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Rornan J .  Motj 'ka 

A l a s k a  D r v r s r o n  o f  G e o l o g r c a l  & G e o p h y s r c a l  S u r V / e y s  

I NTRODUCTION 

B a c k g r o u n d  

The  p r e s e n t  s t u d y  was initiated i n  t h e  w i n t e r  o f  1 9 8 4 .  

T h i s  w a t e r  q u a l i t y  s t u d y  i s  p a r t  o f  a n  o v e r a l l  i n v e s t i g a -  

t i o n  o f  g r o u n d  w a t e r  l n  t h e  M e n d e n h a l l  ? e n i n s u l a  - Auke 

B a y  (MHP-AB) a r e a ,  c o n d u c t e d  b y  t h e  w a t e r  r e s o u r c e s  s e c -  

t i o n  o f  t h e  A l a s k a  D l v i s i o n  o f  G e o l o g r c a l  8 

G e o p h y s i c a l  S u r v e y s .  The  i m p e t u s  f o r  t h e s e  s t u d i e s  was  a  

r e q u e s t  f r o m  t h e  D i v i s r o n  o f  L a n d  a n d  V a t e r  M a n a g e m e n t  f o r  

i n f o r m a t i o n  a n d  d a t a  o n  s u s p e c t e d  s a l t w a t e r  c o n -  

t a m i n a t i o n  p r o b l e m s  i n  t h e  MHP-AB a r e a .  The  information 

was  a l s o  r e q u i r e d  t o  h e l p  a d j u d i c a t e  a p p l i c a t i o n s  f o r  

g r o u n d w a t e r  u s a s e  b y  t w o  p r o p o s e d  m a j o r  d e v e l o p m e n t s  i n  

t h e  a r e a .  The  f i r s t  o f  t h e s e  was  a  h o u s i n g  c o m p l e x  o n  

F r i t z  Cove  Road ;  t h e  s e c o n d  was t h e  e x p a n s i o n  o f  t h e  Auke 

Bay s m a l l  b o a t  h a r b o r  f a c i l r  t y .  B o t h  d e v e l o p m e n t s  w o u l d  

p o t e n t i a l l y  d r a w  r e l a t r v e l y  l a r g e  v o l u m e s  o f  g r o u n d  w a t e r  

f r o m  f r a c t u r e d  b e d r o c k  a q u i f e r s ,  t h e r e b y  increasing t h e  

r i s k  o f  s a l t w a t e r  i n t r u s i o n .  C o n c e r n  was  v o i c e d  b y  



pi.,3per.t;. 2 ; n x e t . s  i n  t::? . i : , ; i i  t.; 2 . ;  L+,-. . , +  I-?.,.?: -., 

,,-,,nts b e c a u s e  o f  t h e  p c t e n t l a l  1 1 n p a c t  t n c r ' e  3 ~ 2 . 2  g r . , : , r ~ , i  

w a t e r  u s a g e  c o u l d  ha.,?e o n  t h e  yield a n d  w a t e r  q u a l l t j  : ~ f  

s u r r o u n d 1  n g  w e l l s .  

A q u l f e r s  f o r  t h e  a r e a ' s  w e l l s  a r e  e n t l r e l y  w l t h i n  

b e d r o c k ,  m a i n l y  f r a c t u r e d  g r e e n s t o n e s ,  g r e e n s c h i s t s  a n d  

p e l l i t i c  r o c k s .  H e l l  d e p t h s  a r e  c o m m o n l y  a b o u t  2 0 0  f t  a n d  

y i e l d s  a r e  l o w ,  t y p i c a l l y  1 - 4  gpm. The  g r o u n d  w a t e r  t e n d s  

t o  b e  r e l a t i v e l y  h i g h  i n  d i s s o l v e d  s o l i d s .  S e v e r a l  homeow- 

n e r ' s ,  p a r t i c u l a r l y  t h o s e  n e a r  b e a c h f  r o n t s ,  

r e p o r t e d  e x p e r i e n c i n g  d e t e r i o r a t i o n  o f  w a t e r  q u a l i t y  

o v e r  t h e  p a s t  s e v e r a l  y e a r s ,  a p p a r e n t l y  f r o m  s a l t w a t e r  l n -  

t r u d i n s  i n t o  t h e  a q u i f e r s .  

The w a t e r  g e o c h e m i s t r y  s t u d y  d i s c u s s e d  i n  t h i s  r e p o r t  was 

d e s i g n e d  a s  a  r e c o n n a i s s a n c e  e f f o r t  t o  1 )  h e l p  i d e n t i f y  

a r e a s  e x p e r i e n c i n g  t h e  g r e a t e s t  c o n t a m i n a t i o n  p r o b l e m s ;  2 )  

d i s t i n g u i s h  a n d  c l a s s i f y  g r o u n d w a t e r s  f r o m  d i f f e r e n t  

a q u i f e r s ;  3 )  d e t e r m i n e  t h e  s o u r c e s  o f  w a t e r s  r e c h a r g i n g  t h e  

a q u i f e r s ;  a n d  4 )  e s t a b l i s h  a d a t a  b a s e l i n e  f o r  m o n l t o r l n g  

a n d  d e f i n i n g  a n y  f u t u r e  c o n t a m i n a t i o n  t h a t  may r e s u l t  f r o m  

c o n t i n u e d  d e v e l o p m e n t  o f  t h e  a r e a .  

P r e v i o u s  S t u d i e s  

A s t u d y  o f  w a t e r  r e s o u r c e s  b y  B a r n w e l l  a n d  B o n i n g  ( 1 9 6 8 )  

c o n c e n t r a t e d  p r i m a r i l y  o n  t h e  M e n d e n h a l l  V a l l e y  b u t  a l s o  i n -  



:lL,jz,j ;:;mz i b t t ~  . ? , ( I  ' ht? ? ! ? r ~ ' l . ? r ~ f > ~ + l l  F + ~ L : I ; ' , : - ~  - 5 ' . :, -., 2 .\ , 

a r e a ,  a a r n w e l l  a n d  3 i j n i n g  ; ' l l . )63)  r . e p o r t z d  n ~ l t  2 8 ~ ,  G [ , - ~ , ; , < L : ~ ; ~  

w a t e r  o c c u r e n c e s  ~ n  d e e p  w e l l s  i n  t h e  c e n t r a l  p a r t  o f  t h ?  

v a l l e y  a n d  s u g g e s t e d  t h a t  some o f  t h e  s a l t w a t e r  may be c a n -  

n a t e  o r  may h a v e  b e e n  l e f t  d u r l n g  d e p o s t l o n  o f  v a l l e y -  

filling s e d i m e n t s .  The  s l n g l e  w a t e r  a n a l y s l s  r e p o r t e d  by 

t h e m  f o r  t h e  MHP-AB a r e a  1s f o r  a  w e l l  i n  t h e  v i c i n i t y  o f  

t h e  U n i v e r s i t y  o f  A l a s k a ,  J u n e a u .  The  w a t e r  p r o d u c e d  f r o m  

t h e  1 2 0  f t  w e l l  was  a  Na-Ca-Mg b i c a r b o n a t e  w a t e r  w i t h  n o  a p -  

p a r e n t  s u l f a t e  o r  c h l o r l d e  c o n t a m i n a t i o n .  S a r n w e l l  a n d  

B o n i n g  (1968) a l s o  r e p o r t e d  y i e l d s  o f  l e s s  t h a n  1 gprn t o  2 0  

gpm a n d  a n  a v e r a g e  o f  3 gprn b a s e d  o n  s a m p l e  of  4 6  w e l l s  

p r o d u c i n g  f r o m  b e d r o c k  a q u i f e r s .  

A m o r e  r e c e n t  s t u d y  o f  w a t e r  q u a l i t y  i n  t h e  MHP-AB a r e a  was 

u n d e r t a k e n  b y  G .  B a l d i n g  of  t h e  U S G S .  B a l d i n g  ( 1 9 7 9 )  

p r e s e n t e d  t h e  r e s u l t s  o f  h i s  s t u d y  o f  w a t e r  s u p p l i e s  i n  

t h e  HHP-AB a r e a  i n  a  r e p o r t  t o  t h e  D i v i s i o n  o f  L a n d  a n d  

W a t e r  M a n a g e m e n t .  H i s  s t u d y  was  b a s e d  o n  s 

q u e s t i o n a i r e  s e n t  t o  r e s i d e n t s  i n  t h e  MHP-AB a r e a  a n d  o n  

m e a s u r e m e n t s  o f  s p e c i f i c  c o n d u c t a n c e  o f  w a t e r s  f r o m  s e l e c -  

t e d  w e l l s .  B a l d i n g ' s  w o r k  p r o v l d e d  i n f o r m a t i o n  o n  t h e  

l o c a t i o n s  a n d  d e p t h s  o f  many o f  t h e  w e l l s  i n v e s t i g a t e d  

i n  t h i s  s t u d y  a n d  a l s o  p r o v i d e d  b a s e l i n e  s p e c i f i c  c o n -  

d u c t a n c e  d a t a .  B a l d l n g '  s d a t a  s u g g e s t e d  t h a t  p r o b l e m s  

w i t h  s a l t w a t e r  i n t r u s i o n  w e r e  a l r e a d y  p r e v a l e n t  i n  1 9 7 9 .  

S c a t t e r e d  m e a s u r e m e n t s  o f  w a t e r  q u a l i t y  a n d  a r s e n i c  c o n c e n -  
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by D E C .  T h e s e  d a t a  ha . , .+  ;lot b e e n  p u b i ~ ; i ~ + d  S t i t ;  .i:-,. - ,n 

p u b l l c  f l l e .  

G E O L O G I C  S E T T I N G  

B e d r o c k  

B e d r o c k  i n  t h e  MHP-AB a r e a  c o n s i s t s  o f  T e r t l a r y  a n d  

C r e t a c e o u s  a g e d  g r e e n s t o n e s ,  g ~ e e n s c h i s t s ,  

m e t a c o n g l o m e r a t e s ,  p e l l l t i c  r o c k s ,  m e t a s a n d s t o n e s  a n d  

m e t a s i l t s t o n e s  ( Ford  a n d  Brew, 1 9 7 3 )  ( f i s .  1 ) .  The r o c k s  

a r e  p a r t  o f  a  s o u t h w e s t  t r e n d i n g  b e l t  o f  m e t a m o r p h i c  r o c k s  

w i t h  m e t a m o r p h i c - i s o g r a d  i n c r e a s i n g  t o w a r d s  t h e  n o r t h w e s t .  

The b o u n d a r y  b e t w e e n  t h e  g r e e n s c h i s t  f a c i e s  a n d  p r e h n i  t e -  

p u m p e l l y i t e  m e t a g r a y w a c k e  f a c i e s  l i e s  j u s t  n o r t h w e s t  o f  t h e  

MHP-AB a r e a .  

B e d r o c k  o n  t h e  H e n d e n h a l l  P e n i n s u l a  r a n g e s  f r o m  c h i e f l y  

a u g i t e - r i c h  m e t a t u f f s ,  o r i g i n a l l y  b a s a l t i c  t o  a n d e s l t i c ,  i n  

p l a c e s  mixed  w i t h  m e t a g r a y w a c k e ,  a r g i l l i t e ,  o r  s l a t e  on  t h e  

w e s t  s i d e  o f  t h e  p e n i n s u l a  t o  d a r k ,  v o l c a n i c - d e r i v e d  

m e t a s e d i m e n t a r y  r o c k s  on  t h e  e a s t  s i d e  ( F o r d  a n d  Brew, 

1973). B e d r o c k  e x p o s e d  i n  t h e  Auke Bay a r e a  i s  m o s t l y  a r g i l -  

l i t e  and  s l a t e .  

Two s e t s  of  j o i n t  p a t t e r n s  o c c u r  i n  t h e  M H P - A B  a r e a .  The 

f i r s t  s e t  t r e n d s  a b o u t  4 5 O  N E  w i t h  d i p s  r a n g i n g  f r o m  72O SH 
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n e a r  . / e r t ~ c a l  d ~ p .  Halor faults i : l  ! h s  ~ 1 . 4 ~  ~ i i - . : . , ~ l ?  ::;+ 

G a s t l n e a u  C h a n n e l ,  F ~ s h  C r e e k ,  and  P s t e r s o n  C r ? s k  Faults, 

a l l  o f  wh lch  t r e n d  n o r t h w e s t w a r d  ( fig. I ; .  

S u r f i c i a l  D e p o s i t s  

S u r f i c i a l  d e p o s i t s  l n  t h e  M H P - A B  a r e a  c o n s i s t  p r l m a r ~ l y  of  

t h e  G a s t i n e a u  C h a n n e l  F o r m a t i o n ,  a  compos l  t e  S l a c i o m a r i n e  

d e p o s i t  d e f i n e d  by M i l l e r  ( 1 9 7 3 ;  1 9 7 5 )  w h i c h  o c c u r s  

t h r o u g h o u t  t h e  G a s t i n e a u  C h a n n e l  r e g i o n .  E x p o s u r e s  i n  t h e  

MHP-AB a r e a  ( f i g .  2 )  a r e  p r e d o m i n a t e l y  o f  t h e  t h i r d  ( a n d  

y o u n g e s t )  o f  M i l l e r ' s  t h r e e  f a c i e s :  a  l i g h t  g r a y  t o  

g r e e n i s h - g r a y  m a s s i v e  t o  s o f t  s a n d y  d i a m i c t o n  c o n t a i n i n g  un-  

b r o k e n  a n d  a r t i c u l a t e d  m o l l u s k a n  s h e l l s  a n d  F o r a m i n i f e r a .  

M i l l e r  r e p o r t e d  r a d i o c a r b o n  a g e s  r a n g i n g  f r o m  9 ,  700  t o  

1 0 , 7 0 0  y e a r s  B .  P .  a n d  t h i c k n e s s e s  r a n g i n g  f r o m  4 t o  1 2  f t  

f o r  t h e  t h i r d  f a c i e s .  The d e p o s i t s  i n  t h e  G a s t i n e a u  Chan- 

n e l  r e g i o n  l o c a l l y  o v e r l i e  b e d r o c k  b u t  n o r m a l l y  o v e r l i e  

d e p o s i t s  o f  t h e  f i r s t  f a c i e s .  

The f i r s t  f a c i e s ,  wh ich  i s  e x p o s e d  a t  t h e  n o r t h w e s t  e n d  o f  

M e n d e n h a l l  P e n i n s u l a ,  c o n s i s t s  o f  g r a y  t o  l i g h t - g r a y  t o  

g r e e n i s h - g r a y  g e n e r a l l y  h a r d ,  d e n s e  t i l l - l i k e  s t o n y  d i a m i c -  

t o n ,  r i c h  i n  m o l l u s k s  a n d  F o r a m i n i f e r a  ( M i l l a r ,  1 9 7 5 ) .  T h e  

f i r s t  f a c i e s  o v e r l i e s  b e d r o c k  i n  most  p l a c e s  i n  t h e  

G a s t i n e a u  C h a n n e l  r e g i o n  a n d  r a n g e s  i n  t h i c k n e s s  f r o m  20 t o  

g r e a t e r  t h a n  60  f t .  



O t h e r  s u r f ~ c l a l  d e p o s l t s  ~n t h e  N H P - A a  a r ; a  ~ n z l d d s  r a ; . j s . ~  

b e a c h  d e p o s r  t s ,  r u b b l e  d e p o s ~  t s ,  and  f a n  d e p o s l  t s .  

M E T H O D S  O F  STUDY 

F i e l d  S a m p l i n g  

L o c a t i o n s  o f  w e l l s  i n  t h e  M H P - A B  a r e a  a r e  shown on  p l a t e  

I .  Time a n d  f u n d i n g  l i m i t a t i o n s  r e s t r i c t e d  t h e  g e o c h e m i c a l  

s t u d i e s  t o  s e c t i o n s  2 3  a n d  3 5 ,  a r e a s  wh ich  were  deemed must  

c r i t i c a l  b e c a u s e  o f  p r o p o s e d  d e v e l o p m e n t s .  A l l  s i t e s  f o r  

wh ich  c h l o r i d e  c o n c e n t r a t i o n s  were  m e a s u r e d  d u r i n g  t h i s  

s t u d y  a r e  a l s o  shown on  p l a t e  1 .  Whenever  p o s s i b l e ,  

m e a s u r e m e n t s  o f  s t a t i c  w a t e r  l e v e l  accompanied t h e  

g e o c h e m i c a l  s a m p l i n g .  However ,  n o t  a l l  w e l l s  f o r  wh ich  

s t a t i c  l e v e l s  were  m e a s u r e d  were  s a m p l e d  f o r  g e o c h e m i c a l  

a n a l y s e s .  

H a t e r s  f r o m  18 w e l l  s i t e s  were  s a m p l e d ,  f r l t e r e d ,  a n d  

t r e a t e d  f o r  f u l l  c a t i o n  a n d  a n i o n  g e o c h e m i c a l  a n a l y s i s  

( t a b l e  I ) .  A l k a l i n i t y  a n d  pH o n  t h e s e  w a t e r s  were  m e a s u r e d  

i n  t h e  f i e l d ,  o r  s h o r t l y  t h e r e a f t e r .  Raw, u n f i l t e r e d  Sam- 

p l e s  were  o b t a i n e d  f r o m  t e n  a d d i t i o n a l  w e l l  s i t e s .  No pH o r  

a l k a l i n i t y  m e a s u r e m e n t s  were  made on  t h e s e  s a m p l e s .  F i v e  

o f  t h e  s a m p l e s  were  a n a l y z e d  f o r  m a j o r  c a t i o n s  a n d  a n r o n s  

( e x c e p t  HC031. The o t h e r  f i v e  were  a n a l y z e d  f o r  S04 ,  C1, F ,  

a n d  Br o n l y .  One s i t e  was c h e c k e d  f o r  C 1  o n l y .  



A c o l d  w a t e r  s t r e a m  l o c a t e d  o n  t h e  s o u t h e a s t  p a r t  m~f M e n d e n -  

h a l l  Peninsula was s a m p l e d  a n d  a c o m p l e t e  c a t l o n  - a n l t ~ n  

analysis was p e r f o r m e d  t o  p r o v l d e  f o r  a comparison w l t h  

g r o u n d  w a t e r  c h e m i s t  r l e s .  

W a t e r s  f r o m  t w e n t y - f i v e  d i f f e r e n t  s i t e s ,  i n c l u d i n g  f l v e  

s t r e a m s  a n d  s p r i n g s ,  w e r e  s a m p l e d  a n d  a n a l y z e d  f o r  

d e u t e r i  um, A n a l y s e s  o f  6 1 8 0  w e r e  made f o r  1 3  o f  t h e s e  

s i t e s .  

W e l l s  w e r e  n o r m a l l y  s a m p l e d  a f t e r  w a t e r  was  f i r s t  r u n  f o r  

a b o u t  5 - 1 0  m i n u t e s  a t  a  r a t e  o f  a b o u t  0 .  5 t o  1 gpm. The  

s a m p l e  was  n o r m a l l y  t a k e n  a s  c l o s e  t o  w e l l h e a d  a s  p o s s i b l e  

a n d  a l w a y s  b e f o r e  a n y  t r e a t m e n t  o r  w a t e r  s o f t e n i n g  s y s t e m .  

M e t h o d s  o f  A n a l y s e s  

A l k a l i n i t y  a s  b i c a r b o n a t e ,  pH, s p e c i f i c  c o n d u c t a n c e  a n d  am- 

m o n i a  w e r e  d e t e r m i n e d  i n  t h e  f i e l d  f o l l o w i n g  m e t h o d s  

d e s c r i b e d  i n  P r e s s e r  a n d  B a r n e s  ( 1 9 7 4 ) .  The  r e m a i n i n g  c o n -  

s t i t u e n t s  w e r e  a n a l y z e d  a t  t h e  D G G S  w a t e r  l a b o r a t o r y  i n  

F a i r b a n k s .  Major a n d  m i n o r  c a t i o n  c o n c e n t r a t i o n s  w e r e  

d e t e r m i n e d  u s i n g  a  P e r k i n - E l m e r  a t o m i c  absorption s p e c -  

t r o m e t e r  f o l l o w i n g  s t a n d a r d  p r o c e d u r e s .  S u l f a t e  a n d  

b r o m i d e  w e r e  d e t e r m i n e d  o n  a  D i o n e x  i o n  c h r o m a t o g r a p h .  

F l u o r i d e  was d e t e r m i n e d  u s i n g  t h e  s p e c i f i c  i o n  e l e c t r o d e  

m e t h o d .  C h l o r i d e s  w e r e  a n a l y z e d  b y  Mohr t i t r a t i o n  a n d  



b o r o n ,  b j .  c L i i ' r n l  n ~ c  + 2 l ' j  m e t  hod.  Al r i r~ i  n , ,~ - i ; .  3 ? 2 + n ;  2 ,  A O A  

iron were determined b y  a t d r n l c  a b s o r S t l , : , n  z p s c t r o s c ' , p ; .  A 

y r a p h l t e  f u r n a c e  was u s e d  f o r  a r s e n l c  d e t e r r n l n a t i o n s  t o  e n -  

h a n c e  l o w - l e v e l  d e t e c t i o n .  S i l l c j .  ~ 2 o n c e r 1 t r a t 1 o a s  were  

' d e t e r m i n e d  by t h e  m o l y b e d i n a t e  b l u e  me thod .  S t a b l e  

i s o t o p e s  were  a n a l y z e d  a t  t h e  S t a b l e  I s o t o p e  L a b o r a t o r y  a t  

S o u t h e r n  M e t h o d i s t  U n i v e r s i t y ,  D a l l a s ,  T e x a s .  

RESULTS 

R e s u l t s  o f  t h e  g e o c h e m i c a l  a n a l y s e s  a r e  p r e s e n t e d  i n  t a b l e  

1, g r o u p e d  b y  l o c a l i t y ,  a n d  i n  t a b l e  2 ,  g r o u p e d  by p r o p o s e d  

w a t e r  t y p e s .  P e r c e n t  m a j o r  c a t i o n  a n d  a n i o n  c o m p o s i t i o n s  

f o r  w a t e r s  f o r  w h i c h  f u l l  a n a l y s i s  were  r u n  a r e  p l o t t e d  o n  

a  P i p e r  d i a g r a m  ( f i g .  3 ) .  The r n i l l i e q u i v a l e n t  c o n c e n t r a -  

t i o n s  f o r  t h e s e  s i t e s  a r e  p l o t t e d  on  p l a t e  1. The f i v e  sam 

p l e s  f o r  w h i c h  a l l  m a j o r  c o n s t i t u e n t s ,  e x c e p t  HC03, were  

a n a l y s e d  a r e  a l s o  p l o t t e d .  The H C 0 3  c o n c e n t r a t i o n s  f o r  

t h e s e  s a m p l e s  were  e s t i m a t e d  by c o m p a r i n g  c a t i o n  - a n i o n  

m i l l i e q u i v a l e n t  b a l a n c e s .  The amount  o f  a d d i t i o n a l  m i l l i e -  

q u i v a l e n t  a n i o n s  r e q u i r e d  t o  b a l a n c e  t h e  c a t i o n  t o t a l  was 

a s sumed  t o  be  HC03. F o r  c o m p a r i s o n ,  t h e  p e r c e n t a g e  c o m p o s i -  

t i o n  o f  s e a w a t e r  i s  p l o t t e d  on  t h e  P i p e r  d i a g r a m .  

T h r e e  w a t e r  t y p e s  h a v e  b e e n  d i s t i n g u i s h e d  b a s e d  on  r e l a t i v e  

a n d  a b s o l u t e  c a t i o n - a n i o n  c o m p o s i t i o n  ( f i g .  3 a n d  t a b l e  2 ,  

r e s p e c t i v e l y ) .  Type 1 w a t e r s  a r e  h i g h  pH, Na - HC03 r i c h  

w a t e r s  w i t h  r e l a t i v e l y  l o w  c o n c e n t r a t i o n s  o f  Ca a n d  MS a n d  



s / 3 r : ; ~  n g  amounts .:'i' 3'24 3nd C1. T h e  i n z r , e ~ i s i s  : U!  

( a n d  possibly some of t h e  S Q 4 j  1s presumsL! : ;  d u a  t . 2  ; = . r i : l n g  

d e g r e e s  o f  s a l t w a t e r  c o n t a m l n a t l o n .  T h e  waters t e n d  t o  

h a v e  c o m p a r l t i v e l y  l o w  c o n c e n t r a t i o n s  o f  S r ,  F e ,  a n d  As. 

T y p e  1 w a t e r s  a r e  l o c a t e d  exclusively ~ n  s e c t l o n  3 5  a n d  

a p p r o x i m a t e l y  s o u t h w e s t  o f  a  l i n e  r u n n i n g  t h r o u g h  3 5 - 3 8  a n d  

3 5 - 1  3. 

T y p e  2  w a t e r s  a r e  f o u n d  i n  s e c t i o n  2 3 .  T y p e  2 w a t e r s  h a v e  

c o n c e n t r a t i o n s  o f  Na a n d  HC03 s i m i l a r  t o  t y p e  7 w a t e r s  b u t  

h a v e  s i g n i f i c a n t l y  g r e a t e r  c o n c e n t r a t i o n s  o f  K ,  Ca ,  a n d  Mg. 

T y p e  2 w a t e r s  a l s o  t e n d  t o  h a v e  l o w e r  pH a n d  g r e a t e r  

c o n c e n t r a t i o n s  o f  S r  a n d s o m e t i m e s  Fe  t h a n  t y p e  1 

w a t e r s .  A l l  t y p e  2  w a t e r s  s a m p l e d ,  e x c e p t  2 3 - 2 8  a n d  p e r -  

h a p s  2 3 - 0 5 ,  s u g g e s t  s o m e  d e g r e e  o f  s a l t w a t e r  c o n t a m i n a t i o n  

a s  r e f l e c t e d  b y  h i g h e r  C 1  c o n c e n t r a t i o n s .  The  m o s t  c o n -  

t a m i n a t e d  w e l l ,  2 3 - 0 1  ( C l =  9 5 0  p p m ) ,  l i e s  c l o s e  t o  t h e  Auke 

Bay  b e a c h f r o n t  a n d  i s  t h e  p r i m a r y  w a t e r  s u p p l y  f o r  a n  a p a r t -  

m e n t  c o m p l e x .  Two s i t e s  w h i c h  s h o w  s l i g h t l y  e l e v a t e d  l e v e l s  

o f  C 1  c o n c e n t r a t i o n ,  2 3 - 1 4  a n d  2 3 - 0 5 ,  a r e  l o c a t e d  s o m e  

d i s t a n c e  a w a y  f r o m  t h e  b e a c h f r o n t  ( 1 5 0 0  f t )  s u g g e s t i n g  t h a t  

s a l t w a t e r  i n t r u s i o n  f r o m  Auke Bay  may n o t  b e  t h e  s o u r c e  o f  

C 1  c o n t a m i n a t i o n  i n  t h e  a q u i f e r s  s u p p l y i n g  t h e s e  w e l l s .  

One o f  t h e  s i t e s ,  2 3 - 2 4 ,  h a s  a  SO4 c o n c e n t r a t l o n  ( 7 9 0  ppml 

s i g n i f i c a n t l y  h i g h e r  t h a n  a n y  o t h e r  s a m p l e d  i n  t h e  M H P - A B  

a r e a .  T y p e  2  w a t e r s  a r e  l o w  i n  A s ,  a n d ,  e x c e p t  f o r  2 3 - 0 5 ,  

l o w  i n  F e .  



T ; y p e  3 w a t e r s  a r e  d l s t ~ n ~ u l s h e d  by  having p r o p o r t ~ c n a t e ? : ;  

g r e a t e r  c o n c e n t r a t ~ o n s  o f  b o t h  Ca a n d  M g ,  a n d  l o w e r  pH t h a n  

e i t h e r  t y p e  I o r  t y p e  2 w a t e r s .  The w a t e r s  a r e  rich l n  

HC03 a n d ,  w i t h  t h e  exception o f  3 5 - 3 9 ,  a r e  c o m p a r i t i v e l y  

l o w  i n  S 0 4 .  Two t y p e  3 w a t e r s  f o r  w h i c h  f u l l  a n a l y s e s  a r e  

a v a i l a b l e  s h o w  s i g n i f i c a n t  C 1  c o n t a m i n a t i o n .  Two o t h e r  

s i t e s  f o r  w h i c h  o n l y  p a r t r a l  a n a l y s e s  a r e  a v a i l a b l e  b u t  a r e  

p r o b a b l y  t y p e  3  w a t e r s  ( 3 5 - 3 2  a n d  3 5 - 0 8 )  a l s o  h a v e  h i g h  c o n -  

c e n t r a t i o n s  o f  C1. A l l  f o u r  o f  t h e s e  s i t e s  a r e  l o c a t e d  

n e a r  s h o r e l i n e s  a l o n g  t h e  w e s t  s i d e  o f  M e n d e n h a l l  P e n i n -  

s u l a .  T y p e  3 w a t e r s  a l s o  t e n d  t o  h a v e  g r e a t e r  c o n c e n t r a -  

t i o n s  o f  Fe  o r  As o r  b o t h  t h a n  e i t h e r  t y p e  1 o r  t y p e  2 

w a t e r s .  

T h r e e  s u b c a t e g o r i e s  o f  t y p e  3  w a t e r s  a r e  d i s t i n g u i s h a b l e  

b a s e d  o n  c a t i o n  c o m p o s i t i o n  a n d  l o c a t i o n .  T y p e  3 a  w a t e r s  

h a v e  g r e a t e r  p r o p o r t i o n s  o f  Na t h a n  Ca + My, l o w  C 1  a n d  

t e n d  t o  b e  l o c a t e d  i n l a n d .  T y p e  3 b  w a t e r s  a r e  d i s t i n g u i s h e d  

b y  h i g h  A s  c o n c e n t r a t i o n s  a n d  l o c a t i o n  i n  s e c t i o n  2 3 .  

T y p e  3 c  w a t e r s  h a v e  Ca + Mg g r e a t e r  t h a n  Na a n d ,  e x c e p t  f o r  

3 5 - 2 0 ,  a r e  a l l  l o c a t e d  n e a r  s h o r e l i n e s .  

T o t a l  d i s s o l v e d  s o l i d s  ( TDS) i n  s a m p l e s  f o r  w h i c h  f u l l  

a n a l y s e s  a r e  a v a i l a b l e  r a n g e  f r o m  1 5 5  ppm ( 3 5 - 2 0 )  t o  2 0 8 6  

PPm (23-01). H o w e v e r ,  b a s e d  o n  t h e  p a r t i a l  a n i o n  a n a l y s i s  

a v a i l a b l e  f o r  s i t e  3 5 - 0 8 ,  t h e  TDS i n  w a t e r s  f r o m  s o m e  b e a c h -  

f r o n t  w e l l s  a r e  l i k e l y  t o  s u b s t a n t i a l l y  e x c e e d  2 0 0 0  ppm. 



~ ~ b l ~  3 gives t h e  c h l o r ~ d e  c o n c e n t r a t ~ o n s  o f  s l t s s  s a m p l e d  

r a n k e d  l n  o r d e r  o f  decreasing concentration C h l o r l d e  c o n -  

c e n t r a t l o n s  r a n g e  f r o m  1 7 2 0  p p m  f o r  s l t e  3 5 - 0 8  t o  a s  l o w  a s  

I ppm f o r  t h e  s t r e a m  a t  t h e  M e n d e n h a l l  1 3 9 0  s l t e .  E x c e p t  

f o r  t h e  s a m p l e s  w l  t h  highest c h l o r l d e  c c n c e n t r a t l o n s ,  >ia 

s h o w s  l l t t l e  c o r r e l a t l c r l  w l t h  l n c r e a s l n g  C l i  fig. 4 )  As c a n  

b e  s e e n  f r o m  f l g u r e  5 ,  high c o n c e n t r a t ~ o n s  o f  Na a r e  a l s o  

associated w l t h  h l g h  c o n c e n t r a t i o n s  o f  bicarbonate. 

T a b l e  4 g i v e s  a r s e n i c  c o n c e n t r a t i o n s  o f  s i t e s  s a m p l e d  

r a n k e d  i n  o r d e r  o f  d e c r e a s i n g  c o n c e n t r a t i o n .  T h r e e  s i t e s  

a r e  a t  o r  n e a r  t h e  D e p a r t m e n t  o f  E n v i r o n m e n t a l  C o n s e r -  

v a t i o n ' s  maximum a l l o w a b l e  s t a n d a r d  f o r  d r i n k i n g  w a t e r  o f  

5 0  p p b .  One s i t e ,  2 3 - 3 1 ,  i s  c o n s i d e r a b l y  a b o v e  s a f e  

l e v e l s .  

R e s u l t s  o f  a n a l y s e s  o f  s t a b l e  i s o t o p e  c o m p o s i t i o n s  a r e  

p r e s e n t e d  i n  t a b l e s  1 a n d  2 a n d  I n  f i g u r e s  6 ,  7 ,  a n d  8 .  

D e u t e r i u m  c o m p o s i t i o n s  o f  w e l l  w a t e r s  r a n g e  f r o m  - 9 0  t o  

- 1 0 0  per m i l  w i t h  r e s p e c t  t o  S t a n d a r d  Mean O c e a n  W a t e r  

( S M O W )  a n d  a r e  s i m i l a r  t o  d e u t e r i u m  c o m p o s i t i o n s  o f  l o c a l l y  

d e r i v e d  m e t e o r i c  w a t e r s  ( L D M W )  ( f i g .  6 ) .  S a m p l e s  f o r  w h i c h  

6 1 8 0  compositions a r e  a v a i l a b l e  a r e  p l o t t e d  i n  f i g u r e  7 .  

The m e t e o r i c  w a t e r  l i n e  o f  C r a i g  ( 1 9 6 1 )  a n d  t h e  Adak 

p r e c i p i t a t i o n  l i n e  ( M o t y k a ,  1 9 8 2 )  a r e  p l o t t e d  f o r  com- 



p ,.t L- 1 s ':' :I Al- ik t s  L i i s  : , I ' I ~ , ,  , L - , ( S : : ~ I ~  z : ; !  1:. i l . , , ; ~ . . ' .  L ~ : : ,  

which t h e r e  1 s  s u f f i c l s n k  s t a b 1 2  : s ~ ' i c j p s  , . l a ~ . ~ . t  r,:,,: ! + t - : ; ~ -  

mining a p r e c l p l  t a t l o n  l l n e .  T h e  M H P - A 3  a r t J a  ~ ' d t s r s  t ~ i ~ d  

t o  p l o t  c l o s e  t o  C r a l g ' s  m e t e o r l c  w a t e r  l l n e  b u t  a f e w  sam-  

p l e s  a p p e a r  s l i g h t l y  s h l f t e c i  t ~ w a r d s  more p o s l t l . d e  (5120. 

The s i m i l a r i t y  b e t w e e n  L D M W  a n d  t h e  w e l l - w a t e r  s t a b l e  

l s o t o p e  c o m p o s i t i o n s  l n d l c a t e s  t h e  w a t e r  i n  t h e  M H P - A B  

a q u i f e r s  i s  r e  c h a r g e d  by m e t e o r i c  w a t e r s  t h a t  p r e c i p i t a t e s  

a t  l o w  e l e v a t i o n s .  

The d e u t e r i u m  c o m p o s i t i o n s  o f  t h e  w e l l  w a t e r s  show a  weak 

c o r r e l a t i o n  w i t h  i n c r e a s i n g  C 1  c o n c e n t r a t i o n .  An i n c r e a s e  

i n  6 D  would be e x p e c t e d  i f  s e a  w a t e r  i s  t h e  s o u r c e  o f  i n -  

c r e a s e d  C 1  i n  t h e  w e l l  w a t e r s .  The   so topic composition of  

G a s t i n e a u  C h a n n e l  s a l t w a t e r  i s  n o t  known b u t  i s  e x p e c t e d  t o  

be s u b s t a n t i a l l y  l i g h t e r  t h a n  SMOW b e c a u s e  o f  t h e  l a r g e  i n -  

f l u x  o f  f r e s h w a t e r  r u n o f f  f r o m  c o a s t a l  m o u n t a i n s .  

DISCUSSION 

The g e o ~ r a p h i c  t r e n d  o f  g r o u n d - w a t e r  t y p e s  d i s c u s s e d  a b o v e  

t e n d  t o  c u t  a c r o s s  t h e  t r e n d  o f  b e d r o c k  c o n t a c t s .  T h i s  i s  

p a r t i c u l a r  t r u e  o f  t h e  t y p e  1 Na-C03 w a t e r s .  I n s t e a d ,  t h e  

g e o g r a p h i c  t r e n d s  l n  w a t e r  c h e m i s t r y  t e n d  t o  c o r r e l a t e  w i t h  

t h e  p r i m a r y  f r a c t u r e  o r i e n t a t i o n  o f  4 5 O  N W .  

The m a j o r i t y  o f  t h e  w e l l s  s h o w i n g  c h l o r i d e  c o n t a m i n a t i o n  Oc- 

c u r  n e a r  s h o r e l i n e s  i n d i c a t i n g  t h e  c o n t a m i n a t o n  i s  



prL, r ,arL ; . ;  t~ s a l k : ; ~ t . e l -  i ' r ~ i n  .Auk* 3 ~ . ;  L : I ~ [ . L I ~ ? :  .:; i : , :  

f r a c t u r e s  ~ n  t h e  aquifers. TWO S l t l s ,  ho rde . / ?? ,  , ? i . e ?  z ; , . > ~ n e  

d i s t a n c e  a w a y  f r o m  t h e  c o a s t  a n d  f o r  t h e s e  s l t e s  t h e  

c h l o r i d e  contamination may originate f r o m  a d i f f e r e n t  s o u r -  

' ce .  Auke l a k e ,  a  r e m n a n t  glacial l a k e ,  l i e s  7 0 0  f t ,  o r  

l e s s ,  e a s t  o f  t h e  t w o  s u s p e c t  w e l l s  ( 2 3 - 7 4  a n d  2 3 - 0 5 ) .  I f  

t h e  a q u i f e r s  f e e d i n g  t h e s e  t w o  w e l l s  a r e  b e l n g  c h a r g e d  b y  

w a t e r s  i n f i l t r a t i n g  a l o n g  n o r t h e a s t  o r i e n t e d  f r a c t u r e s  t h e n  

s o m e  o f  t h e  r e c h a r g e  w a t e r s  may o r i g i n a t e  f r o m  Auke L a k e .  

A l t h o u g h  t h e  d e p t h  o f  Auke L a k e  i s  n o t  known,  i t  i s  

p r o b a b l e  t h a t  t h e  H o l o c e n e  g l a c i o m a r i n e  d e p o s i t i o n  p r e v a -  

l e n t  t h r o u g h o u t  t h e  G a s t i n e a u  C h a n n e l  r e g i o n  a l s o  o c c u r r e d  

a t  Auke L a k e .  I n  f a c t ,  j u d g i n g  b y  t h e  l a r g o  a n d  r a p i d  r a t e  

o f  i s o s t a t i c  r e b o u n d  t h a t  h a s  o c c u r r e d  t h r o u g h o u t  t h e  

G a s t i n e a u  C h a n n e l  r e g i o n  ( H i l l e r ,  1 9 7 3 1 ,  Auke L a k e  may h a v e  

b e e n  c o n n e c t e d  t o  s a l t w a t e r  i n  t h e  r e c e n t  p a s t  a n d  t h e  l a k e  

may s t i l l  b e  s a l i n e  a t  d e p t h .  I n  a d d i t i o n ,  i f  Auke L a k e  

f o r m e d  a  d e p o s i t i o n a l  b a s i n  f o r  m a r i n e  s e d l r n e n t s  d u r i n g  

p o s t g l a c i a l  t i m e s  t h e n  a  r e l a t i v e l y  l a r g e  t h i c k n e s s  o f  

g l a c i o m a r i n e  d e p o s i t s  c o u l d  h a v e  a c c u m u l a t e d  w i t h i n  t h e  

b a s i n  a n d  now u n d e r l i e s  t h e  l a k e .  P e r c o l a t i o n  o f  l a k e  

w a t e r s  t h r o u g h  t h e s e  s e d i m e n t s  w o u l d  l e a c h  s a l t s  a n d  i n -  

t r o d u c e  t h e m  i n t o  s u b s u r f a c e  a q u i f e r s .  The  h i g h  c a l c i u m  

a n d  s t r o n t i u m  l e v e l s  p r e s e n t  i n  t h e  t y p e  2 w a t e r s  p e r h a p s  

o r i s i n a t e s  f r o m  d e c o m p o s i  t o n  o f  m o l l u s k  s h e l l s .  T h e s e  o r  

s i m i l a r  m a r i n e  b e d s  c o u l d  b e  a  s o u r c e  o f  t h e  h i g h  S O 4  

p r e s e n t  i n  s o m e  o f  t h e  MHP-AB a r e a  w e l l  w a t e r s .  



C h l o r l d e  c o n c d n t r a t l ~ n s  f o r  S L ~ S S  3 3 1 n p l 2 J  t! <: t :! 

p l a t e  1 .  C h l o r l d e  concentrations l o s s  t h a n  7 0  p p m  ~ n d l ? d t e  

t h e  w e l l - w a t e r  1s n o t  contaminated b y  s a l t w a t e r  C o n c e n t r a -  

t l o n s  o v e r  5 0  ppm l n d l c a t e  l n c ~ p l e n t  s a l t w a t e r  c o n t a m l n a -  

t l o n  a n d  c a u t l o n  s h o u l d  b e  e x c e r s l z e d  b e f o r e  l n c r e a s l n g  t h e  

r a t e  o f  extraction f r o m  t h e  s u p p l y l n y  a q u l f e r .  C o n c e n t r a -  

t l o n s  b e t w e e n  1 0 0  a n d  5 0 0  ppm l n d l c a t e  s a l t w a t e r  c o n t a m l n a -  

t i o n  h a s  o c c u r r e d  a n d  n o  f u r t h e r  s t r e s s  s h o u l d  b e  p l a c e d  o n  

t h e  a q u l f e r ,  Concentrations o v e r  5 0 0  ppm l n d i c a t e  s a l t w a t e r  

contamination o f  t h e  supplying a q u l f e r  1s s e v e r e .  

T h e  s i m i l a r i t y  i n  i s o t o p i c  c o m p o s i t i o n  o f  w a t e r  f r o m  w e l l s  

a n d  L D M H  i n d i c a t e s  t h a t  t h e  p r i m a r y  s o u r c e  o f  w a t e r  r e c h a r -  

g i n g  t h e  b e d r o c k  a q u i f e r s  i s  p r e c i p i t a t i o n  a t  r e l a t i v e l y  

l o w  e l e v a t i o n s .  F o r  s i t e s  w h e r e  s a l t w a t e r  i n t r u s i o n  i s  

s e v e r e  ( C 1 >  5 0 0  p p m ) ,  t h e  h e a v i e r  d e u t e r i u m  c o m p o s i  t l o n s  

r e f l e c t  t h e  m i x i n g  o f  a  s a l t w a t e r  c o m p o n e n t  w i t h  t h e  

m e t e o r i c  r e c h a r g e  w a t e r s .  

R E F E R E N C E S  C I T E D  

B a l d i n g ,  G a r y ,  1 9 7 9 ,  An a s s e s s m e n t  o f  w a t e r  s u p p l i e s  i n  t h e  

M e n d e n h a l l  P e n i n s u l a  - Auke Bay  a r e a ,  R e p o r t  t o  A l a s k a  D i v l -  

s i o n  o f  F o r e s t ,  L a n d  a n d  H a t e r  M a n a g e m e n t ,  1 4 p .  



B a r n w e l l ,  W ;i , and  30n1ng,  C .; , l ? b d ,  . . l ~ t d r  L - ? S G U L  cr"; 3 r p j  

s u r f l c l a l  g e o l o g y  o f  t h e  M e n d e h a l l  ' ; a l l e y ,  A l a s k a ,  U f, 

Geological S u r v e y  Hydrological I n v e s t 1  y a t l o n s  A t l a s  HA-259, 

6 P. 

C r a i g ,  Harmon, 1 9 6 1 ,  I s o t o p i c  v a r i a t i o n s  i n  m e t e o r i c  

w a t e r s :  S c i e n c e ,  v. 1 3 3 ,  p. 1 7 0 2 .  

F o r d ,  A. B . ,  a n d  Brew, D .  A . ,  1 9 7 3 ,  P r e l i m i n a r y  g e o l o g i c  a n d  

m e t a m o r p h i c - i s o g r a d  map o f  t h e  J u n e a u  8 - 2  q u a d r a n g l e ,  

A l a s k a ,  U. S .  G e o l o g i c a l  S u r v e y  M i s c e l l a n e o u s  F i e l d  S t u d i e s  

Map MF-527. 

M i l l e r ,  R .  D .  , 1 9 7 3 ,  G a s t i n e a u  C h a n n e l  F o r m a t i o n ,  a  com- 

p o s i t e  g l a c i o m a r i n e  d e p o s i t  n e a r  J u n e a u ,  A l a s k a ,  U. S. 

G e o l o g i c a l  S u r v e y  B u l l e t i n  1394-C ,  20p .  

M i l l e r ,  R .  D . ,  1 9 7 5 ,  S u r f i c i a l  g e o l o g i c  map o f  t h e  J u n e a u  Ur- 

b a n  A r e a  a n d  V i c i n i t y ,  A l a s k a ,  U .  S .  G e o l o g i c a l  S u r v e y  

M i s c e l l a n e o u s  I n v e s t i  g a t i o n s  S e r i e s  Map 1 - 8 8 5 .  

Motyka, R. J. , 1 9 8 2 ,  H i g h - t e m p e r a t u r e  h y d r o t h e r m a l  r e s o u r c e s  

i n  t h e  A l e u t i a n  a r c :  A l a s k a  G e o l o g i c a l  S o c i e t y  Symposium on 

W e s t e r n  A l a s k a  G e o l o g y  a n d  R e s o u r c e  P o t e n t i a l ,  Anchorage ,  

P r o c e e d i n g s ,  p. 8 7 - 9 9 .  

P r e s s e r ,  T.  S . ,  a n d  B a r n e s ,  I v a n ,  1 9 7 4 ,  S p e c i a l  t e c h n i q u e s  



f ' , ~ r  d ~ t s r - r n l  n l  n t  ,Ch?mL :3i G r ~ , ; 2 2 : * t . ; ? S  :i' , ? ( j t . h<? : -mL l  .::,:.!c,;, 

i.J. S .  G e o l o g i c a l  S u r . l e y  A a t e r - F . c ? s o u r c e s  1 n . i e s " L  g a t  i i ? n  R e p i 8 r t  

2 2 - 7 4 ,  1 1 P .  



Mendenhal 1 Penlnsul a a n d  G u k e  Bay 



:at iorls, ppr 

I D a t e  k e i :  D e p i h ,  
r S i t e  Name S a w l e d  Hap N o ,  A r e a  f t  T pH 61) Na I( Ca 1s ti S r. .................................................................... ------------------------------------------------- 

01 son 6-16-44 23-24 i 275 7 8,1  352 2,7 26.8 ' .9.2 ',0.08 3.5 
U, o f '  Junezo 6-16-34 23-14 , J 227 i i  8,4 ??$ ., ?.?I '2014 19,3 0,06 , :,4 
Bay View 6-!4-l4 23-01A 1 90 10 7,3 440 JO.1 L.,$1710 , .103,0 0.1! 7 .2  

7' s, 
Stlea 6-14-44 23-26 2 73 7 ,. 8.4 3 9  . 5 ! 5 .  2.9 0.02 0.3 
Jones 6-19-84 23-05 2 145 7 ' 7 , 7  93 6.5 :.":29.3 8.0 .0,01 0,5 
D e h a r i t  6-14-64 23-08 2 290 i2 7.5 179 ... 6.1. :29.'3-.- '. q 5 , 5  0.05 2.2 
Auke B a r  6-19-84 23-23 2 202 10 8.0 .?  ; I . 230 . 4,9 29.3 ' 9.1. , . ' 0,07 ?,& 

. u 

Trambi  t a i  6-19-84 22-31 3 1 CQ 9 . .  7,: 8 2.6 ., ... i31.5 ., . 10,5 : .0,01 0.t 
Coat  es 6-20-14 23-41 . 3  - 6 . 7,5 .29 . 4.1 37.5 19.2 ' 0.02 0 , i  

Auke C r e e k  t-15-84 23-44 4 - 14 . -  - - - - - 
Bay Creek 6-15-84 23-45 4 - 9 - ,  - - - - - - 
Lake C r e e k  6-t5-64 23-46 4 - 9 - .  - - - .; - .  - - 

Karenin 3-13-14 35-13 i 85 5 9,J 198 ' 3.8 1 4  - 1.2 . 0,01 0, 
Thomason 3-t3-84 35-24 216 5 5,7 154 0,4 1.5 ; 0.02 0.. 
H o u l i h a r i  2-22-84 ,3545 1 264 5 - 276 0.8 2 , 7  , 2.5 0.02 - 

Hursct i  3-14rM.,' :35-10'., 2 200 7 7 . 8  40 0.9 31'5 1.2 0.01 0. 
Hat t s 2-02-81 35-28 2 200 7 - 84 l o b  19,8 6.5 0.01 - 
C l a s b r  37.M-84 - 35-05 2 150 14 8.9 ' 165 0.1 2,8 1.7 0,02' 0, 
t a r o n i r ;  ' 5 - 0 2 4  35-53 2 200 9 7.3 . 17 4.6 166.0 17.0 0,04 f.: 
Heilte 2-01-84 :35-38 2' 220 9 - 277 2,5 4.2 2.6 0.03 - 

tias E, 5-03-14 35-48 3 8C b - - - - - 
Puckley 5-02-44 ,35-12 1 ii 6 - - - - - - - 
! c  Vev 3-22-84 - 35-39 3 8 '? 12 I ,. 40 i,7 140.0 33.4 0.06 i,! 7 n 

C u m m i  ngs  2-07-84 ' 35-09 3 2i2 A - 171 1 ' 2  lA,2 8.5 0.E - 
, Jobr !s~ i :  5-Q2-84 35-52 3 475 9 - - - - - 

3 '45 8 7 , 4  C$ 5.9 ?4,3 j4.6 0,03 . - t r a i j l e y  3-!4-84 35-03 . - 
&rge?sin:;pr :-0i-84 35-02 j ii5 7 - J:? . d* A . s  34 4 2:!,0 92.0 C,;? - 
K e i t h a t n  2-01-44 35-32 3 9 2 9 - - - 
H ; g ~ r ; , p  5-02-84 25-01 2 i L :  7:; 8 - 
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, j ~ , 3 ~  ,, - b e i i ~ i c a r y  georheriia' ar,aiv~es! A u k e  Say - Hendenhalt Peninsuia, ~ r d e f e d  b y  ~ Y P E ,  

i a t i o n r  ppb 
Oat E 1 ~ ; :  Depth, 

S i t f  Nam? Sampled H a p N o ,  Type f t  T pH (a! Ha K Ca flq & A  ! I S r 8 .  

....................................................................... .................................................... 

01 S O ~  b-16-94 23-24 3 AIL 976 7 8.1 ,. .  352 2.7 2b.B 9.2 . 0.08 3. 
Dehardt 6-1 4-44 22-06 2 290 12 7.5 ,r.h'+ . . 1 7 9  6,1 29.2 15,5 0,05 2 ,  
Auke Bas 6-19-84 23-22 2 202 10 d;V "' 230 - 4,9 ??,3 9,7 O.O? 2. 
?', o f  J o ~ e a ~  6-16-84 23-14 2 227 if 8 , 4  299 ?,i 20,4 3 0.06 1 .  
J o n e s  A-19-14 21-65 i " 145 7 7,7 93 6.5 2P.3 5 , 0  0.Qi C 
Eas View t-14-14 23-01A 2 90 19 7.3 ..440 20.1 147,o :$;,$ 0.f: 

Hursct~ 
Bradi ey 
Watts 
Cuf i&ihgs  
Coat e; 
Tr.aabi!ai 
Raarey 
lc Ve:: 
lendeshal l 1393 
Laror;ic; 
Pa! ier 
krgetsiager 



i a b i ~  1, F r e i i ~ i r ~ a r y  geect ;ef i i i ; l  a r l a : ~ : e r !  A U ~ E  Bay - Hender~ha! l  Pe f i insu ia ,  orcprpc t y p e ,  

~ f i ; ~ ; : . ,  ppr O!her, ppr 
Date  

S i t e  #aee Sarpled CC3 HCC3 504 C i F Br Sit2  . ie 
................................................................................ --------_----------- 

Thomason 3-13-14 346 5 ;  4 G , ~  bi;  7 , 5  ... , p, I .- 
i r 1- 

Kareair i  3-13-14 c -: ii .., : w 7=  - .. b d  6.2 9 , : ~  4 4 ' .  

Hou l ihan  3-22-44 - 315 L ?  1,C h i  7 . 3  
Clasby 3-04-44 b , 3  283 IOC 4C C,5  td 7 , 7  0,:: 
\dl ke 2-01-84 - 2 4  157 G,t b d  1Q.I - 

&hea 6-14-44 2,: 345 15 1 i!,: bG 8.2 : ~ 4 i 1  'i , 1 s.. 

01 s o b  6-16-84 - !43 788 se ..,, bd 6 .6  c ,oe '. 7 

' .Dehardt 6-14-85 - ii : 235 78 1.9 td 9 , ~  6 , ; z  -77 

Auke Bay 6-19-44 - 3 2 ~  262  44 2 , 8  b d  7 . 8  , 0,34 
U, o f  Juaeali t-16-84 !,5 :t? 39i .  166 6,J t r  15,O j 0.20 
Jones b-19-84 - 28; 39 53 0.1 t;d 14,O , 1.08 
Bay View 6-14-14 - .-I - 9 .  I k . ?c? 964 0 , 3  i r  12.5 ., 2 .22  

Hursctl 
B rad ley  
U a i i s  
i u ~ r i n g s  
Coat e; 
T r a r b i t a r  
Rarscy 
Hi Ye,: 
Rendenha! ! 1399 
L a r o n i c z  
P a l w  
Arge ts inger  



T ~ + . : ~  I Y L . i i  -, ,. kj, . . . ;  r i  4 ,einarr g e o c h e ~ i c z :  a r , a ! v s e s ,  A u k e  B a r  - !endenll:ii P e n i n s i ; ! ~ !  o r d e i - e i  t~ t y p e ,  

D a t e  l i e ; :  D e p t h  
S i t e  Name S a r p l e j  Hap No, Type f t  A;, p;b i D S  SC (a i  
------------------------------------------------------, -------- ------------------ 

Thorason 3-13-84 35-24 1 ii b 1 -11 : 

" C) 

403 410 
K a r e n i n '  3-13-84 3-13 1 85 L 504 bO0 
Houl  i h a n  3-22-84 35-i5 1 260 2 662 m 
G l a s l y  3-04-84 35 -05 1 156 495 598 ; 
Rell k e  2-01-44 35-38 1 220 2 671 '409 

6 h e a  6-14-84 23-28 d. 9 73 2 362 ' .' '460 
0 1  soa  6-16-14 23-24 i 275 4 1364 1660 
Dei la rd t  6-14-84 23-68 2 290 3 696 . 790 
Auke Bay 6-19-14 23-13 5 202 1 '792' 1000 
U, o f  Jrjfieaii 6-16-84 23-14 2 LL ??7 ! 9 1070 1450 
Jones 6-19-84 23-05 2 145 4 ,.I90 450 
Bay V i e i i  6-14-14 '23-01A 1 90 1 2066 2600 

H l ~ r s c h  
B r a d 1  ey 
W a t t s  
C u r r i a g s  
C o a t e s  
T r a r b i t a s  
R a r s c y  
Hc Vev 
I f e n d e n h a l l  1390 
L a r o n i c a  
P a t r e r  
k r g e t  s i n g e r  

N a s i ~  
K e i  t h a h o  
Hagerup 
lohil;on 
L::f idstrae 
? Q ~ ~ ! I F Y  

Aijke Zr.peir. 
Bay h E e k  
S E a v e >  ',..,..- d p .  ;I!:$: 

PC"*: 
ui C . r .  

Stable  i s o t o p e s  
per  m i l  
01 I B 



T a b l e  3. Concen t r a t - l on  o f  ch lor - ld i . ,  ppm. Ln weli i a c a r s  frc jm Nendenhdll. pdnins l l ld  

and Auke Bay. 

S i t e  Name 
_-__-------------- 
Bagerup 
Kei t h a h n  
Bay VieR 
A r g e t s i n g e r  
U. of Juneau 
Mei 1 k e  
Lamonica 
01 s o n  
Auke Bay 
Dehard t 
J o n e s  
Pa lmer  
C la sby  

Aoul i han 
B r a d l e y  
Johnson  
Cummings  
C o a t e s  
Lundstrom 
Hc Vey 
Ghea 
Thomason 
Karen in  
Buckley 
Wat t s  
Hursch  
Ramsey 
Trambi t a s  
Nash 
Hendenha l l  1390 
Bay Creek  
S e a v e r  S p r i n g s  
Lake Creek  
Auke Creek  

Date 
Sampled Map No. 

------------------  - - 
5-02-84 35-08 
2-01 -84 35-32 
0-1 4-84 23-01 A 
2-01 -84 35-02 
b - I  b-84 23-1 4 
2-01 -84 35-38 
5-02-84 35-53 
6-1 6-84 23-24 
6-1 9 -84  23-23 
6-1 4-84 23-08 
b-19-84 23-05 
5-03-84 35-43 
3-04-84 35-05 

Bel l  Depth, 
f't 

129 
9 2 
9 0 

11 5 
227 
220 
200 

275 
202 
290 

145 
9 3 

150  



T a b l e  4. Concentration o f  a r z e n l c ,  p p b ,  l n  x e l l  i a t a r s  f r o m  M a n d e n h a l l  F s n l n s u L a  
a n d  Auke Bay.  

S i t e  Name 
.......................... 
T r a m b i  t a s  
Coa t e s  
Cummings  
B r a d l e y  
X u r s c h  
u. of  J u n e a u  
P a l m e r  
Ramse  y  
A r g e t s i n g e r  
J o n e s  
R a t t s  
O l s o n  
D e h a r d t  
Hc Vey 
K a r e n i n  
X o u l i  h a n  
H e i l k e  
G h e a  
C l a s b y  
Bay View 
T h o m a s o n  
Auke Bay 
Kei t h a h n  
H a s h  
B u c k l e y  
L u n d s t r o m  
L a k e  C r e e k  
J o h n s o n  
Auke C r e e k  
Bay C r e e k  
S e a v e r  S p r i n g s  
B a g e r u p  
L a m o n i c a  
H e n d e n h a l l  1 3 9 0  

D a t e  
S a m p l e d  

- - - - - - - - - 
0 -1  9 - 3 4  
6 7 2 0 - 3 4  
2 - 0 7 - 3 4  
3-1  4 - 8 4  
3-1  4 - 3 4  
b - I  b - 8 4  
5 - 0 3 - 3 4  
3 - 2 2 - 3 4  
2-01 - 3 4  
6-1  9 - 8 4  
2 -02 -a4  
6-1  6 - 3 4  
b - 1 4 - 9 4  
3 - 2 2 - 8 4  
3 - 1  3 - 8 4  
3 - 2 2 - 3 4  
2-01 - 8 4  
6 -1  4 - 8 4  
3 -04 -84  
6-1  4 -84  
3 -1  3 - 5 4  
6-1 9 - 8 4  
2-01 - 8 4  
5 - 0 3 - 8 4  
5 - 0 2 - 8 4  
5 - 0 2 - 8 4  
6-1  5 - 8 4  
5 - 0 2 - 8 4  
6-1  5 -84  
6 -15 -84  
5 - 0 3 - 8 4  
5 - 0 2 - 8 4  
5 -02  -8 4  
5 - 0 3 - 8 4  

Hell D e p t h ,  
f t  
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C j R R E L A i l G I l  OF MAP ii!IITS 

CENTRAL SCHIST BELT 5OUTilrES:ERN HETAMORPHLC aEL7  

'1 

Note: re la t i ve  ages are those o f  parent 1 Note: re la t i ve  aqes are those ' 
rocks or o f  metamorphism o f  p a r e n t  rocks ,m 

sq; sgc 

i 

OESCRIPTION OF IMP UNITS 

, -. Q SURFICIAL DEPOSITS--Undifferentiated g lac ia l ,  a l l u v i a l .  
co l luv la l  , marine, and glaciomarine mater ia ls ;  see A. 0. 
M i l l e r  (1972) fo r  deta i led descriptions and maps. 

Southwestern m t a m r p h i c  b e l t  

(southwest of Casttneau Channel and Montana creek) 

su EYTAMORPHIC ROCKS, UNDlFFERENTlATED - sdt MTAFELSITE--Dike and s i l l - l i k e  bodler. - sdb METABASALT, UETADIORITE, AND METAGABBRO--Dikes, ~ l l l ~ ,  and 
other small In t ru r l ve  bodies. - Sp 

GREENSTONE AND GREENSCHIST--Chiefly .augl te-rich ~ t . 3  tu f f  
o r i g i n a l l y  basa l t i c  t o  andesit ic; I n  places mlxed w i th  
mtagraywatke, a r g i l l  i t s ,  o r  slate. C l l f f  former. 

-, . ' .- sgc GREENSTONE iwD CETACONGLOMIl4TE--Mixed and undifferentiated rocks. 

GREENSTONE AN0 PELITIC ROCKS--Mixed and undlfferentlated rocks. 

undi f ferent iated rocks. Major l l t ho log les  o f  u n i t  d i f fe ren t fa ted  
on Table Top Mountrin, Douglas Island. 

sp PELITIC ROCKS--Mostly a r g i l l f t e  and s late,  l o c a l l y  phy l l i t e .  

SpS PELITIC ROCKS, E(ETASANOSTONE.AN0 CETASILTSTONE--Chiefly 
dark, volcanic-derived m t a s e d i m n t r r y  rocks, mixed and 
undlfferentlated. 

Central schtst  b e l t  --- 
(Between Gslt ineau Channel and w s t e m  f ron t  of main . 
gnelss b e l t  between Lemon Creek Clacler  and S t r o l l e r  
White h u n t a i n )  

cu ' METAMORPHIC ROCKS, UNOIFFERENTIATED 

c9h HOMOGENEOUS GRANITIC GNEISS--Chiefly b i o t i t e -  and hornblende- 
bearing quartz d l o r l  t l c  gnelss (orthagneiss) o f  Mount Juneau 
pluton. C m n l y  contalns minor amounts o f  garnet. 

Cgrp MlWTITE--Heterogmeous mixture o f  schist  and g ran t t i c  gneiss. 

cc CHLORITE SCHIST AND GREEMSCHIST--knerally we l l  fo l i a ted ,  bu t  
Includes greenstone and re~aischlst  l o c a l l y  near Castlnrau 
Channel and Montana Creek. 

IOTITE-BEARING SMIST--Mixed 
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