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INTRODUCTTON 

Reconnaissance geochemical sampling of stream sediments was carried 

out in the Bettles and the southern part of the Wiseman quadrangles (fig. 1) 

during the summers of 1967 and 1968 as part of a program of regional geologic 

mapping and resource investigations, A total of 382 samples was collected 

chiefly from the metamorphic and igneous complex that underlies the eastern 

and south-central part of the Bettles quadrangle. The sample localities 

are shown on a 1/250,000 scale topographic map in figure 2 and a tabulation 

and statistical surmnary of the analytical resu1. t~ are presented in table 1. 

These analytical data are intended to complement the geologic mapping by 

providing a broad backgrouod of geochemical values. For information on 

the distribution and character of the bedrock units in the sampled areas, 

the reader is referred to the published geologic map of the Bettles and 

southern Wiseman quadrangles (Patton and Miller, 1973). 

Previously published geochemical investigations in the Bettles-southern 

Wiseman map area include a brief preliminary report on the Kanuti River 

region by Patton and Miller (1970) and a detailed study of the Sithylemenkat 

Lake area by Herreid (1969). 

ANALYSES OF STREAM-SEDIMENT SAMPLES 

All stream-sediment samples were analyzed for 30 elements by the 

six-step semiquantitative spectrographic method and for gold by the atomic 

absorption method. Results of the spectrographic analyses for arsenic, 

antimony, cadmium, and gold have been omitted in table 1 as no values above 
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the limits of detection were reported. 

The results of the stream-sediment analyses have been processed by 

means of a computer program known as GEOSUM and are presented in table 1. 

The GEOSUM program i s  designed primarily for summarizing and tabulating 

geochemical data--especially data from semiquantitative spectrographic 

analyses by the laboratories of the U. S. Geological. Survey. The computer 

original print-out i s  used in table 1 and therefore element symbols are in 

capital letters; for example, the symbol for iron (Fe) is shown as FE, 

magnesium (Mg) is shown as MG, etc. 

The program output consists of: a) a tabulation of the data, b) hista- 

grams and cumulative frequency distributiorls, and c) a statistical summary 

which includes geometric means and geometric deviations. 

The histograms, cumulative frequency distributions, and the statistical 

summary have been omitted for tungsten, lanthanum, strontium, molybdenum, ahd 

silver because the analytical results, which were provided by two separate 

laboratories, specify different levels of detection for these elements and 

thus are not amenable to statistical treatment. These statistical data have 

also been omitted for bismuth because only a few values above the limits of 

detection were reported. 

The semiquantitative spectrographic analyses were provided by J. Curry, 

J. Hamilton, J. Finley, L. Martinez, D. Grimes, and K, Watts, and atomic 

absorption analyses by R. Miller, A. Meier, T. Roemer, W. Campbell, 

S. Rickard, T. Stein, and R. Tripp. 

EXPLANATION OF TABLE 1 

Analytical results from stream-sediment samples are given in table 1 

as analytical values such as 7.0000 ppm, 10.0000 percent, etc., or as 

qualified values expressed as a letter. These letter codes are N = not 

detected, L = less than specified lbit of detection, G = greater than value 



shown, B = no data, H = interference, and T = trace, Note that the right-most 

zero digits fax each analytical value may or may not be significant. The 

precision of semiquantitative spectrographic values is approximately plus 100 

percent or minus 50 percent. Analyses for gold by atomic absorption method 

are accurate to $00 percent. The specified limits of detection axe as follows: 

YYZ-' Specified limits of detection 

FE PCT MG PCT CA PCT TI PCT MN PPM AG PPM 

AU PPM B PPM BA PPM BE PPM BI PPM CO FPM 

CR PPM CU PPM LA PPM MO PPM NB PPM NI PPM 

PB PPM SC PPM SN PPM SR PPM V PPM W PPM 

Y PPM ZN PPM ZR PPM 

weight percent and parts per million 

y~our elements were analyzed for by semiquantitative spectrographic methods 

but were not detected in any of the samples. The specified limits of 

detection for these four elements are As--200, Sb---loo, Cd--20, Au---lo. 

Z/The two limits of detection shown for Ag, La, Mo, Sr and W reflect minor 

differences in analytical procedures between two separate laboratories of 

the U. S. Geological Survey. 

Semiquantitative spectrographic analyses by the U. S. Geological Survey 

are reported as geometric midpoints (1.0, 0.7, 0.5, 0.3, 0,2, 0.15, 0.1, etc.) 



of geometric brackets having the boundaries 1.2, 0.83, 0.56, 0.38, 0.26, 

0.18, 0.12, 0.083, etc. The frequency distributions 3nd histograms are on 

logarithmic scales and are computed using these brackets as class intervals, 

for example: 

Reported value (ppn) Limits 

.83 1.2 

On the histograms decimal numbers are shown as powers of 10, for 

example : 

7.OE-01 means 7.0 x 10-I or 0.7 

7.OE 00 means 7.0 x 10' or 7.0 

7.OE 02 means 7.0 x lo2 or 700.0 

7.OE 03 means 7.0 x lo3 or 7.000.0 

The histograms are constxucted of X's, each of which represents 

1 percent of the total number (382) of samples. 

The histograms and the statistics given below them are derived only 

from data values within the ranges of analytical determination ("analytical 

values") and the statistics are bissed if data values qualified with N, L, 

B, T, or H codes are present. Statistical estimates that are unbiased in 

t h i s  regaxd are given at the end of table 1. The geometric wan is the 

anti1~garith.m of the arithmetic mean of the logs of the analyses and an 

4 



estimate of "central tendency", or of a characteristic value, of a frequency 

distribution that is approximately symmetrical on a log scale; it is therefore 

useful for characterizing many geochemical distributions. The geometric mean 

is not an estimate of geochemical abundance. The geometric deviation is the 

antilogarithm of the standard deviation of the logs of the analyses. See 

USGS Professional Paper 574-8 fox furthex discussion and USGS Bulletin 1147E, 

p. 20-23, for further discussion and explanation of geometric deviation. 

SUWlARY OF RJ3SULTS OF STWAM-SEDIMENT SAMPLING 

~ncmalousy tin, beryllium, and lead values from the Sithylemenkat pluton 

Anamalaus amounts of tin, beryllium, and lead were found in streams 

draining the Sithylemenkat pluton--a 170-square-mile body of quartz monzanite 

in the south-central part of the Bettles quadrangle. Sediment samples from 

Kanuti Kilolitna Creek along the southwestern margin of the pluton carry as 

much as 300 p p  (parts per million) tin, 20 ppm beryllium, and 300 ppm lead 

(Patton and Miller, 1970). Comparable values for tin, beryllium, and lead 

also have been found by Herreid (1969) in stream-sediment and soil samples 

from the northeastern part of the pluton near Sithylemenkat and Tokusatatquaten 

Anomalous lead, silver, and zinc values along upper Knnuti River 

nigh lead, silver, and zinc values were faund in sediment samples 

(samples 235-237, 242-253, fig. 2)  along the upper Kanuti River. The 

samples were collected from streams draining a 3-mile by 1-mile oval-shaped 

body of rhyolite tuff and tuff breccia. The xhyolite, which rests on and 

probably intrudes the Kanuti pluton, locally contains finely disseminated 

galena, sphalerite, and pyrite. Of the 15 stream-sediment samples collected 

L'The term "anomalous1' designates valuer which are sufficiently high as 
compared to the majority of values for a particular element to warrant 
attention; it is subjective and based on inspection of the histograms and 
consideration of the bedrock geology. 
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in the vicinity of the rhyolite body, 12 had LOO to 700 ppm leadr 2 had 3 ppm 

silver, 1 had 700 ppm zinc and 10 showed trace amounts ( ~ 2 0 0  ppm) of zinc. 

Anomalous boron values on Fish Creek 

A strong boron anomaly occurs in stream sediments in the Fish Creek 

drainage at the eastern edge of the Kanuti Flats. Thirteen samples (samples 

220-232, f ig.  2) from Fish Creek and its tributaries contain from 150 to 

2,000 p p  boron. These high values appear to be related, at least in part, 

to tourmaline-bearing pegmatite dikes which are abundant along the ridge 

that borders the tributary on the north. The dikes intrude Paleozoic and 

older(?) pelit ic  schist in a narrow zone along the margin of the Cretaceous 

Kanuti pluton. 

Copper values in the Jim River and South Fork drainages 

Most of the high copper values found during this sampling program come 

from an area of mafic volcanic and intxusive rocks in the northeastern part 

of the Bettles quadrangle. Twenty-four sediment samples yielding values from 

100 to 300 ppm were collected from this area along tributaries of the Jim 

River and South Fork of the Koyukuk River. The source of the copper i s  

undoubtedly the rnafic rocks which locally contain pyrite-rich gossana and 

altered zones with as much as 1000 ppm copper. Small amounts of chalcopyrite 

wexe found in an outcrop of gabbro on Davis Creek about 1 mile above the 

confluence with the South Fork of the Koyukuk River. 

Distxibution of gold values 

Gold values above the minimum limits of detection were found in 39 

stream-sediment samples. Most of these gold-bearing samples were collected 

in the south-central part of the Bettles quadrangle along streams that drain 

the Sithylemenkat and Hot Springs plutons and the surrounding contact 

metamorphosed country rock. A few gold-bearing samples also were found in 



the northeastern part of the Bettles quadrangle along the South Fork of the 

Koyukuk River and cm Douglas Creek. 

EIigh chromium and nickel values near ultramafic bodies 

Chromium values of 500 ppm or greater were detected in 18 samples and 

nickel values of 200 ppm or greater in 11 samples. Fifteen of the high 

chromium values and all of the high nickel values occur in streams that drain 

ultramafic bodies. Bulk rock samples from the ultramafic bodies yielded 

average chromium values of 2600 ppm and nickel values of 2300 ppm. Values in 

the stream sediments range as high as 2000 ppm for chromium and 3000 ppm for 

nickel. 
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TITLE 
TABLE 1. 414ALYSES--STRtll 

$fPs*nPtE FC Pcr 
In 4Ct497 3.0000 
/52 a c t 4 5 1  5.~000 
/53 iiCC201 3 .COO0 
by ACCZi l2  3.0000 
/ST ACC45c 2 .iIOOO 
/& ALL461 I .  5000 
/57 hCC455 2 .OOOO 

bCC456 2 .OOOO ;$ ALL457 2 .oooo 
10 acccsa  j.0000 

ncc459  3.0000 
/ k t  AGO962 7.')000 
//3 AGO963 7 . 0 0 0 0  
/& A G O 3 6 4  7.0000 
165 AGO 96 5 10.UOOO 
/& AGO966 10.0000 
/L7 AGO967 7 .OOOO 
//g &Go968 7 .OOOO 
/kg ACC460 3.0000 
/76 A C C 5 4 8  3.0000 
/ 7 /  ACC547 3.0000 
/I%- ACC546 3.0000 
/73 4CC545 3.0000 
/w ACC462 3.0000 
/7f ACC463 2 .GO00 q /71 hCC577 2 .0000 
/;7 ACC578 2.0000 
/78 4CC579 3.0000 
/T A C C 5 0 l  3.0000 
/& n c c s s z  3.0000 
/d/ 4CC583 3.0000 
/#z ACC584 3.0000 
/gs a c c s a s  3 . ~ 0 0 0  
/ B j  ACC58b 3 .GO00 
/&'hCC588 3.0000 
1% $LC589 3.0000 
/g7 hCC590 3 .UOOO 
/&g 4CC55b 3.0000 

tCC308 3.0000 % l t C 3 8 2  7 .OOOO 
/4/ ACC307 5.0000 
/qt ACC384 2. GO00 
/73 ALL385 3.0000 
/99 hCC386 3 .OOOO 
9 r A C C 3 8 8  3 .GO00 
/yJ ACC389  3 .GO00 
/97 4CC555 3.9000 
178 accss4  3.0000 

hCC464 2.30i)O 
2 W  acc553 3.0000 

n s ~ o s  

MG PCT 
1.0000 
1.0000 
7,0000 
1,5000 
1.5000 
0.7000 
1.5000 
1 .SO00 
1.5000 
1.5000 
1.5000 
3.0000 
5,0000 
3.0000 
5.COOO 
5.0000 
3.0000 
5.0000 
2.0000 
1.5000 
1.5000 
1 .so00 
1.5000 
1.0000 
0.7000 
1.5000 
1.0000 
1.0000 
1.5000 
1.5000 
L.5000 
1.5000 
2.0000 
1.5000 
1.5000 
1.5000 
1 -5000  
2.0000 
1 .so00 
1.5000 
1.0000 
1.5000 
0.7000 
1.0000 
1.5000 
1 .OD00 
1.5000 
1,5000 
1 .a000 
1.5000 

T I  PCT 
0.3000 
0.5000 
0.3000 
0,3000 
0-  5000 
0 o 3000 
0.7000 
0.5000 
C.3GOO 
0.5000 
O.SO00 
1.0000 
1.0000 
1.0000 
1 *OOOOG 
1 *OOOO 
1.0000 
1 .oooo 
0.3000 
0.3000 
0.3000 
0.3000 
0.3COG 
0.5000 
0.3000 
0.3000 
0.3000 
0.3000 
0.3000 
0 -3000  
0.3000 
0.5000 
0.5000 
0.3000 
0.3000 
0.3000 
0.3000 
0.3000 
0.3000 
0.5000 
0.3000 
0.3000 
0.5000 
0.5000 
0 -3000  
0*5000  
0 -3000  
0.3000 
0.3000 
0.3000 

AG PPH 
1.0000N 
0.S000N 
1.0000N 
1,00001y 
1.0000N 
1.00OON 
1.0000N 
1.0000H 
1.0oooEI 
1.0000N 
1.0000N 
0,5000N 
0.5000N 
0.5000N 
0.5000N 
0.5000N 
0.50OON 
0.SOOON 
1.0000N 
1.0000N 
1 .ooootd 
1.0000k 
1.0000N 
1.0000N 
1.0000N 
1.0000N 
1.0000N 
1.0000N 
1.0000N 
1.0000N 
1.0000N 
1.0000N 
1 ,OOOON 
1.000oN 
1.5000N 
1,0000N 
1.0000M 
1.0000N 
0.5000N 
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3 . 0 E  01 - 5.6E 01 0 0 0 .0  
5 .6E  01 - 8.3E 01 0 0 0.0 
8 . 3 E  01  - 1.2E 0 2  2  2 0.52  
1 . 2 E  0 2  - 1 . 8 E  0 2  4 6 1 .05 
1.8E02- Z . b E G 2  4 10 1.05 
2.6E 0 2  - 3.8E 0 2  4 7  5 7  12.30 
3 - 8 E  02 - 5-bE 02 5 1  108 13.35 
5 .6E  0 2  - B.3E 02 137 245 35.86 
8.3E 02 - L.2E 03 58  303 15. LB 
1.2E 03 - 1.8E 0 3  5 9  362 1 5 . 4 5  
1 .8E  03 - 2.bE 03  16 3 7 8  4.19 
2.6E 03 - 3-8E 03 2 380 0 .52  
3 . 8 E  0 3  - 5 - 6 E  0 3  2 382  0.52 

PERCENT 
F R t Q  CUM 

0.0 
0.0 
0.0  
0.0 
0.0 
0.0 
0 .52  
1.57 
2 . 6 2  

14.92 
28.27 
64.14 
79-32 
94.76 
98.95 
99.48 
100.00 

HISTOGRhM FOR EULUMN 5 t MN PPM 1 

1.OE 02 X 
1,515 0 2  X 
Z . O E  02 X 
3 . O E  02 XXXKXXXKYXXX 
5.OE 02 KXXKXXXXXXXXX 
7 .OE 02 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X K X X X X K X  
1.OE 03 XXXXKXXXXXXXXKX 
1,SE 03 XKKXXXXXXXXXXXX 
2 .OE 03 X X X X  
3.0E 03 X 
5.OE 03 X 

ANALYTICbt  
G VALUES 
0 382  

0.0 

nnxlnuW = ~ i . o o o o o ~  03 
MINIMUM = 1.00000E 02 
GEOMETRIC MEAN = 7.32184E 0 2  
GEOMETRIC D E V I A T I O N  = 1.80996E GO 



T I T L E  
TABLE 1. A h A L Y S E S - - 5 T R E A H  SEDS 

FCEQUENCY TABLE FOR CtdtUHd 7 ( 13 PPM I 

L I M I T S  
LONER - UPPER 

8 . 3 E  00 - I-2E 01 
1.ZE C 1  - 1.8E 01 
1.8E 01  - 2.6E 01 
2.6E 01 - 3.8E 01  
3.8E 0 1  - 5.6E 0 1  
5.6E 01 - 8.3E 0 1  
8 .3E  01  - 1.ZE 0 2  
1.2E 02 - 1-8E 02 
1 . 8 E 0 2 -  Z . b E 0 2  
Z . b E  02 - 3.8k 0 2  
3.BE 02 - S.6E 0 2  
5 . b E 0 2 -  8 . 3 E G 2  
e.3E 02 - 1.2E 0 3  
1.ZE 03 - 1.8f  0 3  
1 - B E  0 3  - Z.bE 03 

FREQ FRFQ PEHCEHT 
CUM FR EQ 
1 0  2.62 
2 9 4.90 
6 5  9.45  

136 18.64 
2 0 1 17.06  
2 8 7  2 2 - 5 7  
31 7 7.87 
344 7.09 
35 3 2.36 
355 0.52  
358  0.79 
362 L-05 
365  0.79 
365 0.0 
36 7 C. 52 

HISTOGRAR FOR COLUMN 7 t 3 PPH 1 

1.OE O L  X X X  
1 .5E 01  X X X I X  
2.OE 0 1  X K X X X X K X X  
3 . O E  0 1  X X X X X X X K X X X K X X X X X X X  
5.OE 01 X X K X X X X X X X K X X X X X X  
7 . O E  01 K X X X X X X K X X X K X K X X X X X X X X X  
1.OE 0 2  K X X X X K K X  
1 .5E  0 2  X X X X I K X  
2 . O E  0 2  K X  
3 - O E  02 X 
5.OE 02 X 
7.015 02 X  
L-OE 03 X 
1.5E 03 
2.OE 03 K  

PERCENT 
FREP CUM 

2.62 
T .61  

17.06 
35.70 
52 .76  
75.33 
83.20 
90.29 
92.65 
93-18 
93.96 
95.01 
9 5 - 8 0  
9 5 . 8 0  
96.33 

ANALYTICAL 
G VbLUES 
0 367 

0 .  G 

M A X I H U M  = 2.00000E 03 
AINIUUM = 1.00000E 01 
G E O H E T R I C  HEAM = 5.29447E 01 
GEOMETRIC DEVIATIUN = 2.39693f  00 



x w x  
X X X Y  
X X X W  
X X X W  
K X X X  
X x x x 

X X X X X  
X Y X X X  
X X X X X  
Y X K Y K  
% Y X X U  
X K X Y X  
X X d X K  
X X X X X W  

x * X % Y Y X X % Y  

W W L u u l ~ L u u W ~ w W W L U L u  
0 0 0 0 0 l n 3 0 0 0 0 m 0 0  . . . . . .  e * . . . . . .  
w r n m h & m N m m b ~ d N m  



i x x  
n x x  

x x 
UJ X K X  
m x x x  - 

K X K  
-. X X X  

x x x  
0' X X X  

X X X %  
x X X  x 
X X X X  
X Y Y X  
M X Y X  z X X X Y W  

X K X X X K X  
3 X X X X K X  
A X X X X K X  
0 X x x x x x X  

* 
LULYclX 
0 0  0 
0 0  - 
00 I I C  
90 4 
0 0 2 -  
.a> 

N d W L U  
t P 

U 
0 0 0 0 0 0 r r 4 -  r*. o o o o o o o a o  

4 
LL U I L U W W L U U U I W L U  

9 m o o  o o o ~n 0 
X . . . . . . . . .  
4 -4.1~urnmw-rl~ 



4 c3 x x x  
W 0 u Y X X  
0 UJ 4 N N 4 N V m S O N  X X K  
W O! r l Q & S N d d  - 
VI IL. .* 

x x x  
l l Y Y  .- - -  .- 
x x x  
Y X X  
X X X  
x x x x  
K X X X  
X Y X X  



r i  TLE 
T A l L E  1. ANALYSES--STREAM SEOS 

FdEPUENCY TABLE FOR COLUMN 12 t C R  PPH 1 

FREP FREP PERCENT 
cun FREP 

00 0 0 0.0 
00 0 0 0.0 
01 0 0 0.0 
01 0 0 0.0 
(3 1 2 2 0.52 
01 28 30 7.33 
01 32 6 2  8-38 
0 1  114 176 29.84 
0 2  62  238 16-23 
0 2  101 339 26.44  
02 15 3 5 4  3-93 
02 10 364 2 62  
02 7 371 1.83 
02 4 3 7 5  1 05 
G3 3 378 0.79  
03 3 3 8 1  0 - 7 9  
0 3  1 382 0 .26 

* HISTOGRAM FOR COLUWN 1 2  ( CR PPM 1 

X 
X X X X X X X  
X l t K r X X X X  
X X X X X X K X X X X X X X X X X X X X X K X X X X X X K X  
XXXXKXXXXXXXXXXX 
X X X K X X X X X X X X X X X X X X X K X X K X X X  
X X X X  
X K X  
X X  
X 
X 
X 

PERCENT 
FREQ cun 

'3.0 
0 .0  
0.0 
0.0 
0 - 5 2  
1 .85 

16-23 
4 6 - 0 7  
62.30 
88.74 
92-67 
95.29 
97-12 
98.17 
98.95 
99.74 
100.00 

ANALYTICAL 
G VALUES 
0 362 
0.0 

M A X I M U M  = 2-3000OE 03 
nINInun = 2.oooooE 01 
G E O M E T R I C  MEAN = 9.98897E 01 
G t O H E T U I C  U E V I A T I D L  = 2.0344OE 00 



x 
X  x x 
XXK 

x x x x  
X Y % X X  
K X X X K  
X X X X X  
x x x x x  
Y K X X Y  
x x x x n  
Y K X X X  

XWYwXW 
W x x x * x x x x  
W x x x x x ~ x W  
X x x x Y x x x x x Y x  

O O d d - d d d w w w N  
0 0 0 0 0 0 0 0 0 0 0 0  

II I1 U U - - 
X f  ezcz 
3 3 C C  r x u y  
6"-r- 

x z o a  
a - Y W  
f Z B  Cl 



z @ c l m a a  
- 2 * + w . n 9  
L U . .  . . 
IL1 I - W P O  
uClry*ef- 
K ul 
L u  4: 
a L 

..  .. 
m - X X  
2 E l f  x X  

U 1 3 L n 0 . 0 0  r x x  - L T u o m . n +  0 X X  
L 4NNN P x x  

Q X Y  

W 
v, 

M O N *  - X X  
4 cld x x Z 0 

0 * 
a 

2 9 X X  
S X rl K X  

Y Y X  
X ?  

P, 3 - 4 4 -  4 X X K  * o ' d  
% 5 0000 x x x  4 4 *  
C U K % X  0 0 -  11 
VL W U t U L U  2 Y X K  
I r* N ( 0 9 m  f Y X Y  P- U W d Z  
I S Y . . * .  a X X X  N (30 a 
m u ~ r l d w r n  A Y K X  
LU 

d m  * 0 0  - 
o n x x x w  o m  o o u c  

VI UI m a  u * 4 b 2  4 + 4 4  
A m -  M 0 0 0 0  

"" oOgr2 . * a >  
a a Z I I I I I  m r l t u w  uz + u P u,,, x 0 



x x 
x x x  
x x x  
X X X  
K K X  

x x x x  
x x x x  
X Y X X  
Y X X X  

:g 
$ z  

m o t - v  
O O b ?  

x x x x  
Y K X X  
X X X X  

x x x x x  
% X X K Y K  
Y X Y X Y X Y  

x X X X % X K X X  
K * X X X Y Y X X X X X X X  



4. 
U 
-V)N 
Flu9 
r a m  
A A 
4 4 
Z > 
a 

X 
X 
X X 
X X 
x x x 
X X X  
X X X  
X U X  
X X X  
X X X  
X X X  
X X X  
X Y X  

ILL 
N 

d C 
0 0 

(r 
W O  
0 .  
m N 
N 

N d *  0 0 5  I1 



X X 
x Y 
x x 
X X X  
x X x 
x x x  
X X Y  
Y X X  
X X X  
x x x  
X Y X  
x x x 
X X X  
x x x  

X X Y X  
X X Y X  

* 
W W + X  
0 0  0 
P O  
00 I l  c 
0 0  a 
ooze* . .a> 
- 4 r n W U I  

x a 



T I T L E  
T 4 0 C E  1. ANALY StS--STREbH SEDS 

FkEQUENCY T 4 B L E  F O R  COLUHh 20 I S q  PPW I 

L It41 T S  F I E P  FREQ PERCENT 
LDUIER - UPPER CUM FRkQ 

8.3E 00 - 1.2E U 1  5 5 1.31 
L.2E 01 - k.8E 01 3 8 0.79 
1.BE 0 1  - 2.bE 01 1 9 0.26 
2.6E 01 - 3.8E 0 1  0 9 0.0 
3.8E 01 - 5.6E 01 0 9 0 . 0  
5 .6E  01 - R.3E 01 2 11  0 . 5 :  
8 . 3 E 0 1 -  1 . Z E 0 2  0 11 0.0 
1.ZE 02 - 1.8E 02 1 12 0 - 2 6  
1 . 0 E  0 2  - Z.bE 0 2  0 12 0.0 
2 . 6 E 0 2 -  3 . B E O Z  1 13 0.26 

HISTOGRAM FOR COLUMN 20 SN PPM 1 

PERCENT 
FREQ CUM 

1.31 
2 . 0 9  
2 . 3 6  
2 - 36 
2.36 
2 - 6 8  
2.88 
3.14 
3.14 
3-40 

HhXIMUH = 3.00000E 02 
MINIMUH = 1.00000E 01 
G t O M E T R l C  H t d N  = 2.49976E 01  
G E O M E T R I C  D E V I h r I n N  = 3 - 2 3 4 5 2 E  00 



T I T L E  
TABLE 1. ANALYSES- -STREAM SEDS 

FHEOUtNCY T A B L E  FOR COLUMN 22 I V PPU 1 

L i n r r s  
LOUFR - UPF 

8.3E OC - 
1 .2E  01 - 
i .BE 01 - 
2.6E Ol - 
3.8E 0 1  - 
5,bE 01 - 
8.3E 01 - 
1.2E 0 2  - 
1.BE 0 2  - 
2 .6E  02 - 
3.8E 02 - 
5 . 6 E  02 - 

FHEO F R E Q  PERCENT 
'EM CUM FREQ 
1.ZE 01 3 3 0.79 
1-8E 01  0 3 0.0 
2.6E CL 2 5 0 . 5 2  
3.8E 01  2 7 0 . 5 2  
5.6E 0 1  3 1 0  0.79 
8.3E G l  67 77 1 7 - 5 4  
1.ZE 02 7 3  150 19.11 
1.8E 0 2  9 1  2 4 1  23.82 
2.6E 02 7 4  315 19.37 
3.8E 02 5 0  365 L3.09 
5.6E 02 11 316  2.88  
8.3E 02 1 3 7 7  0 .26  

HlSTOGRhM FOR COLUMN 2 2  I V PPH L 

1 .OE 01 X 
1.5E 01 
2,Ot  0 1  X  
3.OE 01  X 
5.0E 01 X 
7.OE 01 X X X X X X X X X X X X X K X X X X  
l . 0 E  02  X X X K X X X X X X X I X X X X X X X  
1.5E 0 2  X X X X X X X K X X X I X X X X X X X K X X X X  
2.0E 0 2  X X X X X X X X X X X X X X X X X X X  
3 . G E  02 X X X X X X X X X X X X X  
5.OE 0 2  X X I  
7.0E 02 

PERCENT 
F R E Q  CUM 

0 . 7 9  
0.79 
1 .31  
1 - 8 3  
2 - 6 2  

20.16 
3 9 . 2 7  
63.09 
82.46 
95.55 
9 8 - 4 3  
98.69 

ANALYT ICdC 
G VALUES 
0 377 

0.C 

M A X I M U H  = 7,oooooE 02 
H I N I M U M  = 1.00000E 01 
G E O M E T R I C  HE&N = 1.39027E 02 
G c C J H E T R I C  D E V I A I I U N  = 1.82641E 00 



F<EQUE;rlLY T A B L E  FUR CI,LUHt4 2 4  ( Y PPlr I 

L l H i T S  
LUKE2 - UPPER 

8.3E Od - 1.2F 
1 .2E  01 - 1.8E 
L.8E 01 - 7 - 6 E  
2.bE 01 - 3.8E 
3.8E 01 - 5 . 6 E  
5.6E 0 1  - 8-3E 
8.3E 01 - 1.2E 
1 . 2 E 0 2 -  1 .8E 
I . a E  02 - 2.6~ 

F K E S  FHEU PERCEYT 
CUR F R E a  

0 1 4 4 1.05 
0 1  34 38 8.9C 
G l  59 97 15.45 
01 139 2 3 6  36.39 
01 5 3  269 1 3 . 8 7  
0 1  56 3 4 5  14-66 
0 2  16 3 6 1  4.19 
02 8 369 2.39 
t i2  1 370 0.26 

HISTOGRAM FUR CULVHN 2 4  1 Y PPH I 

X 
X X X X X X X X X  
X X X X X X X X K X X X X X X  
K K X X X K X K X X X X X X X X X X X  K X X X X X X X X X X X X X X X X  
X X X X X X X X X X l X X X  
X K X X X X X X X X X X X X X  
wxxx 
X X  

AF IA I -YT  I C A L  
G VALUES 
1 370  

0 .26  

H A X I H U H  = 2.00300E 02 
NINIHUM = 1 .00300E C 1  
G E O M E T R I C  M E A N  = 3.4'3617E 01 
G t O H E T K I C  U t V I A T I O N  = 1.78537E 00 
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T 1 T L t  
TdBLE 1. AQALYSES--STREAM SEDS 

13% THE COYPJT4TI0tdS PERFOYHED TO PRODUCE THE FOLLUWING T 4 8 L E  OF GEOMETRIC UEbNS AND OEVIATIONSr  b L L  ELEMENTS ARE IGNORED WHERE 
O'4E UR HORi OF THE VNCUALLFIEO OATA VALUES I S  LESS THAN THE ANALYTICAL L I M I T  OF DETECTION S P E C I F I E D  ON INPUT OR WHERE ANY DATA 
V4LUES h R ;  O U l L I F I E D  k l T H  THE G ~ G R E A T E H  THAN) CODE. OATA VALUES Q U A L I F I E D  W I T H  8 08 H I R E  hOT USED I N  THE COMPUTATIONS. WHERE 
NONE 1)F I H t  U l T b  V A L U t S  FnK A Y  ELtHENT A d €  G b A L I F I t U  T H t  MEAN AND D E V I A T I O N  SHDULU BE THE SAME AS THOSE G I V E N  I N  THE PRECEDING 
S-CTION. WtlE9E DATA & R E  Q U l L I F I E D  W I T H  THE CODES N, L, OR 1, THE ESTIMhTES OF GEOMETRlC MEAN AND D E V I A T I O N  ARE B A S E 0  ON A METHOD 
8 Y  4. J. LOHE3 FCK TREATlrUG CENSORED DISTRIBUTIONS.  THE A P P L I C b T I U N  OF T H I S  METHOD TO GEGCHEHICbL PROBLEMS I S  DESCRIBED I N  
USGS PRbFESSIDNbL  PAPER 5 7 4 - 8 .  THE ESTIMATES ARE UNBIASEO I14 d STRICT SENSE ONLY WHERE THE DATA ARE D E R I V E 0  FROM A LOGPlORHAL 
PiIREkT POPULATIUQ, BUT EXPERICENTS HdVE SHOWN THAT LARGE DEPARTURES FROM T H I S  REQUIREMENT MAY NOT GREATLY I N V A L I D A T E  THE RESULTS 
ACCEPTANCE 4ND U S E  O f  THE ESTIMATESy  HOWEVERt I S  THE R E S P O N S I B I L I T Y  OF THE I N D I V I D U I L .  

d lYhLYTICAL 
ELEMENT A L H 3 T G VALUES 

FE PCT 
MC PCT 
C A  P C T  
T I  PCT 
,Y PPH 

0 PPM 
Bh PPM 
a £  PPM 
CO PPM 
CR PPM 
i u  PPM 
130 PPM 
N I  P P M  
Y B  PPM 
SC PPH 
SN PPM 
v PPW 
Y PPH 

L N  PPR 
Z R  PPM 

ELEYEWT 
FE PCT 
K G  P C 1  
L A  p c r  
T I  PCT 
M_N PPH 

B PPr( 
d A  PPM 
B E  PPH 
L O  PPH 
CR PPH 
CU P P M  
NB PP'M 
X I  PPH 
P B  PPW 
S C  PPM 
SN PPM 

v PI'M 
Y P P M  

ZN PPR 
ZR PPH 

0 
0 
0 
1 
0 

10 
0 

70 
6 
U 

2 8  
108 
4 
13 
3 

20 
5 
4 

49 
1 

GEUHETRIC 
D E V I A T I O N  

1.99 
1.93 
2.52 

* * * a * *  
1-81 
2.61 
2 - 1 2  
2.21 
1.77 
2 . 0 3  
2 .70  
1.52 
2 .33  
2.22 
1 .81  *+**** 
1.99 

*+**+* 
*+*?I** 

*****+ 

&EMARKS 
382  SAMPLE5 AKO 382 d H A F Y T 1 C d l  VhLUES- 
3 8 2  SAMPLES AND 382 ANALYTICAL VALUES. 
382  SAMPLES &NO 3 8 2  ANALYTICAL VILUES. 

18 GREATER THAN VALUES. NO CUMPUTATIONS, 
382 SAWPLES &NO 382 I N A L Y T I C A L  VALUES, 
14 NOT DETECTED* LESS THAN* OR TRACE V A L U E S .  

5 N O T  DETECTED, LESS THAN, OR TRACE VbLUES. 
88  3 0 1  OETECTED, LESS THAN* OR TRACE VALUES. 
8 NOT UETECTEDy LESS THAN* OR TRACE VPLUES- 

3 8 2  SAMPLES AND 3 8 2  ANALYTICAL VALUES. 
28 NOT DETECTEDy LESS THAN* OR T R A C E  VALUES. 

1 1 2  NOT DETECTED* LESS THAN9 OR TRACE VALUES. 
4 NUT LETECTEOI LESS THAN, OR TRACE VALUES. 

2 0  NOT DETECTED* LESS THAN9 OR TRACE VALUES- 
8 HOT OETECTEO, LESS THAN* OF. TRACE VALUES- 

CDHEY'S T A B L E  EXCFEDED. HI 1.0) OR GAMMAI 
5 NUT OETECTEDt LESS THAN* OR TRACE VALUES. 
1 G R E A T E R  THAN YILUES. NO CamPuTATIaNs.  
COHEN'S TABLE E K C E E O E D .  Ht 1.0) OR GbMH&( 

5 GREATER THAN VALUES. NO COMPUTATIONS.  

367 R t P C H T t D  VALUtS .  
377 REPORTED Vb lUES.  
294 REPCIRTED VALUES. 
374 REPORTED VALUES. 

354 REPORTED VALUES. 
270 REPORTED VALUES. 
376 REPORTED VALUES. 
3 6 2  REPCRTED VALUES. 
2 8 1  REPORTED VALUES. 
1.1) GTR THAN ALLOW. k0 COMPUTATIONS. 

377 REPORTED VALUES. 

2.1) GTR THAN ALLOW. NO COMPUTATIONS. 


