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ABSTRACT

The Shasta Copper Belt is the belt of Shasta
County, California copper deposits, steetching from
iron Mountzin of, the south to the Summit and Sutro
mineg on the north. The deposits are all in one formation,
the fB=1aklala voleanics, and are all of a unique type:
bedded replacement depositse.

fhe formations in the district are all paleozoie.
Thesewere intruded by a heterogenous stock, the rocks of
which range in composition from alkali granophyre to
hornblende diorite.

INTRODUCTION
The purpose of this paper is to describe the geology
and ore deposits of the Shasta Copper Belt in the light
of recent work done in the area by the U. S. G. S,
The Shasta Copper Belt, as derined by the u. 5. G. S.
grofect mapping the belt, is that area in the Redding,

La Moine and Weavervill Quadrangles shown belowy (m red),
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This is at the southern extreme of the Klamath
Mountains. The belt does not include Bully Hill and
Afterthought mines; these are considered part of the
Eagt Shasta Copper Belt.

The author is deerly indebted to A. R. Kinkel and
J. P. Albers of the U. 8. G, 5. for peetinent information
concerning detailed mapping done in the belt. Thanks
are also due to Professor Wisser for his kind help:.

Many workers have made brief reconnsaince trips to

the belt bqt.only a few have done detailed work,

Among the earliest, and most exact, was that done by

Jdo S, Diller. (3) Diller gave the Balaklala volecanicsg
and the Copley volecanics theif respective names. He
correctly concluded from his field observations that the
Eopley is a meto-andesitie rock and that the Balakals is
a meta-rhyolite. The Balaklala may be a meta-quartz
keratophyte, but rhyolite ;s cértainly a prominent
member of the volcanic series. Gra: ton (6) concluded
that the Balaklala was not a volcanic series, but was an
intrusive laecolithie body of alaskite. Hershey(9)
agreed with Graton, and, incorder to explain the many
types of "Alaskite”, he hypothesized six stages of
intrusion. Both Graton and Hershey explained the
volecanie agglomerate present in the formation as well

as the tufis, sediments and breccias as autobrecciation

caused by intrusion. Walker and Walker (16), who now



. own the Balaklal:s and Shasta King Mines, believed the

breccia, agglomerzts and tuff to be a thrust fzaalt
breccia. The sediments they believed to be xénoliths in
the MAlaskite.” TFergeson (5) found that gold pockets
were less numerous in the Balaklala tformaiton than in the
Bragdon shale. nindah(ll) felt the roeck previously called
Alaskite should be incorporated with the dioritic stock
%o the south of the Balkala and regarded the stock as the
parent of the Balaklala, proof not withstanding that
Balaklalas was interpeded with Levonian sediments and

the above mentioned stock invaded Jurassiec rocks.

Hinks (10) thouqlt the Balaklalgﬁg%rrologically identical
to the diorite stock. Averill (1) summari®ed the mining
activities and gave shortnotes (2) on techniques em-
ployed in mining the copper ore. &sinkle, Albers and the
author found that a distinguishable diffenence does

exist in the petrology of the Balaklala and bioritic
intrusion, and that the shale and other sedimentary beds
in the Balaklala are not zenoliths, as they were seldom
seen cut by a dike (the author did not see one single
instanece of a dike cutting the sediments or tuffs).
Professor Turner, in examining a number of sections of
Balaklala, thought the original rock was rhyolits
heratophyre and quart; kerétophyre. In the field each

. was found intercedded with the other.




pRIEF GEOLOGIC SKETCH OF THE RBELT:
Formations

The oldest formation occuring in the area is the
Cépley meta-andesite. willer (23) thoi.ght the original
rock was largely éndesite. He also tfelt the tormation
was pre-Devonizn. ninds (10) showed that basalt made
up a considerabge part of the formation. The author,
in working sbuth of the copper belt, rownd that the
Copley is interbedded with unfessiliferous shales Diller
called Kennett(Devonian). <The Copley is also probably
interbedded with the Balaklala qusrtz keratophyre, Petrologic
gtudy of the Balaklala shows it to be made up ot fnyolite,

quartz-keratorphyre, keratorhyre and Ssdiments.
individual tlows of rhyolite or heratophyre do not

exceed 100 feet in thickness, and these may be separated
by tuffs, tufy.breccias, agelomerztes, shales, askoses,
or devitrified obsidian. The bslaklals is conformable
with fossiliferous Kennet shales and the contzct between
the two formations is gradational. Kennet shales
(Devonian) contain limestone lensesand one tlow of
Balsklala quartz-keratOphy:e. An erosional uncconformity
separates the Kennet from the overlying Bragdon (Miss. )
shales. The Bragdon naspfactically no economie importance
in the district as far as copper minerslization is
concerned, though impoytantﬁgold deposits are found

in i%.



Kennett

Balaklals
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ideal sloek viagram showing relations
between the Uopley, Balaklala, and sennett

during middle wvevonian.

GEOLOGIC HISTORY
The earliest decipherable picture of the paleogeography
is that of the Devonian. Broasd volesnic domes of
ahdesite and basalt covered the region. That the lav
flows did not form a broad plateau, such as the (olumbia
of today,1s clearly implied oy the great variation in
lava composition. ~rlateaur lavas are remarkably uniform
in composition but lavas composing the Copley series
varied between dacite: and baszlt in comgosﬁicn.
While the low broad domes of andesitic and basaltic

lava continued to erupt, acidic lava high in soda from
a north easterl:y line of vents poured out in grezt amounts.

These volecanpes, forming the Balaklala series, rose to

heights of avout 4,000feet. wmiddle Levonian fauna can be



STRATIGRATHIC COLUMN

COLUNN THICKNESS NANE AGE
een
2000 Bragdon Mississippian
¥50° Kennett middle bLevonian
40007 Balaklals middle wvevonian
70007 Copley widdle wvevonian
Male Mountain Stoek--Jurassic

seen

ctratigraphic column &s seen -in the copper belt.

found in some of the tuff beds between tlows. The
. volecanoes produced mueh ash with the flows.
As they continued erupting, activity from basaltic
and andesitic centers declined and fenally ceased.
Near the end of the eruption of the Balaklala, subsidence
became marked and near shore coral reefs developed on
the margins of the volcanoes. As subsidence eontinued
and the ocean covered the volcanoes, igenous activity
coninued, but in a continuously diminishing degree.
Soft shales and cherts covered the vents and the last
activity form the ¥ents coneisted of thin dikes into the
shales and flows on the then ocean bottom. An unknown
thickness oi shale, sandstone and limestone was deposited

‘ in the Kennet sea and a large part of this was stripped



off in an upwsrp of the crust before Bragdon {(Missippian)

time. £rosion during this interval did not, however,

weh gt

exgos@.tne Balaklala or Copley.

Conglomer=zte fragments

in the Bragdon were almost entirely shale and limestone

from the Kennett.

Minor fluctuations in earth movements czused

alternate deposition and erosion,

predominating,

until Jurassic time.,

with the former

Late Jurassic

orogenic movements on tne crust of the earth metamorphosed

the entire region, folding the sediments and volezanics

to gently undulating éolds. A heterogenous igneous

mass, the Mule mountain stock,

intruded the wolcanics.

This stock is pbelieved to be genetically associated with

the copper deposits.

yMule Hountain

gtock

ideal block diagram showing gentle undulating folding

and

its relation

to intrusion

/




Following the mule mountain intrusion the region

wasltilted to the east by a granodiorite iﬁtrusion.
inis last intrusive, of lete Jurassic age, was much
larger than the Muié ﬁountain-stock and 18 thought to
be the "John tne.Baptist" of the gold deposits. <The
axis of the granodiorite intrusion strikes about N45OW
while the axis of the mule mountain stoek strikes N-S.
fhe mule mountain body intruded the folded rocks before
the folding was completed and betore regional metamorphism
had reacned.its present isograde. This is clearly im-
plied by the Lianér schistosity map compiled by sinkel
and ‘Albers. This map shows that only locally has the
schistosity:of the surfounding rock been crumpled by the
intrusions rof the most.pgft the intrusion came in
parallel to the scnistggip& gs it exists today, cutting
the schistosity in detail, but appearently ﬁot crumpling
it; The intrusive, coming in parallel to the schistosity
during regionel metamorphism, would find the effects
ot crumpling in the spbhistosity planes obliterated or
meterially altered by the continuing metamorphism.

The history of the Copper Belt from the Cretaceous
on is that of most of the Sierra Nevada: long period of
erosion tollowed by regional upwarping. &srosion stripped

the cover rrom the intrusives and metamorphics and e%-

posed the ore degosits ot tne distriet. The topography



ig rugged and the stream canyons have the sharp "V"
typical of yoatnrul streams, Some of the stream canyons
ére, in fact, neérly impassible beacuse of tneir high

waterfalls and steep bounding clifrts.

Structure of the Ure beposits

"fhe ore deposits are all blanket replacement

deposits; the ore bodies parallel the rock strucvure in
every detail. 4Usually the ore bodies have the shape of

g Syncline, but the larger bodies may have the shape of

a syneline and an adjoining anticline.-

ldeal block diagram of a fsulted ore body at

iron Mountain. The ore body exactly parallels

3

and lies just 400' below a tuff bed{marker

horizon) in the obalakl:zla.




thoto crsvoh of the mhasta aing gossan showing struce
ture in the balaklsla. note caved adit for scale,

rrequently the synclinal shape or the ore body is
faulted parallel to the length of the syncline. fThese
faults may either act as fissures through which the
mineralizing solutions rose, or thay msy be parallef to
& set of riscures wnich dide. L1t is interesting to note.
that the reeding fissures usually have a higher 4n and Cu
content than.does the ore pody above; clearly implyving

that Zn aznd Cu were introduced late in the mineralization,

atter the bulk of the massive sulfide deposite had tormed.
Above sSome ore bodies and near‘otners, distinet fractures
in the country rock can be seen. These are close spaced,
peing rrom an inch té three inches apart, and are cross
cutting in their relations. They all appear to be
simultaneous and are filled with thin crusts of pyrite.

Identifiable faulte can not be seen near by and there is

practically no displacement along the {ractures. They
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Ideal plan view showing fractures in the

salaklgla near ore deposits.

are not pelieved to be due to fzult sction. uUnder the
microscope two directions of shearing can be detected, but
since the sections were not oriented in the field, it

is not poesible to correlate tne shear to field obser-
bations. In the field a third direction of shezring was

observed by kinkel to be paradler to the bedding.

ihe ores are of massive pyrite with copper and

zine occuring as chaleopyrite and an iron rich sphalerite
respectively. The two metals were introduced into the
massive pyrite bodies and intergrowths of chalpyrite-
p¥rite and sphalerite-pyrite have made concentration of
the ores a difficult problem. Some residual boulders of
silicitied lava occur in the ore, but for the most part
the ores mun up to 90% or better pyrite.

ihe ore bearing solutions have replaced & partieular-

ly taveraple fdow or tuff or volcanic formation, and the

ores aré restricted to the bed znd the feeding fissure.




The: contact8 of the ore to the overlying and underlying

3

horizon &are sharp snd well defined.

[47]

bescription of the Ure Deposits

E

The ores deposits oecur in well defined $tractares;
usually synclines. The mineralizing solutions forming
. i :
the ore deposits were limited in their sction to:bat
one or two beds in a particular seqguence o1 oéds. The

bed replaced is usually identical to those beds lying

Q

acove if and below it, chemicelly, but is of ‘greztly
corgentence than the adjoining veds. 1The replaced bed
at Iron Mountain mine is & quartz porphyry breccia.and
it is overlain by a thiek guartz porphyry flow. »At the
Balaklala mine ore replaced another brecciz of quartz

porphyry and it is overlain by a quartz porphyry flow,

which has large guertz phenocrysts. Values at the
Belaklala are a® follows: 2.7% Cu, Q.%0z Ag, 0.03 oz Au,
21.4% SiOz,_Zl.E% Fe, 3¢4% Aly0z, 4.2% Cal, 212% In

and 35.2% sulfur.

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

posite, is & gold mine. 1t is-one of the few gold mines

in the belt. The fissure strikes N 70° E and dips

steeply to the south east,



fhe Mgmmouth mine, lying between the Golinsky

eand the uncle Sem, is a bedded deposit. The ore bodies
have typical spoon or synclinal shape. 1he ore replsces

a breccia and is overlain by & massive Tlow of quartz
porphyry. Walker and Walker, owners of the Balklala,
believe this breccia is a thrust fault breceia. BEx-

cellent exposures to the north of the mine in Little

Backbone Creek, however, show conclusively the breccia
is & volecanic agglomerate with interbedded and cross-
pedded tuffs. The ore averzges 3% copper and $2 a
ton gold.

The Friday-Lowden mine is connected with the Nammouth
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
rerlaced by ore. The keystone body maj be a faulted

segment of the Balaklala ore body. Average grade of
ore is 3% Copper. .

Spread Esgle Mine is just east of the Balaklala
#iine and like all the other copper mines, is restricted
io the Balaklale formetion. 71The Spread Eagle o re
body, however, is not fazr from the base of the Balaklala,
The ore occurs replacing a quartz porphyry breccia and

is overlain by a rhyolite flow eith steong columnar



jointing. The flow is thin, only about 20 feet thick,
but forms a distinctive horizon. Above the flow is a
thick massive coarse grained quartz porphyry and below
it, partly replasced by massive sulfides, is a breccia.
The breccia here is pxrobaly a voleanic agglomerate but
hydrothermal alteration has destroyed most of the field
evidence pointing to origin near the Spread magle.

Stowell mine is located half a mile west of the
spread Eﬁgle. Exact data concerning the stowell are
lacking 2nd it is only known that the ore carries 3%
coprer and §1.50 in gold and silver per ton. The Stowell
is well up into the Balaklala and mey be & blanket depoiti
near the top of the tormation or it may be an upfaulted
segment of the Keystone ore body.

The Sutro mine, north of the Mammoth, has a tabular
ore body striking about N 70° E and dipring atout 259 SE.
Aﬁpearently only one limb of the syncline in this
particular deposit was repdaced, though another possib-
11ity remains that atfter formstion of the deposit the
gsoutheast half of the ore body was faulted away from the
northwest half. The tabular body of ore is 25 to 50 feet
thiek and 200 feet in length. Ure averages 3% copper and
$2 a ton gold and silver; The ore replaced a tuff-
breceia whieh was overlain by a massive medium grained

quartz porphyrye.



Iron Mountazin ore bodies lie at the extreme
southern end of the belt. They are the largest of the
derosites and are nearest the Mule Mountain stock. Copper
in the iron Mountain ores varies within the limits 2.5k
to 5% copper with avout $2 a ton in gold snd silver.
Several 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 deposits are
tabular and have a spoon shape. The ore replaces a
guartz porphyry breccia which is ovérain by a massive
medium grained gquartz porphyry flow.

Shesta King ore deposit, nokth of the Balaklala, is
exposed in the canyon of Squaw Creek. The ore body is
a "somewhat irregularly basin shaped” deposit, "several
hundred feét in width with the longer axis running north
south™ (1)« The ore averazges 2% copper and loz silver.
The ore replaces rhyolite and is overlein by shale and
tufz.

The Uncle Sam Mine, a gold mine with high copper
values, is a fissure depbsit (see adjoining section).
The control of the ore is a contact betwee n a diorite
porphyry dike and the Balasklala formation.

The Summit Mine, the most northerly and smallest

of the belt, is the farthest from the Mule Mountain
stock. It has been expdored with only 400 feet of drifts

and little is known concerning the grade of the ore.




The mine is high up in the Balaklala formation and is

near the Kennet contzsct.

A1l the copper minerzlization is restricted to the
tabular replacement bodies that occure in the Balaklala fo
formation. Major bodies of copper ore outside of the
Balaklala formation are unknow in the Shasta Copper

Belte.

Theories negarding mode of Ore Deposition

Any theory postulated regarding depostion in these
deposits must take into account and explain these facéi

(a) The massive sulfide deposits were almost comr

pletely formed ét the time copper and zine solutions

were introduced.

(b) The copper deposits are restricted to the

Balaklala formation.

(e¢) The mineralization appearently affects but one

bed in a particular sequence and the bed is overlain

by another bed of markedly differing compeﬁtence.

(d) The copper depoéits tend to decrease in size
from south to north, the largest being associated
with Balaklala volcanicg nearest to the Mule Mountain
stock.

(e) Intrusion of the mule Mountein stoeck during
folding.

The evidence clearly implies, and most writers



agree, that the Mule Mountain stock is genetically
associated with the ore deposits. However,from this

point on agreement ends. Graton thought the ore replaced
breccia resulting from autobrecciation of the Balaklala,
which he felt was intrusive. The finding of middle
Devonian fossils in some of the interbedded tuffs
proves conclugively the Balaklals. 48 not intrusive and the
breecia 'did not result from fracture of the solididying
magma. ninds, Wallker and others felt the breccia is a
thrust fault breccia. The presence of crossbeddad,
tuffs,arkoses and szndstones in the agglomerate constituting
the breccia disproves the origin of the breccias as being
catacdastice The breccias are actually volcanic agglomeratgs,
though some of them may be due to shearing. The fragments
in the breccias are commonly subrounded and consist of
fragments of rhyolite and/or quartz porphyry andsoccasion-
ally, copley fragments.

The mule Mbuntain stock intruded the Copley and
Balaklala while thay were being folded. The Corpley
series of basice voleanics was 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,




lavastended to give by fracture. Fracture of the
siliceous, competent, Balaklala provided the openings
nedded for the ascending ore solutions. The process in

the Balaklala is snalogous to the fracture of competent

Bingham quartzite near the Utah Copper stock, where
the fractures served acs permeable waterways for rising
mineralizing solutions.

fhe ore deposits all have one feature in common in
their replacement of favorable beds: the bed or volcaniec
strata replaced always differs greatly in competence,
but not in composition, with the overlying voleanics.
vgually the favorable bed is an indurated agglomerate,

or breccia and it is never of the same comyetence asg

the overlying rock when it serves as the replaced bed.
Because the voleanic agglomerate usually serves as the
locus of ore deposition and it is overlain, in most

cases where ore bodies oecur, by a thick, massive,

quartz porphyry flow of great competence, Kinkel be-
lieves the faveorable breccia to be one horizon.

Field evidence does not support this view. A thick
gseries ot tuftg, tuff breccias and agglomerates lies

400 feet avbove the lron siount:sin ore bodies but directly
over lies the HMamouth deies. Aghale bed direetly covers

the ore in the Shasta King but lies a considerzble



distance above the ore bodies at the Balaklala, across the

eanyon. marker beds in the Balaklala can not be traced
over great distances, and no marker ved can be found
that extends from the Summit to the iron mountain Mine.

As a speculative hypothesis it seems reasonable
to assume the mineralizing solutions rose through -
fractures during folding and intrusion until they
intersected a sequence of beds which had markedly
dittering competence. Jburing the folding the more
competent overlying bed would tend to drag and breeciate
the less competent bed lying benesth it and qreate

openings in the lower bed through whiech ore solutions

permeated, much as has been done in the mineralized
thrust in the cottonwoggﬁgistriet. The fzect that in-
trusion end mineralization were simuultaneous and with
the folding accords well with this hypothesis. Af-
firmitive evidence can be found in the shearing parallel
to the bedding and two directions of shear normal to

the bedding. Shear of this kind, filled with sulfide
minérals, could result if pessure were exerted as shown
below. The shear parallet to the bedding would result

from drag of one bed over another. <sressure folding the
beds. would be sufficient to create the cross fractures

and drag the beds.



o

vats on orientation of fractures taken
fromdrawings acquired in mMining 198, ,original
trom® Zaur sxperimentellen iektonik" H. Cloos,
Summary
Mines in the Shasta Copper Belt have three features
which they share in common:
l. Yheir synelinal, or basin, structure.
. T 2. bBeds of differing competence in the mineraliZe&"
sequence serving as favorzbel beds.
3. Fissures feeding the massive deposits ean be

seen below all ore bodies.



7o
M Swgqrloet S
Jron . {/!J"-l“

Dec35
SHASTA

°1

Summil - Sulh

G-o/;hs/e/
Au

V,
w,

-$

O\

—\0\
Q %
B
/-m‘o < gy
— -
Q AQ

NMines of  The Shasta
Copper be [,

| o/
yVCy

J

=
. 7



BIBLIQGRAZHY

‘1. AVERILL, 1922 "Gold Deposits. of the Redding Weaver-
~ville Quadrangle" Cal, Jour. mMines, 1923

Fy —ogeor 1939 "Mineral Hesources of Shasta County
"Cal. Jour. mines, v35, 1929

S UILLER, Joe 50, 1906, de 8., G 8. Geol. Altos
No. 128 Redding Folio.

4. EERGJSOK, He G, 1913. "Gold Lodes of the Weaverville
Quadrangle” U. 8, G. o. Bull. 9540 :

i mesprasrs 19458, "Pocket deposits of the Klamath
Mountains". E. G. v10

6. GRATON, L. C. 1910, Us 8. G. . Ball. 430, 1910

7, HERSHEY, O, H. 1901 "Metamorphic Formations of
Northwestern California" Am. Geol. v27

8. R 1903 "Structure of the boathern‘rortion of
the Klamath Mountains”. Am. Geol. v31l 1903

Gy o Am e "The Geology of liron mountain" M, 5. Y.
¥ill. 1910 :

10, HINDS K6 N. B, A,, 1922, "Geologic Formations of the
Redding-Weavervill bistricts"”, Calif. Jour.mines v29.

i R o L e 1932, "Paleozoic Eruptive Rocks of the
Southern kKalamth mountzins. ® U. C. rress, Bull Dept.
Gedl. V 20 1931+32

12. LOUDERBACK, G. D. "Geologic Features of the Kennett
Lam dSite”, Calif. Dept of rub. Works. Bull. 12, 1928

1%. MAC DONALD, "Gold Lodes of the Carrville District.”
Calif. bivisions of mines, Bull. 50.

14. OCGLE AND MANNING "Geology of the Blue Lakes
Quadrangle" Unpublished theses u. o,

15. TUCKER, 1924 “"Copper Resources of Calif®, 6 Calif.
Jour mines, v20.

16, ---- 1926 "Silver Lodes of the South Fork District”
Calif. Jour. iynes v22, 1926

17. #ALKER AND WALKER, "Fersonal Communication to V.
8. G, e



18. "Copper Resources of Calif," Calif, Division of
Mines. Bull. 50




eyt

REDDING QUADRANGLE

V=17
DS

IN2

SO
‘\3\(

<<

k= To2
T2
-\_
Y

-y

X
e\ ,7)\,

X3
‘(1(\

\¢
63
.
7
=

Z7

.
YA

A\

1/

PAL

2%
N
=N
<
T

RANIT

35

32

Qe

< '_‘&s #reny ehely

Yeveas~

Jurgssic

Y Pre-Nevedan

Tr1gssic

Misssssppran

Qevonuan Carboriferous | Peruen

§

Pre-madie Devormen

Recarn! alluvium chefly

B T Ty -l Rod Bty

A 0 e etoma & rewcen
] (OE)gcm Chvefly; some

q (#¢) Yaper Cref - Chreo
N 4s) lomer Crot {frzzin) Ploste
&\ (Jr) (Ipprzz.- mﬂ(’)

k22 o) Smem

(Sgod) Quartz sugrie dorvie
(.wm»m
A (8) oty anetesrre

7, (um) stocin rormation
(M MM

E777) (m) At rormetron

(7rd) Dettas answste
0777/ (Pr) nosons rormetion
(nnqu-awm
EZ7) ccs) sorer pormaton

(csr) Bragaon Rormetion
(Cbm) Bass Mountoin beselt

A (Or) Kennett formelwen

[Z77) (0m) gty mete - anetarite

B (o) Bk mrmetion

gmw

B2 o i




A | Little Backbone Mtn ( Mammorh Bulle )

acranento
Kiver
>

,‘__‘ M/n:g_[_eue/ of Shasla Lake

f
|
l

|

=
| T ] R | B me— | [
T s P e e T . =
\ , B AR A el e bl S
» S L e e
AN ==& ] - ==
hale TR Lava L ower ddle
Ouante.  opper VONCSQJC b5 Carboniferous Devonian Teta
Vveins vein “ o - shale shales and  andesite
RBalaklala limestone |
? 1 | , I, EMH@S L oleg/ Seection afler /]l/e//'/ //) M od fred 5y hew work

FaellS are not Shewn




fé
Little Backbone Mtn. <§
| 8]
N
O
3 A
A
<
B
R4
L
® 7 N
Lr\ | 4 >
EXPLANATION
~ m///\\\/// VAR Y AY2 ¥4 il g, T g NE N2 = === fvf" "y7 L
= Z = = —_ |\ = /v b - T —= = — — — =
\\ /E\\\‘/;g\\\/////' ;/l\//\\ //\\§ _\i\/:,\l\: R e g 7“‘77‘/7
N XN VAN yN= =4 >y >0 =0 /s — ., >
Quartz Copper Last Second First - Parent Lower Middle Copley
veins vein intrusion intrusion intrusion magmajCarbomferous Devonian meta-
\ —~" shale shales and andesite
Alaskite porphyry limestone
o | 2Miles
l , 1 1 J Ldea! section after Averr! (/)




