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Depar tment  of  N a t u r a l  R . e s o u r c ~ s  
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Accord ing  t o  A la ska  S t a t l ~ t c  4 1 ,  t h e  A la ska  
D i v i s i o n  of G e o l o p i c a l  and Geophys i ca l  " ~ r v e y s  i s  
cha rged  w i t h  c o ~ d u c t i n g  ' g e o l o g i c a l  a n d  p e o p h v s i c a l  
s u r v e y s  t o  d e t e r m i n e  t h e  p o t e n t i a l  of Ala,;ka l a n d s  'or 
p r o d u c t i o n  o f  m e t a l s ,  m i n e r a l s ,  f u e l s ,  and geo the rma l  
r e s o u r c e s ;  t h e  l o c a t i o n s  and s u p p l i e s  o f  ground w a t e r s  
and construction materials; t h e  p o t e n t i a l  g e o l o g i c  
h a z a r d s  t o  b u i l d i n g s ,  r o a d s ,  b r i d p e s ,  and o t h e r  
i n s t a l  l a t i o n s  and s t r ~ ~ r t u r e s ;  and s h a l l  conduc t  o t h e r  
s u r v e y s  and i n v e s t i g a t i o n s  a s  w i l l  aclv2nre knowlt.dge 
of  t h e  geo logy  of  A l a s k a .  ' 

I n  a d d i t i o n ,  t h e  D i v i s i o n  s h a l l  c o l l e c t ,  e v a l -  
i l a t e ,  and p u b l i s h  d a t a  on t h e  unde rg round ,  s u r f a c e ,  
and c o a s t a l  w a t e r s  o f  t h e  s t a t e .  T t  s h a l l  a l s o  
p r o c e s s  and f i l e  d a t a  from w a t e r - w e l l - d r i l l i n g  l o p s .  

DCCS pe r fo rms  numerous f u n c t i n r , s ,  a l l  u n d ~ r  t h e  
d i r e c t i o n  of t h e  S t ~ t e  G e o l o g i s t - - - r e s o u r c e  i n v e ~ t i q a -  
t j o n s  ( i n c l u d i n g  m i n e r a l ,  p e t r o l e u m ,  a ~ ( 1  w a t e r  r e -  
s o u r c e s ) ,  g e o l o g i c - h a z a r d  and geochemica l  i n v e s t i p c -  
t i o n s ,  and i n f o r m a t i o n  s e r v i c e s .  

A d m i n i s t r a t i v e  f u n c t i o n s  a r e  pcr fnrmed u n d e r  t h e  
d f r e c t i o n  of  the S t a t e  G e o l o g i s t ,  who m a i n t a i n s  h i s  
o f f i r ,  i n  Anchorage (3001 P o r c u p i n e  D r . ,  0 4 5 0 1 ,  ph 
274-9681) .  

T h i s  r e p o r t  i s  f o r  s a l e  bv DGGS f o r  $1.  T t  may be i n s p e c t e d  a t  any o f  
t h e  f o u r  DGGS i n f o r m a t i o n  o f f i c e s :  Alaska  N a t i o n a l  Rank o f  t h e  Nor th  R ldg . ,  
G e i s t  Rd. and 1 J n i v e r s i t y  Ave. ,  F a i r b a n k s ;  3601 C S t . ,  Anchorage;  ?3C! So. 
F r a n k l i n  S t . ,  Juneau;  and t h e  S t a t e  O f f i c e  B l d g . ,  Ke t ch iknn .  M a i l  o r d e r s  
s h o u l d  be  a d d r e s s e d  t o  DCGS, P.O. Box 80007,  C o l l e g e ,  PK 99708.  
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rJIET7ARCTIJCATJ ANALYSTS OF VARIANCE OF STREAM-SFDTEVNT SAP!PT,ES 
FOR GEOCHEMTCAl, RECONNATSSAPJCF, ESTFR POEIR, 

FATRP,AKKS M T N T N G  IIT STRTCT , Al,ASI<A 

Prnblemc addressed by t h i s  s t u d y  i n c l u d e  a )  what  a r e  t h e  ~ . e i . a i i v t .  s i z e s  
of  t h e  components  of v a r i a n c e  a s s o c i a t e d  w i t h  geochemica l  s t ream-sediment  
s amp l ing  on F s t e r  Dome, A l a s k a ,  and b )  what c o n c e n t r a t i - o n  d i f f e r e n c e s  a r e  
s t a t i s t i c a l . 1 . y  s i g n i f i c a n t  f o r  c o p p e r ,  l e a d ,  z i n c ,  and a r s e n i c  i n  s t r e a m  s e d i -  
ments  sampled a t  a  d e n s i t y  of  one  sample  p e r  114 m j .  

A s amp l ing  d e s i g n  u s i n g  two c r e e k s ,  t h r e e  l o c a l i t i e s  p e r  c r e e k ,  t h r e e  
sample  t y p e s  p e r  l o c a l i t y ,  and t h r e e  s ample s  p e r  t v p e  and l o c a l i t y  was f o l -  
lowed.  D u p l i c a t e s  of  each  sample  were  c o l l e c t e d ,  and 108 sample s  were  
a n a l y z e d .  The n n a l v s i s  o f  v a r i a n c e  (AMOVA) o f  t h e  c o m p l e t e l y  n e s t e d  2 n d  
randomized d e s i g n  f o r  t h e  t o t a l  v a r i a n c e  of c o p p e r ,  l e a d ,  z i n c ,  and a r s e n i c ,  
r e s p e c t i v e l y ,  showed: a )  be tween-creek  v a r i n n c e  of  30 p e r c r n t ,  0 p e r c e n t ,  6 
p e r c e n t ,  and  37 p e r c e n t ;  b )  a m n n p - l o c a l i t i e s  v a r i a n c c  cf -- '5 p e r c e n t ,  4 p e r -  
c e n t ,  75 p e r c e n t ,  and 4 p e r c e n t ;  c )  a m o q ~ - s a m p l ~  ~ r a r i a n c e  of 1 7  p e r c e n t ,  2 
p e r c e n t ,  8 p e r c e n t ,  and 7 p e r c e n t ;  and ( 1 )  r e p l i c a t e  v a r i a n c e  o r  6 p e r c e n t ,  27 
p e r c e n t ,  1 2  p e r c e n t ,  and 7 p e r c e n t .  Only t h e  u n d e r l i n e d  va l r res  were  s t a t i s t i -  
c a l l y  s i g n i f i c a n t  a t  t h e  9 5 - ~ e r c e n t  c c n f i d e n c e  l e v e l .  The me:lns and s t a n d a r d  
d e v i a t i o n s  f o r  a 1 1  s ample s  a r e :  a) coppe r  - 17.8 ppm, 3.56; b )  l e n d  - 8.84 
ppm, 1.54; c )  z i n c  - 51.4 ppm, 6 .73 ;  and  d )  a r s e n i c  - 43 .2  ppm, 2 7 . 3 .  

The f o l l o w i n g  c o n s e q u e n t i a l  d i f f e r e n c e s  were  d e t r c t e d  f o r  e t g h t  p a i r s  o f  
s amp le s  ( two s t r e a m s ,  e ach  2-mi l o n g  w i t h  one sample  p e r  114 m i )  a t  a=P = 
0.05:  c o p p e r  - 5 ppm; l e a d  - 7 ppm; z i n c  - 9 ppm; and a r s e n i c  - 38 ppm. 

Because  of  t h e  s m a l l  number of s amp le s  c o l l e c t e d ,  t h i s  s t u d y  p r o v i d e s  
o n l y  a  f i r s t  l o o k  a t  t h e  v a r i a n c e  s t r u c t u r e  of  s t r eam-sed imen t  s amp l ing  on 
E s t e r  Dome. A l a r g e r  s t u d y  u s i n g  more s ample s  and o t h e r  a r e a s  w i t h i n  t h e  
F a i r b a n k s  min ing  d i s t r i c t  i s  necded  t o  o b t a i n  r e s u l t s  g e n e r a l l y  a p p l i c a b l e  t o  
t h e  e n t i r e  d i s t r i c t .  

INTRODIJCTTON 

The p u r p o s e  o f  t h i s  s t u d y  was t o  i n v e s t i g a t e  s o u r c e s  o f  v a r i z b i l i t y  among 
s t r eam-sed imen t  s amp le s  t a k e n  i n  geochemica l  e x p l o r a t i o n  f o r  m e t a l l i c  d e p o s i t s  
on E s t e r  Dome. For  a g i v e n  e l e m e n t ,  t h e  s o u r c e s  of  v a r i a b i l i t y  s t u d i e d  were :  
a )  a n a l y t i c a l  v a r i a b i l i t y  be tween  r e p l i c a t e  s amp le s  ( ' s a m p l i n g  e r r o r ' ) ;  b)  
v a r i a b i l i t y  among t h e  same t y p e  of  sample  a t  d i f f e r e n t  s u b l o c a l i t i e s  w i t h i n  a  
g i v e n  sample  l o c a l i t y  on a  s t r e a m  ( ' s a m p l e  v a r i a n c e ' ) ;  c )  v a r i a b i l i t v  among 
d i f f e r e n t  t y p e s  of  s amp le s  a t  v a r i o u s  l o c a l i t i e s  ( ' t y p e  v a r i a n c e ' ) ;  d )  
v a r i a b i l i t y  among d i f f e r e n t  l o c a l i t i e s  on a  s t r e a m  ( ' l o c a l i t y  v a r i a n c e ' ) ;  and 
e )  v a r i a b i l i t y  be tween  s ample s  from two d i f f e r e n t  c r e e k s  ( ' c r e e k  v a r i a n c e ' ) .  



E ~ t i m a t e s  of t h e  d i f f e r e n t  components  of v a r i a n c e  f o r  c o p p e r ,  l e a d ,  z i n c ,  
and a r s e n i c  f o r  m i n e r a l i z e d  Nugget Creelc and u n m i ~ e r a l i z e d  R a l d r y  Creek  
( l o c a t e d  on t h e  n o r t h  f l a n k  of E s t e r  Dome, f i g .  I ) ,  o f  t h e  number of s amp le s  
r e q u i r e d  t o  d i s t i n g u i s h  m i n e r a l  i z e d  and unminera l  i 7 e d  c r e e k s ,  and of 
s i g n i f i c a n t  c o n c e n t r a t i o n  d i f f e r e n c e s  be tween  c r e e k s  f o r  t h e  q t a n d a r d  TICCS 
s amp l ing  d e n s i t y  a r e  r ~ p o r t e d .  

T h i s  s t u d y  u s e d  t h e  b a l a n c e d ,  randomized ,  n e s t e d  d e s j g n  shown schema t i -  
c a l l y  i n  f i g u r e  2 .  T h i s  d e s i g n  i s  amenable t o  AMOVA whose ma thema t i ca l  model 
i s  d i s c u s s e d  i n  a  l a t e r  s e c t i o n  o f  t h i s  r e p o r t .  

S t ream-sediment  s amp le s  c o n s i s t i n g  of  g r a b  s ample s  of wet  s andy  s e d i m e n t ,  
v e t  o r g a n i c  s e d i m e n t ,  and d r y  sandy  s ed imen t  from t h r e e  l o c a l j t i e s  on Kugget 
and  R a l d r y  Creeks  ( f i g .  1 )  were  c o l l e c t e d  d u r i n g  Tune 1981. To e s t i m a t e  
' s amp le  v a r i a n c e ,  ' n  sample  of t h e  same t y p e  was t a k e n  from each  of  t h r e e  
l o c a t i o n s  ( s u b l o c a l i t j e s )  a l o n g  a  30 t o  50 f t  l e n g t h  of  t h e  c r e e k ,  f o r  a  t o t a l  
o f  t h r e e  s ample s  o r  t h e  same t y p e  p e r  l o c ~ l i t v .  Thus ,  f o r  e ach  l o c a l i t y  
( s e c t i o n  of c r e e k  s ample s )  n i n e  s ample s  were  tn l ten ,  t h r e e  of e ach  t y p c ;  a 
t o t a l  o f  54 s ample s  w ~ s  c o l l e c t e d .  The s n m p l c ~  wcre  d r i c d  < ~ n d  s i e v e d  i n  t h e  
DC,(:S l a b o r a t o r y ,  and t h e  f r , ~ c t i o n  p a s s i n g  80-mesh wn.; r e t a ine r1  f o r  a n a l y s i s .  
Fact, sample  was s p l i t ,  and t l ic  s p l i t s  were  randomized ,  r ~ n u r n b c r ~ d ,  and 
s u b m i t t e d  f o r  a n a l y s i s .  The v a l u e s  f o r  c o p p e r ,  l e a d ,  and z i n c  were  d ~ l t e r m i n e d  
by t h e  DGGS Mine ra l  L a b o r a t o r y  and a r s e n i c  was d e t e r m i n e d  by Rondar-Clegg and 
Company, L t d . ,  o f  Vancouver ,  B . C .  The r e s ~ i l t s  of t h e  chemica l  a n a l y s e s ,  
a r r a n g e d  a c c o r d i n g  t o  sample  t y p e ,  l o c a l i t y ,  and s t r e a m ,  a r e  shown j n  
append ix  I .  

STATTSTTCAI, ANAT,Y SIS 

1 ) e s c r i p t i v e  S t a t i s t i c s  

Summary s t a t i s t i c s  f o r  e a c h  e l emen t  w i t h  r e s p e c t  t o  s t r e a m  and sample 
t y p e  a r e  shown i n  append ix  T .  Da t a  u sed  f o r  t h e  summary s t a t i s t i c s  ~ r c  ? i s t e d  
and ~ u m m a r i z e d  g r a p h i c a l l y  i n  h i s t o g r a m s  and normal  p r o b a b i l i t y  p l o t s  i n  
append ix  11. A summarv of  t h e s e  d a t a  a r e  p r e s e n t e d  i n  t a b l e  1 .  C a l c u l a t i o n s  
we re  computed u s i n g  an HP-9845 computer .  

A n a l y s i s  of V a r i a n c e  

The ANOVA f o r  d a t a  i n  append ix  T was computccl u s i n g  t h e  k!P-9845 'Nes t ed  
ANOVA P rog ram ' ;  r e s u l t s  a r e  shown i n  t a b l e  2 .  V a r i a n c e - r a t i o  o r  ' F '  t e s t s  o f  
t h e  mean s q u a r e s  a r e  shown i n  t a b l e  3 .  

The m a t h e m a t i c a l  model u sed  f o r  t h e  s amp l ing  d e s i g n  i s  

+ e  
i j k l  



F i g u r e  1 .  Flap o f  s t u d y  a r e a  on ~ o r t h w e s t  f l a n k  of  E s t e r  Done, F a i r b a n k s  minSng d i s t r i c t ,  A la ska .  



T a h l e  1 .  Summary s t a t i s t i c s  f o r  c o p p e r ,  l e a d ,  z i n c ,  ar.d a r s e n i c .  

Creek  

Both 
n a l d r y  
Nugget 
Both 
Both 
Both 

Both 
B a l d r y  
N u p ~ e t  
Roth 
Both 
1; o t h 

Both 
Ba ld ry  
Nugget 
Both 
Roth  
Both 

Both 
B a l ~ d r y  
Nugget 
Both 
Both 
Eo th  

Sample 
t y p e  

A l l  
A 1  l 
All 
FJe t 

Dry 
O r g a n i c  

A l l  
A1 1 
A 11 
Tile t 

Dry 
O r g a n i c  

A 1.1. 
All 
A 1 . 1  
Ke t 
Dry 
O r g a n i c  

A l l  
A l l  
AS I. 
FTe t 
Dry 
Organ i c  

Copper 

Mean 

( P P ~ )  

1 7 . 8  
16 .0  
1 9 . 6  
i 8 . n  
1 6 . 7  
1 8 . 7  

1,ead 

8 . 8 4  
8 . 7 2  
8.96 
9 . 1 1  
8 . 5 8  
8.8'3 

7 i n c  

5 1 . 4  
4 8 . 9  
5 3 . 8  
5 1 . 9  
4 7 . 9  
5 3 . 3  

A r s e n i c  

4 3 . ?  
26.2 
6 0 . 2  
4 7 . 1  
36.8 
4 5 . 6  

S t a n d a r d  d e v i a t i o n  
( P P ~ )  - N 

3 . 5 6  108 
I . 76  5 4 
3 . 9 6  5 4  
3 . 2 4  3 6  
2 . 1 4  3  6 
4 . 6 4  3 6 

(H icks ,  1 9 7 3 ) .  Y .  . r e p r e s e n t s  t h e  measured  v a r i a b l e ,  u  i s  t h e  p o p u l a t i o n  
mean (a common ef'+ekci i n  a l l  o b s e r v a t i o n s ) ,  C i  i s  t h e  v a r i a b i l i  t y  be tween  
c r e e k s ,  i = 1 , 2 ;  i s  t h e  v a r i a b i l i t y  among l o c a t i o n s ,  i = 1 , 3 ;  T 
t h e  v a r i a b i l i t y  an(bL2 d i f f e r e n t  sample t y p e s ,  k  = 1  ,'3; 
v a r i a b i l i t y  among sample s  of  t h e  same t y p e  from d i f f e r e n t  i n  a  g i v e n  
l o c a l i t y ,  1  = 1 , 3 ;  and e  

( i j k l )  
i s  t h e  random e r r o r  i n  s amp l ing  e s t i m a t e d  by 



T a b l e  2 .  Nes ted  a n a l y s i s  of v a r i a n c e  f o r  c o p p e r ,  l e a d ,  z i n c ,  and a r s e n i c .  

Copper 

Sou rce  
(name ) 

T o t a l  
A Creek  
B (A) 
C(B(A)) 
D(C(B(A)))  
Sampl ing  e r r o r  

T o t a l  
A Creek  
R ( A )  
C ( R ( A ) )  
D ( C ( R ( A ) ) )  
Sampl ing  e r r o r  

T o t a l  
A C reek  
B (A) 
c ( R ( A ) )  
n ( c ( m ) ) )  
Sampl ing  e r r o r  

Tota l .  
a  C reek  
B (A) 
C(B!A!) 
D(C!B(A))) 
Sampl-ing e r r o r  

Lead 

Z i n c  

A r s e n i c  

Sums of  
s q u a r e s  

Mean 
squa re  -- 





r e p l i c a t i o n s  of v a r i o u s  s a m p l e s .  E q u a t i o n  !1) c an  b e  r e w r i t t e n  i n  t e rms  of 
t h e  r e s p e c t i v e  means t o  y i e l d  

Ir t h i s  e q u a t i o n ,  u i s  t h e  mean v a l u e  of t h e  v a r i a b ! e  f o r  a  p a r t i c r ~ l n r  
i 

c r e e k ;  t h u s  t h e  t e r m ' ( u  - u )  i s  t h e  d i f f e r e r c e  be tween  t h e  mean v a l u e  of  t h e  
i 

v a r i a b l e  f o r  a g i v e n  c r e 6 k  a n d  t h p  ~ r l r r l  meqn f n r  t h e  v a r i a b l e ,  and s o  f o r t h .  
Acco rd ing  t o  H icks  ( 1 9 7 3 ,  p.  2 6 - 4 2 ) ,  t h i s  model c a n  bc  u sed  t o  c a l c u l a t e  
e x p e c t e d  mean-square v a l u e s  (EMS) .  The ENS can  h e  used  i-n c o n j u n c t i o n  w i t h  
t h e  o b s e r v e d  mean s q u a r e s  (ANOVA, t a b l e  2 )  t o  e s t i m a t e  t h e  different 
colnponents of  v a r i a n c e .  The g e n e r a l  l a y o u t  of t h e  ANOVA t a b l e  (Box 2nd 
o t h e r s ,  1 9 7 8 )  f o r  t h e  s e p a r a t i o n  of t h e  v a r i  nnce  components  a s s o c i n t e d  w i t h  
c r e e k s ,  l o c a l i t i e s ,  sample  t y p e s ,  s a m p l e s ,  and replications i s  shown i n  
t a b l e  4 .  Using  t h e  c a l c u l a t e d  mean s q u a r e s  ( t a b l e  2) and t h e  EPIC f t ; l b l e  4 ) ,  
t h e  v n r i a n c e  components  shown jn  t a b l e  5  were  calculated. 

T a b l e  3 .  T a b u l a t i o n  of  'T" t e s t s  o f  mean s q u a r e c  i n  t a b l e  7 .  

Source  
-A- 

d f -- Cu -- - 

Creek  1 3 . 3 8  0 . 3 7 4  I . 3 3  ' 3 .12  7.71 21 .2  
L o c a l i t y  4 -- 3 . 7 2  2 6 . 1  3 .96  2 4 . 0  3 . 7 6  5 . 4 1  

-- - -- 
Type 1 2  -5T'm 1 . 9 4  8 .69  7 . 6 2  7 .02 1 . 7 0  
Samples 3 6 5.23 I . 2?  2 . ? 6  -- 8 . 3 6  1 . 5 9  2 . 0 0  -- 
Sampl ing  5  4 

C r i t i c a l  'F' r a t i o s  from t a b l e  A-5, p t -6  t o  T-Q ( N a t r e l l a ,  1963 ) .  
Va lues  s i g n i f i c a n t  a t  t h e  Q5-pe rcen t  c o n f i d e n c e  l e v e l .  

-- Values  s i g n i f i c a n t  a t  t h e  9 9 - p e r c e ~ t  c o n f i d e n c e  l e v e l .  

Fo r  c o p p e r ,  30 p e r c e n t  o f  t h e  t o t a l  v a r i a n c e  i s  clue t o  d i f f e r e n c e s  be- 
tween c r e e k s ,  27  p e r c e n t  t o  d i f f e r e n c e s  among l o c a l i t i e s ,  2 5  p e r c e n t  t o  d i f -  
f e r e n c e s  among t h e  t h r e e  sample  s i t e s ,  1 2  p e r c e n t  t o  v a r i a t i o n s  among sample s  
from t h e  d i f f e r e n t  s u b l o c a l i t i e s ,  and 6  p e r c e n t  t o  s amp l ing  ( r e p l i c a t e )  e r r o r .  
Al though d i f f e r e n c e s  b e t t a ~ c n  c r e e k s  may a c c o u n t  f o r  a s  much as 37 p e r c e n t  o f  
t h e  t o t a l  v a r i a n c e ,  t h e  r e s u l t s  of t h e  ' F '  t e s t s  ( t a b l e  3 )  show t h a t  t h i s  
v a r i a n c e  component i s  n o t  s t a t i s t i c a l l y  s i g n i f i c a n t  a n d  t h a t  t h e  two c r e e k s  
c a n n o t  b e  d i s t i n g u i s h e d  on t h e  b a s i s  of t h e  mean coppc,r,  l e a d ,  z i n c ,  o r  
a r s e n i c  v a l u e s  of  t h e s e  s ample s .  

S i g n i f i c a n t  ( 95 -pe rcen t  C L )  t o  h i p h l v  s i g n i  f i c a n t  ( 99 -pe rcen t  C L )  d i f f e r -  
e n c e s  e x i s t  among t h e  l o c a l i t i e s  on t h e  two c r e e k s  f o r  a1  1 f o u r  e l e m e n t s .  
Copper ,  z i n c ,  and a r s e n i c  a l s o  show s i g n i f i c a n t  d i f f e r e n c e s  among t h e  sample 
t y p e s  and  among t h e  s ample s .  The a m o n g - l o c a l i t i e s  v a r i a n c e  r a n g e s  from 27  
p e r c e n t  t o  7 2  p e r c e n t  o f  t h e  t o t a l  v a r i a n c e  f o r  an e l e m e n t .  V a r i a b i l i t y  due 
t o  sample  t y p e  c o m p r i s e s  25 t o  3 5  p e r c e n t  of t h e  t o t a l  v a r i a n c e  f o r  coppe r  and 
z i n c .  Sample v n r i a n c e  i s  r e l a t i v e l y  s m a l l  ( a b o u t  10 p e r c e n t )  f o r  a l l  f o u r  
e l e m e n t s .  With t h e  e x c e p t i o n  of leacl ,  t h e  s amp l ing  ( r e p l i c a t e )  e r r o r  i s  a l s o  
s m a l l ,  a b o u t  6 p e r c e n t  on t h e  a v e r a g e .  



Lead b e h a v e s  anoma!ously t h r o u p h o u t  t h ~  AI!OVA b e c a u s e  t h e  l e v e l s  of l e a d  
n t h e  s amp le s  a r e  low and r e l a t i v e l y  un i fo rm,  a p p a r e n t l y  r e f l e c t i n g  a  l a c k  of 
ead  m i n e r a l i z a t i o n  on e i t h e r  s t r e a m .  I f  t h e r e  were  s i g n i f i c a n t  v a r i a t i o n s  i n  

t h e  l e a d  c o n c e n t r a t i o n  a t  d i f f e r e n t  l o c ~ l i t i e s  o r  be tween  s t r e a m s ,  t h e v  would 
c o n t r i b u t e  t h e  ma jo r  v a r i a n c e ,  and t h e  s ampl ing  e r r o r  would become r e l a t i v e l y  
s m a l l .  

' B e s t '  Element f o r  Geochemical  E x p l o r a t i o n .  

A r s e n i c  j s  t h e  most  s u i t a b l e  of t h e  F o u r  e l e m e n t s  f o r  u s e  i n  s t r eam-sed i -  
ment geochemica l  e x p l o r a t i o n  on E s t e r  Dome. Major  v a r i a n c e  components  f o r  
a r s e n i c  a r e  be tween  c r e e k s  and e s p e c i a l l y  among l o c a l i t i e s .  I n  f a c t ,  much of 
t h e  v a r i a n c e  o f  a r s e n i c  i s  due  t o  t h e  h i g h  v a l u e s  o b s e r v e d  a t  l o c a l i t y  3 on 
Nugget C reek .  These  two s o u r c e s  of v a r i a n c e  a c c o u n t  f o r  87 p c r c e n t  of t h e  
v a r i a n c e  of  a r s e n i c  i n  t h e  s ample s .  Even though t h e  v a r i a n c e  c o n t r i b u t e d  bv 
sample  t y p e  and s ample s  i s  s t a t j s t i c a l l y  s i g n i f i c a n t ,  t h e s e  a r e  r e l a t i v e l y  
s m a l l  components  of t h e  t o t a l  v a r i a n c e .  The e f f e c t  o f  sample  t y p e  i s  s m n l l .  
Wet, d r y ,  o r  o r g a n i c  s amp le s  car. p robahl  y  a1 1 b e  u sed  i n t c r c h n n g e ~ h l v  w i t h o u t  
i r i t r o d u c i n g  much e r r o r .  A1 s o ,  t h e  e r r o r  due  t o  v a r i a b i  l i  t y  among sub  1  o c a l -  
i t i e s  i s  s m a l l ,  and t h u s ,  2 s i n g l e  (noncompos i t e )  sample can  be talcen a t  a 
g i v e n  s i t e  w i t h o u t  markedlv  a f  f c c t i n g  t h e  o v p r a l  l v a r i a n c e .  F i n a l  117, hecause  
t h c  s ampl ing  v a r i a n c e  i s  s m a l l ,  o n l y  o n e  a n a l y s i s  p e r  sample i s  r e q u i r e d .  

Copper and 7 i n c  may be  u s e f u l  i n  geochemica l  e x p l o r a t i o n  on F s t e r  Dome 
b e c a u s e  t h e y  show s i g n i f i c a n t  v a r i a b i l i t y  w i t h  r e s p e c t  t o  snniplp t y p e .  T h i s  
v a r i a n c e  s t e m s  from d i f f e r e n c e s  between v a l u e s  f o r  d r y  s ample s  arid f o r  wet  
sand  o r  we t  o r g a n i c  s amp le s .  A s  shown i n  t a b l e  I ,  t h e  d r y  s ample s  y i e l d  
v a l u e s  l ower  t h a n  t h o s e  f o r  t h e  wet  s and  o r  wet  o r g a n i c  s amp le s .  Fo r  coppe r  
and z i n c ,  s amp l ing  s h o u l d  be  r e s t r i c t e d  t o  wet  s amp le s ,  e i t h e r  s and  o r  organ-  
i c ;  d r y  s ample s  s h o u l d  h e  a v o i d e d .  (I-Iowevcr, j t i s  b e t t e r  t o  t a k e  a d r y  
sample  t h a n  no  sample  a t  a l l . )  

Sampl ing  D e n s i t y  

R e s u l t s  of t h i s  a n a l y s i s  c a n  be used  to e s t i m a t e  the number of q,imples 
needed  t o  d e t e c t  a  s p e c i f i e d  c o n c e n t r a t i o n  d i f f e r e n c e  b e t t ~ e e n  g roups  of  
s amp le s .  F i r s t ,  c o n s i d e r  t h c  two t y p e s  of e r r o r s  (Tlrprs T and IT)  t h a t  a r i s e  
i n  t e s t i n g  a  s t a t i s t i c a l  h y p o t h e s i s .  The o r i p i n  of t h c  e r r o r s  i s  shown schem- 
a t i c a l l y ,  where  H i s  t h e  n u l l  t i v p o t h e s j s ,  f o r  example ,  t h e  h v p o t l l e s i s  t h a t  

0 
t h e  mean coppe r  c o n c e n t r a t i o n  of Nugget Creek e q u a l s  t h ~ t  of R a l d r v  Creek .  

C o n d i t i o n s  

H T r u e  
0 

H F a l s e  
o  

Our r e s p o n s e :  
Accept  f I  

0 

C o r r e c t  Type T E r r o r  
Type I T  E r r o r  C o r r e c t  





T a b l e  5 .  V a r i a n c e  components  

Copper  Lead Z inc  A r s e n i c  

Component Component Component Component 
Sou rce  % X % 7 

Creelc 4 .68  30 0  0  2.92 6 184 .  3 7 
1 , o c a l i t i e s  4.32 27 2 . 2 4  7 2 20.? 3 9 570.  5 0 
Type 3 .95  25 0 .13  4  18.0 '3 5 4 1  . C )  4 
Samples I .97 12 0 .07  2 3.92 8 68 .4  7  
R e p l i c a t e s  .094 6  0 .68  7 2  6 .21  1 2  18 .6  3. - -  - - -- - 

T o t a l s  15 .01  100 3 .1% 100 51 . 2 5  100 1033. 100 

I f  we a c c e p t  t h e  h y p o t h e s i s  t h a t  t h e  mean coppe r  c o n c e n t r a t i o n s  of  Nugget and 
R a l d r y  C r e e k s  a r e  s t a t i s t i c a l l y  t h e  same w h e ~  i n  f a c t  t h e y  a r e  (1:-fferent ,  we 
have  made a  Type I T  e r r o r .  t h e  p r o b , ? h i l i t v  o f  which i s  designr; tccl  by P . T f  
we r e j e c t  t h e  n u l l  h v p o t h c s i s ,  and d e c i d e  t h e  mean coppe r  c o n c e n t r a t i o n 9  of  
t h e  two c r e e k s  a r e  tli f f e r e n t  whcrl i n  f a c t  t l lcy a r e  t h e  samc,  we have made a 
Type I e r r o r ,  t h e  p r o b a b i l i t y  of which i s  des ipna t -ed  by CY . We arc1 n lwavs  
a b l e  t o  e s t i m a t e  cx from o u r  d a t a ,  h u t  t ~ e  must I i i~vc  a r p e c i f i c  a l t e r n a t e  
h y p o t h e s i s  i f  we a r c  t o  e s t i m a t e  . Tn o t h e r  words ,  we must s p e c i f v  somr 
v a l u e  f o r  t h e  mean coppe r  c o n t e n t  o f  a m i n e r a l i z e d  c r e e k  r e l a t i v e  t o  a  
n o n m i n e r a l i z e d  crc.ek b e f o r e  we can  e s t i m ~ ~ t e  P . T s t r e s s  t h a t  t h i s  i s  a  
g e o l o g i c  d e c i s i o n  and n o t  i l  s t a t i s t i c a l  q u e s t i o n ,  and i t  r e s t s  on t h e  a c t i o n s  
a g e o l o g i s t  w i l l  t a k e  i f  c e r t a i n  v a l u e s  a r e  e n c o u n t e r e d .  

Tn t h i s  example ,  we commit a  Type T I  e r r o r  i f  we c a l l  a  c r e e k  
' backg round1  when i t  i s n ' t ;  we cnnl r~ i t  a  Type T e r r o r  i f  we en! 1  t h e  c r e e k  
' anomalous '  when i t  i s n ' t .  C l e a r l y  t h e r e  a r e  c o s t s  a s s o c i a t e d  w i t h  making - 
b o t h  k i n d s  of e r r o r s ,  and t h e  e r r o r s  a r e  compl imen ta ry .  Tf we d e c r e a s e  t h e  
r i s k  of  making a  Type I e r r o r ,  w e  a u t o m a t i c a l l y  i n c r e a s e  t h e  r i s k  of  making a  
Type I T  e r r o r .  B a l a n c i n g  t h c  two e r r o r s  depends  on t h e  c o n t e x t  c f  t h e  
problem.  F o r  example ,  a  Type T e r r o r  may be  v e r y  c o s t l y  r e l a t i v e  t o  a Type I1 
e r r o r ;  t h e r e f o r e  we wou1.d a t t e m p t  t o  r e d u c e  t h e  r i s k  of a  Type T e r r o r  whi1.e 
i n c r e a s i n g  t h e  p r o b a b i l i t y  of  a  Type T T  e r r o r .  -- Aga in ,  T s t r c s s  t h a t  b a l a n c i n g  
t h e  two e r r o r s  i s  a  ~ e o l o ~ i c .  n o t  s t a t i s t i c a l  d e c i s i o n .  

I n  t h e  f o l l o w i n p  example ,  T am a t t e m p t i n g  t o  r e d u c e  t h c  two e r r o r s  t o  P 

s m a l l ,  a p p r o x i m a t e l y  e q u a l  v a l u e  by t l i e  method of ' c o n s e q u e n t i a l  d i f f e r e n c e s , '  
which  i s  summarized i n  t h e  o p e r a t i n g  c h a r a c t e r i s t i c s  of a  s t a t i s t i c a l  t e s t .  
Suppose we t ~ k e  a s  t h e  d i f f e r e n c e  t o  h e  d e t e c t e d  ( c o n s e q u e n t i a l  d i f f e r e n c e )  
t h e  d i f f c r e n c e  be tween  t h e  mean coppe r  v a l u e s  f o r  Nugget Creelc and Rnldry  
Creek .  T h i s  d i f f e r e n c e  i s  3.65 ppm. The s t a v d a r d  d e v i a t i o n  of c o p p e r  is  3.56 
ppm ( t a b l e  I ) .  Suppose t h a t  a t  cx = 0 .05 ,  we w i s h  t o  b e  9 5  p e r c e n t  c e r t a i n  
( i . e . ,  1  - p = 0.05)  of  d e t e c t i n g  t h i s  d i f f e r e n c e  of 3 .65  ppm when s = 3 .56  
ppm. How many sample s  must we t a k e ?  Ice f i r s t  c a l c u l a t e  ' d , '  t h e  s t and ' l r d  
d i f f e r e n c e ,  where 



T a b l e  6 .  Sample s i z e s  r e q u i r e d  t o  d e t e c t  p r e s c r i b e d  d i f  f e r e ~ c e s  between 
a v e r a g e s  when t h e  s i g n  o f  t h e  d i f f e r e n c e  i s  n o t  i m p o r t a n t  ( N a t r e l l a ,  1 9 6 3 ) .  

The table entry is the sample size (n) required to detect, with probability 1-8, that the averngt, ,!i 

of a new product differs from the standard mo (or that two product averages r n ~  and n~ differ). ~ h ,  
standardized difference is d, where 

d = l m  - moi (or d = l m ~  - m ~ l  if we are comparing two products). 
0 

The standard deviations are assumed to be known, and n is determined by the formula: 

n = 
(21-12 + tl-e)' 

d2 

L I I 

If we must estimate u from our sample and use Student's 1, then we should add 4 to  the tabulated values to  obtain 
the approximate required sample size. (If we are comparing two product averages, add 2 t o  the tabulated values, to 
obtain the required size of each sample. For this case, we must have u, = a , ) .  

I f  we 1111t.t r s t i m a ~ ~  n from our .;ample ant1 uqe Studt.nt's I ,  then we ~hou l (1  add 2 ro the ra))ulntc.ri :.a!ues tn o b t a ~ n  
the approximate required s ;~mple  size. ( I t  we are comparing two product aver:iges, add 1 t o  the t;tbulated value.; to 
obtain the required size of tzach sample. For this caie, we must ha;.? a ,  = u,,.). 



From t a h l ~  6 ( f rom Mat r e l  l a ,  IQ63) ,  we f i n d  t h a t  f o r  t h e  s e l e c t e d  l e v e l s  ofcv 
and p , a b o u t  1 7  s amp le s  a r e  needed .  D e t a i l e d  c a l c u l a t i o n  shows t h a t  t h e s e  
two e r r o r s  a r e  b a l a n c e d  a t  ! 5 s amp le s .  For t h e  o b s e r ~ r e d  d i f f e r e n c e s  i n  t h e  
mean v a l u e s  of  l e a d ,  z i n c ,  and a r s e n i c  be tween  t h e  two c r e e k s ,  c o r r o s ~ o n d i n g  
v a l u e s  a r e :  l e a d  - 900 s a m p l e s ,  z i n c  - 30 sample s ,  and a r s e n i c  - 14 sample s .  
N o t i c e  t h a t  we must  s p e c i f y  ' a  p r i o r i , '  t h e  consequential d i - f f e r e n c e ,  b u t  t h a t  
we o b t a i n  ' s f  from o u r  d a t a .  N o t i c e  a l s o  t h a t  t h e  g r e a t e r  t h e  c o n s e q u e n t i a l  
d i f f e r e r c e  f o r  a  f j x e d  I s , '  t h e  f ewer  t h e  s s m p l e s  r e q u i r e d  t o  d e t e c t  tllis 

d i f f e r e n c e .  Thus,  i f  d  = 3  (a c o n s e q u e n t i a l  differc!r,ce equa l  t o  3 s ) ,  o n l y  two 
sample s  a r e  r e q u i r e d  t o  d e t e c t  t h i s  d i f f e r e n c e .  

T a b l e  6 and t h e  s t a n d a r d  d e v i a t i o n s  of  t h e  v a r i a n c e  e s t i m a t e s  d e r i v e d  i n  
t h i s  s t u d y  can  be u sed  t o  e s t i m g t e  t h e  c o n t r a s t  o r  c o n s e q u e n t i a l  d i f f e r e n c e  
baaed  on t h e  s t a n d a r d  DGGS s amp l ing  d e n s i t y  of one sample  p e r  1 / 4  m i  of 
s t r e a p .  F o r  two s t r e a m s  ( e a c h  2  m i  l ong )  o r  a  t o t a l  of e i g h t  p a i r s  o f  samples  
and f o r  t h e  s t a n d a r d  d e v i a t i o n s  e s t i m a t e d  h e r e ,  c o n s e q u e n t i a l  6 i f f e r e n c e s  of  
38 ppm a r s e n i c ,  9 ppm z i n c ,  2 .2  ppm l e a d ,  2nd 5 ppm coppe r  cou ld  be d e t e c t e d  
a t  a =  p = 0 .05 .  

The r e ~ u l t s  o f  t h i s  s t u d v  a r e  a p p l i c a b l e  o n l y  t o  t h e  e l e m e n t s  a ~ d  t h e  two 
c r e e k s  ~ t u d i e d .  The number o f  s amp le s  s t t ~ d i e d  h e r e  W:IF v e r v  s m n l l ,  and t h e  
r e l a t i v e  magni tude  o r  t h e  variance. cnmponen t.; c o u l d  chan):c g r e a t l v  w i t h  
i n c l u s i o n  of j u s t  one o r  two more l o c a l i t i e s .  T h i r  s t u d y  h a s  p r o v i d e d  a f i r s t  
l o o k  a t  t h e  v a r i a n c e  s t r u c t u r e  o f  geochemica l  s t ream-qediment  s amp l ing  on 
E s t e r  Dome. The work i s  a  n e c e s s a r y  p r e l i m i n a r y  of o t h e r  l a r g e r  n t u d i e s  t h a t  
s h o u l d  be  done i f  t h e  v a r i a n c e  components  f o r  geochemical  e x p l o r a t i o n  o f  
d i f f e r e n t  a r e a s  w i t h i n  t h e  F a i r b a n k s  min ing  d i s t r i c t  a r e  t o  be  known. 

Thanks a r e  e x t e n d e d  t o  Bruce Campbel l ,  Cindy Smi th ,  and M i l t  W i l t s e  f o r  
t h e i r  h e l p  i n  o b t a i n i n g  t h e  d a t a  u sed  i n  t h i s  s t u d v .  
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Appendix 11. Summary statistics, histograms, and normal profability plots of 
data in appendix I. 
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