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STUDIES RELATED TO AWRAP 

The U.S. Geological Survey is required by the Alaska 
National Interests Lands Conservation Act (public Law 96-487, 
1980) to survey certain Federal lands to determine their mineral 
potential. Results from the Alaska Mineral Resource Assessment 
Program (AMRAP) must be made available to the public and be 
submitted to the President and Congress. This report is one of a 
series of publications that presents geochemical and 
mineralogical results collected from the mineral assessment study 
of the Iditarod quadrangle, Alaska. 

INTRODUCTION 

During the summers of 1984-86, a reconnaissance geochemical 
survey was conducted in the Iditarod quadrangle, Alaska (Fig. 1). 
A large geochemical data base for the quadrangle was published in 
Gray and others (1988). The gold (Au) , mercury (Hg) , tellurium 
(Te), and thallium (Tl) data for stream-sediment samples 
presented here are a supplement to this geochemical data base and 
are used to assist exploration for mineral occurrences in the 
quadrangle. A subset of 240 stream-sediment samples were 
analyzed for Te to evaluate its usefulness as a geochemical 
pathfinder in the study area. The samples analyzed were those 
with the most potential to assist in the mineral assessment 
studies of the quadrangle. These Te results were not favorable 
because only 2 stream sediments contained concentrations above 
the 0.05 ppm limit of determination. Therefore, additional 
analyses for Te were discontinued in this study. 

The Iditarod quadrangle is bounded by latitude 62"N to 63ON 
and by longitude 156W to 15g0W. The area comprises 
approximately 6,700 mi2 (17,350 km2) in the west-central portion 
of the Alaskan interior and includes the Beaver Mountains and 
part of the Kuskokwim Mountains. Part of the Innoko National 
Wildlife Refuge is located in the northwestern corner of the 
quadrangle and is also included in the study area. The 
quadrangle is sparsely populated with two small communities at 
Flat and Takotna and a few isolated mining camps. Few roads 
exist throughout the quadrangle and access to much of the area is 
limited to travel by air or foot. Boat access is possible on 
some of the larger rivers. 

The terrain is dominated by low rolling hills and broad 
sediment filled lowlands. This terrain is best exemplified by 
the Kuskokwim Mountains in the central portion of the quadrangle. 
The most rugged topographic expression occurs in the Beaver 
Mountains and a few other mountain peaks scattered throughout the 
quadrangle. The maximum elevation in the quadrangle is 4055 ft 
(1236 m) and is located in the northern Beaver Mountains. Much 
of the western portion of the quadrangle is swampy, especially in 
the Yetna and ~ditarod River basins. Most of the quadrangle is 
covered with vegetation that ranges from northern latitude 
forests to subarctic tundra. 
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Figure 1. Index map of the Iditarod quadrangle, Alaska. 



GENERAL GEOLOGY 

Cretaceous sedimentary rocks of the Kuskokwim Group form the 
dominant bedrock in the ~ditarod quadrangle (Cady and others, 
1955). These rocks consist of thick sequences of intercalated 
sandstones, shales, and conglomerates (Bundtzen and ~aird, 1983). 
Rocks of the Kuskokwim Group primarily represent deep water 
turbidite facies, but small amounts of shallow shoreline facies 
rocks also occur in the sequences (Miller and Bundtzen, 1987). 
These rocks have been deformed into northeast trending synclines 
and anticlines; high-angle faults appear to parallel these folds. 
A major northeast trending strike-slip transcurrent fault, the 
Iditarod-Nixon Fork fault, transects the central portion of the 
quadrangle. 

Late Cretaceous to early Tertiary volcano-plutonic complexes 
intrude or overlie the Kuskokwim sedimentary rocks at several 
localities. These complexes consist of basalt and andesite 
volcanic flows that are in fault contact with or overlie 
monzonite plutons. knplacement of these rocks is apparently 
controlled by the high-angle faults. An extensive felsic to 
mafic volcanic field, that is coeval with the volcano-plutonic 
complexes, covers much of the western portion of the Iditarod 
quadrangle (Miller and Bundtzen, 1987). 

Precambrian to late Paleozoic rocks that represent parts of 
the Innoko, Ruby, and possibly Kilbuck terranes are exposed in a 
narrow belt in the west-central part of the quadrangle. In the 
Iditarod quadrangle, the extension of the Innoko terrane consists 
of Mississippian to Jurassic chert and volcanic rock (M.L. 
Miller, written comrnun., 1987). The Ruby terrane is composed of 
greenschist facies metamorphic rocks of probable Precambrian to 
Paleozoic age (Angeloni and Miller, 1985). The possible Kilbuck 
terrane equivalent consists of amphibolite grade rocks that yield 
a Proterozoic protolith age, but that have a complex metamorphic 
history (Miller and Bundtzen, 1987). All three units are poorly 
exposed as narrow northeast-southwest trending belts. 

A relatively minor exposure of ultramafic and mafic rocks 
have been mapped in the northern-most central portion of the 
quadrangle. These rocks are probably correlative with the 
Jurassic ophiolites of the Yukon-Koyukuk trend further to the 
north in the Ophir quadrangle (Miller and Angeloni, 1985). 

BETHODS OF STUDY 

The sampling survey was designed to help relate 
geochemical anomalies to specific drainage basins for targeting 
mineralized areas. Stream sediment samples were collected from 
active channels of perennial first-order (unbranched) streams and 
second-order (below the junction of two first-order) streams, as 
determined from topographic maps (scale 1:63,360). The area of 
the drainage basins ranged from 1 mi2 (2.6 km2) to about 5 mi2 (13 



km2). Sampling density was approximately 1 sample site per 9 mi2 
(23 km2).  In some cases, swampy areas could not be sampled. 
This is primarily due to the low topographic relief in much of 
the quadrangle which results in stagnant streams with little bed 
load. Plate 1 shows site localities for all geochemical samples 
collected during this project. 

Sanlple Co l l ec t ion  

At individual sample sites, a composite stream-sediment 
sample was taken from the active channel and was wet-sieved 
through a 10-mesh (2.0 mrn) stainless steel screen to remove the 
coarse material. Sediment that passed through the screen was 
retained in a 14-inch gold pan until the pan was filled. A 
representative amount of the less than 2.0 mm sediment fraction 
was taken directly from the gold pan and saved as the stream- 
sediment sample. 

Samgle preparation 

In the laboratory, the stream-sediment samples were air 
dried and sieved using an 80-mesh (0.17 mm) stainless steel 
sieve. The portion of the sediment passing through the sieve was 
retained and then manually ground to approximately minus-100-mesh 
(0.15 mrn) .  The processed stream-sediment material was then used 
for geochemical analyses. 

Sample Analysis 

The stream-sediment samples were analyzed for Au using a 
flow injection analysis-atomic absorption spectrophotometry 
method (FIA-AAS). The stream sediments were decomposed by 
roasting the samples at 700°C in a muffle furnace prior to 
digestion with a hydrobromic acid-0.5 percent bromine solution. 
One mL of methyl isobutyl ketone (MIBK) was used to extract the 
gold-bromide complex. Ten gram aliquots of stream sediment and 
Geochemical Exploration Reference (GXR) standards (Allcott and 
~akin, 1975) were used for all analyses. A 0.1 mL aliquot of the 
separated MIBK layer was then injected into an atomic absorption 
spectrometer using an in-line sample injection valve. 

Stream sediments were analyzed for Hg by a cold vapor atomic 
absorption spectrophotometry ( U S )  technique described by Kennedy 
and Crock (1987). The samples were first decomposed with nitric 
acid and sodium dichromate. Hydroxylamine hydrochloride/sodium 
chloride and stannous chloride were added to the samples in a 
continuous flow system. Mercury vapor was then measured directly 
in an optical absorption cell by atomic absorption 
spectrophotometry ( A A S ) .  Tellurium and T1 were determined using 
the procedure of Hubert and Chao (1985). Stream sediments were 
digested using hydrogen peroxide, hydrofluoric acid, aqua-regia, 
and hydrobromic acid-bromine solutions. The Te and T1 were 
concentrated in an MIBK layer and then quantified using AAS. 



The lower limits of determination for Au (FIA-AAS) and for 
Hg, T1, and Te (AAS) are shown in Table 1. Results for the FIA- 
AAS determination of Au in several GXR standards are shown in 
Table 2 and are compared to other reported values. 

Table 1--Lower limits of determination for gold, mercury, 
tellurium, and thallium in stream-sediment analysis. 
[FIA-AAS = Flow injection analysis-atomic absorption 
spectrophotometry; and AAS = atomic absorption 
spectrophotometry. Concentrations are in parts per 
million. ] 

Element 

Gold (Au) 
Mercury (Hg) 
~ellurium (Te) 
Thallium (Tl) 

Lower determination limit 

FIA-AAS 
AAS 
AAS 
AAS 

DATA STORAGE SYSTEM 

The geochemical data were entered into the Branch of 
Geochemistry's data base. This data base contains both 
descriptive geological information and the analytical data. Any 
or all of this information may be retrieved and converted to a 
binary form (STATPAC) for computerized statistical analysis or 
publication (VanTrump and Miesch, 1977). 

The data in this report are also available on a 5.25 inch, 
360K magnetic diskette that includes the text in ASCII file 
format, and the analytical data in statpac file (.stp) format 
(Hopkins and others, 1991). Access to this information requires 
an IBM compatible computer using MS DOS, and a 5.25 inch drive 
capable of handling 360K diskettes. In addition, an executable 
program STP2DAT.EXE (Grundy and Miesch, 1987) has been included 
that allows the STATPAC file to be converted to a number of other 
forms including telecommunications (.cmn), database (.dbf), and 
lotus 1-2-3 (.dif) files. 



Table 2.--Comparison of gold analyses of GXR standards using atomic 
absorption spectroscopy [concentrations in ppml. 

THIS STUDY OTHER MEAN VALUES 

Sample Mean (a (b)  ( c (d) 
n=6 n=5 n=5 n=2 n=5 

GXR-1 2.94 f .24 3.08 * .07 2.98 * .13 3.03 k .10 3.10 f .02 
GXR-2 .022 f -003 .024 k .001 .022 f .003 .034 * .002 .010 .0003 
GXR-4 .433 4 .014 ,424 * .011 .353 + .021 . 462  k .021 .419 f .014 
GXR-6 .073 f .003 .076 * .006 .063 k .002 .071 f ,001 .086 * .006 

(a)  erash hi ma (1988), (b) Meier (1980), (c) ~enedetti and others (1987), 
(d) Kontas and others (1986) . 

DESCRIPTION OF THE DATA TABLE 

concentrations for Au, Kg, T1, and Te in Table 3 are given in parts 
per million (ppm) as indicated. An S suffix following the sample numbers 
designates these samples as stream sediments. An "N" indicates that a 
given element was looked for, but not detected at the lower limit of 
determination shown for that element. An "Ln indicates that the element 
was observed, but was below the limit of determination listed. A "G" 
indicates that the concentration of that element was determined to be 
greater than the value shown. 

Duplicate samples were collected randomly throughout the study area 
and are designated with Dl, D2, D3, and D4 suffixes in Table 3. The D2 and 
D3 suffixes are sample site duplicates collected from the same stream 
approximately 100 m apart. When enough material was available, the D3 
sample was split in the lab into D3 and D4 samples to estimate analytical 
variation within the sample. The Dl suffixes represent duplicates 
collected proximal to the D2 and D3 samples, but on different streams. 
Thus, the Dl samples have a different field number prefix. Dl duplicates 
were not collected with every D2-D3 sample set. These Dl, D2, and D3 
samples were collected for analysis of variance in the study area. 

Since 1984, when this project was initiated, numerous analyses have 
been performed on the stream sediment samples from the Iditarod quadrangle. 
As a result, some of the stream sediments no longer have sufficient 
material available for adequate analysis. For these samples, a " - - "  is 
listed in the element column and indicates that this element was not 
determined for that sample. These sample numbers are provided for 
consistency with the original data set (Gray and others, 1988) and with the 
sample locality map (plate 1). 
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Table 3. Gold, mercury, tellurium, and thallium data for stream 
sediment samples from the Iditarod quadrangle, Alaska. 
[N, not detected; L, detected but below the limit of determination 
shown; G, determined to be greater than the value shown; -- , not 
determined. I 

SAMPLE # LATITUDE LONGITUDE Au ppm H g  ppm Te PPm T1 PPm 



SAMPLE # LATITUDE LONGITUDE AU ppm 

.050N 

.050N 

.050N 

.050N 

.050N 

. OSON 

.050N 

.050N 

.050N 

.050N 



SAMPLE # LATITUDE LONGITUDE Au ppm Hg ppm 



SAMPLE # LATITUDE LONGITUDE au ppm ~g ppm 

-- 
. 0 5 0 N  
. 0 5 0 N  
. 0 5 0 N  
. 0 5 0 N  
. 0 5 0 N  
. OSON 
-- 



SAMPLE # LATITUDE LONGITUDE Au pprn Hg ppm 



SAMPLE # LATITUDE LONGITUDE Au ppm 



SAMPLE # LATITUDE LONGITUDE AU p p m  ~g p p m  



SAMPLE # LATITUDE LONGITUDE 



SAMPLE # LATITUDE LONGITUDE Au ppm H g  ppm 



SAMPLE # LATITUDE LONGITUDE Au ppm Hg ppm 



SAMPLE # LATITUDE LONGITUDE Au p p m  Hg p p m  Te PPm TI PPm 



SAMPLE # LATITUDE LONGITUDE 



SAMPLE # LATITUDE LONGITUDE Au ppm Hg ppm 



SAMPLE # LATITUDE LONG I TUDE 

.005L 
-005L 
.006 
.005L 
.005 
.005L 
.005L 
. OOSL 
.005 
.005L 



SAMPLE # LATITUDE LONGITUDE Au ppm H g  p p m  Te P P m  PPm 



SAMPLE # LATITUDE LONGITUDE Au ppm Hg ppm 



SAMPLE # LATITUDE LONGITUDE Au ppm Hg ppm 



SAMPLE # LATITUDE LONGITUDE 



SAMPLE # LATITUDE LONGITUDE Au ppm Hg ppm 



SAMPLE # LATITUDE LONGITUDE AU ppm 



SAMPLE # LATITUDE LONG I TUDE 

.005L 

.005L 

.005L 

.005L 

.005L 

.005L 

.005L 

.007 

. OOSL 

.005L 

.005 

.005 

.005L 

.005 

.005L 
-005L 
.005L 
.009 
. OOSL 
.005L 



SAMPLE # LATITUDE LONGITUDE 



SAMPLE # LATITUDE LONGITUDE Au ppm Hg ppm 



SAMPLE # LATITUDE LONGITUDE 



SAMPLE # LATITUDE LONGITUDE Au ppm Hg ppm Te PPm T1 PPm 



SAMPLE # LATITUDE LONGITUDE Au ppm Hg ppm 



SAMPLE # LATITUDE LONGITUDE Au ppm Hg ppm 



SAMPLE # LATITUDE LONGITUDE 



SAMPLE # LATITUDE LONGITUDE A u  ppm Hg ppm 


