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GI~OGY or TBi COPPER IO!lb MlW :A.Ul, ~R4miE Dlf1DI.~~ 

J..AJUMEi CJOifti ~ COLORADO 

The ·Copper King JB.'il.ne, in: Larb•r Couttty, Ocloo J in the nartbern part · , 
' . 

• . . I· 

of the Fron~ Ranc~.of Colorado, wa1 operat~d for a short tt.e 'ricr 'c 

l'crld War II fer copper and ~ilnl@~. but ~~~-a.--1949, wlhen pit(@hbl~t1d~ vas 
. . . ._; . . 

4iac.o't'ar~d. on the min~ d'WJJP, it ha~ be~n workt~d fer uruiat() 

The bedrock in tlble tnine area ccnsiew pred.omnan.tl;r ot pr~Cambri.a.nt 
' ' 

(Sll'hr'·Plu~n granite with miner m:!l.gm.ti'N and utllt&e~diMnta-==bic~ite-. ~ ~ ...... _ 

. ' 

II . 

~q~Phibole ,skarnj and biotite skols o ThiJ m.eta~edimtlnll.t~ oc@u.r as inclu-

sions that trend north~a8t in.the·graniteo This trend i~ essenti~ 

parallel tc the prevailing foliation in th~ granitell At plac6&J the Mta= 

s~~imenta ~re cros&ie"Jut sharply b7 :the granite to ro:nu angmlar, partlJ' 

discordant, st*ep-walied bodies in the gr®.n.it~o Fa~t~; confined to a 
narrow zone that exten~" th:r©)u.gh th~ min~, (OUt both the pre-Cambrian rocks 

~. th~ contained s~tid~ d~posit~tl The C~per King .fault, a breccia zone, 

contains a deposit of pitchblendeJ the other.fa~t~ are baliaved to be 

later than the ore o 

Tb~ two t~$~ of mia~ral d~~sits==m&~ii~ sUlfid~ and pitchblsnde 

depo~itatiein th~ mine area, are ot wid~ly ditf~rent ~~ralcgr, age, and 

.origin. The ma~aive eultid<i d~osi~ are smill and coDili~t of p)'r~t~, 

sphalerite, chalccp;rrite, p~h@tit~, and in place~ m.agnetitt~ in &tJpbibol(l 

akarn. mica 1te'l~, and -~t~iteo TheJ depo~it at the Coppe~nr. King ldne has 

·J'ielded small quantiti'~ @f high-grad(6 sphal<*rit~ -ort~Gl T~e assive sulfid·u 

·.' 
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are pyrometasomatic deposits of pre-Cambrian age. 

The pitchblende at the Copper King mine 1s.pr1nc~all:r in the Copper 

:king vein, a tight,· hard brecc.ia zone that cuts thro~h both granite and 

the massive sulfide deposit. A:,;.mu.ll part of the pitchblende is ~ small 

.fractures near the vein and in boxwork pyrite adjacent to the veinJ the 

pGst-ore f'aults9 close tc thei'r in.tersectio:n with the Copper King vein, 

contail'l some radioactive material, but elsewhere,· so tar as is known,. they 

are barreno The pitchblende in the deposit forms a steeply plunging ore 

shoot that has a horizontal length of more than 50 feet and a vertical 

height of about 85 feet$ The thickness of the ore shoot averages ~.about 2 

feet~ but it ranges from a feather edge to about 4 feet. The hard pitch­

blende is intimately intergrown with siderite J other gangue millerals in­

clude pyrites quartz, and finely comminuted fragments of the wall . roc~ .• 

The vein was :repeatedly reopened during mineral. deposition as shown by 

several stages of brecciation and recementation by the vein matter. The 

pitchblende deposit prObably formed at intermediate temperatures and depths 

and, according to the . _Pb/U ratio, is about 6o million years old--an early 

Tertiaey age. 
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JNTRODUCTION 

Purpose ·and scope of the report 
r., ·. 
·, 

.. ' 

A black uranim.n mineral was discovered on the dump at the abandoned 

Copper King mine in .1949 by Ao H. Brown and H. Go Ismert9 and soon after­

wards, the llline was dewaterecl and investigated by the V. So Geological 

Svvey· (Granger and King9 19$1). Phair identified the black uranium ore 

as pitchblende early in 1950. The source ot the pitchblende was fo\Ulld tQ 

be a vein that had been worked on the 70-.toot level during earlier pdnjng 

operationso This vein was explored in 1950 and early 19$1 by Cherokee 

Mines, and some pitchblende-bearing. rock was minede This work indicated 

that the deposit was- of possible commercial interest, and accordingly a 

detailed stud7 was 'Wldertaken b;r the Survey 9 on· behalf of the Division of 

Raw MateriUs of the Atomic Energy Commission9 in order to learn the 

character and extent ot t'h.e deposito 

During September 19.$19 the present writers, assisted by J, Wo Ad.mas9 

mapped the geology of the mine worldngs and the surfaceo The mine was 

mapped on a scale of 5 feet equals l inch» using a base map made by a 

transit, tape9 and bl"Wlton survey-J the sv:tace was mapped on a scale of 

40 f'eet equals 1 inch by plane table an.d telescopic alidade. Subsequently9 

as m:hling progressed9 the new development work was mapped by Sims~ During 

the course of the mining9 the Atomic Energy Commission sampled. the pitch­

blende deposit to determine the grade o In September 9 the Commission started 

a di&molld oore d:rilling project at the Copper King mine that was co:mpleted 

This report, p~ared principally to aid in the interpretation of the 

core dlr:Uling;, presents the principal results. ot the field and preliminary 

laboratory work 'by the Uo So Geological Su.rvqJ it dotes not contain infor­

mation obtained from the core drillingo A more CGlilpNhensive r~orl ~t 



8 

also will include the results of the laboratory studies of Phair is in 

preparation. 

Geography 

The Copper King mine is on th~ Black Hawk No. 1 claim in seco 8j 

T. 10 N.~ R. 72 w.~ 6th principal meridian, Larimer County, Colo., in the 

northern part of the Colorado Front Range {fig. 1). From Fort Collins it 

can be reached by following the road log belo~: 

Road log from Fort Collins to Copper King mine 

Miles 

From Fort Collins proceed north along U. s. Highway 284 for 
a distance of 2J. 3 

Turn left (west) on ,gravel road and proceed to road fork 12.4 

At road fork take sharp left turn on road to Red Feather Lakes 

Proceed along this road to Copper King mine 

The mine is near the southwestern edge of Prairie Divide, a broad 

gently rolling mountain nat, at an altitude of about 8,000 feet. This 

flat is the result of a widespread pre-Wisconsin glaciation that has been 

named t~~ Prairie Divide stage (Ray, 1940, p. 1856). The plain is mantled 

by weathered gravel that rests on deeply weathered till.. At places, lmobs 

and hills composed predomina.nt.ly of granite protrude above the plain., 

[!.clmpwledgments 

The writers are indebted to Cherokee Miness and particularly to 

T. H. Sackett, for full cooperation during the survey and for permission to 

use the production data$ and to several members of the u. s. Geological 
.. 

Survey for assistance during the investigation.::, rlc. · .. · -~·:.·i;j; '•"'f<";'i>"~~~-~·1;'.'"',;;~. ;~~"-f.',''"'~ , 

~··During the course of the study many of the economic pro-

blems were discussed with geologists and engineers of the Denver Exploration 

Branch of ~e Atomic Energy Commission., 
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IIST~ORI AND PRODUCTION 

The Copper King mine tmd. several n~arby shafts (plo l) were ()pensd 
l 

during World War I in the search for copper and zinc ore. No. ore is known 

to have been shipped, however, until 1920, when a carload of zinc ore va~ 

·mined {)n the 70..f'oot level froa a deposit of massive sulfid~so This car­

load failed to pay the cost ot milling, and the mine and prospect shafts 

were abandoned., In 19361 ·Richard Kyle of Idaho Springs, Colo,, operated 

the Copper King mine brii$ll7 ·_,or zinc, but so far as known, no ore was 

shipped. 

In the summer of .1949., Ao Jl.o. Brown and Ho Go Is:mert examinsd the reck 

~ump at the Copper King m.i.lne -.rAd t~und it to be highly radioactiw" They 

filod claim on the mine on. ·J'&lil7 lk, 1949, naming it the Black Hawk No. 1 

claim (figo 2)" Shortly aftert~erds the mine workings--the shaft and th~ 
.. 

70~f'oot level--were uriwater-.i 1'>7 th* U. So Geological Survey-, and in 19$0 

and 1951 the operators extracted. a*veral tons or massive sulfide ore and 

some pitchblende-bearing rock fr~ the 7D-foot level and a 10-foot S'Ul!Bp, 

~ocat.d at the· position of the pre•eflt main shatte Fifty-five tons of harAd­

scrted ~inc ore that contained l8o2 p~rcsnt ·zinc was shipped to Salt Lake 

Q~t7 in l9$lo The pitchblende=beariDg rock recovered during the mining was 

stoakpiled and in December 1951~ 10,690 pQunds that contained Oa7l percent 

1)08 was shippedo 

In 1951, Cherokee Mines» the mine operator, was granted a Defense 

Minerals Exploration Adirdn.istraticn loan to sink a new, two .... compartmsnt shaft 

on the pitchblende deposit~~ This ·shaft, located So· teet. east ~f the old 

(West)· sbt.tt, at the position of the sU~~p, was made by raising to the surface 
;1 

from the ?Oo.toot level, and ainking b•low that level (figo .3)1) During sinking, 
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AFTER H. C. GRANGER AND R. U. KING 
1951 

FIGURE 2.-CLAIM MAP OF THE COPPER KING MINE AREA, LARIMER COUNTY,COLORADO. 
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I. 

stations vere c•t -at the UO...,foct and 160-fooii ;lenlso The shaft was com-. 

pleted to a depth of 169 teet in M$7 1952. In the summer ot 19$2, an inclined 

raise vas drivea from the 16oCSI!foot level to the bottom .of the p_itchblend~ 

o~e shoot, ~nd a sub•leftl was driven, east of the main shaft, alclllg the 

approximate bottom of the ore sboote The pitchblende ora that was extracted 
., ' 

from the shaft, during #linking, and from the sublevel, waa stockpUed unt:U 

S~tember, when 44 tone that averaged 0"48 percent u3oa are. ahippedo 

The mine workings in N owember 19$2 consist principally of two vertical 

~haft&j three levels approximately So feet vertically apart with an aggregate 

ot 180 feet of drift&J a sUblevel, 53 feet long that is lS feet vertically 

above the lowest lever.; $nd a raise from the sublevel that connects with the 

110-tcot level (figo 3)o The principal manwa7 and hoiating shaft is the 

main (East) shaft, a vertical two ... compartment cribbed shaft, 169 feet deep~ 
I 

T~e West shaft. is a vertical single compartment cribbed stiatt, 64 feet d~ep, 

~t bottoms on the 70-foo~ leveltt The. 70-foot ·(first) level is a drift 

118 teet long that connects with both shaftso Deyelopment work 18 in ·pro­

gress on the 110-foot (second) level and the drift extends 20 feet east 

·from the station at the main shaft. The 160-foot (third.) level has been 

;l..i ttle CevelopedtJ An inclined raise, located 15 feet east of the main 

shaft~ that contains a manny and an o:re pass, connects· Ti.l:ef"utf-sublevel, 
'I' 

15 feet Terticall;r above the 160-.f'oot level. The suble~ com.uts of a 

drift S2 feet long and a short crosscutJ -it connects with the main shaft. 

In}addition to the CQpp~:r King mine:, there are 8 shallow shafts and 
,. 

prospe.ct pits on the Black Hawk olaimJ these are designated·}?:r l'Wlmber~ on. 

plate 14 
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FIGURE 3.-LONGITUOINAL PROJECTION OF MINE WORKINGS, COPPER KING 
MINE,SHOWING APPROXIMATE OUTLINE OF PITCHBLENDE ORE SHOOT. 
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ROCK UNI'l'S 

The rocks exposed in the mine area are pre-Cambrian fft age and consist 

largely of granite with sqme migmatit• and metasedimentso 

Metasediments 

The metasediments-=biotite--quartz~plagioclase gneiss, biotite sohi~t, 

quartzite, uphibolite, amphibole skarn, and biotite akAla-... cou~;tu.t!._fO pelr'­

~ent ()r less of the exposed rocks in the mapped area (pl. 1)" They are the 

oldest rocks in the rsgion and they occur as angular inclusions within the 

granite" Because of the sparse exposures, the oomple~ structure17 and the 

preponderance of the granite, the age sequence of the metasedimentar.y units 

is· not lmowno 

The amphibole skarn and related biotite skols and quartzite are the 

ho~t rocks for the mas$ive sulfide deposits ~hat have been mined in the 

Copper King mine and in prospect 3 o 

Rosiw&l analyse~ or representative typical facies of the metasediments 

are given in table 1., 

Biotite=quarts-plagioclase gneiss 

Biotitt-quljatz~pl.:tioclase gneiss is eitp~aed.'·sporadioall7 througni'~tli~c 

louthern hair.;; of. the mapped area (pl Q 1)' but because the rock weathers to 

:flat, low surfaces the shape and extent o:r the individual bodies ·are poorly 

known" The largest exposure of biotite~quartz-plagioclase gneiss, 40 feet 

tbiok, is lSO :teet southeast of the main shaft, and just west c£ prospect 4o 

Thia mass is separated frOlm. another body to the west by biotite craniteo 

To the southeast, near shafts 1 and 2 and prospect 3, small iaolat•« expo-
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presence of a northeast-trending body·of gneiss that at places is injected 

by granite. To the west of the Copper King shaft, 50 feet sou.th of shaft ·a 

(pl~~ 1), a small. exposure p:robabl7 represents part of a larger body, whioh 

prior to the eaplaoement of the granite, connected with the gnSiss now 

represented b7 migmatite:, 130 feet west of the west shaft of the Coppar Kbg 

mine~~ 

The biotite-quartz-plagioclase gneiss is a dark gray tine-grained, 

toliated rock that consists essentially of biotite, quartz, and plagioclase 

(table 1), Biotite, which constitutes 15 to 20 percent of the rock is 
/. ·, 

strongl7 pleochroic and ranges from straw ~allow to brownish greeno Th~ 

·plagioclase (An2$) is poorly- twinned and somewhat altered to serl.citeo 

Muscovite is an.alteration product of biotiteJ magnetite, apatite, and zircon 

are spars, accessorr mineralso 

The gneiss has a conspicuous foliation that is the result of a1tem.ating 

lenses and streaks of felsic and mafic minerals~ Megascopioally visible 

magnetite grains commonly occupy the center of an tteye• or lentiole of 
I . .' . ' ' 

~artz and plagioclase., The quartz and feldspar occur as polygonal grain.IJ 

:the biotite is . subhedral and individual · foliae are, tor the most part, 

alined parallel to the mineral layering.. Some biotite flakes are oriented 

at an angle of 300 to the dominant foli•tiono : 

Biotite schi11t 

l· ' "'' ' . . .·.· •.. .• .. ;. 

A la7er · or biotite schist, 2 feet thick,· .. crops out between biotite 

granite and biotite~quattz-plagioclase gnefis, 100 feet Bouth-sauthe~st ' 

of the main (Earst) shaft, but is net exposed elsewhere at the aurf'aceo Th~ 

.. biotite sohist is ·.a black u.nif'orm rock that contairw more than 90 ·percent 

biotite .. and l,ss than 10 percent quartz o Abundant inclusions or !toned 
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., : ~ . 

Mineral A~.31 .. A-32. .c-4;...2 UG-~ '• D•l7~B 
·- ,. 

· . 

~~rtz 
. . 

I~· 

.. 46: 44 as •. . ~ 

16 .. ··' 

Mlhrooline 
. ; 

tr,. 
~·1· ,, ;~ !-

~lagioclase 33 40 49 
i·" 

16 ' -: 82-. ~j.otit8 n 1 12 

:Hornblende so 
1• 

.Apatite tr. trd tr. 2 
·, ~ ' 

Zircon 
~~~.j~ ·; • 

tr, tro tro 

. Huoonte· t:r • 

Magnetite J :r.rm~ 
t~- tr, 

lh 
~ra 3 

'Sphene (?) tr~ .. 

Calcite (?) tro 

A 'fjr•ge grain 
diamet~:r in mm Oo2 Oa24 0,20 Oo1S et=tC!' 

A-31. · Bi~tite-quartz-plagioclase gneiss$ Plagioclase is An2~.~~~ TeXture 
is CJey13talloblastico Biotite is pleochroic: straw ;yellow w 
dark brownish green., plagioclase is partly sericiti~ed., ltcck 
has a conspicuous foliation and a later (weaker) foliation· abou.t 
JOO to the dominant directiono 

A-32 Bictit~-quart5-plagiocla8e gneiss with elliptioal metacr,ysta or 
plagioclase 

0~4-2 .Amphibolite" Plagioclase is An45 o The biotite is an alteration 
product of hornblendeo · 

UG-9 Biotitic quartziteo The quartz grains contain scattered, uno 
ori111nted,, subhedral crystals of biotite (phlogopite ?)o · SOJBe 
biotite cro~ses the boundaries of quartz grainso 

D-17-B Biotite scbiet., Biotite hu two .or.ientationsf nearly at right 
angl-es" The ~tier f.cl!tti:On is mark-ed by ·finer-grainec;i biotite 

__ : ·an~· ... qciutz · ~same J · tne- later : ( weake:r) ·.rcli~tion tuts ac:roas: the 
older one" Th~ biotite is pleochroic: straw yellow to poGenish 
brow, It ooDta~ zircon. with strong pleochroic haloes., 
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zircon (?), which haw strong pleochroic haloes, occur in the biotiteo 

Apatite, a spa:rS!e accessory mineral, and muscovite, an alteration product 

ot the biC!tite, also are as~·cciated with the biotiteo The quartz forum 

Thin section~ or the schist tSJhow that the biotite has 2 preferred 

orientations, at nearly right angle~o The Glder; ~ dominant, schia~~~t7 

is formed b~~-"~~'f~ar~l.1"1 bi~titre f'oliae an~,:·ta.bulu to lenticular quartz 
' '>;'o,, .. J, .. ';. "),' , , ,. , ''"'·•"' .;J • ,j I' lif;,•'"·: 

gra!UJ the later schi~tosi ty is marked by coarser toliae cf biotite th•t 

are at a larg$ ~le to the dominant schiato~ityo 
II. 

The biotitf9 schiet may be equivalent to the biotite skOls associated 

with the uphibole skarn in tbe mine world.ngsQ 

Quartzite 

Dark gray to bla~k :f'ine""'grained quartzite is interlayered with 

amphibole 11kam on th$ SQ)Uth wall ot the 70·f~ot l•wel of the Copper King 

mine, imm.•diat~l;;r east of th~ main (East) shaft (plo 2) o The quartzite 

is predominantly a ma~sive nearly squigranular het~rogenecua reck that con­

rsi&Jt~ principally of quart~ and abOJut 10 percl9n.t of biotite J a part or thii 

rock contains spar~~ to abundant magnetite~~~ An·other :facies associated with 

the quartzite:ia·a cnd.ely layer~d rock containing layers of hornb];ende and 

qu.rt~ that alternate with layers of' biotite and quartzo The quartz f~:r'IU 

polygonal grains o The biotite ranges .from cclorles" to pale brew and may, 

be phlogopiteo It. to~ scattered subhedral crystals and ,most plates 

have rounded terminations; the biotite crosees grain boundaries @f quutz'' 
' \ 

and appears youngelr -~an the quartz" Magnetite, pyrite, and sp~ene, (?) 

are nriable; but generally ~or coMtituents of· the rook., They embay 'and 

app8ar to r~iace th• qu&rt$9 
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Amphibolite 

A· black fine-grained toliated gneiss that consists predaminamtlf of 

Jl'll@rnblmde and pl~ocl&ii!e of the compcsi tion cf andesine ie fouud CD th~a 

dump ot shaft 8 and locall7 in the Copper King min, (plo 2), but does ll1ot 

crop out at the surfacs (plc 1)·6) Th(l foliation itt produ.ced b:r sparse streaks 

and lene~es of plagioclase and b7 the dimension~ orientation or· thee horn­

blende and plagioclaseo The rock has a granobl•-tic textureo Green horn= 

blende coBstitutes So pefcent of the amphibolite (table l)J at places it 

is slightly altered to bioti-teD The plagicola~e (An45) is in part altered. 

to sericite~ 

Amphibole skarn 
J.t 

The rocks in the Copper King min~ area 1\ihat couist almost enU:rely 

of eta~p:h;rllittl1 o~t@ni te, or actinol~te, and which are relat~d to 

the ma~sive $ulfide d~posits, are mapped as aaphibole skarno 

Skarn is an. ol4 Swedi~h mining .term for aggregates of calci-., mag­

nesium, iron silicates that chara~teristically are associated with certain 

deposits of iron o:ra and sulfides (Holmes, 1920, Po 211) o The term skarn 

should be restricted to the silicate aggregates that have a demonstrable 

or inferred genetic relation with limeat~ne or·' dolomite/!) 

The amphibole rocks in the mapped e.:rea are similar to amphibole· 

skarns that have been described from ma~ localities in Fennoscandia, 

and because of their mineralogy, texture, structure, and spatial relation 

to the granite are believed to be altered carbonate rocks. Such an origin, 

however, can. only be inferred as there are no known carbonate rocks in the 

·mapped araa.t') C~talline limli~tonf)s and. &~karn associated with tung® ten 

depo~it~ are prs~ent, how•~r, a felf m:lle~ south o£ Prairie DivideQ 
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The skarn charat\lteristioally occurs as irregular, folded, po4.-i1ke 
. I 

i I· 
1 

• 

bodies, a. few feet in diamet.er, that have thin selvages, and locall.J' inch-

thin partings, of biotite ~kOla o On the ?~foot level, the skarn ia ·inter­

layered with beds of quarizite, a .foot or more thick., 

The amphibole skarn, e!:posed in the Copper King mine, is gray to 
• I 

greenish gray massive and generally coarse-grainedo The amphibole f~rms 

blades or needles that f'o:r the most part have a random or felted orientationo 

At places the blades a're as much as 6 ~ches longj the average is half an 

inch. 

The skarn is composed of 90 percent or more amphibol«J J biotite is 

the principal varietal mineral. The amphibole that constitutes the skarn 

~ries from place to place in the mineo Also oommon are rocks cons.iating 

of nearly equal amounts by volume of' fibrous anthopeyllite and fine-grained 
. . - . 

'8augary00 magnetite~ Generally the skarn contains anthophyllite, but at 
~ 

;:-.., !!,~ : . . :_ ~ -·,' 

· many places it consists; of oummingtonite. Actinolite skarn, so far as 

ktiown, occur~ Q~Y. l~cally e Because of the d~ff~(lul ty. of dist~shtng 

the ditfer~n~,. 8JN>~~p,qles megasoopicaJ.ly, t~~ .~~d.Uf,rent varieties are mapped 

as amphibol.~ s~~rr,t ()ll ~;J..ates 2 and 3o 
,)'• I · •• :': •'·'' 

The amphibole skarn is by far the principal host rock for the massive 

sulfide and magnetite depositso Nearly all of the skarn contains some 

srufides &8 seatte~ed blebs and veinlets, and locally the sulfides are 

sufficiently abundant to constitute oreo 

Biotite akols 

Biotite; as thin selvages and partings~ :·occurs in the llrphibole skarn 

and m.llfide·'~'oreo - These selvages. and partings are analogous to one t:J.Pe 

of skbl, or shell, that has been described by Fennoscandian ·geologists 
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..... c.- {~skola, i;14, PPo 226, 259)o The moSt. conspicuous· skols form_ selvages_ aa 
. . . 

-·~ch as a: foot thick around folded, pod ... like bodies of skarn; ot~ers occur 
.• - _-: ..• =": ~; 

.... ~-~ wisps and contorted partings within the skarn and sulfide oreo . 

•• ,.i;.-_. 

Migmatite 

At plaoes ~g-t:ttized biotite-quartz-feldspar gneiss. is.closely 

.. a~sociated ~th; and-grades laterally into, .. biotite-quartz-feldspar gneisso 
·.· 

.--~~cause of the small volwne of the migmatite it is mapped on pl~te 1 with 

p~otite-quartz-plagioclase gneisso The contacts of the m.igmatite.with 

. g11anite are sharp., The migmatized biotite-quartz .. feldspar.gnelss.is a pink 
' ~. :. II 

to gray generally fine-grained f·oliated rock of widely di£ferent .appearanoeo 
l 

I ' 

A'dark gray type of migmatite is biotite-quartz-feldspar gneiss that contains 
.-, 

thin,: discrete veinlets as much as half an inch thick, in part crenulated~ 

of pink felsic material of the composition of alaskiteJ the felsi~ layers 
... 
constitute only a small proportion of this rocko A- much more common type, 

pink in_ color; is a streaked gn~iss consisting predominantly of pirik felsic 

~terial with streaks, wisps, and discontinuous layers of biotite; the mafics 

constitute a variable, but generally small proportion of this rocko The pink 

m:igmatite is easily distinguished megascopically from the biotite'grani:te 
.;:i· 

by its prominent compositional layering, its finer-grain size, a~~ by ~n 

· abundanc.e of mafic minerals o 

The migmatite differs in composition from biotite granite principally 

in containing more biotite, slightly less microcline, and=slightly more 

plagioclase, as shown in table 2~ The microcline is perthitic and it char-

acteristically embaya and locally surrounds quartz and plagioclase grains~ 

The texture of the rock is mostly granoblastico 
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Table 2,•-Modal analyses of granites and migmatites, 
Copper King mine area 

Mineral UG-1 A-47 C-4-1 ~-ll D-2 G-8 0-l D-17-A 

Quartz 30 40 .34 25 33 32 38; ' h4 

Microcline* 37 37 43 6.3 . .38 34 ,46 .. Jl 

Plagioclase 27 22 20 12 2$ 24 ··9 ·14 

Biotite 6 l 2~5 tro 4. 9a5 7 .lOa.$ 

Magnetite 

Apatite 

Sericite 

Zircon (?) 

Muscovite 

Limonite 

Average grain 
diameter in mm 

tr, tr. 

tr. tro 

tr. 

* ~orst of the microcl:ine is pertb.itioo 

0,6 

UG-1 Biotite graniteo Plagioclase 1$ An22• 

tr. tr. tr. 

tr, 

tr. 

A-47 Alaskite. Plagioclase is An ~> The inner parts of plagioclase 
gra~s are altered to serici iQ o Most quartz show strain .shadow" 

C-4-l Alaskitic biotite granite. )lost of plagioclase is ;ser1ci:t4.zed; 
sericite more abundant in inner parts of crystals;, Zircon has 
pleochroic haloes in biotitt. · 

G-ll Alaskite, Plagioclase is An30• Plagioclase is partl7 altered to 
sericite. 

D-2 Alaakitic biotite graniteo Plagioclase (.A.n32 ) is partly ser~citizecL, 
Biotite partly altered to mu&JOoviteo 

G.e8 Migmatite., Plagi~clase is A11.25• 

C-1 Migmatite, Microcline contains sparse sub-rounded quartz grains~~ The 
11l'W\Jcovite is an alteration p:rod.uot of biotite. 

D-l7..:.A Migmatite., Plagioclase is sericitized. Muscovite is alteration 
product of biotite. ' 
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The migmatite ia believed to have formed by the introduction. of 

granitic material, mostly perthitio miorooline, into biotite-quartz­

plagioclase gneiss, because it. grades transi tionally into ,the gneiss and 

it has essentially the same texture and structure. as the gneiss., The 

dark migm.atite that contains discrete, inch-thin layers of felsic material 

probably formed by the lit-par-lit injection of alasldte into biotite­

quartz .. plagioolase gneiss; the pink ~tite p:robab+y fora,ed. by an intimate 

permeation of granitic material into the same gneiss. 

Igneous rocks 

Biotite granite and alaskite,· and subordinate irregular bodies and 

dikes or granite pegmatite, ~re the only igneous rocks in the mapped area 

(plo 1) J they cons·titute about 90 percent of the bedrock. The granite is 

homogeneou~J it contains small angular bodies of metasediments and migmatiteo 

The contacts of the granite against the metasediments generally are con­

f'onnablef but locally they cut sharply across the foliation of the inclusionso 

The granite is pre;-Cam.brian in age and has been called Silver Plume 

granite by Lovering and Goddard (19$0, plo l)Q Pres~bly the granite 

pegmatite is a late-stage di£terentiate of the granit,~ Lead-thorium age 
~ •. ' . 

determinations on two monazites from t~e associated p~gmatite yield very 

late pre-Cambrian ages consistent with a Silver Plume age _(Phair,. Sh:imamoto, 

and Sims I report in preparation)~. 

Roeiwal analyses of representative facies of the granites are shown in 

table 21) 

Biotite granite and alaskit' 

The granite is typically a pink to ·buff uniform medium-grained, equi­

granW.ar to slightly porphyritic, massive to poorly foliated rock that 
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consists eaaentiall.y of mi.crocl:ine, quartz,· and plagioclase• B!otite is a 

Vl.ri.able constituent that ranges from a trace to as much as 6 pereent; and 

accordingly the granite varies from alaskite through alas~~ic bi.otite 

granite to biotite granite (table 2) o A porphyritic text we. ia developed 

locally by feldspar crystals as much as an inch and ~ hal£ long., A poor to· 

fair foliation is produced by tabular feldsparslt 

Inclusions of biotite-quarts-plagioclase gneiss and migmat;~e are 

present locally in the granite. At places granite pe~tite and fine .... 

grained aplitic aluldte dikes, generallY" less than a foot_ thick,\ occup;y 

joints in the granite, but nowhere are th.ey abundanto 

The microcline constitutes JS to 6.5 percent of the rocko It forJ~J.~ 

rsubh.edral c~tals and is somewhat perthitico The albite blebs ~e chi•tly. 
,r " ·, •' 

of microoline, commonly is well developed; some grains. a].s.o eshow Carlsbad 
. . 

twinning o At places the microcline contains • sparse e'$edral .to su.bh~tdral . 

c~tala or plagioclaseo 

The plagioclase has the composition of oligoclase and constitutes ~2 

to 21 percent of the granite" It commonly forms subhedral_,cl"Y8talJSJ it hut .. 

good polysynthetic twinning and locally also Carlsbad twinninga Almoat 

e~r)where it is partly altered to sericite. 

~artz compri~ea 25 to 40 percent of the rock and forms irregular 

anastamosing grairus t~at em.bay the earlier feld~parse In all rspec.d.81M 

examined, it show strain shadows and locally it is crackled and brokeno. 

The biotite rangegg from a trace in alaskite (G-11, table 2) ~o aa aoll 

as 6 perc·ent in biotite granite ( UG-1) m It is euhedral to subhed:ral Ud 

e~trongly pleochroicJ it ranges :from straw 78llow to dll.rlk br.owni~h· greeno .lt 

many pla~ee it is alter•d and da~k greene Locally it contains small eUbGdral 

c~tals of zircon (?) with pleochroic haloes. 
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Museovi te and sericite are common al te:ration products of.· biotite and 

are closely' associated with the biotiteG At many places muscovite forms 

r:Lms around the biotite 4 The common accessory minerals are magnetite, 

apatite~ and. zircon (?)o Limonite and hematite are local altera:tion pro= 

ducts of the magnetiteo 

The essential minerals--quartz, microcline, .and plagioclase--are 

intergrown in a manner similar to the mineral cons ti tu•nts of. the volcanic 

rocks, The quartz is strained and locally brokenJ the feldspars, at places, 

are strained and fractured, indicating !lome oataclastic deformation after 

consolidation of the granite. 

Granite pegmatite 

Sparse, small bodi~~S of granite. pegmatite are present. in. tb.e g:ranite 

and at the contacts between the granite $nd m.etasedimeats., : · At the SlU:"face 

the pegmatite forma small dikes, generally not more than a foot or two wide, 

~ong joints in. the granite; undergroood it l,las been ol;>served to ocour a.s 

bodies in the granite as much as 4 feet wide that are both concordant and 

discordant~ The contacts generally are transitional ~to .granite., 

The pegmatites are in part simple bodies that consist almost entirely 

of quartz and feldspar and in part ·are rioh ~ biotite., The b~otite forms 

plates as ·much as an inch long and a fourth of an inch thick that are 

oriented at randomo 

STRUCTURE 
~ ..... ~ .... 4~M -.~.-- ~~ ..... 

Foliation and lineation 

The foliation in both the metasedimentary and igneous rocks exposed in 
t 

the Copper K'ing mine area (pl ~ 1) trends northeast and dips steeply to the 
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northwest or southeast, except locally-~ The metasediments, which o.ccur as 

inclusions of various sizes in the graaite, trend northeut .. paraUel to the 

- foliation, but they are cross-cut sharply- by- the granite and t.or the most 

' 
part f'orm angular, discordant, blocky bodies in the granite. To judge from 

' . . . 

the dips in the metasediments, which generall7 are to the northwest, west 

of the mine and to the southeast, east of the mine, the me-~IU.Uiilflents are 

on the limbs of' a northeast-trenciing,·tightl7 .(olded, intiol:lne whose axis 

is near· the Copper King mine. This inferred structure, however, cumot be 

proved, and additional geologic mapping outside of this area.is needed to 

substantiate or disprove ito 

The foliation in the gneissic metasediments is the resUlt.of a fair to 

conspicuous compositional layering and the subparallel arrange~ent ot the 

min.eralSJ the foliation in the granite is the result of a poer to fair sub­

pVallel orientation o£ the tabular feldspar crystals. Both the quartz and 

feldspar in the granite show some mortar stracture, ~dica~ive of post­

consolidation cataolastic deformation.. The schistosity in the biotite 

schist is, where observed, conformable to the foliatif)n. Lineation, pro­

duced by elongate plates of biotite and hornblende and. by rrdneral strealdn.g, 

is conspicuous in the biotite-quartz-plagioclase gneiss, amphibolite, and 

the biotite s-chistj it is poorly developed in the granite, however, except 

looally,·Where elongate quartz and feldspar grains shQw a sub-parallel 

al:inement., The lineation in all the rocks exposed at the surface. is· down 

dip, nearly normal to the strike- of' the f'oliationJ the lineation :in the 
. ' l . 

metasediments in the mine workings' plunges moderately steep to the north-

east. 
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Joints 

Joints are a conspicuous ,feature of' both the metasediments and granites, 

but they are most striking in the graniteso The· joints dip steeply, near 

_the vertical, and thq can be grouped accord.ing to th-ir strike rpughly into 

two sets--northeast. and northwest-trending jointso Most joints are barren, 

but a f'ew contain discontinuous layers of' pegmatite' or less c.ommonl;y fine­

grained alaskite, that are gene:rall7 less than a.foot thick~ 

Joints that trend about No 80° w. and dip steeply wer~. ~pp;~ at the 

aur£ace at the approximate interred poei~ion of the s~f'ace t~•ce of the 

faults that have been intersected. in the mine workings (pl. ~)o .Also a 

very conspicuous ·joint set ·produced by abundant closel~ spac.ed .. joints is 

present in the granite ~00 feet east of the ·mine. These joints do not seem 
• fl 

. ' 
to be present e~sewhere in the mapped area, and it is b~lieved that they are 

essentially parallel to the eastward-trending f'a1Uts that have been inter­

sected in the mine,· and probably ar:e 'the result of the ~ame force~. 

Faults 

The faults of the mapped area are confined to a na~ow, eaeterl7-
.. 

tren~ zone that extends through the Copper King mineo They do not crop 

out. at the surface but are cut at numerous places in the mine worlcingtS o 

The faUlts cut the pre-Cambrian igneous, and metamorphic rocks and the 

ma1sive sulfide depositBJ so far as lmQwn, they have small dUplacements() 

The Copper King fault, a breccia zone, contains the pitcb}?lende deposit 

at the Copper King mine; the other faults are believed to be, la.te:r t.hm the 

ore G) 

The Copper King .taul t is marked by a breccia zone tqa t is variable in 

structure, It has been traced for a horizontal distance of more than 
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$0 fHt and a vertical distance of' about 8.$ f'eet (plt • 2 and , .3) o· , The faul. t 

is strong and persistent in the upper levels, where it au• the. massive 

sulfide deposit, but it* i&-WJak and discontinuous in the lower.,levels, ·where 

it cuts granite. On the 70-foot and llO-foot, levels, and in the main shaft 

bet!een these ~evels, thea fault zone trends about N, 65° w~,,. d.ips.,nearly 

vertical, and is as much as a foot thick, The brecci' is tight ana hard 
~ 

and it consists of finely comminuted,. angular fragmen~ of the w.:P, roCJks, 

a few mm· or less in diameter, and· vein minerala-... side~ite, ;,pyrite, pitch­

blende, and minor quartzo On tbe 70-f'oot level, chlorite is locally abundant 

in the breccia zone. Where the fault cuts through pyrite ·and other. less 

abundant sulfide minerals, the sulfides ·are sheared and finely gran:w.ated 

for as much as 6 inches on either side of the fracturee At .places, ths 
'· 

vein material is grooved, :indicating some movement along the .. fault after 

deposition of the pitchblendeo 

The Copper King fault is intersected by fault oo:ees at th'll UO~foot level 

(pl, 2)., and the probable continuation of the fault in granite below fault 

"BtU is weak and discontinuous and is characterized by fiho~e-tailingfi e It 

consists of overlapping fractures, commonly less than lfJ fee"t,lCma; that 

are filled by l-inch veins composed principally of siderite, and minor 

~itchblende., Breccias are absento The principal fractures tr.end; ·&bout east 

and_dip .~~arly vertical, bu.t the~e is considerable varie.tionJ eubaidiary 

'{Whc~se-tan11 ') ·fractures, which ponibly are·· ·tension op~n.Uge .ana -which are 

b~~ohes -rrom the main fissures, trend on the average about :No 6SO Eo and 

generlll.y Mp nearly vertical (plo '2)., Both the main-fractures ,and the sub­

sidiary- tension "{ ?) ·openings i ~'t-·p1am ·contain pitohblend~dJ 

_. ·Fault ttt:l"J a conspi.cuou -fratJture ·rnl:ed ·with: abundant .dark ·brown 

l~ou iroi.·oxide, some porous, vuggy quartz, a green elay {?) mineralJ 
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and gouge, is exposed on the llO-foot level (pl., 2) and in. . the main ahatt 

(pl., 3)., Where expoaed., it t:rends about No 80° Eo, dips 70°."SEo, and 1~ 3 
• I 

to 9 inchee thicko It cuts, and apparently. displaces, the Copper' King vein 

at the 110-foot level (plo 3 )· J the intersection of' the faults plungers 

moderately ~tef3p to the ··eat., '·''Faatt ·ifBOO, in turn, appears to be \OUt off by 

fault "A"J and apparently terminates against it (pl(J 3)., Fault. "B00 is 

radioactive at places on the west wall of the shaft just a\).QV$. ·the no .. 
foot level, near its intersection with the Copper King vein, but .. the radio­

activity is principally the rel$ul t of uranium and its daughte:r products 

that .were derived from the uranium in the Copper Kiqg veino . 

Fault etAw, the m.~t coupicuou and. contin~ous fault in the mine, has 

been intersected in the 10-f'oct level, in the main shaft, in the cross-cut 

on the sublevel, and in the 160-foot level (plso 2 and 3)o .. On thEiJ 10 ... foot 

level (pl., 2), the fault is a conspicuous fracture, ~xpoaed throughout the 

length of the drift in the back, that strikes No 55° to 70° Wo and dipi3 on 

the average about 80° SWt! (ple 2)o 'The fault dips 8;0 Slrl. in tl:utr:~shatt 

·(Pla ~),,_but flattens to about 55° at the 160-f'oot levelo Gro~ves and 

~l~~n structures that plunge ·1.0 t·o·"20° east can be seen on the walls or 

the fault at the l6o-foot level~t Fa'Ult ~A" is a strong fracture, from leill' 
... ~ - . . \ 

~han a foot to·J feet thiok.ll tll.at consists predoJflinalltly of soft,'crumbly 

~o~E!· it is thickest and- most con:sp·icuous-'Wbve--"tt-· cuts gra.niteo ·.· ··0n the 

-~~root ie_veJ. it contains abnnaant 'hydrous iron oxide, local inoh•thin 

pyrite string~rs, and disconti~ota8 veins of dense, white quartz an :inch 

or less ·thidkJ bu.t. thase.:-win~foX"Diing··mtn:eral:s are abs'_,nt, sp ·rar·.as lmown, 

in th& lower part of the f'aulto A green clay (?) mineral is. abundant in 

~he rault at many plac~~ below t~e 110-foot level, wher, the fault cuts 

granite, The fault i~ locally radioactive at tha elevation of the 110-

f'oct l&vel, but theJ radioaotivity is principally the ret~ult of 1"\l.dium ( ?) 
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that occurs on fractve surfaces in the faulto 

Several less prominent faults, branches and splits from the· :main 

openings, have been cut .in the min~ workings, and th' most important of 

these are shown in plates 2 and Jo 

MINERAL DEPOSITS 

Two types of mineral deposita of widely different cha:ractE,t~~ age, and 
' •\.> 

origin are present in the Copper King mine and the adjacent area--massive 
' 

sulfide deposits of pre-Cambrian age and a pitchblenqe depos~t of'early 

Tertiary ageo The massive su.lfide deposits, compose_q or pJrite, sphalerite, 

chalcopyrite, pyrrhotite, and locally magnetite .in aq>hibole skarn, mica 

skgia, and quartzite, occur in the Copper King mine apd in two nearby 

prospect pitsj they are. not present in the grani~e. rhe only pitchblende 

depo~it in the area, so far as known, is in the Copper King xrdneo .. 
• I ' 

Massive sulfide deposits 

General character and structur-

~ssive sulfide deposits in amphibole skarn and .~ssoctate4.,rQcks are 

~-resen't 'in tbe "Copper'Xing ·mine and in prospect8''1 a.na···'2, ~outbeaat of the 

~e \pl. ~}. ·=Tn.e ·o.ep~sit .in tlae CopperTing minef .. haa been int;ersected on 

three--levels and is moderately weli known~ but the deppsite in shll'ts 1 

and 2 have only been worked to shallow depths and are roorly lql.QlPl, and 

accordingly the description of the deposit is largely pased..on. the Copper 

King mineo 

The deposit in the Copper King mine is highly irr,gular and is en-
:-, 

closed by biotite granite (pls. 2 and 3) o The external shap•. of th~. 

deposit is not fully known, but it appears to be a steEtP-wall•d ,body, both 
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in crou (plo 3) and lol)gi'tu.dinal section, that. extenca below the ·lowetSt 

mine workings o The d.eposi t is roughly tabular and generall.y . .,eonfqrmable to 

the enclosing granite) e.Xoept ·at its southwest end~ where it is cro~s-©ut 

sharply by the gram te, as shown in plate 2o To judge from its intersecrti OM 

on the 70.:..foot and llO=foot levelil, and in the enmlevel, tne. contact with 

the granite at the southwest end of the depos.it dips· mcder.,;tel;J~s*eep to 

the easto 

The internal structure of the deposit ia complex and is n~t everywhere 

cbntormable to th~ margins of the inclusion~ Because the ,pJre ~;.:a con­

spicuous layering that is the result of the selective. repl,C&11le~t,::;.of the 

original la;yered, folded host, the ore and the host form C~XDJ)lex, .tight 

folds that plunge moderately steep to steep northeast~~ T~e ore on the limbs 

or the folds dips moderately. steeply but the ore in the axial :regions o£ the 

folds is considerably flatter. 

The d.epot!li t at the Copper King mine where intersected on the 10=f'oct 

level (pl. 2) and in the main shaft (pl., .3) is an elongate, roughly tabi!Uar 
I. 

body that ha~ a stope lengt~ of more than 85 feet, a width:·.of .as ~ch u 

16 feet, and a breadth of approximately 40 feet, At place~. th~. d~osit 
. . . l 

contains ~ome generally ~mall~ irregular bodie& of granite and pegmatite, 

which were intruded into the host before the formation of the sulf'ideso 

The incl~ion is cut orr at its southwest end by granite" ;;Tha 4ep·osit, 

where interaected in the sublevel (plo 2), has a stope length :ot.)O fe•t and 

a width.of 8 feet or less, ... 

" The· massive sulfide deposit in the Copper King mine does not·· everywhere 

,. contain ~Juf'fioient quantities of sulfides to constitute ore,, an,d .accordingly 

the ore body is amaller than the deposit., The sulf;ldes have nearly com­

pletely r~laced some lay~rsj other layers contain only scatte~ed grains and 

veinlete of ~ulfides; oth~rs; are nearly barreno 
I 



.31 

· Mineraloa 

The massive sulfide ore within the deposit, insofar •.- . possible, is 

distinguished on plates 2 and 3o On the 1~foot lev .. l~ pyrite 1$.. the most 

abundant sulfide mineral; sparse spnalerite, chalcopl'l"ite, and P7!Thotite 

occur at places with the pyrite. The pyrite•rich •oreoo forms a steeply 

dipping layer1 2 to 3 feet thick, that is e~osed at places. along the ntOrth 

wall of the drift (plo 2)o Magnetite, without appreaiable~,~'¥i~ies of 

sulfides,. ford a small body in quartzite that is exppsed ~n ~· south wall 

of the drift, 10 feet east of the main shafto 

An ore body consisting principally of sphalerite lie~ ~ed~ately be­

neath the 70-foot level, and several tons of ore was mined:>i'rom it in the 

main shaft. This body is a relatively flat-lying lay,r, about.:6 ~eet thiQk, 

that plunges about 4.5° to the east. (See plate J.,) lt is- ud~rl~rin by a 

layer of massive pyrite, about 12 feet thick, that contains only. sparse 

amounts of spha1eri te and chalcopJri teo The pyrite 1,..yer, :4\ j;~~, is under­

~ain by amphibole skarn that contains only sparse qu8Jltit~s .. of sulfideso 

The deposit on the llO-f'oot level consists largel)" of, u~sivf pyrite 

and pyrrhotite, with sparse chalcopyrite ud sphalerit$, but lit:~:}.e i'l 

known of the size and shape of ~he ore on this level. 

Pyrite ·alSO is the most abundant sul.fide in the ore in' the s\lblev~l, 

.. -but a· few layer• of sphalerite-rich ore;. a·:·foot or les, in.i."thicknus, that 

trend across the dritt and dip soo-6oo eastward, were interseeted,about 20 

to 25 feet east of the raise (plo 2). 

The principal host rock of the massive sulfides a~ the magnetite 

is amphibole skarn~ The mica sk8ls are less important host rooks..;-f'or the 
!& .. 

most part the sulfides do not form massive bodies in th• skols, but instead 

they are sparsely disseminated through them or form· thin, diseontin.Uq,us 
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seams more or less parallel to the mica foliaeo The quartzite-~: the host 

for part or the magnetite on the 70-foot level. 

P:yrite,' --Pyrite is the most conspicuous and abundant coQtitu.ent of 

·the mas,;i ve sulfide depoai t and it occurs in varying amounts throughout 

the depollito The pyrite is in part massive and homogeneous, .,bu.t for the 

mG~st part it forms boxwork or lacy tooreta~. The boxwo:rk. pyrite is_ of par= 

ticular in\?orlbce for it contains substantial quantities of s.o_oty pitch= 

blende at some places adjacent to pitchblende-bearing veins~~ The ·1Uet~ift 
J 11 

pyrite is brall&~-yellow and medium- to coarse-grained. It .toms . a.egregates 

of poorly-developed cry~~tal&j crystal faces seldom are seen, .. The boxwork 

or lacy p;y.ri te . is pale ;yellowish-gray and 18 widespread thr~ughout the 

deposit, It i~J . highly variabl• · in structure and text-p.re. M~C:ll of 1 t is 

characterized by highly· irregular, delicate, lacy, br~ch:ing and inter­

secting veinlets.; associated with this tY.P• is pale yQllow:Lsb ... gral' fine­

grained slightly wggy, massive pyrite~~ Another dist+notive type,. which 
I • 

loaally contains sooty pitchblende, consists of pyrit~ veinletl, QOJOD1only 

half' an inch or less thick, and spaced a fourth of an inch to ce.n inch 

apart, that are oriented at approximate right angles. In the centers of 

many-· of the P1ri te veinlets are thin films or veinlets of side~i te" One 
~' • • 't: 

or mere additional sets of veinleta ··liA"'' occur ars, diagoll.&la -;k. ~-.~·Pr'~ 

cipal veinlet directions~ The rook between the, veinlets, ·in.most, .. spaci-
r • 

mens, is mica sk~lJ at places adjacent to pitchblende-qeartng_ v~iu the 

inter8tioe8 of the boxwork ore contains appreciable quaptities of sooty. 

pitchblendeo 

The origin of the box work and lacy types of pyrite, is only partly 

mown and additi«;)nal studies are lf~ing carried on to dete~ the c.tevelop­

a,ent of the structures· and t.he pitchblende as~ociated wi~h it •. The hiator;r 
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. ,. ef 4evelcpil8nt of the boxwcrk-tJPe ore probably was loq an«J ... ,complexc · It 

1e beliend _ that the pyrite that consti t\Ul.tes thim ore ill in . part, ~t pr.,. 

CUlbrie A£8-•Nlated to the other masaiv• s\Ufides--and in part Qf .rly­

Tertiary as•·-related. to the period of pitchblende depot~ition., tae arl;r 

(pr~ .. cambrian) generation or pyrite OC:QVS as irreplar .... , brue. 
1 

yellow in color, generlllly- ·le&iJ than an inch thick, that are essentiall7 

parallel to the fQliation of the hcst!J The later g(lneratiqrt.,of.P1?ite is 

pale yellowiah-gray, and it forma vetnlets that are approximatelJ at right 

angles or diagonal to the .foliation; thin films of' siderit~e.occup7 tlh 

centers of n•arly all of these vein.lets o Preaumably the original.-, (pra-

. Cambrian) mast~ive pyritic ore, which contained thin layers:-Uild discd\tinuou 
~ -

,~ SeallS of biotite skals, was fractured, and possibly jointed., duriq the 

early Tertiaey (f)o Subsequently, solutions related to the pito~-~~­

bearing fluids, at places pel"'II!Sated the roolm, and veinlet1\l ot,.ptrita, to­

gether with f'Uma of siderite, were fom\ld along the fract~e,, _prirAoipall;r 

u fracture f:Ulingso Later, the ~o~ty pitchblende •~ depqs~tectu coatings 

on open spaces and wgs in the interstices of the boxwork 'pyriii••<: 

Sphalerite.--Sphalerite, the most importaat ore mine~al in ~· maastve 

sulfide deposits, ia dark brown and probably ha~ the composition of 

mamatite. It occurs for the most part as :massive, mediUil-, ~() CQfrse-

grained ore, relatively free from other sulfide minerals, ~hi\t formtS 

layers an inch or leas to several feet in thickness~!) The layer~ comm.only 

have sharp contact11 agaiut the adjacent pyrite and chalcopyrite layers»­

but at places they grade tran~itionally into mixed pyrite and. $phalerit~ 

Chalcopyrite is nearly always associated with the sphalerite; it forms 

ball blebs and. aea.a in the sphalerite that are rlaible megucopicallya 



Polished specimene or thie cr® show· cllalcop;yrl.te in tiny bleb$ seattered 

through the hcllt, and small 1-.tha and trains, which in part.are:present 

. ";~~eng the octeh•dral plane~ iJ'A theJ im'lter parts of hdi vid~ . ~]Q.aleri. t·a 

painllo The larger gr&iM of chalcopyritE~, where m ccntaet with; sphalerite, 

elaba:r and corrode the sphal~rl t~ 6 

Cb.alcop:zriteo--Chalcopyrite has two principal m~es ot ocolQTence-- (1) 

diatinct, muaive, homogensou la;rers and seams and (2) em~J.-1,. eq.ttered 

bleba, laths, and. veinletfSJ in fJphaleriteo f'he layer' of ID.UJ•ive chalcopyrite 

are intercalated with layers of pyrite and sphalerite.s the sc_a.tte:red blabs 

·:ud winlets are associated f'or the most part with sphalerite, an~ probably 

represent in part chalcopyrite ex~clved from sphale~te and in part a r~­

placement of sphalerite~ A lat<er age for some of th'! chalP~pyrit~ is in­

dicated by thtt embayment. of the older mine:Jral~, principallY: ~phalerite, and 

the inclusion of the;se minerals as is©lat~d remnants ·in th~ cl)alcopyriteo 

_ . P;rrrhoti te, --Pyrrhotite · i' generally a spar~e cop.sti tuent o.f ... the sulfide 
( ' 

ore and it can b~ recogn.i.~~d by ita bronze colorQ It is atn.mdmt only on 

the 110-foot l~vel, where it forms small massive bodies and veinlete in the 

ma:~sive p;y:rite 09ore00 j elsewhere .it occ'Wl:"s as small, sparse blebe :1n associa­

tion with pyrite, sphal$rite~ ~ chalcopyriteo Poliehed sections show that 

the massiw pyrrhotite is medium ... to coarse-grained~ The ((rains are sub­

~cunded ud they form aggr!&gates that e.mbay and includ.e the hosto. 
. ~ ' ' ' 

MapetitE!J<t• ... The magnetite is dark gray to black finely granular, or 

"aug~ and generally crumolyJ.nearly alw~s it conta~ sparse to moderate 

amo'W'll.ts of bladed amphibole, mica$ or> quartz o The magnetite gene~filly occtJOt'lls 
• I • 

in lleparate ma.~ses, away from th<t sul£i.deaj) and f!lo far as known, it 18 abun ... 

dant only on the 70-foot level of the·Copper King mine, but it is pre~ent in 

noh of the anthophyllite ~ karn throughout the mine" Polish~d ~ectioMJ show 
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that the magnetite forms aggregates of sub-rounded to subhedral crystals 

that emLay and corrode the hosto At places~ particularlY in the quartzite, 

the magnetite is sparselY disseminatedo 

Paragenesis and ageo--The paragen~sis o£ the sulfide minerals in the 

deposit, so far as known, is as follows~ pyrrhotite, pyrite, sphalerite, 

chalcopyrite, and pyr.iteo The magnetite has not be~n observed in contact 

with the sulfides, hence its place in the paragenetic sequence is not 

known; it is inferred, however, to be older than the p,yrrhotite, The 

sulfides, with the exception of the last generation of pyrite, represent .-•.::.'·.: ~ .. ·: 

.successive stages in a single period of pre-Cambrian ore .deposition., The 

last generation of pyrite, because it is.intergrown with siderite, which 

is kncwn to be associated with the pitchblende-bearing fluids, is tentatively 

considered to be early Tertiary .in ageo 

The massive sulfide and magnetite deposits are believed to be pre­

Cambrian in age because of.their close·spatial relation to the pre-Cambrian 

(Silver Plume) granite, and their mineralogy and structure. The massive 

sulfide deposits show many similarities to other replacement types of sulfide. 

deposits in the Front Range believed by Lovering and ·Goddard to be pre­

Cambrian in age, The massive. sulfide deposits at the Copper King mine are 

typical of the class of ·.deposits that Lindgren (1933, ppa 35-49), Knopf 

(1933) pp. 537-539), and others have called p,yrometasomatic. The ore 

presumably was deposited from late stage ore=bearing fluids derived by 

differentiation of the cooling magma that consolidated.to form the biotite 

granite and alaskiteo The- ore minerals formed by replacement of the host .. 

" biotite skols and quartzite, .which constituted part of a complexly folded 

inclusion of metasediments in the granites 
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Pitchblende· iepesita 

Form and structure 

The pitohbl•nde at the_ Copper ling mine is principal17 iD the Copp~r 

!inc ftin1 a 'ticht, hard breccia zou, which has been previou.el:r cieasoribedo 

1 sMll part of it is in small fractures alo~J~side of the vein and. in box­

work pyrite adjacent to the veine 

The Capper King vein is a tabular body of relatively sull till.ensionao 

It d.es: not crop out at the aurfaoe, but it has &een enooun~•red untlerg:rO\l!Dtl 
-~·· . . . . . .. ' 

om the 70-'fobt and llO..foot drifts, in the sublevel drift, and in the •in 

1batt1·and has been traced for a horizontal distance ~f more_than\50 feet 
' . 

ana a ?ertical distance of about 85 feeto In the upper part of the mine 
'" '). 

the vein is strong and persistent, but in the lower levels .i.t is w•ak and 

diSCGDtinU~~/ and Cb&r&cte~iStically 00hOr8eootailS 11 e 

The ;wall rocks of the vein are the massive sulfide deposit and related 

rocks .~d · the gran.i teo The vein generally is strormer, more continuous, and 

thicker _in the sulfide deposit than in the graniteo It ohara.cteristically 

'bru,chea and ,eplits in the ~raniteo 

Pitchblende ore shoot 

The pitchblende in the Copper King vein forms a ste~ly pluncinc ore 

~hoot that has a horizontal length of more than 50 teet and a heicht of 

about 8$ feet (fig~ 3)o So far as known, the vein does not extend far be­

yond tha limits of the ore shooto The thickness of the ore shoot, •ecause 

et th• ~aniWI. in the walls of the vein, is dependent upon the·crade of ore 

that·~ extracted, and accordingly, at present ore prices, will ran1e up to 

4 feet. 
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The western margin of the ore shoot has been essentially defined by the 

sinking of the main (East) shafto In the shaft between the 70-foot level 

and the sublevel the vein is present generally on the east wall but it is 

absent on the west wall except near the ll~foot level and the sublevel. 

The upper boundary of the shoot is less well-defined, but mining on the 70-

foot level indicates that the vein pinches to a feather edge in the back of 

the drift. The lower margin of the shoot has been delineated for the most 

part in the sublevel, This limit of the ore shoot is irregular in outline" 

The eastern margin of the shoot has not been definitely defined by mining, 

but to judge from the pinch in the ore on the 70-foot level, 3S feet east 

of the main shaft, and in the sublevel, SO feet east of the shaft, it is 

inferred that these pinches are near the eastern limit of the shooto This 

shoot boundary of the ore is inferred to be nearly vertical because of the 

sharply defined vertical boundar.y of the west edge, exposed in the shaft& 

It could be defined more precisely by extending the 110-foot drift a 

distance of 50 feet or more to the easto 

The ore shoot is not everywhere sufficiently thick and high enough in 

grade to be minable, because the pitchblende within the shoot occurs in 

discontinuous seams, bunches, kidneys, and pods., The thickest and most 

continuous parts of the shoot are in the breccia zone, at and ~bove the 

110-foot level. 

On the first level (plo 2), along the north wall, 30 feet east of the 

main shaft, the vein is 2 inches thick and contains abundant pitchblende9 • 

7 feet up on the wall, over an area of approximately 1 x 2 feet., A small 

patch of radio~ctive vein, about an inch thick, is present at floor level, 

:35 feet east or the main shafto These masses are remnants o£ a larger 

seam, rich in pitchblende, that extended northwestward to within a few feet 



of the shaft. ·and which was mined out in 1949 and 19)0, prier to this 

in'Vestig.ation. 

In the main shaft (plo 3) the Copper King vein is exposed nearly con­

tinuously on the east wall, except where faulted out, over a vertical dis­

tanc• er 6S £eeto It extends .from just below the 70.foot level~ where the 

vein passes into the north wall~ to the sublevel. The vein is not preeent 

on the west wall of the shaft, so far as known, except locallY near the llOc 

foot level and just above the su.blevelo A kidney of hich-crade _pitchblende 

ore, as·mueh a:s 6 inches thick, was inined·from. the vein adjacent to soft 

goqe in faults ttAtt and 99JOO at the elevation of the 110-foot level, on the 

west wailj and a thin veinlet, that probably does not extend £ar into the 

west wall, was encountered •t a depth of 28 feet below the llO~foot levelo 

It can be seen in the shaft that the Copper King vein is cut into two 

principal seements by fault "!W, which intersects the vein at the elevation 

of the llO•foot levelo The upper segment, exposed on the east wall from 

j'W!Jt below the 70...foot level to the intersection with fault "!", is a strong, 

n6arly continuously radioactive vein in brecciao The vein is believed to 

extend upward to connect with the pitchblende-bearing vein. that was largely 

mined out from the 70-foot level, and accordingly this eegment of the vein 

has a vertical height at the po~ition o£ the shaft. of about 45 feeto The 

thickness of th~ segment ranees from about 1 to 12 inchesJ the average is 

about 3 incheso . lecau~e of the presence of some uranium in fractures in the 

walls of the vein and in boXW'ork pyrite, the mining thickness of this segment 

of the vein probably averages slightly more than 2 feet(l 

The lower segment ofthe Copper King vein, exposed in the shaft between 

the 110-foot level and the sublevel, is weak and discontinuous and is 

characterized by "horse-tailing00 o This segment o£ the Yein is poorly defined 
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and it consists of several overlapping short branching veinlets, generally 

less than an inch thicko The. height of this segment in the shaft is about 

30 feet (pl. 3); the thickness is highly variable and is dependent upon the 

number of overlapping and branching veinlets, their thickness, and their 

uranium contento Samples taken by the Atomic Energy Commission on the east 

wall of the shaft (Ken Baker, oral communication) indicate that ai;, places 

in the shaft this segment has a minable width of 3 feet or more~ 

In the sublevel, which is at the approximate bottom of the ore shoot 

(fig. J), the discontinuity and horse-tailing that characterizes the lower 

segment of the vein, can be well seen (pl~ 2)o The primar,y vein structure 

is represented by thin1 discontinuous veinlets that trend about easto Sub­

sidiary fractures, probably tension openings, that branch from the main vein 

system, trend about No 65° Es on the avera.geJI but there is considerable 

variation. Both the primary veinlets and the veinlets that 111horse-tail 18 

from this set, for the most part contain siderite, and at placest pitch­

blende, At this elevation the pitchblende seams along the veinlets 

generally are leas than 10 feet longo 

Boxwork pyrite that contains considerable quantities of highcgrade 

pitchblende was mined on the sublevel from the ground 25 to 30 feet east 

of the raise~ Most of this ore occurred in a layer, generally 1 to 2 feet 

thick, 25 feet east of the shaft, that trended across the strike of the 

northeast-trending veina Other layers of boxwork pyrite that are somewhat 

thinner were mined further to the easta Most of this type of ore was 

extracted from the back.,; it extended upward for 2 to 5 feet or more" The 

pitchblende within the boxwork pyrite was between the pitchblende-bearing 

veins, or within about 2 feet of a radioactive seama 

The vein ia.not present at the elevation of the 16Q .. foot level, so far 
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as lmowtlJ this l~vel is thought to be below the bottom of the ore shootlll 

Fracture aurfacea :in biotite=quart~ plalioclase gneiss exposed in tne west 

wall of the sllaf't at this levels how~nrer,_ 11re. at place8 slightly radioaptivett 

Character ot the vein 

The Copper Kin« vein is a variable structure that ,-&t xnost places is 

: composed of finely comminut~d fragments of the all rocks and material 

introduced b;y th8 vein-forming aolutioM Ill The character or" the vein is to 

a ·large extent determined by the character of the wall rooks Ill The vein, 

.where it cuts massive sulfide d~posits and the relateq amphibole skarn is 

hard and compact and consists of angular fragments and shreds of sulfides 

and amphibole skarn and variable amounts of minerals introduced by the ore= 

bearing solutiorm--a.ideri te, p;r,ri te, quartz, and pitchblende!) Limonite is 

a local alteration product of sid~ri te Q Vugs, where present, are small and 

widely spaced. Th~ wall~ of th$ vein typically are frozen. The wall rock 

adjacent to the vein appears fresh and unaltered, except locallye 
! 

The. fracture was repeat~dly reopened d'il.tlring mineral deposition., as 

shown by several stages o£ br~cciation and recementation by the vein mattero 

Quartz is probably the earliest vein mineral; it was deposited after the 

development of the microbreccialll Following the deposition of the quartz-= 

pyrite, siderite, and pi:tchble~de were deposited§ Subsequent brecciation 

i!hattered the earlier minerals., and another generation of siderite, which 

vein~d_the early minerals, was deposited§ At places, during a much later· 

time, oxidation, probably by ~upergene processes, altered the siderite to 
·.,_ 

~--

hydroa iron oxide" Fu.rther r5tudiea of the paragenesis and occurrence of 

the vein minerals are in progress and Will be prflsented in a later reporto 

The hard pitchblende in the vein is always intimately intergrown with 



siderite. It occurs as shreds and angular blocks, generally less than a mm 

in diameter1 that fo:rm ice=cake structures in siderite; as veinlets, a mm 

or less thick that cut the older minerals; and as collofornt' coatings on 

fracture walls, vugs, and breccia fragments~~ It commonly coats brecciated 

pyrite and chalcopyrite but rarely, if' at all, coats the broken fragments 

of sphalerite. 

Boxwork pyrite ore 

Boxwork pyrite, described previously, which contains important quan~ 

titiesor sooty pitchblende, has been encountered at 3 places in the Copper 

King mine, Substantial amounts of this type of ore were mined from the 

shaft, just below the 70-foot level; a small pocket, only slightly radio-

activeJ was found on the north wall of the drift, opposite the shaft, on 

the 110-foot levelJ and several tons was mined from the sublevel, 35 to 45 

feet east of the main shaft., With the exception of the boxwork pyrite on 

the 110-~oot level, all of these ocCJurrences are adjacent to or within 2 to 

3 feet of a pitchblende-bearing veinQ 

The pitchblende in the boxwork pyrite is soft and sooty D It occurs in. 

the openings between the pyrite veinlets, commonly as coatings on open 

spaces and wgs, At places the quantity of pitchblende in the boxwork 

"ore" increases toward openings that contain thin coatings of pitchblende!') 

Studies of the boxwork-type or ore are in progress and it is hoped that 

these studies will provide data on the origin of the sooty pitchblende~ 

Age and origin 

2o6 238 207 '-.23 5 . . Pb /U _. and Pb /u-- age determinat~ons upon two samples of hard 

pitchblende from the Copper King vein, not from the boxwork, gave ages by 

the two methods ranging from 55 to 16 million years after suitable common 



lead correotionao This range ia similar to that obtained for four samples 

from the Central City district when similarly corrected, and shows that the 

uranium mineralization in both areas was contemporaneous within those limitso 

'The details of these deter.minatio~ will be presented in a paper now in 

preparation by Phair, Shimamoto, and Sims, 

The source of the pitchblende-bearing sclutions is not lcnowno By 

analog;y with ths Central City district (Phair, 1952), however, it can be 

inferred that the ore-bearing solutions were derived from a magma of early 

Tertiary &gao The nearest exposed Tertiar,y igneous rocks, so far as known, 

are in the Manhattan mining district, about 10 miles southwest of the Copper 

King mine (Lovering and Goddard, 1950, plate 1) o 

SUGGESTIONS FOR PROSPECTING 

The search for additional pitchblende resources in the Copper King mine 

and the adjacent area should consist of further exploration along the Copper 

King vein and it~ lateral and vertical projection and radiometric and geol-· 

logic reco:nnais~ance of the au.rrounding areao The pitchblende . ore shoot in 

the Copper King min~ is essentially coincident with the extent of the Copper 

King vein,; only locally does the vein extend beyond the limits of the ore 

11h~ot and it is ~robable that much ore will be found outside of the ore 

shoot .v shown in. figure 2, except perhaps to the east" It is recommended, 

therefore, that drifting along the vein be carried further t"o the east on 

the 10-foct and 110-foot levels and on the sUblevel~ The drifting should be 

continued until the vein entirely.pinches outj a non-radioactive zone along 

the vein does not neces~Sarily indicate the edge of an ore shoot~ Core 

~illing by the Atomic Energy Commission has indicated the presence of 

acme radioactive vein matter to the east of the mine workings, along the 
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appreximate projection of the Copper, King vein (Ray Derzay, or.al Qommunica ... 

tien). 

A radiometric, and geologic recormai1sance ot' the region between Prairie 

Divide and Manhattan, 10 miles to the southwest, might disclose new pitch­

blende deposits. It should be kept in mind; however, that the, radioactive 

vein at the Copper King mine did not orop out at the sur£aceJ also, the 

vein could not be detected at the surface by ground geiger counters and 

scintillation instrumentso During the'reconnaissanoe, if radioactive 

localities are detected, attention should b$ directed to the Tertiar.y 

intrusive rocks that are exposed at places in the Manhattan area, to 

d,termin• it certain o£ the intrusives are spatially, and perhaps 
,, 

, c&n.-tically, related to the uranium.' 
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