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ABSTRACT 

D u r i n ~  tlre 1973 Cicld season. an occurrence of 
copper. n ~ l d  gold-bearing volcanic rocks was discovered 
in low ~laciotcd hi116 of l l ~ e  northern Tnlkeetna Moun- 
tains. 

Mehllizalion is  fienernlly confined to a single, near, 
vertical flow Ihnt is discantinuously exposed Ior over 
3,000 feel. Analyses of 10 composite sainples over 
this interval show sigrlil'iclmt amounts of copper, gold, 
and silver. Mineralization, although somewhnt remo- 
bilized, npycnrs ~traLol>ound and may well extend 
beyond Ihe limila o l  bcdrock exposure. Additional 
exploratory work is rt*commendrd. 

INTRODUCTION 

This brief paper provides preliminary data on an 
inkresting base-metal and pmcious-metal occurrence 
identified during the  1973 field season, which was a 
phsse of a reconnaissance geologic mapping and mineral 
appraisal program carried out by T.E. Smith [rom 
1968 to 1974, under support of the U.S. Geological 
Survey and the Alaska Division of Geological and 
Geophysical Surveys (DCGS). A summary o f  regional 
geology beyond the limlts of figures 1 and 2 In lhjs 
report is available in the DGGS Annual Report for 
1973 (Smith, 1973, p. 3-6). 

Copper occurrences and geochemical drainage anom- 
alies are common in Triassic volcanic rocks of the 
Amphitheater Group (TRa of fig. l) ,  which are exposed 
In an elongate belt north of the prospect described here. 
To the authors' knowledge, however, this mineral 
occurrence is the first of its type lo be reported in  the 
foliated lava and metesediments of probable upper 
Paleozoic age that are exposed i n  a broad bell extending 
over 70 miles from the northern Tdkeetns Mountains 
to tlre Richardson Highway. Most of this lowland 
~erralle is discontinuously mantled with surficial de- 
pa l l s ,  l~eavily vegetated, and does not lend itself to 
mineral evatuation by stream-sediment geochemistry. 
The prospect described here mas discovered while 
examining sparsely distributed bedrock exposures using 
cot\tinuous hellcophr support. Surface exposures of 
sulfide-bearing lavas contrsted slrikingly with barren 

rocks of the Pzv unit in that they were invariably 
covered with a brilliant orange lichen-hence our in- 
formal name Lichen' Prospec&. Its presence of min- 
eralized rocks of the Pzv unit may provide a geo- 
botanical gulde for exploration of the remainder of 
the unit. ----. 

REGIONAL G E ~ L O G Y  

Bedrock terrane near the LIchen Prospect ranges in 
age Prom upper Paleozoic to Cretaceous-Including lavas 
of maflc to Intermediate cornpositlon \vi th inkrbedded 
sediments, pelltic sedimentary rocks, and a variety of 
intrusive igneous bodles. These are shown on figure 1. 

The oldest layered rocks are a deformed sequence o f ,  
amphibolites with interbedded marbles (Pza) that are In 
apparent gradational con tact with an exknsive terrain of 
rnlldly schlstose lavas of intermediate composition, 
with minor fine-gralned sediments and carbonates (Pzv). 
Rocks of the Pzv unit form an east-west arcuate belt 
across the northern part of the Copper. River basin. 
Fossils collected by Csejtey (197 3, p. 4 5) and by Smith 
and Bundtzen during the 1973 'field season in the 
vicinity of Watana Lake support an age assignment of 
Upper Paleozoic €or this rock sequence. In this area, the 
Pzv unit is in thrust contact wlth the Triassjc Amphi- 
theater Group, a thick sequence of 1) metabasalts and 
andesites (TRa) which display both columnar jointing 
and pillow structuws locally, and 2) cherk, atg-i~ll~ 
volcanicliutic sediments, and- I ~ ~ G G ~ > s " ( T R ~ s )  which 
are In part fossillferous. Fosslls collected northeast of 
the map area Prom the upper part of the sequence 
(Mofflt, 1912, p. 33) establish ar upper Triassic age for 
the TRa unit. Newer fossil collections made by Smith 
and Bundtzen in 1973 and Stout (1974, in process) con- 
firm the ewlier determination. An upper Jurassic as- 
semblage of sandstones, siltstones, and pebbIe con- 
glomerates (Js) is in fault contact with the Amphi- 
theater Group in the northwest comer of the map. 
Most of the lowland areas and stream valleys are 
covered by Quaternary surficial deposits which were not 
differentiated during the mapping program. 

At least two ages of igneous Intrusive rocks am 
exposed in the map area. Hornblende quartz dlorite 
(Jqd) of Jursssic age underlies most of the rounded hills 



Rgure 1. Generalized geologlc map of northeast comer, Talkeetna Mountains and southeast comer, Healy 1:250,000 quad- 
ranglek. Geology by T.E. Smlth, T.K. Eundtzen, and G.L. Kltne, 1972.79, hcatlon of prospect lndtcated in eastern 
portion of map. 



Figure 1 - continued 
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willli lt (I\(% big brrrd o f  l l r r  Susilna I t ~ t~c r .  A per. 
r lumilrot~s l!ru~rilr s(bri('s (Jt~r), O C  late JU~BS\IC agc, 
crops at11 ra o Iilrc~i~r b~btlv i ~ r  Lllr. soullrcllsl corlrcr 01" tlrc 
utttp. Ilor~rbl(.nclr gahbro bodies (Pzg), sornc of \vlr lclr 
cln. I00 SII\~III 10 bt) sIro\vn U I ~  LIIC map, arc i.onsi(lcrcd 
l o  br of 1Ilr sarnr agr as l lw tt~nphibolilc Icrrane (I'zo) 
nnd n w  probably gc)~rc~lic;llly relaled Lo i l .  ('ri~Lircrous 
~nngnrulis~n i s  n~corded by a lolialrd gra~lorlioritc (I<gd) 
in Lllc souLlr and a zoned pluton (Kqm rirrd Ki)  in Ihc 
c-t%~rlrr of Ihe mop. K q ~ n  probably rcprcscnls a Inore 
Itornogrncous, fclsic corc o( lhe larger conrplt~x plutonic 
body. . . --..--- 

MINERAL OCCURRENCE 

Hosl rocks lor mincrnlization a t  the I,icllcn Prospect 
(fig. 2) consist of  rneLavolcanics, niinor JctriIal sedi- 
ments, and banded quartzite of probable talc Paleozoic 
age. These rocks (Pzv on fig. 1) have undcrgor~c lower 
greenschist facics rnctatnorphism, and  many of Lhc lcss 
competcnl sedi tnenlary beds arc rccr).lstall~zed L O  preen- 
schists. 'l'hc sulfide-rich zoile, appawn t lgl confineci l o  a 
single volcanic flow, exlcnds along a regiorral stnkc o f  
N. 60' W. for al least 3,000 f c c ~ .  Surlicinl dcposi~s 
mn~ i l l r  most o f  the arca, cot~wnling both cnds o[ lhe 
melallilerous horizon zone. 

Pelrographic studies of rocks from lhc prospect 
suggest a yredominanl irllcrmediatc composi~ion tor tlrc 
rnekvolcai\ics. Allhorr ~ 1 1  the rocks are locally chloriliaed 
and cpido(ized. vatying amollnls of  biotitc, hornblvnde 
n,!d qunrCz arc prc-sent in Lhr seclions. Conlpositio~~allv 
t l l ry nro sligl\Lly nlore fr\sic lhsr\ l h e  Ampt~icl~ealcr 
Group ('rRa) Lo the norllr; lhis is truc of Lhc rnllre Pzv 
unit. 

The sulfide mincrals arr .generally disscmin:~ced or 
are coilcentrated in small quarls-leldspa.c~pit lo(c~ veitr- 
lets averaging less tlle~r 1 cc~it i~ncler Lltick. I!ath the 
vcinlcts and disseminictiotrs :Ire r rs~r i c~er l  to n zone 
about 5 lcel  wide; 1Itey sccm l o  bc cotrii~wci to a 
single volcanic I~oriaon that strikes N. 60' \\'. i n ~ d  dips 
nearly vcrkicd. Cl~alcopyrite (Cu FcS?) i ~ n d  horrlile 
(Cu5FrS,,) arc llle mosl obvious c.c&orrric sulfides, 
but ulidrr tlrr ore microscopc, cl~alcopyritc, bornitc, 
minor covrllilc (CuS). rligenilc (Cu-S). i111d i r l i  tlnusual 
mirrrrnl. 1)robnbly idaitr (CuGFcSs), hare bccn idcn- 
t i f ird. 'l'hr idnilc is prrllaps ;ur allrral~otr product of 
d\r hor~~i(ck. (~o\lc~lliLtb ;\lid d~gcnilr vrir!lcl s > v s l e ~ r i s  cut 
tl\c b o r ~ r ~ l c  arrd chalccipyritr, 111rtl supcrtcllc ~nxlachilr 
i s  nbu11di11rt. No nnlivo prccious rnclals or precious 
malsl sulrides wcre rrcog~rizcd. The ~rtinrral source of 

samples trlas not tpco~~rized, allhough Ir~glrcr .silver 
values sccm to cormlalc with  Ihe highcr copper vulues 
(table 1). 

A cc~nspicuous hri~lrt~nrangc lichc~r i s  i ~~ i~ar iab ly  
nssocin(.c*d \ v i l l i  lhe suli idr-lwarin~ mat~na l  and artually 
aldrd Ilrc frcld party in c l~ l i~~ ia l iug  t l ~ r  ~ \s tcnt  of the 
mincrulizcd zorrc. Tlic l i c l l ~n  is actually tile Crce.iiviltg 

planL Z're~~lepohlia aclrco, an alga which i s  a colnnlon 
component of lhc lichen genus lorlospis. Thc idcnlific:~- 
lion was n:adc by Dr. \Villianl \Veber o l  the IJ~~ivarsily 
o l  Colorado muscum in Bouldcr (written comm., 1074), 
who stated h a t  tlrc lichcn commonly gro\vs on sprucc 
lwigs in n locally humid envirorrmcnt, but has also hecn 
found on rocks in Europc. A search in several USCS 
publications on lhe s i ~ b j c c ~  rcvcaled no mention of Llle 
plan( being associated with olher mineral deposits in  
the state. 

The association of ore mincrals wit11 n single stratum 
of volcanic flow rock suggests a primary volcanog(cnic . 

-source mag besL explain its occurrence. Ilutchinson 
(1973, p. 1229), in his classic paper on volcanogenic ore 
deposits, describes a "cupreous-pyrite" type of massive 
sulfide dcposit wvit.h high ratios o f  gold to silver, but 
containing virtually no lead or zinc. These are usually 
associatecl w l ~ h  malic.lo.in tcrmediate l l~o le i i  tic volcarlic 
rocks. Felsic volcanics are usually absent, and sedi. 
menlary assemblages are volumcCrically insignificant, 
but usually includc siliceous ironslones and radiolavian 
cherts. hlineralitalion i s  usually, irregularly distribuled. 
in the noks in  pillows, pillow matrices, and breccias. 
The volcanic l~asts arc usually interpreted as being the 
wsults of dcep-water quiesccn t fissure eruptions on the 
sea floor. 

At the Lichen Prospect. severd lines of evidence 
support the assignment o f  this prospect Lo this category 
of volcanogenic deposit: 

1) hfineralization srtcms l o  bc confined to a single 
\701csnic unit of intermediale compositioc~ that 
extends lor several thousand feet. 

2) Sediments do  rot nlake up a significmt percc,itoge 
o l  the lotal rock oxposed a t  tlic prospect: how. 
ever, a quartzile band possibly represenling a 
metachert or siliceous ~ne t%@din~c~ \ t  is present 
near the niincralixod tone. 

3) Fclsic rolcanics arcb absent. 
4 )  Lead and zinc are not present in significani 

amounts in the samples. Copper analyscs avcrage 
2.48 pcrcent. 

5) Tile average silver-to-gold ratios of the analyzed 
samples i s  l . G  to 1. This is much lower than 
ratios reportcd for deposils in Hutcl\insotl's olher 
categories arid agrees w i lh his "cupr~oics.pyri LC"- 
type deposi 1. 

6) nre nature of tllc ~nincralizaliou seems to suggest 
that tile rltlfides b ~ f o r c  nlctamorphism tilore ir. 
regularly dislribulcd through (.lie volcanic horizon 
and did no1 constitute a uniform sheet o f  n~assive 
sulfides. 

Analyses of scvcral cornposilc and  g a b  samplcs takcn 
alonp the Icngth of the exposure show coppcr valurs 
ran~inc to 4.5 pcrccnt aod gold values to 1 6  par& per 



Figure 2. Detailed location of Lichen Prospect. Base from Talkeetna llountains D-1, 1:63,360 quadrangle, northwest comer. 



Table I .  Alomic AbsorbLion Spectrophotarnetric Analyses of Samples 
From tichen Prospect 

Sample 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

Composi~e of three samples: gossanstained massive metavolcanic 
One sample; massive metavolcanic with malichite stain 
Composite of three samples; sulfide-bearing schistose greenstone 
Composite OF three samples; sulCide-bearing massive rnetavolcanic 
Composite OF three samples; sulfide-bearing chloritized greenstone 
Composite of lhree samples; massive rnetavolcanic with malachite stain 
One sample; schistose metsvotcanic 
Otie sample; schistose metavolcanic 
One sample; chloritized greenstone 
One sample; gossanstained rnetavolcanic of intermediate compositsu~l 

' ~ ~ ~ l c r n e n t  looked far bul not delected. 
'~lcrnentat analysis was performed by T.C. ?'ril,le ; I ,  t h c  Mincral Anslyscs anti Research I.,aboratory in Collcge, Alaska. The atomic absorblion a l l~ lys i s  was csr- 

ricd out by bking a 10-gram saml)lc and dipcst ln~ I: in an approprinlc amount or aqua-recia. Tho digestate was diluted lo LOO rnl with distilled water and ccn- 
trifuycd. The elements copper, lead, zinc, silver. and n~ckel werc sspiratcd directly into an air.act.lylenc> flame while  old was determined followiog a DIBKI 
Aliquot 336 solventsdlvenl extraction. 

Table 2. Semiquantitative Emission Speckom hic AnaIyses of 
Samples from Uchen Prcspect 2 

Cr Sr Co Sc Mo V Mn B 13a Nb Sb M&! 
Sample ( P P ~ )  IPPm) ( P P ~ )  ( P P ~ )  ( P P ~ )  ( w m )  (ppm) (ppml (pprn) (pprn) (pprn) (%) 

1 1 20 100 20 80 4 130 350 5 50 10 ND' 2.0 
2 230 750 25 90 5 130 500 ND' 20 10 100 2.5 
3 275 250 40  70 7 100 500 N D' 20 10 100 3.5 
4 200 200 35 70 5 130 750 ND' 20 15  ND' 3.0 
5 200 600 35 100 7 100 3 50 ND' 20 10 250 2.5 
6 250 500 25 65 5 130 500 ND' 50 10 lool 1.5 
7 120 150 25 40 2 100 350 ND) 20 I0 ND 1.5 
8 250 125 35 65 7 125  500 70  10 NDI 4.0 
9 320 300 25 80 5 130 500 10 20 10 ND' 2.5 
10 200 750 25 80 8 130 350 N D ~  20 10 100 2.5 

' ~ ~ ~ l e r n e a t  looked far but not detected. 
'~rnission spectrographic analyses were perform4 using the "six-skp procedure." The d u e s  are reported on three-step series 1.2, 5.10, 20, 50, 100, 200, etc. 
in pprn or percent A reported value of 100 ppm identifies the concentration as nearer 100 than 50 or 200. A,pptoximately 95% of the values t H  within plus- or 
minus-one reporting interval. Be, Sn, W, and As were looked For but not detected. 

I 



millin11 (lables 1 and 2) .  Outcrops are limitcd a l  the 
prc'sp~lcl; llrus a Irigh probability rxisls tor rxLensiocls 
of 1I1(~ ~ni~~t~ra l iz t *d  aorw under surficial drposils of 
tl~r nnw, ils well IL~ for U\e prpsthl\c.e uf other mclel- 
lifcruus slrnla i n  llic flow S P ~ U P I I ~ .  TIw ticlben Prospccl 
could rctpwsent the dista l  edge 01" a larger deposjl. 
Furtlwr examination should includc induced polar- 
izatioli surveys to delimit the extent  o f  disseminated 
sulfide mineralization. 
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