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This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency Thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any
agency thereof. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States
Government or any agency thereof.
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LEGIBILITY NOTICE

A major purpose of the Technical Infor-
mation Center is to provide the broadest
possible dissemination of information con-
tained in DOE’s Research and Develop-
ment Reports to business, industry, the
academic community, and federal, state,
and local governments. Non-DOE originated
information is also disseminated by the
Technical Information Center to support
ongoing DOE programs.

Although large portions of this report
are not reproducible, it is being made avail-
able only in paper copy form to facilitate
the availability of those parts of the docu-
ment which are legible. Copies may be
obtained from the National Technical Infor-
mation Service. Authorized recipients may
obtain a copy directly from the Department
of Energy’s Technical Information Center.

3



- .
b it it Giactat i bl s X e it b Y ai i

PR
N

"NOTICE ~~-.

YTHIS REPORT 1S TLLEGIBLE TO A DEGREB -~ . GJBX-259(81)
FTHAT PRUCLUDES sa'nsmc’fom‘a&?msvcrm .

B e
-

National Uranium Resource Evaluation

URANIUM HYDROGEOCHEMICAL AND
STREAM SEDIMENT RECONNAISSANCE
'OF THE PHILIP SMITH MOUNTAINS NTMS
QUADRANGLE, ALASKA

DISCLAIMER

This book was prepared as an acoount of work sponsored by an agency of the United States Governmeni.
Neither the United States Government nor any agency thereof, nor any of their empioyees, makes any
warrenty, express of implied, of assumes any fegal liability or responsibitity for the accuracy,
1 completeness, or usefulness of any information, apparatus, product, or process disclosed, or |
Data COmp'led by cepresents that its use would not infringe privaiely owned rights, Reference herein to any specific |
commercial product, process, of service by trade name, trademark, manufacturer, or otherwise, does
not necessarily constitute or imply its endorsement. recommendation, or favoring by the United !
States Government or any agency thereof. The views and apinions of authors expressed herein do not

g;?‘g .ng .fétello?\' Ec';lgolrggoe l’l ng CO pr I'ati ° l'l . necessarily siate or reflect those of the United States Government or any agency thereof.

Data Collection and Chemical Analysis by

Los Alamos National Laboratory wivd
Los Alamos, New Mexico s

September 1981

. | PR&:’{PARED FOR THE U.S. DEPARTMENT OF ENERGY
Assistant Secretary for Nuclear Energy
Grand Junction Office, Colorado

é . ' : } F 742 n
CISTRIBUTION 0F T3 DOCUNENT 1S wesmaiman

P AT YT




B

ST W R ST ") Tk i,«'-

vl

"893815 POl Byl Ul WNIUBIN O BIUBLNDDO BY) IO} B1GRICAS;
89649 SUNLIBIBP 0} PUB $BOIN0SEJ WINIUEIN JO UONNGUISIP pue epniiuBew eyl ssesse
0} YIIYM YUM UOoNRBULIOU) JBYIO Pue 21801088 B8)1dWwoD pue BJINboE 03 82110 ‘OPRIOIOD
‘vondune pumd 8,ABisu3 3o Juewuedsqg ‘SN 6y §0 weiBoid e 81 IYNN ‘uonenieay
024n086Y WnjuUBIN |BUONREN 6YS JO ed 88 POWLIOUBd XIOM 4O 3INSeL @ St LOdes S1yY

/

, *J00s843 ASuBBE AuE JO JUBLLLIBACT) S8IEIS POliuN) Byl JO 880U 1D6|AL JO 1S
AjuUesseasU 10U Op UIBJOY PasSeIdXe SIOYINE J0 SUOILICO PUB BMBIA BY | "j00s8Y3 Adusbe Aue
10 JUBLLILIBAOD) 89181 poun 8yl Aq BulI0AR) J0 ‘UOIIEPUBLLILIODS] JuBIESIOPUS SY Ajdut
10 BININSUOD A|UESSEOEU J0U SBOP ‘9SIMIBLIO JO ‘Jeimoeinusw “uewepes ‘eweu epen
AQ 8217105 J0 8869034 ‘39n004d |RI2I8WIWOD J1100dS Aue 01 w1801 82UBI6L0Y "SIyBL paumo
Aj@naud eBupjul J0u pINOM esn S} JBYyl slueseides 10 ‘uodes S U1 pesodsip ss8d04d
40 7onposd ‘smeiédde ‘uonewsojul Aue Jo SS3uIN}OSN 40 ‘gseue3a)dwod ‘Adeindde oyl

40} Anpqisundses 40 Aujiqe)| jeBe| Aue sewnsse 10 ‘poidwy J0 s5e1dx6 ‘Ajuruem Aug seyew
.+ '880A0|0WA J1VY) JO AU J0U ‘}0B18YL ADUBBT Aue JOU JUBLLLWIBADY S81NS paliUN O JOYUAN

S i

ﬁif
!
b
v
2
!

Rilimiciaee

CPRRL Py

P ik e n

TN
Gl
o +
s .-

Ty S, S T vy W TN v R SR TN v
S RGN A A i1 ::5?‘,' T A——
: L s



PoERss

e Nt

A

\;{;L/J [

N N e P

GJBX~259(81)

" URANIUM HYDROGEOCHEMICAL AND STREAM SEDIMENT RECONNAISSANCE
. OF THE ‘
PHILIP SMITH MOUNTAINS NIMS QUADRANGLE, ALASKA

Data Compiled by

C. A. Youngquist

Re F. D'Andrea, Jr.
Re Jo Zinkl

D. L. Shettel, Jr.
S. L. Langfeldt

BENDIX FIELD ENGINEERING CORPORATION
Grand Junction, Colorado

Data Collection and Chemical Analysis by

S. R. Garcia
D. Hanks

W. E. George
Se Lo. Bolivar

LOS ALAMOS NATIGNAL LABORATORY
los Alamos, New Mexico

May 1981

PREPARED FOR THE U.S. DEPARTMENT OF ENERGY
Assistant Secretary for Nuclear Energy
Grand Junction Office, Colorado




CONTENTS

Introduction . . e e e e e e
RESULES o o o « o o o o o o o o o o o o o s o
Multivariate Statistical Analyses .
References o« « « o o o« o o s o oo

Aﬁpendix A. Stream Sediment Data
Appendix B. Lake Sediment Data .

ILLUSTRATIONS

.
.
\'_.

Figure 1. Uranium versus Thorium, Stream Sediments

igure 2. Uranium versus Thorium, Lake Sediments o « o« o ¢ o o o o 3
Figure 3. Vanadium (ppm) {n Stream Sediments o « « o « o s o » s o + 9
Figure 4. Copper (ppm) in Stream Sediments « « « ¢ o o o ¢ o o o o » 10
Figure S. Vanadium (ppm) 4in Lake Sediments « o« « o o ¢ o o o s o o & 11
Figure 6. Copper (ppm) in Lake Sediments . o « « o o o o o ¢ ¢ o » & 12
Figure 7. Stream Sediment Factor Score 1l . « « » o o o & o o o . ; . 27
Figure 8. Stream Sediment Factor Score 2 . . . « s e e e e f PR 28
Figure J. Stream Sediment Factor Scorte 3 « ¢ « o o o/ o o o ¢ s o o 29
Figure 10. Stream Sediment Residuals .« « « ¢ o & . o ‘, . & . ; ; 30
Figure 1l. Lake Sediment Factor Score 1l « « o« o o o o f e 0 0 e .o [ 31
Figure 12. Lake Sediment Factor Score 2 + . ¢ o e e o e ¢ e o 0 0 . 32
Figure 13. Lake Sediment Factor SCOT@ 3 ¢ « ¢ ¢ o o s ¢ o o o s ¢ ¢ » i3,
Figure l4. Lake Sediment Residuals ¢ o o 0 o ® s o o » o e s o o & ‘o 34
z Table i. Population Statistics for Stream Sediment Data ; ; ; ; . . 5
Table 2. Population Statistics for Lake Sediment Data . « o IR 6
Table 3. Stream Sediment Data Before Editing o« « o ¢ o o & . s o 0 e 14
Table ‘l‘o Stream Sediment Data After m.i!ing . o LI ’ . ; e .; 4 ‘a 15
Table 5. Lake Sediment Data Before Editing « « o« o o o o ¢ s ¢ o o . 16
Table 6. Lake Sediment Data After EALiting « o o« o o o o ¢ o ¢ o ¢ & 17
Table 7. R-mode Factor Analysis of Stream Sediment Data .+ « ¢ o o . 18
Table 8. R-mode Factor Analysis of Lake Sediment Data .+ « ¢ o o o . 21
Table 9. Regression Analysis Results, Stream Sedimen® o « o o ¢ o o 23
Table 10. Regression Analysis -Results, Lake Sediment =« . o o o ¢ o o 25
Plate 1. Uranium (ppm) in Stream Sediments . o + + « + s » s » 1in pocet
Plate 2, Uranium (Ppﬁ) in Lake Sediments « ¢ s o« ¢ o o o o o e in pocket
Plate 3. Thorium (ppm) in Stream Sediments o o ¢ o o ¢ o o o o in pocket
Plate 4. Thorium (ppm) in Lake Sediments « « o ¢ o o o o ¢ o & in pocket
Plate 5. Thorium/Uranium in Stream Sediments , . » » « « o » + 1lu pocket
Plate 6. Thorium/Uranium in Lake Sediments . « « « o + « s « « 1in pocket
Plate 7. Stream Sediment Sample Locations. . « « » » o & & . + 1in pocket
Plate 8. Lake Sediment Sample Locations: « « « « o » o o o » o 1in pocket

b
‘e




INTRODUCTION

. This report presents results of a Hydrogeochemical and Stream Sed {ment

’ Reconnaissance (HSSR) of the Philip Smith Mountains NTMS quadrangle, Alaska.
In addition to this abbreviated data release, more complete data are available
to the public in machine-readable form through the Grand Junction Office L.
Information System (GJOIS). at Oak Ridge National Laboratory (ORNL). 1Inquiries
regarding the machine-readable data should be directed to:

GJOIS Project

UCC~ND Computing Applications Depar tment
4500 North Building

OGak Ridge National Laboratory

P.0. Box X _

Oak Ridge, TN 37830

r.

Presented in this data release are location data, field analyses, and
laboratory analyses of several different sample media. For the sake of .
brevity, many field site observations have not been included in this volume.
These data are, however, available on the magnetic tape. Appendices A and B
describe the sample media aand summarize the analytical results for each .
medium. The data were subdivided by one of the Los Alamos National Laboratory
(LANL) sorting programs of Zinkl and others (198la) into groups of streem
sediment and lake sediment samples., For each group which contains a |
sufficient number of observations, statistical tables, tables of raw data, and
1:1000000 scale maps of pertinent elementa have been included in this report.
In addition, waps showing results of multivariate statistical analyses have
been included.

The Philip Smith Mountains NTMS quadrangle hydrogeochemical reconnaissance was
per formed by the LANL, under contract to the Grand Junction Office of the
United States Department of Energy (DOE), as part of the National Uranium
Resource Evaluation (NURE) program. LANL was responsible for conducting the
HSSR program in the states of New Mexico, Colorado, Wyoming, Montana, and
Alaska. This data release was prepared by the Bendix Field Engineering
Corporation in order to make the data available to members of the public who
wish to make use of the information, but who do not have access to computing
facilities.

Further information about the HSSR program in general, or about the LANL
portion of the program in particular, can be obtained in quarterly,or - , .
semiannual program progress reports on open-file at DOE's Techmnical Library 1n
Grand Junction, Inquiries should be directed to:

Technical Library

Bendix Field Engineering Corporation
P.0. Box 1569

Crand Junction, CO 81502-1569

Information about the field and analytical procedures used by LANL duting .
sample collection and analysis may be found in any HSSR data trelease prepared
by the LANL (see, for example, Planner and others, 1981), and will not be
included {n this report.
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KESULTS

: Population statistics for stream sediments are given in Table 1 and for lake
sediments in Table 2. These tables contain statistics such as mean, standard
deviation, skewness, and kurtosis for two different populations: the total
population and a population consisting of only those analyses that are above
the detection 1limit (ADL) for each element. In addition, data are provided
for each variable for the total number of samples possessing analyses, the
number of analyses above the detection limit (NADL), the number of analyses
below the detection limit (NBDL), and the number of missing analyses (MISS).
Also tabulated for each variable are the maximum value, the minimum value -

“considered above detection limit, and the maximum detection limit., Variable
detection limits account for the fact that the maximum value of the detection
limit 18 occasionally greater than the minimum value considered above the
detection limit.

Maps of elemental nontent:ations, ratios, factor scores, and residuals were.
prepared by a computer program which represents data values in their correct
latitude-longltude positions by symbols which vary in size and incensity in
proportion to the value heing plotted (Zinkl and others, 1981b). Maps of
uranium concentrations in stream sediment amd lak: sediment are presented as
Plates | and 2, respectively. Thorium concentrations in stream and lake
sediment samples and therium=-to~uranium ratios of stream and lake sediment
samples are plotted in Plates 3, 4, 5, and 6. Locations of atream sediment
and lake sediment samples are shown in Plates 7 and 8.

In addition to the full-sized plates, several page~sized maps and figures are’
{ncluded to assist in interpretation of the data. Scatter plots of uranium
versus thorium in stream sediments and lake sediments are shown in Figures 1
and 2. These plots may be used to identify groups of samples which differ.
significantly from normal crustal Th/U ratios. Deviations from normal ratios
may indicate areas showing uranfium enrichment or depletion.

When multielement data are provided by LANL, maps of elements coneideted v
useful in uranium explorationm are included in the data release. Figures 3, 6
5, and 6 show vanadium in stream sediments, copper in stream sediments, :
vanadium in lake sediments, and copper in lake sediments, respectively,
Chemical analysis and field data for water samples from this quadrangle were
open filea by the DOE Grand Junction Office as GJBX-163(81).
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Population Statistics for Stream Sediment Data
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821
803
918
976
967
967
967
967
967
967
967
967
967

[}

0
976
975
976
976
9795
976
902
979
973
913
975
97
915
975
975
929
97¢
976
978
975
960
9193
973
973
968
845
9rs
974
97¢
978
97y
939

FOR TOFAL ANALYSESS

MEAN

821 0 153 S 7.69
803 o 17 . 195.57
e ] 58 ~ 8,99
Qe ] 0 ' 3.31
2 9¢S 9 12,91
1% 613 9 3,10
10 957 9 2.59
8ey 70 9 34,23
0 967 9 10.00
868 99 [) 37,72
483 284 9 9.60
1 966 9 5.01
116 851 9 9.11
0 0 976 0.00
[} 0 97 0.00
97s 1 0 51595.50
6 970 [} .03
N9 127 ) 443,78
785 191 0 72689,.%2
926 9 1 31.53
T 989 0 3. 11
(2] ] 26 7% . 14,29
9N 2 1 32,01
065 110 1 4,92
954 19 ) TS L}
9137 )8 i 1.08
979 [} 1 3229¢.07
869 106 N | 4.04
901 T4 1 13726.29
940 33 B 28,29
LT 49 \? 28
96% 11 -0 91%3.%0
976 0 -0 634,25
976 0 "0 2930.67
663 32 1 *t 57.30
112 848 1y 1.02
975 o 1 ‘1150
959 20 ] 4,22
245 728 3 1 199,78
17 9351 8 59
8y 162 13 W61
939 36 1 i Y 3 4
9013 n 2 3659,13
97 - 3 [ 112.09
197 110 3 2.68
649 328 1 93,80
939 0 37 2.30

NUMBEP OF SAMPLES o 976

- FOR ABNVE OETFCTION LINIY ANALYSESH

-

STD.DEV, SKEVNESS KURTINSTS -MEAN STD.DEV. SKEWNESS KURTOSIS  NAXINUM  NINIADL) DEV.LIW,
.53 ~e99 .+ 6,98 - 7.89 .53 - =99 6.98 9.70 5.40 99999,00
133.41 2.19 110,38 . 195,57  ; 133.41 2419 110,36 - 900.00 1.00 99999 .00
5.49 1.62 7,27 8.99 $.49 | 3o 62 1.27 38,00 1.00 99999,00
1.04 28.80 164,23 31.31 “1.04 8,88 . 164.2) 23.70 1.01 99999,00
< 014 22,00 332,41 8.50 «50 0.00 1.00 6.00 5.00 $.00
1,49 2.¢7 10.12 6.2% 1. 49 1.46 5.18 12.00 5.00 5.00
. .9y 27.28 801,94 7.00 T.01 2.65 8.05 30.00 5,00 5.00
20,62 $.39 92,44 36.51 19.43 € 80 117.89 386,00 10.00 10.00
0.00 0.00 0.00 €.00 0.00 0.00 0.00 10.00 10.00 26.00
26.26 12.49 278,27 41,16 29.54 14.91  335.68 533,00 13.00 1%.00
5,068 .93 3.08 12.58 $.79 1.13 §.07 41,00 5,00 5.00
.18 31,05 965,00 10.00 0.00 0.00 0.00 10.00 10.00 16.00
4.88 1.59 10.1° ‘20491 6.20 1.91 7.41 48.00 15.00 15.00
0.20 0.00 0.09 0.00 0.00 6.00 0.00 0.00 ©.00 99999,00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 99999,00
24633,33 ~.48 2.29 51830.3) 26022.04 -~ 49 2.25 106100.00 2152.00 35430,00
.02 6.13 84,77 13 .09 .81 2.2% 31 .03 .03
328,28 2.n 10,02 $21.0% 296,12 .48 26,38  3267.00 75,00  91.00
99170.41 1.18 2.96 90248.04 103207,98 .87 2.32 351300.00 1156.00 922.00
2%.60 Y 2.0 $4.18 23.39 -3 2.43 136,00 3.00 2.00
13.91 18,73 433,34 131. 7N 40,14 -.12 1.75 183.00 68.00 68,00
8.48 2.9% 35.09 14,67 8.23 3.27 319.05 120.20 .80 .10
32,79 ~e33 3.48 82.76 32.60 -e33 3.50 220.00 9.00 24.00
2.9 1.16 9.27 5.49 2.58 1.59 13.8% 21.00 .90 2.40
1.91 S14%Y 23,82 4,39 1.82 1.59 28.70 271.00 1.00 1.00
0‘6 "" 9.00 ‘007 .“ - =e08 5000 4.30 -)0 .20
17133, 2.30 31,98 32298.07 17133,76 2.10 31.98 252000.00 1091.00 99999.00
2.98 N 1) 8.68 3.39 2.69 1.26 12.60 30.00 .40 1.00
6396.19 “.%0 2.40 16711.57  5502.M9 Y 2.53 275%0.,00 1671.00 4366.00
11.40 - 49 " 2499 29.19 . 1040 -e 30 3,09 12,00 3.00 3.00
.12 .36 " 10,86 29 .11 .94 14,76 1.40 <10 - 10
* 8697.49 3.22 " 18.8% 9202.01 686,21 3.2% 19.11 65000,00 1705.00 2142.00
1551.43 . 20.0)  472.36 534,25  1531.4) 20,03 472,34 40370.00 16.00 99999 ,00
2221.50 1.57 T.09 2938.87 2223.%0 . 197 7.09 14760,00 81,00 99999.00
41,40 -.03 T 1488 91.%9 2%.%0 3 3.11 177.00 26.00 37.00
oo S.61 $7.40 1.91 1.41 3.42 16,45 9.00 < 1,00 1.00
‘8,48 e Y 2,26 1 311,950 9,48 L) 2.26 ~25.10 »50 99¢99,00
2.02 .16 “ 486 4.30 T 1.98 .22 $.22 18.70 +30 1.20
166,08 T 2.36 T9.88 232,76 180,13 1.6) 6.71  13%,00 161.00 239,00
.19 5,02 34.62 1.29 b .90 1.02 2.00 ‘.00 "°3
T 3.62 16,49 1.2 52 .59 1.92 3. 00 +1.00 ‘e
3.07 -39 2.1 7.90 3.86 -39 2.19 19.90 0 o
1854 .98 -.53 T 2,08 3929.06 1648,0) ) 2,30 *9127.00 203.00 z.'.oo
46.69 o bl 2.01 112.81 46,66 -.48 2.68 267.00 12.00 11 -0
1.38 a7 5,22 3.14 1.08 .04 11.79 . 13,00 .40 s;'oo
160 . 24,46 " 700,91 127.16 187,29 22,62 T45.34  4695.00 20.00 agqe2:90
.92 -.59 2.1 2.30 .92 -39 2.81 5.03 +18 99999.
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Table 2. Population Statistics for Lake Sediment Data

FOR INTAL ANALYSESH

FOR ABOVE ODETVFCTION LINIT ANALVSESH

Cemcsranccsvnen- "
PR R Y e e e L LD Ll L bl d ol ko d et

HUPFAER, OF SAMPLES » 240

. VAR TDTAL NADL NBDL M1SS MEAN STD.NEV. SKEUNESS NURTOSIS MEAN STD.DFV. SKEWNESS KURTOSIS  WAXGMUN “IN(ADL) DET.LIM,
©1 PM 222 22 O 18 T.06¢ ) -.23 24006 2 Tab8 o 76 -e2) 2,06 9.60 © 5,50 99999.,00
2wy 222 222 0 18 ‘61482 59.3) 1.01 3.19 61.82 89.33 1.01 3.19 268,00 7 2,00 99999.00
T3 ur 1 3 0 237 6,67 2.49 .38 1.50 6487 2.49 .38 1.9 10.00 4,00 99999.00
4 U 2640 240 I 1] 2.61 73 <19 &M 2.061 73 19 ‘.71 5.71 «27 99999.00
s 4 223 0 223 17 2.%0 0.00 0.90 0.00 0.00 0.00 0.00 0.c0 2.%0 2.50 .00
¢ 8l 223 28 197 17 . 2487 S 1408 2.81 9.9% 3.69 .87 1.08 3,04 8.00 .00 5.00
7¢n 223 2 2222 V7 234 A0 12,20 T 157.88 6,50 1.30 0.00 . 1.00 8,00  5.00 5.00
mcu 223 212 1N 1 21,41 11.29 .09 2,79 20,58 10.33 31 2.03 64.00 10.00  10.00
9 N 223 0 223 17 10.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 10.00 10.00.  20.00" ,
10 N1 223 188 35 17 30.%6 1449 11 2.62 34,09 11,62 .62 .08 73.00 15.60  15.00 3
11 PR 223 143 78 17 6.70 4,13 1.02 452 2.96 3.62 1.51 6484 26.00 .00 5.00 3
12 5 223 0 223 17 .00 0.00 0.00  0.00 0.00 0.00 0.00 0.00 - 5,00 5.00 - :3.00 1
13 v 223 18 ‘205 17 8.57. - 3.87 3.82  17.32 20.79 4.80 .60 2.51 32,00 15.00  15.00 -
1486 0 0 0.240 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1%999.00
15 L1 0 "0 0 260 . 0.00 0.00 0.00 0.00 .0.00 0.00 0.00 0.00 0.00 0.00 9-999.00 ;
16 AL 240 239 1 0 41921.52 16270.31 -e40 2.94 42072.32 106136.07 -.39 ‘2,96 89230.00 1780.00 i1760.00 N
1740 240 2 238 O .03 .02 7.54 88,00 .13 .11 .00 1.00 023 .06 0 B
18 R 240 207 33 0 874,53 288,36 €.93 53,23 528,33 269,90 6475 74.46  3530,00  140.00 167,00 -
19 CA 240 173 - 65~ 0 45192.30 84612,36 2,33 - Te3) 6LTIT.6T. 938408.05 1.85 5.14 372200,00 2291.00 ~933.00 j
20 CE 240 216 2¢ O 30,58 - 16.69 -.69 2,97 42,30 12.49 -7 2.92 17,00 11.00 s.00 P
21 €L 240 42 198 O 80.23 83.70 2.7 11,70 232.10 94,50 1453 6,97 597,00 76,00 100.00
22 ¢ 236 205 31 & 10.07 9.36 5,59  37.30 11.54 9.18 6.30 66,90 110,20 1.50 2.10 ;
23 CR 240 229 11 0O 69,57 - 25.83 -1 3.39 12.64 22,20 ~43 3.28 132,00 14.00 .00 i
24 €S 240 102 70 [} 2.90 - 1.062 Y 2.84 3.78 1.20° +«91 4,60 8.30 1.10 1.3C ’
25 0Y 240 219 21 O 4,01 1497 -e57 3.00 6,29 1.30 =36 3.47 8.00 1,00 1.00
26 EU 240 215 2% O .95 .38 -52 2.98 1.04 .. +30 ~o12 .81 2.00 .20 . 30
27 FE 240 239 1 O 206400.63 150844,.78 5,10  49.20 20311.G5 13785.51 5.18 49.98 1884060.00 2452.00 ' 130.00
(28 HE 240 197 43 0 112 1.86 -2 2.49 4036 1.3% 2 3.67 9.70 .90 .0
29« 240 186 5% - 0 8944,91  4¢21,01 14 2.63 10715.9) 3359.03 6?7 3.37 20760.00 4233,00 2918.00
30 LA 260 213 21T -0 - 20.41 8.48 ~e87 2,93 22.56 6.30 -.3% 3,68 39.00 3.00 2.00
31 LY 230 - 189 9 2 <29 .11 -3 2.09 .27 07 - =14 2.7% 40 .10 .10 1
32 MG 240 - 200 39 0 4443,49  2319,62 o179 4,81  5051.10 1989.97 - 1.51 5.08 14180.00 1446.00- 1209.00 :
33 AN 200 200 0 0 392,70 . 1183.99 10428 130,40 592,70 1143.99 710,24 130.40 15730.00 70,00 99999.00 §
36 WA 260 240 0 O 3637.17  1893.60 1.23 7.31  3657.17  1893.60 1.23 7.31 12980.00 193,00 99999.00 >
35 R8240 49 ©191 0. 34,03 23,83 1,91 &1 75.94 21,03 1.09 " 3,96 144,00 46,00  34.00
3639 240 . 1 239 0 97 1) .68 4.92 1.00 10,00 0.00 0400 1.00 1,00 1.00 3
37 ST 240 " 240 o -0 T 9,64 .M -.29 2.96 968 3.7} ~.29 2.9 19.40 © +40 99999.00
38 Sn 240 233 T 0 ©3.39 1.39 -39 2,57 3.48 1.0 -.28 2,97 6.40 .40 .30
39 SR 238 B 230 2 156.3)1° 96,65 5,27 41,07 498,00  266.30 1.54 4.06 - 10%1.00 293,00 236.00 :
40 TA 240 0 240 O .76 +34 1.31 5.52 0.0C 0.00 0.00 0.00 .76 70 1.00 3
4118 237 . 1 230 ) 54 7 4,93 32.96 . 1.16 .35 2.04 5.17 © 2,00 1.00 1.00
A2 TH 240 227 13 0 5.0 2.30 ~.60 2.09 6.10 2.01 Y ) 2.90 11,20 1.20 .90
$371 250 215 25 0 12%.54 133008 -o62 2.53  3411.A6 107260 .53 2.87 5882.00 490,00 609.00
oy 240 23% .5 0 92,26 37.01 -.11 3.2 93,98 3%5.42 -+00 3.27 196.00 11.00  4.00
«: Y8 200 149 91 0 2.17 1.17 22 2.20 2.94 74 .79 3.82 5.70 1.40 1.00
S6 T 240 160 100 0 1T.31 1Y T332 ada2l o 1TEs 189,49 5,40 39,30 1342.00 49400 ages.00
U o227 227 0 13 . 2.20 .61 -7 T 3.2 2428 TS RN 3.23 3.63 A7 99999,
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Figure l. Uranium versus Thorium, Stream Sediments
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Figure 3. Vanadium (ppm) in Stream Sediments
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MULTIVARIATE STATISTICAL ANALYSES

'Stream-sediment and lake-sediment analyses were edited by the FACEDT computer.
program (Shettel and others, 1980) in preparation for multivariate statistical.
analyses, by eliminating samples and variables with insufficient data.
Information contained in the atream-sediment and lake-sediment data sets
before and after editing 1s shown in Tables 3 through 6. The edited data sets
are logarithmically transformed prior to the application of statistical

‘methods. . ’

R-mode factor analysis (Tables 7 and 8) was performed on the transformed
edited sediment data. R-mode compares variables over the range of samples;
Q-mode conpares samples using the variables. Factor analysis attempts to show
the geochemical relationships that exist in the data by reducing the .
dimensionality of the multivariate observations (i.e., by grouping variables
that are highly correlated ianto "factors”). In the sediment data, uranium
typically loads with Ce, La, Fe, Mn, V, and Sc, which is characteristic of
monazite, zircon, the magnetite-ilmenite suite, and the iron-manganeése oxides
families of minerals. Results of factor analysis of ground-water data usually
show waniua loading with the major fons, confirming the relationship between
uranium and specific conductance.

Because of the high degree of correlation between uranium and those elements
associated with resistate minerals, step-wise multiple regression (Tables 9 -
and 10) was employed to “correct” the raw uranium value for that which 18
present in heavy or cesistate minerals. A map of the regression residuals
shows those areas where uranium cannot be explained by the occurrence of
resistate or heavy minerals (high positive res’duals), This technique .
enhances anomalous samples by suppressing background populations resulting .,
from reststate or heavy minerals. Factor score and residual maps are shown in
Figures 7 through 14.
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Table 3. Stream Sediment Data Pefore Editing

- e wp e @ e a» W - o

PHILIP SMITH MTS STFREAM SEDIMENTS

I B A s ik o s

VAR % MISSING 7 # I 4 ME AN STD DEV
1 PH 155 15.838 -0 0.00 7.89 53
2 MU 173 17.73 0 0.00 195457 133441
3 uR 58 5.94 0 0.C0 8,95 5.49%
4 U 0 0.00" 0 0.CO 3.31 1.06
5 AG 9 «92 9E&5 © 98,487 251 o146
6 81 9 «92 813 83.30 - 3.10 1449
7 CO 9 .92 957 " 98,05 2.55 93
B CU 9 92 70 7.17 34,23 20 .42
9 N8 9 «92 967 99,03 10.00 0,00
10 NI 9 92 99 10.14 37.72 26026
11 P8 9 .92 2864 29.10 9,60 6668
12 SN 9 92 9¢b 98.98 5.C1 «16
13 w 9 «92 . B51 37.19 9.11 9]
14 8E 976 100.00 0 2.00 0.00 0. CC
15 LI 976 100.00 -0 0.00 0.00 0.00
16 AL (o] 0.00 1 »10 51595.5R 24633,33
17 Ay 0 6.00 970 99.39 «03 002
18 8A 0 0.00. 127. 13.01 463.78 320.28
19 CA 0 0.00 191 19.57 72689,52 99170.41
20 Ct 1 10 49 5.02 51453 25469
2L CL 0 C.00 9¢9 99,28 37.11 15,91
22 CO 74 7.58 24 2.46 16.29 8446
23 CR 1 «10 2  « 20 82.61 32.75
24 CS 1 «10 110 11,27 4492 2.91
25 0Y 3 e31 19 1.95 be 34 1.91
26 EU 1 010 38 3.R9 1.03 ek
27 FE 1 «10 0 0.00 32296,07 17133,.76
2R MF 1l «10 10¢ . 10.R6 4.86 2498
29 K 1 «10 76 758 13726425 6396.18
30 LA 1 .10 35 3,59 28425 11.40
31 LV 47 4,82 49 5,02 28 12
32 46 0 0.00 11 1.13 9153.50 6699 ,49
33 MN 0 0.C0 0 0.00 634425 1551.43
34 NA 0 0.00 0 0.00 2938,.,67 2223,.5%0
35 R3 1 «10 312 - 31,97 67.30 614,40
3¢ S8 16 lebd 848 24 .89 1.02 009
37 sC i 10 0 0.09 11.50 5.46
38 SM 1 .10 20 2.05 64,22 2.02
39 SP 3 «31 728 74.59 199,75 166,08 .
4G TA 8 «92 951 97 .44 55 19
41 T8 131 13.42 762 78.07 61 33
42 TH 1 .10 36 - 3,69 7.62 3.87
€3 71 2 «20 71 7.27 3659,13 1858.98
46 ¥y 0 0.C0 3. 031 112.69 " 46,469
4% Y8 1 10 178 " 18.24 2.68 - - 1l.38
46 IN 1 <10 326 133,40 93,80 160.0%
47 TU 37 3.79 0 0.00 2.30 92
TOTAL NUMBER 0OF SAMPLES = 976
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- Table 4. Stream Sediment Data After Editing

PHILIP SMITH MTS STREAM SEDIMENTS

- e - o

- o an o o G4« @ =

- A A > D Gn D T D D P P A W A T AP D WD WD WD WD WD D G P YD D D

VAR # MISSING % s BOL = MEAN STO DEV
1 PH 0 0.00 0 - 0400 7.88 .49
2 MU 0 0.00° 0 0.00 206,39 138 .94
3 uRr .0 0.00 0 .0.€0 9.38 5459 °
¢ U ] 0.00 0 0.00 3447 1.9
5 CuU ) 0.00 26 3,82 37.12 204063
6 NI "0 © 0.00 28 4,11 ©0.81 284,17
~ 7 P8 0 0.00 148 ~ 21.73 1046 hedb
8 alL ) 0.00 . O 0.00 57178.69 20199,649
9 84A . 0 0.00 28 5.58 498.94 310.06
10 CA 0 0.00 - 152 22.32 4R660.69 T4LT8,28
11 CE 0 0.00 3 ol 56492 21460
12 €O 0 0.00 9 1.32 14466 7.91
13 CR 0 0.00 0 0.00 90.50 264,46
14 CS 0 0.00 26 3.82 5449 2.75
15 0Y 0 0.00 0 0.00 e 72 1.65%
16 EU 0 0.00 4 «59 1.13 .38
17 FE ] 0.00 0 0.00 135098,69 1280%5.42
18 HF 0 0.00 26 3.82 5e41 2.82
19 K ] 0.00 7 1.02 15206.72 5130.67
20 LA 0 0.00 10 1.67 30.83 9.17
21 LU 0 0.00 20 2.94 «30 11
22 MG 0 0.00 6 «89 8296.R% $462,R0
23 MmN 0 0.C0 0 0.00 613,31 412,60
26 NA 0 0.00 0 0,00 3179.45% 210%.85
25 R3 0 0.00 165 26,23 74,20 38,90
26 SC 0 0.00 0 0.00 12,70 455
27 S™ 0o - 0.00 1 o15 .64 176
28 TH 0 0.09 0 0.00 8.45 3.29
29 T1 0 0.00 8 1.17 ©072.38 157%5.9%
30 vV 0 0.00 0 0.00 123435 37.57
31 Y8 0 0.00 78 11 .45 2.96 1.2%
32 IN 0 0.00 249 36,564 96,78 187.94
33 TU 0 0.00 ¢ 0.00 2.43 81

TOTAL NUMBER OF SAMPLES = 681
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Table 5.

Lake Sediment Data Before Editing

. PHILIP SMITH 4TS LAKE SEDIMENTS

VAR . # MISSING %~
1 PH 18 7.50
2 MU 18 7.50
3 UR 237 98,75
e U 0 0.00
5 AG 17 7.C8
6 81 17 7.08
7¢O 17 7.08
8 CU- 17 7.08
a NB 17 7.08

10 NI 17 7.08

11 »8 17 7.08

12 SN 17 7.08

13 W 17 7.08

16 BE 240 100,00

15 LI 240 100.00

1¢ AL 0 0.00

17 au 0 0.00

18 BaA 0 0.00

19 Ca 0 0,00

20 CE 0 0.00

21 cL 0 0.00

22 ca 4 1.67

23 CR 0 0.00

26 CS 0 0.00

25 DY 0 0.00

26 EU 0 0,00

27 FE 0 0.00

28 HF 0 0.00

29 K 0 0.00

30 LA 0 0,00

31 LU 2 .83

32 MG 0 0400

33 MN 0 0.00

34 NA 0 0.00

35 13 0 0.00

36 S8 0 0,00

37 s¢C 0 0.00

38 SM 0 0.00

39 SR 2 .83

40 Ta 0 0,30

41 T9 3 1.25

42 TH 0 0.00

43 T1 0 0.00

46 v 0 0.00
5 va 0 0.00

46 IN 0 0.00
47 TU . 13 5042

-n Ak on SR AR GF PP T S B o Gb G W 4D b S

« 8oL 7

MEAN STD D&V

0 0.00 7.64 76

0 0.00 61,82 - 959.33
o 0.00 667 24649 °

0 0.00 .61 75
223 " 92.92 2.50 0,00
197 82,08 2.87 1.06
221 92.08 2454 <~ o8O0
11 4.58 27.61 11.29
223 92492 10.00 0.00
35 14458 3056 14,65
.18 32.50 6470 4,13
223 92.92 5.00 0,00
205 85442 Re57 3.87
0 . Q.00 0.00 0.00

0 g 0.00 0.00 0.00

1 o2 41921,52 16270.31
23 99,17 03 02
< 13.75 4T74.53 288,56
65 27,08 45192.50 84612.56
24 10.00 38,58 16,69
198 82.50 R0.23 83.70
31 12.92 10.07 9,36
11 4.58 69.57 25.83
78 32.50 2490 le62
21 8.75% 4,01 157
25 10,42 95 - e 38
1 b2 26400.65 15844,78
63 17.92 3.72 l.86
5S4 22450 8944,91 £621.01
27 11.25 20 .61 8,48
&9 204,42 23 11
39 16.25 4443 ,49 2319.¢62
) 0.00 592.70 1143,99

0 . 0.00 3657.17 1393,460
o191 79 .58 34.85 23,85
239 99,58 97 33
0 0.00 9.64 3,71

7 . 2.92 3.29 1,39
230 © 95,R3 156451 96,65
240 100,00 «76 034
230 95,83 54 17
13 5.62 5.81 L 2030
" 25 10462 3125454 1338,08
91 37.92 2417 1.17
100 T6l.67 117,51 134,18

0 0.00 2.28

I Y ) |

TOTAL NUMBER NF SAMPLES

0Tk e oS g VS et




Tatle 6. lake Sediment Data After Editing

OHILIP SMITH MTS LAKE SEDIMENTS

¢ MISSING X%

P

¢ B80L k4 . MEAN STD OEV
0 0.00 0 0.00 T.62 e 715
0 0.00. 0 ‘0.00 59,08 59.50 °
0 0.00 0 0.00 2472 «62
0 0.00 7 3.63 28,48 10486
0 0.00 22 11.40 32.06 13.66
0 0.00 A5 33,63 6492 .23
o 0,00 1 e52 45021.5¢ 164286.46
0 0.00 16 8.29 507.11 294,80
0 0.00 c8 30.05 32059.35 63811.82
0 0.00 7 3,63 41,94 164419
0 0.00 21 10.6838 10.%¢ Q,8¢
0 0.00 1 52 75.16 21.34
0 C.0C 49 25.39 3.10 1.56
o 0.00 a 4e15 46025 1.35
(¢ 0.00 7 3463 1.02 032
o 0,00 0 0.00 28389,18 163964,.29
0 0.00 21 .10.89 6,06 1.71
0] 0.00 31 16.06 9654429 4371,21
o] Q.00 12 6422 21.97 7433
0 0.00 26 130"7 02" . 010
0 ¢.00 24 12.4% 4769.18 2307.,03
0 0.00 0 0,00 628,013 1257 464
(¢} 0.CO- 0 0.00 3997.61 1827,.33
0 0.00 0 0.00 10.30 3.2¢4
0 0.00 1 92 3.62 1.18
¢} 0.00 0 0.00 6¢23 -+ 1492
/] 0.00 12 6,22 3373.91 1183,12
4 0.00 1 52 99,44 32.98
0 0.00 59 30,57 2.30 v 1412
0 C.00 72 37.31 121.17 123,66
0 . 0.00 0 0.00 2631 ... . . W58
TOTAL NUMBER QOF SAMPLES = 193
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FACTOR ANALYSIS

(CASE 2)

Table 7. R-mode Factor Analysis of Stream Sediment Data

PHILIP SMITH WIS STREAM SEDIMENTS
NUMBER DFf SAMPLES 681
NUMAER DF VARTABLES

CORRELATION COEEFICIENTS

PH Y uR u v N1 s AL L1 cA (4] cn (4} cs ov
PH 1.000
n .001 1.000
] ] .043 .64 1,000
LU ~-.009 .200 .QQ; 1.000
cu <009 184 «201  .70¢ 1,000
L1 { «G01 212 <058 + 734 «73% 1.000
PA -.,057 .083 «2%5 250 .422 (158 1,000
AL 018 L3176 «317T J200 510 L2077  .58%6 1,000
AA «063  .137 «023 20T L2946 L229 L1060 «341 1.000
cA ~,006 =.,039 =,300 =.,277 =.486 -,171 =-,541 <=,316 =-.318 1.000
CE -.020 .175 340 . o414 ,389 ,272 «399 850 .228 ~.797 1.000
CO ‘.079 .l!l .250 05‘70 .76" 0566 o“q 0629 0209 -'°3§ u."s 1.000
cR 034  L05) 97,248 o460 L2853 4860 L7467 «h38 =,740 L0679 <329 1,000
cs ~.021 156 262 «336 A0 L169 562 « 769 «2713 =-.581 689 431 «567 1,000 ]
oY  =-,011 «104 - 229 L0657 o759 - 590 4453 o734 .281 =-,689 o768 J788 L9599 575 1,000
v ~.006 o130 2719 4529 L7707 <4352 e526  .821 e369 ~,701 «870 L1798 716 663 - ;872
FE ~.,006 198 +310 348 597 .32% NYYY 810 4251 -,79% 818 1768 .70%  .588 o741
—_ HF ~-.030 .007 .2715 1220 - L34% 012 510 .993 e121 = T2 73 «513 537 .820 ' 546
o 3 +010 100 ,28) 277 o424 1939 «504 897 L3%2 ~.7306 2770 %12 «660 +730 1639
La ~.025% 0‘71 0303 0‘5‘ 0559 0320 055’ cel’ 02‘2 -0133 .905 ob’q .6,6 0671 «73)
Ly ~.02) 149 +298 558 693,307 .47 735 300 ~,718 - ,808& 178 JAOS 587 «830
MG 070  ,033 =,213 =,17& =,312 =,100 =,400 =~,428 -,162 594 2,493 =383 <=,414 -.3106 -,.395
L] ~e034 .027 78,229 o412 1986 L3591 bl «218  =,320  JAb69 548 <404 + 334 Y}
NA 008 « 056 123 062 267  L107 .10} «536 431 ~.401 .381 « 347 529 259 «390
LY} .015 . 203 207 276 o618 L1089 3523  ,78) 276 =,610 L1723 494 584 +6R1 « 563
-SC 016 124 «302 ,289 950 229 +568 953 4369 =-.014 +870 .75 822 750 721
1] -.00% 2193 306 541 XY IS T RS } ] 76 201 -,706 ,901 o732 644 Y. 8217
™ -,021 156 387 319 #3507 192 643 897,196 ~-.024 938 NYY 577 748 « N3
it -.02% +053% 310 225 A4T2 L0986 .590 o873 253 -.879  ,845 619 71N L0628 682
v 2045 1506 236 333 0499 299 511 087 «609 =,7AT  LT1A 340 839 L0697 o673
YR -.009 L1317  ,2%9 +4 R0 636 L42T L4680 596 «122 ~.87% LT84 .703 «597 4939 « 794
N -.00¢ .1B4 ~-,037 ,687 380 JA14 ~.084 =,09b « 069 «063  ,049 44 ~,015 =-,054 456
T -.01) .139 0335 . ,029 - ,348 L022 522 NIY 103 -,792 N 1Y) +550 W813 602 379
£y (23 HF v (A ) NG N NA "8 5C 1] ™ V] v
(17 1.000
FE 832 1,000
HF 640 + 602 1.000
L 716 JTIC . .546 1.000
LA 813 741 629 .767 1,000
ty T 846 783 625 J057 167 1,000
L1 “e 875 —,65& <.504 <~,370 ~,427 ~.40% 1.000
LL] 9586 AT °3b4 .297 +377 L3500 <-,357 1.000
NA 594 L4789 o269 - 400 L 344 «386° -,120 ,3¢& 1,000
L) «b5h 637 LT «T65 692 616 =,326 L2890 «29% 1.000
:g -ﬂzs 862 604 P37 LR1Z2  L7IR -,433  .509 591 «762 1,000
™ +895 «T87 L0640 €97  ,860 .A16 -,438 478 .32 473 JM04 1,000
o «R20 +« 306 « 730 L3 k] oRR2 o166 ~,500 RLY] 0361 o773 R0 R4 1.000
AR~ —— e r—r———a——r S T




_Table 7. R-mode Factor Analysis of Stream Sediment Data

s _ . (continued) "
a:‘ . ” /
* 71 .« 7T 70" o758 « 791 758 . <099 - ~.313 0422 AT7 «&T8 « 864 o722 +«892 1.000
. ¥ R & £ 4 723 o71 +807 =117 674 ’03'7’ . «41l8 . #INT «691 . 079 NY2i <734 <734 ' 1.000
- '8 . o701 « 732 380 619 « 724 <758 ~.404 o441 <270 «603 . o724 «78) « 157 <6893 «581
. STy 1120 -i128 -.136  J083  +320 026 . o138 =.