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GRAVITY AND MAGNETIC PROFILES, AND 
ROCK PROPERTY DATA FOR THE SHAVIOVIK AND ECHOOKA 

RIVERS AREA, NORTH SLOPE, ALASKA 

D. M. G i o v a n n e t t i  and K. J.  Bi rd  

INTRODUCTION 

T h i s  r e p o r t  p r e s e n t s  g r a v i t y  and magnet ic  p r o f i l e s ,  and rock p r o p e r t y  

d a t a  c o l l e c t e d  from t h e  n o r t h e a s t e r n  Brooks Range and a d j a c e n t  f o o t h i l l s  

r eg ion .  An a r e a  10 km wide and 65 k m  long i n  t h e  Shaviovik  and Echooka R i v e r s  

r e g i o n  was chosen f o r  this s t u d y  ( l o c a t i o n  map, p l a t e  1) .  T h i s  a r e a  i n c l u d e s  

t h e  Kemik g a s  f i e l d .  The g e o p h y s i c a l  d a t a  i n  t h i s  r e p o r t  i s  one phase of a  

s t u d y  t o  g a i n  a f u r t h e r  unders tand ing  of t h e  geology and t e c t o n i c  s t y l e  of t h e  

a r e a  and t o  de te rmine  t h e  r e l a t i o n s h i p  of t h e s e  f e a t u r e s  t o  hydrocarbon 

accumulat ions .  The g r a v i t y  and magnet ic  d a t a  i n  t h i s  r e p o r t  w i l l  be  used i n  

modeling basement s t r u c t u r e s  a f t e r  o t h e r  phases  of t h e  s t u d y  a r e  completed.  

Other  phases  of t h e  s t u d y  w i l l  i n c o r p o r a t e  d a t a  from: (1) g e o l o g i c  maps and 

measured s e c t i o n s  ( K e l l e r  and o t h e r s ,  1961) ,  ( 2 )  U.S. Navy s e i s m i c  r e c o r d s ,  

( 3 )  w i r e l i n e  w e l l  l o g s  and d r i l l  c u t t i n g s  from f o u r  w e l l s ,  and ( 4 )  low-angle 

obl ique-view canyon photography o b t a i n e d  from S tandard  O i l  of C a l i f o r n i a  

(Reber,  1976). 

Recen t ly  a c q u i r e d  f i e l d  d a t a  i n c l u d e  ground magnet ic  and g r a v i t y  

r e a d i n g s ,  and l i t h o l o g i c  i n f o r m a t i o n  on M i s s i s s i p p i a n  and o l d e r  rock u n i t s .  

F i e l d  work f o r  t h e  g r a v i t y  and magnet ic  program was i n t e g r a t e d  w i t h  sLmi la r  

g e o p h y s i c a l  s t u d i e s  be ing  conducted i n  the A r c t i c  N a t i o n a l  Wildlife Range 

(Kososki and o t h e r s ,  1978) .  Work f o r  t h e  combined programs was conducted from 

August 2-9, 1976; d a t a  in t h e  s t u d y  a r e a  was c o l l e c t e d  on August 7 and 8 ,  

1976.  Grav i ty  and magnetic r e a d i n g s  were made a t  48 s t a t i o n s  ( f i g .  1 )  which 



F i g u r e  1.--Location of gravity and magnetic stations, profile line, 
wells, and outcrop sample locality in the Shaviovik 
and Echooka Rivers area, North Slope, Alaska. 



were l o c a t e d  on v e r t i c a l  a e r i a l  photographs  (approximate  s c a l e  1  : 50,700) and 

s t a n d a r d  U - S .  G e o l o g i c a l  Survey topograph ic  maps ( s c a l e  1:63,360).  S t a t i o n s  

were p o s i t i o n e d  on major  d r a i n a g e s  w i t h  a 0.8 t o  2.4 km spac ing .  S t a t i o n  ST01 

was used as a  b a s e  s t a t i o n  f o r  g r a ~ i t y  d a t a  r e d u c t i o n  and s t a t i o n s  ST01 and 

ST24 were used f o r  magnet ic  d a t a  r e d u c t i o n .  Time i n t e r v a l s  between 

measurements r ange  from 5 t o  1 2  minutes  w i t h  one e x c e p t i o n  of 32 minutes  

between stations ST43 and S T 4 4 .  Readings were made a t  t h e  b a s e  s t a t i o n  (STO1) 

at: t h e  beg inn ing  and end of each day's work. These base s t a t i o n  loops  were 

completed i n  3.5 hours  the f i r s t  day and 4 hours  t h e  second day. F i e l d  

measurements and o t h e r  i n f o r m a t i o n  used i n  d a t a  r e d u c t i o n  a r e  irlcludecl i n  

t a b l e  1. 

The p r o f i l e  l i n e  was picked t o  b e s t  f i t  t h e  a c t u a l  p a t h  of t h e  t r a v e r s e .  

Station l o c a t i o n s  were p r o j e c t e d  o r t h o g o n a l l y  o n t o  t he  p r o f i l e  l i n e  wi th  a 

maximum p r o j e c t i o n  d i s t a n c e  of 1.6 km (fig. 1 ) .  Well l o c a t i o n s ,  s t r a t i g r a p h i c  

b o u n d a r i e s ,  and geomorphic f e a t u r e s  a r e  p r o j e c t e d  p a r a l l e l  t o  s t r u c t u r a l  

s t r i k e .  

GRAVITY 

G r a v i t y  measurements were made u s i n g  LaCoste and Romberg g e o d e t i c  me te r  

G-22, borrowed from t h e  U n i v e r s i t y  of C a l i f o r n i a  a t  R i v e r s i d e .  T h i s  meter  h a s  

a r e a d i n g  accuracy  of - + 0.01 m i l l g a l .  A l t i m e t e r s  were r e a d  a t  every  

s t a t i o n .  Wet and dry  b u l b  t empera tu res  were read a t  eve ry  o t h e r  s t a t i o n  and 

used i n  r educ ing  t h e  a l t i m e t e r  d a t a .  

Loca l  b a s e  ST01 w a s  t i e d  t o  t h e  p r i n c i p l e  g r a v i t y  r e f e r e n c e  base  s t a t i o n  

a t  B a r t e r  I s l a n d .  The B a r t e r  I s l a n d  base  is r e f e r e n c e d  t o  t h e  I n t e r n a t i o n a l  

Gravity S t a n d a r d i z a t i o n  N e t  and h a s  a n  adopted v a l u e  of 982,581.68 m i l l i g a l s  

(D. Barnes,  p e r s .  commun., 1 9 7 7 ) .  



G r a v i t y  d a t a  r educ t  i o n  fol lowed p rocedures  o u t l i n e d  by Barnes  (1972).  

The Geode t i c  Reference  System 1967 ( I n t e r n a t i o n a l  Association of Geodesy, 

1971) w a s  used i n  c a l c u l a t i n g  t h e o r e t i c a l  g r a v i t y  v a l u e s .  R i v e r  g r a d i e n t  

p l o t s  were c o n s t r u c t e d  a s  d e s c r i b e d  by Barnes  (1972) and 48 s t a t i o n  e l e v a t i o n s  

determined from them. R i v e r  g r a d i e n t  de r ived  e l e v a t i o n s  were compared t o  

a l t i m e t e r  d e r i v e d  e l e v a t i o n s  and b o t h  checked f o r  d e p a r t u r e s  from a smooth 

r i v e r  g r a d i e n t .  A l t i m e t e r  e l e v a t i o n s  g e n e r a l l y  a g r e e  w i t h  r i v e r  g r a d i e n t  

e l e v a t i o n s  b u t  a r e  s l i g h t l y  more e r r a t i c  and range  up t o  27 m h i g h e r  than  

t h o s e  picked from r i v e r  gradients. Secause  of the s l i g h t l y  more e r r a t i c  

p a t t e r n  of t h e  a l t i m e t r y ,  r i v e r  g r a d i e n t  e l e v a t i o n s  a r e  p r e f e r r e d  and are used 

i n  computing t h e  f r e e  a i r ,  simple. Bouguer, and Bouguer ( t e r r a i n  c o r r e c t e d )  

anomaly v a l u e s  ( t a b l e  1 ) .  

S t a t i o n  ele- ati ion accuracy  i s  dependent on t h e  accuracy  of t h e  

topograph ic  maps. A v a i l a b l e  topograph ic  maps wi th  a  s c a l e  of 1:63,360 and 

con tour  i n t e r v a l s  a t  50 and 100 E t  were used i n  c o n s t r u c t i n g  r i v e r  g r a d i e n t  

p l o t s  and probably  have v e r t i c a l  e r r o r s  of 15  m o r  l e s s  (C. Swanson, p e r s .  

commun. , 1978).  Corresponding e r r o r s  i n  Bouguer g r a v i t y  a r e  -+ 3.0 m i l l i g a l s .  

A Bouguer r e d u c t i o n  d e n s i t y  of 2.53 g/cm3 was used i n  c a l c u l a t i n g  t h e  

t h r e e  anomaly v a l u e s .  For c o n t r a s t ,  s imple  Bouguer anomaly v a l u e s  us ing  t h e  

s t a n d a r d  d e n s i t y  of 2.67 g/cm3 a r e  a l s o  r e p o r t e d  i n  t a b l e  1. The 2.53 g/cm 3 

v a l u e  w a s  determined by e v a l u a t i n g  rock d e n s i t y  d a t a  and t h e  d i s t r i b u t i o n  of 

rock u n i t s  a long  t h e  t r a v e r s e .  Subsur face  rock d e n s i t y  d a t a  was o b t a i n e d  from 

seven  nearby w e l l s  u s i n g  compensated format  i o n  d e n s i t y  and n e u t r o n  l o g s  ( t a b l e  

2) .  Log response  was v i s u a l l y  b locked i n t o  average  d e n s i t y  segments.  T h i s  

p r o c e s s  averages  the  h igh  and low l o g  r e a d i n g s  and r e s u l t s  i n  numerous 

segments w i t h  a s i n g l e  d e n s i t y  va lue .  Th i s  method reduces  b u t  does n o t  
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comple te ly  e l i m i n a t e  t h e  effect of borehole washouts and t h e  r e s u l t i n g  low 

d e n s i t y .  The segments were t h e n  weighted accord ing  t o  t h e i r  i n t e r v a l  

t h i c k n e s s  and a  weighted average  d e n s i t y  v a l u e  determined.  An average  d e n s i t y  

was determined f o r  each fo rmal  rock u n i t .  Table 2 r e p o r t s  t h e s e  s u b s u r f a c e  

d e n s i t y  v a l u e s  a s  w e l l  as measured d e n s i t i e s  from o u t c r o p  samples of rock 

u n i t s  not  encoun te red  i n  t h e  w e l l s .  

Hammer zone c h a r t s  (Hammer, 1939) and extended t e r r a i n  c o r r e c t i o n  t a b l e s  

(Douglas and P r a h l ,  1972) were used i n  making topograph ic  c o r r e c t i o n s .  I n n e r  

zone c o r r e c t i o n s  (E-I) were determined on 1:63,360 s c a l e  topograph ic  maps. 

Outer  zone c o r r e c t i o n s  (J -M)  were made u s i n g  1:250,000 s c a l e  maps. C o r r e c t i o n s  

were a p p l i e d  t n  a l l  s t a t i o n s  s o u t h  of ST18 where t e r r a i n  e f f e c t s  a r e  g r e a t e r  

t h a n  0.4 m i l l i g a l  and reach  a maximum of 4.2 m i l l i g a l s .  

The Bouguer g r a v i t y  p r o f i l e  shows a 0-7 m i l l i g a l  s o u t h e r l y  d e c r e s e  i n  

g r a v i t y  and a few low ampl i tude  anomal ies  ( p l a t e  2 ) .  T h i s  d e c r e a s e  i s  s i m i l a r  

t o  t h e  r e g i o n a l  t r e n d  i n d i c a t e d  by Barnes (1976)  and probably  is  due t o  

g r a d u a l  c r u s t a l  t h i c k e n i n g  from t h e  Alaskan c o a s t  t o  t h e  axis of t h e  Brooks 

Range (Kososl:i, 19 78) .  The 8 m i l l i g a l  g r a v i t y  l o w  (ST02-ST05) i s  c o i n c i d e n t  

w i t h  a  s y n c l i n e  c o n t a i n i n g  T e r t i a r y ( ? )  rocks  w i t h  an average  d e n s i t y  of 2 .33  

3 g/cm . These rocks a r e  flanked by Cre taceous  rocks  w i t h  an  average  d e n s i t y  of 

3 2.47 g/cm . Low a m p l i t u d e  anomal ies  of l e s s  t h a n  4 m i l l i g a l s  c h a r a c t e r i z e  t h e  

g r a v i t y  p r o f i l e  s o u t h  of ST06. E l e v a t i o n  i n a c c u r a c i e s  may cause  e r r o r s  i n  

Bouguer g r a v i t y  of a s i m i l a r  magnitude.  Whether t h e s e  anomal ies  r e s u l t  from 

g e o l o g i c  c o n d i t i o n s ,  r a t h e r  t h a n  problems i n  e l e v a t i o n  c o n t r o l ,  w i l l  depend on 

t h e i r  c o r r e l a t i o n  w i t h  mapped g e o l o g i c  f e a t u r e s .  Updating of e x i s t i n g  

g e o l o g i c  maps w i t h  a d d i t i o n a l  d a t a  from canyon photography i s  i n  p r o g r e s s .  



T a b l e  2.--Well arrd o u t c r o p  d e n s i t y  v a l u e s  f o r  s t r d t i r f r a p h i c  units i n  t h e  Shdviuvik and Ec t~ooka  Rive r s  a r c a ,  ;lr>rttr S l o p e ,  I i laska .  

Densi ty  i n  cj /an3; i n t e r v a l  t h i c k n e s s  i n  feet 

Rock Uni t  

Arco Home Bush Colorado McCulloch F o r e s t  BP ~ l a s k a  Arm N o r t h e a s t  
S u s i e  Fede ra l  Shav iov ik  F i n  Creek Kemik Kernik Kavlk Brooks Range 

Age No. 1 No. 1 No. 1 No. 1 No. 1 NO. 2  No. 2 Outcrop Range Average 

Sagavan i rk tok  E h .  T e r t i a r y  

C o l v i l l e  Gp. U .  Cre taceous  

Kongakut E h .  L. Cre taceous  
Pebble S h a l e  Mbr. 

K e m i k  Sandstone  Mbr. 

Kingak S h a l e  J u r a s s i c  

Karen Creek Sandstone  U. T r i a s s i c  

Shub l ik  Fm. M. t o  U. T r i a s s i c  

S a d l e r o c h i t  Gp. 
l v i s h a k  Fm. 

Echooka Fm. 

Lisburne  G p .  

L .  T r i a s s i c  

L .  t o  U .  Permian 

M i s s i s s i p p i a n  and 
Pennsylvanian  

~ a y a k  Sha le  M i s s i s s i p p i a n  2.58 0.19 2 . 5 7  
( 11 smpls .  ) 

Neruokpuk Fm. Pre -Miss i s s ipp ian  2 . 6 5  0 .20 2 .64  
(9  smpls .  1 

-- 



MAGNETICS 

Ground magnet ic  measurements were r o u t i n e l y  made a t  each g r a v i t y  s t a t i o n  

u s i n g  a g e f l e t r i c s  G-819 p r o t o n  p r e c e s s i o n  magnetometer. Measurements were 

made 75 m from t h e  h e l i c o p t e r  wi th  t h e  i n s t r u m e n t  s e n s o r  mounted on t h e  end of 

a 2.5-m s t a f f .  

Magnet ic  d a t a  was c o r r e c t e d  f o r  a p p a r e n t  long p e r i o d  d i u r n a l  f i e l d  

v a r i a t i o n s  and i n s t r u m e n t  d r i f t .  C o r r e c t i o n s  were made by s t a n d a r d  methods 

(Net t l e t o n ,  19 76)  u s i n g  l i n e a r  d i u r n a l  v a r i a t i o n  curves  c o n s t r u c t e d  from b a s e  

ST91 loop d a t a .  Th i s  method is i n s e n s i t i v e  t o  s h o r t  p e r i o d  d i u r n a l  

f l u c t u a t i o n s ,  which may be p r e s e n t  i n  t h e  d a t a .  The second b a s e ,  ST24, r e a d  

a t  t h e  end of t h e  f i r s t  day and beg inn ing  of t h e  second day was used t o  

c o r r e c t  f i r s t  day s t a t i o n s  ST20-ST24 f o r  a 22 gamma i n c r e a s e  i n  t h e  d i u r n a l  

f i e l d .  Data  c o l l e c t e d  on t h e  second day were a d j u s t e d  t o  compensate f o r  a 1 2  

gamma d e c r e a s e  i n  magnet ic  f i e l d  s t r e n g t h ,  r e l a t i v e  t o  t h e  f i r s t  day's 

r ead ings .  

S t u d i e s  of h i g h  l a t i t u d e  geomagnetic a c t i v i t y  by Morley (1953) i n d i c a t e  

t h a t  t h e  d i s t a n c e  between C o l l e g e  Observatory  a t  Fa i rbanks  and t h e  s t u d y  a r e a  

(515 km) i s  t o o  great t o  a l l o w  f o r  d i r e c t  c o r r e c t i o n  of t h e  da ta  frorn 

magnetogram e v e n t s .  Morely found phase  and ampl i tude  d i f f e r e n c e s  i n  magnet ic  

r e c o r d s  ( t o t a l  f i e l d  measurements) between s t a t i o n s  140 t o  209 k m  a p a r t ,  how- 

e v e r ,  magnet ic  c u r v e  shapes  were s i m i l a r .  Quie t  o r  disturbed c o n d i t i o n s  a t  

one  L o c a l i t y  corresponded t o  s i m i l a r  c o n d i t i o n s  a t  o t h e r  l o c a l i t i e s .  

I n  o r d e r  t o  f u r t h e r  s t u d y  the  cor respondence  of d i u r n a l  v a r i a t i o n s  over  

long  dis tances ,  magnetograms frorn P o i n t  Barrow were compared t o  t h o s e  from 

College Observatory .  P o i n t  Barrow is  approx imate ly  805 k m  n o r t h w e s t  of 

C o l l e g e  Observatory .  Barrow r e c o r d s  were no t  a v a i l a b l e  f o r  t h e  p e r i o d  of 



Shaviovik-Echooka f i e l d  work. t h e r e f o r e ,  r e c o r d s  f o r  Oc tober  31 t o  November 5 ,  

1974 were a r b i t r a r i l y  chosen f o r  comparison. Some phase  and ampl i tude  

d i s s i m i l a r i t i e s  were noted.  I n  g e n e r a l ,  t h e  magnitudes of t h e  q u i e t  day,  

s h o r t  p e r i o d  ( l e s s  than  20 minu tes )  low a m p l i t u d e  (10 gammas) f l u c t u a t i o n s  f o r  

P o i n t  Barrow and C o l l e g e  Observa to ry  r e c o r d s  were s i m i l a r .  

The g e n e r a l  s i m i l a r i t y  of magnetograms from C o l l e g e  and P o i n t  Barrow 

O b s e r v a t o r i e s  and the o b s e r v a t i o n s  by Morley (1953) s u g g e s t  t h a t  our magnet ic  

r e a d i n g s  were made under c o n d i t i o n s  s i m i l a r  t o  t h o s e  recorded  a t  Fa i rbanks  on 

August 7 and 8 (magnetograms, p l a t e  1 ) .  Co l lege  Geomagnetic O b s e n a t o r y  i n  

Fa i rbanks  recorded  r e l a t i v e l y  q u i e t  magnet ic  c o n d i t i o n s  f o r  t h i s  p e r i o d .  

M i c r o p u l s a t i o n s  of a s  much a s  10 gammas w i t h  p e r i o d s  of 3 t o  20 minu tes  

o c c u r r e d  as w e l l  a s  longer  p e r i o d  d i u r n a l  e f f e c t s  up t o  22 gammas. Assuming 

t h a t  s i m i l a r  m i c r o p u l s a t i o n s  occur red  i n  t h e  s t u d y  area c e r t a i n  l i m i t a t i o n s  i n  

our  d a t a  become a p p a r e n t .  Anomalies wi th  mangitudes of 10 gammas o r  l e s s  and 

d e f i n e d  by 3 o r  fewer  s t a t i o n  r e a d i n g s  may represent  m i c r o p u l s a t i o n s  r a t h e r  

than  g e o l o g i c  f e a t u r e s .  For t h i s  r e a s o n  a c a u t i o u s  approach shou ld  be  t a k e n  

i n  p l a c i n g  any s i g n i f i c a n c e  on t h e s e  anomal ies  wi thou t  a d d i t i o n a l  s u p p o r t i n g  

d a t a .  Longer p e r i o d  anomal ies  and t r e n d s  may i n d i c a t e  g e o l o g i c  s o u r c e s .  The 

d a t a  show a s o u t h w e s t e r l y  d e c r e a s i n g  r e g i o n a l  g r a d i e n t  of 3 t o  5 gammas p e r  

k i l o m e t e r .  

The o v e r a l l  l o w  ampl i tude  of t h e  magnetic p r o f i l e  i s  i n d i c a t i v e  of weakly 

magnet ic  rock  o r  t h e  l ack  of s i g n i f i c a n t  s u s c e p t i b i l i t y  c o n t r a s t  w i t h i n  t h e  

basement and o v e r l y i n g  sediments .  Magnet ic  s u s c e p t i b i l i t y  measurements ( t a b l e  

3 )  of 26 s e l e c t e d  o u t c r o p  samples from t h e  general r e g i o n  of t h e  t r a v e r s e  show 

t h a t  t h e  rocks  a r e  weakly magnet ic .  A S o i l t e s t  MS-3 magnet ic  s u s c e p t i b i l i t y  

b r i d g e  and o s c i l l o s c o p e  were used t o  de te rmine  s u s c e p t i b i l i t i e s .  I n  a d d i t i o n ,  



Table  3. --Measured volume s u s c e p t i b i l i t i e s  f o r  samples c o l l e c t e d  i n  and a d j a c e n t  t o  t h e  
Shaviovik-Echooka a r e a .  Sample 72  A r r  218a (*) was measured i n  a superconduc t ing  
suscep  torneter. A l l  o t h e r  measurements u t i l i z e d  a S o i  l t e s t  MS-3 s u s c e p t i b i l i t y  
b r idge .  

Magnet ic  

F i e l d  S u s c e p t i b i l i t y ,  K 

Sample No. S t r a t i g r a p h i c  Uni t  L i t h o l o g y  C ~ S )  

51 A D t  12 Kongakut Format ion Sands t o n e  0 
51 A D t  13 Kongakut Format ion  S h a l e  0 
51 ADt 14 Kongakut Formation S h a l e  0 
51 A D t  16 Kongakut Formation S h a l e  3 7 
5 1  A D t  19 Kongakut Formation Sf l t s t o n e  0 

51 A D t  2 Sad l e r o c h i  t Group S i l t s t o n e  
76 A r r  67 S a d l e r o c h i  t Group JJimes t o n e  

72 A r r  123h 
72  A r r  218a 
72 A r r  218b 
72  A r r  218d 
72 A r r  218x 
75 A r r  123g 
7 6  A r r  62 
76 A r r  62x 

L i s b u r n e  Group 
L i s b u r n e  Group 
C i  s b u r n e  Group 
L i s b u r n e  Group 
L i s b u r n e  Group 
L i s b u r n e  Group 
L i s b u r n e  Group 
L i s b u r n e  Group 

76 DG 9b Kayak S h a l e  
76 DG 11 Kayak S h a l e  

Limes t o n e  28 
Ma£ i c  i n t r u s i v e  2,991 1 , 4 2 6  (*) 

B a s a l t  59 
Limes t o n e  33 
Basalt 4 1 
Basalt 54 
Calca reous  sands  tone  0 
M a £  i c  t u f f  aceous  l imes  tone  2 2 

Q u a r t z i t e  
Banded a r g i l l f t e  

76 DG 21 Kekiktuk Conglomerate Q u a r t z i t e  0 

7 6  DG 17 Neruokpuk Formation Cher t  0 
76 DG 18 Neruokpuk Formation Q u a r t z i t e  0 
76 DG 18b N e r u o k p ~ ~ k  Format ion  Q u a r t z i t e  0 
76 DG 19 Neruokpuk Formation Cher t  0 
76 DG 2 2  Neruokpuk Formation C a l c a r e o u s  s i l t s t o n e  1 4  
76 DG 20b Neruokpuk Formation S i l t s t o n e  8 
76 DG 20c Neruokpuk Format i o n  C a l c a r e o u s  s i l t s t o n e  12  



f o u r  samples were powdered and remeasured i n  a superconduc t ing  suscep tomete r  

(Superconduct ing Technology,  I n c . ) .  T h i s  i n s t r u m e n t  measures t o t a l  magnet ic  

moment w i t h  a  h igh degree of accuracy .  Sample volume and t h e  magnet ic  f i e l d  

used d u r i n g  measurement a r e  used t o  conver t  moment measurements t o  volume 

s u s c e p t i b i l i t i e s .  A t  low v e r t i c a l  magnet ic  f i e l d  s t r e n g t h s  (. 36 oers ted--  

f i e l d  u t i l i z e d  by t h e  S o i l t e s t  MS-3) o n l y  one sample (72 Arr 218a) gave 

q u a n t i t a t i v e l y  r e l i a b l e  r e s u l t s  i n  t h e  superconduc t ing  equipment.  Comparisons 

between t h e  MS-3 and superconduc t ing  suscep tomete r  measurements on this sample 

i n d i c a t e  a s i g n i f i c a n t  d i sc repancy  i n  s u s c e p t i b i l i t y  v a l u e s  between t h e  two 

ins t ruments .  Because of t h i s ,  t h e  a b s o l u t e  accuracy  of t h e  s u s c e p t i b i l i t i e s  

r e p o r t e d  i n  t a b l e  3 a r e  q u e s t i o n a b l e .  The MS-3 v a l u e s  r e p o r t e d ,  however, a r e  

c o n s i d e r e d  t o  r e p r e s e n t  t h e  r e l a t i v e  s u s c e p t i b i l i t i e s  of t h e  samples measured. 

Y o d e r a t e l y  magnet ic  (K = 146 x 10 '~  cgs) mafic  i n t r u s i v e  rocks  a r e  

a s s o c i a t e d  w i t h  M i s s i s s i p p i a n  c a r b o n a t e s  a t  Flood Creek,  40 km t o  t h e  

sou thwes t  ( K e l l e r  and others, 1 9 6 1 ) .  The l a c k  of any s i g n i f i c a n t  anomaly 

a long  t h e  e a s t e r n  p r o j e c t i o n  of t h e s e  r o c k s  (ST22-ST31) i m p l i e s  t h e i r  absence ,  

o r  a l t e r a t i o n  t o  nonmagnetic m i n e r a l s .  Brosge and R e i s e r  (pers. commun., 

1977) c o l l e c t e d  a  maf ic  t u f f  (76  Arr 62x; k = 22 x c g s )  from a l o c a l i t y  3 

km n o r t h  of ST27. The low s u s c e p t i b i l i t y  of t h i s  sample i s  due t o  t h e  a l t e r a -  

t i o n  of the m a f i c  m i n e r a l s  t o  c l a y s  and t h e i r  p a r t i a l  replacement  by do lomi te .  

I f  mafic i n t r u s i v e  rocks  a r e  p r e s e n t  n e a r  t h e  mountain f r o n t ,  t hey  a r e  l i m i t e d  

i n  e x t e n t  and have no measurable  n e t  magne t i za t ion .  

~ h r e e  widely  spaced nor th-south  r e c o n n a i s s a n c e  aeromagnet ic  p r o f i l e s  were 

flown i n  1965 over  much of n o r t h e a s t e r n  Alaska (Brosge and o t h e r s ,  1970).  The 

e a s t e r n  p r o f i l e s  i n d i c a t e  a 30 t o  40  gamma anomaly c o i n c i d e n t  w i t h  t h e  Brooks 

Range f r o n t .  P re -Miss i s s ipp ian  ma£ i c  e x t  rus  i v e  and i n t r u s i v e  igneous  rocks  i n  



a wes t - t r end ing  b e l t  a r e  i n t e r p r e t e d  t o  b e  their s o u r c e  (Brosge and o t h e r s ,  

1970). No magnet ic  e x p r e s s i o n  of t h i s  t r e n d  is  observed i n  l i n e  70 

(wes ternmos t of t h e  t h r e e )  which was f lawn oJer  t h e  Shaviovik-Echooka . s tudy 

area. Th i s  l a c k  of e x p r e s s i o n  may i n d i c a t e  b u r i a l  dep th  g r e a t e r  t h a n  t h e  

s e n s i t i v i t y  of t h e  a e r m a g n e t i c  d a t a ,  o r  absence  of t h i s  rock t y p e .  Well  d a t a  

(B.P. Kemik No. 2 ,  l o c a t e d  3 km e a s t  of ST15) i n d i c a t e s  t h a t  basement rock i s  

deeper  t h a n  2,700 m. Tf t h e  maf ic  b e l t  ex tends  i n t o  t h e  Shaviovik-Echooka 

a r e a  a t  a depth  of abou t  2,750 m, a  9 t o  17 gamma anomally might be expected.  

The l o c a t i o n  most l i k e l y  would be  between s t a t i o n s  ST11 and ST22.  A 20 gamma 

anomaly o c c u r s  a t  ST13. This  anomaly, i f  no t  a d i u r n a l  effect, h a s  an  e s t i -  

mated s o u r c e  d e p t h  of 1,830 m o r  l e s s  which is  t o o  sha l low t o  b e  caused by 

basement rock.  The wes t - t r end ing  maf ic  b e l t  e i t h e r  does n o t  extend i n t o  t h e  

Shaviovik-Echooka R i v e r  area o r  i s  a t  a dep th  too deep f o r  magnet ic  d e t e c t i o n .  

The 20-gamma anomaly may be  caused by one of f o u r  s o u r c e s :  (1) a  s h o r t  p e r i o d  

d i u r n a l  f l u c t u a t i o n ,  ( 2 )  t h e  s u r f i c i a l  f l u v i a l  accumula t ion  of magnet ic  

m i n e r a l s ,  (3)  p y r o c l a s t i c  rocks  logged a t  390 m i n  Kemik No. 1,  o r  ( 4 )  

d i a g e n e t i c a l l y  produced fe r romagne t i c  m i n e r a l s  c o n c e n t r a t e d  a long  a f a u l t  

p l a n e  o r  a n t i c l i n a l  c r e s t  (Donovan and o t h e r s ,  1 9 7 7 ) .  

D i a g e n e t i c a l  l y  produced ferrornagnet i c  m i n e r a l s  ( m a g n e t i t e  and maghemite) 

have been r e p o r t e d  t o  cause  low ampl i tude  h i g h  f requency anomal ies .  These 

anomal ies  a r e  superimposed on l a r g e r  basement induced anomal ies  d e t e c t e d  over  

t h e  Cement o i l  f i e l d ,  Oklahoma (Dono-  an and o t h e r s ,  1979) .  I n  t h e  Cement 

f i e l d  f e r r i c  oxide  and h e m a t i t e  g r a i n  c o a t i n g s  and cements were reduced t o  the 

more s o l u b l e  f e r r o u s  i r o n .  Th i s  i r o n  was mobi l i zed  i n  wa te r  and e v e n t u a l l y  

c r y s t a l l i z e r l  t o  t h e  f e r r o m a g n e t i c  m i n e r a l  magne t i t e .  Hydrocarbons and t h e i r  

a s s o c i a t e d  compounds p layed  an impor tan t  r o l e  i n  t h e  chemical  r e d u c t i o n  



p r o c e s s .  A t  t h e  Brooks Range f r o n t  T r i a s s i c  rocks  are a p p a r e n t l y  r i c h  i n  

i r o n .  S u r f a c e  exposures  a r e  s t a i n e d  b r i g h t  r e d  and a d j a c e n t  s t r e a m  w a t e r s  a r e  

h i g h l y  co lo red .  These same rocks  u n d e r l i e  t h e  anomaly a t  ST13  a t  a dep th  of 

approx imate ly  1 ,000 m. Hydrocarbons may a l s o  be  p r e s e n t  o r  a t  l e a s t  have 

passed through these rocks as i n d i c a t e d  by a  good g a s  t e s t  from t h i s  h o r i z o n  

i n  Kemik No. 1. Condi t ions  seem f a v o r a b l e  i n  the a r e a  of ST13  f o r  t h e  

m o b i l i z a t i o n  of f e r r o u s  i r o n  and its c o n c e n t r a t i o n  and c r y s t a l i z a t i o n  as 

magne t i t e .  The p o s s i b l e  c o n c e n t r a t  i o n  of f  errmagnet i c  minerals i n  a f a u l t  

zone o r  s t r u c t u r a l  t r a p  i n  t h i s  a r e a  could  produce a n  anomaly l i k e  t h e  one 

d e t e c t e d .  S ince  t h e  basement complex i s  e s s e n t i a l l y  nonmagnetic (table 3, 

Neruokpuk Formation) t h i s  mechanism may b e  a p p l i c a b l e  i n  e x p l a i n i n g  t h i s  and 

o t h e r  low ampl i tude ,  s h o r t  wave l e n g t h  anomal ies  a long  t h e  p r o f i l e .  
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