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STUDIES RELATED TO AMRAP

The U.S. Geological Survey is required by the Alaskan National Interests Lands Conservation Act
(Public Law 96-487, 1980) to survey certain federal lands to determine their mineral values, if any. Results from
the Alaskan Mineral Resource Assessment Program (AMRAP) must be made available to the public and be
submitted to the President and the Congress. This report presents analytical results of a geochemical survey of
the Gulkana quadrangle, Alaska.

INTRODUCTION

The study of the geochemistry of the Gulkana quadrangle (Fig.1) began in the mid-1980's a~ part of
USGS AMRAP studies. Geologists from the Branch of Geochemistry collected stream-sediment and heavy-
mineral-concentrate samples in the summers of 1986, 1988, and 1990. Rock samples were collected by
geologists from the Branch of Alaskan Geology in the summers of 1983, 1985, and 1987.

The Gulkana quadrangle is located between latitudes 62° and 63° north and longitudes 144° and 147°
west. The town of Gulkana is located in the south central part of the quadrangle (fig.2). The Richardson
Highway runs north-south dividing the quadrangle into east and west halves. The Copper River crosses the
center of the study area and flows to the southwest into the Gulf of Alaska (south of the study area). The
crescent shaped drainage basin of the Copper River covers approximately 23,000 sq miles (Menderhall, 1905),
and is ringed by the Chugach Mountains to the south, the Alaska Range to the north, the Talkeetna ! fountains to
the west, and the Wrangell Mountains to the east. The basin is filled with unconsolidated soils, surficial glacial
deposits, and swamp (Nokleberg and others, 1988). The Wrangell-St Elias National Preserve, National Park
lands, and Wilderness areas comprise most of the SE quarter of the quadrangle (approximately 1800 sq miles)
and includes the Wrangell Mountains. Much of the Wrangell Mountains are covered by glaciers and ice fields.

Three major belts of bedrock are present within the quadrangle. They are the Wrangellia Terrane, the
Metamorphic Complex of the Gulkana River (MCGRY), and the Peninsular Terrane (Nokleberg and others, 1986) .
The Wrangellia terrane, located along the northern boundary of the quadrangle, is composed chiefly of Late
Paleozoic volcanic and sedimentary rocks that are overlain by the Nikolai Greenstone and gabbros of Late
Triassic age. Cretaceous granodiorite and quartz diorite bodies locally intrude the Triassic and older rocks.

The MCGR is similar to the informally named Southern Wrangellia Terrane Margin as described by
Plafker and others (1989) in the adjacent Valdez and McCarthy quadrangles (Nokleberg and others, 1989). The
age of the MCGR is considered Pre-Late Jurassic (Nokleberg and others, 1986). This metamorphic complex is
composed chiefly of metavolcanic and metasedimentary rocks, intruded by schistose hornblende dior'te, gabbro,
schistose granodiorite, schistose quartz monzonite, and schistose quartz diorite. The Wrangellia Ter-ane to the
north is separated from the MCGR by the Paxson Lake Fault that is largely concealed by the sediments in the
Copper River Basin. The MCGR is separated from the Peninsular terrane to the south by the West Fork Fault
that is concealed and is projected to follow approximately the drainage of the West Fork of the Gulkana River
until it crosses the Copper River and is projected to trend nearly north-south (Plafker and others, 19§9).

The Peninsular Terrane is composed chiefly of the rhyodacite, dacite, and andesite flows ard minor
sandstone units of the Early Jurassic Talkeetna Formation; Late Jurassic granodiorite, quartz diorite ,and schistose
hornblende gabbro plutons are also present (Nokleberg and others, 1986).

Overlying the Wrangellia Terrane and MCGR in the southeast comer of the quadrangle is C:nozoic
basalt and andesite of the Wrangell Mountains. Quaternary alluvium, colluvium, glacial, and glaciof] ~vial
deposits cover much of the quadrangle.

Prospectors began exploring for gold in the Copper River Basin area during the late 1800's. The gold

placer deposits of the Chistochina and the Slana River districts, located in the northeast corner of the quadrangle,
were discovered in the late 1800's and were productive for several years (Mendenhall, 1905). The lode claims in
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Figure 1. Index map showing the location of the Gulkana quadrangle (shaded area). Highways are skown as
heavy dashed line. ‘ 1440
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Figure 2. Generalized map showing geology and mining districts. Three bedrock terranes identified in the
quadrangle are the Peninsular Terrane (PT), the Metamorphic Complex of Gulkana (MCGR), and the Wrangellia
Terrane (WT). The quaternary volcanic rocks of the Wrangell Mountains overliec Wrangellia Terrane in the
southeast corner of the quadrangle. The Ahtell Creek mineralized area is located in the northeast comer of the
quadrangle and is shaded. The Hogan Hills mineralized area is located near the center of the quadrargle
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the Slana district are polymetallic quartz veins with variable amounts of chalcopyrite, galena, sphalerte,
occasionally associated with argentiferous tetrahedrite, native bismuth, and rare traces of gold (Moffi*, 1944). As
of 1968, none of these lode deposits had been commercially developed (Richter, 1968). Small copper and silver-
bearing quartz vein occurrences are hosted in volcanic rocks near Hogan Hills in the north-central part of the

quadrangle (Rose and Saunders, 1970).
METHODS OF STUDY

Sample Media

Analyses of the stream-sediment samples represent the chemistry of the rock material eroded from the
drainage basin upstream from each sample site. Such information is useful in identifying those basirs that
contain concentrations of elements that may be related to mineral deposits. Heavy-mineral-concentrate samples
provide information about the mineralogy and chemistry of each sample site. The selective concentra‘ion of
minerals, many of which may be ore related, permits determination of some elements that are not easily detected
in stream-sediment samples. Rock samples were collected from unaltered, altered, and mineralized outcrops.

Analyses of unaltered and unmineralized rock samples provide background geochemical data for
individual rock units. On the other hand, analyses of altered and mineralized rocks, where present, may provide
useful geochemical information about the major- and trace-element assemblages associated with the mineralized
system.

Sample Collection

Stream-sediment and heavy-mineral concentrate samples were collected at approximately 550 sites (Plate
1). The average sample density is | site /4.6 sq. mi. in the Wrangell Mountains and | site/ 8.3 sq.n. in the
northern quarter of the study area. Due to the thick Quaternary cover, samples were not collected from the
Copper River Basin. Bedrock grab samples were collected from an additional 146 sites (Plate 2).

Stream-sedimert samples

The stream-sediment samples consisted of active alluvium collected primarily from first-order
(unbranched) and second-order (below the junction of two first-order) streams as shown on the USGS
topographic maps (scale = 1:63,360). Stream sediment samples are composites of fine-grained sediment
collected along stream banks and below slow water and coarse-grained sediment collected along stream bottoms
and channels of faster moving water. Each composite sample is taken from several locations within the stream-
bed that may extend as much as 50 feet from the site plotted on the map.

Heavy-mineral-concentrate samples

Heavy-mineral-concentrate samples were collected from the same active alluvium as the strem-sediment
samples. Each bulk sample was screened through a 2.0-mm (10 mesh) screen to remove coarse material. The
less-than 2.0-mm fraction was panned until most of the quartz, feldspar, organic material, and clay-sized
materials were removed.

Rock samples
Rock samples were collected from mineralized and unmineralized outcrops. Rock descripticns are listed
in Table 5.

Sample Preparation

The stream-sediment samples were air dried, then sieved using 80-mesh (0.17-mm) stainless-steel sieves.
The portion of the sediment passing through the sieve was saved for analysis.

After air drying, bromoform (specific gravity 2.8) was used to remove the remaining quartz and
feldspar from the heavy-mineral-concentrate samples that had been panned in the field. The resultant heavy-
mineral sample was separated into three fractions using a large electromagnet separator (in this case a modified
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Frantz Isodynamic Separator). The most magnetic fraction, primarily magnetite, was not analyzed. The second-
most magnetic fraction, largely ferromagnesian silicates and iron oxides, was saved for analysis/archival storage.
The third and least magnetic fraction (which may include nonmagnetic ore minerals, zircon, sphene, etc.) was
hand ground for spectrographic analysis.

Rock samples were reduced to 1/4 inch fragments in a jaw crusher. Crushed samples were split, if
necessary, and fed into a Braun vertical pulverizer equipped with ceramic plates. Samples were pulerized to
approximately minus 100-mesh (1.5 mm) and mixed to insure homogeneity.

Sanple Andlysis

Spectrographic method

The stream-sediment and rock samples were analyzed for 35 elements, and heavy-mineral concentrate
samples for 37 elements using semiquantitative, direct-current arc emission spectrography (Grimes ard
Marranzino, 1968). The elements analyzed and their lower limits of determination are listed in Table 1. Sample
spectra are recorded photographically and concentrations were determined by visual comparison of spectra
derived from the sample against spectra obtained from standards made from pure oxides and carbonztes.
Standard concentrations are geometrically spaced over any given order of magnitude of concentratiors as follows:
100, 50, 20, 10, and so forth. Samples whose concentration are estimated to fall between those values are
assigned values of 70, 30, 15, and so forth. The precision of the analytical method is approximately plus or
minus one reporting interval at the 83 percent confidence interval and plus or minus two reporting intervals at the
96 percent confidence level (Motooka and Grimes, 1976). Values determined for major elements (iron,
magnesium, calcium, and titanium) are given in weight percent; all others are given in parts per million
(micrograms/gram). Analytical data for samples from the Gulkana quadrangle are listed in tables 3, 4, and 6.

Chemical methods

In addition to spectrographic analyses, stream-sediment and rock samples were analyzed for five-
elements by atomic absorption spectrometry (AAXO'Leary and Viets, 1986). Stream sediment samples were
analyzed for an additional 10-elements and rocks samples were analyzed for an additional S-elements by
inductively-coupled plasma-atomic emission spectrometry (ICP-AES) (Motooka, 1990). These additicnal methods
have lower limits of detection for these select elements than by the emission-spectrographic method. The 5-
element AA method was used on the 1986 stream-sediment and rock samples. The 10-element ICP-AES method
was used on the 1988 and 1991 stream-sediment samples. The limits of determination for each mett od are listed
in table 2. Analytical results are listed in tables 3 and 6.

ROCK ANALYSIS STORAGE SYSTEM

Upon completion of all analytical work, the analytical results were entered into a computer-1 ased file
called Rock Analysis Storage System (RASS). This database contains both descriptive geological information
and analytical data. Any or all of this information may be retrieved and converted to a binary form (STATPAC)
for computerized statistical analysis and publication (Van Trump and Miesch, 1977).

DESCRIPTION OF DATA TABLES

Tables 3, 4, and 6 list the results of analyses for stream-sediment, heavy-mineral-concentrate, and rock
samples, respectively. In these three tables the data are arranged so that column 1 contains USGS-a~signed
sample numbers. These numbers correspond to the number shown on the site location map (plate 1 and 2). The
next two columns contain latitude and longitude listed in degrees, minutes, and seconds. Columns ir which the
element headings show the letter "S" below or to the side of the element symbol indicate emission
spectrographic analyses; "AA" to the side of an element symbol indicate atomic absorption analyses; "P" next
to an element refers to the 10-element (for rocks only 5-elements were determined) ICP analyses. A letter "N"
in the tables indicates that a given element was looked for but not detected at the lower limit of determination
shown for that element (table 1). If an element was observed but was below the lowest reporting va'ue, a "less
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than" symbol (<) was entered in the tables in front of the lower limit of determination. If an elemen* was
observed but was above the highest reporting value, a "greater than" symbol (>) was entered in the tebles in front
of the upper limit of determination. If an element was not looked at in a sample, several dashes () are entered
in tables 3, 4, and 6 in place of an analytical value. Table 5 lists the field number of the sample, the name of
the 15 x 30 minute quadrangle in which the sample site is located (e.g. D-1) and petrographic descriptions of the
samples collected and analyzed.
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Table 1. Limits of detection for DC-ARC emission spectrography.
Hement DC-ARC Emission Spectrography - lower

NN £ <H 9223228350000 RBFPupggd-sggap
3

Pd * 5 ppm
Pt * 20 ppm

* Heavy-mineral-concentrate samples only




Table 2. Other methods of chemical analysis for stream-sediment and rock samples.

Hement
Ag —_— 0.045 ppm
As 10 ppm 0.600 ppm
Au 0.150 ppm
Bi 3 ppm 0.600 ppm
Cd 0.10 ppm 0.050 ppm
Cu — 0.050 ppm
Mo S 0.090 ppm
Pb — 0.600 ppm
Sb 2 ppm 0.600 ppm
Zn S ppm 0.050 ppm



Table 3. Data from stream-sediment samples, Gulkana quadrangte, Alaska

[N, not detected; <, detected but below the limit of determination shown; >, determined to be greater than the value shown]

Sample

001
002
003
004
005
006
007
008
009
010

011
012
013
014
015
016
017
018
019
020

021
022
023
024
025
026
027
028
029
030

031
032
033
034
035
037
038
039
040
041

042
043
044
045
046
047
048
049
050
051

052
053
054
055
056
057
058
059
060
061

LATITUDE

62 55 20
62 51 25
62 51 57
62 47 5S4
62 48 18
62 48 30
62 46 38
62 46 29
62 45 24
62 45 59

62 45 38
62 45 27
62 56 20
62 56 30
62 57 30
62 59 12
62 59 13
62 48 26
62 48 28
62 47 22

62 49 45
62 50 12
62 49 39
62 47 38

LONGITUD

145
145
146
146
146
146
146
146
146
146

146
146
146
146
146
146
146
146

41
59

6
12
14
18
23
23
17
13

13
15
47
46
45
47
32
51

146 51
146 48

146
146
146
146

54
53
50
59

48
20
10
55
17
52

5

3
10

9

58
10
18
50
46
50

0

0

8
32

28
22
49
20

146 47 50

146
146
146
146
146

32
37
33
41
54

146 36
146 38

146
146
1646
1645
145
144
144
144

144
144
144
144
144
144
144
144
144
144

144
144
144
144
144
144
144
144
144
144

36
4
2
52
50

2
3
0
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Table 3. Data from stream-sediment samples, Gulkana quadrangle, Alaska--Continued

sample AUPPM S B_PPMS BAPPM S BEPPMS BI_PPMS (D PPMS COPPMS CRPPMS CUPPMS GAPPMS

001 N 20 500 <1 N N 20 150 30 --
002 N 20 300 <1 N N 30 100 30 --
003 N 20 300 <1 N N 30 100 30 --
004 N 20 300 <1 N N 30 100 100 -
005 N 10 200 <1 N N 30 70 200 --
006 N 20 200 <1 N N 30 100 50 --
007 N 20 200 <1 N N 20 100 30 --
008 N 50 300 <1 N N 20 70 30 --
009 N 20 300 <1 N N 20 30 10 --
010 N 50 300 <1 N N 20 100 30 --
011 N 10 200 <1 N N 5 200 10 --
012 N 20 200 <1 N N 30 100 50 --
013 N 20 300 1 N N 30 100 15 --
014 N 20 300 1 N N 20 100 15 --
015 N 20 200 <1 N N 20 100 30 --
016 N 20 200 <1 N N 20 100 20 --
017 N 20 300 1 N N 30 100 20 --
018 N 15 0 <1 N N 30 70 50 --
019 N 10 100 <1 N N 30 30 50 --
020 N 10 100 <1 N N 10 100 50 --
021 N 20 500 1 N N 30 150 50 --
022 N 20 500 <1 N N 20 100 15 --
023 N 20 500 <1 N N 20 100 20 --
024 N 70 500 1 N N 20 100 20 .-
025 N 20 300 <1 N N 20 100 20 --
026 N 30 300 1 N N 20 200 20 --
027 N 70 300 <1 N N 30 200 100 .-
028 N 20 200 <1 N N 20 150 20 -
029 N 50 200 <1 N N 20 100 30 --
030 N 50 200 <1 N N 20 150 20 --
031 N 50 300 <1 N N 20 200 20 --
032 N 50 300 <1 N N 20 100 50 -~
033 N 50 500 <1 N N 20 200 20 --
034 N 20 300 <1 N N 20 100 15 .-
035 N 20 300 1 N N 20 150 10 --
037 N 20 300 <1 N N 20 70 20 .-
038 N 30 300 <1 N N 20 150 10 --
039 N 30 500 <1 N N 20 70 30 --
040 N 50 500 <1 N N 20 70 30 --
041 N 20 500 <1 N N 20 100 20 --
042 N 20 500 <1 N N 20 100 20 --
043 N 50 500 1 N N 30 50 50 .-
044 N 100 500 1 N N 20 70 30 --
045 N 50 300 <1 N N 15 70 20 --
046 N 30 500 1 N N 20 50 150 --
047 N 20 500 <1 N N 20 200 20 --
048 N 20 - 300 <1 N N 20 50 200 --
049 N 70 500 1 N N 20 70 30 --
050 N 50 500 <1 N N 20 70 30 --
051 N 30 300 <1 N N 20 100 30 --
052 N 20 300 <1 N N 15 50 20 -~
053 N 100 300 <1 N N 20 50 30 --
054 N 20 200 N N N 20 150 20 --
055 N 30 200 <1 N N 20 70 30 --
056 N 20 200 N N N 20 70 30 --
057 N 30 200 N N N 20 100 30 --
058 N 20 200 <1 N N 20 700 20 --
059 N 20 200 <1 N N 20 70 30 --
060 N 20 300 <1 N N 20 70 50 --
061 N 20 300 <1 N N 20 70 30 --
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Table 3. Data from stream-sediment samples, Gulkana quadrangle, Alaska--Continued

sample GE_PPM_S  LAPPM.S MN_PPM_S MO PPM S  NB_PPM S NI PPM_S  PB_PPM_S SB_PPM_S SC_PPM_S  SN_PPM_S

001 -- N 700 N N 30 20 N 20 N
002 -- N 1,000 N N 30 15 N 20 N
003 .- N 1,000 N N 30 10 N 20 N
004 -- N 1,000 N N 50 15 N 20 N
005 .- N 1,000 N N 50 15 N 20 N
006 -- N 1,000 N N 50 20 N 20 N
007 - N 1,000 N N 30 15 N 15 N
008 -~ N 1,000 N N 50 15 N 20 N
009 -- N 700 N N 30 10 N 10 N
010 -- <20 1,000 N N 30 15 N 20 N
011 -- N 700 N N 5 10 N 5 N
012 -- N 1,000 N <20 50 10 N 20 N
013 -- 20 1,000 N N 20 20 N 15 N
014 -- N 1,500 N N 20 20 N 15 N
015 -- N 1,000 N N 30 20 N 15 N
016 -- <20 1,000 <5 N 20 15 N 15 N
017 -- N 1,500 N N 30 15 N 15 N
018 -- N 1,000 N N 30 10 N 15 N
019 .- N 1,000 N N 50 10 N 20 N
020 -- <20 500 N N 20 10 N 10 N
021 .- <20 1,500 N N 50 10 N 20 N
022 -- N 1,000 N N 30 10 N 15 N
023 -- 20 1,500 N <20 50 15 N 15 N
024 -~ N 1,000 N N 30 20 N 15 N
025 -~ N 1,000 N N 30 15 N 15 N
026 .- N 1,500 N N 50 <10 N 15 N
027 -- N 1,000 N N 50 20 N 20 N
028 -- N 700 N N 30 15 N 20 N
029 - N 1,000 N N 30 20 N 20 N
030 -- N 1,000 N N 30 10 N 30 N
031 -- N 700 N N 50 10 N 20 N
032 -- N 700 N N 50 20 N 20 N
033 -- N 700 N N 50 20 N 20 N
034 -- N 1,000 N N 50 15 N 20 N
035 -- N 700 N N 30 10 N 20 N
037 -- N 700 N N 30 10 N 20 N
038 -- N 700 N N 50 10 N 20 N
039 -- N 1,000 N N 50 30 N 20 N
040 .- N 700 N N 50 20 N 20 N
041 -- N 1,000 N N 50 20 N 30 N
042 -- N 1,000 N N 70 10 N 50 N
043 -- N 1,000 N N 50 100 N 20 N
044 -- <20 1,000 N N 50 50 N 20 N
045 -- N 500 N N 30 15 N 15 N
046 -- N 700 10 N 30 30 N 15 N
047 -- N 1,000 N N 50 20 N 20 N
048 - N 500 10 N 20 30 N 20 N
049 -- N 700 N N 50 20 N 20 N
050 -- N 1,000 N N 50 10 N 20 N
051 -- N 1,000 N N 50 20 N 20 N
052 -- N 500 N N 20 10 N 15 N
053 -- 20 700 N N 30 50 N 15 N
0S4 .- <20 700 N N 50 10 N 15 N
055 -- 30 500 5 N 20 50 N 20 N
056 -- <20 500 N N 50 20 N 15 N
057 -- N 700 N N 50 20 N 10 N
058 -- N 700 N N 30 15 N 15 N
059 -- N 700 N N 30 20 N 15 N
060 -- N 700 N N 30 20 N 15 N
061 -- N 700 N N 50 20 N 15 N
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Table 3. Data from stream-sediment samples, Gulkana quadrangle, Alaska--Continued

Sample SR PPM S THPPMS V_PPMS W _PPMS Y _PPMS  ZNPPM_S ZR_PPM_S AG_P_PPM AS_P PPM AU_P_PPM

001 300 N 300 N 20 N 500 -- -- .-
002 300 N 200 N 20 N 200 .- - .
003 200 N 200 N 20 N 100 .- .- --
004 200 N 200 N 20 N 200 -- .- .
005 150 N 200 N 20 N 100 -- -- .
006 200 N 200 N 20 N 300 -- -- .
007 300 N 200 N 15 N 100 -- -- --
008 300 N 200 N 20 N 150 .- -- .-
009 200 N 200 N 10 N 100 .- -- --
010 300 N 200 N 30 N 200 - .- .
011 300 N 50 N <10 N 20 .- - .
012 300 N 200 N 20 <200 200 .- -- --
013 500 N 150 N 20 <200 100 -- .- --
014 500 N 150 N 20 <200 70 -- .- .-
015 300 N 200 N 15 N 70 .- .- .-
016 500 N 200 N 20 N 100 -- -- .
017 500 N 150 N 20 <200 100 -- -- --
018 200 N 150 N 20 N 100 - -- .-
019 150 N 200 N 20 N 150 -- -- .-
020 <100 N 100 N 15 N 30 .- -- .-
021 300 N 200 N 20 N 200 -- -- .-
022 300 N 200 N 20 N 300 -- - -
023 300 N 200 N 20 N 200 -- .- -
024 500 N 200 N 20 N 200 .- .- -
025 300 N 200 N 20 N 200 -- -- --
026 300 N 200 N 30 <200 200 -- -- --
027 200 N 200 N 30 <200 500 .- -- --
028 300 N 200 N 20 N 700 .- - _.
029 300 N 200 N 20 N 200 .- .- -
030 300 N 200 N 20 N 200 -- .- .
031 300 N 200 N 20 N 100 .- -- --
032 300 N 200 N 30 N 200 .- .- .-
033 300 N 200 N 30 N 150 -- - .-
034 300 N 200 N 20 N 500 - -- -
035 300 N 150 N 20 N 200 -~ .- .-
037 300 N 150 N 20 N 200 .- -- .-
038 300 N 200 N 20 N 100 -- .- .-
039 200 N 200 N 20 N 100 -- .- .-
040 200 N 200 N 20 N 150 .- -- --
041 300 N 200 N 20 <200 200 .- -- --
042 300 N 200 N 30 N 700 .- - .
043 200 N 150 - N 50 <200 200 .- .- ..
044 300 N 150 N 30 <200 200 .- -- .-
045 200 N 150 N 20 N 150 -- .- -
046 200 N 150 N 20 N 100 -- -- -
047 300 N 200 N 20 N 100 .- .- --
048 <100 N 150 N 30 N 70 -- - .
049 300 N 200 N 20 N 100 .- -- --
050 200 N 150 N 30 N 200 -- -- -
051 300 N 200 N 15 N 200 .- -- .
052 100 N 100 N 20 N 100 -- -~ --
053 300 N 300 N 15 <200 100 -- -- .-
054 300 N 300 N 15 N 150 -- .- .-
055 200 N 200 N 20 N 150 -- -- --
056 200 N 150 N 10 N 100 -- .- .
057 200 N 150 N 15 N 100 .- .- --
058 300 N 100 N 15 N 50 - . -
059 300 N 150 N 20 N 100 -- -- .-
060 200 N 200 N 15 N 100 -- -- -
061 200 N 200 N 15 N 200 -- - .

12



Table 3. Data from stream-sediment samples, Gulkana quadrangle, Alaska--Continued

Sample  BI_P_PPM CD_P_PPM CU_P_PPM MO_P_PPM PB_P_PPM SB_P_PPM 2ZN P PPM AU_AA AS_AA BI_AA CD_AA SB_AA 2N AA

.1
.2
.2
.3
3
.3
.2
.2
.2
.2

001 -- - -- -- -- -- -- - N
002 -- -- - -- -- -- -- -- 10
003 - -- -- -- -- -- -- -- 10
004 -- -- -- -- -- .- -- -~ 10
005 -- - -- -- -- -- -- -~ 20
006 .- -- -- -- -- -- -- -~ 20
007 -- -- -- -- -- -- -- -~ 10
008 -- -- -- -- -- -- -- .- 10
009 - -- -- - -- -- -- -- 10
010 -- -- -- -- - -- - - 10
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062
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100
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103
104
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107
108
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15
116
17
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LATITUDE

62 52 22
62 52 35

62 50 22

Table 3. Data from stream-sediment samples, Guikana quadrangle, Alaska--Continued
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Table 3. Data from stream-sediment samples, Gulkana quadrangle, Alaska--Continued

Sample  AU_PPM_S B_PPM S BA_PPM_S BEPPM_S BI_PPMS CD_PPM_S CO_PPM_S CR_PPM_S CUPPM_S GAPPM S

062 N 20 150 <1 N N 20 30 50 --
063 N 50 200 1 N N 30 20 100 -~
064 N 20 300 <1 N N 20 100 50 -
065 N 20 200 <1 N N 20 200 50 --
066 N 30 200 <1 N N 10 10 15 --
067 N 30 500 <1 N N 15 70 30 .-
068 N 10 200 N N N 15 50 30 --
069 N 30 300 1 N N 15 20 20 --
070 N 20 300 <1 N N 15 70 20 --
071 N 20 300 <t N N 10 10 20 --
072 N 20 300 <1 N N 30 50 150 --
073 N 70 700 <1 N N 20 150 100 --
074 N 50 700 <1 N N 15 50 50 --
075 N 20 500 <1 N N 30 100 100 .-
076 N 100 700 <1 N N 20 150 100 --
077 N 20 500 <1 N N 20 70 50 --
078 N 20 300 <1 N N 30 100 70 .-
079 N 20 500 <1 N N 20 50 50 --
080 N 20 500 <1 N N 20 100 50 --
081 N 20 500 <1 N N 20 150 30 --
082 N 20 500 <1 N N 20 50 100 --
083 N 20 500 <1 N N 20 200 50 --
084 N 20 500 N N N 20 100 50 --
085 N 20 500 N N N 20 100 20 -
086 N 20 500 <1 N N 20 50 30 --
087 N 20 300 <1 N N 15 100 30 -
088 N 100 500 2 N N 20 70 50 --
089 N 20 300 <1 N N 15 100 30 --
090 N 20 500 <1 N N 20 200 70 -~
091 N 20 300 <1 N N 20 200 30 .-
092 N 100 500 2 N N 30 150 70 -~
093 N 50 500 <1 N N 30 150 30 .-
094 N 50 500 1 N N 30 150 30 --
095 N 100 300 <1 N N 30 300 30 --
096 N 50 500 <1 N N 30 200 30 -
097 N 50 300 <1 N N 20 200 20 --
098 N 100 300 <1 N N 20 100 30 --
099 N 30 ' 500 1.5 N N 20 70 50 --
100 N 20 500 <1 N N 30 300 30 --
101 N 20 300 <1 N N 20 100 20 --
102 N 20 500 <{ N N 30 100 50 --
103 N 15 500 <1 N N 30 200 50 --
104 N 10 500 <1 N N 30 200 50 --
105 N 15 300 N N N 30 150 30 --
107 N 15 500 <1 N N 20 100 30 --
108 N 20 500 <1 N N 30 300 20 --
109 N 15 300 <1 N N 30 100 20 .-
110 N 20 300 <1 N N 30 100 20 .-
11 N 15 300 <1 N N 30 150 20 --
112 N 10 300 <1 N N 30 200 20 --
13 N 20 300 <1 N N 30 150 20 --
114 N 20 500 1 N N 30 150 30 .-
115 N 10 300 <1 N N 50 300 30 .-
116 N 10 300 1 N N 30 100 30 -~
117 N 15 300 <1 N N 30 200 30 --
118 N 15 500 <1 N N 30 200 30 --
19 N 15 300 <1 N N 30 300 20 --
120 N 10 300 <1 N N 20 150 30 --
121 N 10 500 <1 N N 20 100 30 --
122 N 10 300 <1 N N

30 100 30 --
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Table 3. Data from stream-sediment samples, Gulkana quadrangle, Alaska--Continued

Sample GEPPM S LA PPM. S MN PPMS MO PPM S NBPPM S NI _PPM S  PB_PPM_S SB_PPM_S SC_PPM_S SN_PPM_S

062 .- N 700 N N 20 10 N 15 N
063 -- N 1,000 N N 10 10 N 20 N
064 .- N 1,000 N N 30 20 N 15 N
065 “- N 1,000 N N 50 15 N 20 N
066 -- N 700 N N 5 10 200 10 N
067 -- N 1,000 N N 20 10 N 15 N
068 -- N 700 N N 10 10 N 15 N
069 -- N 1,000 <5 N 7 10 N 15 N
070 -- N 1,000 N N 20 10 N 15 N
071 -- N 700 N N 7 <10 N 10 N
072 .- N 700 10 N 20 30 N 20 N
073 .- N 1,000 <5 N 50 10 N 20 N
074 .- N 700 N N 20 10 N 15 N
075 -- N 700 N N 50 20 N 20 N
076 -- N 1,000 20 N 50 <10 N 20 N
077 -- 30 700 N N 30 20 N 15 N
078 -- N 700 N N 50 20 N 20 N
079 .- N 700 N N 30 15 N 20 N
080 -- N 700 N N 30 15 N 15 N
081 -- N 1,000 N N 50 20 N 20 N
082 -- N 1,000 N N 20 20 N 15 N
083 -- N 700 N N 30 20 N 15 N
084 .- N 700 N N 50 15 N 20 N
085 -- N 700 N N 30 10 N 15 N
086 -- 20 1,000 N N 50 30 N 20 N
087 .- N 1,000 N N 50 10 N 15 N
088 -- 50 1,000 5 N 50 50 N 20 N
089 -- N 700 N N 30 20 N 15 N
090 -- N 1,000 N N 50 20 N 15 N
091 -- N 1,000 N N 50 20 N 20 N
092 -- 100 700 <5 N 50 50 N 30 N
093 -- 20 700 <5 N 70 50 N 20 N
094 -- 20 700 N N 50 50 N 20 N
095 .- <20 700 N N 100 20 N 30 N
096 -- N 700 N N 100 30 N 30 N
097 .- N 1,000 N N 50 20 N 20 N
098 -- N 1,000 <5 N 50 20 N 20 N
099 .- 20 1,000 <5 N 30 50 N 20 N
100 -- <20 1,000 <5 N 50 70 N 20 N
101 .- N 1,000 N N 50 15 N 20 N
102 -- N 1,000 N N 50 20 N 20 N
103 -- N 700 N N 50 30 N 20 N
104 -- N 1,000 N N 70 30 N 20 N
105 -- N 500 N N 50 10 N 20 N
107 -- N 700 N N 50 20 N 15 N
108 -- N 700 N N 100 10 N 20 N
109 -- N 700 N N 50 20 N 20 N
110 -- N 700 N N 50 15 N 20 N
11 -- N 700 N N 50 15 N 20 N
112 -- N 1,000 N N 50 15 N 20 N
113 -- N 700 N N 50 10 N 20 N
114 -- <20 1,000 N N 50 30 N 20 N
115 - N 700 N N 100 20 N 30 N
116 - N 1,000 N N 30 20 N 20 N
117 -- N 700 N N 50 20 N 20 N
118 -- N 700 N N 50 15 N 20 N
119 -- N 700 N N 70 10 N 30 N
120 -- N 700 N N 20 20 N 20 N
121 -- N 1,000 N N 20 20 N 20 N
122 .- N 1,000 N N 30 20 N 20 N
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Table 3. Data from stream-sediment samples, Gulkana quadrangle, Alaska--Continued

Sample SR PPM.S THPPMS V_PPMS W _PPM S Y_PPMS ZNPPM_S  ZR_PPM_S AG_P_PPM AS_P_PPM  AU_P_PPM

062 200 N 100 N 15 N 70 -- -- --
063 300 N 150 N 20 <200 50 -- -- -
064 200 N 100 N 15 <200 70 -- -- --
065 200 N 200 N 20 <200 100 -- -- --
066 100 N 50 N 20 N 50 -- -- --
067 200 N 100 N 20 N 100 -- - --
068 200 N 100 N 15 N 50 -- -- --
069 300 N 100 N 20 N 70 -- .- --
070 100 N 70 N 20 N 100 -- -- -~
o071 100 N 70 N 20 N 70 - -- --
072 <100 N 200 N 20 <200 70 -- -- --
073 100 N 200 N 20 N 200 -- -- .-
074 <100 N 100 N 20 N 200 -- -- --
675 200 N 150 N 20 N 100 -- -- --
076 100 N 150 N 20 N 100 .- -- --
077 300 N 150 N 15 <200 160 -- -- -
078 200 N 150 N 15 N 50 -- -- .-
079 200 N 150 N 20 N 70 -- -- -
080 100 N 150 N 15 N 200 -- -- --
081 300 N 150 N 15 <200 100 -- .- --
082 300 N 150 N 20 N 70 -- -- .-
083 200 N 150 N 15 N 70 .- -- --
084 200 N 150 N 15 N 100 -- -- .-
085 150 N 150 N 15 N 70 -- -- --
086 300 N 300 N 20 N 1,000 -- -- --
087 300 N 200 N 15 N 300 -- -- --
088 500 N 200 N 30 <200 200 -- -- --
089 300 N 200 N 10 N 100 -- -- --
090 200 N 200 N 15 N 500 -- -- --
o 200 N 200 N 50 <200 100 -- .- --
092 300 N 200 N 50 <200 200 -- -- .-
093 300 N 200 N 20 N 500 -- -- --
094 200 N 200 N 20 N 300 -- . --
095 300 N 200 N 20 N 700 -- -- .
096 300 N 200 N 20 N 150 -- -- -
097 300 N 200 N 15 N 100 -- .- --
098 300 N 150 N 20 N 200 - -- --
099 300 N 200 N 20 N 200 .- -- .-
100 300 N 200 N 20 N 100 -- .- --
101 300 N 200 N 15 N 100 -- -- --
102 300 N 200 N 20 N 200 -- “- --
103 200 N 200 N 20 <200 100 -- -- --
104 200 N 300 N 20 <200 200 -- -- --
105 200 N 200 N 20 <200 150 -- -- --
107 200 N 100 N 20 N 100 -- -- .-
108 300 N 150 N 15 <200 200 -- -- --
109 200 N 150 N 15 N 100 -- -- --
110 200 N 150 N 20 N 100 -- -- --
"M 200 N 150 N 15 N 50 -- -- --
112 200 N 200 N 20 N 100 -- -- --
113 200 N 150 N 20 N 100 -- -- .
114 200 N 200 N 20 N 150 -- -- --
115 200 N 200 N 20 <200 100 -- -- .-
116 300 N 200 N 20 N 100 -- -- --
117 300 N 200 N 20 N 100 -- -- --
118 300 N 200 N 15 <200 100 -- -- --
119 300 N 200 N 20 <200 100 -- .- --
120 300 N 200 N 15 N 100 -- -- --
121 200 N 200 N 20 N 100 -- -- --
122 200 N 200 N 20 N 100 -- -- -
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Table 3. Data from stream-sediment samples, Gulkana quadrangle, Alaska--Continuec

Sample  BI_P_PPM CD_P_PPM CU_P_PPM MO_P_PPM PB_P_PPM SB_P PPM ZN_P_PPM AU_AA AS_AA BI_AP CD_AA SB_AA ZN_AA

062 -- - -- -- -- -- -- -- 30
063 -- -- -- -- -- -- .- -- 30
064 -- -- -- -- -- -- -- -- 20
065 -- -- -- -- -- -- -- - 20
066 -- -- - -- -- -- -- -- 50
067 -- - -- -- -- -- -- -- 50
068 -- -- - -- -- -- -- -- 20
069 -- -- - -- -- -- -- -- 10
070 -- -- -- -- -- -- -- -- 40
071 - -- -- -- -- -- -- -- 60

15
15
60
25
35
35
20
10
35
30

ZZTT 2T ZZX
—
. L] . 1 ] L] L]
WO O WRON W WWMWW
ZrZZZTZTZTZZZTZ

072 -- -- - -- -- -- -- -- 30 N . N 65
073 -- -- -- -- -- - - -- 40 N . N 20
074 -- -- -- -- -- -- - -- 60 N : N 35
075 -- -- - -- -- -- -- -- 30 N .3 N 20
076 -- -- -- -- -- -- -- -~ 40 N 3 N 20
077 - -- -- -- -- -- -- -~ 20 N -9 N 80
078 -- -- - -- -- -- -- -- - - -- -- -
079 -- -- -- - -- -- -- -~ 90 N A N30
080 - -- -- -- - -- -- -- 80 N o N 25
081 - -- -- -- -- -- - -- - - - -- --
082 -- -- -- - - -- -- -~ 80 N .5 N 35
083 -- -- -- -- -- -- -- == 130 N 3 2 20
084 - -- -- -- -- -- -- -~ 20 N v N 25
085 -- - -- - -- -- -- -- 20 N 3 N 15
086 -- -- -- - -- -- -- -~ 20 N 7 N 40
087 -- -- -- - -- -- -- -- 20 N .6 N 35
088 -- -- -- -- -- -- -- -- 60 N o N 20
089 -- -- - -- -- - -- -- 10 N .3 N 35
090 -- -- -- -- -- -- -- -- 20 N .5 N 50
091 - -- -- -- -- -- -- -- 20 N v N 35
092 -- -- -- -- -- -- -- -- 30 N .6 N 30
093 -- -- -- -- -- -- -- -~ 20 N .3 N 20
094 - -- - - - -- -- -- 30 N 4 N 20
095 - - -- - -- -- - -- 20 N 3 N 20
096 -- -- -- -- -- -- -- -- 10 N .3 No20
097 - - -- - - - -- -~ 20 N .3 N 25
098 - - -- -- - - -- - 10 N .3 N5
099 -- -- -- -- - -- -- -- 20 N .5 N30
100 - -- -- -- - - - -- 20 N 4 N 30
101 - -- -- -- -- - -- -- 10 N .3 N 25
102 - -- -~ -- - -- -- -- 30 N 3 N 60
103 - -- -- -- -- -- -- -~ 20 N 2.8 N 150
104 -- -- -- -- -- - - -- 20 N .9 N 80
105 - - -- -- -- - -- -- 20 N .3 N o35
107 - -- - - -- - -- -= 20 N .6 N 60
108 -- -- -- -- -- -- - - 20 N .3 N 40
109 - - -- - -- - -- -- 20 N 4 N 50
110 - -- -- - - -- -- -- 20 N 3 N 40
111 - - -- - - -- - -- 10 N 3 N 45
112 - -- -- - - -- -- -~ 30 N 3 N 45
13 -- -- -- - - -- -- -~ 20 N 4 N 40
114 -- -- -- -- -- - - -~ 2 N .5 N 50
115 -- -- -- -- - -- -- -- 20 N .3 N 50
116 -- -- - -- -- -- -- -- 30 N .6 N 60
117 -- -- -- - -- -- -- -~ 20 N .3 N 50
118 -- - - - -- - -- -- 20 N 4 N 45
119 - -- -- -- - -- - -~ 20 N .2 N 35
120 - -- - -- -- -- -- -~ 20 N .2 N 30
121 - -- -- -- - - - -~ 20 N 4 N 55
122 - - - -- -- - -- - 20 N .3 N 45
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Table 3. Data from stream-sediment samples, Gulkana quadrangle, Alaska--Continued
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Table 3. Data from stream-sediment samples, Gulkana quadrangle, Alaska--Continued

Sample AU PPM S B _PPM_S BAPPM S BEPPM S BIPPM.S CD_PPMS CO_PPM_S CR_PPMS CU_PPMS GAPPM S

123 N 15 300 <1 N N 30 70 30 --
124 N 10 500 1 N N 20 50 20 --
125 N 10 500 <1 N N 20 100 30 --
126 N 20 300 <1 N N 30 200 30 --
127 N 10 300 <1 N N 20 70 20 --
128 N 10 300 <1 N N 30 100 50 --
129 N 10 500 <1 N N 20 100 30 --
130 N 10 500 1 N N 50 300 100 --
131 N 10 300 1 N N 30 70 50 --
132 N 200 500 1 N N 20 100 50 --
133 N 20 500 <1 N N 20 150 30 .-
134 N 20 300 <1 N N 30 150 50 --
135 N 10 300 <1 N N 20 150 30 --
136 N 15 300 <1 N N 20 150 30 --
137 N 30 300 <1 N N 30 100 30 --
138 N 20 300 <1 N N 30 200 50 -
139 N 10 300 <1 N N 30 70 70 --
140 N 10 200 1 N N 30 70 70 --
141 N 10 200 <1 N N 30 70 50 --
142 N 10 150 <1 N N 30 100 50 --
143 N 10 300 <1 N N 30 70 50 --
144 N 10 150 <1 N N 20 70 30 .-
145 N 15 300 <1 N N 30 100 50 --
146 N 15 200 <1 N N 20 70 50 .-
147 N 15 200 <1 N N 20 70 50 -
148 N 15 200 <1 N N 30 100 30 --
149 N 15 200 <1 N N 20 70 20 -
150 N 15 200 <1 N N 20 100 20 --
151 N 15 300 <1 N N 30 100 30 --
152 N 15 300 <1 N N 20 50 20 -
153 N 15 200 <1 N N 15 50 30 --
154 N 15 200 <1 N N 20 70 30 --
155 N 15 200 <1 N N 20 50 30 --
156 N 10 150 <1 N N 20 70 30 --
157 N 10 150 <1 N N 20 70 30 --
158 N 15 150 N N N 20 70 30 -

159 N 15 200 N N N 30 100 50 -~
160 N 15 200 <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>