeddtd, 

t uffs)arkoses and sandstones in the agglomerate constituting 

the breocia disproves the origin of the breocias as being 

cataolastic. The breocias are actually voloanic agglomerates 

though some of them may be due to shearing, The fragments 

in the breccias are commonly subrounded and consist of 

fragments of rhyoli te and/or quartz porphyry and .. occasion­

ally, copley fragments. 

The Mule Mountain stock intruded the Copley and 

Balaklala while thay were being folded. The Copley 

series of basio volcanics .as relatively incompetent 

and ore depOSits formed in the Copley are small. IN 

stress the Copley tended to give by plastiC flow, 

while the Balaklala, a series of siliceous compent lavas, 

, 
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lavastended to give by fracture. Fracture of the 

siliceous, competent, ~alaklala provided the openings 

ne ded for the ascending ore solutions. The process in 

the Balaklala is analogous to the fracture of competent 

Bingham quartzite near the utah Copper stock, ~here 

the fractures served a s permeable waterways for rising 

mineralizing solutions. 

fhe ore deposits all have one feature in common in 

their replacement of favorable beds: the bed or volcanic 

strata rep~aced always differs greatly in competence, 

but not in composition, with the overlying volcanics. ~ . ~ ~ 

usually the favorable bed is an indurated agglomera te, 

or breccia and it is never of the same com; etence as 

the overlying rock when it serve s as the re91aced bed. 

~ecaus e the volcanic agglomera te usually serves as the 

locus of ore deposition and it i s overlain, in most 

c ases where ore bodies occur, by a t hick, massive, 

quartz por hyry ~low of great com1etence, Kinkel be-

lieves t he favcrable breccia to be one horizon. 

Field evidence does not support t hiS view. A t hick 

series o~ tuf~~, tuff breccias and agglomera tes lies 

400 feet above the Iron Mountbin ore bodies but directly 

over lie s the Mamouth bodies. Ashale bed directly covers 

the ore in the ~hasta ~ing but lies a considerable 
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distance above the ore bodies at the Balaklala, across the 

canyon. ~rker beds in the balaklala can not be traced 

over great distances, and no marker ed can be found 

that extends from the ~ummit to the ~ron mountain Mine. 

As a speculative hypothesis it seems reasonable 

to assume the mineralizing solQtions rose through ' 

fractures during folding and intruaion until they 

intersected a sequence of beds which had markedly 

di:r:rering comJ,etence. .uurlng the folding the more 

competent overlying bed wo~ld tend to drag and brecciate 

the les s oompetent bed lying beneath it and create 

openings in the lower bed through wln.ich ore solutions 

permeated, mQch as has been done in the mineralized 
t: ~ 

thrust in the (;ottonwood"district. 'the fact that in-

trusion and mineralization ~re simuultaneous and with 

the folding accords well with this hy~othesis. Af-

firmitive evidence can be found in the shearing parallel 

to the bedding and two d~rections of shear normal to 

the bedding. ~hear of this kind, filled with sulfide 
-

minerals, could result if ifessure were exerted as shown 

below. The shear ~arallel to the bedding WOQld resQlt 

from drag of one bed over another. ~reSSQre folding the 

beds . would be suf:rieient to create the cross fractQres 

and drag the beds • 
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I .r ra c t ·..lre "'\ 

reSSllre lres ur' e 

~ata on orientation of fract res ta ken 

fromdrawi ng a acquired in Mining 198"origina l 

1ro,r/' ~llr .c.x erimentel l en lektonik ll H. liloos, 

:::iummary 

ines in the tihasta Copper Helt have three featllres 

which they share in common: 

1. ~heir synclinal, or basin, structure. 

2. beds of differing competence in the mineralized ·· 

sequence serving as favorabel beds. 

3. lfissures feeding the ma ssive deI-0si ts can be 

seen below all are. bodies • 
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