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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 ~ivengood lo X 3' quadrangle, Alaska. 
The data contained in this report are also available in digital 
format on a 1.2-Mb, 5.25-inch diskette published as U.S. 
Geological Survey Open-File Report 90-???-B. 

INTRODUCTION 

In 1986-1988, the U.S. ~eological Survey conducted a 
reconnaissance geochemical survey of the Livengood lo X 3' 
quadrangle, Alaska. 

The Liven ood quadrangle is in the east-central part of 8 Alaska from 65 to 66' north latitude, and from 147' to 150' west 
longitude (fig. 1). The area of the quadrangle is approximately 
5566 mi2 (15,461 km2). The Elliot and Dalton Highways traverse 
the quadrangle from southeast to northwest and the Steese Highway 
crosses the southeastern part of the quadrangle. 

The topographic relief in the area of this report is about 
4,500 ft (1384 m), with a maximum elevation of 4,772 ft (1468 rn) 
at Cache Mountain. The White Mountains form a topographic high 
on the east and are drained by Beaver Creek on the south, west, 
and north. The remainder of the Livengood quadrangle lies within 
the drainages of the Yukon and Tolovana Rivers, separated by the 
Sawtooth Mountains on the west side of the quadrangle. The 
climate of the area is arid to semiarid. The high-latitude 
tundra and permafrost prohibit ground-water seepage and enhance 
surface runoff. 

GENERALIZED GEOLOGY 

The Livengood quadrangle is underlain by a Northeasterly 
trending sequence of Precambrian, Paleozoic, and Mesozoic 
sedimentary and metasedimentary rocks. It lies mostly within the 
northwestern part of the Yukon-Tanana Upland (Wahrhaftig, 1965), 
primarily a metamorphic terrane of quartzitic, pelitic, 
calcareous, and volcaniclastic metasedimentary rocks with some 
metamorphosed mafic and felsic igneous plutons, all of which have 
been intruded by Mesozoic and Cenozoic granitic rocks and minor 
amounts of intermediate and mafic rocks (Chapman and others, . 
1971). Quaternary loess blankets much of the southern third of 
the area, and alluvial deposits fill the major drainage courses. 
outcrops are scarce throughout most of the area, except where 
relief is high. The following summary of the geology of the 



Figure 1. Location of the Livengood lo x 3 O  quadrangle, Alaska 
(shaded) . 
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Livengood quadrangle is derived from the geologic base map 
compiled during an AMRAP study of the quadrangle (F. R. Weber, 
written commun., 1989) . 

The quadrangle lies within a structurally deformed block 
between the Tintina fault system to the north and the Oenali 
fault system to the south. The dominant structural orientation is 
northeasterly (fig. 2). The major faults in the area are strike- 
slip splays of the ~intina fault zone 
and thrust faults, Two of these faults, the Victoria Creek and 
Beaver Creek faults, divide the quadrangle into three unique 
assemblages of rock types. 

Two thirds of the area north of the Victoria Creek fault is 
made up of Rampart group rocks, which comprise ~ississippian to 
Triassic ocean basin rocks including mafic igneous rocks and 
associated argillite, chert, graywacke, shale, and limestone. 
The ~recambrian and Paleozoic sedimentary rocks in the 
northeastern part of the quadrangle are remnants of ancestral 
North America, and are predominantly grit, phyllite, quartzite, 
slate, and limestone, 

The area between the Victoria Creek and Beaver Creek faults 
is mostly underlain by Cretaceous turbidites of the Wilber Creek 
unit, which are the remains of a Mesozoic flysch basin. Included 
also in this area are Precambrian and Paleozoic sedimentary rocks 
including chert, dolomite, shale, and argillite, as well as 
Precambrian and Cambrian mafic and ultramafic rocks, which may 
also be a part of ancestral North America. 

The area south of the Beaver Creek fault consists of 
~recambrian and Paleozoic metamorphic and sedimentary rocks. The 
Fairbanks schist unit is greenschist facies muscovite-chlorite 
schist, quartzite, and phyllite, and represents the metamorphic 
core of the Yukon-Tanana Upland. The overlying Precambrian and 
Paleozoic sedimentary rocks are mostly argillite, grit, 
quartzite, graywacke, limestone, phyllite, and slate, 

METHODS OF STUDY 

Sample Media 

Analyses of the stream-sediment samples represent the 
chemical composition 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. 

Heavy-mineral-concentrate samples provide information about 
the chemistry of certain minerals in rock material eroded from 
the drainage basin upstream from each sample site. The selective 
concentration of minerals, many of which may be ore-related, 
permits determination of some elements that are not easily 
detected in stream-sediment samples. 



Sample Collection 

Samples were collected at 1062 sites (plate 1). At most of 
those sites, both a stream-sediment sample and a 
heavy-mineral-concentrate sample were collected, Sampling 
density was about 1 sample site per 5.36 mi2 for the stream 
sediments and about 1 sample site per 9.25 mi2 for the 
heavy-mineral concentrates. The area of the drainage basins 
sampled ranged from approximately 1 mi2 to 10 mi2. 

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 USGS topographic maps (scale = 1:63,360), Each sample 
was cornposited from several localities within an area that may 
extend as much as 100 ft from the site plotted on the map. 

DESCRIPTION OF UNITS 

Q1 loess (Quaternary) 

Qs silt and organic deposits (Quaternary) 

granitic and related rocks (Tertiary) 

TKg granitic and related rocks (Cretaceous and Tertiary) 

Kg granitic and related rocks (Cretaceous) 

Kw Wilber Creek unit, shale, siltstone, graywacke, 
conglomerate, quartzite (Cretaceous, includes Cretaceous and 
Jurassic quartzite in the western part of the quadrangle) 

KJV Vrain unit, pyritiferous slate (Jurassic and Cretaceous) 

TMr Rampart group, mafic igneous rocks with associated 
argillite, chert, graywacke, shale (Mississippian and 
Triassic) 

Pzs Sedimentary rocks, limestone, chert, dolomite, argillite 
(Paleozoic, locally includes Precambrian and Triassic rocks) 

Pzc ~hatanika unit, quartz-biotite-muscovite schist (Paleozoic) 

cpcu Ultramafic and mafic rocks (Precambrian and Cambrian) 

cpCw wickersham unit, argillite, phyllite, grit, graywacke, 
slate, limestone (Precambrian and ~arnbria 



Figure 2. Generalized geology of the ~ivangood lo x 3 O  
quadrangle, Alaska modified from F.R. Webar, written 
commun., 1989 



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

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. 

Samples that had been panned in the field were air dried and 
sieved to minus 35-mesh; bromoform (specific gravity 2.85) was 
used to remove the remaining quartz and feldspar. The resultant 
heavy-mineral sample was separated into three fractions using a 
large electromagnet by placing the sample in contact with the 
face of the magnet (in this case a modified Frantz Isodynamic 
Separator). The most magnetic material (removed at a setting of 
0.25 ampere), primarily magnetite, was not analyzed. The second 
fraction (removed at a setting of 1.75 ampere), largely 
ferromagnesian silicates and iron oxides, was saved for archival 
storage. The third fraction (the nonmagnetic material which may 
include the ore minerals, 
zircon, sphene, etc.) was split using a Jones splitter. One 
split was hand ground for spectrographic analysis; the other 
split was saved for mineralogical analysis. The magnetic 
separates are the same as would be produced by using a Frantz 
Isodynamic Separator set at a slope of 15' and a tilt of l o0  with 
a current of 0.2 ampere to remove the magnetite and ilmenite, and 
a current of 0.6 ampere to split the remainder of the sample into 
paramagnetic and nonmagnetic fractions, 

8mple Analysis 

Spectrographic method 

The stream-sediment samples were analyzed for 35 elements 
and the heavy-mineral concentrates were analyzed for 37 elements 
using a semiquantitative, direct-current arc emission 
spectrographic method (Grimes and Marranzino, 1968). The 
elements analyzed and their lower limits of determination are 
listed in table 1. Spectrographic results were obtained by 
visual comparison of spectra derived from the sample against 
spectra obtained from standards made from pure oxides and 
carbonates. Standard concentrations are geometrically spaced 
over any given order of magnitude of concentration as follows: 
100, 50, 20, 10, and so forth. Samples whose concentrations are 
estimated to fall between those values are assigned values of 70, 
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30, 15, and so forth. The precision of the analytical method is 
approximately plus or minus one reporting interval at the 83 
percent confidence level and plus or minus two reporting 
intervals at the 96 percent confidence level (Motooka and Grimes, 
1976). Values determined for the major elements (iron, 
magnesium, calcium, and titanium) are given in weight percent; 
all others are given in parts per million (ppm, or 
micrograms/gram). Analytical data for stream-sediment and heavy- 
mineral-concentrate samples from the ~ivengood lo X 3O quadrangle 
are listed in tables 2 and 3 ,  respectively. 

Chemical methods 

All stream-sediment samples were also analyzed using an 
atomic absorption spectrophotometric method (O'Leary and ~iets, 
1986) by F, W. ~ippitt, R. J.  airfield, and 2. A. Brown. The 
elements determined and the corresponding lower limits of 
determination were As (5 or 10 ppm), Bi (1 pprn), Cd (0.1 ppm), Sb 
(2 ppm) and Zn (5 ppm). Results of these analyses are included 
in table 2. 

some stream-sediment samples were analyzed for gold by F. 
Brown using an atomic absorption method (0.05 ppm lower 
determination limit) described by Thompson and others, 1968. 
Results of these analyses are also found in table 2. 

ROCK ANALYSIS STORAGE SYSTEM 

Upon completion of all analytical work, the results were 
entered into the Rock Analysis Storage System (RASS), a 
computerized data base. This data base contains both descriptive 
geological information and analytical data. Any or all of this 
information may be retrieved and converted to a different binary 
form (STATPAC format) for computerized statistical analysis or 
publication (VanTrump and Miesch, 1976). 

DESCRIPTION OB DATA TABLE8 

Tables 2 and 3 respectively list the analyses of stream- 
sediment and heavy-mineral-concentrate samples collected in the 
Livengood lo X 3' quadrangle. These tables include previously 
published analyses of samples located in the Livengood quadrangle 
which were collected for the study of the White Mountains 
~ational ~ecraation Area (Sutley and others, 1987). For the two 
tables, the data are arranged so that column 1 contains the 
USGS-assigned sample numbers. The numeric portions of these 
sample numbers correspond to the numbers shown on the site 
location map (plate 1). Columns in which the element headings 
show the letter "s@# below the element symbol are emission 
spectrographic analyses; @@aal@ indicates atomic absorption 
analyses. A letter wN" in the tables indicates that a given 
element was looked for but not detected at the lower limit of 
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determination shown for that element in table 1. If an element 
was observed but was below the lowest reporting value, a "less 
than1@ symbol ( c )  was entered in the tables in front of the lower 
limit of determination. If an element was observed but was above 
the highest reporting value, a Itgreater thanw symbol (>) was 
entered in the tables in front of the upper limit of 
determination. A "greater than zeron1 ( > 0 )  symbol in the column 
headed ntAu-visu in table 3, heavy-mineral concentrate data, 
indicates samples in which visible gold was observed in the 
panned concentrate in the field and/or by subsequent 
mineralogical inspection of the non-magnetic separates (R. B. 
Tripp, U.S. Geological Survey, written commun., 1989). An "NN in 
this column indicates that visible gold was not observed. If an 
element was not looked for in a sample, two dashes (--) are 
entered in tables 2 and 3 in place of an analytical value. 
Because of the formatting used in the computer program that 
produced tables 2 and 3, some of the elements listed in these 
tables (Fe, Mg, Ca, Ti, and Be) carry one or more nonsignificant 
digits to the right of the significant digits. The analysts did 
not determine these elements to the accuracy suggested by the 
extra zeros. 

The spectrographic determinations for Au, Cd, Get and Sb in 
stream-sediment samples and Pd and Pt in heavy-mineral- 
concentrate samples were all below the lower limits of 
determinations shown in table 1; consequently, the columns for 
these elements have been deleted from tables 2 and 3, 
respectively. 
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TABLE % . - - L i m i t s  of determination f o r  the spectrographic analysis of 

stream sediments, based on a 10-mg sample 

[The spectrographic limits of determination for heavy-mineral-concentrate 
samples are baaed on a 5-mg sample, and are therefore two reporting 
intervals higher than the limits given for stream sediments.] 

Elements r o w e r  &termination limit Uw~er determination limit 
Percent 

calcium (Ca) 0.05 20 
Iron (Fe) 0.05 20 
~agnesium (Mg) 0.02 10 
Sodium (Na) 0.2 5 
Phosphorous (P) 0.2 10 
Titanium [Ti) 0.002 1 

Parts aer million 
Silver (Ag) 0.5 5,000 
~rsenic (As) 200 10,000 
Gold (Au) 10 500 
Boron (B) 10 2,000 
Barium (Ba) 20 5,000 
Beryllium (Be) 1 1,000 
Bismuth (Bi) 10 1,000 
Cadmium (Cd) 20 500 
Cobalt (Co) 5 or 10 2,000 
chromium (Cr) 10 5,000 
Copper (Cu) 5 20,000 
Gallium (Ga) 5 500 
Germanium (Ge) 10 100 
Lanthanum (La) 20 or 50 1,000 
Manganese (Mn) 10 5,000 
Molybdenum (Mo) 5 2,000 
~iobium (Nb) 20 2,000 
Nickel (Ni) 5 5,000 
Lead (Pb) 10 20,000 
Palladium (Pd) * 5 1,000 
platinum (Pt) * 20 1,000 
Antimony (Sb) 100 20,000 
Scandium (Sc) 5 100 
Tin (Sn) 10 1,000 
Strontium (Sr) 100 5,000 
Thorium (Th) 100 2,000 
Vanadium (V) 10 10,000 
Tungsten (W) 50 or 20 10,000 
Yttrium (Y) 10 2,000 
Zinc (Zn) 200 10,000 
Zirconium (Zr) 10 1,000 

* ~etermined in heavy-mineral-concentrate samples, only. ~imits are for 
heavy-mineral-concentrate samples. 



TABLE 2. Results o f  analyses of stream-sediment samples from the Livengood quadrangle, Alaska 
[N, dt detected; <, dstectcd but below the L i m i t  of determination sham; P, determined to be greater than the value shoun.1 

Sanple L a t i t d e  Longitude Ag-ppn As-ppm 8-ppn Ba-ppm Be-ppn B~-W-~ Ca-Pct. co-ppm Cr-PP Cu-ppm 
s S S s S S s D s S 



TABLE 2. Results of analyses of strem-sediment semples from the Livengood quadrangle, Alaska--Continued 
t 



TABLE 2. Results of analyses of stream-sediment sarrgles from the Livengood quadrangle, Alaska--Cont inued 



TABLE 2. Results of analyses of stream-sediment sarnples f ran the Livengood quadrangle, Alaska- -Cont inued 

Let i tude 

ZOO 
500 
500 
500 
500 

500 
500 
500 
roo 
700 





TABLE 2. Roeults of enelwes of stream-sedfment sanples from the Ltwngood quadrangle, Alaska- -Cont inued 

N 200 
N ZOO 
N 200 
N 200 
N 150 



TABLE 2. Results of analyses of strem-sediment samples from the Livengood quadrangle, Alaska--continued 

Latitude 

65 33 46 
65 34 59 
65 35 50 
6s a 55 
65 34 39 

6533 1 
6 5 3 3  7 
65 31 14 
65 31 15 
65 30 8 

65 27 47 
65 28 20 
65 25 28 
65 25 36 
65 26 33 

65 29 22 
65 28 12 
65 29 58 
65 22 37 
65 22 59 

65 23 48 
65 25 58 
65 27 52 
65 30 42 
65 33 18 

65 35 49 
65 38 23 
65 40 35 
65 42 42 
65 43 30 

65 37 52 
65 38 42 
65 40 22 
65 40 17 
65 44 35 

65 45 8 
65 29 58 
65 35 20 
65 35 18 
65 38 35 

65 39 45 
65 39 48 
65 48 35 
65 51 10 
65 51 15 



TABLE 2. Results of analyses of strem-sedirnent samples from the Livengood quadrangle, Alaska--Continued 



TABLE 2. Results of analyses of stream-sediment senples from the L i v m o o d  quedrengle, Alaska--Continued 

Th-ppll 1 i-pct. 
8 S 



TABLE 2. Results of  analyees of stream-sedimt sanples from the Livengood quadrangle, Alaska--Continued 

Let i tude 



TABLE 2. Results of analyses of streun-sedinmt semples from the Livengood quadrangle, Alaska--Continued 

ng-pet. 
s 

1 .OO 
1 .oo . 70 
1 .oo 
. M 

1 .oo 
1.00 
1 .oo 

.50 

.30 

-07 
.20 
-30 
.50 
-70 

.50 

.70 
-70 
.30 
.30 

.20 

.20 

.50 

.TO 
1-00 

.70 
1.00 
1 .oo 
1 .oo 
.70 

.n 
1 .oo 
.70 
.70 
. M 

1 .oo 
. m 
.70 
.70 
-50 

.m 
-70 
.70 
.70 
.70 



TABLE 2. Results of analyses of  stream-sedimmt 
* 4 

senples f rm the Livengood quadrangle, Alaska--Cont inued 



TABLE 2. Results of analyses of strem-sediment samples from the Livengood quadrangle, Alaska--Continued 

Let i tuk 



TABLE 2. Resul tr of enelyses of strem-sdinmt s ~ p l c s  f ran the Livengood quadrangle, Alaska- -Cant inued 



TABLE 2. Rssul t s  of anelyses of s t rsm-sedimt  sanples f run the Livcngood quadrangle, Alaska--Cant inued 



TABLE 2. Rseults of analyses of streem-sediment sanples from the Li- w r a n g l e ,  Alaska--Continued 

Latf tuk Longitude Ag-ppn 
S 

LA485 
LA486 
LA487 
LA488 
LAW 



TABLE 2. Results of analyses of strean-sedinmt sernples frm the Livengood quadrangle, Alaska--Continued 



TABLE 2. Rcsul t s  of analyses of strem-redinmt senpies f rorn the Livenoood quadrangle, Alaska- -Cont inued 
I 



TABLE 2. Results of analyses of strem-sediment stmples fran the Livengood quadrangle, Alaska--Cont i nued 

Latitude 

65 48 35 
65 51 6 
65 51 19 
65 48 19 
65 49 22 

65 48 48 
65 23 20 
65 23 48 
65 23 54 
65 25 35 

65 26 41 
65 29 19 
65 28 59 
65 30 38 
65 29 56 

65 30 52 
65 17 17 
65 21 10 
65 25 25 
65 23 17 

65 22 7 
65 19 6 
65 14 32 
65 15 40 
65 14 32 

65 16 3 
65 16 50 
65 15 52 
65 13 24 
65 14 30 

65 16 4.0 
65 19 20 
65 43 35 
65 45 29 
65 43 47 

65 44 10 
65 55 6 
65 55 9 
65 58 49 
65 58 50 

65 59 32 
65 59 47 
65 59 5 
65 59 4 
65 55 23 

Long i tuck 

147 18 45 
147 15 45 
147 10 32 
147 9 0 
147 4 30 

147 1 49 
147 8 0 
147 11 53 
147 17 14 
147 13 54 

147 12 20 
147 11 23 
147 15 8 
147 15 0 
147 12 39 

147 4 55 
147 30 43 
147 20 0 
147 24 19 
147 28 59 

147 28 0 
147 35 8 
147 38 12 
147 36 40 
147 42 33 

147 41 8 
147 38 55 
147 54 41 
147 57 32 
147 54 35 

147 50 38 
147 49 15 
147 13 45 
147 6 50 
147 2 5 

147 56 51 
147 6 47 
147 7 23 
147 5 32 
147 5 50 

147 9 30 
147 19 6 
147 26 55 
147 27 6 
147 20 23 



TABLE 2. Results of enalysee of stream-sediment sanples fran the Livengood quadrangle, Alaska--Continued 
4 



TABLE 2. Results of amlyses of stream-sediment samples fran the Liverqood quadrangle, Alaska--Continued 
4 



TABLE 2. Results of analyses of streim-sedimnt samples from the LiWngood quadrangle, Alaska--Cont 

Sawple Latiturk Longitude Ag-ppn As-ppm 0-ppn Be-ppn 8 e - w  Bi-ppn Ca-pct. Co-ppll 
s s s s S s s s 



TABLE 2. Results of analyses of stream-sediment smplcs f rm the Livengood quadrangle, Alaska- -Cont i nued 
I 4 

Mn-ppn 
S 

1,000 
1,500 
1,500 
5,000 
1,000 

1,500 
500 
m 

1,500 
1,500 

1,500 
2,000 
1,500 
1,000 
1,500 

1,500 
1,500 
1 , 000 
1.500 
1,500 

1,000 
300 
200 
200 
300 

1,000 
500 
500 
200 
500 

300 
500 
300 
500 
300 

300 
300 
300 
200 
300 

100 
200 
300 
ZOO 
150 

Sc- ppm 
S 

15 
10 
15 
5 

10 

10 
10 
15 
15 
10 

15 
15 
15 
10 
15 

15 
15 
10 
10 
15 

15 
10 
10 
7 

10 

15 
10 
<5 
15 
15 

15 
10 
7 

10 
10 

7 
7 
7 

10 
10 

7 
10 
7 

15 
10 



TABLE 2. Results of enalysesof stream-sedimt 
4 

s-lss f ram the L r v e m d  quadrangle, Alaska--Continued 

Au- ppm 
88 

- - 
. - 
- - 
- - 
- - 
- * 
- - 
- - 
- - 
* - 
- - 
* * 

- - 
- - 
- - 

* - 
* - 
- - 
* - 
* * 

- * 
- - 
* - 
- - 
- * 
* * 

- - 
- - 
* - 
* * 

- - 
- .. 
- - 
-. 
- - 
- * 
-. 
* - 
- - 
- - 
- - 
- - 
-. 
- * 
- - 



TABLE 2. Rasulto of analyses of stream-sedimt sarrples from the Livengood quadrangle, Aleska--Continued * 

Cu- ppm 
S 





?. 
TABLE 2. Results of analyses of stream-sediment samples fPm the Livmgood quadrangle, Alaska--Continued 

L U 5  150 N .50 70 N 20 *200 100 10 N .2 N 75 - - 
LA616 150 N .50 ZOO N t o  200 100 10 N 4.0 N 620 - * 
U667 150 N .50 150 N 30 200 100 10 N 2.5 N 420 - - 
L W  100 N -50 100 N 20 c200 loo 10 N .9 N 260 * * 

U649 100 N .30 100 N 20 N 100 10 N .I N 60 - * 



TABLE 2. Results of snaLyses of streem-sediment smrples front the Livengood quadrangle, Alaska--Continued 
Y 

Senple Latituck Longitude Ag-pp As-ppn 6 - p p  Be-ppn Be-ppw Bi-PPRI Ca-pct. CO-ppm cr-ppm cu-ppm 
I S B S 8 I S S 8 S 



TABLE 2. Rtsul t s  of a ~ l y s e s  of st rean-sediment senples f run the Livengood quadrangle, Alaska- -Cont i nued 
? 



? 
TABLE 2. R~sults of anelwe8 of streern-sedimt serrples from the L i v m o o d  quadrangle, ALaska--Continued 



TABLE 2. Results of analyses of  stream-sdiment senples frm the Livengood quedrangle, Alaska--Continued 
? 

Lat i tude 

65 43 29 
6544 4 
65 44 44 
65 43 39 
65 43 30 

65 45 57 
65 45 29 
65 45 52 
65 47 3 
65 45 59 

65 45 30 
65 49 24 
6 5 4 8  0 
65 26 40 
65 26 42 

65 24 53 
65 25 30 
65 27 33 
65 23 49 
65 23 38 

65 22 31 
65 21 23 
65 20 31 
65 19 34 
6 5 2 0  5 

65 21 22 
65 22 20 
65 21 58 
65 26 51 
65 25 31 

65 53 10 
65 51 28 
65 51 1 
65 51 7 
65 51 4 

65 51 21 
65 52 30 
65 48 41 
65 46 53 
65 47 54 

65 45 18 
65 31 36 
65 34 26 
65 35 55 
65 36 25 



TABLE 2. Results of analyses of s t rea l -scdimt  senples from the Livcngood quadrangle, Alaska--Continued * ? 





TABLE 2. 

Let i tude 

65 38 24 
65 40 32 
65 43 24 
65 U 15 
65 44 22 

65 42 2 
65 43 14 
65 42 16 
65 42 8 
65 39 57 

65 43 U 
65 43 7 
65 45 27 
65 46 57 
65 40 30 

65 49 52 
65 50 34 
65 51 32 
65 53 51 
65 57 22 

65 57 19 
65 58 24 
65 59 6 
65 26 33 
65 25 41 

65 25 37 
65 27 35 
65 23 49 
65 23 45 
65 23 35 

65 22 34 
65 21 34 
65 20 25 
65 19 33 
65 20 8 

65 21 16 
65 22 22 
65 21 50 
65 57 28 
65 59 0 

65 59 36 
65 55 58 
65 54 58 
65 56 21 
65 50 3 

Results of analyses of strem-sedirnent sanples from the Li- quadrangle, Alaska--Continued 





, TABLE 2. Results of analyses of strean-sediment samples frm the Livengood quadrangle, Alaska--Continued 



TABLE 2. Rcsults of m l y s e s  of stream-sdirnent samples frm the Liwngood quadrangle, Alaska--Continued 



TABLE 2. Results of analyses of strem-sediment sanples from the Livengood quadrangle, Alaska--Continued * i 

Hn- ppn 
I0 

1,000 
2,000 
1,500 
1,500 
3,000 

700 
1,000 

500 
700 
500 

500 
1,000 
1,000 
2,000 
1,000 

1,000 
1,000 
1,000 
1,500 

700 

700 
2,000 

500 
1,000 

500 

1,000 
700 

1.000 
300 

3,000 

1,000 
1,500 
1,500 
1,000 

500 

700 
300 
500 
500 
700 

700 
700 
700 
700 

1,000 



• ? TABLE 2. Rtsul t s  of analyses of strem-scdinmt sanples f run the Livangood quadraflgle, ALeska--Cont i n u d  



• TABLE 2. Results of anelyscs of strem-sediment sanples frun the Livengood quadrangle, Alaska--Continued 

Let i tude 

65 48 57 
65 47 23 
65 47 26 
65 47 17 
65 11 

65 50 16 
65 50 1 
65 50 33 
65 50 37 
65 59 54 

65 5 1  28 
65 57 10 
65 59 16 
65 59 6 
65 57 16 

65 58 12 
65 56 30 
65 56 1 
65 % 42 
65 53 8 

65 51 20 
65 51 20 
65 51 33 
65 51 10 
65 51 24 

65 52 24 
65 48 45 
65 46 56 
6 5 4 8  2 
6 5 4 8  3 

65 45 25 
65 45 23 
65 46 22 
65 38 30 
65 40 31 

65 40 7 
65 40 13 
65 42 8 
6544 4 
65 44 68 

6 5 4 4  3 
65 45 43 
65 45 21 
65 45 45 
65 47 1 



TABLE 2. Results of mLyscs of strem-sediment senplca frm the Livmgcd quadrangle, Alaska--Continued 



TABLE 2. Results of analyses of strem-sediment senples f ran the Liwngood quadrangle, Alaska--Continued 



, TABLE 2. Results of analyses of stream-sediment senpleai frun the Livengood quadrangle, Alaska--Continued a 



4 , TABLE 2. Results of analyses of strean-sediment samples frun the Livengood q d r a n g l e ,  Alaska--Continued 



- , TABLE 2. Results of analyses of strem-sediment sanples fran the Livengood quadrangle, Alaska--Continued 

Au- ppm 
a8 



+ 5 TABLE 2. Rlnrults of analyses of strcm-sedirnent samples from the Livengood quadrangle, Alaska--Continued 

S-le Latitude L # l g i t u k  Ag-ppn As-= 6-ppn Ba-ppn Be-ppn 81-ppm Ca-pct. Co-ppm cr-ppm cu-ppm 
8 s s 8 B s 8 8 5 S 



, TABLE 2. Results of analyses of stream-sediment senples from the Livengod quadrangle, Alaska--Continued 



I , TABLE 2. Results of analyses of strem-sedinmt swples from the Livengod quedrangle, Alaska--Continued 





TABLE 2. R e S ~ l t 8  of enelyses of strem-sediment sernples frm the Livengood w r a n g l e ,  Alaska--Continued 



z TABLE 2. Results of analyses of strem-sediment ampler from the Livewood quadrangle, Alaska--Continued 



2 TABLE 2. Results of analyses of stream-sedirnent sanples from the Livmgood quadrangle, Alaska--Continued 

Lat i tuda 



J TABLE 2. Rcsults of analyses of str mem-sKf imt  sanplcs fran the Livengood quedrengla, Aleske--Continued 

LA1 198 
LA1 199 
LA1 ZOO 
LA1201 
LA1 202 





TABLE 2. Resulte of analyses of strem-sedinmt samples from the Livengood quadrangle, ~laska--continued 

Long l tude 

149 30 45 
149 30 56 
149 27 P 
149 27 30 
149 48 31 

149 52 31 
149 58 34 
149 56 52 
149 42 27 
149 42 35 

149 37 15 
149 34 42 
149 33 52 
149 28 23 
149 23 27 

149 19 59 
149 15 3 
149 9 26 
149 16 56 
149 16 45 

149 19 29 
149 19 46 
149 16 14 
149 2 13 
148 59 49 

149 59 26 
149 59 26 
149 59 28 
148 50 51 
148 50 54 

148 46 17 
148 46 48 
149 16 28 
149 18 7 
149 25 20 

149 25 35 
149 33 27 
149 35 56 
149 36 1 
149 12 55 

149 10 6 
149 9 50 
149 9 3 
149 2 4 
149 6 28 

300 
300 

1,500 
roo 
700 



t TABLE 2. R s w l t s  of nrmlyses o f  strewn-sdiment simples from the Livengood quadrangle, Alaska--Continued 





* TABLE 2. Results of analyses of strew-sediment aenples from the Livengood quadrangle, Alaska--Cont 

Saaple Latitude L m g i t u k  Ag-ppl As-ppn B-ppn Ba-#n Be-pp~ Bi-ppn Ca-pct. Co-ppm 
S 8 8 S B S 8 S 



TABLE 2. Results of analyses of strum-sediment slwnples frm the L i ~ d  quadrangle, Alaska--Continued 



r TABLE 2. Results of utllyses of stream-sdinrmt s q l c s  fran the Liwngood quadrangle, Alaska--Continued 





? TABLE 2. Results o f  m L y s e s  of strem-sediment samples frm the Livengood quadrangle, Alaska--Continued 





. TABLE 2. Results of analyses of stream-sadimnt sanples fran the Livengood quadrangle, Alaska--Continued 

Let i tude 

65 15 24 
65 17 5 
65 17 10 
65 16 31 
65 20 44 

65 25 55 
65 28 42 
65 29 29 
65 31 0 
65 45 15 

6544 6 
65 39 31 
65 40 32 
65 9 15 
65 9 39 

65 33 50 
65 31 44 
65 32 12 
65 34 57 
65 32 4 

65 31 28 
65 31 17 
65 31 26 
65 29 32 
65 30 42 

65 33 17 
65 13 29 
65 11 11 
65 15 2 
65 16 48 

65 16 3 
65 19 26 
65 17 0 
65 13 48 
65 35 1 

65 35 40 
65 35 41 
65 39 6 
65 43 4 
65 44 15 

65 41 23 
65 40 58 
65 39 44 
65 43 16 
65 43 53 



I 2 TABLE 2. Results of analyocs of s t r e m - s d i m t  sanplea from the Livengood quadrangle, Alaska--Continued 





.?. TABLE 2. Results of enalyses of stremn-sdimnt senples from the Livengood quadrangle, Alaska--Continued 

5 

Long i tude 

149 26 45 
149 27 59 
149 21 15 
149 20 52 
149 42 33 

149 43 59 
149 53 25 
149 58 31 
149 58 19 
149 54 56 

149 40 52 
149 36 12 
149 31 57 
149 20 49 
149 40 9 

149 50 40 
149 52 37 
148 21 52 
148 28 24 
148 25 23 

148 14 26 
148 9 43 
148 5 24 
148 1 4 
148 7 36 

148 10 24 
148 30 16 
148 9 4 6  
148 1 4 3  
148 26 42 

148 26 18 
148 28 25 
14831 1 
148 57 32 
148 47 38 

148 31 26 
148 49 44 
148 36 2 
148 40 56 
148 35 53 

148 46 16 
148 49 34 
148 51 22 
148 10 38 
148 7 29 

70 15 
150 20 
ZOO 30 
50 10 

150 20 



* TULE 2. Rmults of malysas of stram-sediment aenples from the Livemood quadrangle, Alaska--Continued 



? TMLE 2. Rwults of analyses of streem-sedinmt sarrples frm the Livengood quadrangle, Alaska--Continued 

v-ppn 
8 

150 
150 
150 
200 
loo 

200 
200 
200 
200 
200 

200 
150 
200 
150 
200 

ZOO 
200 
200 
200 
200 

100 
200 
200 
70 

200 

150 
ID0 
150 
100 
150 

150 
150 
200 
150 
200 

100 
Zoo 
150 
200 
100 

150 
200 
150 
200 
200 



? TABLE 2. Rerut t s  of analyses of stream-sediment sanples f ran the Livengood quadrangle, Alaska- -Cont inued 

S q l c  Latitude L#lgituek Ag-ppn As-lrplll B - # m  Be-ppn Be-ppm B i - # m  Ca-pet. Co-ppn Cr-ppm Cu-ppm 
S 8 S S 8 S S 8 S S 



4 2 TABLE 2. Rcrsulta of anelyses of stream-sediment senples from the Livewood quadrangle, Alaska--Continued 



,r TABLE 2. Results of enalyses of stream-sdiment simples from the Livengood quadrangle, Alaska--Continued 



9 

TABLE 3. Results of analyses of heavy-mineral-cmentrate rrmples frun the Livengood quadrangle, Alaska 
[?, not detected; 4 ,  detected but be lw  the l imi t  of d e t e r n i ~ t i o n  shown; *, cktemincd t o  be greater than the valw shom.1 

*O 30 
N zoo 

.O 100 
N 30 
N 150 

B i - p ~ m  

8 

N 
N 

N 

N 
N 

N 
N 
N 

N 
N 

N 
N 
N 
N 
N 

200 
N 
N 

N 

ZOO 

N 

N 
Y 

N 

N 

N 

N 

N 

N 
N 

N 
N 

N 

N 

N 

N 

N 

N 

N 

N 

N 
N 

N 

N 

Cd-llpn 
S 

N 

N 

500 
N 

N 

50 
N 

N 
N 
N 

N 

N 

N 

N 

ZOO 

N 

N 

N 

N 
N 

N 
N 

N 
N 

N 

N 
N 
N 

N 

N 

N 
N 
N 
N 
N 

N 
N 
N 
N 
N 

N 

N 
N 

N 



* 
?ABLE 3. Rcsults of anulyses of henry-mineral-concentrate ssnples from the Livengood quadrangle, Alaska--Continued 

uonc N 200 CIO .20 40 N 500 1.00 500 so N N N 
LAO73C N 100 20 .20 4 0  N 300 .10 300 N N N N 
LA07bC ~ 2 0  200 15 1.50 30 N 150 .20 500 4 0  N N N 
LA075C 50 150 N .50 N N N -05 200 N N 50 N 
LA076C 50 200 20 1.50 20 N N .05 200 N N N N 



* 4 

'TABLE 3. Results of analyses of heavy-mineral-concentrate sanples from the L .ivengood quadrangle, Alaska- -Cont imred 

LA015C 
LAO 1 7C 
LA039C 
LA04lC 
LA042C 

LA043C 
LA046C 
LA048C 
LA049C 
LA050C 

LAOS 1 C - - ~ 2 0  N 30 ~2,000 200 N *2.00 
LA052C - * N N 20 MO N N a2.00 
LA053C - - N N 50 1,000 N N ~2 .00  
LA056C * * N Y 30 30 700 N ~ 2 . 0 0  
LAOS% - - 100 N 30 ~2,000 500 N ~ 2 . 0 0  



4 

TABLE 3. Resulto of ~ M L ~ s O S  of heavy-mineral-conewltrate sanples fran the Livengoad quadrangle, Alaska--Continued 

zoo 
N 

N 

N 

N 



* 
+ABLE 3. Results of analyses of heavy-rnirwral-concentrate sanples frun the Livengood quadrangle, Alaska--Continued 

LA177C N 70 10 -50 - - - - 100 . 10 150 N -"  70 N 
LAZOOC N 200 * l o  .30 * - - - 500 -20 200 N - - 50 N 
LA201 C N 200 N -20 - - - - N -20 1 WI N - - 70 N 
LA202C M 20 * lo  -30 - - - - N -10 100 N - - 50 N 
LA204C 4 0  200 4 0  1.00 * - - - N 2.00 300 N * - N 100 



+ 
~ A B L E  3. Rasults of analyses of heavy-mineral-concentrate samples frun the L i  vengood quadrangle, Alaska--Continued 

v-ppm U-ppm 
s s 



?ABLE 3. Results of analyses of heavy-mineral-concentrate sanples from the Livengood quadrangle, Alaska--Continued 

t 

Lat i tuk Lonsitude 





b 

$ABLE 3. Results of analyses of heavy-mineral -concentrate senples f ran the Livengood quadrangle, Alaska- -cant inued 



~ A B L E  3. Results of analyses of heavy-mineral -concentrate sanples f ran the Livengood quadrangle, Alaska--Continued 

Leti tude Longitude Au- ppa 
s 



~ABLE 3. Results of a ~ l y s e s  of heavy-mineral -concentrate sanplni f rm the Livmgood quadrangle, Alaska- -Continued 



4 4 

?ABLE 3. Rssults of analyws of hmvy-mineral-cmentrate senples from the Livmgood quadrangle, Alaska--Continued 

b 

LMRC - - 20 N 20 >2,000 1,500 N 2.00 100 500 70 5,000 500 
LA474C - - 100 N N 70 500 N -20 100 N 100 N 300 
LA475C - - N N 30 50 1,500 N -50 150 N 50 N 300 
LA476C - - N N 15 *20 700 N -30 100 N 20 N 150 
LA479C - - 20 N 10 <20 300 N 2.00 70 N 70 500 1,000 



4 

-TABLE 3. Results of analyses o f  heavy-mineral-concentrate sanples fran the Liwngood quadrangle, Alaska--Contiwed 



* 
~ A B L E  3. Results of analyses of heavy-mineral-concentrate sanples f run the Livengood quadraw le. Alaska--Continued 

W6C N 100 * lo  .20 - - - - 50 . I5  70 N 100 N - - 
W27C N 100 <l 0 -50 - - -- 200 .70 300 N - - 150 N 
LWBC 10 150 10 -50 - - - - 200 1.00 200 N 70 N 
L M a C  N 100 4 0  -20 - - -- 100 .50 200 N - - 50 N 
LA631C I 30 4 0  .30 - - - 150 .05 200 N - - 70 N 



4 

.TABLE 3. Rasul t s  of analyses of heavy-mineral -concentrate s q l e s  f rm the Livengood quadrangle, Alaska- -Contimed 



*TABLE 3. Results of analyses of heavy-mineral-concmtrate sanples frun the Livengood quadrangle, Alaska--Continued 

* 

Sa~ple Latitude Lmwitude Ag-ppn A s - r n  Au-plm Au-vis B - # n  Ba-ppm Be-ppn Bi-ppn ce-pct. cd-ppn 
8 8 S s s S s s S 



 ABLE 3. Results of analyoeo of heavy-mineral-concmtrate sanples frun the Li-ood quadrangle, Alaska-- 

* 

LA753C N 70 10 .50 I N N -50 200 N 2.0 
LA75CC N 100 15 .50 N N 100 .20 150 N N 
LA755C N 100  4 0  .70 N N 300 .50 2 W N N 
LA758C N 150 10 .30 N N N .20 70 N N 
U760C N 200 50 3.00 N N 4 0 0  .05 100 N N 



+ 
~ A B L E  3. Results of analyses of heavy-mineral-concentrate serrpler fran the Livengood qwdrangle, Akasks--Continued 

t 



* 
TABLE 3. Results of analyses of heavy-minaral-cancentratc senples frm the Liwngood gwdrangle, Alaska--Continued 

" 

~anplc Latituds Longitude Ag-ppn As-#m Au-ppn Au-vis B-ppn Be-lqm Be-ppm B i - p p  Ca-pct. Cd-ppm 
8 s s s s S S 8 S 



* 8 

 ABLE 3. Results of amlypco of heavy-mineral -concent rate smples f toan the Li-ood quadrangle, A l n k a -  

Cr-p(r  
s 

1,500 
<20 
70 

150 
20 

~ 2 0  
N 

150 
q20 
100 

200 
50 

100 
70 

*20 

N 

500 
N 

3w 
20 

1,500 
500 
150 

1,OOo 
500 

200 
100 
loo 
loo 

N 

loo 
150 
50 

150 
MO 

<20 
100 
150 
<20 
*20 

200 
<20 
200 
500 
100 

ng-pet. 

0 

.50 

.05 
-10 
.15 
.05 

.10 
-10 
.50 
.to 
-15 

-20 
.05 
-20 
.05 
.10 

.05 
-20 

c.05 
.50 
-50 

.30 

.30 

.50 

.50 
1.00 

-20 
.10 
.20 
.20 
.10 

.20 
-30 
.05 
.10 
.10 

.05 
-05 
.15 
.05 

c.05 

-10 
e.05 

-10 
.50 
.70 

200 N 

300 N 
loo N 

150 N 

100 N 

200 N 
loo N 

100 N 

200 N 

70 50 



+ 
TABLE 3. Results of analyses of heavy-mineral -concentrate smples f rm the Livengood quadrangle, ALeska- -Cant inued 



* * 
'TABLE 3. Results of analyses of heavy-mineral -concentrate sanples f run the Livengod quadrangle, Alaska--Cont inued 

m 

Latitude ~ongitudc Ag-pp, 

s 
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TABLE 3. Results of analyses of heavy-mineral-concentrate sanplts from the Livengoad quadrangle, Alaska--contiwed 



+ 
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TABLE 3. Rrsul t s  of mlyses  of heavy-mineral -concentrate s.lples f ron the Livcngood quadrangle, Alaska- -Cont inusd 

S-le Latitude L-itude Ag-ppm A s - ~ p l  Au-ppl Au-vis B - p p  Ba-ppm Be-ppn B i - # n  ca-pct. Cd-ppm 
S S S B S S 8 0 S 
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TABLE 3. Rcsul ts of annlyecs of heavy-mineral-eoneentrate swples f ran the Livengood quadrangle, Alaska--Cont id 



Q 
E 

TABLE 3. Results of analyses of heavy-mineral-conccntrnte samples fran the Livengood quedrangle, Alaska--Continued 

S-lt Latitude Lmgitudc Ag-ppm As-* Au-ppn Au-vis 8-ppn BI-PCIIR Be-ppn B i - # m  Ce-pet. Cd-ppm 
8 s 8 a 8 S 8 s 8 



Z 
t 

TABLE 3. Results of analyses of heavy-mineral-concentrate simples f roln the Livengood quadrangle, Alaska--Contiwed 

LA1 187C N 20 c10 .SO N N N .07 200 N N 70 N 

LA1 188C N 50 15 .20 N N N .05 70 N N N N 

LA1 189C N 50 15 -30 N N N .05 70 N N 50 N 
LA1 190C Y 30 4 0  .20 N N N -05 70 N N N N 
U 1 1 9 1 C  Y 20 810 .50 N N N c.05 100 N N N N 



C 
TABLE 3. Results of analyses of heavy-mineral -concwltretc smplas f ran the Livmgood quadrangle, Alaska- -Cant inued 



t 
I 

TABLE 3. Results of wmlyscs of heavy-mineral -concentrate senplcs f r a  the L i v e f ~ o d  quadrangle, Alaska- -Cant inued 



TABLE 3. Results of m l y s e s  of heavy-mineral -concentrate senples f rm the Livengood quadrangle, Alaska- -Cant inued 
* 

100 .10 
loo .a 

N .10 
N .07 

4 0 0  .10 
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TABLE 3. Results of analyses of heavy-mineral -concmtrate saaples f run the Livengood quadrangle, Alaska- -Cant lnued 
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TABLE 3. Rmul ts  of analyses of heavy-mineral-concentrate senples f run the Livengood quadrangle, Alaska- -Cant inwd 
A 



*' I 
TABLE 3. Results of analyses of heavy-mineral-cmentrate s w l e s  f ran the Livengood quadrangle, Alaska--Continued 

A. 



r 
TABLE 3. Results of analyses of heavy-mimral-cmentrate sanples from the Livengood qwdrangle, Alaska--Continued 

A 



.. 
f 
TABLE 3. Results of analyses of heavy-mineral-cmentrate swples fran the Livengod quadrangle, Alaska--Continued 

b 



t 

3 
TABLE 3. R w l  t s  of mlyses  of heavy-mimral-concmtrate sanples f ran the Livengod quadrangle, Alaska--ContirwJed 

r 



- 
A - TABLE 3. Results of m l y s r s  of heavy-mineral-concmtrete samples frun the L i v m  gradrangle, ~ l a s k a - - ~ o n t i n w d  

*, 

Sn- ppn 
8 

50 
200 

N 

N 

N 

N 
N 

N 

N 

N 

N 

N 
N 

N 

N 

N 
N 
N 

N 

N 

50 
1,500 

N 

N 

N 

N 

500 
50 

N 

N 

N 

N 

N 
100 
70 


