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Cordova and Middleton Island 
1 O x 3" Quadrangles, 
South-Central Alaska 

w 

By Richard J. Goldfarb, Richard M. O'Leary, 
Stephen J. Sutley, and Richard B. Tripp 

Abstract 

A reconnaissance geochemical survey was conducted 
over the metasedimentary and mafic metavolcanic rocks of 
the Valdez and Orca Groups and a series of younger, 
dominantly marine sedimentary formations on the Cordova 
and Middleton Island l o x  3' quadrangles in southcentral 
Alaska. A total of 844 sediment samples and 749 nonmag- 
netic heavy-mineralconcentrate samples were analyzed by 
semiquantitative emission spectrography and atomic absorp- 
tion spectrophotometry. The spatial distribution of the data 
was examined using both individual-element concentration 
plots and R-mode factor-analysis score plots. Additionally, 
geochemical data were interpreted for 499 sediment samples 
that were collected during the U.S. Department of Energy's 
National Uranium Resource Evaluation survey of the quad- 
rangles and analyzed by neutron activation analysis and 
X-ray fluorescence. 

Concentrate samples with detectable gold values (2 20 
parts per million) are present over much of the northern 
quarter of the Cordova quadrangle in streams that drain the 
metasedimentary and metavolcanic units of the Upper 
Cretaceous Valdez Group. The largest clusters of anomalous 
samples are found near Mt. Denson, in the Dead Creek- 
Brown Basin-Meteorite Mountain region, and on Wort- 
manns, Schwan, and Allen Glaciers. Concentrates enriched 
in iron, cobalt, copper, and nickel, and less consistently in 
silver, arsenic, and lead, delineate an extensive base- 
metal-sulfide-rich belt that stretches across the higher 
elevations of the Cordova quadrangle to the west of the 
Copper River; this area is underlain by both Valdez Group 
and early Tertiary Orca Group rocks. Anomalous concen- 
trations of zinc in sediments on central Hawkins Island, 
between Ellamar and Galena Bay, to the south of Port 
Fidalgo, in the northern Heney Range, and on Sheridan 
Glacier indicate that the most geochemically favorable 
ground for volcanogenic massive sulfide occurrences is 
within Orca Group rocks. Highly anomalous values for 
manganese in both sample media from the Gravina River 

and upper Dead Creek watersheds may indicate an 
additional region of base-metal mineralization within Valdez 
Group rocks. Barium and zinc values for concentrates 
derived from the younger Tertiary sedimentary rocks in the 
southeastern part of the study area are consistently highly 
anomalousand may define bedded or disseminated accumu- 
lations of these metals. 

INTRODUCTION 

A reconnaissance geochemical survey was con- 
ducted across the Cordova and Middleton Island lo x 3" 
quadrangles in south-central Alaska from 1979 through 
1984. The survey represents a portion of the Level I11 
Alaska Mineral Resource Assessment Program studies 
which were conducted using 1:250,000-scale maps. 
Samples of stream or moraine sediment and heavy- 
mineral concentrate were collected during this survey. 
All the samples were analyzed by semiquantitative 
emission spectrography, and selected elements in the 
sediments were determined by atomic absorption spec- 
trophotometry. The data, which have been tabulated in 
Sutley and others (1986), are statistically evaluated in this 
report. Additionally, stream-sediment data that were 
collected by the Los Alamos National Laboratory for the 
NURE (National Uranium Resource Evaluation) 
program (U.S. Department of Energy, 1981) have been 
evaluated. 

The northern portion of the Cordova quadrangle is 
characterized by the rugged and glaciated Chugach 
Mountains; Cordova Peak, at 7,730 ft, is the highest 
elevation (pl. 1). Further south, the mountains give way 
to narrow peninsulas, broad outwash plains, and the 
Copper River delta within the Gulf of Alaska Coastal 
physiographic province (Wahrhaftig, 1965). Most of the 
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area is accessible only by helicopter, though the extensive 
coastline can be reached by boat. 

GEOLOGY 

The Cordova and Middleton Island quadrangles 
consist of portions of three fault-bounded accreted ter- 
ranes (fig. 1) that become progressively younger and less 
deformed to the south (Plafker, 1969,1971). From north 
to south the terranes are composed of the Upper 
Cretaceous Valdez Group of the Chugach terrane, the 
Paleocene to Eocene(?) Orca Group of the Prince 
William terrane, and the Tertiary marine and terrestrial 
sediments of the Yakutat terrane. The geology of the 
quadrangles is summarized in figure 1 and on plate 1 
from the work of Winkler and Plafker (1981) and Nelson 
and others (1985). 

The northern third of the Cordova quadrangle, 
which is the area north of the Contact (Landlock- 
Gravina-Bagley) fault system, is largely underlain by 
graywacke, siltstone, minor mudstone, and rare pebble 
conglomerate of the Valdez Group. These flysch deposits 
contain subordinate, interbedded tholeiitic metavolcanic 
rocks that are dominantly pillow basalts and bedded tuffs. 

The Valdez Group rocks have been complexly folded and 
faulted and, to the west of the Copper River, metamor- 
phosed to grades ranging from zeolite to amphibolite 
facies. High-grade schist and gneiss of the informally 
termed Chugach metamorphic complex (Hudson and 
Plafker, 1982), with a probable Valdez protolith, crop out 
east of the Copper River. 

Most of the remainder of the Cordova quadrangle 
is underlain by the flysch facies of the Orca Group, which 
was underthrusted and accreted to the Valdez Group 
rocks along the Contact fault system by Paleogene time 
(Winkler and Plafker, 1981). This accretionary sequence 
also contains lesser amounts of tholeiitic basalt pillows 
and massive flows. The intensely deformed, exposed 
units of the Orca Group have been metamorphosed to 

I 

grades ranging from zeolite to the chlorite zone of the 
greenschist facies. Eocene biotite granodiorite, granite, 
and minor tonalite plutons have intruded the Orca - 
Group on the Gravina Peninsula, in the vicinity of 
Shephard, Scott, Sheridan, Sherman, McPherson, 
Johnson, and Miles Glaciers, at McKinley Peak, and at 
Ragged Mountain. 

The Tertiary neritic to bathyal sediments of the 
Yakataga, Redwood, Poul Creek, Tokun, and Stillwater 
Formations and the Eocene regressive Kulthieth 

155" 150' 145" 140" 135" 

GULF OF ALASKA 

EXPLANATION 

Shallow marine deposits of the Yakutat 
terrane (Neogene) cj Turbidites and mafic volcanic rocks of the 
Prince William terrane (Paleogene) 

(Late Cretaceous) 

I I -hJ 
I I 

0 100 200 300 KILOMETERS 
I I I I 

Figure 1. Geologic framework of the Cordova and Middleton Island 1°x30 quadrangles. Geology modified from Plafker 
and others (1977) and Winkler and others (1984). 
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Formation crop out in the southeastern corner of the 
Cordova quadrangle and extend southward over Kayak 
Island onto the Middleton Island quadrangle. The 
Chugach and Ragged Mountain faults separate these 
unmetamorphosed sedimentary rocks from Orca Group 
rocks to the north and west. Oligocene(?) mafic dikes, 
sills, and plugs intrude sedimentary beds on the northern 
side of Kayak Island, to the south of the Nichawak River, 
and east of Ragged Mountain (Winkler and Plafker, 
1981). A Miocene dacite plug intrudes the Yakataga and 
upper Poul Creek Formations at Cape St. Elias on the 
southern end of Kayak Island (Plafker, 1974). 

KNOWN MINERAL RESOURCES 

Massive Fe- and Cu-sulfide lenses and pods have 
historically attracted the most widespread prospecting 
activity on the Cordova quadrangle. These volcanogenic 
occurrences, which are hosted in both Orca Group 
metavolcanic rocks and stratigraphically lower Orca 
Group metasedimentary rocks (Nelson and others, 
1984), commonly also contain economically significant 
concentrations of Ag, Au, and Zn. Coeval submarine 
mafic volcanism and development of a thick wedge of 
terrigeneous flysch indicate that ore genesis occurred 
near a continental margin rather than at a mid-oceanic 
spreading center or at an island arc (Winkler and others, 
1977). Many of the massive sulfides have been remobi- 
lized along with silica into shear zones, probably during 
accretion and (or) regional metamorphism. 

The majority of the known massive sulfide occur- 
rences are situated in the area bounded by Galena Bay, 
Tatitlek Narrows, and Landlocked Bay in the north- 
western corner of the Cordova quadrangle. Dozens of 
workings are concentrated on widespread massive sulfide 
lenses and disseminated sulfides within the mafic vol- 
canic rocks immediately southwest of the Landlock fault 
(Cobb, 1979; Jansons and others, 1984). However, the 
Ellamar mine and and a few small prospects occur in 
stratigraphically lower metasedimentary rocks. Chal- 
copyrite and pyrrhotite are the most abundant sulfide 
phases, commonly occurring with pyrite and sphalerite. 
Galena is much less common, and arsenopyrite is only 
recognized in a few of the occurrences. Silver and Au 
values are quite variable. 

The Ellamar orebody, which is located within inter- 
bedded slates and graywackes, was the second largest 
copper producer within the Prince William Sound district 
and the most productive mine on the Cordova quad- 
rangle. It produced an estimated total of 7,151 tons of 
Cu, 191,615 oz of Ag, and 51,305 oz of Au from 301,835 
tons of ore (Jansons and others, 1984). Most of the gold 
and silver is believed to have occurred within sphalerite 
(Moffit, 1954), though we have also observed dissemi- 

nated gold blebs hosted by chalcopyrite stringers within 
massive pyrrhotite. The 1.9 million tons of 1.0 percent Cu 
ore at the volcanic-hosted Threeman mine to the south- 
east of Ellamar (Nelson and others, 1984) represents the 
largest identified copper resource presently known on the 
Cordova quadrangle. 

A number of Fe- and Cu-rich massive sulfide 
occurrences are situated along the southern shore of Port 
Fidalgo, mostly near Irish Cove. Lenses, stringers, and 
disseminations of chalcopyrite, pyrite, pyrrhotite, and 
sphalerite occur within Orca Group graywackes, slates, 
and mafic volcanic rocks. The sediment-hosted Schlosser 
mine, which is the largest mine in this area, produced just 
over 4 million pounds of Cu plus minor Ag (Jansons and 
others, 1984). 

Two other areas with massive sulfide occurrences 
are known to be located within Orca Group rocks. A 
number of lenses of massive pyrrhotite, chalcopyrite, and 
sphalerite occur within the metasedimentary rocks along 
the southeastern side of Scott Glacier (Jansons and 
others, 1984). Mineralized bodies are also enriched in Ag 
and Co (R. Goldfarb, unpub. data, 1985). Lenses and 
disseminations of Fe- and Cu-sulfide minerals are also 
scattered throughout the belt of greenstone bodies that 
extends to the northeast from the town of Cordova 
(Cobb, 1972; Jansons and others, 1984). 

The occurrence of mafic volcanic rocks within the 
Valdez Group also may identify favorable areas for 
massive sulfide occurrences. The Midas mine, which is 
located in T. 10 S., R. 6 W., just 1.5 km to the north of the 
Cordova quadrangle, is the fourth largest copper pro- 
ducer in the Prince William Sound region (Nelson and 
others, 1984). Ore lenses contain massive pyrrhotite, 
pyrite, sphalerite, and chalcopyrite in Valdez Group 
slates that are spatially associated with mafic volcanic 
bodies. The Midas mine orebodies also yielded sub- 
stantial Ag and Au. Additionally, shear zones within the 
Valdez Group metasedimentary rocks near metavolcanic 
rocks contain gossans and quartz veinlets with Fe-, Cu-, 
and Zn-sulfides within the Dead Creek watershed on the 
Cordova quadrangle (Jansons and others, 1984). Many of 
the outcrops of Valdez Group greenstone occur within 
the high, glaciated peaks of the quadrangle, and this 
relative inaccessibility has probably discouraged exten- 
sive prospecting activity. 

Goodfellow and others (1984) described a newly 
discovered manganese deposit within an orange- 
weathered mudstone intercalated with Orca Group meta- 
volcanic rocks on Hinchinbrook Island. Bementite 
(Mn7SisO1s(OH)s) is the principal Mn mineral, and grab 
samples from the deposit average about 30 percent Mn. 
Goodfellow and others (1984) believed the deposit to be 
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volcanogenic in origin, possibly originating from the 
seafloor alteration of tholeiitic basalt. However, no 
sulfide deposits are yet known to crop out in the vicinity 
of this manganese deposit. 

Whereas gold has historically been an economically 
important commodity in the western part of Prince 
William Sound, known lode-gold occurrences are 
relatively rare to the east on the Cordova quadrangle. 
The only recorded gold production on the quadrangle, 
excluding by-product gold from the massive sulfide 
deposits, is avery minor amount from the McKinley Lake 
area located to the northwest of the Copper River delta. 
A number of small adits are scattered near McKinley 
Lake where discordant quartz veins that contain gold, 
pyrite, and arsenopyrite are hosted by slates and gray- 
wackes of the Orca Group. Small gold-bearing quartz 
veins also cut Valdez Group greenstone on Bligh Island 
(Capps and Johnson, 1913) and Valdez Group metased- 
imentary rocks in the Jack Bay region (Johnson, 1915). 

GEOCHEMICAL METHODS 

The geochemical reconnaissance survey of the Cor- 
dova and Middleton Island quadrangles consisted of the 
collection and analysis of 844 sediment samples and 749 
heavy-mineral-concentrate samples. Much of the 
sampling occurred between 1980 and 1982, as part of the 
Chugach National Forest mineral resource appraisal 
(Nelson and others, 1984). Additional sampling was done 
in 1983 and 1984 to provide a higher sampling density 
within the National Forest boundaries and to cover the 
northeastern and northwestern portions of the Cordova 
quadrangle which lie outside of the National Forest 
boundaries. 

Sediment samples were taken from first- or 
second-order drainages, at an approximate density of one 
site per 4 mi2. In areas of extensive glacier cover, 
sediment was collected from active medial or lateral 
moraines. At least five grab samples were collected at 
each site along a 3 0 4  stretch of the active stream 
channel or moraine using a polyethylene or aluminum 
scoop. The grab samples were composited into a single 
sample and then air-dried. The composited sample was 
sieved using a stainless-steel 80-mesh screen and pul- 
verized in the laboratory prior to analysis. The discussion 
that follows uses stream or moraine "sediment" as synon- 
ymous with the minus-80-mesh fraction. 

Heavy-mineral-concentrate samples were collected 
at all sediment sites using a 14-in.-diameter gold pan. 
Commonly 3-4 kg of composited sediment were col- 
lected to yield the desired 30-60 g of concentrate. 
Concentrate samples were air-dried in the laboratory, 
and the highly magnetic material (magnetite, ilmenite) 
was removed with an electromagnet. Lightweight 

material was separated by flotation in bromoform (speci- 
fic gravity 2.86), and the resulting heavy-mineral fraction 
was then separated into nonmagnetic and magnetic 
fractions using a Frantz Isodynamic Separator 1 at a 
setting of 0.6 ampere and slope settings of 5" forward and 
10" side. 

Both the sediment and the nonmagnetic concen- 
trate samples were analyzed semiquantitatively for 31 
elements using an optical emission spectrograph 
according to the method outlined by Grimes and Mar- 
ranzino (1968). Additionally, atomic absorption analyses 
of sediment samples were performed for As, Au, Cd, Sb, 
and Zn using the method of Thompson and others (1968) 
and a modification of the method of Viets (1978). 
Resulting analytical data are tabulated in Sutley and 
others (1986). A split of each nonmagnetic concentrate 

- . 
was saved for microscopic examination. 

STATISTICAL SUMMARY 

The basic statistics for the analytical data for the 
sediments and heavy-mineral concentrates are given in 
tables 1 and 2. Many of the elements analyzed were 
singularly censored, with concentrations for some 
samples either below or in excess of analytical deter- 
mination limits. Detection ratios, which are calculated as 
the number of noncensored values divided by the total 
number of samples analyzed for a given element, 
describe the degree to which the data is censored. 
Univariate statistics were computed for those elements 
with detection ratios greater than 0.15. Minimum, 
median, and maximum values are tabulated to present 
the range in the geochemical data. 

Because the data are in some cases positively 
skewed (figs. 2,3) and the emission spectrography results 
are reported in six-step geometric intervals, logarithmic 
transformations were carried out on both data sets prior 
to statistical interpretation. In order to better approxi- 
mate the geometric mean and geometric deviation for 
the censored-element distributions, Cohen's (1959) 
maximum-likelihood method was applied. Such a 
method shows minimum variance, or in other words 
"maximum" efficiency, of the data when additional data 
is included (Fisher, 1959). Using Cohen's method the 
geometric mean 2 is simply the antilog of x: 

where, 
2' =the mean log of the unqualified values, 
x, =the censoring point, and 

A = a factor determined from a series of curves by 
Cohen (1959). 
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Table 1. Univariate statistical estimates for elements in 844 sediment samples 

[N, not detected at the given concentration; L, detectable, but less than the given concentration; G, greater than given concentration; leaders (--), not determined] 

glementl Detectfon N~ L~ G5 B~ Minim- W i a n  90th 95th 98th Maxiaura &met ic Gemtrlc ~xpecc~d 
ratio percentile percentile percentile meaa deviation7 range 

Pe. ....... 1.0 0 0 0  0 1 5 7 10 10 20 4.5 1.6 1-8-12 
Xg ........ 1.0 0 0 0  0 .I5 1.5 3 3 5 10 1.5 1.7 -5-4.3 
Ca ........ 1.0 0 0 0  0 .10 1 2 3 5 7 -9 2.3 .2-4.8 
Tt ........ 1.0 0 0 0  0 .07 .5 .7 .7 .7 1 .4 1.6 .2-1.0 
MU. ....... .99 0 0 8 0 200 1,000 2,000 3,000 5,000 5,OOOG 1,097 1.7 380-3,170 

&. ....... -02 802 29 0 0 .5N .5N .5N .5L .5L 10 -- -- -- 
As ........ .01 837 3 0  0 200N 200N 20ON 200~ -- -- -- ZOON 500 ........ B .96 2 3 1 0 0  I ON 50 100 100 100 200 37 2.1 8.4-163 
Be.. ...... .99 3 6 0  0 20N 700 L.000 1,500 1,500 5,000 690 1.9 191-2,491 
Be.. ...... -87 27 79 0 0 IN 1.5 2 2 3 7 1.4 1.5 .6-3.2 

Co.. ...... .99 0 2 0  0 5L 30 50 70 70 100 26 1.7 9.0-75 
Cr.. ...... .99 1 1 0  0 1 ON 100 200 200 500 1,500 105 1.9 29-379 
Cu.. ...... 1.0 0 0 0  0 5 50 100 150 200 1,000 4 9 2.1 11-216 
La.. ...... .83 88 55 0 0 20N 50 50 100 100 200 34 1.8 10-110 
NO. ....... .04 796 12 0 0 5N 51 5N 5L 7 20 -- -- -- 
Nb........ -12 441 304 0 0 20N 20N 20 20 20 20 -- -- -- 
Ni ........ 1.0 0 0 0  0 5 50 70 100 100 200 44 1.7 15-127 
Yb ........ - 9 7  5 2 3 0 0  1 ON 30 50 70 70 700 27 1.8 6-3-97 
Sc ........ 1.0 0 0 0  0 5 20 30 50 50 70 2 1 1.5 9.3-47 
Sr.. ...... .98 3 1 1  0 0 IOON 300 500 700 700 1,000 290 1.7 100-838 

V ........ 1.0 0 0 0  0 10 200 300 300 300 500 169 1.5 7.5-380 
U ........ -01 837 5 0 0 5 oh' 50N 50N 5 ON 50N 300 -- -- -- 
P ........ .99 0 1 0  0 I OL 30 50 70 70 500 3 1 1.6 12-79 
Zn. ....... -12 335 407 0 0 200N 20OL 200 200 200 500 -- -- -- 
Zr. ....... .99 0 1 1 0  I OL 150 300 300 500 1,0006 144 1.9 40-520 

Au (AA)... -06 249 1 0 577 .02Y .02N .02N .05 - -- -- -16 1.5 
Zn (M)... 1.0 0 0 0  7 5 85 140 160 190 330 82 1.7 28-237 
Sb (M)... -01 671 8 0 161 IN IN IN IN IN 2 -- -- -- 
Cd (M)... -78 21 128 0 161 .05N -1 .3 .4 .5 I .10 2.2 .02--48 
AR (M)... .61 69 195 0 161 5N 5 25 70 50 190 6.1 2.7 .8-44 

lAl1 values in parts per million, except dnimum, median, percentiles, maximum, geometric mean, geometric deviation, and expected range 

for Fe, %, Ca, and Ti are in percent. All elements vere determined by semiquantitative enlssion spectrography except for where (MI analysis 
is noted follcuing the specific elemant. 

'~etection ratio Is the number of uncensored concentrations divided by the total number of samples analpcd for e given element. 

3~ is the number of aamples in which concentrations could not be detected at the lower tle.tarminacion limit. 

4~ is the number of samples in which concentrations were reported as ohservnhle but vere less than the lower determination limit. 

5~ is the number of samples in which concentrations vere reported as observable but were greater than the upper detcnQinati0n limit. 

'B is the number of snmples in which the element was not analyzed. 

7~eoaetric mean and geometric deviation were calculated using Cohen's maximum-likelihood method for censored distributions. 

8~xpected range is the distributlon of 95 percent of all data expected for lognormal data. 



Table 2. Univariate statistical estimates for elements in 749 nonmagnetic heavy-mineral-concentrate samples 

[N, not detected at the given concentration; L, detectable, but less than the given concentration; G, greater than given concentration; leaders (--), not determined] 

€lementl Detectpn N~ L~ G~ B~ Minimum Median 90th 
ratio percentile 

Fe. ....... 1.00 0 0 0 0  .5 5 20 
Ug. ....... .99 0 1 0 1  .05L .5 1.5 
Ca.. ...... .99 0 I 0 2 2  .05L 5 10 
Ti.. ...... .67 9 0 239 0 .005L 1 26 
Mn.. ...... .99 0 0 2 0  50 7 00 1,500 

95th 98th Maximum Geometric Geometric Expectgd 
percentile percentile w a n 7  deviation7 range 

30 50 50 4.2 2.7 0.6-31 
2 2 7 .5 2.1 -11-2.2 

15 15 20 3.5 2.8 .45-27 
26 26 26 1.1 3.1 -11-11 

2,000 2,000 10,0006 734 2.1 166-3.237 

Ag.. ...... .19 591 12 0 0 1 N  .5N 7 20 100 1.000 .04 40 0-64 
As ........ -18 601 5 8 0 500N 500N 1,500 7,000 15,000 20,0006 43 17 -1-12,427 
Au ........ .05 697 7 4 0 20N 20N 20N 20 200 1,0006 -- - -- ........ B -96 1 27 4 0 20N 70 300 500 1.500 5,0006 77 2.9 9.2-648 
Ba.. ...... .93 5 9 39 0 50N 500 3,000 10.0006 10,0006 10.0006 624 3.5 51-7.644 

Be. ....... .36 345 133 0 0 1 N  1L 3 5 7 500 1.4 2.1 -3-6.2 
Bi.. ...... -10 607 69 0 1 20N 2 ON 20L 30 70 500 - - - 
Cd........ -01 731 4 0 4 SON 50N 50N SOL 50 700 -- -- -- 
Co.. ...... .89 31 54 0 0 ION 20 200 200 500 2,000 24 3.7 1.8-329 
Cr.. ...... .85 17 92 0 0 20N 70 200 300 56 3.0 6.2-504 700 10,000 

CU.. ...... .95 8 28 1 0 10N 70 700 1.000 2,000 50.0006 75 4.6 3.5-1.587 
La. ....... .68 191 45 0 0 50N 50 300 700 1,000 2.000 69 3.0 7.7-621 
Mo ........ .03 714 14 0 0 ION 1 ON 1 ON 1 OL 10 200 - -- -- 
Nb. ....... .42 240 192 0 0 50N 50L 100 150 200 1.000 41 2.0 10-164 
Ni........ -90 69 9 0 0 ION 50 150 200 500 1,000 35 3.3 3.2-381 

Pb.... .... -66 85 167 0 0 ZON 20 300 700 1.500 10.000 34 5.6 1.1-1.066 
Sb. ....... -01 745 0 0 2 200N 200N 200N 200N 200N 500 -- - -- 
Sc. ....... .54 259 73 0 28 10N 10 30 50 70 200 11 2.4 1.8-60 
Sn ........ .08 658 28 2 0 20N 2ON 20L 30 100 2.0006 -- -- -- 
Sr ........ -74 118 76 0 0 200N 200 1,000 1,000 2.000 10,000 29 1 2.4 51-1.676 

Th........ -13 611 43 1 0 2008 200N 200L 500 700 5,0006 -- -- - 
V ........ 1.00 0 0 0 0  20 150 300 500 500 1,000 159 1.9 44-574 
W ........ -27 511 34 0 0 lOON IOOW 500 1,000 2,000 5,000 29 7.7 .5-1,719 
Y ........ .97 6 16 0 0 201 100 500 700 1,000 2,000 111 2.8 14-870 
Zn.. ...... .05 663 44 2 0 500N SOON 500L 500 2.000 20.0006 -- - -- 
Zt ........ .19 0 0 603 0 30 2.0006 2,0006 2,0006 2,0006 2.0006 10,960 7.0 224-540.000 

'1111 values in parts per million, except mininum, median, percentiles, maximum, geometric mean, geometric deviation, and expected range 

for Fe, Mg, Ca, and Ti are in percent. All elements were determined by seniquantitative emission spectrography. 

'~etection ratio is the number of uncensored concentrations divided by the total number of samples analyzed for a given element. 

3~ is the number of samples in which concentrations could not be detected at the lower determination limit. 

4~ is the number of samples in which concentrations were reported as observable but were less than the lower determination limit. 

5~ is the number of sawples in which concentrations were reported as observable but were greater than the upper determination limit. 

6~ is the number of samples in which the element was not analyzed. 

7Geometric mean and geometric deviation were calculated using Cohen's maximum-likelihood method for censored distributions. 

'€xpected range is the distribution of 95 percent of all data expected for lognormal data. 



The geometric deviation is calculated by Cohen's method 
in a similar manner. 

According to Miesch (1976), 95 percent of all 
values for a lognormal distribution fall within an 
expected range from: 

(Geometric mean)/ (Geometric deviation)' to 
(Geometric mean) x (Geometric deviation)'. 

Expected ranges for sediment and concentrate data from 
the Cordova and Middleton Island quadrangles are listed 
in tables 1 and 2. 

Anomalous element values are those that deviate 
from the norm or stand out above some geochemical 
background. Commonly the 95th percentile for a given 
geochemical distribution has been chosen as a geochem- 

= ical threshold, with all values greater than that threshold 
being considered anomalous. The 95th-percentile values 
for all analyzed elements are listed in tables 1 and 2. 
However, for many elements the reader may wish to 
adjust geochemical thresholds upward or downward 
from the 95th percentile to accommodate distinct breaks 
in the frequency distribution of the data. Therefore, we 
have included histograms for most of the studied ele- 
mental distributions (figs. 2, 3). 

R-mode factor analysis with Varimax rotation was 
used to identify the dominant geochemical association 
in both log-transformed data sets. Prior to log- 
transformation, the more highly censored elements were 
removed from each database. All elements with detec- 
tion ratios less than 0.60 were removed from the 
sediment data matrix. For the concentrate data, some 
relatively highly censored elements that are common 
pathfinders for various mineral resource types (in other 
words, Ag, As, W) were kept in the data matrix for 
R-mode factor analysis. A series of analyses, both with 
and without these highly censored element distributions, 
showed that inclusion of these few censored elements 
caused virtually no change in the other variable inter- 
relationships. At the same time, their inclusion provides 
a quick means for identifying correlations within the 
upper ends of their distributions. All remaining censored 
data in each matrix were treated as follows: 

N-All values of an element qualified with an " N  
were changed to 0.5 of the lower limit of 
detection for that element. 

L-All values of an element qualified with an "L" 
were changed to 0.7 of the lower limit of 
detection for that element. 

G-All values of an element qualified with a "G" 
were changed to 1.3 times the maximum 
detected value. 

Factor analysis places similarly behaving experi- 
mental variables (elements) into groups termed 
"factors." Specific lithologies or ore deposit types may be 
defined by a distinct suite of trace elements, and there- 
fore certain factors might be used to define the more 

common geochemical signatures in the study area. 
Factor loadings for the sediment and concentrate data 
sets are listed in tables 3 and 4. The factor loadings, 
which depict the influence of each variable on a factor, 
may be interpreted similarly to correlation coefficients. 
The optimal number of factors that were chosen from 
each data matrix, and discussed below, were based on the 
breaks in slope on plots of factor number versus total 
variance. Factor scores, described below, for each sample 
on each factor measure the contribution of that factor to 
each individual sample. 

Sediment-Sample Factor-Analysis 
Associations 

A five-factor model that explains 73 percent of the 
total variance was selected as most appropriate for 
summarizing the sediment data. The first factor shows 
high loadings for all the mafic elements; samples with 
highest scores onto this factor delineate areas throughout 
the Cordova and Middleton Island quadrangles that are 
underlain by mafic volcanic rocks. These areas include 
Ellamar, southern Port Fidalgo, northeastern Hinchin- 
brook Island, the lower Rude River east to Scott Glacier, 
Ragged Mountain, upper Solomon Gulch, Meteorite 
Mountain, Wortmanns Glacier, Cordova Glacier-Rude 
Lake, Mt. O'Neel-Childs Glacier-upper Allen Glacier, 
and Heney Glacier. Suprisingly though, anomalous 
factor-1 scores do not occur within the Woodworth and 
Schwan Glacier systems which are also partially 
underlain by mafic volcanic rocks. Minor geochemical 
differences between these latter two areas and the group 
of the former areas led to the Woodworth and Schwan 
Glacier systems being better delineated by anomalous 
factor-5 scores (see below). Additionally, samples from 
streams that drain the younger Tertiary sediments in the 
Don Miller Hills and on Kayak Island are relatively 
enriched in this mafic factor. 

Factor 2, with high positive loadings (>0.50) for 
Ba, Be, La, Pb, Sr, Y, and Zr, reflects a geochemical 
association characteristic of the Tertiary granitic bodies 
that intrude both flysch sequences on the Cordova 
quadrangle and of the high-grade gneissic rocks of the 
Valdez Group east of the Copper River. Samples with 
anomalous factor-2 scores are found in drainages or on 
glaciers underlain by the Eocene intrusive rocks of the 
Sheep Bay pluton, around lower Sherman Glacier, and 
from lower Martin River Glacier northwest to Miles 
Lake. Additional anomalous accumulations of this felsic 
element suite cluster on both branches of Scott Glacier 
south to the Siamese Lakes and from the area east of 
Whalen Bay east to the area north of Beartrap Bay. 
These high positive factor-2 scores identify either local 
felsic component enrichments in Orca Group flysch or 
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Table 3. Factor loadings for the first five factors after 
Varimax rotation of the log-transformed sediment database 

potal variance explained by five factors equals 73 percent. Leaders 
(--), loading less than 10.301 that have been omitted. AA, determined 
by atomic absorption spectrophotometry] 

Table 4. Factor loadings for the first five factors after 
Varimax rotation of the log-transformed concentrate 
database 

p t a l  variance explained by five factors equals 61 percent. Leaders 
(--), loadings less than 10.301 that have been omitted] 

Element Factor 
1 2 3 4 5 

Element Factor 
1 2 3 4 5 

Pe. ......... 0.78 -- -- -- -- 
Mg.......... a86 -- -- -- -- 
Ca.......... .35 -- 4 . 7 6  -- -- 
Ti . . . . . . . . . .  .73 0.40 -- -- -- 
MLI ..........-- -- -- 0.81 -- 

re . . . . . . . . . .  
Hg .......... 
Ca.. . . . . . . . .  
T i . . . . . . . . . .  
un.......... 

Cu .......... -68  -- -- -- .39 
La .......... -- -61 -- -- .43 
Ni ........a. -83 -- -- -- -- 
Pb .......... -- -70 -- -- -- 
SC. . . . . . . . . .  -83 -- -- -- -- 
St ..........-- -72 .42 -- -- 
V .......... .83 -- -- -- -- 
Y ..........-- -53 -0.33 -32 -- 
Zr. .........-- .83 -- -- -- 
Zn (AA).. . . .  -. -- -69 .34 -- 
As (AA). . . . . - -  -- .36 -- -0.71 

Percent .... 29 19 10 8 7 
of total 
variance 
explained 
by factor. 

Ag... . . . . . . .  
As.......... 
B .......... 
Ba.. ........ 
Be.......... 

Co.. . . . . . . . .  
Cr. . . . . . . . . .  
cu. . . . . . . . . .  
La. . . . . . . . . .  
Nb.......... 

N i . . . . . . . . . .  
Pb. . . . . . . . . .  
Sc. . . . . . . . . .  
v .......... 
W .......... 
Y .......... 
Zr... . . . . . . .  

Percent .... 
of total 
variance 
explained 
by factor. 

small, unexposed igneous bodies. All Valdez Group 
rocks east of the Copper River, plus those around 
McCune and Shiels Glaciers south to lower Allen 
Glacier, yield samples with high positive factor-2 scores, 
which most likely reflect widespread granite melt 
injections in the high-grade metamorphic rocks. 

Samples with anomalously positive factor3 scores 
cluster from Hinchinbrook Island northeast through the 
headwaters of the Rude River and over much of the 
southeastern corner of the Cordova quadrangle and on 
Kayak Island on the Middleton Island quadrangle (fig. 
4). Enrichments of B and Zn and relatively low Ca 
concentrations characterize sediments from all water- 
sheds underlain by younger Tertiary sediments except 
those to the east of Bering Lake and the lower Bering 
River. Similar geochemical signatures occur over much 
of Hinchinbrook and Hawkins Islands, the Heney Range 
and Eyak Lake region, and the upper Rude River and 
Raging Creek watersheds. Most likely, the anomalously 
high B and low Ca reflect lithogeochemical differences 
between this belt of Orca Group flyschoid rocks and the 
rest of the Orca Group and Valdez Group metasedimen- 
tary rocks. The anomalous Zn, especially considering the 
scattering of outcrops of mafic volcanic rocks and 
massive sulfide prospects along this belt, may indicate the 

widespread presence of sphalerite. Four samples with 
anomalous factor3 scores that group over Bligh Island 
and onto the mainland at Tatitlek are also derived from 
Orca Group metasedimentary rocks with subordinate 
amounts of volcanic units. The entire northeastern 
corner of the Cordova quadrangle contains samples with 
anomalously low factor3 scores. The location of sedi- 
ments with relatively high Ca and low B and Zn content 
between Van Cleve Glacier and the South Fork of the 
Bremner River correlates with outcrops of the paragneiss 
of the Valdez Group. 

High positive loadings for Mn and Co, and to a 
lesser extent for Y and Zn, characterize factor 4. All 
areas underlain by Orca Group rocks from Sheep Bay to 
the northwestern corner of the Cordova quadrangle are 
characterized by sediment samples with high factor4 
scores (fig. 5). Additionally, sediments derived from 
Orca Group rocks between Sheep Bay and Simpson Bay, 
from the northern half of the Heney Range northeast to 
Snyder Mountain, and on central Hawkins Island are also 
delineated by anomalous factor4 scores. Most likely, 
these anomalies reflect a Mn enrichment of Orca Group 
metasedimentary rocks in this part of the accretionary 
terrane that is perhaps related to widespread submarine 
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exhalative activity suggested by the common occurrence 
of interbedded mafic volcanic rocks. The less strongly 
loaded Co and Zn might reflect an abundance of dis- 
seminated sulfides throughout the flysch as a result of the 
exhalative activity. Alternatively, Co and Zn show a 
relatively high affinity for adsorption by Mn-oxides 
which could be abundant in a region with a high-Mn 
background. 

Three areas underlain by Valdez Group metased- 
imentary rocks also are distinguished by large clusters of 
samples with high positive factor4 scores (fig. 5). 
Samples with high factor-4 scores continue north and 
east across the Landlock fault (Contact fault system) to 
Silver Lake and Silver Glacier. The similar geochemical 
signatures on both sides of the Landlock fault support 
the hypothesis of Dumoulin (1987) that the Contact fault 

system in this area may actually lie further to the north. A 
second cluster of high scores occurs throughout the 
Gravina River watershed and extends into upper Dead 
Creek and onto Wortmanns Glacier. These anomalies, 
which are discussed in more detail later (fig. 16 on pl. 2), 
identify a geochemically favorable area for bedded Mn 
occurrences and (or) base-metal mineralization. A third 
group of samples with anomalous factor4 scores that are 
associated with the high-grade metasedimentary rocks of 
the Valdez Group along the southern side of the South 
Fork of the Bremner River reflect a minor enrichment of 
Mn and Co in this part of the Valdez Group. 

A strong negative loading for As dominates factor 
5. Samples with the most positive factor-5 scores tend to 
cluster on Woodworth, Schwan, Heney, Childs, and 
Grinnell Glaciers. The relative paucity of As in sediments 
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Figure 4. Distribution of factor scores for sediment factor 3. 
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derived from these areas may reflect the high proportion 
of mafic volcanic rocks within each glacier basin and the 
relatively low background As content of these rocks. 
Alternatively, the interbedded flysch in these regions may 
simply contain fewer arsenopyrite-bearing quartz veins 
relative to other areas underlain by Valdez Group and 
Orca Group flyschoid units. 

Concentrate-Sample Factor-Analysis 
Associations 

A five-factor model was also chosen to reduce the 
concentrate data, and it explains only 60 percent of the 
total variance. Eigenvalues represent the fraction of the 

data variance that is correlated with each factor. Eigen- 
values for all factors beyond the fifth factor were less than 
one, and thus the inclusion of additional factors would 
not have been advantageous. Exclusion of the few highly 
censored elements included in table 4, as well as principal 
component and oblique rotation solutions rather than a 
Varimax rotation solution, did little to increase the 
amount of the variance explained by factors chosen as 
significant. Thus, whereas the results of the analysis 
described below point out the major correlations and 
regional trends in the data matrix, observation of indi- 
vidual element distributions contributes to a more 
thorough understanding of local anomalies. 

Factor 1 shows high loadings for Fe, Co, Cu, and 
Ni, and reflects the abundance of pyrite and chalcopyrite 
in the concentrate samples. Samples with the highest 
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positive factor-1 scores occur over one large area of the 
Cordova quadrangle as is explained in more detail below 
as the "central sulfide belt" (see pl. 1). Weaker positive 
loadings for Pb and Ag indicate the presence of galena in 
many of the sulfide-rich samples. Most of the samples 
within this belt are located at the higher elevations of the 
Chugach Mountains and in drainages on both sides of the 
Contact fault system (fig. 6). High scores do not continue 
east of the Copper River, which indicates that there is 
very little geochemical favorability for any similar sulfide 
occurrences in the high-grade rocks of the Chugach 
metamorphic complex. 

High loadings for Mg, Ca, Mn, and V characterize 
factor 2. High factor-2 scores cluster in the headwaters of 
the Sheep River, Koppen Creek, Gravina River, and 
Dead Creek (fig. 7) and define the Mn-rich area 

discussed below (fig. 16 on pl. 2). Anomalous scores that 
are also scattered over areas underlain by mafic volcanic 
rocks of both the Orca and Valdez Groups, perhaps 
reflect some mafic silicate minerals within the nonmag- 
netic heavy-mineral-concentrate fractions. Unfor- 
tunately, the approximately 100 samples with the most 
negative scores represent those collected in a single field 
season and for which background concentrations of Mg, 
Ca, Mn, and V were consistently determined at lower 
spectrographic steps than in other field seasons. Hence, 
the Mg-Ca-Mn-V association dominantly reflects 
analytical variance. 

Samples with high factor4 scores and with the 
strongest loadings for Y, Nb, La, and Zr, are dominantly 
derived from the Tertiary Stillwater, Kulthieth, Tokun, 
and Poul Creek Formations in the southeastern corner of 
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Figure 6. Distribution of factor scores for heavy-mineralconcentrate factor 1. 
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the Cordova quadrangle. However, concentrate samples 
derived from the younger Yakataga Formation, which 
underlies most of Kayak Island on the Middleton Island 
quadrangle, show no such lithophile element enrichment. 
The relative abundance of La, Nb, Y, and Zr in the four 
former formations is likely due to the high proportion of 
accessory minerals, including microscopically visible apa- 
tite and zircon, within these units. The Yakataga For- 
mation is predominantly ice-rafted debris deposited 
during pronounced uplift along the Gulf of Alaska 
(Plafker, 1974); thus, concentrate samples of detritus 
weathered from this formation would be expected to 
have chemistries similar to those of the older Orca 
Group rocks. The fairly high Ba loading of factor 3 
reflects the abundance of barite in the concentrates from 
this region (figs. 22 and 23 on pl. 3). 

A number of other areas contain clusters of slightly 
less anomalous factor3 scores. Some sample sites with 
high scores are underlain by the high-grade gneissic rocks 
of the central Chugach metamorphic complex in the 
vicinity of Wernicke Glacier. Other sample sites with 
high scores stretch across the northern border of the 
Cordova quadrangle from the Bremner River and South 
Fork of the Bremner River to the eastern edge of Schwan 
Glacier, which is an area largely underlain by transitional 
high-grade schist. The anomalous scores probably reflect 
a concentration of Y, Nb, La, and Zr in certain metamor- 
phic minerals specific to a higher grade metamorphic 
facies or in some of the local anatectic stringers, dikes, 
and sills described by Hudson and Plafker (1982). 
Clusters of samples with high factor3 scores also are 
located northeast, northwest, and southeast of Mt. Den- 

GULF OF ALASKA 

EXPLANATION I 
Minimum to 2 5 t h  percentile A 90tb97.5th percentile 

0 2.5th-80th percentile o 97.5th percentile 
80th-90th percentile to maximum 

Figure 7. Distribution of factor scores for heavy-mineralconcentrate factor 2. 

16 Geochemical Survey of the Cordova and Middleton Island l o x  3' Quadrangles, South-Central Alaska 



son and in Brown Basin. These anomalies may reflect Y, 
Nb, La, and Zr enrichments associated with a relatively 
higher grade metamorphic mineral assemblage in Valdez 
Group rocks. Geologic studies in this part of the Chugach 
Mountains have identified upper-greenschist- and 
amphibolite-facies metamorphic assemblages (Marti 
Miller, written commun., 1985). The cause of a final 
anomalous group of samples from drainages on Mt. Eyak 
and in the northwestern Heney Range near Cordova is 
unknown. 

Factor 4 shows strong positive loadings for Cr and 
Sc and a strong negative loading for Be. Samples with 
high factor-4 scores appear to be largely derived from 
mafic volcanic rocks. Samples with the highest scores 
from areas south of the Contact fault system are derived 
from Orca Group volcanic rocks in the northwestern 
Heney Range, on central Hinchinbrook Island, south of 
Port Fidalgo, and from Billygoat Mountain northwest to 
Galena Bay. North of the Contact fault system, anoma- 
lous samples are associated with Valdez Group volcanic 
rocks in Brown Basin, on Wortmanns Glacier, on Wood- 
worth Glacier, and between lower Schwan Glacier and 
the Copper River. A string of anomalous samples 
extends downstream from a small ultramafic body that 
intrudes Valdez Group rocks to the northeast of Port 
Fidalgo and is discussed in more detail below (fig. 27 on 
pl. 3 ). Samples with anomalous factor-4 scores to the 
east and west of Mt. Denson suggest other poorly 
exposed or unexposed mafic or ultramafic units lie in 
these regions. 

Factor 5 is defined by strong positive loadings for 
Ag, As, and W; weaker positive loadings for Co and Pb; 
and a weaker negative loading for Ba. Clusters of anoma- 
lous concentrate samples (fig. 8) define areas with the 
highest densities of precious-metal-, base-metal-, and 
probably scheelite-bearing quartz veins. The negative 
loading for Ba indicates the absence of barite in these 
systems and the lack of any such vein systems within the 
relatively Ba rich younger Tertiary sedimentary rocks. 
The largest group of anomalous samples are from the 
Wortmanns Glacier-Brown Basin-Dead Creek area and 
from areas as far west as Mt. Denson and Silver Lake, all 
underlain by Valdez Group rocks. Highly anomalous 
samples also are from drainages in Valdez Group rocks 
between northwestern Allen Glacier and Shiels Glacier 
to the west of the Copper River and near LaGorce 
Glacier and lower Van Cleve Glacier to the east of the 
Copper River. Samples with anomalous factor-5 scores 
are much less common within areas underlain by Orca 
Group rocks. Small clusters of anomalous samples are 
located over the southern end of the Gravina Peninsula, 
south of the lower portion of Scott Glacier, and in the 

McPherson Glacier-Goat Mountain region. All samples 
from streams that drain the younger Tertiary sedi- 
mentary units are characterized by anomalous negative 
factor scores. 

DESCRIPTION OF GEOCHEMICAL 
ANOMALIES 

Interpretation of distribution plots for factor scores 
and individual element concentrations, especially for the 
highly censored populations, identify a number of geo- 
chemically anomalous areas that are not solely related to 
lithologic variation. Many of these anomalies are 
geochemically favorable areas for the presence of synge- 
netic and (or) epigenetic metallic mineral resources and 
are discussed in detail below. In addition, we discuss the 
widespread distributions of Au (pi. I), Ag, and W (fig. 9) 
which appear to delineate the extent of much of the 
epigenetic quartz veining. Maps showing sample sites and 
tabulations of data for specific areas are in figures 10-18 
(grouped on pl. 2) and figures 19-29 (grouped on pl. 3). 

1. Widespread Anomalous 
Gold and Silver 

Concentrate samples with microscopically visible 
gold, and corresponding analytical values for Au of at 
least 20 ppm, generally occur in clusters across the upper 
quarter of the Cordova quadrangle (pl. 1). The areas 
delineated by these clusters are underlain by both the 
metasedimentary and metavolcanic rocks of the Valdez 
Group; there is no obvious spatial relationship between 
the gold distribution and the major faults in the Valdez 
Group. These areas include [the number in parentheses 
is equal to the total number of samples with micro- 
scopically visible gold and (or) analytically detected Au 
within each area]: 

1. Fish Bay (1). 
2. Northeast of Silver Lake (1). 
3. North and east of Mt. Denson (5). 
4. Dead Creek-Brown Basin to the area 

southwest of Meteorite Mountain (8). 
5. Wortmanns Glacier (5). 
6. West side of Woodworth Glacier (1). 
7. East branch of Woodworth Glacier (2). 
8. Schwan Glacier (8). 
9. Heney Glacier (1). 

10. McCune and Shiels Glaciers (3). 
11. Allen Glacier (5). 
12. Headwaters of the Rude River, just to the 

west of the divide with Allen Glacier (1). 
13. Watershed west of Eagle Creek (3). 
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14. North of Wernicke Glacier (2). 
15. Southwest of Wernicke Glacier (3). 
Only four areas that are underlain by Orca Group 

metavolcanic and metasedimentary rocks contained Au: 
1. Both sides of St. Matthews Bay (2). 
2. McKinley Lake (1). 
3. Southwest Ragged Mountain (1). 
4. Upper Rude River, to the north of Scott 

Glacier (3). 
Silver values of at least 1 ppm in heavy-mineral 

concentrates are associated with all Au-bearing con- 
centrate samples except those at St. Matthews Bay and 
Ragged Mountain. Most likely, many of the Au grains are 
actually electrum. Mitchell (1979) reported that gold in 

mineralized quartz veins in the Hope-Sunrise district, 
further to the west on the Seward l o x  3" quadrangle but 
also within the Valdez Group, commonly contains 
greater than 50 percent Ag. 

Concentrate samples with anomalous Ag values 
commonly form relatively broad halos surrounding, and 
inclusive of, drainages with many of the Au-bearing 
samples. This is especially true for Mt. Denson, Dead 
Creek-Brown Basin-Meteorite Mountain, western 
Wortmanns Glacier, Woodworth Glacier, Schwan 
Glacier, and the area west of Eagle Creek. The analyti- 
cally detected Ag probably reflects Ag substitution in 
arsenopyrite, galena, and (or) chalcopyrite; one or more 
of these sulfide phases are consistently present in each of 
the six areas. The more widespread Ag anomalies rela- 
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tive to anomalous Au, suggest a wider distribution of 
sulfide-bearing quartz veins than sulfide- and Au-bearing 
quartz veins in these areas. 

Other regions of relatively limited areal extent also 
contain anomalous Ag in concentrate samples but lack 
any anomalous Au. Concentrate samples with anoma- 
lous Ag cluster at Tatitlek Narrows and Landlocked Bay, 
near Scott Glacier, and in the vicinity of Rude Lake, in 
association with arsenopyrite-, chalcopyrite-, and galena- 
rich samples. Point anomalies for Ag are scattered 
throughout the Cordova quadrangle and are usually 
associated with an abundance of one or more sulfide 
phases. Anomalous Bi and Sn values, both usually 
between 20 ppm and 100 ppm, are commonly associated 
with many of the anomalous Ag values and also represent 
elemental substitutions within sulfide minerals. 

Arsenopyrite and, to a lesser extent, galena, 
sphalerite, and chalcopyrite are commonly found with 
pyrite in many of the Au-bearing quartz veins known 
throughout the western portion of the Valdez Group 
(Goldfarb and others, 1986). The common association of 
Au with anomalous As, Cu, and Pb in concentrates (and 
with microscopically visible arsenopyrite, chalcopyrite, 
and galena) within the northern part of the Cordova 
quadrangle suggests a similar quartz vein-Au-sulfide 
assemblage. Arsenopyrite is abundant in all Au-rich 
areas except west of Eagle Creek, north of Wernicke 
Glacier, Ragged Mountain, Heney Glacier, McCune 
Glacier, Woodworth Glacier, and Schwan Glacier. Chal- 
copyrite is commonly abundant in Au-bearing con- 
centrate samples from the Brown Basin-Dead Creek- 
Meteorite Mountain, Wortmanns Glacier, Woodworth 
Glacier, Schwan Glacier, upper Rude River, headwaters 
of the Rude River, and McCune Glacier regions. Galena 
is found in Au-bearing concentrate samples from the 
Silver Glacier, Mt. Denson, Brown Basin-Dead Creek- 
Meteorite Mountain, Wortmanns Glacier, Woodworth 
Glacier, McKinley Lake, upper Rude River, and St. 
Matthews Bay regions. The lack of anomalous Zn and 
microscopically visible sphalerite in all Au-bearing con- 
centrate samples may suggest that any sphalerite present 
in the source lodes is relatively Fe-rich; this Fe-rich 
sphalerite would be removed by magnetic separation 
during sample preparation work, and consequently Zn 
would not be reported in the analysis. Alternatively, Zn is 
relatively mobile in the weathering environment and may 
be transported hydromorphically, whereas the other 
metals are dominantly transported as detrital grains. 

From interpretation of the concentrate data it is 
apparent that most detrital gold is being weathered from 
Au-bearing fissure veins that are widely distributed in 
both metasedimentary and metavolcanic rocks of the 
Valdez Group. Gold was a common by-product from 
many of the copper mines within the Prince William 
Sound region; disseminated gold grains were observed in 

polished sections (R. Goldfarb, unpub. data, 1986) of a 
massive pyrrhotite-chalcopyrite lens from Ellamar. 
However, no Au was analytically detected or micro- 
scopically visible in concentrates from the Solomon 
Gulch, Ellamar, Irish Cove, Snyder Mountain-Heney 
Range-Hinchinbrook Island, or Scott Glacier regions. 
Any Au contained within concentrated sulfide minerals 
weathered from massive sulfide bodies at these localities 
also was too scarce to be analytically detected. Therefore, 
even for the relatively high proportion of Au-bearing 
samples within the central sulfide belt (see anomalous 
area 3 below), the placer Au is believed to have been 
derived solely from quartz-vein sources. 

The distributions of anomalous Ag, As, Cu, Pb, 
and Zn, which are much more widespread than that of 
anomalous Au and commonly show no spatial asso- 
ciation with Au-bearing concentrates, indicate that Au 
is the only suitable geochemical pathfinder for auriferous 
veins on the Cordova quadrangle. Corresponding 
stream-sediment samples were essentially useless in 
identifying areas that are geochemically favorable for Au. 
A few sediments with anomalous spectrographic Ag 
values, determined by semiquantitative techniques, 
cluster on Wortmanns and Woodworth Glaciers and near 
McKinley Lake. Generally though, the Ag anomalies 
provide little help in identifying Au-rich areas. Similarly, 
even with the greater sensitivity of atomic absorption 
spectrophotometry, Au concentrations in sediment sam- 
ples were usually below the analytical detection limits 
needed to identify Au-rich regions. Gold was detected in 
only one-third of the sediment samples that not only were 
analyzed by atomic absorption but also corresponded 
with concentrate samples that showed gold. Rarely was 
gold detected in sediment samples if it was not found in 
corresponding concentrate samples. Geochemical identi- 
fieation of Au-rich areas was thus only possible through 
the concentration of the heavy-mineral fraction of the 
sediments. 

2. Widespread Anomalous Tungsten 

The distribution of analytically detected W (2 100 
ppm) in concentrate samples shows a strong correlation 
with the presence of microscopically visible scheelite on 
the Cordova quadrangle. The only exceptions occur 
south of Port Fidalgo, south of the Midas mine, from 
Meteorite Mountain west to the Copper River, and to the 
east of the lower half of the Rude River. These areas, all 
underlain by relatively high proportions of metavolcanic 
rocks, yield concentrates with microscopically visible 
scheelite but with analytical values almost everywhere 
less than 100 ppm W. The scheelite in these areas is 
believed to be weathering from veins within interbedded 
metasedimentary rocks and is diluted in concentrate 
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samples by the abundant pyrite, and perhaps some mag- 
nesian silicates, weathered from the metavolcanic units. 

The spatial distribution of the scheelite (fig. 9), and 
to a lesser extent anomalous W, roughly correlates with 
the distribution of Valdez Group rocks. Almost all 
concentrate samples collected from watersheds under- 
lain by Valdez Group rocks contain microscopically 
visible scheelite. Only the Heney Glacier and Rude Lake 
areas, where metavolcanic rocks are extensively exposed, 
lack scheelite. 

The source of the scheelite is still uncertain. Traces 
of scheelite may occur as disseminated grains within 
Valdez Group metasedimentary rocks . The correlation 
of the anomalous W with the spatial distribution of 
metasedimentary rocks supports such an idea. Spectro- 
photometric values for W concentrations in 30 Valdez 

Group graywackes, slates, and argillites nowhere exceed 
2.5 ppm (R. Goldfarb, unpub. data, 1985) and thus are 
well within normal background levels. However, the 
possiblity of an uneven distribution of weakly dis- 
seminated scheelite grains within the Valdez Group 
rocks can not be conclusively eliminated. 

A more plausible source for the detrital scheelite 
grains may be the ubiquitous quartz fissure veins. Gold- 
bearing quartz veins in metamorphosed turbidite (Hen- 
ley and others, 1976) and greenstone (Fyfe and Kerrich, 
1984) terrains commonly are enriched in W. Whereas 
semiquantitative emission spectrographic analyses 
showed most Au-bearing quartz veins from the Valdez 
Group on the Seward lo x 3" quadrangle to the west of 
the study area to contain less than 50 ppm W (lower 
analytical detection limit for rock samples), a few veins 
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Figure 9. Distribution of scheelite. 
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contained as much as 1,000 pprn W, probably as scheelite 
(R. Goldfarb, unpub. data, 1985). Therefore, we believe 
that W, along with Si and less commonly with Au and 
base metals, probably was leached from Valdez Group 
rocks by fluids produced during regional greenschist and 
amphibolite metamorphic reactions and was deposited in 
widely scattered joint sets and shear zones. 

Such a hypothesis for the source of the scheelite is 
further supported by the distribution of W within 
samples from drainages underlain by Orca Group rocks. 
Scheelite, plus anomalous W, occurs in a significant 
number of samples only in three areas south of the 
Contact fault system. Two of these areas are rather 
limited in extent. The first of the two areas is that 
underlain by Tertiary granitic rocks on the peninsula 
southeast of Port Gravina. Continuation of the W 
anomalies to the adjacent peninsulas across Sheep Bay 
and Parshas Bay suggests other, poorly exposed, granitic 
rocks and (or) a contact aureole at these localities. The 
second small area runs from Whalen Bay and the Schlos- 
ser mine across to the shores of St. Matthews Bay. The 
source of the anomalous W is unknown in this area which 
is underlain by both Orca Group metasedimentary and 
metavolcanic rocks. 

Almost all concentrate samples derived from the 
Orca Group rocks between the Martin fault and the 
Bagley fault (Contact fault system) to the east of the 
Copper River contain anomalous W. These anomalies 
continue west across Sherman, Sheridan, Scott, and 
Shephard Glaciers, and up into the Rude River 
watershed to the southeast of Rude Lake. The southern 
extent of the anomalous W distribution corresponds 
fairly closely to the southern boundary of the low 
pressure-high temperature metamorphic mineral assem- 
blage (categories D and E) of Miller and others (1984) 
just south of the Chugach metamorphic complex. The 
Orca Group rocks within this portion of the Prince 
William terrane are the most highly metamorphosed 
units within the accreted terrane. Because scheelite 
solubility begins to become significant at temperatures of 
about 300-350" C (Foster, 1977), this is the one part of 
the Orca Group where widespread W migration into 
scheelite-bearing quartz veins is likely. Much of the 
remainder of the Orca Group has only been regionally 
metamorphosed to subgreenschist facies, and therefore a 
metamorphic fluid phase capable of leaching significant 
W from the sedimentary pile did not develop. 

3. Central Sulfide Belt 

The higher elevations of the Cordova quadrangle, 
to the west of the Copper River, define an extensive 
region that contains anomalous amounts of base metals 
in concentrate samples (fig. 6, pl. 1). Samples with 

elevated concentrations of Fe (r 10 percent), Co (r 100 
pprn), Cu (2200 pprn), and Ni (2 150 ppm) are derived 
from both metavolcanic and interbedded metasedimen- 
tary rocks on both sides of the Contact fault system. 
Pyrite and chalcopyrite are abundant in most samples, 
and slates and metavolcanic rocks with lenses and dis- 
seminations of Fe- and Cu-sulfides are common 
throughout much of the region. Also, quartz veins within 
shear zones commonly contain the same sulfide minerals. 
Whereas none of the known sulfide occurrences within 
this large belt have any recorded production, the pre- 
viously discussed Midas mine lies on the Valdez quad- 
rangle, about 1.5 km northwest of the edge of this belt. 

Concentrate samples within this large sulfide-rich 
belt are also commonly anomalous in Ag, As, and Pb. 
Samples with elevated Pb values (2300 pprn), which 
reflect observed concentrations of galena, cluster 
throughout the western and central portions of the belt. 
Only samples from the upper reaches of Simpson Creek 
and the Gravina River lack anomalous Pb contents. 
Galena has been observed in outcrop in pyrite-bearing 
quartz fissure veins in the headwaters of the Rude River 
drainage system, north of the Gravina fault. Further to 
the east, concentrate samples that contain anomalous 
amounts of Fe, Co, Cu, and Ni, near Woodworth, 
Schwan, Heney, Allen, Childs, and Grinnell Glaciers, 
show only background Pb values. 

Concentrate samples with anomalous As con- 
centrations (2 500 ppm) within the sulfide-rich belt are 
associated with metasedimentary and metavolcanic rocks 
between Wortmanns Glacier and upper Solomon Gulch 
Gust south of the Midas mine), near Rude Lake and 
Cordova Glacier, throughout the upper Rude River 
watershed, from lower Scott Glacier south to the Siamese 
Lakes, and near Shiels and McCune Glaciers. None of 
the volcanogenic massive sulfides within the Prince 
William Sound region have been recognized to contain 
arsenopyrite; the arsenopyrite is thus believed to have 
been weathered from the widespread quartz fissure 
veins. Within the more heavily prospected regions of 
Prince William Sound such epigenetic veins have 
commonly been noted to contain arsenopyrite. 

This extensive central sulfide belt, distinguished by 
its abundance of Fe- and (or) Cu-sulfide minerals, is best 
delineated using the concentrate-sample medium. How- 
ever, absolute concentration values from the concentrate 
samples are often difficult to evaluate on a comparative 
basis. For example, there may be little meaningful differ- 
ence between a concentrate sample with 10 percent Fe 
and 50 percent Fe. The latter may simply indicate that 
relatively fewer accessory heavy minerals occur within a 
given sampled watershed and therefore the sulfide 
minerals will make up a larger portion of the heavy- 
mineral fraction. This does not necessarily imply the 
presence of a greater concentration of pyrite within the 
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latter watershed. Thus, whereas the concentrate samples 
delineate this entire sulfide-rich region, absolute stream- 
sediment concentration values within the region may 
better target the strongest anomalies. 

Between Solomon Gulch and Wortmanns Glacier 
(fig. 10 on pl. 2), Mg, Cr, and Ni anomalies in sediments 
cluster in three areas. Three samples (169, 196, 198) at 
the head of Solomon Gulch contain anomalous Mg (3-10 
percent), Ca (5 pprn), Cr (300-1,000 pprn), and Ni 
(100-150 pprn). Similarly, four samples (163, 164, 165, 
167) along Brown Creek contain anomalous Mg (10 
percent), Cr (500-1,500 pprn), and (or) Ni (100-150 
pprn), and three samples (173,174,781) in the center of 
Wortmanns Glacier contain anomalous Mg (3-5 
percent), Cr (200-500 pprn), and Ni (100 pprn). These 
anomalies most likely define areas underlain by the more 
mafic phases of the volcanic rocks within this portion of 
the Valdez Group. However, two sites indicate a high 
geochemical favorability for the concentration of base- 
metal sulfides. Sediment sample 781, taken near the head 
of Wortmanns Glacier, contains 180 pprn Zn, in addition 
to 3,000 pprn Mn, 500 pprn Cr, 100 pprn Ni, and detected, 
but < 0.5 ppm, Ag. Sediment sample 161, taken below 
the furthest west glacier at the head of Brown Basin 
contains 200 pprn Pb, and the corresponding concentrate 
sample contains 0.7 percent Pb. 

A number of sediment samples on the eastern side 
of the central sulfide belt are highly anomalous in Ca, Co, 
Cu, Cr, and Ni, and are derived from both metasedimen- 
tary and metavolcanic rocks within the Valdez Group. 
Moraine sediments eroded off Mt. Williams and Mt. 
O'Neel (fig. 11 on pl. 2) consistently contain 3-5 percent 
Ca, 200 pprn Cr, 150-1,000 pprn Cu, and 100 pprn Ni. 
The relative abundance of chalcopyrite in corresponding 
concentrate samples, abundant float with disseminated 
pyrite and chalcopyrite, and a few known sulfide occur- 
rences in the area (C10-C12; Jansons and others, 1984) 
indicate a high geochemical favorability for additional 
Fe- and Cu-sulfide occurrences. Anomalous Cu (150- 
300 pprn), Mg (3-5 percent), Ca (3-5 percent), and Ni 
(100 ppm) within sediments throughout the Heney 
Glacier system (fig. 11 on pl. 2) may simply reflect high 
background values for mafic volcanic rocks; none of the 
anomalous sediment samples have corresponding 
concentrate samples with microscopically visible chal- 
copyrite. Similarly, anomalous Mg (5-7 percent), Ca 
(5-7 percent), Co (100 pprn), Cr (200-700 pprn), and Ni 
(100-150 ppm) in sediments from moraines across Allen 
Glacier (fig. 11 on pl. 2) reflect local lithogeochemical 
background, Further west however, across the drainage 
divide and within the upper Rude River watershed 
(fig. 12 on pl. 2), two sediment samples (461, 462) 
contain 3 percent Mg, 70-100 pprn Co, 200-500 pprn Cu, 
100 pprn Ni, and 70-100 pprn Pb. Corresponding and 

surrounding concentrate samples are enriched in Fe, Ag, 
As, Ba, Bi, Cu, and Pb, and thus these two sediment 
samples may define an area that is rich in base-metal 
sulfides. 

A number of other small base-metal anomalies 
stand out in the central sulfide belt. One sediment sample 
(547), which contains 200 pprn Cu, 100 pprn Ni, and 
250 pprn Zn, with 2,000 pprn Cu in the corresponding 
concentrate sample, is derived from mixed metavolcanic 
and metasedimentary rocks on the western side of the 
easternmost branch of Woodworth Glacier (fig. 13 on pl. 
2). The sample site lies 2 km east of shear zones in 
metavolcanic rocks that are known to contain thin veins 
of chalcopyrite (C13; Jansons and others, 1984). Two 
samples with Zn concentrations of 200 and 210 pprn (461 
and 832, respectively) were collected from localities to 
the southwest and southeast of Cordova Peak (fig. 12 on 
pl. 2). One of these samples (461) and two nearby 
concentrate samples (511, 512) with sphalerite are from 
streams that drain moraines derived from the divide on 
the northern side of the northwestern branch of Scott 
Glacier. Metasedimentary nunataks on the glacier host 
Fe-Cu-Zn massive sulfide pods. Within the Scott Glacier 
basin itself, and continuing south to creeks entering into 
Scott Lake, Cu and Zn values are anomalous in many of 
the sediment samples. Corresponding concentrates 
contain sphalerite and show anomalous values for Ag, 
As, Cu, Co, Fe, and Ni, and locally for Pb (438,448,600, 
609,610; fig. 14 on pl. 2). Sediment-sample sites with 3-5 
percent Ca encircle the Shephard Glacier-upper Power 
Creek-Snyder Mountain region, to the northeast of the 
town of Cordova. This obviously reflects the high 
percentage of volcanic rocks with various Ca-bearing 
minerals in this area. However, in addition to anomalous 
contents of Fe, Co, Cr, Cu, and Ni in both sediment and 
concentrate samples in this area, Ag, Pb, and Zn contents 
are also anomalous in both media (fig. 15 on pl. 2). 
Stream-sediment samples 429 and 430, near the 
headwaters of Power Creek, both contain 0.5 pprn Ag. 

4. Dead Creek Area 

Eight concentrate samples to the south and 
southwest of the Brown Basin drainage divide (fig. 16 on 
pl. 2) are highly anomalous in As (as much as 15,000 
ppm) and W (5W5,000 ppm) and less consistently in Ag 
and Bi. The lack of consistently anomalous values for Fe, 
Cu, and Ni distinguish these samples from those within 
the adjacent central sulfide belt which also contains 
samples with highly anomalous Ag, As, and Co values. It 
is believed that the anomalous concentrations of metals 
reflect disseminated and (or) quartz-vein-hosted arse- 
nopyrite and scheelite within the Valdez Group metased- 
imentary rocks. 
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5. Ellamar 

The entire Ellamar region, from Galena Bay and 
Silver Lake south to Landlocked Bay and Bligh Island, is 
delineated by the strongest Zn anomaly for sediments on 
the Cordova and Middleton Island quadrangles (pl. 1; 
fig. 17 on pl. 2). Additionally, corresponding concentrate 
samples from the northern half of this group of samples 
(793, 796-799) contain microscopically visible barite. 
Only two other localities on the Cordova and Middleton 
Island quadrangles, in drainages underlain by the 
younger Tertiary sediments and in the Hinchinbrook 
Island-Heney Range-Snyder Mountain area, contain 
numerous barite-rich samples. Twelve sediment samples 
in the Ellamar region contain 150-330 pprn Zn. 
Extensive occurrences of disseminated and massive base- 
metal sulfides are common throughout the area. Some of 
the anomalies are from drainages on Ellamar Mountain 
and southern Bligh Island, both of which lack any known 
mineral occurrences. At the former, however, subse- 
quent follow-up studies (R. Goldfarb and S. Nelson, 
unpub. data, 1986) have identified sulfide-rich quartz 
veins near a large shear zone that cuts both argillite and 
greenstone. Selected samples contain as much as 10 
percent Fe, 2 percent Pb, 2.3 percent Zn, 50 pprn Ag, 
0.10 pprn Au, 61 pprn Bi, 3,000 pprn Cu, 1.1 pprn Hg, and 
12 pprn Sb. 

Most of the sediment samples that contain anoma- 
lous Zn values are derived from interbedded Orca Group 
metasedimentary and metavolvcanic rocks west of the 
Landlock fault. These samples are also anomalous in Co 
(70-100 pprn), Cr, except on Bligh Island, (300-500 
pprn), and Ni (100 ppm) and are less consistently 
enriched in Fe, Mg, Mn, and Cu. Three of the Zn 
anomalies however are from drainages underlain by 
metasedimentary Valdez Group rocks to the southeast of 
The Lagoon and east of the Landlock fault. No known 
mineral occurrences exist in this area, and sediments 
contain only background amounts of Co, Cr, and Ni. 
Whether this anomalous Zn reflects remobilization from 
some of the volcanogenic massive-sulfide-related miner- 
alization across the Contact fault system is presently 
uncertain. 

Surprisingly, the Ellamar region is only weakly 
delineated by base metals in the concentrate samples. 
Anomalous values for Fe, Cr, Ni, and Pb occur quite 
irregularly in the area delineated by anomalous Zn 
values in sediments. Chalcopyrite, locally associated with 
anomalous Cu and Ag values, was noted in six con- 
centrate samples near Landlocked Bay and Billygoat 
Mountain, in one sample from Boulder Bay, and in one 
sample from Cloudman Bay on Bligh Island. The 
presence of neither sphalerite nor anomalous Zn 
characterized any of the concentrate samples, although 
there was anomalous Zn in corresponding sediment 

samples. As discussed earlier, sphalerite collected in the 
heavy-mineral concentrates may have been removed 
from the nonmagnetic fraction during magnetic separ- 
ation prior to analysis or the Zn may be transported in 
solution and not as detrital sphalerite. Thus, Zn con- 
centrations within sediment samples appear to best 
delineate the Ellamar-type base-metal resources. 

The elevated Zn concentration of sediments at 
Ellamar, near Irish Cove, on central Hawkins Island, 
and in the northern part of the Heney Range, seems to 
indicate the presence of base-metal sulfides rather than 
just a high lithogeochemical background. The same 
mafic volcanic rocks as those which host known mines 
and prospects in all the above areas do not yield Zn in 
anomalous amounts near Mt. Freemantle, north of 
Galena Bay, on Hinchinbrook Island, to the south of 
the Heney Range, north of Eyak Mountain, and at 
Ragged Mountain. Thus, in the former four regions, 
anomalous Zn values in some of the watersheds that lack 
any known mineral occurrences are believed to indicate 
geochemical favorability for additional base-metal- 
sulfide occurrences. 

6. Southern Port Fidalgo 

The metasedimentary and metavolcanic Orca 
Group rocks along the southern shore of Port Fidalgo 
host a number of volcanogenic massive sulfide occur- 
rences (C63, C65, C66; Jansons and others, 1984), 
including the relatively large Schlosser (C66) deposit. As 
in the Ellamar region, stream sediments with anomalous 
contents of Zn (150-240 ppm) best delineate geochem- 
ically favorable areas for mineral occurrences (fig. 18 on 
pl. 2). Samples with Zn enrichments extend from Irish 
Cove northeast to Whalen Bay. The most anomalous 
sample, on the southwestern shore of St. Matthews Bay 
from a drainage in metavolcanic rocks that contains no 
known ore mineral occurrences, also contains 500 pprn 
Cr. A few sediments in this area also contain anomalous 
As contents. 

This area is also delineated by regionally anoma- 
lous Cr (200-1,000 ppm) and locally anomalous Ni 
(70 ppm) in most concentrates from Irish Cove to the 
eastern side of St. Matthews Bay. These anomalous 
samples are centered slightly south and east of the 
Zn-rich sediment samples. The Cr-Ni enrichments may 
reflect pyroxene and garnet grains that have made it into 
the nonmagnetic heavy-mineral-concentrate fraction. A 
few concentrate samples contain chalcopyrite and galena. 

Sediment samples collected immediately southwest 
of the Zn anomalies and on the far end of the peninsula 
contain at least 5,000 pprn Mn (fig. 18 on pl. 2). Some of 
these samples also contain anomalous As, and corre- 
sponding concentrates contain 150-500 pprn Pb but no 
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microscopically visible galena. It is uncertain whether 
these anomalies represent man-made contamination, an 
accumulation of Mn-oxides, or distal, bedded Mn 
occurrences. 

7. Snyder Mountain-Heney Range- 
Hinchinbrook Island 

Concentrate samples that contain anomalous 
contents of Ba (3,000 to > 10,000 ppm) extend in a belt 
from lower Power and Ibeck Creeks (to the south of 
Snyder Mountain) southwest through the entire Heney 
Range (fig. 15 on pl. 2) and across the eastern half of 
Hinchinbrook Island (fig. 19 on pl. 3). The belt continues 
to the southwest across Montague Island within the 
Seward 1" x 3" quadrangle (Goldfarb and others, 1985). 
The elevated Ba concentrations most likely reflect 
abundant detrital barite (barite is microscopically visible 
in many of the samples) that is disseminated throughout 
this portion of the Orca Group metasedimentary rocks. 
Concentrate samples from streams that drain Orca 
Group rocks to the northwest and the east of this area 
lack any anomalous Ba. The restriction of the Ba to this 
portion of the Orca Group may reflect: (1) a more 
oxidizing environment, and (or) (2) Ba-rich fumarolic 
discharges associated with the more proximal volcanic 
sequence of this portion of the flysch section. 

Sites with sediment samples that contain 10 
percent Fe and 150 pprn Cu stretch continuously from 
the northwestern corner of the Heney Range northeast to 
Snyder Mountain and along lower Power and Ibeck 
Creeks (fig. 15 on pl. 2). Many of the corresponding 
concentrate samples are enriched in chalcopyrite and 
pyrite. The lack of anomalous Ca, Co, and Ni in either 
sample type, along with the widespread anomalous Ba in 
concentrates, distinguishes these samples from those 
further northeast in upper Power and Ibeck Creeks. 
Small copper prospects (C22, C23, C30-C37; Jansons 
and others, 1984) are abundant in this area. Miner- 
alization occurs as disseminations and pods of Fe- and 
Cu-sulfides. Additionally, all sediment samples from 
streams that drain the southeastern side of Mt. Eyak and 
the northern and northeastern sides of the Heney Range 
contain 150-190 pprn Zn. Similar Zn-dominant sediment 
anomalies characterize the more heavily prospected Ella- 
mar and southern Port Fidalgo regions. A number of 
concentrate samples throughout the Heney Range are 
anomalous in Pb, including sample 205 with 5,000 pprn 
Pb and sample 208 with 10,000 pprn Pb (fig. 15 on pl. 2). 
However, the lack of galena or any other microscopically 
visible Pb-rich mineral, plus the proximity to the town of 
Cordova, suggest that the anomalous Pb may be man- 
made contamination. 

One sediment sample (584) on Nuchek Creek on 
Hinchinbrook Island (fig. 19 on pl. 3) is highly anomalous 

in Fe (20 percent), Co (100 pprn), Cr (1,000 pprn), Ni 
(200) ppm, and V (500 ppm) and is from a stream that 
partially drains a bedded Mn occurrence (C98, fig. 19 on 
pl. 3). The occurrence is hosted within a mudstone but is 
fairly close to a thick sequence of mafic volcanic rocks. 
Manganese is not anomalous in the sediment or in the 
corresponding concentrate sample; however, concentrate 
sample 136 from the drainage basin south of Nuchek 
Creek contains 3,000 pprn Mn. A broad Cr anomaly in 
sediments is present to the north, east, and west of 
sample 584, with five surrounding samples that contain 
200 pprn Cr. Because no Cr-rich mineral phases are 
specifically associated with the Mn body, the anomalous 
Cr most likely reflects a local lithogeochemical enrich- 
ment of the metavolcanic host rocks. Three concentrate 
samples to the south of site 584 from drainages in both 
metasedimentary and metavolcanic units contain the only 
chalcopyrite noted in concentrates from the entire island. 
Concentrate sample 519 on the northeastern corner of 
the island contains 30 percent Fe, 5,000 pprn Ba, 200 
pprn Co, 200 pprn Cu, 300 pprn Ni, and 700 pprn Zn, plus 
microscopically visible barite, sphalerite, and approxi- 
mately 90 percent pyrite. The sample is derived from an 
area underlain by metavolcanic rocks. 

8. Central Hawkins Island 

The central portion of Hawkins Island, which is 
underlain by interbedded Orca Group metasedimentary 
and metavolcanic rocks, yielded a cluster of sediment 
samples with anomalous contents of Zn (fig. 20 on pl. 3), 
similar to those in the Ellamar, southern Port Fidalgo, 
and Mt. Eyak-northern Heney Range regions. Four 
samples near Canoe Passage contain 150-220 pprn Zn, 
and two of these contain 5,000 pprn and >5,000 pprn 
Mn. Three small copper prospects (C47-C49; Jansons 
and others, 1984) are reported in this area. 

9. Sheridan Glacier 

Three sediment samples (572-574) taken along the 
western side of Sheridan Glacier contain 1,000 pprn Cu 
(fig. 14 on pl. 2). This region, including the western side 
of Sheridan Glacier and the eastern side of Sheridan 
Glacier to the north of Sherman Glacier, also is strongly 
anomalous in Zn, with values in sediments ranging as 
high as 260 pprn (sample 558). Boron, Cu, and As values 
in concentrates within this area are in some cases 
anomalous. Pyrite, which is fairly ubiquitous throughout 
much of the Cordova and Middleton Island quadrangles, 
is noticeably sparse in this region; it was only detected in 
one-third of the concentrate samples. 
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The Sheridan Glacier region is underlain by both 
Orca Group metasedimentary rocks and Eocene felsic 
intrusive bodies. A small area of sediment-hosted 
massive sulfide occurrences between Sheridan and Scott 
Glaciers is known to contain massive chalcopyrite, pyr- 
rhotite, bornite, and sphalerite (ClG; Jansons and others, 
1984). In addition to high Fe, Cu, and Zn values, 
spectrographic analyses of the ore pods show as much as 
200 pprn Ag, 500 pprn Co, and 1,000 pprn Pb (R. 
Goldfarb, unpub. data, 1985). The highly anomalous Cu 
and Zn values indicate other similar zones of massive 
sulfide mineralization may occur to the south and east of 
the one known mineralized locality. 

I 
I 10. Ragged Mountain 

Elevated Fe, Mg, Ca, Co, Cr, Cu, Ni, and V values 
in sediment samples form a strong anomaly surrounding 

I Ragged Mountain in the southeastern corner of the 
Cordova quadrangle. Anomalous Fe values (7-15 
percent) form the broadest halo, which extends to the 
south and east of Martin Lake. Concentrate samples lack 
anomalous metal values and microscopically visible 
sulfide minerals, except for some pyrite grains. The 
regional sediment anomalies are therefore believed to 
reflect a high, local geochemical background for the Orca 
Group metavolcanic rocks at Ragged Mountain. 

11. Gravina Peninsula 

Almost the entire Gravina Peninsula, plus the area 
between Parshas Bay and the mouth of Port Fidalgo, 
contains sediments with anomalous contents of As 
(fig. 21 on pl. 3). Anomalous values range from 35 pprn 
to as high as 190 pprn (sample G89), 200 pprn (sample 
105), and 500 pprn (sample 106) As. Samples are from 
streams that drain both Eocene granite and Orca Group 
metasedimentary rocks. About half of the corresponding 
concentrate samples in the area contain detectable As 
(usually less than 1,500 ppm) and microscopically visible 
arsenopyrite. However, the concentrates usually contain 
less arsenopyrite, and therefore have lower As contents, 
than the concentrates from other areas in the Cordova 
quadrangle (Silver Glacier to Wortmanns Glacier, Sheri- 
dan and Scott Glaciers, and upper Rude River) which 
generally exhibit much weaker sediment anomalies. The 
relatively low As content of many of the concentrates on 
and adjacent to the Gravina Peninsula suggests that if 
arsenopyrite is widespread in quartz fissures, as is most 
probable especially along granite-sediment contacts, then 
it is relatively fine grained and much of it may be lost 
during panning. 

Sediment samples from streams that drain the 
Tertiary granite of the Gravina Peninsula, to the south of 
Beartrap Bay, are also anomalous in Be (3-5 pprn), La 
(70-200 pprn), Mo (5-7 ppm), Pb (70-100 pprn), and Y 
(70 pprn). Corresponding concentrate samples, in addi- 
tion to local arsenopyrite, contain abundant scheelite and 
rare monazite, thorite, and cassiterite, and as much as 
300 pprn Bi, 2,000 pprn La, 150 pprn Nb, 2,000 pprn Sn, 
1,000 pprn W, 2,000 pprn Y, and > 5,000 pprn Th. These 
data reflect the relatively high degree of differentiation of 
the Sheep Bay pluton. 

Additionally, five sediment samples with 25-35 
pprn As and detectable Ag (< 0.5 pprn), come from the 
area between Beartrap Bay and the East Fork of Olsen 
Bay Creek. Most of the sediment samples lack corre- 
sponding concentrate samples, but it is believed that the 
anomalous Ag and As reflect minor arsenopyrite- and 
perhaps Au-bearing quartz veinlets within the Orca 
Group metasedimentary rocks. 

12. Younger Tertiary Sediments 

The entire southeastern corner of the Cordova 
quadrangle and Kayak Island on the Middleton Island 
Quadrangle are underlain by the unmetamorphosed, 
Tertiary, neritic to bathyal Yakataga, Redwood, Poul 
Creek, Tokun, and Stillwater Formations and the 
regressive Kulthieth Formation. Sediment samples weath- 
ered from all these lithologies have high regional 
background contents of B (70-150 ppm) and Fe (7-10 
percent) with the exception of the area to the east of 
Shephard Creek and Bering River where Fe con- 
centrations range from 3 to 5 percent. 

On the mainland, locally anomalous metal values 
mainly stretch from Dick Creek south through the Don 
Miller Hills. Sediments along this belt (fig. 22 on pl. 3) 
generally contain enrichments of Cr (200 pprn), Cu 
(100 pprn), Ni (70 pprn), and Zn (150-220 pprn). These 
may reflect local enrichment of base metals within the 
black shales of many of the formations, local con- 
centrations of interbedded mafic volcanic rocks, and (or) 
perhaps metal enrichment due to proximity to the 
Redwood fault. The one sediment sample that was 
collected on Wingham Island (395) contains 500 pprn 
Cu, along with 10 percent Fe and 70 pprn Ni, and most 
likely characterizes a high background in the mafic 
volcanic source region. Sediment samples along the 
northeastern coast of Kayak Island (fig. 23 on pl. 3) show 
local Cr, Cu, Ni, and Zn anomalies similar to those along 
Dick Creek and in the Don Miller Hills. However, 
sediment samples from drainages on the eastern side of 
the central portion of Kayak Island also contain 
anomalous Mo and Ba, with one sample (021) containing 
5,000 pprn Ba. 
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Almost the entire area underlain by the younger 
Tertiary sedimentary rocks weathers abundant barite 
into concentrate samples, with most Ba concentrations 
exceeding the 1 percent upper analytical detection limit 
(figs. 22,23 on pl. 3). Only samples from Clear Creek (T. 
17 S., R. 8 E.), lower Trout Creek, and streams that drain 
the Shockum Mountains lack barite, which suggests that 
the Stillwater and Kulthieth Formations are not the 
source of any of the anomalies. The barite is associated 
with sphalerite in concentrate samples over all parts of 
Kayak Island, the northern and western Don Miller Hills 
west to Clear Creek, near Gandil Mountain, and in the 
Dick Creek watershed. Analytical concentrations com- 
monly reach or exceed 2 percent Zn. The samples that 
are anomalous in Zn show a good spatial correlation with 
the pyritic and glauconitic Poul Creek Formation. A 
detailed geochemical soil survey on Kayak Island sug- 
gests that much of the anomalous Zn may be associated 
with interbedded basaltic pyroclastic and flow rocks 
within the marine sedimentary rocks (Pickthorn and 
others, 1985). 

Most concentrate samples with anomalous Zn also 
contain 10-30 percent Fe, 150-700 pprn Ni, and less 
commonly anomalous Ag, Cu, and Mo, with the anom- 
alous Cu tied up in microscopically visible chalcopyrite. 
The most highly anomalous cluster of these samples 
drain the Poul Creek Formation on northern Kayak 
Island, where the samples also contain anomalous Pb and 
microscopically visible galena. Concentrate samples 
within the region north and northeast of Kushtaka Lake 
on the mainland, which is largely underlain by the Tokun 
Formation, contain 10-20 percent Fe and 150-200 pprn 
Ni, along with anomalous Ba, but lack any Ag, Cu, Mo, 
or Zn enrichments. 

13. Van Cleve Glacier 

Three concentrate samples (379, 617, 637) taken 
between Van Cleve Glacier and Van Cleve Lake contain 
100-500 pprn Co (fig. 24 on pl. 3). Sample 617 also 
contains 700 pprn As, 2,000 pprn B, 1,500 pprn Cu, and 
1,000 pprn Th. Sample 637 also contains 5,000 pprn As 
and 300 pprn Ni. Pyrite, arsenopyrite, scheelite, and 
chalcopyrite were noted in sample 617. Concentrate 
samples 605 and 615, which are from sites located slightly 
up glacier, do not contain microscopically visible chal- 
copyrite but do contain 2,000 pprn and 1,000 pprn Cu, 
respectively. Samples in this region are derived from both 
Valdez Group metasedimentary rocks and Tertiary 
granitic rocks. 

14. Martin River Glacier 

One concentrate sample (400) collected from a 
stream that drains a ridge underlain by Orca Group 

metavolcanic rocks on the northern side of the Martin 
River Glacier contains 20 percent Fe, 1.5 pprn Ag, 500 
pprn Co, 500 pprn Ni, and 500 pprn Zn, with micro- 
scopically visible scheelite, chalcopyrite, sphalerite, and 
about 90 percent pyrite (fig. 25 on pl. 3). The origin of the 
anomaly is uncertain. 

15. McPherson Glacier-Goat Mountain 

Seven concentrate samples from McPherson 
Glacier northwest to Goat Mountain and north to Miles 
Glacier that were derived from Orca Group metasedi- 
mentary rocks contain 500-5,000 pprn As and abundant 
arsenopyrite (fig. 26 on pl. 3). Like many samples 
throughout the Cordova and Middleton Island quad- 
rangles, they also contain abundant pyrite and scheelite. 
One concentrate sample (350) contains 500 pprn Cr and 
another (349) contains 100 pprn Sn, but otherwise no 
other anomalous element values accompany the As 
enrichments. Corresponding sediment samples show 
background concentrations for all elements, although 
one adjacent sample to the north of Goat Mountain does 
contain 500 pprn Cr. The source of the arsenopyrite is 
unknown but most likely is quartz fissure veins within the 
flyschoid units. 

16. Northeastern Port Fidalgo 

The most anomalous concentrate samples in Cr are 
from sites that stretch from Silver Lake and Fish Bay east 
for about 10 km and are dominantly derived from Valdez 
Group metasedimentary rocks cut by numerous splays of 
the Contact fault system (fig. 27 on pl. 3). Chromium 
concentrations for 15 samples range from 200 pprn to 
10,000 pprn at sites 727 and 730. Many of these samples 
are also anomalous in Ag, As, Au, and to a lesser extent, 
in Pb and Sn. The two samples (732,783) with the lowest 
anomalous Cr values of 200 pprn contain 500 pprn and 
> 2,000 pprn Sn, respectively. However, the proximity of 
these latter two sites to popular recreational anchorages 
suggests that the extreme Sn anomalies reflect man- 
made contamination. 

Some corresponding sediment samples are 
anomalous in As, and three samples also contain 200 
pprn Cr (086), 300 ppm Cr (088), and 500 pprn Cr (727) 
(fig. 27 on pl. 3). The former two samples are from 
streams that drain, in part, an exposure of serpentinized 
dunite and peridotite to the northeast (Nelson and 
others, 1985). The latter, and most anomalous, sediment 
sample, which was taken below a small ridge north of 
Port Fidalgo, suggests the presence of additional ultra- 
mafic rocks in this region. The additional anomalous Cr 
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values for concentrates further west suggest the existence 
of other small mafic and (or) ultramafic Cr-silicate- 
bearing bodies in the vicinity of Mt. Denson. 

17. Gravina River Watershed 

The entire Gravina River watershed is strongly 
anomalous in Mn for both sediment and concentrate 
samples (fig. 16 on pl. 2). Six sediment samples, which 
were collected from sites along the entire river, contain at 
least 5,000 pprn Mn. Ten concentrate samples through- 
out the upper reaches of the watershed and part of the 
Dead Creek basin contain at least 1,500 pprn Mn, which 
is well above a regional background of 500-1,000 pprn 
Mn. Concentrate samples 108,631, and 652 each contain 
at least 1 percent Mn. No other elements in either sample 
media are consistently anomalous along with the Mn. 
Lithophile elements in both sample types, plus As, B, Bi, 
Co, Cr, Cu, and W in concentrates, are locally present in 
anomalous amounts. 

The Gravina River mainly drains Valdez Group 
metasedimentary rocks, but minor intercalated metavol- 
canic units also crop out in the watershed. Jansons and 
others (1984) reported the presence of altered, silicified 
felsic intrusive float that contains pyrite, chalcopyrite, 
and scheelite within the Gravina River system (C55). 
They also identified base-metal-bearing shear zones 
along Dead Creek (C56, C57), immediately to the 
northwest. Whether either of these occurrence types, or 
perhaps bedded Mn occurrences, are the source of the 
extensive anomalies is presently unknown. 

18. South Fork of the Bremner River 

Two sediment samples (219,220) that were taken 
on opposite sides of the South Fork of the Bremner River 
and derived from hornblende schist of the Valdez Group 
contain 1,500 pprn Cr. No other highly anomalous 
element values occur in the sediments or in corre- 
sponding concentrates. The most likely source for the 
anomalous Cr contents is garnet or cordierite in the 
sediments derived from the relatively high grade meta- 
morphic rocks. 

NURE GEOCHEMICAL SURVEY 

A regional geochemical survey was conducted over 
most quadrangles in Alaska by the U.S. Department of 
Energy as part of the HSSR (Hydrogeochemical and 
Stream Sediment Reconnaissance) portion of the NURE 
program. A total of 499 composited stream-sediment 

samples were collected from the Cordova quadrangle 
and 14 were collected from the Middleton Island 
quadrangle. Each sample was dried, sieved to minus-100 
mesh, and analyzed by delayed neutron counting for U; 
energy dispersive X-ray fluorescence for Ag, As, Bi, Cd, 
Cu, Nb, Ni, Pb, Se, Sn, W, and Zr; and instrumental 
neutron activation analysis for Al, Au, Ba, Ca, Ce, C1, Co, 
Cr, Cs, Dy, Eu, Fe, Hf, K, La, Lu, Mg, Mn, Na, Rb, Sb, 
Sc, Sm, Sr, Ta, Tb, Th, Ti, V, Yb, and Zn. The resultant 
analytical data are tabulated in a report by the U.S. 
Department of Energy (1981). 

The distribution of the NURE samples was 
strongly biased towards sites along the Copper River and 
the Gulf of Alaska coastline. No samples were taken 
within the more inaccessible regions of the Cordova 
quadrangle, especially from Meteorite Mountain east to 
Heney Glacier and south up to the high elevations of the 
Chugach Range, within the Allen, Scott, Sheridan, and 
Childs Glacier systems, and to the east of the Copper 
River from Wernicke Glacier south to McPherson, 
Johnson, and Martin River Glaciers. Samples were 
apparently collected only at the more accessible 
locations, with little attempt to avoid possible man-made 
contamination. For example, sample 444067, with the 
highest Cu (297 ppm) and Zn (540 ppm) concentrations 
in the NURE database, appears to have been collected 
just across the road from the Cordova airport and below 
a large garbage dump. Additionally, many of the coastal 
sample sites were within sloughs in the Copper River 
delta muds and therefore provide no information specific 
to individual watersheds within the study area. 

Table 5 lists the number of qualified samples and 
minimum, median, Nth, 95th, and 97.5th percentile, and 
maximum values for each element determined in the 
NURE survey of the Cordova and Middleton Island 
quadrangles. The U and UlTh data provide the most 
useful information not readily apparent from our survey. 
The Sheep Bay pluton represents the most uraniferous 
intrusive body on the studied quadrangles. NURE sedi- 
ment samples from streams that drain the granite usually 
contain U concentrations of 6-35 pprn (fig. 21 on pl. 3), 
and U/Th ratios locally exceed 1.0. A radiometric survey 
of the Cordova quadrangle (U.S. Department of Energy, 
1978) indicated a preferred equivalent uranium anomaly 
just north of Sheep Bay. As stated earlier, our survey 
identified monazite and thorite in concentrate samples 
from the Gravina Peninsula that obviously contributed to 
the anomalous U concentrations. Scintillometer readings 
as high as 375 cps identified some of the more radioactive 
granitic outcrops. Delayed neutron activation analysis of 
four sampled outcrops showed Th values of 20-29 pprn 
and U values of 5.9-8.0 pprn (R. Goldfarb, unpub. data, 
1984). 
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Table 5 . Statistical summary for 499 NURE sediment samples 

[All values in parts per million] 

Element L' Mintmum Median 90 th  95th  97.5th Maximum 

percentile percentile percentile 

l~umber of samples qualified with a "less than.. 

Two other areas with smaller clusters of U (sample 444197). and anomalous concentrations of many 
anomalies were identified from the NURE data . Four of the rare-earth elements (fig . 28 on pl . 3) . Enrichments 
sediment samples along the South Fork of the Bremner of these elements most likely indicate the presence of 
River contain 6-30 ppm U. as much as 89 ppm Th monazite. apatite. allanite. and other accessory minerals 
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common to the silicic, felsic igneous rocks within the 
high-grade metasedimentary rocks of the Valdez Group 
to the east of the Copper River. On the northern side of 
Galena Bay in the northwestern corner of the Cordova 
quadrangle, three samples (444003, 444004, 444008) 
contain 4-9 pprn U (fig. 17 on pl. 2) with background Th 
values of 4.5 pprn or less. The source of the anomalous U 
in this area, which is underlain by metavolcanic and 
metasedimentary rocks of both accretionary flysch 
sequences, is presently unknown. 

Thirteen of the NURE samples contain 0.13-6.04 
pprn Au. The majority of these samples with anomalous 
Au also contain anomalous Th which is known to interfer 
with Au during neutron activation analysis (D. Broxton, 
oral commun., 1982). Six of the samples, though, 
probably represent true anomalies. Two of these lie on 
Dead Creek (443886, 443888) and also contain enrich- 
ments of As, Cu, Cr, Ni, and W (fig. 16 on pl. 2). These 
two sediment samples, from streams that drain Valdez 
Group metasedimentary rocks, reflect the same anom- 
alies as displayed by our concentrate samples from the 
Dead Creek area (see above, anomalous area 4). One 
sample (444085) on the southern side of Port Fidalgo, 
between Irish Cove and the Schlosser mine, contains 
0.41 pprn Au, 36 pprn As, and 296 ppm Cu (fig. 18 on 
pl. 2). The Au is believed to be contained within sulfide 
grains that are being weathered from volcanogenic 
massive sulfide occurrences, which were discussed above 
in anomalous area 6. Two samples near known Au- 
bearing quartz veins in the McKinley Lake area contain 
6.04 pprn Au and 451 pprn As (443810) and 1.71 pprn 
Au, 492 pprn As, and 5 pprn Bi (444150) (fig. 29 on pl. 3). 
Sample 443911, which was taken along the northeastern 
shore of Eyak Lake, contains 0.4 pprn Au (fig. 15 on 
pl. 2). 

Widespread As anomalies cluster in two localities. 
Samples with values of 30-60 pprn As (though 444105 in 
Comfort Cove contains 308 pprn As) are characteristic of 
much of the Gravina Peninsula, an area described earlier 
(anomalous area 11; fig. 21 on pl. 3). Samples with 
concentrations of at least 100 pprn As stretch along both 
sides of the highway from Eyak to McKinley Lake. The 
highest As concentrations in this area are for the two 
Au-, and probably arsenopyrite-, bearing samples near 
McKinley Lake (fig. 29 on pl. 3). Arsenic enrichments in 
samples to the east of these two samples are more 
difficult to decipher. Many of these samples to the east 
appear to have been collected from sloughs and tidal 
muds and often contain high concentrations of Fe. None 
of the concentrate samples collected in our survey from 
adjacent watersheds contain any microscopically visible 
arsenopyrite. Therefore, the anomalous As contents may 
reflect coprecipitation of dissolved As with Fe-oxides. 

Many of the NURE Cu and Zn anomalies occur in 
areas that were also delineated by our survey. However, 
many of the base-metal-rich areas defined by our study 
lack clusters of anomalous NURE samples (for example, 
central sulfide belt, Ellamar, southern Port Fidalgo, 
Sheridan Glacier, and Van Cleve Glacier). NURE 
samples with anomalous Cu values, usually between 100 
pprn and 200 pprn and with no other anomalous 
elements, are associated with the greenstones northeast 
of the town of Cordova, especially near Mt. Eyak, Mt. 
Kelly, Power Creek, Scott Glacier, and Ibeck Creek. 
Additionally, two other samples on Power Creek 
(443905, 443906) both contain 30 pprn Pb, which is a 
highly anomalous concentration for the NURE data 
(fig. 15 on pl. 2). Three samples along Dead Creek 
(443885, 443887, 443888) contain 87-95 pprn Cu along 
with anomalous Au and W (fig. 16 on pl. 2), in contrast 
to our survey which found only background amounts of 
Cu in the Dead Creek area (anomalous area 4). Zinc 
concentrations of 200-250 pprn (fig. 15 on pl. 2, fig. 20 on 
pl. 3) are associated with five NURE sites in the Heney 
Range and two sites to the west on northern Hawkins 
Island (anomalous area 7). 

Two samples to the south of Saddlebag Glacier 
(443966, 444151) contain 217 ppm and 231 pprn Zn, 
respectively, and might reflect unrecognized massive 
sulfide occurrences within Orca Group metasedimentary 
rocks (fig. 29 on pl. 3). Sample 443784, which was taken 
from a stream that drains the eastern side of the Don 
Miller Hills, contains 521 pprn Zn along with 217 pprn Ni 
and 343 ppm Cr (fig. 22 on pl. 3), which is representative 
of the most anomalous Zn value from either our study or 
the NURE survey for a sediment derived from the 
younger Tertiary sediments. These two Zn-dominant 
anomalies are the only significant base-metal enrich- 
ments identified by the NURE survey and not evident 
from our study. 

The major Cr and Mn anomalies defined by our 
study were also identified, though less strongly, by the 
NURE samples. Two samples that were taken from 
streams that drain the east-central side of Hinchinbrook 
Island just over the divide from the bedded Mn deposit 
(Goodfellow and others, 1984) contain 552 pprn Cr, 
3,737 pprn Mn, and 22 percent Fe (444244) and 327 pprn 
Cr and 11 percent Fe (444245) (fig. 19 on pl. 3). Sample 
444255, which is from a site actually on Nuchek Creek 
and within the mineralized watershed, contains 14 per- 
cent Fe and 3.4 percent Ti (fig. 19 on pl. 3). All three of 
the sediments are strongly enriched in most of the 
rare-earth elements. Two samples (443880, 443882) on 
the Gravina River contain 1.89 percent Mn and 3,765 
pprn Mn, respectively, and one adjacent sample (443888) 
on Dead Creek contains 3,154 pprn Mn (fig. 16 on pl. 2). 
This is within the same area (anomalous area 17) that is 
defined by Mn anomalies in both sediment and con- 
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centrate samples from our survey. Chromium values in 
NURE sediments of 341 pprn (444061) just below the 
known ultramafic outcrop and 261 pprn and 264 pprn 
(444059 and 444060, respectively) further down drainage 
occur near Cr anomalies in the northeastern Port Fidalgo 
region (anomalous area 16; fig. 27 on pl. 3). 

A few Cr and Mn single-site anomalies in the 
NURE data may identify additional areas of interest that 
are not evident from our survey. One sample (443737) in 
the mudflats to the northwest of Ragged Mountain 
contains more than 6 percent Mn along with 102 pprn As 
and 48 pprn W. Another sample (444305), which was 
taken along the Martin River slough, contains 3,511 pprn 
Mn. Both of these highly anomalous samples are believed 
to reflect a highly reducing depositional environment 
rather than enrichments in source rocks. Sample 443777, 
along Strawberry Harbor, contains 6.1 percent Ca, 2.08 
percent Ti, 1,004 pprn Cry and 4,873 pprn Mn, along with 
elevated concentrations for all rare-earth elements 
(fig. 22 on pl. 3). These values might reflect either 
(1) contamination from nearby, past oil development and 
(or) high-tide debris; or (2) an enrichment of these 
elements within concretions in the Tokun Formation. 
Sample 444119, from a stream that drains Orca Group 
metasedimentary rocks on southern Hawkins Island, 
contains 2.06 percent Mn and 103 pprn Co and may 
indicate an additional region with massive sulfide-related 
metal enrichments in the flysch (fig. 20 on pl. 3). 

Three NURE samples that were collected on 
Kayak Island (fig. 23 on pl. 3) indicate Ba and Zn 
enrichments within a region also identified by our survey 
(anomalous area 12). Samples 443759 and 443760 
contain 9,134 pprn and 5,115 pprn Ba, respectively. The 
former also contains 6 pprn Ag, 46 pprn As, 319 pprn Cr, 
and enrichments of many of the rare-earth elements. 
Both sites are on streams that drain Poul Creek and 
Yakataga Formation rocks on the west-central side of the 
island and may define the most favorable area for bedded 
barite occurrences on the island. Sample 444767, which 
was collected on the opposite side of the island, contains 
277 pprn Zn and probably reflects an enrichment of 
sphalerite. 

CONCLUSIONS 

anomalies in concentrates show that sulfide minerals are 
widespread within Valdez Group and Orca Group rocks 
over much of the central portion of the Cordova 
quadrangle. Whether these all occur as uneconomic 
disseminations or whether massive sulfide bodies similar 
to the nearby Midas mine orebody are present in the area 
is also uncertain. Elevated Zn concentrations in sediment 
samples provide the broadest haloes for identification of 
massive sulfide bodies in the Ellamar, southern Port 
Fidalgo, northern Heney Range, central Hawkins Island, 
and Sheridan Glacier regions. Many of the samples were 
collected from watersheds that are near known volcano- 
genic massive sulfide occurrences even though the 
watersheds themselves lack any such known mineral 
occurrences. Widespread Ba and Zn anomalies in con- 
centrates derived from the younger Tertiary sedimentary 
formations indicate the possibility for sediment-hosted 
base-metal mineralization within the southeastern corner 
of the study area. 

Interpretation of the geochemical data clearly 
indicates the necessity for collecting heavy-mineral- 
concentrate samples during geochemical surveys of this 
region. Even where the lower determination limits and 
greater accuracy of atomic absorption spectrophotome- 
try were used for sediment samples, most of the areas 
identified as anomalous by emission spectrography of 
concentrate samples were still not apparent for the 
sediment medium. This was especially true for Au-rich 
concentrate samples; very few corresponding sediment 
samples contained anomalous Au or As as determined 
by atomic absorption spectrophotometry. A biascd 
sample distribution, analytical interference problems, 
and the above stated need for concentrating a large 
sediment volume prior to analysis severely limit the 
usefulness of the NURE geochemical data. Whereas 
most anomalies identified from the NURE survey were 
also apparent from our survey, most of the anomalies 
delineated by our survey would not have been found by 
the NURE study. Hence, we believe the NURE geo- 
chemical surveys should be used only to supplement 
Alaska Mineral Resource Assessment Program or 
similar surveys, rather than in lieu of such surveys. 
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