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Analyses of stream-sediment samples from 

Ketchikan quadrangle, southeastern Alaska 

bw 

R. D. Koch and R. L. E l l i o t t  

Introduction 

A reconnaissance geochemical sampling program was conducted-be- 

tween 1975 and 1977 in the Ketchikan and Prince Rupert 1:250,000- 

sca le  quadrangles, southeastern Alaska. The study w a s  done t o  

assist i n  a mineral resource evaluation of t h e  area as part of the 

Alaska Mineral Resource Assessment Program (AMWIP).  This r epor t  a n -  

t a i n s  the  a n a l y t i c a l  data f o r  2396 stream-sediment samples col lec ted  

i n  the  Ketchikan quadrangle during t h i s  and previous U.S. Geological 

Survey mapping p r o j e c t s  between 1968 and 1977. These sampla eom- 

p r i s e  a l l  the  normal stream-sediment geochemical samples col lec ted  

during U. S. Geological Survey geological  mapping inves t iga t ions  within 

the Ketchikan quadrangle through 1977. A br ief  s t a t i s t i c a l  summry of 

the ana ly t i ca l  data is  included i n  this repor t .  

Analytical data from rock geochemical sampling within the  Ketchikan 

quadrangle and frm a l l  geochemical sampling i n  t h e  Prince Rupert quad- 

rangle d i r e c t l y  south of the Ketchikan quadrangle, are contained i n  two 

companion repor t s  (Koch and E l l i o t t ,  1978a, 197823) . Geochemical da ta  

f r o m  the southern por t ion  of the  Bradfield Canal quadrangle ( d i r e c t l y  

north of the  Ketchikan quadrangle) a r e  reported i n  Koch and others  

(1976). Data from all of t h e  normal U . S .  Geological Survey rock and 

stream-sediment geochemical samples col lec ted  i n  both t he  Ketchikan 

and Prince Rupert quadrangles are ava i l ab le  on magnetic computer tape 

(Koch, Van Trump, and McDanal, 1978). 



Geologic s t u d i e s  i n  the Ketchikan area 

The western half of t he  Ketchikan quadrangle i s  underlain by a 

broad belt of regional ly  metamorphosed Paleozoic and Mesozoic sedi- 

mentary and volcanic rocks which grade f r o m  greenschis t  to amphibo- 

l i t e  f ac ies .  These rocks a r e  intruded by numerous granitic stocks 

of Cretaceous t o  Miocene age. Gran i t i c  and amphibolite-grade region- 

a l l y  rnetamrphosed rocks of the Coast Range metamorphic-plutonic em-  

plex occur throughout the eas te rn  and northern ~ r t i o n s  of  the quad- 

rangle. 

The e a r l i e s t  comprehensive discussions of the geology of t he  

Ketchikan area are contained in reports by Wright and Wright (19081, 

and Buddington and Chapin (1929). Buddington (1929) also described 

the Hyder mining district located near the Canadian border 120 km 

northeast  of Ketchikan. Other discussions r e l a t i n g  to the geology 

of this area include a repor t  by Hutchison (1970) on the Coast 

Range metamorphic-plutonic complex i n  the Pr ince  R u p e r t  region of  

B r i t i s h  Columbia and a surmnary of the Coast Range metamprhic-plutonic 

complex by Roddick and Hutchison (1974) . 
Recent geologic inves t iga t ions  by the  U.  S. Geological Survey in 

t he  Ketchikan quadrangle began i n  1966 with mapping on Annette Is land 

(Berg, 1972). Mapping began on Gravina Island i n  1967 (Berg, 1973; 

B e r g ,  Jones, and Richter, 1972) and in the Hyder area i n  1968 (Smith,  

1977) .  Reconnaissance mapping i n  the Nakat Bay-Boca de Quadra area 
- 

was carried out  i n  1969 and 1970 (Smith, 1973). A mineral resource 

evaluation of t h e  Granite Fiords Wilderness Study area east of e a s t  



Behm Canal was conducted i n  1972 and 1973 (Berg and others, 1977a). 

Field s tud ies  continued as part of the AMRAP program from 1975 to 

1977 (Berg, E l l i o t t ,  and Koch, 1976; E l l i o t t ,  Smith, and Hudson, 

1976; Berg and others,  1977b). Reconnaissance mapping o f  t h e  Ketchikan 

and Prince Rupert quadrangles has been completed and a geologic map 

a t  a s c a l e  of  1:250,000 has been published (Berg and o thers ,  1978). 

Sampl ing 

Standard procedures were followed i n  co l l ec t ion ,  preparat ion,  and 

analys is  of the stream-sediment samples. Samples were general ly col- 

lected frm the  f i n e s t ,  most organic-free sediment i n  the a c t i v e  stream 

channel. In  r a r e  instances where t h i s  was n o t p o s s i b l e ,  samples were 

col lec ted  from bank o r  t e r r a c e  deposi t s  adjacent to the  channel. A t  

s i t e s  below the  t r e e  l i n e ,  it was not  always possible t o  collect a 

sample completely f r e e  of organic mater ia l  and a small number of sam- 

p l e s  have low to occasionally high organic content.  Stream-sediment 

samples col lec ted  from shore l ine  s i t e s  were obtained above highest 

high t i d e  l eve l  whenever possible.  Most of  t h e  study area is steep 

and sediment i n  the r e s u l t i n g  swift streams is e s s e n t i a l l y  a l l  de t r i -  

tal mater ia l  r e s u l t i n g  from mechanical, not  chemical weathering. The 

bulk of nost stream-sediment samples comprises material  ranging i n  

size from very f i n e  sand to pebbles, Samples with a Large percentage 

of  silt- and clay-sized mater ia l  a r e  r a r e  and are general ly from a reas  

of low e levat ion  and gent le  gradient .  



Sample preparat ion and a n a l y t i c a l  procedures 

Samples were dried and sieved; t he  -80 mesh (-0.2 ma) fraction 

was pulverized and a s p l i t  was analyzed. Analyses were performed 

by the  Branch of Exploration Research of t h e  U , S .  Geological Survey 

for up to  30 elements by the  six-step semiquanti tat ive emission spec- 

t rographic method (Grimes and Marranzino, 19681, and for gold, copper, 

lead and zinc by atomic absorption spectraphotometry (Ward and others, 1969). 

Samples col lec ted  i n  1972 and 1973 were analyzed f o r  mercury by a flame- 

less atomic absorption mercury-vapor de tec t ion  technique (Vaughn and 

McCarthy, 1964). Some analyses were not performed on a l l  samples. 

The semiquanti tat ive spectrographic analyses were perfanned by J. E. 

Abrams, E. F. Cooley, K. J. Curry, G. I. Day, C, L. Forn, R. T. Wopkins, 

R. C. Karlson, J. W. McNamera,  J. M. Motooka, and D. F. Siems. The 

atomic absorption analyses were done by R. B. Carten, J. A. CrisweI.1, 

D. E. Detra, J. D. Hoffman, R. W, Leinz, A. L. Meier, R. L. Miller, 

D. G. Murrey, R. M. OILeary, R. F. Sanzolone, A. J. Toevs, and W. W. 

Vaughn. 

Geochemical data 

Locations of stream-sediment sample s i t e s  a r e  shown on p l a t e  1 

and a r e  iden t i f i ed  by s t a t i o n  numbers. The ana ly t i ca l  data f o r  the 

samples a r e  given i n  table 5 and are i den t i f i ed  by s t a t i o n  number 

with a l e t t e r  appended t o  the  s t a t i o n  number to d i s t ingu i sh  d i f f e r e n t  

samples from the same s t a t ion .  Sixty of t h e  samples contained i n  this 

report were re-analyzed as part of a test of ana ly t i ca l  variance. These 

sample numbers appear twice i n  table 5 along with data f o r  both analyses. 



Analy t ica l  Values 

Analy t ica l  valu'es a r e  reported as percent  of the sample ( for  

spectrographic ana lyses  of Fe, Mg, Ca, and T i ) ,  and as p a r t s  per 

mil l ion  (pw) f o r  a l l  o t h e r  analyses .  The minimum l i m i t s  of  deter- 

mination and the units used for each a n a l y s i s  are  listed i n  t a b l e  1. 

A s i n g l e - l e t t e r  symbol i s  used by USGS a n a l y s t s  t o  indicate 

that no a n a l y s i s  was performed f o r  a n  element o r  that the a n a l y t i c a l  

r e s u l t  is o u t s i d e  the  Limits o f  de t enn inab i l i t y .  These symbols 

(commonly ca l l ed  " q u a l i f i c a t i o n  codes") a r e  used i n  t h e  s t a t i s t i c a l  

summary bu t  some are  represented d i f f e r e n t l y  i n  t h e  da t a  t a b l e .  An 

expl'anation of both forms i s  l i s t e d  i n  table 2 .  Code T does n o t  

appear i n  these da ta .  

Table 2. Qua l i f i ca t ion  Codes. 

Qua l i f i ca t ion  Form i n  
code table 5 ExpLana t i o n  

B -- No a n a l y t i c a l  data for  t h i s  analysis .  

N N Nothing detec ted  by analysis. 

Element detected but below l i s t e d  value. 
(lower l i m i t  o f  dererminabi l i ty )  

Element detec ted  i n  amount greater 
than l i s t e d  value. (upper l i m i t  of 
de te rminabi l i ty )  

H (value = 0) In t e r f e rence  - no valid data. 

T R a c e  

Because the o r i g i n a l  computer p r i n t o u t  is  used i n  the t a b l e s ,  ele- 

ment symbols are in capital l e t t e r s ;  f o r  example, the symbol f o r  iron, 

Fe, is  shown as FE, magnesium, M g ,  is shown a s  MG, and so on. I n  the 



Table 1. mwer determination limits and units for analyses performed from 1968 

through 1977. S - indicates spectrographic analysis; AA - indicates  atomic 

absorption analysis and INST - indicates flameless atomic absorption 

mercury-vapor analysis. The units used to report values for each 

analytical procedure are listed after the determination l i m i t .  

S-Au--------.. 20 Ppm S-Ni--------- 5 PPm 

S-B---------- 10 Ppn S-pb--------- 10 P P  

s-Baz/------- 20 PP" S-Sb-------- 100 ppm 

S-Be--------- 1 P P  s-sc-------- 5 P P  

S-Bi--------- lo p p  S-Sn-------- lo PPm 

AA-AJ ------ .05 ppm 

2' S p p  prior t o  1970. 

Y l.0 ppm prior t o  1975. 

- '/ .02 ppn prior to 1972. 

- 6/ .O1 ppm prior to 1972. 



tables, the prefix S stands for spectrographic analys is ,  AA for atomic 

absorption and INST f o r  flameless atmic absorption mercury-vapr 

analysis. 

Results from semiquantitative emission spectrographic analyses 

(also referred t o  as six-step spectrographic analyses) are r e p r t d  

as t he  midpoints of geometric c l a s s  in te rva l s .  Mid-points of the  c l a s s  

i n t e r v a l s  and the  associated c l a s s  i n t e r v a l  boundaries are listed i n  

t a b l e  3. R e p r t e d  values may be any i n t e g r a l  power of ten  times one 

of the l i s t e d  class interval mid-points. 

Table 3. Class intervals of the s ix-s tep  scale. 

Class i n t e r v a l  mid-point 

1.0 

1.5 

2.0 

3.0 

5.0 

7.0 

10.0 

Class i n t e r v a l  l i m i t s  

0.83 1.2 

1 . 2  1.8 

1.8 2.6 

2.6 3.8 

3.8 5.6 

5.6 8.3 

8.3 12.0 

Precision 

Tests have been performed to determine the  analytical precis ion  

o f  the six-step semiquantitative spectrographic technique used by 

the  Branch of Exploration Research (M0t00ka and G r i m e s ,  1976). These 

t e s t s  ind ica te  t h a t  the  frequency with which values from repeated 

analyses of the same sample w i l l  f a l l  within the  c l a s s  interval. con- 

t a in ing  the  "true" value (as  measured by the  mean of a s e r i e s  of 



a n a l y t i c a l  runs)  p lus  or minus one and two adjoining i n t e r v a l s  is  approxi- 

mately 83 percent  and 96 percent  respectively.  For example, i f  a value 

is reported as 3.0, the probabi l i ty  is  -83 that a repeated ana lys i s  

would be reported as 2 . 0 ,  3.0, or 5.0. This study found a n a l y t i c a l  

variance t o  be consis tent  f o r  a v a r i e t y  of geologic ma te r i a l s  and to 

show no appreciable difference between elements or concentration ranges 

except near t h e  l i m i t s  of d e t e m i n a b i l i t y .  Another experiment (Johnson 

and others, 1977) suggests that ana ly t i ca l  prec is ion  v a r i e s  appreciably 

among elements. Analyses by the atomic absorption methods a r e  not  

reported on the six-step sca le ;  they are more sensitive and more pre- 

c i s e  than spectrographic analyses. 

S t a t i s t i c a l  summary 

The ana ly t i ca l  data were processed by a computer program known 

as GEOSUM and t h e  program output is presented i n  t ab le  4. For samples 

which have been re-analyzed, the values listed second i n  the data t a b l e  

have been a r b i t r a r i l y  omitted from t h e  s t a t i s t i c a l  summary t o  reduce 

h i s .  The GEOSUM program is designed to summarize and tabula te  geo- 

chemical data--primarily data from semiquanti tat ive spectrographic 

analyses. A l l  d i s t r i b u t i o n s  are t r ea ted  i n  terms of the six-step 

c l a s s  i n t e r v a l s  described above and thus the atomic absorption data 

is regrouped to f i t  i n t o  these i n t e rva l s .  The program output  cons is ts  

of:  (a) a frequency d i s t r i b u t i o n  t a b l e ,  histogram, summary of quali-  

f i ed  values, range of values and geometric mean and deviat ion f o r  each 

element, and (b) a s t a t i s t i c a l  summary f o r  a l l  elements, which includes 

geometric means and geometric deviat ions.  



The histograms a r e  on a logari thmic s c a l e  and are  computed using 

t h e  class i n t e r v a l s  of t h e  s ix-s tep  semiquant i ta t ive  sca l e .  The histo- 

gram bars a r e  composd of X's;  each X represents approximately 1 pcr- 

cent of the total number of samples analyzed for that element. Decimal 

numbers a r e  p r i n t e d  by the computer as powers of 10, for example: 

7.0e-01 means 7 . 0 x . 1 0 - I  or 0.7 

7.0e+00 means 7.0 x lo0  o r  7.0 

7.0e+01 means 7.0 x 10 or 70.0 

7.0e+02 means 7.0 x 10 o r  700.0 

The frequency d i s t r i b u t i o n  tables, histograms, and s t a t i s t i c s  for 

each element w e r e  der ived us ing  only da t a  va lues  wi th in  the range of 

a n a l y t i c a l  determinat ion which have been used s ince  1975. Between 

1968 and 1975, t h e  lower limits of de te rminabi l i ty  f o r  A u  and Hg 

analyzed by atomic absorpt ion techniques and f o r  spec t rographica l ly  

analyzed T i ,  Ba, C r  and Nb were r a i s e d .  Unqualified values less than 

the  cu r r en t  de t e rminab i l i t y  l i m i t s  and all. values q u a l i f i e d  with N ,  L,  

G ,  o r  H were ignored i n  these  computations. The r e s u l t i n g  frequency 

tables and s t a t i s t i c s  a r e  biased and the histograms incomplete. 

The surmnary a t  the end of t a b l e  4 shows which elements have quali- 

f i e d  va lues ,  a s  wel l  a s  t h e  number o f  values having each type of qua l i -  

f i c a t i o n .  The sumraary a l s o  p re sen t s  a recomputed geometric mean and 

geometric devia t ion  us ing  a method devised by A, J. Cohen f o r  t r e a t i n g  

censored d i s t r i b u t i o n s .  I f  an element has no qualified da ta  va lues ,  

the mean and geometric devia t ion  w i l l  be the  same i n  both this summary 

and on the page wi th in  the table f o r  t h e  p a r t i c u l a r  element. For ele-  

ments wi th  q u a l i f i e d  data, t h e  es t imates  of mean andgeometric devia t ion  



are unbiased i n  a s t r i c t  sense only where the  data a r e  derived from a 

log-normal parent ~ o p u l a t i o n ,  but  experiments have shown that large 

departures from this requirement do not usually invalidate t h e  results. 

Acceptance and use of the estimates, however, are the  r e spons ib i l i ty  of 

the user. 

The geometric mean i s  t h e  anti logari thm of the ari thmetic mean of 

the logarithms of the  analyses. I t  is not  an est imate of geochemical 

abundance bu t  of "central tendency" (or characteristic value) for a 

frequency d i s t r i b u t i o n  t h a t  i s  approximately symmetrical on a loga- 

xithmic sca le .  The geometric mean i s  useful  for character iz ing  many 

geochemical d i s t r i b u t i o n s .  The geometric deviat ion is  the anti logari thm 

of t h e  standard deviat ion of t h e  logarithms of the  analyses. 

For further discussion of geometric mean and geometric deviation 

and of Cohen's method for censored d i s t r i b u t i o n s  see  Miesch (1963, 

1967) . 
B i a s  and v a r i a b i l i t y  a f fec t ing  in te rp re ta t ion  

I n  reviewing the data i n  t a b l e  5 and t h e  s t a t i s t i c a l  sununary i n  

t a b l e  4 ,  severa l  sources of b i a s  and v a r i a b i l i t y  i n  the  data must be 

considered. Factors  including time l imi ta t ions ,  weather, snow and 

vegetat ive cover, outcrop exposure, and a v a i l a b i l i t y  of he l icopter  

landing s i t e s  prevented uniform sampling i n  a11 areas .  Uneven sample 

dens i ty  also resul ted  from more concenaated  sampling of some areas 

which show evidence of mineral izat ion such a s  i ron-staining o r  v i s i -  

b l e  metallic minerals. T h i s  p rac t i ce  has biased the  data s l i g h t l y  

in favor of samples containing values  above true background Levels. 

The requirement of truly random sampling--that all po ten t i a l  samples 



have an  equal l ikel ihood of being selected--is  n o t  s t r i c t l y  met. Samples 

were col lec ted  from'streams draining a l a rge  area, where l i tho log ic  u n i t s  

of various o r ig ins  o r  rock types may comprise several  d i s s imi la r  geo- 

chemical populations. No attempt has been made here to group samples 

on the b a s i s  of geological  o r  geochemical affinity. The summary of  

their values thus provides only a general indica t ion  of the trends 

that may be present.  

Values f r o m  stream-sediment samples which contain appreciable 

organic mater ia l  may be influenced by scavenging. v a r i a b i l i t y  of 

any value i s  influenced by many fac to r s  including the d i f f i c u l t y  of 

obtaining representa t ive  samples of inhomogeneous media, va r i a t ion  

i n  sample preparat ion and v a r i a b i l i t y  inherent  i n  the ana ly t i ca l  

techniques. It i s  l i k e l y  with any l a rge  data-set that e r r o r s  have 

occurred i n  recording, key-punching and ed i t ing  the  data which have 

not been detected during proofing. Therefore, high values f o r  a 

single element o r  a s ing le  site should be considered questionable 

ind ica to r s  of bedrock mineralization. 
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T a b l e  L . - -  S T A T I S T I C A L  S U M f l R R Y  
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K E T C H I K A H  Q U A D .  S S S  G E O E H E H  
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S - A U  C O N T A I N S  N O  V A L I D  O A T A  P O I N T S .  T H E R E F O R E  T H I S  V A R I A B L E  M I L L  B E  S K I P P E D .  

THE M A X  AND H I M  0 . 2 0 0 0 0 e t 0 2  F O R  - 0  A R E  T H E  S A M E .  T H E R E F O R E  T H I S  V A R I A B L E  U I L L  B E  S K I P P E D .  

S - C O  C O N T A I N S  N O  V A L I D  D A T A  P O I N T S .  T H E R E F O R E  T H I S  V A R I A B L E  U I L L  B E  S K I P P E D .  

S - S B  C O N T A I N S  NO VALID D A T A  POINTS. T H E R E F O R E  T n l s  V A R I A B L E  UILL BE SKIPPED. 

THE F R E Q U E N C Y  D I S T R I B U T I O N S  A H D  H I S T O G R A M S  O N  T H E  F O l L O W t N G  P A G E S  I R E  O N  L O G A R I T H M J C  S C A L E S *  A H D  E M P L O Y  T H E  S A M E  C L A S S  I N T E R V A L S  
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A R E  D E R I V E D  O N L Y  F R O M  O A T A  V A L U E S  W I T H I N  THE R A N G E S  OF A N A L Y T I C A L  D E T E R M I N A T I O N *  R N D  A R E *  T H E R E F O R E ,  B I A S E O  I f  D A T A  V k L U E S  
Q U A L I F I E D  W I T H  N *  L *  G I  TI O R  H C O D E S  A R E  P R E S E N T .  S E E  C A T E R  S E C T I O N  O f  O U T P U T  F O R  S T A T I S T I C A L  E S T I M A T E S  T H A T  A R E  U N B I k S E D  I N  
T H I S  R E G A R D .  THE GEOHETRit MEAN I S  A N  E S l l M A T E  OF " C E N T R A L  T E N D E N C Y , "  011 O f  A  C H A R A C T E R I S T I C  U A L U E I  O F  A F R E O U E - M C Y  D I S T R I B U T I O N  
T H A T  I S  A P P R O X I M A T E L Y  S Y M M E T R I C A L  OM A L O G  S C A L E ,  A N D  I S  T H E R E F O R E  U S E F U L  F O R  C H A R A C T E R I Z I N 6  M A N Y  G E O C H E M I C A L  D I S T R I B U T I O N S .  
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E L E M E N T S  P R E S E N l .  
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T a b l e  4.-- STATISTICAL SUWHIAY -- eontlnued 
1 TITLE 

K E T C H I K A M  PUAb. S S S  GEOCHEM 

I FREQUENCY T A B L E  F O R  COCURM 5 (5-RH 1 

LIHITS 
LOUER - UPPER 

8.3e+OO - 1 ,Ze+Ol 
I.Ze+Ol - 1,8e+01 
1.8e+01 - 2,betOI 
2.6c+01 - 3.8e+01 
3.8e+01 - 5.6etOl 
5.6e+01 - 8 . 3 e t 0 1  
8.3e+01 - ?.2e+02 
?.2e+O2 - 1.Bet02 
t .8e+02 - 2.betOZ 
2.6et02 - 3.8etOZ 
J.8e+02 - 5.6e+02 
5.6ct02- 8.3e+02 
B,Je+DZ - 1.2e+03 
1.2r+03 - 1 .Set05 
1.8etO3- 2.6ctO3 
2.be+03 - 3.8etOJ 
3.8et03 - 5.6etOJ 

F R E Q  FAEP 
C UH 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
Z 2 
4 6 
5 I t  

33 44 
I93 237 
730 967 
951 1918 
242 2160 
5% ZZl8 
21 2239 

PERCENT 
F R E O  
0.00 
0.00 
0.00 
0.00 
0.00 
0-00 
0.00 
0.09 
0.18 
0.22 
1 . 4 5  
8.50 

32.16 
41.89 
10.66 

2 . 5 6  
0 .93  

P E R C E N T  
FREQ CUM 

99.25 
99.25 
99-25 
99.25 
99.25 
9 9 - 2 5  
99-25 
99.25 
99.16 
98.99 
98.77 
97.31 
88.81 
56.65 
f C . 7 6  
4-90 
1.54 

H I S T O G R A M  F O R  COLUMEl 5 (5-MN 1 

I 
MA K I  MUM = 5.00000et03 
M i N I f l U M  1.500~0et0Z 

b GEOMETRIC M E A N  1.27442tt03 
G E O M E T R I C  DEVIATION 1.46864et00 

AHALYTICAL 
f G V A L U E S  
0 1 4  2 2 3 9  

0.00 0.62 
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A470 Table L.-- S T A T I S T I C A L  S U M M A R Y  -- continued 

T l T L E  
K E T C H I K R N  QUAD.  S S S  G E O C H E M  

F R E Q U E N C Y  T A B L E  F O R  C O L U M N  10 ( S - D A  1 

L I M I T S  
L O U E R  - U P P E R  

1.8etOl - 2.6et01 
2.be+Ol - 3.8e+01 
3.8e+01 - 5.6et01 
5.6et01 - 8.3et01 
8.3e*Ol - 1.2et02 
1.2e+OZ - 1.8et02 
1.Bet02 - 2.6etO2 
2.be+02- 3.8ct02 
3.8e+02 - 5.6et02 
5.6et02- 8.3et02 
8.3et02 - l.Zet05 
1.2et03- l.le*03 
1.8et03 - 2.6tt03 
2.6e+03- 3.8et03 
3.8etO3 - S.bet03 
5.6et03 - 8.3etOJ 

F R E O  F R C P  
c Ubl 

4 4 
2 6 
2 8 
2 10 
9 19 
5 24 

3 1 5 5 
280 335 
373 708 
835 1543 
412 1955 
307 2262 

3 9  2301 
1 2502 
4 2306 
1 2307 

P E R C E N T  
F R E P  
0.17 
0.09 
0.09 
0.09 
0.39 
0.22 
1.32 

12.12 
16.15 
36.15 
1 7 . 8 4  
13.29 
1.69 
0.04 
0.17 

, 0 . 0 4  

P E R C E N T  
F R E O  C U M  

99.96 
9 9 . 7 8  
99.70 
99.6 1 
99.52 
99.13 
98.92 
97.58 
85.&5 
69.31 
33.16 
15.32 
2 .a3  
0.35 
0.30 
0.13 

H I S T O G R A M  F O R  COLUMN 10 ( 5 - B A  
V1 

2.0et02 X 
3.0et02 X X x K x x x m N x w x  
5.0et02 x x x x r x x n x m x x m x x x  
7.0et02 M ~ X X X N N X X X K X X X X X X N N X X I X X X M W X X X H X K K K  
1.0et03 x r r x x x x x x x x a x x x x x x  
I .set03 x x x x x x n m x x x x x  
2.0et03 K x  
3.Uet03 
S.Oet03 
7.0et03 

b MAXIMUM = 7.00000et03 
n r N I M u n  = 2.00000et01 
G E O M E T R I C  MEAN = 6.92849et02 

b G E O H E T R I C  D E V I A T I O N  = t.75485et0D 

A M I L Y T  I C A L  
T  G V k L U E S  
0 2 2307 

0.00 0.09 





A 4 7 0  T a b l e  4 . - -  STATISTICAL S U M M A R Y  -- c o n t i n u e d  

T I T L E  
KETCHIKAN Q U A D .  SSS GEOCHfM 

FAEQUENCr  TABLE T O R  COLUMN 14 (S-CO ) 

C l H I  TS F R E Q  
LOUER - UPPER 

3.8etOO - S.bet00  SO 
5 . 6 e t 0 0  - I .Je+OO 94  
8 . 3 r t 0 0  - 1 . 2 e t O l  2 7 8  
1 . 2 e t O t -  1 . 8 e t 0 1  7 0 2  
1.8e+Ot - 2 .6e+01  6 6 2  
2 . 6 e t O t  - 3 . 8 e t 0 1  4 3 8  
3 . 8 e t 0 1 -  5 . 6 e t O l  1 1 2  
5 . 6 e + 0 1  - 8 . 3 e t 0 1  5 5  
8 .3e+D1  - 1 .2e+02  3 
1 . 2 e t 0 2  - 1 .8e+02  0 
1 .8e+02  - Z.bctO2 0 
2 . 6 e t 0 2  - 3.8e+02 1 

F R E P  
CUM 
5 0 

144  
4 2  2 

11 2 4  
1786 
2224  
2 336 
2371  
2374 
2374 
2374 
2375 

H I S T O G R A H  F O R  COLUMN 14 (S-CO ) 

PERCENT 
f R E Q  

2.09 
3 .92  

11.60 
2 9 . 3 0  
27 .63  
18 .28  

4 .67  
1.46 
0 . 1 3  
0.00 
0 .00  
0 .04  

HAXIHUH = 3 . 0 0 0 0 0 r * 0 2  
M I U l M U H  = S.OOODOe*00 
GEOMETRIC M E A N  = 1.8T46SttOT 
G E O M E T R I C  OEVlATlON 1.65671etOO 

P E R C E N T  
F R E Q  CUM 

99 .12  
97 .04  
93.1  1  
8 1 . 5 1  
52 .21  
2 4 . 5 8  

6 . 3 0  
1 . 6 3  
0 .17  
0 . 0 4  
0.04 
0.0 4 

ANALYTICAL 
G VALUES 
0 2  37 5 

0.00 
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T I T L E  
K E T C H I K A N  QUAD. S S S  GEOCHEH 

fREPUENCY TABLE F O R  COLURM 1 5  ( 5 - C R  ) 

LOUER - UPPER 
8 .3e t00  - 1.2e+Ol 
t..?e*D1 - 1.8e401 
1 . e  - 2 .6e t01  
2 .6e t01  - 3 . 8 e t 0 1  
3 .8e+Ot  - 5 .6e t01  
5.6e+01 - 8 . 3 e t 0 1  
8.3e+01 - 1.2etD2 
1 . 2 ~ + 0 2  - 1 . 8 e t 0 2  
I .Be*02 - 2.6etO2 
2 .6e t02  - 3 .8e t02  
3 .8e t02  - S . b r t 0 2  
5 .6e t02  - 8 . 3 e t 0 2  
8.3etO2 - 1 .2e t03  
1 . 2 t t 0 3 -  1 . 8 e t 0 3  

F R E Q  F R E Q  
C UM 

6 8  158 
99  167 

1 7 2  339  
260 599 
331 9 3 0  
537  1 2 6 7  
3 0 4  1 7 7 1  
334 2105 
104 2209 . 

6 9  2278  
19  2297  
t l  2308  
1 2309  
1 2310  

H I S T O G R A M  F O R  C O L U M N  1 5  ( S - C R  

PERCENT 
F R E D  
2.84 
4 . 1 3  
7 .18 

10.85 
13.81 
22.41 
12.69 
13.9L 

4. 34  
2.88 
0.79 
0.46 
0.04 
0.04 

P E R C E N T  
F R E O  C U M  

P 6 . & 9  
93 .66  
89.52 
82 .35  
71.49 
57.68 
35.27 
22.58 

8 .62  
4 . 3 0  
1 .42  
0.63 
0 . 7 7  
0.13 

ANALYTICAL 
T G VALUES 
0 0 2312  

0.0 0  0.00 

M A K I H U M  = 1 .500?0e+03  
M I N I M U M  = 5 .00000e t00  
G E O H E T R I C  M E A N  = 6 . 4 3 1 4 l e * 0 1  

a G E O M E T R I C  D E V I A T I O N  2 .31238e t00  
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A270 Table 4.-- S T A T I S T  t C A L  S U M M A R Y  -- c o n t  i n u c d  

TITLE 
K E T C H l K A N  QUAD.  S S S  GEOCHEH 

F R E Q U E N C Y  T A B L E  F O R  COLUMN 26 ( 5 - V  > 

LIMITS 
LOUER - UPPER 

8.3et00 - 1,2e+OI 
l.Ze+Ot - 1.8e+01 
1.8et01 - 2 . 6 e + 0 1  
2.bet01 - 3.8etO1 
3.8etO1 - S.6e+O1 
5.6etO1 - 8.3ctOl 
8,3e*01 - l.Ze+OZ 
1.2t+02 - 1.8e+02 
1.8etD2 - 2.6et02 
2.6et02 - 3.8et02 
3.8rt02 - 5.6e+02 
5.6et02 - 8.3e+02 
8.3et02 - t.2e+03 
1.2et03 - 1.8e+OJ 

F R E O  
c un 

2 
5 - 

1 1  
2 2 
70 

179 
609 

1 3 6 9  
1961 
2 299 
2344 
2 3 5 8 
2 36 5 
2368 

HISTOGRAM F O R  COLUMN 2 6  ( S - V  1 

P E R C E N T  
F R E Q  
0.08 
0.1 3 
0.2s 
0.26 
2.03 
4.60 

18.15 
32.08 
24.99 
14.2 7 
1.90 
0.59 
0.30 
0.13 

5.0et01 XI 
7.0et01 X X X X X  
1.0tt02 x x r r x x x w x x x x x x x x x x  
1,5e+02 K % K K X X X K X X X X X X % X % X X X Y X X X X 1 ( X X f X K X  
2,OetOZ K X X K X X K I K X K X X K X X K X K X X X X K X  
3 . 0 e t 0 2  KXXKXXXXXXXIXX 
S.Oet02 X X  
7,0e+02 X 
1 . O c + 0 3  
t ,5c+03  

PEACEMT 
F R E Q  CUM 

99.96 
99.8 7 
99.75 
99.4 9 
99.03 
97.00 
92.40 
74.25 
22.17 
17.18 
2.91 
1.01 
0.42 
0.13 

I N I L Y T I C A L  
G VALUES 
0 2368 

0 .OD 

MAXIMUM = 1.50010e+03 
M I N I M U M  = 1.00000et01 
G E O N E T R I C  M E A N  = 1.59699et02 
GEOMETRlC  O E V l b T I O N  = 1.6661te+00 
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11470 T a b l e  4.-- S T A T I S T  I t  hL SUPMbRY -- c o n t  i n u e d  

T I T L E  
K E T C H I K A N  Q U A D .  S S S  G E O E H E M  

FREQUENCY T A B L E  F O R  C O L U M N  3 0  1 s - Z A  

L I H I T S  F R E Q  FREQ P E R C E M T  
L O W E R  - UPPER c un F R E O  

8 . 3 e t 0 0  - l .Ze+OI  0 0 0.00 
I . 2 e t O l  - 1 .8e t01  0 0 0.00 
1 , R e t O l -  2 .6e t01  1 8  1R 0.79 
2.6e401 - 3 .8e t01  103 1 2 1  4 .50  
3 . 8 e + 0 1 -  5.6e+01 313  4 3 4  13.69 
5.6etOt  - 8.3e+O? 6 4 9  1083  28.38 
8 . 3 e t 0 1  - 1.ZetOZ 390  1473  17.05 
1 .2e t02  - 1 .8e t02  2 8 5  1 7 5 8  12.46 
1.8e+02 - 2 .6 t tO2  2 2 6  1984 9.88 
Z.be+DZ - 3 .8e t02  I 3 7  2 1 2 1  5.99 
3 .8e t02  - 5 .6e t02  7 1  2192 3.10 
5.6e+02 - 8.3e+02 5 5  2247  2.40 
8 .3 t+02  - l .Ze+OJ 2 2  2269  0 - 9 6  

H I S T O G R A M  FOR COLUMN 30. 1 5 - I R  

X  
X X X W X  
X I X X X X X X X Y X X X X  
X X X X I ~ X X X K X x X X X X r X X X X X x x W ~ X X  
X r x x x x x x ~ x x x x X x x x  
I X I X X I Y X K X I K  
X X X ~ W W X K X X  
X X X X X X  
X X X  
X  X 
X 

M A X l M U I 4  = 1.00000e*03 
M I  NI MUM = 2.00000e +01  
G E O H E T R I C  W E A N  = 1 .04199e t02  
G E O N E T R I C  O E V I I T I O N  1 2 .10392e t00  

PERCENT 
f R E Q  CUM 

100,00 
100.00 
100.00 
99.21 
94.7 1 
81.02 
52.65 
3 5 - 5 9  
23.1 3  
13.25 

7.26 
4.15 
1.75 
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A470 Tabte 4.-- S T A T I S T I C A L  SUMMARY -- continued 

FREQUENCY T A B L E  FOR COLUHH 31 (AA-ZM-P ) 

L I n i T s  
LOVER - UPPER 

3.8tt00 - 5.6e+00 
S.be+OO- 8.3et00 
8.3etOO - 1.2e+Ol 
z e +  t.ae+ot 
1,8e+Ol - 2.6e+01 
2.6e+01 - 3.8ct01 
3.8e+01 - 5.6et01 
5.6c+01- 8.3etOl 
8.3t+Ot - 1,2e+O2 
t.2et02 - 1.8et02 
1 .Bet02 - Z.be+OZ 
2.berO2 - 3.8e+02 
3.8tt02 - 5.6et02 
5.6etO2 - 8.3e+02 
8.3et02 - 1.2e+O3 

F R E Q  ?REP 
c un 

5 5 
0 5 
4 9 

14 23 
141 164 
325 489 
759 1248 
624 1872 
316 2188 
67 2255 
23 2278 
6 228C 
5 2289 
0 2289 
1 2290 

P E R C E N T  
f REP 
0.22 
0.00 
0.17 
0.61 
6.15 
14.18 
53.12 
27.23 
1 3 . 7 9  

2 - 9 2  
1.00 
0.26 
0 . 2 2  
0.00 
0.04 

HI S T O G R A M  F O R  COLUMN 3 4  (AA-ZH-P  

M A X 1  NU# = 8.5001 0e+02 
M I W I M U M  = 5.50000++00 
G E O M E T R I C  M E A N  5,C2866e+01 
G E O M E T R I C  D E V I A T I O N  = 1.65427et00 

P E R C E N T  
F R E Q  C U M  

99.97 
99.69 
99.6 9 
99.52 
98.41 
92 .76  
78.58 
45.46 
18.24 
4.. 4 5 
1 . 5 3  
0.52 
0.26 
0.04 
0.04 

A N A L Y T I C A L  
T  G V A L U E S  
0 0 2290 

0.00 0.00 
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1 1 1  1  I I I I I I I I I I I  1 1 1 1  1 1 1 1 1  1 1 1 1 1  1 1 1 1 1  I I I 

1 1  1 0 1  1 0 1 0 1  0 1 1 4 0  00000  0 0 W 0 P  O O O O D  00000  O O O D I  l P l O l  
I 1 1 0 1  1 6 1 g 1  0 1  1 1 0  0 0 0 0 0  O m o O a  P O O O O  00000  O O E a l  I O I O I  

~n o m h m u t n m m  m h m h v ~  ~ m h v r h  w h h b a  ~ h h v  rc I#- 

• 
r C  r r 

1 1 1 1 1  1 1 1 1 1  l l l l l  I I I I I  1 1 1 1 1  1 1 1 1 1  1 1 1 1 1  1 1 1 1 1  I l 1 I I  
1 1 1 1 1  1 1 1 1 1  1 1 1 1 1  I I I I I  1 1 1 1 1  1 1 1 1 1  I I I I I  1 1 1 1 1  1 1 1 1 1  

- 0 U U b  Q e U D 0  * * U P &  m U - m U  V I m 9 m m  m r - 0 -  b m Q V I *  U Y N b D  - P P N N  
m u u r  m u % - * <  m m u r r  I n m r N  r W b J r m  P 7 u m m u  n m m m  W N r U e  iU 

o w o o o  o a o o a  ~ O O O O  o o o o o  o o o o o  o o o o o  o o o p o  o o o o o  c c o o o  
m n n n m  n n n n m  m n n m m  m m r n n n  n n n n m  m n n m n  m n n n n  m n m n n  n n n n m  
r - r - r  ~ C C F ~  C C - ~ ~  C F - S - S -  r - r r r  c ~ + c +  F C C - -  ~ V - C C  c - - - c  

m a m m w  m m h h h  u u a r c  q ~ m c m  m u m ~ m  mmoam - ~ h - 0  Q N U ~ F  ~ ~ - 4 9  
n u u u  * m u . - -  u u n q v  m ~ l  N - u  ~n v m n  e n  N W - - N  - ~ l m m m  
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VIYI 
R L N  ,-.- 
3 3 
m m * m  
h h  

rn rn cn 
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h h h  
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C* = e 
U W U  
YIYlVl  
p c h h  



3 TABLE 5.  R N A L Y T I  C A L  DATA f OR S T R E A H - S E D  !RENT SAMPLES--continued 

B 
s a m p l e  S - C O  S - C R  S - c u  S - L A  S-MO S-NB 5 - M I  s - P e  s - s e  ' s-sc 5-st4 s - s R  5-v  5-u 5 - Y  



1 A B L E  5. A N A L Y T I C A L  D A T A  F O R  S T R E A M - S E D  I M E N T  S A M P L E S - - c o n t t n u t d  

AA-AU-P  Ah-CU-P & A - L  M-P I N S T - H G  



LONG 17UO 

T A B L E  5 .  A N A L Y T I C A L  D A T A  F O R  S T R E A H - S E O I H E N T  SAMPLES- -con t inued  

S - C A X  5 - 1 1 %  5 - M N  S - A t  S - A S  5 - 4 U  S-BE 

1.0 
5.0 
5.0 
2 . 0  
2 . 0  

5.0 
5.0  
2 . 0  
3 . n  
2.0 

3.0 
2.0 
2.0  
3.0 
3.0 

2 . 0  
2.0 
5.0 - - 
5.0 

3.0 
2 . 0  
2.0 
3.0 
3 .0  

3.0 
3.0 
3.0 
3.0 
3.0 

3 . 0  
5 . 0  
5 . 0  
3 . 0  
3 . 0  

3.0 
3.0 
3 . 0  
3.0 
3.0 

1 .1  
3.0 
1 .o 
2.0 
1.q 

S-C D ~ 
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I O 1 1 O O  1 1 m 1 1  l l l l 0  I I I I I  1 O 1 1 1  1 1 1 1 1  I 1 1 1 1  I t l t l  O I O I O  
m + r c k  I- VI PI lll VI Vl 

V - 

o o o o o  O D O ~ W  o c o o  P D O I D  q o a  a o o a c o  c o o 0 0  o o o o o  o o o o o  
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0 
u . n ~ o o m  o o o o o  O ~ W O P  - - o m 1 0  O ~ P Q O  0 0 3 ~ 0  m o o 0 0  D O O O O  O O O ~ ~  
I V - N m r  N m w m m  N - N W N  - m m ~ n  m m ~ w ~ n  m r u n n n  - n - ~ a  n n n w n   rum^+- 

VI 

- ~ r r - r  V - F O N  w n n m n  m m m n n  n n m r *  u u z q -  * s a s h  h h b b h  h h h h O  
a n n n m n  m n n ~ o  a o o o o  0 0 0 0 0  O O O Q O  o o ~ c o  O O O O P  o w o = o  O O O O -  
E x z c c a c i  w c c ~ u g  = = m e =  c c a c c ~ a  ~ ~ E E P Q  a a ~ e =  & m a e m  c c u a a y  
n w w w w w  w w w a ~  a a e m =  e 4 c e - 9  = e c c s e  = a & = -  m a s = =  c c e s c c Q  m a c c - e  



3 T A B L E  5 .  A N A L Y T I  C A C  D A T A  F O R  S I R E A M - S E D  I M E N T  SAMPLE S--continued 

b 
s a m p ( e  S - I R  A A - A l l - P  AA-CU-P R A - P a - P  A A - I N - P  I N S T - H G  



T A B L E  5 .  ANALYTICAL D A T A  F O R  STREAM-SEDIMENT S A M P L E S - - c o n t i n u e d  

P 
S - B I  S-CD 

b 
sample  L A T I T U D E  L O N G I I U O  S-TEX 5-MGX 5 - C A X  S - T I X  S-HN 5 - A t  5 - A S  S - A U  S - 8  S-BA S - B E  



2 
H Z O @ C D  C Z t Z O  2 0 0 2 0  5 2 0 2 2  Z Z Z Z Z  Z Z S Z Z  Z Z Z O O  Z Z Z Z Z  X Z X Z Z  
I O O O P  0 0 0 0  0 0 0 0 

VI N N N N  N N W N  N N N N  

V V  V v  v  v  v v  v 

* 
I o o c o o  O P O O O  o o o o c  O O O Q O  o o o o o  O ~ P O O  O O O O P  a t o o a  o c o c c  
n ~ C ~ N N  m ~ n n k  ~ m n n m  r u n n m m  N ~ W - N  n w n m m  N N N * *  m w n m *  m r n m ~ m  

r 

E 
I l E l l  l O l O l  O I O 1 1  0 1  1 0 1  O I O O a  0 0 0 0 0  O O O O C  0 0 0 0 0  C O C O O  

I 1 1 0 1  I 1 0 1 0 1  0 1 0 1  I 0 1  I O I  c l c o o  o o o e o  o c o o o  o o c o c  o o o o o  
m m y c y 1  m m  m n a m -  m n m m n  0 0 0 m n  w m r - O F -  

m 
o O D ~ O C I  o o e o o  o o o p a  o o o o o  o o o o o  o o o o o  o o o o o  o o o o o  o o o o o  
I h w - m m  m n n m m  c c w m h  n h * ~ - -  . - m - m ~  N N N N ~  w ~ n m n  n m ~ ~ -  + N P ~ N  
VI - v  

- 
I 0 0 0 0 0  0 0 0 0 a  C O O C O  0 0 0 0 0  Q O O d Q  W O m m O  0 0 0 0 0  0 0 0 0 0  G O O 0 0  
I - h m W m  n m N n m  b b r - m m  m m m m m  - b n M r  7 - v v o  ~ O n m m  m m m - 0  r n n ~ N N  
VI - C - r 

m 
z a z o t o  o o z o o  o o o o r  o o z c z  o t o o o  o e o o o  o o o o o  o o o o o  o o o o o  
I N N N P U N  NfU N W N -  N N  N N N N N  N W N N f u  W N N N W  N m W N N  N W ~ V N N  
Y) v  v  v  V V v  v  V V V V  V V V V V  V V V V V  v v v v v  V V V V V  

0 
E b Z Z 2 m  a 0 0 W t  O O W O Z  0 0 0 0 2  t Z Z Z Z  Z Z Z Z Z  m Z Z 0 0  O Z S Z Z  Z Z T Z Z  
t r O O N O  c - o n  ~ W N N  v N N  - 

LO hn r - 
0 0 0 0 0  0 Q 0 0 0  0 0 0 0 0  0 0 0 0 0  o o o a o  0 0 0 0 0  o o o o o  o c o o o  o c o o c  

u . . * * *  . . a d *  m * . . .  . . m e .  . . . .  r r . . . .  . * . a *  m e . . .  . . • 
A 0 0 0 0 0  a 0 0 0 0  c ~ o a o  o o o o o  o o o o o  o o o o o  a o o o o  o o o o ~  ddaco  
I m m ~ h h  t - o h m m  m h ~ h r u  m m m o m  m n m m m  m m m m m  m m m m m  h r n 0 m m  m m m m m  
VI - -  r - -.-" + 

2 

U 0 0 0 4 0  0 0 0 0 0  O m 0 0 0  0 0 0 0 0  * O D 0 0  C I r n r n - 0  w % 0 0 0 6  0 0 0 0 3  O O O h O  
I h o n n m  o o n n m  h ~ m m m  m m m m -  v ~ w % n . -  n - v v m  v n ~ c t -  m - o m m  n w -  n 
VI r - - c t - 
= 
u o o o a o  o o o o o  o o o o o  O O S O ~  o n 0 0 0  O D Q O O  w o o 0 0  O ~ O O O  m o 3 0 0  
I 0aor.o o.k r .P-0  o m a 0 0  + n o m o o  r n 0 0 3 N  rnn,-.-P h O O O O  m 0 0 f i 0  0 5 0 5 0  

~1 - N -  N F - - - - P C  F - F ~  ncr  v v n  N - - F  P - N V W  F - - - -  

u h e a m -  N N ~ ~ . J  m m ~ e h  m m p - n  q v t - m m  O - ~ U M -  0 - w n n  u m a h m  D - N ~ *  - O F F O O  O O O O Q  o o o o o  0 0 0 3 ~  ~ P U U G  m m m - Q  ~ N N W ~ U  N N W ~ N  n n n n m  
d -- .-?dm N N N N N  W N N N N  N N N N ~  - - - n o  u o n o a  n a o a o  O u o o o  o a O O O  



b TABLE 5 .  A N A L Y T I C A L  DATA F O R  S T R E A M - S E D I M E N T  SAMPLES--continued 

S - Z R  AA-AU-P  AA-CU-P Ah-PB-P s a m p l e  

7 5 R R 1 0 7 S  
7 5 R A l l b S  
7 5 R R 1 1 6 S  
75RR Z O O S  
7 5 R R 2 0 1  S 



t T A B L E  5 .  A N A C Y T  I C A L  D A T A  f O R  S T R E k M - S E D I M E N T  S A M P L E S - - c o n t l n u r d  

f 
5-BI S - C O  LONG1 TUD S - F  E X  

131  2 7  51  10.0  
131  2 6  1 8  10.0  
131  2 5  18 - - 
131  2 5  1 8  10.0 
131  2 5  LO 10.0 

1 3 1 2 6 3 0  10.0  
1 3 1  2 6  5 4  10.0  
131  2 7  5 5  1 0 . 0  
1 3 1  28 2 7  1 0 . 0  
131  28  4 5  10.0  

131  3 0  5 5  20.0 
131  3 1  38 1 0 . 0  
131  3 0  3 3  > 2 0 . 0  
151  3 Q  3 3  - - 
1 3 1 2 9 3 2  10 .0  

S - M G X  S - C A X  S-TI% 5-MN 5 - A t  5-AS S-AU S - 0  S - 0 4  S-BE 

1,000 1.0 
700 1.0 
SOD 1.0 

1 ,000  1.0 
1 ,500  1 .0  



* 
I o o o o a  O O O ~ O  0 0 0 0 0  ~ o a a o  c o o o c  o o o o o  o c ~ o o  c c o o o  O Q O O C I  
V) N N ~ N ~  m n n m m  r u n n r u ~  n n ~ w r u  m r u n m m  m m n ~ m  m m n n n  m n n m m  n m n m m  

> o o a ~ o  o o o o ~  0 0 o o o  o o o o ~  o a o o o  o o o o o  Q a o c o  c o o o a  o o o a c  
I o o o o c  o o o o o  o c o o e  o o o c o  a o c o o  o o o ~ a  O O O O Q  o ~ w o o  o c o c o  

w m m m ~ n  m n m n m  m r n m m n  m m n m n  m m - m n  N ~ ~ N N  N ~ N N N  ~ m m w m  V * N N N ~  

6z 
m o o o o o  O O O O P  0 0 0 0 0  a o m a o  o o a o c  o o o o o  o c c c o  o o a c a  o a o o o  
I O O O O ~  ooooa o o o o o  O O O O D  oaaao 0 0 0 0 0  o a e o a  Q O O D O  0 0 0 0 0  
n m r u a b w ,  n m n m m  h m m m m  m n h h b  n m b n m  w m n m m  v ~ n m w , m  unnnntn n m n r u n  

Z . 

m 
P o o o w o  c o o n o  o o o o c  o o o a o  o o o o o  o o o o o  oomoo o o o o a  o o o o o  
I N ~ O O N  m r u r m r u  - n ~ m m  a m a m -  N W - N N  + - N N W  N N - w n  WNNN. -  N N N N N  
V) - N  N C F v V  

m 
t o o o o a  a o o o o  o o o a a  0 0 0 6 a  o o o o o  o o o o o  o o a o w  o o a o o  o o o o o  
I N W m m N  W N N N N  N W W N W  F % N N N m  W N N m N  N N N N N  N N N N N  W N N N N  N N N W N  

w V V V V V  v v v v v  V V V V V  V V V V V  v v v v v  V V V V V  V V V V V  v v v v v  V V V V V  

0 
S I  Z Z r n Z Z  Z Z Z Z Z  t V . O O Z  0 0 Z Z Z  Y I O Z Z Z  t 2 Z Z Z  Z l Z Z t  Z t Z t t  Z Z Z t Z  
I V V O O  N M  c c 
(0 - v 

c a o o o  o o o o o  qo,qqq q q q q q  o o o q c  o o o o a  o o a o o  c o o o c  c o o o o  
C . . . . . . . . . . . . .  . . . . .  I . . . . .  1 . I . .  . . . . .  
2 O O O Q O  0 0 0 0 0  0 0 0 0 0  OOOPO 0 0 0 0 a  0 0 0 a 0  0 0 0 0 0  0 0 0 0 0  O O O O O  
I m n m m O  m m r - h n  ~ m ~ n m m  m n m m m  m n * m m  m ~ n m m m  ~ n m m h m  m h w m m  m m m m m  

3 
u  0 0 0 0 0  o a o o o  o o o o o  o o o o o  P o o o o  w o o 0 0  aoOoo  n o 0 0 0  0 0 0 0 0  
I ~ m w t m s n  m k a - r  *u-,oon o m m n m  m n n O n  n m s n n n  r - t u m ~ m  n n m m -  ~ N V I N O  

UY - N N  N r  7 P - c 

a 
u o o o a o  O O P O O  om000 Q O O O O  ~ o a o a  o o o o o  o o o o o  Q O O O O  o o o o o  
I O m N m Q  0 0 O O h  000m0  O O S O D  h h - 0 0  h O h h h  m ~ h 0 0  k m m m O  O h m 0 0  
YI r N - ~ N N  N P -  - W W - , - P - ,  c r n - C P  ~n c c F 

v , n m m ~ )  n n m m m  m n m n m  
u m a r - b m  e o r m n  u m a ~ h  
d m n m n n  m q u d u  u u - q a  
a 0 0 0 0 0  0 0 0 0 0  0 0 0 0 0  
E X I I X I  l f X I I  I X f X X  * u u u u v  u v u u u  u u u u u  
n 9-9.09 1 1 a ~ a ~  9 ~ a a a  

r-ht-r-h hhr-hh hhhhh  

m m n m m  m m ~ m m  m m m m m  n m w m m  m n m m m  
r n m m ~ . -  N N ~ J ~  a h m ~ o  ,-rumm,-- N M U ~ ~  
e u + m m  m m ~ n m m  m m m m ~  G Q Q N C U  ~ U ~ ~ L U W  
0 0 0 0 0  OD000 00000 0 0 0 U - 7  U - 7 - ? * U  

I X X X X  X X I I X  P X X X Z  I I I ~ ~  = a = = =  
U V V V U  U U U V U  U W U U U  u u u w w  W W U W Y  

4 0 0 9 4  * O Q Q Q  9 9 * 9 Q  S Q 9 Q d  d Q 4 9 Q  
r -hhhh hhhhh  r - k h h k  hhbr-h  h k h h h  









I 
z 
N 0 O m 0 0  m O O O C 2  O m m P W  O P O m O  O m 0 0 1  O m 1 0 0  m O O D O  0 m 0 m 0  0 m m m 0  
1 P Q m m Q  h m m C U b  h m m - Q  m m h h r  * ~ h h l  m m t m ~  9Grn0r.d C e o e 9  m ~ - h Q  
a F - - - C C F  C  r 



TABLE 5 .  A N A L Y T I C A L  D A T A  F O R  S T R E A M - S E D I f l E M T  S A M P L E S - - c o n t + n u e d  

1 
5 - 6 1  S - C D  s a m p l e  L A T I T U D E  L O M G l T U D  5 - F E X  5 - M G X  S - C A X  S - T I X  5 - H N  S-IG 5 - I S  S-AU S - 0  S-BE 

700  
1,000 

700 
700 
son 



E 
N z l t Z z  X Z 2 2 t  r 2 z Z Z  Z Z Z Z Z  L Z Z D Z  O O O O X  Z Z T Z Z  5 Z t Z Z  Z Z Z Z Z  

0 0 0 0 0  
VI W N N N N  

v 

* 
I 00000 8 0 0 0 0  0 0 0 * 0  D O 0 0 0  0 0 0 0 0  O O O O P  0 0 0 0 6  C Q O O Q  0 0 0 0 0  
rn m n m m w  m m h n ~  ~ m n r n  m r u - N N  ~ ~ r u m m  nnnnn n n m n n  m n n m m  nnnnn 

7 O O O O Q  O Q O O O  D B O C Q  o o o o o  o o o a u  O O ~ Q O  0 0 0 0 0  a o o a o  o o o o a  
I O O O O O  0 0 0 0 0  0 0 0 W Q  O O O O G  m o o 0 0  0 0 0 0 0  D O 0 0 0  0 0 0 0 Q  0 0 - 6 0  
w n m ~ n r n  m n m r u n  nnnrN ~ W N N N  r h ~ t u n  m w m h m  m m m n n  n n m m w  m n n n m  

a 
rn o o o o o  O O O Q O  o o o m a  o c a ~ w  D O ~ D O  o o o o o  O O P Q O  o o m o a  m o o d o  
I o o o o o  o o o a o  w o o o o  o o o o o  o a a o o  O Q O Q O  O O Q D O  0 0 0 0 0  o a a o o  
YI m m n n b  n m m w m  h n - m w  ~ r n a m h  m h ~ r n e  m m m m m  m m m m n  - n h n ~  m n m n n  

5  b 5 b  
r - c c r  F 

u 
ul 
I 0 0 0 0 a  O O Q ~ O  o o o m o  o o o m o  o o o o a  o o a n o  o a o c o  o o o o o  0 0 0 a o  
m n m n m m  m m n ~ r v  n m m r w  ~ i u r ~ r u  w m n r u m  N N N ~ ~  n n i w n r n  n n m k n  m n n m m  

w 
0 0 0 0 0 0  0 0 0 0 0  0 0 0 0 0  a 0 0 0 0  O O O O Q  00000  n o 0 0 0  o o o o a  O O O O D  
I N c U r r -  . t N ( U r N  h ) ~ * . l m O  O N N N N  N N C U O N  N n m n N  W l * l N r u ~  N N ~ U N N  NNNNCU 

VI r w  N 

- 
z o o o c o  O O D O O  a o a o a  m o m w m  ~ O O O O  Q O ~ O O  O O Q O O  o a o a o  o o o o o  
I m n m n O  h o n m a - 4  m c m n m  V ~ S - N N  ~ n m n m  W r n ~ N h  k b u 7 r - w  m w m N O  O m m o m  

Y) - C r C C r 

m 
Z 0 0 a a a  0 0 a 0 0  000n0 O O O O D  0 0 0 0 0  0 0 0 0 a  00000 D O 0 0 0  O O O D O  
I N N N N N  N N N N N  N N N N N  W N N P U N  N N N N N  N N N N N  N N W N N  N W P U N N  N W N N N  

m v v v v v  V V V V V  v v v v v  V V V V V  V V V V V  V V V V V  V V V V V  V V V V V  v v v v v  

0 0 0 0 0  0 0 0 0 0  0 0 0 0 0  O O b O O  0 0 0 0 0  0 0 0 0 0  W O O 0 0  0 0 W 0 0  0 9 0 0 0  * . . . .  . . . . .  a , . . .  . . . a .  . . . . .  . . . . .  . . . .  r . . . . .  . . . . *  
-4 Q O O O W  0 0 0 0 0  O o O O O  0 0 0 0 0  D O 0 9 0  O O O O o  O O D O O  O O O O O  O O O O O  
I m r n m m m  m m m m m  m r n m m m  m ~ n m n m  m * m m m  m r - m m m  n m n m w  b m m n m  m m a m m  
w r 

a 
u o o o o o  o o o o a  o o o o o  o o o o o  o a o o a  o o o o o  o o o o o  o o o a o  o o o o o  
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7 T A B L E  5 .  A N A L Y T I C A L  O A T A  F O R  S T R E A M - S E D  I M E N T  SAMPLES- -con t inued  t 
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77Dfi039S 
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77DM04 1 5  
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77DMO44S 
770M045S 
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77DND5bS 
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55 55 50 
55 5 4  24 
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0 TABLE 5 .  A N A L Y T I  CAC D A T A  f O R  STREAM-SEDIMENT SAMPLES--cont inued 
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El 1 0  300 El H N 
N (10 5 0 0  N IY N 
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N 10 500 N t4 N 
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m m m n m  m m n n n  m n n m n  n m m n m  m m m m w t  n n r u n -  m w n m m  m m m n M  

0 0 0 0 0  0 0 0 0 0  O O O P O  o o w e o  0 0 0 0 0  o z o a o  o o o o o  o w o o o  
- - r ~ r  v - v - 7  - r r - r  - r N r r  F - W F V  c - P C  N P C C -  P N + - -  
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r - h W h h  hhhhh  hhkhlc h h h h h  hhhhh  h h h b h  hhr -hh hhhhh  





W 
Q 0 0 0  . z 9  y ~ ~ ~ w  O 00  O O O O  .2t . e r n .  ..z ? ? 9 ? 3  9:tsz Y z ? ? ?  Y ? s r x  . . . .  r 0 0 0 0  . 
wl -.-r C C P F C f  - y r  r r f -  C F - r c  F-  - r r r  r r  ~ r - c  
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s a m p l e  

77ER288S 
77ER289S 
77ER 290s  
77ER291S 
77ER 292s  

77ER293S 
77ERZ94S 
7 7 f  RZPSS 
77ER 296s  
77EA297S 

77ER 2 9 8 s  
77 E R  2995 
77ER 300s  
7 7 ~ n  3 0 1  s 
77ER302S 

77EA303S 
77ER 304s  
77ER305S 
77ER 3 0 6 s  
77ER307S 

77ER 3 0 8 s  
77ER 3095 
77ER 31 0S 
77EA311 S  
77ER 31 2s 

77ER313S 
77ER314S 
77ER31 S S  
77ER316S 
77ER317S 

77ER 31 8 s  
77ER319S 
77ER320S 
7 7 E A 3 2 l S  
77ER322S 

77ER 3 2 3 s  
77ER324S 
77ER325S 
77ER 3 2 6 s  
77ER327S 

77EA 328s 
77ER 329s  
77ER330S 
77ER33IS  
77ER 332s  

TABLE 

S-ZR Ah-AU-P AA-CU-P 

5. ANALYTICAL DATA FOR STREAM-SEDIMENT SAMPLES- -con t inued  

AA-PB-P 

t o  
to  
10 

5 
5 

5 
5 

< 5 
5 
5 

t 5 
10 

5 
1 5  
10 

15 
1 5  
20 
4 0  
20 

15 
10 
15 
10 

5 

5 
5 
5 
5 
S 

< 5 
5 
5 

10 
10 

5 
5 

10 
5 
5 

5 
5 

1 5  
10 

s 

A & - Z  N-P 

3 5 
70  
80 
7  5 
5 s 

80 
5 5 
2 5  
60 
LO 

100 
110 

50 
7 5 
RO 

85 
7 5 

110 
1 20 

8 5  

60 
75 
7  5 
4 5 
4 5 

90 
7  5 
9 0  
7  5 
50 

95 
5  S 

140 
7  5 

130 

75 
4 5 
60 
5 5  
5 5 

60 
80 
80 
60 
60 



$ TABLE 5. ANRCYT l C A C  D A T A  F O R  STREAM-SEDIMENT SAMPLES- -con t inued  C' 

s a m p l e  

77EU 3335  
77ER334S 
77ER 335s  
77ER3JbS 
77ER337S 

77ER338S 
77ER33PS 
77ER 3 4 0 s  
77ER341S 
77ER342S 

77ER343S 
77ER344S 
77ER345S 
77ER346S 
77ER347S 

77ER348S 
77ER349S 
77ER 3 5 0 s  
77ER351S 
77ER352S 

77ER553S 
77ER354S 
77ER355S 
77ER355S 
77ER357S 

77ER358S 
77ER359S 
77ER360S 
77ER361S 
77ER362S 

77ER 363s 
77ER36LS 
77ER 365s 
77ER 366s  
77ER367S 

77ER368S 
77ER 3 6 9 5  
77ER370S 
77ER371S 
77ER 372s  

77ER3735 
77ER3745 
77ER575S 
77ER397S 
77ER 3 9 8 s  

S-MGX 

1.00 
1.00 
1.50 

.70 
1  .oo 

1  .oo 
1.50 
1.50 
1.50 
1.50 

1 .so 
1.50 
1 . 5 0  
1.50 
1 .oo 

1 .oo 
.70 

1  .oo 
1 .oo 

.70 

1.00 
1.00 

.70  
.70 
.70 

1 .oo 
.70 
- 7 0  

1  .oo 
.so 

1 .50  
1  .oo 
1. S O  
1  .oo 
t .OO 

1.50 
1.50 
1 . S O  
1 .oo 
1.50 

1.50 
1.50 
1  . s o  
1 - 0 0  
1.00 

S - C A X  

1  .oo 
1 .oo 
2.00 
1 - 5 0  
1.50 

2  .OO 
2 .oo 
3  -00 
2  -00  
2 .oo 

2.00 
2  -00 
2.00 
2 .oo 
1 .so 

1  .so 
1  .so 
2.00 
1 ,-5 0  
2 -00  

2.00 
2 .oo 
2 .oo 
1  .50 
2 .DO 

2 .a0 
2 .oo 
1 .so 
2.00 
1 .oo 

1.50 
1.50 
1  .oo 
1 .50 
1.50 

1.50 
2.00 
2 .oo 
1 .50 
2  .oo 

2 .DO 
2 .oo 
3.00 
1 .oo 
1 .no 

S-RN 

1,500 
1  r 5 0 0  
2,000 
5,000 

> 5 , 0 0 0  

,5s000 
2 ~ 0 0 0  
5  ,000 
1.500 
2 ~ 0 0 0  

2 8 0 ~ 0  
2,000 
2 ~ 0 0 0  
1 8 5 0 0  
1,500 

1,500 
1,000 
1 #SO0 
l r 5 O O  
1 #SO0 

1,500 
1,500 
1,500 
1,500 
2 0 0 0 0  

2,000 
3,000 
1 8 5 0 0  
2 s o o o  
2,000 

2,000 
1 0 5 0 0  
2 0 0 0 0  
2 0 0 0 0  
2  , 0 0 0  

2 I OOQ 
2 ~ 0 0 0  
1,500 
1,000 
1 s  500 

1 0 5 0 0  
1 ,500 
2 0 0 0 0  
l r O O a  
1.500 

5 - A G  S-AS 5 -AU S-6 S-BA 

3 0 0  
500 
700 
700 
700  

700 
7 0 0  
7 0 0  
5 00 
7 0 0  

7 0 0  
7 0 0  
7 0 0  
700 
7 0 0  

700 
300 
500 
5 0 0  
500 

7 0 0  
300 
500 
5DO 
300 

300  
300 
500 
5 0 0  
200 

7 0 0  
500 
5 0 0  
700 
5 0 0  

500 
7 0 0  
700 
300 
7 0 0  

700 
7  0 0  
7 0 0  

l r 0 0 0  
l s O O O  

S-BE 

<1*0  
< 1  .o 
<l.O 
<I .o 
<I.O 

<I .o 
<l .o 
<?.O 

M 
< 1 .o 
< ? . O  
<1.0 
(1.0 
< 1  .o 
< t . O  

(1.0 
< 1  .o 
e1.0 
<1.0 
t l  .o 

( 1  .o 
(1.0 
t l . O  
<1.0 
(1.0 

< l * O  
<1.0 
c1.0 
< 1 .o 
< 1.0 

< 1 .o 
< 1.0 
c1.0 
<3.0 
(1.0 

<l.O 
(1.0 
(1.0 
<I.O 
t l . O  

t1 .0  
t1 .0  
< 1  .o 
< 1 .o 
< 7 .0 

I' 

S-8 I S - C O  
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TABLE 5.  ANALYTlChL O A T &  F O R  S T R E A M - S E D I R E H T  S A M P L E S - - c o n t i n u e d  

S - Z R  

100 
5 0 

100 
ZOO 
150 

100 
50 

100 
5 0 

100 

7 0 
150 
100 
150  
100 

b 

AA- IU-P AA-EU-P AA-PB-P A A - I  N - P  I N S T - H G  



b TABLE 5. A N A L Y T I C A L  DATA F O R  STREAM-SEOIMENT SAMPLES- -con t inued  

sample 

77ER 399s  
77ER400S 
77ER401S 
77ER402S 
77ER405S 

77ER4GkS 
77ER405S 
77EA406S 
77ER407S 
77ER409S 

77ER410S 
77ER41t 5  
77ER413S 
77ER414S 
77ER41 SS 

77ER419S 
77ER420S 
77ER421 S  
77EA42 3S 
77ER424S 

77ER425S 
77ER 4265 
77ER427S 
77ER 428s 
77ER429S 

77ERC31 S 
77EA432S 
77ER433S 
77ER 434s 
77EA435S 

77ER437S 
77ER438S 
77ER 439s 
77EA44OS 
77ER441S 

77ER442S 
77ER443S 
77ER444S 
77ER44SS 
77ER446S 

77ER4175 
77ER448S 
77ER449S 
77ER450S 
77ER451S 

LATITUDE LONGlTUO S - F E X  S-MGX 

1 .oo 
1 .50 
1 .oo 
1 .oo 
1.50 

1  .50 
t .50 
1 - 5 0  
1 . 5 0  
3 - 0 0  

1. SO 
1 .oo 
1 .oo 
1.00 
2.00 

1  .OO 
.70 
- 7 0  
. 7  0 
.50 

.70 

.70 
.70 

1  .oo 
1.00 

1 .oo 
.70 

1  .so 
1.00 
2.00 

.70 
1.00 
2.00 
1.50 
1.50 

1  .oo 
1 .50  
1  .oo 
2.00 
1 - 5 0  

1  .oo 
.70 

1 .OD 
.70 

t . O O  

S-CAX 

1.50 
1.00 
1 .oo 
1.50 
1 .so 

2 - 0 0  
2.00 
2.00 
2.00 
2  -00  

1.50 
2 -00 
1 .so 
1.00 
2  .oo 

1 .OO 
1.00 
1 .oo 
f .O0 

.70 

1.00 
1  ,so 
1  .oo 
1.50 
1.50 

1 . 5 0  
t .SO 
2  .oo 
1.50 
1.50 

1 .so 
2  .oo 
2  -00 
1.00 
1 .so 

1 .so 
1  .so 
1.50 
2  -00 
2.00 

1  .oo 
1 .50 
1 .50 
1.50 
1.50 

S-T IX  

.so 
.so 
.70 
- 7 0  

1 *DO 

.70 
1 .oo 
1 .oo 

. 7 0  
- 5 0  

1.00 
1 .OO 

.50 

.50 
1.00 

- 7 0  
- 5 0  
.70 
.70  
- 7 0  

.70 

.70 
.70 
.70 
.70 

.70 

.70 
-10  
- 7 0  

1 .oo 

.70  

.70 
>1.00 

1 - 0 0  
.10 

1  .oo 
1.00 
1  .oo 
t .OO 

.70 

.50 

.70 

. 7 0  

.70 

. 7 0  

S - A S  S-AU 5-0 S - B I  S - c o  

N H 
N N 
N N 
N  N 
N N 

N H 
N N 
N N 
N N 
N  N 

N N 
N N 
N N 
H N 
N N 

N N 
N N 
n N 
A N 
N N 

N N 
N N 
H H 
N N 
N N 

N N 
N N 
N hl 
N N 
N N 

N N 
N N 
N N 
N N 
N N 

N N 
N N 
N N 
N r4 
N El 

N N 
N N 
N H 
N H 
N N 



TABLE 5 .  A N R L Y T I C A C  DATA FOR STREAM-SEDIMENT S A H P L E S - - c o n t i n u e d  

S - C R  5 - E U  S - S B  S - S C  S-St4 S - S R  s - v  s - V  S - Y  

N 
N 

5 00 
Z O O  
2 00 
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T A B L E  5.  A N A L Y T I C A L  D A r A  f O R  S T R E A M - S E D I M E N T  SAMPLES--continued 

s - 0 1  S-CD I 
I 

sample  L A T I T U D E  LOMGI IUD  S - F E X  S-MGX S - C A X  S - T I X  S-MN S - A t  S - A S  S-AU S-8 S-BI S-BE 
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n N ~ N N ~  N F N N ~  ~ N N N N  m m n r r  c ~ n n n  n m m m r u  N ~ N N C  ~ ~ m m m  m r n ~ ~ n  

0 0 0 0 0  0 0 0 0 0  Q O O O O  O O O P O  0 0 0 0 0  0 0 0 0 0  0 0 0 0 0  O O O O O  O O d O O  
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C rn m n m m n  n m m m m  m m m r r  N ~ ~ N N  m n h r n  r r r w ~  ~ N N ~ F U  n m f l ~ m  m n m m l n  - - 
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