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STUDIES RELATED TO AMRAP 

The U . S .  Geological Survey, is required by the Alaska 
National Interests Lands Conservation Act (Public Law 96-487, 
19801, to aurvey certain Federal lands to determine their mineral 
values, if any. Results from the Alaska Mineral Resource 
Assesement Program (AHRAP) must be made available to the public 
and be submitted to the President and the Congress. This report 
is one ia a series of publications that presents geochemical and 
mineralogical data determined during the mineral assessment study 
of the Killik River quadrangle, Alaska, In this report, we 
present analytical results of aqua-regia leach studiea of the 
stream sediments collected during the geochemical reconnaissance 
of the Killik River quadrangle, Alaska. In addition, we have 
included the emission spectrographic results obtained from NURE 
stream-sediment samples collected from the quadrangle generally 
south of 680 45' N. latitude. 

INTRODUCTION 

The Killik River quadrangle is lacated in the central Brooks 
Range and the Arctic foothills of northern Alaska about 250 mi 
north of Fairbanks (figure 1). Access ia by chartered aircraft 
into privately owned gravel air etrips from Bettles, Alaska. 
Sampling in the quadrangle began in 1981 field season and 
continued intermittently through 1986. Field teams from the U.S. 
Geological Survey collected stream-sediment samples from the 
southern part of the quadrangle. Semiquantative spectrographic 
reaulta, along with Borne analyses by atomic absorption, from 
samples collected in 1981 are reported in Barton and others 
(1982) and for samples collected In 1983 and 1984 are reported in 
Sutley and others (1984). 

The topographic relief in the Brooks Range portion of the 
study area exceeds 4000 ft with a maximum elevation of 7,420 ft. 
North of the Brooks Range, the Arctic foothills slope gently 
north with little relief. The climate ia arctic. 

GENERAL GEOLOGY 

The southern boundary of the quadrangle is approximately 
coincident with the Brooks Range continental divide. Rocks of 
the Hunt Pork Shale, the Noatak Sandstone, the Kanayut 
Conglomerate, the Kayak Shale, the Liaburne Group, and the 
Siksikpuk, Qtuk, and Shublik Formations form the Brooks Range in 
the southern Killik River quadrangle. These rocks, which are 
dominantly marine, range in age from Devonian through Jurassic. 
Early geologic mapping was reported by Brosge' and others (1960, 
1979). The rocks of Killik River quadrangle in the Brooks Range 
have been severely deformed by thrusting. These racks farm the 
southern third of the quadrangle. North of the mountains, the 
Arctic foothills consist of Cretaceous to Tertiary age deltaic 
rocks derfved from the Brooks Range. The elastic rocks a9 the 
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Figure 1. Index map of the central Brooks Range showing the 
location of the Brooks Range and Arctic foothills pravince 
and the outline of the K i l l i k  River quadrangle. 



Arctic foothills were deformed into east-west trending anticlines 
and aynclines and underlie the northern part of the quadrangle. 

METHODS OF STUDY 

Sample Media 

Geochemical results presented in t h i 8  report are from 
stream-sediment samples that were collected from active channels 
of perennial first-order (unbranched) ~treams and second-order 
(below the Junction of two first-order) streama, as determined 
from topographic maps (males 1:250,000 and 1:63.3603. Sampling 
density was approximately 1 sample site per 2 mi2 in the 
mountainous areas and 1 sample per 5 mi2 in the foothills. The 
sample localitiae are shown on plate 1. 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 basins 
which contain concentrations of elements that may be related to 
mineral deposits. 

In general, the northern half of the Killih River quadrangle 
was not sampled by the U.S. Geological Survey because this area 
had been sampled previously during the National Uranium Resource 
Evaluation (NIIRE) program (LOB Alamos National Laboratory, 1982). 
We have analysed the aamples located eouth of about 68045' N. 
latitude by both direct current-arc emisaion spectrographic 
methods (Grimes and Marranxino, 1968) and by aqua-regia leach 
methods for comparison with previously published resulte. The 
sample localities are shown on plate 2; samples analyzed are 
indicated by the field numbers. Only the last four digets of the 
field number are shown on the plate to simplify the map. 

Sample Collection 

The stream-sediment samples collected in the Killik River 
quadrangle (Barton and others, 1982; Sutler and others, 1984) 
were used for the ICP determinations. A total of 336 stream- 
sediment samples were collected by the U.S. Geological Survey in 
the quadrangle. The samples were wet-sieved on site to minus 2.0 
nm (10-mesh) using a stainlees steel sieve and a 14-inch gold 
pan. Composite samples within individual streams were collected 
whenever possible. At all sites, a representative portion of the 
sediment was taken directly from the gold pan and saved as the 
stream-sediment sample. The samples were air-dried in the field 
and then ahipped to the laboratory for analyeis. 

Sample Preparation 

In the laboratory, the stream-sediment samples were sieved 
using either a 30-mesh (0 .59  mm) or an 80-mesh (0.177 mm) 
stainless steel sieve. The portion of the sediment that passed 



through the sieve was saved. This minus-30-mesh or minus-80-mesh 
sediment was then ground to approximately minus-100-mesh (0.15 
mm) and used for chemical analysis. 

Sample Analysis using ICP Methods 

One gram of prepared stream-sediment sample was weighed into 
a 50 mL baker for digestion. Sample neighta were determined to 
a precision of &2 percent. The sample was first wetted with a 
small amount of 10 percent HC1 (v/v) to react any carbonate 
minerals present. Following the completion of this reaction, 15 
mL of aqua regia (1:3; HN0s:HCl) was added to each sample. 
Initial oxidation of the nonsilicate phaaes present in the sample 
usually occurred as an immediate, vigorous reaction. When 
necessary, this reaction was contained by quenching with 
distilled water from a squirt bottle. The eamplea were then 
placed on a hot plate that wae set at a constan* temperature of 
approximately 800C. The oxidation reaction w a s  usually complete 
after the samples had been gently heated for approximately ten 
minutes. The low temperature of the hot plate ia necessary to 
prevent spattering of the samples during the evaporation process. 
The solution was then taken slowly to dryness. Several mL of 20- 
percent HC1 (v/v) were added to the sample residue and the sample 
was gently heated. Sample ~olutions were then filtered through 
Hbatslan no. 41 filter paper that had been previoualy wetted with 
10 percent BCL (v/v) and the samplee were diluted to constant 
final volume, usually 10 mL. These sample solutions were 
aspirated directly into the plasma for analysis. 

The Inductively Coupled Plasma (ICP) instrumentation used ie 
commercially available from Applied Research Laboratories. Two 
instruments were used, the earlier measurements were made on the 
ICPQ modal and the later measurements on a model 34000 ICP. The 
two instruments have vary similar spectral arrays, but the 34000 
also had the capability of measuring some of the alkali elementa 
(sodium, potassium, and lithium), and zirconium. 

Corrections for spectral interferences and determination of 
qualifiers designating lower limits of determination and trace 
concentrations were determined using the procedures described by 
Church (1981) and Church and others (1983). Because the 
chemietry of each sample is different and analytical results from 
ICP utilize a fixed apectral array, the effect of spectral 
interferences on each element in each sample must be evaluated. 
This requires that the loner limit of determination for the 
elements in each sample be checked for possible spectral 
interferences. The lower limit of determination (N) will also 
vary because dilutions of the solutions analyzed may be required 
during analyeis. This condition occurs when the sample must be 
diluted, usually BO that the calcium or iron concentrationa in 
the solution analyzed would be within the calibration range of 
the instrument, BO that corrections for possible ~pectral 
interferences could be applied. This problem was particularily 
accute in t h i ~  study becauee af the presence of high 



concentrations of calcium from the limestones and the phosphatic 
members of the Liaburne Group. In table 1, we report the minimum 
determinate concentration for each element in ppm in column 2. 
We have summarized, in column 3 of table 1, the recommended value 
of N to be used for each element in tables 3 to 5 along with the 
number of samples to which this value applies. In column 4 of 
table 1, we list the number of samples which have higher values 
of B in tables 3 to 5. Values of N that are higher than the 
recommended N are indicated in tables 3 and 4 in parentheees, for 
example N(0.8). We suggest that the values for N assigned in 
table 1 be used for this data set If a single lower limit (N) is 
needed. Qualified valuea ( c ,  trace concentrations) indicate that 
less than half, but more than one tenth of the total aignal 
measured by the ICP remained after correction for spectral 
interferences (Church and others, 1983). Analytical resulta for 
336 samples reported in tables 3 and 4 are expressed in parts per 
million and all values are rounded t o  two eignificant figures. 
Analytical resulta for 454 NURE eramples reported in table 5 also 
are expreesed in parts per million and all values are rounded to 
two significant figures. The major elements are listed first, 
followed by the minor and trace elements listed by group as shown 
on the periodic chart of the elements. 

Previous studies of stream-sediment leachates analyzed by 
ICP have shown that the aqua-regia leach procedure can be 
effectively applied in regional geochemical exploration- 
Replicate analysis of geochemical exploratian standards (USGS, 
GXR series; Allcott and Lakin, 1974) urring ICP analysis of aqua- 
regia leachates has indicated an analytical precision of 
approximately 10 percent (Church and othere, 1983). They also 
demonstrated that recoveries for the ore-related metala of 
greater that 85 percent. Church (1978) evaluated different 
digestion procedures for uae in exploration geochemistry and 
showed that the aqua-regia leach wae the most effective in 
releasing metals bound in many nonsilicate phaeea. Further 
studies (Church and others, 1987) demonstrated that the aqua- 
regia leach technique resulted in almost complete recovery of 
elements bound in the hydromorphic oxide phases. They also 
demonstrated that the application of the aqua-regia leach 
procedure resulted in high recoveries (generally greater than 90 
percent) of metale bound in many carbonate, sulfide, and 
crystalline iron- and manganese-oxide minerals. These 
observations were verified by etudies of hand-picked mineral 
separates (purity generally 90-99 percent). In contrast, the 
effect of leaching rock samples that contain largely silicate 
phases (standard silicate rocks were used) indicate that much 
lower tatal concentrations of transition metals were released 
from the silicate phases. The aqua-regia leach procedure can 
therefore be used to enhance the contrast between mineralization 
and lithologic background in regional geochemical exploration 
studies (Church and others, 1983; 1987). 



Sample Analysis using Emisaion Spectrographic Methods 

We analyzed 457 NURE stream-sediment samples ( L o s  A l a m o s  
National Laboratory, 1982) f o r  31 elements using a 
semiquantitative, d i r e c t  current-arc e m i ~ s i o n  spectrographic 
method ( G r i m e s  and Marranxino, 1968). None of t h e  lake-fiediman* 
sample6 collected during t h e  NURE sampling i n  the q u a d r m l e  were 
analyzed. The elements analyzed and t h e i r  lower l i m i t s  of 
determination a r e  l i s t e d  i n  t a b l e  2. Spectrographic r e s u l t s  were 
obtained by vieual  comparison of spectra  derived from the ample 
against  spectra obtained f r o m  standards made from pure oxides and 
carbonates. Standard concentrations a r e  geometrically spaced 
over any given order of magnitude of concentration as follows: 
100, 50, 20, 10, and so fo r th .  Samples whoee concentrations are 
estimated t o  f a l l  between those values are assigned values of 7 0 ,  
30, 15, and so  forth. The precision of the  ana ly t ica l  method is 
approximately plus or minus one reporting interval a t  the  83 
percent confidence leve l  and plus or  minus two reporting 
in te rva ls  a t  the  96 percent confidence l eve l  (Motooka and G r i m e s .  
1976). Values determined f o r  t he  major elements (magnesium, 
calcium, iron,  and titanium) a r e  given i n  weight percent; a l l  
others are given i n  p a r t s  per mill ion (micrograms/gram). 
Analytical r e s u l t s  are reported i n  t a b l e  6. 

ROCK ANALYSIS STORAGE SYSTEM 

These ana ly t i ca l  r e s u l t s  were entered i n t o  a camputer-based 
file ca l led  Rock Analysia Storage System (RASS). This data base 
contains both descr ipt ive  geological information and t he  
ana ly t ica l  data.  Any o r  a l l  of this information may be re t r ieved 
and converted t o  a binary form (STATPAC) f o r  computerized 
s t a t i s t i c a l  malysia or publicat ion (VanTrump and Miesch. 1977). 

DESCRIPTION OF DATA TABLES 

Tables 3 and 4 lists the ICP aqua-regia leachate data  f o r  
the  two suites of stream-sediment samples col lected by the  USGS 
and t ab le  5 listrs the  I C P  aqua-regia leachate data f o r  the  NURE 
stream-sediment samples from the Kil l ik  River quadrangle. Table 
6 lists the  emiaaion ~pec t rographic  analyses f o r  the  NURE stream- 
sediment samples. For the  four tablee ,  the data  a r e  arranged so  
t h a t  column 1 contains the  aasigned f i e l d  sample numbers. I n  
t ab la  6, columns i n  whiuh the element headings show the  l e t t e r  
"s" below the  element symbol a r e  emission spectrographic 
analyses. A l a t t e r  "N" i n  the  t ab le s  indicates t h a t  a given 
element w a s  looked f o r  but not detected a t  the lower limit of 
determination shown for  t h a t  element i n  tablee  1 and 2. If an 
clement w a s  obaewed but was below the  lowest reporting value, a 
"less than" symbol (0 was entered i n  the  t ab le s  i n  f ron t  of the  
lower l i m i t  of determination. If an element was observed but was 
above t he  higheet reporting value, a "greater  than" symbol ( > I  



was entered in the tablaa in front of the upper limit of 
determination. If an element was not looked for in a sample, two 
daahes (--) are entered in place of an analytical value. 

The spectrographic determinations for As, Au, Bi, Cds Sb, 
Th, and W in NURE stream-sediment samples were all below the 
lower  limit^ of  determination^ shown in table 2; consequently, 
the columns for these elements have been deleted from table 6. 
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Table 1 .  Minimum determinate values and recommended values of N 
for  aqua-regia leachate data from stream sediments from 
the Killik River quadrangle, Alaska. 

[All concentrations in parts per million,-- no values] 

Minimum Recommended No. of samples 
Element Determinate value of N having a higher 

Conc. (ppm) (no.  of N value81 value for  N 



Table 2 .  L i m i t s  of determination for the spectrographic a n a l y s i s  
of stream sediments, based on a 10-mg eample 

Elements Lower determination Upper determination 
limit limit 

Percent 

Magnesium (Mg) 
Calcium (Ca) 
Iron (Fe) 
Titanium (Ti) 
. -- -. . - 

Parts per million 

Boron (B) 
Beryllium ( B e )  
Strontium ( S r )  
Barium (Ba) 
Scandium (Sc) 
Yttrium (Y) 
Lanthanum ( L a )  
Zirconium (Zr) 
Thorium (Th) 
Niobium (Nb) 
Manganese (Mn) 
Vanadium (V) 
Chromium (Cr) 
Cobalt (Co) 
Nickel (Hi) 
Copper (Cu) 
Zinc (Zn) 
Cadmium (Cd) 
Lead (Pb) 
Si lver  (Ag) 
Gold (Au) 
Molybdenum (Mo) 
Tungsten (W) 
Tin (Sn) 
Arsenic ( A s )  
Antimony (Sb) 
Bismuth (Bi) 
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table 3. Agar-regir leachate data for riru-30-lash stream sedirentr in the Sillik Piier quadrangle, Alaska--cortinaed 

Sarple Icp-bi Icp-Be Icp-Sr Icp-L Icp-La Icp-Ce Icp-Y Icp-Zr Icp-lln IQ-V 



table 3. Am-rcgia leachate data for mima-30-lash stream ~edircrtr from the lillik Pint quadrangle, Alaaka--cortinaed 

Sample IwCr IQ-to Icp-If Icp-Cu Icp-Zn Icp-Cd Icp-Pb Icp-4g Icp-10 Icp-Sn Icp-As 

(11 
(11 

:lk!l ( 6  

( 11 
14 

( 14 
(11 
I(9.81 

< 16 
(15 
( 18 
21 

(23 
(25 
(21 
(28 
3 1 
3) 

19 
26 
(18 
23 

ii 
24 
28 -- 
I.? 
38 
35 
30 
21 
22 
6.6 

4.' 
14 
19 

20 
24 
tl 
26 

c l? 
20 
30 

< 28 
51 
34 

(I# 
24 
(21 
18 
(24 
31 

(1 Y 
( 15 
(14 



Table 3. Aqu-mia leaahate dab for r n ~ u 8 - 3 ~ - ~ 6 k  u t m ~  6hdimntt fm the Iillik Piier quadrangle, Alaska--cortirued 

S u p l c  Latitude Louitude Icp-la Icp-1 IQ-#g Icp-Ca !Q-le Icp-A1 Icp-Ti Icp-P 

6,600 
8,990 

14,080 
17,000 
8,800 
5,100 
4,800 
5,100 
3,900 
3,000 

4, BOO 
2,800 
2,500 
8,000 

12,000 
6,300 

16,000 
5,600 
5,800 

16,000 

18,090 
14,000 
9,300 

11,000 
15,000 
9, TOO 
9,800 
7,700 

15,000 
12,floo 

14,000 
g,400 
4,600 
1,100 
2,700 
3,800 
3,180 
2,900 
4,700 

15,000 

5,200 
13,000 
9,400 

18,000 
22,000 
20,000 
3,100 
6,600 

11,000 
1,600 

4,300 
13,000 
9,800 
4,800 
4,180 
3,100 
7,000 

17,000 
14,000 
13,000 



Table 3. Aqua-ngia l u c h t a  data for rhu-30-red s t n u  sedhmts from the t i l l ik  River quldraryle, Alaska--corthned 

Sample Icp-ki Icp-& fcp-Sr Icp-Ba Icp-La Icp-Ce Icp-Y Icp-fr Icp-UB Icp-V 





table 3. Aqua-mgia leechte data for mu-30-mesh a t m u  sediments from tL lillik lir' 

Saaple Latitude Loyitode Icp-la Icp-I Icp-4 ICQ-Ce Icp-Ct 
4.6 230 
f.8 201 

210 
2.5 240 
3.7 240 
3.4 240 
2.3 310 
1.4 320 

320 
ato 

I.' 400 
380 

.7 410 
1.2 521 
1.9 420 
1.1 360 
l 340 

1.1 320 
1.4 400 
1.1 380 



Table 3. Aqu-ngia lackate data for miru-30-reah atnrm aedirsmts from the Iillik River quadrwle,  Alaska--eomthned 

Sample Icp-bi Icp-Be Icp-St Icp-Ba Icp-ha Icp-Ce Icp-Y Icp-k rep-% Icp-V 

I*' 
18 

1: 
1 T 

dm8 
22 
16 



Table 3. Aqra-r8gi.a leachate dab for rim-30-mh rtnu a e d h ~ t e  from the lillik liver quadrwle, Alrsh--contintad 

h p l e  ICP-#r IQ-CO h p - l i  ICP-Ct ICP-ZB Iq-Cd Icp-Pb Icp-4 IQ-lh IQ-fin Icp-A6 



Table 3 .  Aqua-regia ltachate data for rinua-30-mesh atrtrr aedirents from the Iillik Piier quadrangle, Alaska--continned 

Sarplc Latitude Longitude Icp-Ua Icp-I Icp-Eg Icp-Ca Icp-Fe Icp-A1 Icp-ti Icp-P 



Table 3. Aqua-mgir lerchte data for rh-JO-lsrh rtreu sdfrertt from the Iillik lliier qurdrulle, Aluke--eontinned 
Supla Icp-bi rep-& Icp-Sr Icp-Ba Icp-la Icp-Ce Icp-Y Icp-Zr Icp-lla Icp-V 



Table 3. A q u - w i a  luckate data for miru-30-rsrh stnu sdirsrte from the Killik River qcaQta~&, Alaska--contirued 

Sample Icp-Cr Ecp-Co Icp-Ii Icp-CP Icp-Zn Icp-Cd IcpPb Icp-h Icp-10 Icp-Sn Icp-Ar 



Table 3. Aqu-ry ia  leachate data for m h w - ~ O - ~ i ~ k  6tream 1 e d h l t 6  from the Killik l i v e r  quadramale, Alaska--continued 

Sanple Latitude daagitude Icp-la Icp-l Icp-Eg Icp-Ca Icp-Fe Icp-A1 Icp-Ti Icp-P 



Table 3. Aqua-regia leachte data for mim-38-me1h stream 6edimtat1 from the Iillik liver quadrangle, Alaska--cortinaed 

S w l e  Icp-bi Icp-Be IQ-Sr Icp-Ba Icp-ba Icp-Ce IcpI IQ-tr Icp-L Icp-V 



Table 3. Aqu-regh leachah data for minu-~O-w6h 8trev udhnts from the Iil l ik I i io  quadramgle, Ala6ka--co~tinued 

Suple Icp-Cr IcrCo Icp-Ii Icp-h Icp-Za Icp-Cd Icp-Pb Icp-lg Icp-lo Icp-Sm Icp-An 



Table 4. Aqu-re ir leachte data for mirrs-80-weak atnu sadhats from the Ullik River uadrangle Alaah 
[I, not detected; c ,  de L ted bat below t k  lhit d detenivtion a k m ;  >, deteraid to be ~na!er t la  t ie  value tLm.1 

Suple Latitude loyitada Iep-ir IQ-1 Icp-& tcp-C1 IcpFe Icp-A1 Icp-Ti Icp-P 

.81 
7.4 
2.1 
4.3 

5 
3.8 

It." 

6,800 
11,000 
2,800 
4,800 
1,800 
1,600 
1,600 

830 
780 

1, TOO 



Table 4. Aqua-regia leachrte data for 1in~-8O-neah strear sedirents from the Iillik River quadrangle, Alaska--continred 

Siuple Icp-Li Iep-Be Icp-Sr Icp-Ba Icp-La Icp-Ce Icp-H Icp-Zr Icp-lln Icp-V Icp-Cr 



Table 4. A q u - n g h  l e a c h t o  data tor miru-80-mernk dream atdiartc from the H11ik iiitr qnadrwle. A l u k a - - c o ~ t i u d  

821150OS 15 56 53 
llZU501S 19 56 

120 
45 

I 16 
161 I 20 

I I 
I 

15 
82115025 15 48 41 86 I I4 I (1.1 I 22 
I2U513S 16 43 15 83 I 13 I I 10 
a2nso4~ B ZI 10 54 I 12 a I I 12 

1.4 
82US05S 15 65 41 210 2.1 (13 I 
82U506S 16 53 50 100 I 15 

1.2 (5.4 
I 

I 
1.9 I 

ll*' 
82U501S 15 38 24 390 I 83 I 

12 
U 2 I l S l l  16 40 26 150 I 36 1 I 16 
82115085 15 37 24 77 I 18 I I I 13 

I 
I 11 



table 4. Aqua-naia lachate data for minu-80-lesh s t n u  sedirantr fron the Ullik Piier qaadrryle, Alash--continned 

Sanple htitrde Louitada IQ-ir Icp-I Icp-Ug Icp-Ca Icp-Fe Icp-A1 IQ-Ti Icp-P 

~ u p l e  IQ-H I q - k  ICP-Sr Icp-Ba Icp-La Icp-Ce Icp-1 Icp-lr I q - b  Icp-V Icp-Cr 



fable 5. Aqua- ir leachate data for lO#l tltnu aedirenta fro1 the Iill ik Piier quadrangle, Alrsh 9 [I, not detected; (, detect, but below tbe lidt of ittenination 6 l o n ;  ), determined to k ateater than the value 6hon.l  

S m l e  Latitude l o ~ i t o d t  Icp-L 10-1 ICP-4 Icp-Ca Icp-Ft Icp-A1 I a T i  ICP-P 

2,200 
2, TOO 
2,400 
2,500 
4,200 
2,000 
1,300 
2,200 
4,200 
2, TOO 



Table 5. Aqua-raia leachta data for IUlI stnu nedimnta from the Killik liver qudrryle, Alaaka--co~tirued 



Table 5. Aqu-regia leaehte data for ill1 6tnu sediment6 from the l i l l i k  liver qudrwle, Aluka--continad 
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Table 

Sample 

5. Aqu-regia l e a c k t e  data for IOU 

Ic* Icpl i  Icp-Cp 

strear aediramts from the Cillik 

Icp-In Icp-Cd Icp-Pb 

liver qnrdra@e, Alaska--cort inned 

Icp-h Icp-00 Icp-Sn Icp-As 
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hbls 5. Apu-regia laacbts data far IRI strsu sedirerts fror tbe IillU Rivet q#rlrulle, Aluh--contir~ed 

Suple Iep-hi ICP-Be IQ-St Icp-Ba Icp-La Icp-Ce Icp-Y icp-Zr Icp-L Icp-V Icp-Cr 

46OM9 13 
462250 16 

.51 d.7 

.48 
370 5.9 17 8 . t  2.6 
240 5.1 14 

2,300 40 
6,2 3.5 

25 
462251 12 10 4.5 2.9 950 41 
462252 .1T ." dm5 1 4.' 3 1 61 2.8 860 270 36 I T  11 
462253 is2 .5 
462254 T .T 

38 
36 

1,200 6.5 
-53 1is8 

12 2.2 
1,2#0 7.1 12 2.9 

530 31 15 
.5 35 1,300 7.9 15 12 2.4 800 38 16 f&!I 2 f 8  .53 22 580 7.8 22 11 3.4 1,700 41 18 

462251 8.5 .57 1.6 1.8 5 .1  4.8 2.2 1,409 57 26 
462258 9.6 .6 9.7 5.7 5.6 2.6 620 22 

TOO 22 
19 
20 



Table 5. Aqu-regh leachate data to t  iill rtream aedimerts from the Killil liver quadraule, Alaah--cortirued 

Sarple ICP-C~ Icp-Ii IQ-h IQ-21 1cp-W Icp-Pb Icp-ill Icp-llo Icp-Sr Icp-As 



Table 5.  Aqu-regia leachate data for 11O11 stream sedilerts from the Iillik Piier quadrwle, Alaska--corntirued 

Suple Latitude Longitude Icp-la Icpt Icp-llg Icp-Ca Icp-te Icp-A1 Icp-ti Icp-P 

2,600 
3,400 
1,100 
2,1100 
2,800 
2, TOO 
2,300 
2,500 
1,700 
2,300 

1,900 
1,200 
2, roo 
4,100 
3,000 
5,300 
5,100 

140 
690 

1, TOO 

10,000 
9, TOO 
1,800 

12,000 
9,900 
8,800 

10,000 
13,000 
11,000 
19,000 



bbh 5. Aqu-naia luckate I t a  far 1111 itream redhntr from the lillik liver quadryilt, Aluka--continued 

462312 16 . 3  
462313 12 .52 dm' 130 2.1 !.' 63 2 4.1 2.3 

3.4 
310 16 
850 20 

21 
462314 6.8 .22 63 1.2 I !.' 1.1 21 

.3t 21.' 3t8 1.2 I 4.6 1.1 I,:;! 
11 #if f limz .25 8.7 5.4 20 

462317 11 .4 6.3 l!! iS6 620 16 18 3.8 1.4 
9.7 462318 8.7 .28 1.9 64 1.6 5.2 6.3 3.1 180 23 

3.3 1.8 
25 

48t310 8.8 .34 95 1.t 6.2 3.5 2.3 140 17 2 1 
462320 6.2 .47 4.1 110 2.5 8.7 770 20 

6.9 2.4 
19 

462321 6.1 .71  4.g 190 5.2 9.7 1.6 3.2 181 16 
510 37 11 



Table 5. Aqua-ngia leachate data for UUlI atnar sedherts from the U11U liter qaadrwle, Alaska--continued 

Sample IcpEo Icp-Ii lcp-Cn Icp-Zn Icp-Ed Icp-Pb Tcp-Ag Icp-io lcp-Sn Icp-Ar 



Table 5. Aqu-regia leachate data for llRl atnm stdimeats iron the Iillik Pirer quadranule, Alaska--coatirued 

Sarple Latitude Lomgitudc Icp-Ia Icp-I Icp-Ug Icp-Ca Icp-le Icp-A1 Icp-ti Icp-P 



Table 

Suple 

5. Aqu-rtuia leachate data for 

Iep-hi IQ-Be Icp-Sr 

MIX stream sediments fror the Iillik River qoadrryle, Alaska--continued 

Icp-b Icp-La lcp-Ce Icp-Y Icp-Zr Icp-En Icp-V Icp-Cr 



Table 5. Aqua-regia leachte data for IBII 

S ~ p l t  IQ-b Icp-Ii ICP-CP 

stream aedirerts from the fillik River quadrangle, Alaska--cortinued 

Icp-Zn Icp-Cd Icp-Pb Icp-4  Icp-Uo Icp-Sn Icp-As 



Table 5. A q u - w i a  leachate data for atreu sedirents from the lillik Piier quadrangle, Aluka--continued 

Sarple Latitude L o ~ i t n d e  Icp-la Icp-I Icp-ig Icp-Q Icp-Fe Icp-A1 Icp-Ti Icp-P 

3,300 
1,800 
1,800 
1,800 

150 
2, TOO 
2,900 
1,800 
1,900 

11,000 



Table 5. Aqaa-reair l t w h t t  data for 111l rtreu sediments from the Iillik liver quadrugla, Alrrka--continued 

Sanple Icp-hi Icp-& Icp-Sr Icp-Ba !cp-La Icp-Ce Icp-T Icp-Zr Iep-In Icp-V Icp-Cr 



Table 5. Aqu-regia leachatt data for IslK stream aedhnts from the Iillik liver qaadrryle, Alaska--continued 

Sanple Icp-Ca Icp-Ii bp-Ca Icp-In Icp-Cd Icp-Pb Icp-Ag Icp-llo Icp-Sn Icp-As 



Table 5. Aqw-ntia leachte data for IB IS  stream sedirtrts from the lillik Piicr qaadrwle, Alaska--continued 

Sample Latitude Lorditude Icp-Or Icp-1 Icp-lh Icp-k Icp-Fe Icp-A1 Icp-Ti Icp-P 
5,100 
5,800 
3,800 
4,000 
11,000 
7,800 
1,200 
2,300 
2,160 
450 

5,900 
4,800 
3,101 
1,700 
4,100 
4,800 
4,000 
9,200 
9,500 
3,300 

2,300 
5,600 
2,500 
1,500 
5,300 
3,800 
3,100 
5,000 
6,DOO 
4,000 

3,800 
5,100 
3,400 
5,600 
7,500 
8,600 
11,000 
7,500 
3,600 
2,000 

2,300 
10,000 
8,700 
5,300 
5,400 
4,800 
8,000 
9,100 
5,500 
9,200 

1,300 
2, TOO 
2,100 
1,700 
5,100 
6,100 
6,100 
3,900 
7,700 
7,900 

3,400 
2,300 
2,100 
1,700 
6,100 
4,200 
1,100 
1,400 
1,100 
970 

4,800 
1,200 
2, TOO 
3,200 
3,800 
3,500 
2,600 
3,900 
3,900 
2,600 

2,200 
3,800 
1,900 
2,600 
2,600 
2,300 
7,800 
4,000 
3,400 
2,600 

3,100 
2,300 
1,900 
3,200 
5,400 
7,500 
5,900 
4,400 
2,300 
7,300 

1,100 
5,500 
6,400 
2, goo 
5,300 
4,480 
3,000 
3,900 
4,200 
6,600 

2,800 
1,600 
1,300 
1,100 
3,600 
4,400 
4,500 
4,100 
8,700 
8,809 



Table 5. Aqua-regia leachatt data for lBll1 rtnar aedirarta from the I i l l i k  Pirtr quadrangle, Alaah--continued 

Sample I c r b i  Icp-Be Icp-Sr Icy-k Icp-La IQ-Cs Icp-I Icp-Zr Icp-lln Icp-V Icp-Cr 



Table 5. Aqa-ngia leackata data for IBU stream s e d i ~ ~ t s  from the Killit Pirer qoadrmgle, Aluh--continoed 

Sample Icp-Co Icp-li Icp-Co Icp-Zn Icp-Cd Icp-Pb icp-& IQ-llo Icp-Sn Icp-As 



Table 5. Aqu-rcgia leachate data for W strelu sedirerts from the fillit Pirer qaadrwle, Alaska--continued 

Sample Latitude Louitade Icp-la Icp-I Icp-b Icp-Ca Icp-Fe Icp-A1 Icp-Ti Icp-P 



Table 5. Aqu-raia leach& data for 

Sample Icp-hi Icp-BE Icp-lr 

WU stream u e d h ~ t ~  from the Iillik liver quadrangle, Alrakr--continued 

Icp-Ba Icp-La Icp-Ce Icp-l Icp-Zr Icp-En Ice-V Icp-Cr 



Table 5. Aqu-regir leachate data for UOII stream aedhrts from the Iillik Direr quadrangle, Alaska--continued 

Sample Icp-Co Icp-Ei Icp-&I Icp-fn Icp-Cd Icp-Pb Iep-At Icp-ho Icp-Sn Icp-Aa 



Table 6.  hission spaetrourr hie aaal aea of IIUlI stream sedineata from the Iil l ik Biver quadrangle Alaska 
[I, lot detected; t ,  detected but k!ow the l h t  of determitiatlorn i~hon; >, determined to be greater thu  fhs value ahon.1 

Saaple Latitude Longitude b-pet. Ca-pct . Fe-pct . Ti-pct. B-ppn &-PP~ 
S 6 6 6 6 5 



table 6. Lirrior spectrographic aulysas of I U l I  streu sedhrts from the Iillik Piier qaadrantle, Alraka--cantimed 



Table 8 .  Krissior spectrographic analpes  of IMI stream sediments from the lillik Piier quadrangle, Alaska--continued 

Smple Cr-ppn Co-ppm 1 i - p ~  CP-pp~ Xn-ppm Pb-ppm Ag-ppm lo-ppm Sn-ppm 
8 6 B 6 6 B 8 6 6 



table 6. Kmis8ior smtmgnphic aarl1ses of IOU ntnu nedkrts from the Iillik Piier quadranule, Alankr--continued 

Sample Gat itude b ~ i t u d e  b-~ct.  Ca-pct . Fe-pct . Ti-pct. 8-PP) Be-ppr 
8 B 8 8 8 6 



Table 6. Inission spectrographic araltser of llOll1 strew sediments from the tillik River quadrangle, Alaakr--continued 

Sample St-ppm L-PP~ h-ppr 1-~pr Sc-ppr tr-ppr b-~pl h - p m  V-PP~ 
S 8 8 8 B E S 8 B 



Table 6. k i s ~ i o r  spectrogrrpkic analyses of NOlI streu aedlrerts from the fillik River quadrangle, Almka--continued 



Table 6 .  Emission spectrographic aaalfses of Ill atrea aedirents from the Iillik Piter qaadrwle, Alanka--continaed 

Sarple Latitude louitude b-~ct . Ca-pct . Fe-pct . Ti-pct . B - P ~  Be-ppn 
B 8 8 I B fl 
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Table 6. Bmiasion spectrographic analyses of 1111111 stream aedi~erts fror the lllik Pirer quadrangle, Alaska--continued 

Sample Cr-ppm CO-PP Ii-ppm Ca-ppm Xn-ppr Pb-ppn Ag-ppm Ilo-PPB Sn-ppn 
8 8 8 6 B 8 S 6 8 
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Table 6. llrirsior spectrographic a u l ~ t a  of IUlt rtreu sediments from the Iillik Piier quadramgle, Alaska--contirued 

Sample Sr-ppr b-ppl La-~pl I-PP Sc-ppm Zr-ppl Ib-PW Ilr-PW V-ppl 
8 S 6 6 S 6 B 6 S 

TOO 
300 
300 
100 
TOO 

1,000 
500 
500 
300 
500 

201 
500 
500 
300 
501 
100 
100 

1,000 
TOO 
200 

101 
10 

100 
150 
100 
200 
ZOO 
200 
301 
150 



Table 6. 

Sample 

Brirsior spectrographic analyses of 11O11 streu aedi .rent6 fro# the Ullik Xirer quadrwle, Alarka--continued 



Table 6. 

Saaple 

Bniraion rpactrounphic wlyaes  of mS atreu sedilsrta from the (illik Pirer qudrryle, Alaska--co~tinued 

Latitude Longitude hi-~ct .  Ca-pct . Fe-pet . Ti-pct. 8-PW 
I 8 I I 8 

h-ppl 
8 



Table 6. hisrior spectrographic urllses of UUlI stream sadirents from the fillik Piier quadrangle, Alaska--contin~ed 

Sample Sr-ppr h-ppr h-m I-PP~ Sc-ppm Xr-ppr Ilb-PPB Nu-ppn V-WD 
8 6 6 S S B I 6 8 

1,000 
500 
700 
300 
500 
500 
TOO 
700 
700 
301 

I 
I 
I 
I 

(PO 
(PO 
(20 

I a 
(20 



Table 6. 

Sample 

Imirsion spectrographic anallre6 of l W  8tnm sediments from the lillik River quadrayle, Alaska--cortinned 
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Table 6. lrirrior rpcctrouraphic mabilrar of 111l rttsu sedfrerk from the Iiilit Piier qordmtle, Aluh--cortiud 

Sample Sr-m h-PP b-m 1-m Sc-PII Xr-ppr Ib-ppl ID-ppr 1-ppl 
I 8 6 6 I 8 I U II 

TOO 
500 

1,000 
1,500 
5,100 
3,111 
3,100 

110 
101 
TOO 

3,000 
1,500 

TOO 
TOO 
700 

1,000 
701 

1,000 
a00 
300 

1,000 
1,500 
1,500 

500 
500 
TOO 

1,000 
200 
500 
509 



Table 6. Lbrion rmtrographic amalvser of IUU rtrsu sedirents from the Iillik Pirer quadrmgle, Alrrka--corntinned 



Table 6. h h i o r  spectromaphic mlyses of DUU atreu sediments from the Killit Iiier quhayle,  Alaska--cortirued 



fable 4. hfrrior 6)setrographic malnw of IUM 6trsu redinert6 from the Iillik Piier quadtulle, blmka--conthud 

TO1 
1,000 

700 
TOO 
TOO 
500 
11  
T I 1  
511 
311 



Table 6. Imisrior sp~ctro#rrphic urlyum of IUU utreu sedhntr from the Illlik liver quadrmgle, Alaska--continued 



fable 6. lrirrior rpcetrogrrpkic auljssr of l D l l  strtu  adirarts from the Iillik Piier q~drugle ,  Alaska--continued 

Sample Latitado Gouitude U-pct. Ca-pct . Fa-pct. Ti-pct . B-PP~ 
8 6 I I 6 

BG-PPH 
I 
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table 6. EmLnioa spectmgraphic aulysss of IRI strear s e d k ~ t s  fro8 the Ullik liver qrrdmle, Alarka--eomtinued 

Sample Cr-ppl Co-ppm Ii-ppl ~P-POI h-~pr 
6 6 6 6 6 6 I 6 I 

Pb-PPU bl-PPI h-pm 51-PPI 


