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I NTROOUCT I O N  

This repor t  i s  one o f  a series of publ icat ions prepared by the USGS (U.S. 
Geological Survey) as par t  o f  AMRAP (Alaska Mineral Resources Assessment 
Program) t o  provide the pub1 i c  w i th  information on the mineral resources o f  
Alaska. This repor t  presents the analyt ica l  resu l ts  and geochemical summaries 
o f  rock samples col lected i n  the Anchorage 1:250,000-scale quadrangle, 
southern Alaska, and i n  nearby par ts  o f  several adjoining quadrangles. Two 
companion repor ts  (Madden, 1988a,b) present the map d i s t r i bu t i ons  and 
in te rpre ta t ions  of geochemical data from stream sediments and concentrates. 
The chemical analyses f o r  those samples are avai lable i n  Arbogast and others 
(1987). A t h i r d  map (Tripp and Madden, 1988) presents information o f  the 
mineralogy o f  panned concentrates i n  the quadrangle. 

Rock samples were col lected by U.S. Geological Survey personnel between 
1965 and 1985 i n  the Anchorage quadrangle ( f ig .  l) ,  as wel l  as i n  the 
ad j o in ing  Seward, Valdez, and Talkeetna Mountains quadrangles. During 
co l lec t ion ,  grab samples o f  various sizes were taken on unmineralized outcrops 
t o  determine background compositions o f  rock uni ts ,  on mineralfzed outcrop t o  
i d e n t i f y  the composition o f  mineralization, and i n  mines, prospects, and on 
mine dumps t o  determine which geochemical sui tes o f  t race elements are 
enriched i n  mines. 

Geologic Setting 

The Anchorage lo x 3' quadrangle i n  southern Alaska contains a var ie ty  o f  ' 
l i t h o l o g i c  u n i t s  o f  d i f f e r e n t  ages, which display a var iety  of deformational 
s ty les  ( f i g .  2).  These un i t s  record a complex geologic and tectonic 
h is tory.  As w i th  much o f  southern Alaska, t h i s  area has been interpreted as 
consis t ing o f  accreted 1 i thotectonic terranes. 

L i thotectonic  terranes are fault-bounded s t ruc tura l  blocks which contain 
d i s t i n c t i v e  and unique geologic records that  are d i f f e r e n t  from each other and 
from the r e s t  o f  North America (S i l be r l i ng  and Jones, 1984). Three 
1 i thotectonic terranes occur i n  the Anchorage quadrangle: the Peninsular, 
Chugach, and Prince M i  11 iam. The Peninsular terrane 1 ies north and northeast 
o f  Anchorage i n  the southern Talkeetna Mountains and the Matanuska Val ley; the 
Chugach terrane l i e s  east of Anchorage i n  the Chugach Mountains; and a small 
area o f  Prince Wil l iam terrane l i e s  i n  the southeastern corner of the 
quadrangle i n  Prince Will iam Sound. These three terranes are thought t o  be 
par ts  o f  allochthonous c rus ta l  blocks which accreted t o  southern Alaska during 
mid-Cretaceous t o  ear ly  Ter t ia ry  t ime (Plafker and others, 1977; Csejtey and 
others, 1978; Tysdal and Case, 1979). 

The Peninsular terrane i s  bounded by an unnamed but very d i s t i n c t i v e  
shear zone t o  the nor th i n  the Talkeetna Mountains quadrangle (Csejtey and 
others, 1978) and by the Border Ranges f a u l t  system t o  the south. Between i t s  
f a u l t  boundaries, the terrane contains a number of rock un i t s  inc luding bedded 
volcanic and sedimentary rocks and in t rus ive  rocks of the Talkeetna Mountains 
ba tho l i t h  ranging i n  age from Early Jurassic t o  Tert iary, and metamorphic 
rocks ranging i n  age from Paleozoic(?) t o  Jurassic (Csejtey and others, 1978; 
Pavlis, 1983). The older rock un i t s  o f  pre-mid-Cretaceous age are in terpreted 
as allochthonous, and the younger bedded rocks are interpreted as post- 
accretionary deposits (Si 1 ber l  ing and Jones, 1984). The post-accret ionary 
deposits cover much o f  the Peninsular terrane i n  the eastern pa r t  of the 
Anchorage quadrangle. 



FIgure 1.--location map of the Anchorage quadrangle and adjacent quadrangles. 
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Figure 2.--Generalized lithotectoic terranes and major fault boundaries in the  
Anchorage 3" quadrangle, southern Alaska. 



The Chugach terrane i s  bounded by the Border Ranges f a u l t  system t o  the 
nor th and by the Contact f a u l t  system t o  the south. Between the f a u l t  systems 
are two metamorphic rock uni ts ,  a landward melange ca l led  the McHugh Complex 
and a seaward f l ysch  sequence cal led the Valdez Group (Plafker and others, 
1977). 

The McHugh Complex crops out i n  a discontinuous band on the south side o f  
the Border Ranges f a u l t  system. The complex consists of maf i c  metavolcanic 
and metaclast ic rocks, bedded chert, and minor lenses o f  limestone tha t  are 
chaot ica l l y  faul ted together and metamorphosed t o  prehni te-pumpellyi t e  facies 
(Clark, 1973). The ages o f  dated blocks i n  the McHugh range from Late 
Paleozoic, based on a Pennsylvanian f u s i  1 i nid, t o  mid-Cretaceous based on 
A1 bian o r  Cenomanian radio lar ians (Clark, 1973; Winkler and others, 1981). 
The age of accret ion o f  the McHugh Complex i s  l a t e  Early Cretaceous, younger 
than the ages o f  the youngest blocks and older than cross-cutting plutons o f  
trondhjemite tha t  yielded Late Cretaceous ages (103 Ma, U-Pb age of zircon; 
110 Ma, K-Ar age o f  muscovite; and 125 Ma, K-Ar age of hornblende) (Pavl is ,  
1982; G. R. Winkler, pers. commun., 1986). The McHugh Complex s t r u c t u r a l l y  
over l ies  the Valdez Group along the Eagle River thrust  fau l t .  

The Valdez Group was accreted t o  southern Alaska i n  Late Cretaceous o r  
ear ly  Ter t ia ry  t i m e .  The t i m e  of accretion i s  l a t e r  than the Maestr icht ian 
age o f  the youngest f o s s i l s  from the Valdez Group and may have coincided w i t h  
the age of metamorphism o f  the Valdez Group. Metamorphism occurred between . 
47.9 Ma and 53.5 Ma (Winkler and others, 1984; Winkler and others, 1981; 
Hudson and Plafker, 1982). The Valdez Group consists mostly o f  rhythmical ly  i 
interbedded graywacke, s i  1 tstone, and arg i  11 i t e  and m i  nor pebble conglomerate 
which are in terpreted as turb id i tes.  I n  addi t ion t o  tu rb id i tes ,  the Valdez 
Group includes interbedded hemipelagic and pelagic sedimentary rocks, tu f f ,  
and p i  1 low basal t  outside o f  the Anchorage quadrangle (Winkler and others, 
1984). No s t ra t ig raph ic  thickness has been estimated fo r  the Valdez Group i n  
the Chugach Mountains, however cor re la t i ve  s t ra ta  t o  the southeast on Sanak, 
Shumagin, Afognak, and Kodiak Islands have been estimated t o  be 3-5 km th i ck  
(Moore, 1973; N i  lsen and Moore, 1979). The age of deposit ion o f  a t  leas t  pa r t  
o f  the group i s  Campaninn(?) and Maestrichtian according t o  megafossils (Jones 
and Clark, 1973). Following i t s  deposition, much of the group was meta- 
morphosed t o  lower t o  middle greenschfst facies,  though metamorphic grade 
ranges from prehni t e  pumpel l y i  t e  t o  amphibol i t e  facies (Wi nk le r  and others, 
1984). 

The upper Paleocene through lower middle Eocene Orca Group o f  the Prince 
W i  11 iam terrane i s  s imi la r  i n  l i tho logy  t o  the Valdez Group (Plafker and 
others, 1985; Nelson and others, 1985). The Orca consists o f  6-10 km o f  
interbedded graywacke, s i l  tstone, and shale wi th loca l  conglomerate and mafic 
sheeted dikes, p i 1  low basalt, and minor gabbro and u l t ramaf ic  rocks (Nelson 
and others, 1984). The northern boundary o f  the terrane i s  the Contact f a u l t  
system, which i s  a series o f  northward-dipping th rus t  fau l ts .  Local 
d i f ferences i n  s t ruc tura l  trend between the Valdez and Orca Groups occur 
across the Contact f a u l t  (Nelson and others, 1984). 

Mineral Occurrences 

The geology and tectonic  h is to ry  i n  the Anchorage quadrangle has included 
the formation o f  several types o f  mineral occurrences. These formed i n  a 
var ie ty  o f  geologic envi rorments and they are characterized by d i f f e r e n t  
geochemical signatures. Gold i s  h i s t o r i c a l l y  o f  greatest economic i n te res t  i n  
the quadrangle. Gold has been produced from quartz veins and placer 



deposits. The two main lode and placer gold-mining d i s t r i c t s  are Willow Creek 
i n  the Peninsular terrane i n  the northwestern par t  o f  the quadrangle, and 
Girdwood i n  the Chugach terrane i n  the southwestern par t  o f  the quadrangle. 
Lode-gold production i n  the Willow Creek d i s t r i c t ,  between 1909 and 1950, was 
623,874 ounces (Oorff, 1984) ; and t o t a l  gold production i n  the Girdwood 
d i s t r i c t ,  through 1982, was 49,000 ounces (Hoekzema, 1984). A smaller gold 
d i s t r i c t  i s  Alfred Creek, which i s  a placer-mining area i n  the Peninsular 
terrane i n  the northeastern par t  o f  the quadrangle. Gold production i n  the 
A l f red  Creek area from 1911 through 1913, was only 70-75 ozs (Mart in and 
Mertie, 1914). More recent f igures are not available, but seasonal mining 
operations were act ive during t h i s  study. 

The Peninsular terrane contains (1) deposits o f  podiform chromi t e  i n  
a lp ine p e r i d o t i t e  o f  the Wolverine Complex o f  Carden and Decker (1977) and the 
informal l y  named Eklutna ( u l  tramaf i c )  complex of Clark and Greenwood (1972) ; 
(2) mineralized breccia zones containing gold, s i l ve r ,  chalcopyrite, and 
galena i n  gossan zones and as disseminations near the Nelchina Glacier; and 
(3) mesothermal gold-quartz veins i n  the Willow Creek gold-mining d i s t r i c t .  
I n  addl t ion, the terrane contains the geologic se t t ing  f o r  Kuroko-type 
massive-sulf ide and porphyry-copper mineral izat ion i n  andesi t i c  submarine 
volcanic rocks o f  the Talkeetna Fonnation. The Talkeetna Fonnation represents 
the remnants of an Early Jurassic volcanic arc, and it contains a mineral 
occurrence on Sheep Mountain which has been suggested t o  be a porphyry deposit-  
(MacKevett and Hol loway, 1977). 

I n  the Peninsular terrane, the major mining d i s t r i c t  i s  Willow Creek. 
Geochemical analyses from gold and soapstone mines are shown i n  rows 944-1100 
( tab le  5). The Willow Creek gold-mining d i s t r i c t  occurs along the 
southwestern margin o f  the Talkeetna bathol i th ,  where mineralized veins (56-66 
Ma) l i e  along shears and f a u l t s  cu t t i ng  a body o f  Cretaceous and Ter t ia ry  
tonal i t e  and adjacent Jurassic(?) schis t  (Csejtey and others, 1978; S i  lberman 
and others, 1979; Madden and others, 1987). The largest lode mine i s  i n  the 
t o n a l i t e  and the largest  placer mine i s  jus t  downstream from the contact 
between the schis t  and tona l i te .  Geochemical sui tes d i f f e r  between gold- 
bearing veins i n  the t o n a l i t e  and schist  as follows: veins i n  the t o n a l i t e  
are enriched i n  Au, As, Ag, Hg, Pb, and W; i n  contrast, veins i n  the sch is t  
contain lower Au, Hg, and Pb; higher Ag and Zn; and no anomalous W (Silberman, 
1986, personal commun.). The veins i n  t o n a l i t e  contain gold, pyr i te ,  
arsenopyri te, and minor chalcopyrite, galena, sphaleri te, scheel i t e ,  and 
t e l l u r i d e  minerals (nagyagite) i n  veins of banded quartz and i n  gouge zones o f  
sheared, s i l i c i f i e d ,  and a r g i l l i c a l l y  a l tered d io r i te ,  clay, and quartz-vein 
fragments (Ray, 1954; Dorff, 1984). L i t t l e  i s  known about the mineralogy of 
veins i n  the  schist ,  except t ha t  they contain gold and generally very l i t t l e  
quartz. 

Also w i th in  the Peninsular terrane, we found weakly mineral ized zones of 
disseminated su l f ides  during t h i s  study. These zones are several mi les 
northeast o f  Puddingstone H i l l ,  i n  two t r i bu ta r i es  t o  Boulder Creek. 
Geochemical analyses o f  rocks col lected from these zones are shown i n  rows 
1101-1109 ( table 5). The mineralized zones l i e  along f ractures i n  the Lower 
Jurassic Talkeetna Formation, near f e l s i c  and mafic plugs o f  Ter t ia ry  age. 
The age o f  the minera l izat ion i s  unknown. Minera l izat ion could be Ear ly  
Jurassic and syngenetic w i th  the andesit ic submarine volcanic and 
vo1caniclast ic rocks or, a l te rna t ive ly ,  it could be a l a t e r  phenomenon 
associated w i th  Ter t ia ry  igneous act i v l  ty .  The mineralized rocks contain 
anomalous Au (0.1 ppm), Ag (10 ppm), Sb, B i ,  Cu (2 percent), Pb (5000 ppm), Zn 
(3000 ppm) , Cd , and Mo. 



To the  south o f  the Border Ranges f a u l t ,  i n  the Chugach terrane, the 
metasedimentary f l y s c h  sequence ca l led  the Valdez Group contains minor maf ic  
vo lcanic  rocks and i s  cu t  by f e l s i c  stocks and plugs o f  anatect ic  o r i g i n  
(Hudson and Plafker, 1975). I n  the metasedimentary f lysch,  gold-bearing 
quartz veins have been in te rp re ted  t o  be metamorphic deposi ts formed from 
ascending metamorphic f l u i d s  (Goldfarb and others, 1986). To the south, 
massive-sul f ide deposits occur i n  mafic volcanic rocks and associated 
metasedimentary rocks o f  the Pr ince W i  11 iam terrane (Nel son and others, 1984; 
Nelson and others, 1985). 

I n  t he  Chugach terrane, same gold-bearing quartz veins are near o r  i n  
g r a n i t i c  stocks and others occur i n  metasedimentary rocks o f  the Valdez Group, 
f a r  from exposures o f  p lu ton ic  rocks. Gold-bearing quartz veins occur 
per iphera l  t o  and c u t t i n g  g r a n i t i c  stocks i n  the Girdwood mining d i s t r i c t  i n  
the  southwestern p a r t  o f  the quadrangle. Park (1933) ca l l ed  the p l u t o n i c  
rocks " i r r egu la r ,  p ipe- l ike,  i n t r us i ve  rocks", and he said t h a t  the most 
prominent ve in  deposi ts a l l  are grouped around the in t rus ions  i n  a small area 
i n  t he  headwaters o f  Crow Creek. The veins general ly conta in  quartz and 
c a l c i t e ,  and minor amounts o f  s u l f i d e  minerals inc lud ing  arsenopyrite, galena, 
p y r i t e ,  sphaler i te ,  chalcopyr i te,  and gold. The s u i t e  o f  elements t h a t  are 
enriched i n  the veins includes Au, As, Cu, Sb, Hg, Pb, Zn, and Ba. The Crow 
Creek p lacer  deposit, below the Girdwood lode, i s  one o f  the l a rges t  placer-  
go ld  producing stream i n  south-central Alaska (Hoekzema, 1984). Approximately. 
70 km t o  the  northeast, s t r u c t u r a l l y  on s t r i k e  w i t h  the Girdwood d i s t r i c t ,  
l i e s  a more remote, meta l l i f e rous  area ca l l ed  Metal Creek. Placer deposi ts in:  
Metal Creek conta in  gold, s l l v e r ,  and plat inum minerals (Cobb, 1979), as we1 1 
as scheel i te ,  which I s  near ly  ubiqui tous i n  the  Chugach ter rane i n  the 
Anchorage quadrangle (Tr ipp and Madden, 1988). The Metal Creek drainage 
exposes metasedimentary rocks o f  the Valdez Group and metasediments and 
greenstone o f  the McHugh Complex. The Valdez Group i s  in t ruded by a stock o f  
quartz d i o r i t e  and by f e l s i c  dikes. Gold once was thought t o  have come from a 
g r a n i t i c  stock a t  the head o f  Metal Creek (Landes, 1927), but  i t  now appears 
t o  have more than one source (Tr ipp and Madden, 1988). 

I n  the  upper p a r t  o f  Grasshopper Valley, t o  the east o f  Metal Creek, i s  a 
l i n e a r  ser ies  o f  stocks o f  quartz d i o r i t e  found dur ing t h i s  study. The ser ies 
o f  stocks l i e s  along a 1 inear  northeast trend, p a r a l l e l  t o  the ax i s  o f  a 
large, gen t le  f o l d  w i t h  a southwest t rending ax i s  and km-scale wavelength 
(G.R. Winkler, w r i t t e n  commrn., 1982). Each stock i s  surrounded by weakly 
mineral ized, i ron-s ta ined zones o f  metasedimentary rocks o f  the Valdez 
Group. These mineral ized zones conta in  quartz veins enriched i n  s i l v e r ,  
copper, molybdenum, arsenic, and containing traces o f  gold. Geochemical 
analyses o f  rocks co l lec ted  from these zones are shown i n  rows 1110-1159 
( t ab le  5). Past study (Richter, 1967) o f  one stock located f a r  downstream 
from the others  suggested t ha t  the stock and I t s  surroundings were not  r i c h  
enough t o  explore fu r ther .  However, slnce R ich te r ' s  study, we have found more 
stocks and mineral ized zones f a r t he r  upstream. 

Nelson and others (1984) found areas favorable f o r  gold i n  a wide band 
no r th  o f  the  Contact f a u l t  system i n  the Valdez Group, and i n  the Girdwood and 
Crow Pass area. I n  these favorable areas, Au, Ag, and less  cons is ten t l y  As 
and Sb are enriched i n  the nonmagnetic, heavy-mineral concentrates. I n  the 
Crow Pass area o f  the Girdwood d i s t r i c t ,  they a lso found ind ica t ions  o f  base- 
metal veins i n  concentrates enriched i n  Zn, Ba, and Co and conta in ing 
chalcopyr i te ,  sphaler i  te, galena, and bar i te .  Addi t ional  ind ica t ions  o f  base- 
metal-bearing veins were found on Harvard and Yale Glaciers. To the west, 
minera l ized quartz veins occur i n  graywacke on Point  Doran. To the south, 



base-metal-bearing veins may occur in the Orca Group east of Miners Lake 
(Nelson and others, 1984). 

In the Prince William terrane, base-metal veins and massive-sulfide pods 
occur in metasedimentary and maf ic volcanic rocks of the Orca Group; and veins 
and disseminations of sulfide minerals enriched in N i ,  Co, and Cu occur in 
mafic plutonic rocks. However, areas favorable for gold are less comnon in 
the Prince William terrane than in the Chugach terrane (Nelson and others, 
1984). 

ANALn 1 CAL PROCE WRES 

Each rock was analyzed for 31 elements using semiquanti tative emission 
spectrography (Grimes and Marranzino, 1968). The analytical values were 
reported as the midpoints of intervals. These midpoints make up a series o f  
numbers called steps: 1, 1.5, 2.0, 3.0, 5.0, 7.0, 10.0, 15.0, 20.0 etc. The 
precision of the values generally is within 1 step of the reported value 
approximately 83 percent of the time, or within 2 steps of the reported value 
approximately 96 percent of the time (Motooka and Grimes, 1976). The upper 
and lower limits of determination for each element are shown in table 1. In 
addition to emission spectrography, many of the rocks also were analyzed for 
particular elements using chemical methods listed In table 2. The references 
in table 2 describe these methods. 

STATISTICAL S W R Y  

Tables 3 and 4 provide general geochemical sumnaries of the analytical 
results reported in table 6. Table 3 shows univariate statistical estimates 
for data from all of the samples, and table 4 shows statistical estimates for 
data from samples collected in mines in the Willow creek gold-mining district. 

In order to compute the statistical estimates, qual if ied analytical 
values first were replaced with unqualified, estimated values; next, the data 
were transformed into logarithms; then the statistics were computed. The 
qualified analytical values, which appear in table 6, are as follows: below 
the lower 1 imi ts of determination are N1 s (concentrations were not detected) 
and values qual if ied with < ("less than") (concentrations were observable, but 
less than the lower limit of determination); above the upper limits of 
determinat ion are values qual ified with > ("greater than") (concentrations 
were observable, but greater than the upper determination limit). In 
rep1 acing these qual i f  ied analytical values, values qua1 if ied with N were 
replaced by values equal to one-half of the lower limit of determination, 
values qualified with < were multiplied by 0.7, and values qualified with > 
were multiplied by 1.5. The data then were transformed to logarithms, and the 
statistical estimates were calculated and reported as antilogs. As a result 
of the logarithmic transfonnation, the error variance of all elements 
decreased and became more homogeneous, and the frequency distributions of the 
trace elements approached normal, symetrical , gaussian distributions. The 
homogenization o f  variance is indicated by the low values of log variance 
(tables 3 and 4), which are lower than the values for non-log-transformed 
arithmetic data. The normalization of the frequency distributions is 
indicated by the low values of skewness and kurtosis for the trace elements 
(table 3 and 4). They are much lower than the values of skewness and kurtosis 
calculated from arithmetic data. 

The univariate statistical estimates in tables 3 and 4 were calculated by 
using the U.S. Geological Survey STATPAC program for Fisher-K statistics 



(VanTrump, George, J r . ,  unpubl ished computer program, 1982; VanTrump and 
Miesch, 1976). By using an option w i t h i n  th is  program, we calculated the 
arithmetic means w i t h  Sichel Is technique (Sichel, 1952). Another option 
within the program allowed us to calculate s t a t i s t i ca l  values for  the singly 
censored elements by using Cohen's method on only the unqualified analytical 
values in table 6 (Cohen, 1959). The means, deviations, and variances 
calculated by using Cohenls method appear in parentheses in tables 3 and 4. 
Cohen' s geometric means generally are lower, and Cohen' s log variances, 
geometric deviations, and arithmetic means generally are higher than those 
calculated by using both the unqualified and the qualified, b u t  replaced, 
analytical values. 

DESCRIPTION OF DATA TABLES 

I n  table 5 we have shown information about the rock samples analyzed and 
reported in table 6. This information includes a second se t  of sample 
numbers, useful for  data retr ieval ,  and the rock names of samples which were 
analyzed. I t  also includes the names of the mines where some of the rocks 
were collected, and i t  indicates which samples were taken within measured 
strat igraphic sections. We produced table 5 by using a special version of the 
U.S. Geological Survey STATPAC program called Listp (VanTrump, George, J r . ,  
unpublished computer program, 1987). Table 5 i s  arranged so that  the rows are 
numbered from 1 t o  1198 and the six columns are t i t l ed .  In the f i rs t  column . 

we have l is ted the f ie ld  sample numbers which were assigned during sample 
collection, and i n  the second column we have l is ted the corresponding tag 
numbers which were assigned i n  the 1 aboratory before sample preparation and 
analysis. Only the f ie ld  numbers appear on the sample-local i ty  maps (pl .  1 
and 2 ) .  The corresponding tag numbers are useful in retrieval of the 
analytical data. The t h i r d  and fourth columns contain lat i tude and longitude 
i n  degrees, minutes, and seconds. These can be used t o  locate a l l  samples, 
including those outside of the Anchorage quadrangle. The f i f t h  and sixth 
columns contain the rock and mine names. 

In both tables 5 and 6, the samples from outcrops are l i s ted  f i r s t ,  in 
ascending order by f ie ld  number. Next, the samples from measured 
strat igraphic outcrop sections are 1 isted. Last, the samples from mines and 
known mineralized areas are l is ted.  I t  i s  useful to refer  t o  table 5 i n  order 
t o  find samples and analytical values l is ted in table 6. 

Table 6 is arranged so that column 1 contains the f ie ld  number, which is  
plotted on the sample-locality maps (pl. 1 and 2 ) ,  and columns 2 and 3 contain 
lat i tude and longitude. The remaining columns contain the concentrations o f  
elements reported. In columns 3-31, these concentrations were determined by 
semiquanti ta t ive  emission spectrometry; in columns 32 and 34-42 (Au, Te, As, 
C u ,  Pb, Zn, Cd, B i ,  Sb, and T i ) ,  these concentrations were determined using 
atomic absorption; in column 33 concentrations of Hg were determined by an 
instrumental technique; and i n  column 44, concentrat ions of F were determined 
using an ion-selective electrode method. A1 1 element concentrat ions are 
reported i n  parts per mi 11 ion except for  Fe, Mg, Ca, and Ti which are reported 
i n  percent. 

Three samples from the Hill soapstone mine (rows 986-990, table 5) were 
analyzed for  Au and platinum-group metals by using fire-assay emission 
spectrography (Cooley and others, 1976). Sample W49, a soapstone, contained 
0.001 ppm Au and 0.003 ppm Pd: and sample W49a, a green-colored quartz vein 
containing the mineral mil l e r i t e ,  contained 0.001 ppm Pd. Neither sample 
contained detectable P t ,  Rh, Ru or Ir with lower detection limits of 0.005, 



0.002, 0.200, and 0.100 ppm. Sample W49b, a gray quartz vein, lacked 
detectable gold ( to  0.001 ppm) and platinum-group metals. 

We wish t o  thank the people who contributed greatly t o  th is  study by 
collecting and analyzing the rock samples. The samples were collected by 
Sandra H.B. Clark, Gary Winkler, Miles (Bi l l )  Silberman, Rich 0 '  Leary, Dawn 
Madden, Susan Karl, Ronnie Miyaoka, Willie Nelson, Pete Folger, Anita Moore- 
Nall , Chri s t  ine Ye, K i m  Greene, Dean Yannaci to ,  and Ted Sparks. The samples 
were analyzed by Belinda Arbogast, Rich 0' Leary, Jim Hoffman, Boo Carlson, 
K. J. Curry, R.L. Miller, Harley King, Allen Meier, Anna Mantei, Gordon Day, 
J. Dupree, E.F. (Spade) Cooley, J.A. Roybal, J.M. McNamar, M .  Criswell, 
G. I to ,  A. Grozensky, Cliff Taylor, and Bill Martin. 
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TABLE 1,--Limits of detemination for the m iss ion  spectrographic analysis o f  
rocks, based on a lojag saaple 

E Temen t s Lower determination 1 i m i t  Upper determination l i m i t  

Percent 

I ron (Fe) 
Magnesium (Mg) 
Calcium (Ca) 
T i  tani  um (Ti ) 

Parts per m i l l i on  

Manganese (Mn) 
S i lver  (Ag) 
Arsenic (As) 
Gold (Au) 
Boron (0)  
Barium (Ba) 
Beryl 1 ium (Be) 
Bismuth (Bi) 
Cadmium (Cd) 
Cobalt (Co) 
Chromi urn (Cr) 
Copper (Cu) 
Lanthanum (La) 
Molybdenum (Mo) 
Niobium (Nb) 
Nickel (Ni) 
Lead (Pb) 
Antimony (Sb) 
Scandium (Sc) 
T in  (Sn) 
Strontium (Sr) 
Vanadium (V) 
Tungsten (W)  
Yttrium (Y) 
Zinc (Zn) 
Z i  rconi urn (Zr) 
Thorium (Th) 



TABLE 2.--Chemical laethods used, t he i r  lower l i m i t s  
of determi nuti on, and references. 

[aa = atomic absorption; i n s t  = instrumental; si = spec i f i c  !on; 
s = spectrophotometry; and f = f l uo rme t ry ;  cm = co lo r imet r ic ]  

Element or  Determination 1 i m i t  
const i tuent  Method (micrograms / Reference 
determined gram or ppm) 

Gold (Au) 

Mercury (Hg) i n s t  

Copper (Cu) aa 
Lead (Pb) ad 
Zinc (Zn) aa 

Arsenic (As) cm 

Arsenic (As) aa 
Antimony (Sb) aa 
Zinc (Zn) a a 
Bismuth (Bi)  aa 
Cadmium (Cd) aa 

Fluorine (F) s i 

Tel lur ium (Te) aa 

Thal 1 i urn ( T l  ) aa 

Palladium (Pd) as 

5 
5 
5 

10 

5 o r  10 
1 and 2 

5 
1 
0.1 

100 

0.1 

0.2 

0.001 

Thompson 
and others, 
1968, and 
0' Leary and 
Meier, 1984. 

Modi f icat ion 
o f  McNerney - 
and others, 
1972, 
Vaughn, and 
McCart hy , 1964. 

Ward and 
others, 1969. 

Almond, 1953. 

Modif icat ion o f  
Viets. 1978: 
0' ~ e a &  a n d - ~ i e t s ,  
1986; and Ward 
and others, 1963. 

Hopkins, 1977. 

Chao and 
others, 1978. 

Hubert and Lakin, 
1973. 

Cooley and others, 
1976. 
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. 
Table 4.--Univarlate s t a t i s t i c a l  estimates f o r  ana ly t ica l  data f ran 144 rock samples 

col lected from mlnes I n  the U$llow Creek gold-mining d f s t r l c t .  
[Data are expressed i n  parts per mf l l f  on except f o r  Fe, Mg, Ca, and T i  which are f n percent. Leaders ( - - )  denote no data. AA = 
atomic absorption; AS = Ff re-assay spectrophotametry; CH = colormetric; INST = instrumental; S I  = specf f i c  ion; S = 
spectrophotometry] 

Nunber o f  Detecti  n Estlmated Estimated Geometric Geometric Log 
Element S q l e s  Ratlo' Mintmum b l a x l u  Man Devi a t  i on  Hea Variance: Skewness Kurtosis 

Analy zed1 

S-FEZ 
S-MGZ 
S-CA% 
S-T I% 
S-HN 
S-AG 
5-AS 
S-AU 
5-6 
S-BA 
S-BE 
S-BI 
S-CO 
S-CR 
S-CU 
S-LA 
S- HI 
S-NB 
5-HI 
S-PB 
S-SB 
S-SC 
S-SN 
5-94 
s-v 
5-W 
S-Y 
S-ZH 
S-ZR 
AA-AU-P 
I NST-HG 
A A-TE-P 
AA-AS-P 
AA-CU-P 
AA-PB-P 
AA- ZM-P 
A A-CD-P 
AA-BI-P 
AA-SB-P 
AA-TL-P 
CM-AS 
SI-F 

l ~ o t  a l l  o f  the 144 rock samples were analyzed fo r  every element. S t a t i s t i c a l  values are shown only f o r  elements analyzed i n  
a t  l e  s t  7 2  samples. 

'The number of unqual l f i e d  values divided by the number o f  smpler  analyzed. S ta t i s t i ca l  values are shown only f o r  elements 
wi th qetection ra t l os  o f  a t  least  0.5. 

Estimates were made o f  a r i t h e t i c  means using Sichel ' s  technique. 



Table 5--  Descr ip t ions o f  analyzed rock samples, Anchorage quadrangle, southern n l a s k a  

L a t i t u d e  L o n ~ i  t u d e  

Unknown 
S h a l e  
P h v l l i t e  
V o l c b n l c  
u i  k t  

Andes i t e 
Y o \ t a n + c l e s t i c  Cong lomera te  
I n d e n  i t  c  
Sandst  one 
A n d c s i t f c  b r e c c i a  

CFP154 
CFP155 
CFPlSb 
CFPl57 
CFP IS0 

D i  k c  
Unknown 
Sands t  one 
V o l c e n i c  
Sandst  onc /Sha le  

CFP159 
CFPlbO 
CFP161 
CFP 162 
CFPlb3 

Ssnds tone /Sha le  
Gabbro 
S i l t s t o n e  
S i l t s t o n e  
V o l c a n i c  

CFPlb4 
t F P l b 5  
CFPlb6 
CFPlb7 
CFP 160 

I g n e o u s  
Y o l c a n i c l a B t i c  
I g n e o u s  
S c h i s t  
F o l i a t e d  D i o r l t e  o r  Gabbro 

Sandb tonc  Cong lomera te  
Sand r tone /Sha l  e 
I n n c o u s  
S h a l e  
Sandstone 

CFPl69 
CFP I70 
CFP17i 
CFP 172 
CFP175 

I g n e o u s  
S h a l e  
S c h i a t  
S c h i s t  
S c h i a t  

Q u a r t z  Veln 
S c h i l t  
D l o r t t e  o r  Gabbro 
D f o r t t e  o r  Gabbro 
F e l t i c  P l u t o n i c  

H e t s ¶ e d l m e n t s r y  Rock / V i a + b l e  S u l  f i d e a  
H e t a 8 e d l n e n t r r v  Rock 
Green A e t a s s d i m e n t a r v  Hock 
H e t a s e d i m e n t a r v  Rock / U u a r t z  V e i n s  
M e t a r e d l m e n t a r y  Rock 

CFPi84 
CFPlA5 
t F P l 8 b  
.CFP 187 
CFP 168 

C f P l 8 9  
CFP 190 
CF 1 5 7 6  
CFT577 
C F l 5 7 A  

Met s s e d i m e n t s r v  Rock 
M e t a B e d i a e n t a r v  Rock 
Unknown 
H e t a a e d i n t n t a r V  Rock / U u a r t z  V e i n s  
H e t a a e d i m e n t a r y  Rock /Qu.?t2 V e i n s  



L o n g i  t ude ROCKTYPE Row140 F i e l d  t lo Tau NO L a t i t u d e  

M e t a s e d l m e n t a r y  Rock / U u a r t z  Ve ins  
Met ased imsn t  a r y  Rock / O u a r t z  Ve ins  
U u r r t r  V e l n  
S c h i s t  
D i k e  

M e t a s e d i r e n t a r Y  Rock 
Metamed{mentary  Rock 
S ~ h f s t  
Unknown 
Unknown 

Unknown 
Unknown 
Unknown 
Unknown 
Unknown 

Unknodn 
Unknown 
P h y l l  i t e  
V o l c a n i c  
S c h i s t  / V l a l b t e  S u l f i d e s  

P l u t o n i c  
P l u t o n l c  
D l  k c  
P l u t o n i c  
F e l t i c  P l u t o n l c  

F r a c t u r e d  P l u t o n i c  
Unknoun 
Unknown 
Unknown 
P h v l l i t a  / Y i r l b l e  Sulftdes 

GAbbro 
D i e b r a e  D l t e  
Unknown 
Unknown 
M e r b l  e 

Unknown 
Unknown 
M a r b l  l 
D i k e  /Visible S u l f i d e s  
Ska rn  

P l u t o n l c  
Q u a r t z  V e l n  
D f o r l  t c  
P l u t o n l c  
Ske rn  

S k a r n  
Unknown 
G a h b ~ o  
I n d e l i  t o  
C c t a s e d i m e n t a r y  Rock 



F i e l d  No L o n g i t u d e  ROCKIYPE MINE 

P h y l l  i t i c  H e t a s e d i n e n t a r y  Rock 
H e t e s e d 4 r e n t  ~ F V  Rock 
C s t a c l a a t l c  / V i s t b l e  S u l t i d e s  
Met ased imen t  a r y  Rock 
T r o n d h j e a i  t e  

C F V  180 
C F V I R I  
C F b 1 8 2  
C F V l R 3  
CFY 104 

t t o r n b t e n d i  t e  
/Miamat i t  f c  T e x t u r e  
I g n e o u s  
T r o n d h j e m i t e  
I r o n d h j e m t t e  

Unknown 
Unknown 
f i l t e r e d  T r o n d h l e m t t e  
S c h i s t  
Unknown 

C F V 1 8 5  
C F V t b b  
CFY 187 
C F Y  t A 8  
C F Y  I89 

O i  k e  
D l  ice 
T r o n d h j e m i t e  
T r o n d h j e n i t e  
T r o n d h j e m i  t e  

T r o n d h j e m i t e  
I r o n d h j e m i t e  
Unknown 
Unknown 
Unknown 

Unknown 
Unknoun 
Unknown 
Unknown 
Unknoun 

Llnknoun 
Unknown 
Unknown 
Unknown 
Maf i c  P l u t o n i c  

I n c l u s i o n  
Me tamorph i c  
H e t a n o r ~ h ~ c  
H e t a a o r n h i c  
Waf l c  Iqneous 

Unknown 
Sed i  m e n t s r y  
Sedi m e n t a r v  
I n t e r m e d i a t e  I ~ n e o u m  
l f i t e r ~ e d i  a t e  I gneous  

F e l s i c  P j u t o n i c  
f n t e r m e d i a t e  l g n e o u *  
f n t e r m e d i a t e  P l u t o n i c  
F e l s i c  I g n e o u s  
I q n e o t ~ s  S e ~ ~ c n t  i n i  r e d  



T a b l e  &--Continued 

ROWNO F i e l d  NO l e g  NO L a t i t u d e  L o n g i t u d e  POCKTYPE 

151 i'009A CFP214 61  47 43 147 1 1  19  Intermediate Igneous  
1 5 2  ZOlOR CFf1Z15 6 1  46 53 147 21 45 F e l s l c  P l u t o n i c  I g n e o u s  
153 zO11P CFPZI6 6 1  1 0  40 147 17 21 M e t a s e d i m e n t a r y  Rock 
154 2012R tFP217  61 38 59 l U 7  10 37 H e t a s e d i m e n t s r y  Rock 
155 ?013R CfPZ18 61  40 25 147 19 19 W e t a m o r ~ h $ c  / Q u a r t z  V e i n s  

156 ZOlUR CfP219 41 34 52  147 18  5 2  P h v l l  i t e  
157 2015H CFPZZO 4 1 4 4 2 3  8 1 7 2 8  5 I n d e s l t i c D i k e  
158 ZOtbR CFP221 b l  0 4  22 t o 7  2R 6 F e l a i c  D i k e  / E p l d o t e  & I t e r a t i o n  
159 2017R CFP222 b l  32 23 1 0 7  27 30 S l a t v   etas sedimentary A o c t  
160 7018% tFP223 6 1  36 36  I d 7  10 14 S l a t s  /Qua r t z  V e i n s  

I b 1  2019H CFT551 61 37 0 147 58 48 Compos i t e  o f  Rock Type. 
lbZ 2020H Cf1552  b i  37 3 1 0 7  38  25 M e t a s e d i m e n t a r y  Rock F e l s i c  b i k e  
163 ZO21H CFTS55 61 3 b  50 147 31  38 S l a t y  A r q l l l i t e  
164 ZO2LH CF755U b l  3 5  43 147 27 4 U  S l a t y  H e t a s e d i m e n t a r y  Hock 
1b5 2025R CFTS55 b l  Ub 9 147 38 4 P h y l l i t s  

166 202414 CFT55h 6 1  4 2  13  147 31 48 F s l a i c  H y p a b ~ s s a l  
167 2025H C t1557  61  4 2  53 147 37 48 Y e t a s e d i m e n t a r y  Rock 
l 6 e  2 0 2 6 ~  CFT55A 61  38 48 1 4 7  58  U O  D a c I t c  
169 20271 CF155Q 6 1  38 48  la7 5 8  40 H e t a s e d i m e n t a r y  Hock S u l f i d e s  I b u n d s n t  
170 202813 CF75b0 61  38 10 147 58 36  F e l s i c  D i k e  

1 7 1  70?9R CFT561 b l  46 13 148 15 57 D i o r i t e  o r G a b b r o  
172 2030R CFT562 61  53 33 148 2 33 Unknown 
173 2031R CFT563 h1 50 b 148 20 37 Unknown 
I 7 5  ?032R CFT564 61  57 2 7  198 21 4 Unknown 
1 7 5  2033R EFT565 62  0  7 9  148 14 29 Unknown 

17b 203413 CF1566 62  0 29 148 14 29 Unknown 
177 20351 EFTS67 61  45 24 t 4 A  43 30 Unkno rn  
178 2056R CF75b8 b l  45 2 4  148 4 3  2 1  Unknown 
170 203713 CF1569 b 1  UU 10 147 55 12  /Disseminated P y r i t e  / h a r t 2  V e i n s  
lAO 2038R CFT570 6 1  44 10 147 55 12  / O i s s e r l n s t e d  P v r t t e  / U u s r t z  Veins 

181 ?039H CFU135 61 38 24 148 32 36 D i o r i t e  
1132 ZOOOR CFV13b 61  38 24  148 32  36 F e t s i c  O i k e  
183 ?Oll lR C F V I 3 7  h l  44 52  148 55 18  S a n d a t o n e l S h a l e  Coa l  
IRU ZOU2R CFVIJR b i  5 2  32 1u8 59 50  S k t s d i o r i t s  
IRS 2043R CFV139 b l 5 0 3 O  149 4 3 4  F e l s l c O l k e  

18b Z O U U H  EFVl40 61 5 0  30 149 4 30 G r a n i t o i d  
187 20459 CFV lU l  61  27 2 1  148 35 15 Sands tone /Sha le  / Q u a r t z  V e i n s  
I R A  20U6H CFV142  61 37 ?3 148 ZU 25 Sands tone  
189 3500R CFZnOl 61  56 b l a 8  54  11 O i o r i t e  
190 3501R CFZOO2 62  0 52 149 4 3  F e l s l c  P l u t o n i c  

191 35028 CFZ003 b f  45 54 199 25 5 8  S e d i m e n t a r y  
192 3503R CFZ004 61  22 44 148 8 27 P h y l l + t e  / Q u a r t z  V e i n s  
193 S504R CFZOOS b l  24 14 118 12  13  P h y l l l t e  / h a r t 2  V e l n a  
194  3505R .CFZOOb b l  20  34 148 18 0 M e t a c o n g l o m e r a t e  
195 350bR CFZFlZ 61 25 1 b  l a 8  10 16 Unknown 

196 3 5 0 7 K  CFZDO7 61  2 4  2 9  l a 8  24 19  Grsvuacke  
197  35OAR C f z 0 0 8  h i  11  59 110 23 52  F e l s i c  P l u t o n i c  
198 3509H CFZo09 61 18 9 148 35 47 S c h i a t  / Q u a r t z  Ve ins  
199 3510R C F Z O ~ O  61 16 16 118 41 40 Me tsg raywacke  
200 3511R CFZOll a1  22 20 1 4 8  43 19 Me teq rayuacke  / Q u a r t z  V e i n s  
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Table 5--Continued 

F i e l d  I4 

bb09R 
6 6 1  l R  
b612H 
6 6 1  5R 
O b  1 UH 

bbl5R 
bblbR 
h6171H 
bo 17HH 
6b lMAR 

bblt3UCl 
h b l 9 l R  
b619RR 
bbZOA 
bb2lR 

h622H 
6b17H 
bb?AA 
b62QR 
h630R 

h631R 
t, b  32rl 
6 6 3 3 7  
h434P 
6 b  35H 

hb36R 
h b 3 7 R  
6 6 3 8 R  
bb 39H 
4b40R 

6641H 
6 6 4 2 P  
bb43R 
ba4411H 
6b44DH 

b645H 
bb47H 
bb4aR 
66119R 
b650R 

b651R 
6 6 5 2 %  
h653R 
6 b 5 4 R  
b655H 

b b 5 h ) >  
bb57H 
b65AH 
h 6 5 9 P  
h6bOH 

L o t i  t u d e  L o n g i  t ude  

Q u a r t z  D t o r l t e  
Unknoun 
Unknoun 
Unknown 
Unknoun 

Unknown 
Unknown 
Unknown 
Unknoen 
Q u a r t z  V e i n  

Unknoun 
Q u a r t z  Vein 
Unknown 
Sha le  
Quartz V e l n  

t F Z 3 1 9  
C F Z 5 2 4  
C F Z 5 2 5  
C F Z 3 2 6  
C F Z  327 

Q u a r t z  V e l n  
Sandstone / V i s i b l e  S ~ l f i a e B  
S h a l e  
Sha l 
S h a l e  

G r s n i t o i d  
G r a n l t o l d  
Unknoun 
Unknown 
SandBtone 

S i l t y  S h a l e  
S i l t y  S h a l e  
Silty S h a l e  
A r a i t l l t e  
Q u a r t z  V e l n  

I r g i l l i t e  
Sandstone 
S l l t r t o n e  
S l a t v  h r g i l l i t e  
Sandstone 

Sends t o n e  
S c h i r t  
S c h l a t  
O u s r t  z Segrega t  1 on 
Schi  a t  

S c h i a t  
Ounr t  z Segrega t  i o n  
A l t e r e d  T o n a l l t e  
Q c h l  e t  
Sch i a t  

S c h i ~ t  
Oumrtz Segregation 
S c h i a t  
S c h i s t  
S c h l a t  



Table  5- -Cont inued 

F i e l d  No L a t  i t u d a  Long1 t ude M I N E  

S c h l s t  
Ta lc  S c h i a t  
S c h i a t  
S c h i s t  
A c t l n o l i t e  S c h i s t  

U l t r a m a f l c  
S c h l a t  
S c h l s t  
S c h l s t  
S c h l a t  

F e l s i c  Oike 
Sed imen ta ry  
S c h i a t  
D l  k t  
S c h f s t  

S c h i s t  
/ H t g m a t i t l c  T e x t u r e  
U l t r a m a l l c  
S c h i s t  
S c h l a t  

CFZS05 
CF Z 5 B b  
CFZ587 
C F Z S R A  
CFl589 

S c h i s t  
S c h i s t  
Fels+c Dske 
Sch t s t  
/Mlqmat l t  i c  T e x t u r e  

S c h i s t  
Sch l s t  
S c h i a t  
S c h t s t  
Sch l m t  

I g n e o u s  / M l g m a t $ t l c  T e x t u r e  
S c h i s t  
Sch l  s t  
Unknown 
S c h i s t  

Unknown 
Sch i  s t  
Seh f s t  
S c h l s t  
S c h i s t  

Sch i s t  
S c h l s t  
S c h t s t  
Unknown 
S c h i s t  

U l t r a n a f i c  
Unknown 
S c h i s t  
S ~ h i  l t  
U l t r a m s f i c  
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Table 5--Continued 

t i e l d  No L a t i t u d e  L o n g i  t  u d r  MINE 

so1 
SO? 
SO3 
504 
505 

Unknown 
Unknown 
Unknown 
Unknown 
Unknown 

H e t e a e d i m e n t a r y  Rock 
Met a s e d i m e n t a r y  Rock 
M e t a a e d l n c n t e r v  Hock 
M e t s a e d f m e n t a r v  Hock 
H e t a s e d l m e n t  a r ~  Rock 

H e t a a e d i r e n t a r Y  Rock 
M e t a s s d f m e n t a r v  Rock 
M e t s a e d i m e n t a r y  Mock 
H e t a s e d i m e n t  a r v  Rock 
H e t e s e d i  ment a r v  R o c k  

M e t a 3 e d i m e n t a r y  Hock 
M e t a n e d i n e n t a r w  Rock 
Met a a e d i n e n t  s r y  Rock 
M e t a s e d i m e n t s r y  Rock 
H e t a s e d i m e n t a r y  Hock / V i s i b l e  S u l f i d e s  

u c t a s e d i m e n t a r y  Rock / V i s i b l e  S u l  f i d e s  
H e t a r e d l m e n t a r v  ftock / V i m l b l e  S u l f i d e s  
M e t a s e d f m e n t s r y  Rock / Q u a r t z  V e i n s  
M e t a s e d i m e n t a r v  Rock / U u e r t z  Ve ins  
H e t a r e d l n e n t a r y  Hock 

H e t a s e d i m e n t a r y  Rock 
U l t f a m s f  l c  
O i o r i t e  
Unknown 
O i o r i  t e  

D f o r i  t e  
Unknown 
Ul t r a n a t  i c  
U l t r a m a f  l c  
U l  t f a m a t l c  

U l t r e m a f  i c  
U l  t r s m s f  l c  
U l t r a m a f i c  
H e t a r e d i m c n t a r y  Rock 
C e t a s e d l m e n t a r y  Rock 

W e t a s e d i m e n t a r y  Rock 
Sands tone  
Sandr  t one  
M e t a s e d i m e n t a r Y  Rock 
M e t a s e d l m e n t a r ~  Rock 

M e t a s r d i m e n t  a r y  Rock 
M ~ t a s e a l m e n t a r y  Hock 
M e t n s e d l n e n t a r v  Rock 
O l k e  
D t t e  



Table 5--Continued 

F i e l d  t lo L s t  l t u d e  F o n g i  t u d e  AOCKTYPE M I N E  

Gabbro 
P l u t o n i c  
A l t e r e d  H e t a s e d i n e n t a r ~  Hock 
M e t e s e d l m e n t a r y  Rock 
~ e t a s e d i m e n t a r v  Rock 

M e t e s e d i m e n t a r y  Rock 
M e t a s e d ~ m e n t a r v  Rock 
D l k e  / V l s f b l e  S u l f l d e r  
Dt t e  
l l t e r e d  D i k e  

He tssed imen t  a r y  Rock 
D i k e  
Sand9 t  one  
n e t  a l e d i  ment a r v  Rock 
D I  Ice 

Sands tone /Sha l  e  
S t e r n  
S k a r n  
I q n e o u s  / V i s i b l e  S u l f i a e s  
S h a l e  

C a r b o n a t e  V e i n  
S c h i s t  / V i S i b l e  S u l t l d e s  
S c h i a t  / V t r l b l a  S u l f f d t s  
V o l c a n i c  
V o l c a n i c  

V o l e s n i c  
D l k e  
H e t a s e d l m e n t a r y  Rock / V i a l b l e  S u l f i d e s  
V i s i b l e  Sulflder 
A l t e r e d  D i k e  

Unknown 
Unknown 
Unknown 
Sandat  one 
Sands tone  

l lnknovn 
Unknown 
Unknown 
Unknown 
Sands tone  

S h a l e  
M e t a s h a l e  
Q u a r t z  
Conq lomera te  
H e t a r h o l e  / V I s t b l e  S u l f i d e s  

D i k e  /Visible S u t t l d e a  
M e t a s a n d s t o n e  
Se rpen t  l n l t e  
P e r i d o t l  t e  
S e r p e n t  i n i  zed  O u n l t e  



T a b l e  5--Continued 

L a t i t u d e  L o n g *  t u d e  F i e l d  blo 

P y r o x e n i t e  
S e r p e n t 4 n i z e d  o u n i t e  
He tag ravwacke  
F e l s i c  O i k e  
F e l s i c  O i k e  

S i l t s t o n e  / P u a r t r  t a l c a t e  V e i n  
~ e t  a s a n d s t o n e  
Me tag rayuacke  
C a r b o P a t e  Q u a r t z  V e i n  
C a r b o n a t e  Q u a r t z  V e i n  

U u a r t z  V e i n  
Q u a r t z  C a l c i t e  V e i n  
Wet ag rayuacke  
Me tag ravbacke  
P e t  a s a n d s t o n e  

P e t a o r a y u a c k e  
Greywacke 
Wetasands tone  
Greens  t o n e  
Gravwacke 

Me tag revwacke  
C e t a g r a y u a c k e  
Gravwacke 
Unknown 
Unknown 

Unknown 
H e t a ~ r 8 y ~ a C k ~  
s i l t s t o n e  
T o n a l  i t e  
Tona l  i r e  

F e l r i c  P l u t o n i c  
Uuni t e  
Ouni  t e  
D u n i t e  
Dunitt 

O u n i t e  
S c h i s t  
Duni t c  
P h y l l  i t e  
T u f f  

Gabbro  
Gabbro 
Met a g r a y u a c k e  
He tag ravwecke  
Met adands tone  

M e t  aaraywacke 
H e t a Q r a y u a c k r  
T o n a l  i t e  
O u n i  t e 
O u n i t e  
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Table 5--Continued 

8 
RowfJo f i t l d  f lo 

1 0 5 1  W l h  
1 0 5 2  k 1 b U  

1 0 5 4  ' r l b x  V ' l b Y  
1 0 5 5  L .1bVl  

l o s b  I ~ l b 2  
1 0 5 7  THC , 1 0 5 8  THC 1 
I 0 5 9  TH?I 
l o b 0  THUA 

1 0 6 1  I r . 1 A A  
lObZ b r l R B  
1 0 6 3  n O b 3  ' 1 0 b 4  W 0 6 3 b  
1065 POb3R 

l o b 6  ~ 0 7 1  
1 0 h 7  b1071A 
l o b 8  C 2 S  ' l o b 9  V 5 0 A  
1 0 7 0  rrSOH ' 1 0 7 1  b504H 
I 0 7 2  6505R 
1 0 7 3  b 5 0 6 A A  ' 1 0 7 4  b5ObhH 

CJJ 1 0 7 5  h 5 0 6 C H  

1 0 7 6  hSObUH 
1 0 7 7  KO51 
107.8 WOS11 
1 0 7 9  t . 1 4 1  
i o e o  r r ~ u t l  

) Ins) p i 5  
1 0 8 2  b 8  
1083 r .8n 
1084 C.067 
1 0 8 5  W 0 6 7 h  

) i o e a  bob711 
1087 id3211 
1088 h32B 

D i o e v  l r13 
1 0 9 0  f , 5 3 U H  

) 1 0 9 1  65359 
1092  b 5 3 b H  
1 0 9 3  h 0 1 7  

@ 1 0 9 4  W o i l o r c  
1 0 9 5  h 0 1 7 K  

D 1 0 9 b  h 0 1 7 Y  
1 0 9 7  h 1 7 A  
1098 ~ 1 7 0  
1 0 9 9  R l 7 C  
1100 wn 

L 

l a g  No L a t i t u d e  L o n q i  tude ROCKTYPE 

S n o w b i r d  V i n e  
S n o w b i r d  H i n e  
S n o w b i r d  H i n e  
Snoub i  r d  r i n e  
Snowbi r d  Mine 

O u a r t z  V e l n  
Q u a r t 2  V e i n  
A l t e r e d  O u a r t r  D f o r l t e  
S h s l e  
L i m o n i t i c  S h a l e  

S h a l e  
D u s r t z  C a l c l t e  V e i n  
O u a r t r  C a l c t t e  V e t n  
Q u a r t z  C a l c i t e  V e i n  
Q u a r t z  C a l c i t e  V e l n  

Snoub i r d  M l  n e  
T h o r ~ e  M i n e  
I h o r o e  wine 
T h o r ~ e  41ne 
I h o r ~ e  Mlne 

Q u a r t z  V e t n  
O u a r t z  Ve in  
C r a n i  t e  
O u a r t z  V e i n  
O u a r t z  Y s i n  

Thoroe M i n e  
Tho rpe  Mine 
Unnsmed A d i t  
Unnamed I d (  t  
Unnamed A d i t  

Q u a r t z  V e i n  / V i r i b l e  S u l t f d e s  
O u a r t z  V e i n  / V I s i h l e  S u l f i a e s  
O u a r t z  V e i n  
D u s r t z  D i o r i t e  
Q u a r t z  V e i n  

unnamed A d i t  
Unnamed L d l t  
Unnamed A d i t  
Unnamed 4 d i t  
Unnamed A d i t  

Unnamed P r o s o e c t  
Unnamed P r o s p e c t  
Unnamed P r o l o e c t  
Unnamed P r o s p e c t  
unnamed P r o ~ o e c  t  

Tona l  i t e  
O u s r t r  V e l n  
Q u s r t z  Yefn  
U u a r t z  V e i n  
Q u a r t z  V e i n  

O u a r t z  Vein 
G r a n l  t e  
P e g m a t i t e  
Q u a r t z  V e i n  
Sheared Gran t  t o + d  

Unnamed P r o s p e c t  
Unnamed P r o a o e c t  
Unnamed P r o s p e c t  
Unnamed P r o s o e c t  
Unnamed P r o s p e c t  

Unnamed P r o s ~ e C t  
Unnamed P r o s p e c t  
Unnamed P r o s p e c t  
Unnamed P r o s o e c t  
Unnamed P r o s o e c t  

O u a r t z  V e i n  
Q u a r t z  Y e i n  
Q u a r t z  V e l n  
O u a r t z  V e i n  
Q u a r t z  Yeln 

S e r i c i t i z e d  G r a n i t o a d  
Q u a r t z  V e l n  
Q u a r t z  Vein 
O u a r t z  V e i n  
O u a r t z  S e q r e g a t l o n  

Unnamed P r o s o e c t  
d a r  Baby H i n e  
d a r  Haby Mine 
web foo t  M i n e  
w h e e l e r  PPOIP~C~ 

w h e e l e r  P r o s p e c t  
Wheeler  P r o s p e c t  
a h e e l e r  P r o s o e c t  
w h e e l e r  P r o s p e c t  
Ahee l  e r  Prospect 

U u a r t z  V e i n  
S h a l e  / Q u a r t z  V e i n s  
S h a l e  
S c h l s t  
Q u a r t z  V e i n  

* h e e l e r  P r o s p e c t  
u h e e l e r  P r o s p e c t  
a h e e t s r  P r o a o t c t  
d h e e l e r  P r o s p e c t  
n h e e l e r  P r o s ~ e c t  

S h a l e  
S c h i s t  Shear Zone 
S c h l s t  Shear Zone 
Q u a r t z  S e g r e g a t i o n  
O u a r t z  C a l c i t e  V e i n  



Table 5--Continued 

F i e l d  No Taq No L a t i t u d e  AOCKTYPE M I N E  

V i s i b l e  S u l f i d e s  
A l  t e r e d  
I g n e o u s  
Igneous  
D i  k c  

P u d d i n q s t  one H i  1 l a r e a  
P u d d i n g S t o h e  H I  11 a r e a  
P u d d + n o s t o n e  H i l l  a r e a  ' 
P u J d i n o s t o n e  H i l l  a r e a  
~ u d d i n q s t o n e  H i  1 1  a r e a  

P u d d i n q s t o n e  H i  l 1 a r e a  
p u d d i n q s t o n e  H i  l 1 a r e s  
p u d d i n q s t o n e  H i  11 e r e a  
p u d d i n s s t o n e  H i l l  a r e a  
GrasshonPer  V a l  l e v  a r e s  

D i  k t  
A l t e r e d  
Unknown 
Unknown 
H e t a s e d i m e n t a r ~  Rock 

H c t a s e d i n e n t  a r y  Rock 
He taaed imen t  a r v  Hock 
Q u a r t z  V e l n  
U u n r t z  V e i n  
Q u a r t ?  C a l c i t e  V e ~ n  

f r a s s h o p ~ e r  V a l l e y  a r e a  
GPaSShopPeP Val  l e y  a r e s  
GresshooDer  Ya l  l e y  a r e a  
GrasshooPer  V a l l e y  a r e a  
GraSlhoPPer  Va l  l e y  a r e a  

I l l 3  
I l l *  
1 1  15 

brasShopPer  V a l l e y  a r e a  
C r a s r h o P o e r  Val l e v  a r e a  
CrdSshOPPeP V*) ~y  a r e a  
brasShOPOer Va l  1 ey a r e s  
h r a s S h o p ~ t r  V a l l e v  a r e a  

H O O 5 D H  
P O O S F A  
AOOSF H 
AOOSGR 
R O O S h R  

A l t e r e d  H o t ~ s e d i m e n t a r y  kocL 
A l t e r e d  H e t a s e d l m e n t a r y  Hock 
M e t a s t d i m e n t a r v  Hock / V i s i b l e  S u l f i d e s  
O u a r t z  V e i n  / V i s i b l e  S u l f l d e a  
Q u a r t z  Y e l n  / Y i a l b l e  S u l f i d e s  

Grasshoppe r  V a l l e y  a r e a  
GrasShoDPer V a l  l e y  a r e a  
Grasshoppe r  Val 1 ey a r e e  
Grasshanoe r  V a l l e y  a r e a  
Grasshoppe r  V a l l e y  a r e a  

0 u a r t r  V e i n  / V i s i b l e  S u l f i o e s  
Q u a r t z  V e i n  / V f a i b l e  S u l f i d e s  
Me taaed imen ta rv  Rock 
Met ased lment  a r y  R O C  k  
Met a s e d i n c n t  a r y  Rock 

F e l s i c  P l u t o n i c  
F e l s i c  P l u t o n i c  
F e l l l c  P l u t o n i c  
M c t a a e d l m e n t a r y  Rock 
Wet ased lment  a r y  Rock 

Grasshoppe r  Va l  l e y  a r e a  
G r a s s h o p ~ e r  g a l 1  ey a r e a  
GPaSSh00DtP Ya l !ey  a r e a  
C r a s s h o n ~ e r  Va l  l e y  a r e e  
Grasshoppe r  V a l  l e v  a r e a  

GrasshopDer  Va l  1 ey a r e a  
C r e s s h o p p e r  V a l  l e v  a r e a  
G r a s s h o p ~ e r  V a l l e y  a r e a  
GrasahOpPer Val l e y  a r e a  
Grasshoope r  V a l  1 ey  a r e a  

M e t a s e d i m e n t a r y  Rock 
A l t e r e d  H e t a s e d l m e n t a r y  Hock 
Q u a r t z  V e i n  / V i s i b l e  S u l f i d e s  
Q u a r t z  V e l n  / V i s i b l e  S u l f i d e *  
Q u a r t z  V e i n  / V i s i b l e  S u l f i d e s  

Q u a r t z  V e i n  / V i s i b l e  S u l f i d e s  
A l t e r e d  Me tased4men ta ry  Hock 
L l t e r e d  H e t a a e d i a e n t s r y  Hock 
A l t e r e d  M e t s a e d i m e n t a r y  Rock 
A l t e r e d  H e t a a e d i m e n t a r v  Hock 

G r a s s h o ~ p e r  V a l  l e y  a r e a  
Grasshoppe r  V a l l e y  a ~ e a  
GrssahopPer  V a l  1 ey a r e a  
d r a s s h o p p e r  V a l t e y  a r e a  
Grasshoppe r  V a l l e y  a r e a  

A l t e r e d  H e t a s e d l m e n t a r y  Hock 
A l  t e r s d  H s t a a e d l m e n t a r v  Hock 
H o r n f e l s  
Tonat l t e  
Tona l  i t e  

G r a s s h o p p e r  V a l l e y  a r e a  
b r a a s h o p p e r  V a l  l e v  a r e a  
Grasshopper V a l  l e v  a r e a  
GrmSi Iho~PeP Val  l e y  n r e a  
Graashoooe r  Vet l e y  a r e 8  

O u a r t z  c a l c i t e  V e l n  / V i s i b l e  Su l  f t d e a  
O u n r t r  C n l c l t s  V e l n  / V i s i b l e  S u l f i d e s  
He ta8ed imen tmry  Rock 
H c t a a e d i m a n t a r v  Rock 
D i k e  

E rssshopDer  V a l  l e y  a r e a  
GFaEShopPer V s l l e v  a r e a  
Grasahopoe r  V a l  l e y  a r e s  
G r a s s h o ~ P t ~  V a l  l e y  a r e a  
G r s a 3 h o p ~ e r  V ~ ~ ) C Y  a r e a  



Table  5--Continued 

HorHo I i e l d  140 f a q  No L a t i t u d e  L o n g i t u d e  ROCKTYPE M I N E  

1 1 5 1  9U4bHH CoM783 61 3 9  1 7  1 4 8  0  3 2  A l t e r e d  H e t a s c d i m e n t s r y  Rock 
1152 QOubCH EUM7A4 6 1  5 9  1 7  1 4 8  0  3 2  l l t e r e d  O i k c  
1 1 5 3  9046VR EnY785  6 1  3 9  1 7  1 4 8  0 32 D i k e  t V ~ s i b l t  S u l f i d e s  
1 1 5 4  9046FA t Q M 7 A h  6 1  3 9  1 7  1 4 8  0  5 2  D t k t  
1 1 5 5  9OUbFH tOM787 6 1  5 9  1 7  1 4 8  0 3 2  N e t n s e d i m e n t a r y  Rock ' 1156 9046GH €OM788 b l  3 9  1 7  1 4 8  0 32 C c t a s e d i n e n t a r y  Rock 
1 1 5 7  g046HA €OH789 b 1  39 1 7  1 4 8  0 3 2  Q u a r t z  V e i n  
1158 9OUbTH EOM790 b l  3 9  1 7  148 0 32 A l t e r e d  H e t a s e d i m e n t a r y  Hock 
1 1 5 9  Q04bJR EoM791 6 1  5 9  I 1  1 4 6  0 3 2  D l k e  
l l b O  h b 2 3 P  CFZ3.20 6 1  5 2 9  1 4 7  1 6  3 4  Snnds tone  / V i s i h l r  S u l f i u e s  

I )  , 1 6 1  ~ ~ Z U M  C F L 3 2 1  6 1  5 30 1 4 7  1 6  32 Sands tone  
I l b 2  bb25R CFZ322 b1 5 5 0  1 4 7  1 6  33 Sands tone  / V i s i b l e  Su l  t i d e s  
I l k 3  bbZ6R CFZ323  b l  5 1 0  l a 7  1 6  3 3  Unknown 
l l b 4  65b5H C G I 7 9 8  bO 4 5  59 1 4 9  3 3  0 S a n d s t o n e / S i  I t a t o n e  
I l b S  6 5 6 b f l  C C I 7 9 9  6 0  4 5  5 9  1 4 9  33 0 Cetag raywscke  

1 1 6 6  G5b7P C G I B O O  6 0  4 5  5 9  1 4 9  3 3  0 I r o n - S t a i n e d  Ous r t  z V e i n  

1 1 6 7  b568H CG1801 6 0 4 5 5 9  I49 33 0 I r o n - S t a i n e d h P q i t l ~ t e  
l i b 8  h54RW C F f 3 4 4  40 5 1  5 5  199 31  4 M e t a ~ r a v u a c k e  ' 11 6 9  b5UPR CG1781  6 0  5 2  0 1 4 9  3 2  0 Banded O u e r t z  
1 1 7 0  6550R CGI7H3 6 0  5 2  0 1 4 9  32 0 Sheared  I r o n - S t a t n e d  Q u a r t z  U c i n  

Grasshoppe r  V a l  l e y  a r e a  
G r a s s h o ~ p e r  V a l l e y  a r e a  , 
Grasshoppe r  V a l l e y  a r e a  
Grasahopve r  V a l  l e y  a r e a  
f r a s s h o p ~ e r  V a l l e y  a r e a  

Grasshoppe r  v a l l e y  a r e a  
Grasshoppe r  Va l  l e y  a r e a  
GrasahooPer  Vatlev a r e a  
Grasshoooe r  V a l l e y  a r e a  
n a d i n  L a k e  Ve ina  

n a d i n  L a k e  V c i n s  
S a d l n  L a k e  Ue ina  
K a d t n  t a k e  V e i n s  
L u c k y  S t r i k e  14 ine 
~ u c k y  S t r i k e  M i n e  

L u c k y  S t r i k e  M i n e  
~ u c k y  S t r t k c  * i n e  
HearhOUSe end S m i t h  H i n e  
luearhouse and Sml t h  Wine 
Nearhouse and S m i t h  M i n e  

? 1 1 7 1  tb551P CGI784  6 0  52 0 1 4 9  32 0 H e t a s e d i m e n t a r y  Rock H a n g i n g  ha1 1 Nearhouse and S m i t h  M i n t  

1 1 7 2  b552w C G I 7 8 5  6 0  52 O 149 32 0 A r ~ i  11 i t e  F o o t r a l l   earh house a n d  S m i t h  C i n e  , 1173 6 5 5 3 9  t C I 7 8 h  6 0  5 2  0 1 0 9  3 2  0 M e t a s e d i m e n t a r v  Rock F o o t w a l l  Mearhouae a n d  S n l t h  H i n e  

1 1 7 4  h554P CGI?P7 6 0 5 2  0 1 4 9 3 2  0 l r g i l l i t e  Nearhouse a n d  S m i t h  Wine 

1 1 7 5  b555V C G I T A A  6 0  52 0  1 4 9  3 2  0 A r p i l  t i t e  Nearhouse and S m i t h  M l n e  

1 1 7 6  o55blJ CG1709 bO 5 2  0 1 4 9  3 2  0 Sands tone  and h r g l l l i t e  hea rhouse  and S m i t h  M i n e  
c3 1 1 7 7  h557R C G l f 9 0  6 0  5 2  0 1 4 9  32 0 D a r k  G r a r  t o  B l a c k  S l a t e  Nearhouse and Smi t h  C i n e  

1 1 7 8  b55BH CG1791 6 0  5 2  0 1 4 9  3 2  0 Sands tone  end A r q t l l l t e  M e a r h o u r t  a n d  S m i t h  M i n e  
1 1 7 9  655PR C L I 7 9 2  40 5 2  0 1 4 9  32 0 A r q i l l l t e  Nearhouse end S m i t h  M i n e  
1180 b56OR C G I 7 9 3  6 0  52 0 1 4 9  32 0 S a n d s t o n e / S i l t a t o n e  / D ~ s a e m i n a t e d  P y r i t e  Nearhouse and S m i t h  M i n e  

1 1 8 1  65611R C G I 7 9 4  6 0  52 0 I 4 9  3 2  0 Hctaq raywacke  /Disseminates P v r l t e  Nearhouse and S m l t h  H i n e  

11A2 bSb1t)H CG1795 b0 5 2  0 1 4 9  3 2  0 Metag raywacke  / D i s s e m i n a t e d  P y r i t e  Mearhouae end Smi t h  M i n e  
l 1 8 3  h562AR C G I 7 9 6  6 0  5 2  0 1 4 9  3 2  0 Ssndstone/Sh81e C o u p l e t  hea rhouse  and S m i t h  M i n e  

) 1 1 8 4  65bZHH CGI797  6 0  5 2  0 1 4 9  5 2  0 S a n d s t o n e / S h a l e  C o u p l e t  Yearhouse and  S m i t h  M i n e  
1 1 8 5  h5b9R C G I A O I  bO 27 29 1 4 9  1 7  30 S h e e t e d  I r o n - s t b i n c d  Q u a r t z  V e i n  Croun P o i n t  M i n e  

1 1 8 6  b570R CGIA03 6 0  27 2 9  1 4 9  1 7  3 0  S h e e t e d  I r o n - S t a i n e d  Q u a r t z  V e i n  Crown P o l n t  Mine 

l 1 P 7  6 5 7 3 %  CGlA04 60 2 7  2 9  1 4 9  I 7  30 S h e a r e d  I r o n - S t a l n e d  A r p i  l li t e  Crown P o i n t  Mine 

1 1 8 8  657211 C G I 8 6 5  6 0  2 7  2 9  1 0 9  1 7  3 0  S h e a r e d  I r o n - S t a t n e d  h r g i  l l i t e  C r o r n  P o i n t  M i n e  

) t i 8 9  6573H CCIAOb 60  2 7  2 9  1 4 9  1 7  30 I r o n - S t a i n e d  I r ~ l l l i t e  / h a r t 2  V e i n t e t s  Crown P o i n t  M4ne 
1 1 9 0  h574U CGIA07 6 0  2 7  2 9  lUP 1 7  5 0  I r o n - S t a i n e d  A r g l l l i t e  / Q u a r t z  V e i n l e t s  C roun  P o l n t  M i n e  

1 1 9 1  6575H CGIFOR 6 0  2 7  ZP 1 4 9  1 7  3 0  I r o n - S t a i n e d  I r q l l l i t e  / u u a r f z  V e i n l e t s  Crown P o i n t  Mine 
1 1 9 2  b576H CGI609 6 0  2 7  2 9  1U9 1 7  30 B l a c k  A r g i  41 l t e  Croun P o i n t  Mine 

1 1 9 5  h577H tGIRlO hO 2 7  2 9  1 4 9  17 30 H e t a ~ r e y w e c k e  Crown P o l n t  Wine 

@ 1 1 9 4  h578R . C G I R f l  6 0  2 7  2 9  S49  1 7  30 B l a c k  A r o f l l l t e  Crown P o i n t  M l n e  
1 1 9 5  b579P  C G I B t 2  6 0  2 7  2 9  1 9 9  17  3 0  h r ~ % l l i t e / S i l t r t o n ~  Crown P o i n t  H i n e  

) t l 9 b  hbJbh '  CtIh399 6 1  4 0  2 0  1 4 9  3 2  2 b  M e t a s h a l e  
LIP7 bH37R CH1400 61 4 0  20 1 4 9  3 2  2 6  MetaSsnds tone  / Q u a r t z  Ve in9 

# 
1 1 9 0  b h l a P  c n r t t o l  6 1  a o  2 0  I 4 9  32 2 7  M e t a s h a l e  

She1 l M i n e  
S h e l l  H f n e  
S h e l l  Mine 



I a h l e  6.--Analyt  i c a l  d a t a  f r o m  r o c k s  c o l l e c t e d  i n  t h e  Anchoraae q u a d r a n g l e  and a d j o i n i n n  q u a d r e n q : e s r  
Alaska. 

t h e  l i m i t  o f  d e t e r m i n a t i o n  shown; >, d e t e r m t n e d  t o  b e  g r e a t e r  t h a n  t h e  

s o u t h e r n  

I N ,  not  d e t e c t e d ;  <, d e t e c t e d  but b e l o w  v a l u e  shoun.1 

Samp 1 e S-MGX S-CAL S-TIX S-MN S-AG S-AS S-All  S-B S-Mb 

2.00 1.50 ,500 1 ,UOU td N N 20 200 
1.00 3.00 . I S 0  b580OU N N rJ 100 500 

. TO  2.00 .ZOO 500 R N M 150 1,000 
5.00 5.00 .500 1,500 ti 1.1 N 20 100 
2 . 0 0  1.00 -500 lrOOO N N lu i n n  1,500 

2.00 3.00 . 5 0 0  lrOOO N N N 20 1,000 
5.00 3.00 .SO0 1rOOO N 14 N 50 200 
5.00 2.00 - 5 0 0  1,000 N N N 50 TOO 
2.00 1.00 .SO0 700 N P1 N 150 1,500 
2.00 3.00 .500 100 N N N 70 2,000 
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