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INTERPRETATION OF AN AEROMAGNETIC SURVEY OF T1lE 

M H I T K A  ISLAND' AREA, ATASKA 

By G.  D. Bath, W .  9. Cars ,  L. M. Gnrd,  Jr., 

and W .  D. Quinl ivan 

ABSTRACT 

An aeromagnet ic  survey of about  1,860 squa re  miles flown over  Amchicka 

I s l a n d  and t h e  adjacent i n s u l a r  s h e l f  h a s  provided informat ion  on Ter t i -a ry  

v o l c a n i c ,  i n t r u s i v e ,  and sedimentary r o c k s ,  i nc lud ing  i d e n t i f i c a t i o n  of 

rocks  t h a t  cause anomalies and the lateral extents, s t r u c t u r e s ,  and 

approximate depths  of t hose  rocks .  Near proposed d r i l l  s i t e s ,  anomalies 

were examined f o r  f e a t u r e s  t h a t  might b e  r e l a t e d  t o  f a u l t i n g .  The survey 

was f a c i l i t a t e d  by d a t a  on t h e  magnetic p r o p e r t i e s  f o r  347 rock  specimens 

collected from s u r f a c e  exposures and 216 from d r i l l  co re ,  and by p l o t s  of 

25 m i l e s  of ground magnetic t r a v e r s e .  The data on magnet ic  p r 0 p e r t j . e ~  

fu rn i shed  bases upon which anomalies were r e l a t e d  to  geo log ic  f e a t u r e s ;  

ground surveys  p r o v i d e d  i d e n t i f i c a t i o n  of near -sur face  rocks a s  e i ther  

lava o r  breccia. 



The t o t a l  magnet iza t ion  of' v o l c a n i c  b r e c c i a ,  t u f f  b r e c c i a ,  vo lcan ic  

- 4 
sandstone,  and s i l t s t o n c  averages  about  7.OX10 gauss w i t h  a n ' e f f e c t i v e  

d i r e c t i o n  g e n e r a l l y  a long  the e a r t h ' s  magnetic f i e l d .  T h i s  v a l u e  i s  

des igna ted  as t h e  ambient magnet iza t ion  l e v e l  f o r  the a r e a .  The prominent 

anomalies come d i r e c t l y  from lava f lows and t h i c k  sills t h a t  have t o t a l  

mng i~e t i zn t ions  w11i.ch cliffc! from thr: alnbjent l c v e l  f o r  t hc  i s l :md,  n:lJ 

they come i n d i r e c t l y  from l a r g e  bodies  of i n t r u s i v e  rock  t h a t  have a l t e r e d  

and destroyed t h e  magnet i te  conten t  of ove r ly ing  flowrocks. The average 

-4 
f o r  219 s u r f a c e  and 81  c o r e  specimens of l a v a  i s  14.2XlO gauss induced 

i n t e n s i t y  hnd 1 2 .  R X ~ O - ~  gauss remancnt i n t e n s i t y .  Lavas of t h e  Chitka . . 
Poin t  Formation have normal remanent p o l a r i t i e s  and produce p o s i t i v c  

anomalies.  The b a s a l t  l avas  of the Banjo Po in t  Formation and t h e  p i l l ow 

l a v a s  and b r e c c i a s  of K i r i l o f  Po in t  of t h e  upper p a r t  of the h c h i t k a  

Formation, have both  normal and in t e rmed ia t e  p o l a r i t i e s  and produce 

p o s i t i v e  and nega t ive  anomalies.  I ~ ~ d i v i d u a l  samples of b r e c c i a  of t h e  

Banjo P o i n t  Formation and the lower p a r t  of t h e  Alnchitka Formation have 

s i g n i f i c a n t  v a l u e s  of remanent i n t e n s i t y ,  b u t  d i r e c t i o n s  vary  s o  g r e a t l y  

from sample t o  sample t h a t  a t h i c k  s e c t i o n  of b r e c c i a  does r1o.t: g i v e  a 

magnetic anomaly. Although d ikes  and smal l  s i l l s  have t o t a l  

magnet iza t ions  w e l l  above t h e  ambient l e v e l ,  t h e i r  th icknesses  are too 

s m a l l  t o  g ive  a s i g n i f i c a n t  e f f e c t  a t  the .da tum pl.ane 1,600 f e e t  above 

sea l e v e l .  The normal p o l a r i t y  of t h e  White House Cove i n t r u s i v e  and 

t h e  reversed  p o l a r i t y  of t h e  Eas t  Cape i n t r u s i v e  confirm that  t h e s e  

i n t r u s i v e s  a r e  s e p a r a t e  f e a t u r e s  emplaced a t  d i f f e r e n t  geologic  t imes .  



Computation of the e f f e c r s ' o f  s h e e t l i k e  models shows that the 

s teeper  g r a d i e n t s  of t h e o r e t i c a l  anomalies are pos i t i oned  ,near the 

ends of f lows o r  sills t h a t  have been terminated by f a u l t i n g .  D r i l l  

sites were s e l e c t e d  i n  areas away from grad ien t s  considered t o  be 

f a u l t  related. 

Nearly a l l  promj-nent anomnl.ics over land  and 1:inny over  watcl- can 

be reasonably i n t e r p r e t e d  and can be  c o r r e l a t e d  with known geologic  

f e a t u r e s .  Anomalies and geologic  data  suggest  t h a t  t h e  magma of the  

Chitka P o i n t  Formation o r i g i n a t e d  i n  a l a r g e  vo lcan ic  center  on wes tern  

Amchitka and e a s t e r n  R a t  I s l and .  F a u l t s  t h a t  a r e  well del ineated  by . . 
aeromngnetic contours  on A m c l ~ ~ t k a  d o  no t  appear t o  extend very far  

seaward, and marked submarine t r enches  t h a t  have the  same gene ra l  

t rend arc n o t  we l l  def ined  magnctical . ly.  



INTRODUCTION 

An aeromagnetic survey of Amchitka and Rat I s l a n d s  and t h e  adjacent 

i n s u l a r  s h e l f  w a s  made dur ing  December 1966 and January 1967 t o  gain 

informat ion  on t h e  s t r u c t u r e  and subsu r face  d i s t r i b u t i o n  of T e r t i a r y  

extrusive and i n t r u s i v e  rocks .  An a r e a  of about 1,800 squa re  mi l e s  was 

covered by the aerol~iagnct ic  survey,  znd Llia resulLiiig d a t a  IV'CKC 

supplemented by l abo ra to ry  d a t a  on t h e  magnetic p r o p e r t i e s  of 347 rock 

specimens c o l l e c t e d  from s u r f a c e  exposures and of 216 from d r i l l  core ,  

and by p l o t s  of 25 m i l e s  of ground magnetic t r a v e r s e .  

The main purpose of the s tudy  was t q  i n v e s t i g a t e  anomalies found 

near proposed drill sites (fig. l ) ,  with p a r t i c u l a r  emphasis p laced  on 

recogniz ing  f e a t u r e s  t h a t  might be r e l a t e d  t o  f a u l t i n g  and on d e t e c t i n g  

l a r g e  i n t r u s i v e  bodies  a t  dep th .  Major l a u l t s  may c o n t r o l  t he  i n i t i a l  

d e p o s i t i o n  o r  emplacement of magnetized rock o r  may d i sp lace  rock  

boundaries  and t h e i r  a s s o c i a t e d  magnetic anomalies.  Anomalies.in 

random p a t t e r n  seldom i n d i c a t e  s t r u c t u r e ,  b u t  those t h a t  have dominant 

o r  drawn-out t r ends  o r  ab rup t  te rmina t ions  sugges t  a r e l a t i o n  t o  faulting. 
4 

To i d e n t i f y  near -sur face  rock sou rces ,  p o s i t i o n s  of anomalies were 

compared with geologic  u n i t s  as mapped by Carr and Quinl ivan (1969) ,  and 

t h e  magnetic p r o p e r t i e s  of s u r f a c e  and d r i l l - c o t e  rock  samples were 

i n v e s t i g a t e d  t o  determine whether the geologic  u n i t s  possess magnetic 

p r o p e r t i e s  t h a t  could cause  anomalies.  





PREVIOUS MAGNETIC SURVEYS 

One of t h e  most e x c i t i n g  i n v e s t i g a t i o n s  i n  r e c e n t  yea r s  fol lowcd 

t h e  d iscovery  by Mason (1958) chat t h e  f l o o r  of t he  P a c i f i c  Ocean 

produces remarkably r e g u l a r  magnetic anomalies,  o r  magnetic l i n e a t i o n s ,  

which form p a r a l l e l  p a t t e r n s  t h a t  o f t e n  extend f o r  d i s t a n c e s  of s e v e r a l  

httrldred mi l e s .  S ince  then, s t u d i e s  by nurncrous i n v e s t i g a t o r s  hhvc 

r e s u l t e d  i n  the discovery  of similar anomalies i n  t h e  A t l a n t i c  and 

Ind ian  Oceans and i n  t h e  development of comprehensive new t h e o r i e s  t h a t  

make u s e  of t h e  concepts  of paleomagnetism (Cox and o the rs ,  1964),  sea-  

f l o o r  spreading  (Vine, 19.66), and c o n t i n ~ n t a l  d r i f t  (LePichon, 1968) t o  

e x p l a i n  t h e  geologic  h i s t o r y  of oceanic  a r e a s .  

Magnetic l i n e a t i o n s  a r e  p r e s e n t  south  of Arnchitka beyond t h e  

Aleut ian  t r ench ,  and Hayes a i d  I l e i r t z l e r  (1961) have d iscussed  the 

r e l a t i o n  of ' t he se  l i n e a t i o n s  t o  t h e  Aleut ian  I s l a n d s  a r c  and t r ench .  

Abrupt changes i n  c o n t i n u i t y  of t h e  anomalies south  of t h e  t r ench  

suggest  l a r g e  north-south displacements  o r  f a u l t s  i n  the sea f l o o r  t h a t  

have o f f s e t  anomaly p a t t e r n s  as much as 150 m i l e s .  The l i m i t e d  data  
I 

now a v a i l a b l e  from shipborne surveys  do n o t  i n d i c a t e  t h a t  any displacements  

t r end  toward Amchitka I s l a n d .  Grim and Erickson (1968) i n f e r r e d  n smal l  

north-south o f f s e t  i n  t h e  magnetic p a t t e r n  near  long 177' W., 175 m i l e s  

e a s t  of Amchitka, which they  c a l l e d  t h e  Adak f r a c t u r e  zone. Hayes and 

H e i r t z l e r  i n f e r r e d  a l a r g e  north-south f r a c t u r e  zone a t  long 176' E. ,  

100 m i l e s  west of Amchitka. 



No anomaly l i n e a t i o n s  have been repor ted  over the  oceans nor th  of 

the Aleutian trench,  and n e i t h e r  t h e  magnetic anomalies nor the.magnetic 

p r o p e r t i e s  a t  Amchitka resemble those from ocean areas .  I n  a s tudy of 

94 submarine l ava  samples, Ade-Hall (1964) found t h a t  67.5  percent  of 

' t he  samples had magnetic s u s c e p t i b i l i t i e s  l e s s  than 1 0 ~ 1 0 - ~  gauss loers ted  

and t h a t  61  had Konigsberger ratios greatex  than 10. On Amchitka, l e s s  

than 10 percent  of the  a n d e s i t i c  and b a s a l t i c  lavas  ( s e e  histograms, 

f i g s .  1 7 ,  18) had s u s c e p t i b i l i t i e s  less than 1 0 ~ 1 0 - ~  gausa/oers ted o r  

Konigsberger r a t i o s  g r e a t e r  than 10. Although b a s a l t i c  lavas  do show 

high Konigsberger r a t i o s ,  t h e i r  s u s c e p t i b i l i t i e s  are  also high,  

averaging about 4 0 ~ 1 0 - ~  gauss/oersted..  ' 

Keller, Meuschke, and Alldredge (1954) have published aeromagnetic 

survey data for northern Adak I s l and ,  p a r t  of Umnak I s la t zd ,  and all of 

Great S i t k i n  Is land.  Magnetic p roper t i e s  are unknown for the  volcanic  

formations on t h e s e  i s l ands ,  and the anomalies cannot be  discussed i n  

terms of geologic f ea tu res .  The f a i r l y  l a r g e  number of p o s i t i v e  

anomalies suggests  the  presence of normally magnetized l ava ,  like the 

Chitka Po in t  l avas  on Amchitka. Richards, Vacquier, and Van Voorhis 

(1967) have computed the d i r e c t i o n  and i n t e n s i t y  of magnetism f o r  the  

Quaternary volcanic  rocks t h a t  form the topographic r e l i e f  of Great 

S i t k i n  volcano, Mount Adagdak, Mount Moffet t ,  and a p a r a s i t i c  cone on 

the  nor theas te rn  s i d e  of Mount Moffet t .  Direc t ions  of magnetization 

f o r  t h e  four  volcanoes a r e  q u i t e  d i f f e r e n t ,  i nd ica t ing  t h a t  t h e  

anomaly-producing rocks a r e  products of s e p a r a t e  e rup t ive  episodes. 



AEROMAGNETIC S U R V N  

As shown on the aeromagnetic map (fig. Z), more than  66 f l i g h t  

l i n e s  were flown: 1 2  long l i n e s  and a few short l i n e s  were flown 

northwest  and sou theas t  a t  about a ha l f -mi le  spac ing  a long  t h e  a x i s  of 

t h e  i s l a n d ,  a n d . 5 1  long l i n e s  were flown no r theas t  and s o u t h w c s t . a t  

about  a 1-mile spacing; two ticlines were flow11 i i . 1  the northwesi 

d i r e c t i o n ,  one over  the n o r t h  i n s u l a r  s l o p e  and one over the sou th  

i n s u l a r  s lope .  A barometr ic  e l e v a t i o n  of about  1,600 f e e t  was maintained 

throughout t h e  survey by means of a cont inuously record ing  r a d i o  a l t i m e t e r .  

The magnetic measurements were made by a .cont inuously record ing  Gulf 

f l u x g a t e  magnetometer, i n s t a l l e d  i n  a DC-3 a i r c r a f t  o u t f i t t e d  with Loran 

and Doppler n a v i g a t i o n a l  systems. Aero Service  Corp. performed the  a e r i a l  

survey and compiled che d a t a  shown on f3gure 2 .  

Reduction of d a t a  

The observed d a t a  c o n s i s t  of t hose  on both r e s i d u a l  and r e g i o n a l  

magnetic anomalies.  The r e s i d u a l  anomalies a r e  of p a r t i c u l a r  i n t e r e s t  

because they  come from geologic  f e a t u r e s  t h a t  are nea r  s u r f a c e  o r  bu r i ed  
I 

only a m i l e  o r  two. The r e g i o n a l  anomaly i s  n o t  important  i n  t h i s  study 

because i t  comes from t h e  northward i n c r e a s e  i n  t he  geomagnetic f i e l d  and 

from deep-seated rock sources  too  deep t o  i n v e s t i g a t e  by d r i l l i n g .  A 

l e a s t - squa res  method (Richards and o t h e r s ,  1967) was used t o  e i t h e r  

e l i m i n a t e  the r e g i o n a l  anomaly o r  reduce i ts  c o n t r i b u t i o n  t o  a min imum 

i n  the sma l l  a r e a  of t h e  survey.  



It was  assumed that: a p l ana r  s u r f a c e  would b e s t  f i t  t h e  data and 

r e p r e s e n t  t h e  r e g i o n a l  anomaly t o  be  d i sca rded ,  and t h e  observed data 

of f i g u r e  2 were p l o t t e d  on a r ec t angu la r  g r i d  50 mi l e s  long i n  the 

x-d i r ec t ion  ( S .  55' E. along t h e  i s l a n d  a x i s )  and 30 miles  wide in the  

y -d i r ec t ion .  On t h e  b a s i s  of 1,500 d a t a  samples taken a t  l - m i l e  g r i d  

i n t e r v a l s ,  the l e a s t - squa res  ndjustmcnt a r r i v e d  a t  by means of a n  

e l e c t r o n i c  computer provided the fo l lowing  equat ion  f o r  the, r e g i o n a l  

anomaly : 

/ ~ ( x , y )  i s  t h e  r e g i o n a l  anomaly i n  gammas.computed f o r  coo rd ina t e s  x ,  y ;  

C equa l s  1.70 gammas per  mi l e ,  C equals  -9.64 gammas p e r  m i l e ,  and 
1 2 

C equa l s  4,304.6 galmas a t  l a t  51'54.6' N .  and long 178O56.0' E.  3 

The r e s i d u a l  anomaly, which is t h e  near-surface magnetic cxpressi.011 

of a geologic  f e a t u r e ,  was determined by a graph ica l  method by sub t rac t ing  

d a t a  on the  r e g i o n a l  anomaly from the observed d a t a .  The 250-gamma 

contours  of f i g u r e  3 show gene ra l i zed  r e s i d u a l  anomalies f o r  most of 

t h e  area of t h e  survey a t  a s c a l e  of 1:100,000, and the 50-gamma 
9 

contours  of f i g u r e s  4 through 11 show d e t a i l e d  r e s i d u a l  anomalies along 

. the i s l a n d  a r e a  a t  a s c a l e  of 1:63,360. 
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CONTOUR INTERVAL 50 GAMMAS 

FIGURE 4 THROUGH FIGURE II - Residual magnetic 
anomaly maps showing contours in detail along the island area. , 

Map. positions are shown in Figure 2. . . 
EXPLANATION 

- i f f  
x Measured value of maximum or minimum intensity 

C39-67 
E;T Sample site showing sample number 

C 
L 

@ . Proposed dri l l  sile 
UAe - I  

0 Dri l l  hole 
12 - Infantry road and Clevenger road showing mile stations 

of ground magnetic traverses. 
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GRWND ' EIAGNETIC SURVEYS 

Ground magnetic surveys ,  which were made a long  roads ,  were conducted 

t o  determine i f  s i g n i f i c a n t  d i f f e r e n c e s  i n  anomaly p a t t e r n s  are p r e s e n t  - 

over  vo lcan ic  b r e c c i a  and over  b a s a l t i c  lava f lows and t o  p rov ide  more 

d e t a i l  on and t o  better d e l i n e a t e  t h e  aeromagnetic anomalies ,  F igu re  1 2  

shows the rc:si.tl ca?. rna~,i:(:Lic: nnoma1.j. :11,ici s ?.andr:sd error data bbtatned 

from s t a t i o n s ' O . 1  m i l e  a p a r t  a long  the I n f a n t r y  Road from m i l e  O on 

K i r i l o f  Po in t  t o  m i l e  23 northwest  of d r i l l  ho l e  UAe-3, a long  Clevenger 

Road and along t h e  acces s  road t o  d r i l l  h o l e  UAe-1. A t  each s t a t i o n ,  

f i v e  obse rva t ions  were talcen 5 feet apart and the va lues  averaged t o  

g ive  t h e  magnetic anomaly a t  t h a t  s t a t i o n .  Anomaly-producing rocks  a r e  

c l o s e  t o  t h e  surface  beneath t h e  tundra,  and t h e  proximity of s t r o n g l y  

magnetized rock introduces extreme l o c a l  anomalies.  A Feasure of these 

I 

e f f e c t s  Ts shornz by computing the s t anda rd  error of t h e  five obse rva t ions  

and p l o t t i n g  t h e  e r r o r  as a b a r  as done i n  t h e  lower diagram "Standard 

Er ro r  (gammas)," of f igure 1 2 .  

The Sharpe MF-1 f l u x g a t e  magnetometer used i n  t h e  survey provided 
I 

v a l u e s  of t h e  v e r t i c a l  component of t h e  e a r t h ' s  magnetic f i e l d .  W i n g  

t o  t h e  e f f e c t s  of temperature changes and o t h e r  f a c t o r s ,  r ead ings  

could ,be repea ted  only t o  w i t h i n  220 gammas. Four base s t a t i o n s  were 

e s t a b l i s h e d ,  and one base  w a s  reoccupied about  every 3 hours  t o  

c o r r e c t  f o r  large changes in t h e  e a r t h ' s  d i u r n a l  field. 



MAGNETIC PROPERTIES OF ROCK SAMPLES 

A magnetic survey detects those geologic features that have 

magnetic properties unusual enough to cause a disturbance, or an 

anomaly, in the earth's magnetic field. The anomaly arises when a 

feature has a total magnetization that is significantly different. 

From the t o t a l  magnctizntlo~l of the sur-rounding rocks. 

The average total magnetization of a uniformly magnetized rock 

mass, denoted as the vector jt, is defined as the vector sum of the 
-f -+ 

induced magnetization Ji and remanent magnetization J of the mass, r 

The direction of induced magnetization is assumed along the earth's 

field, and the intensity of induced magnetization is a function of the 

magnetic s~sceptibility, k, and the strength, 11 , of the earth's field, 
0 

The direction and intensity of the earth's magnetic field are 

known for Amchitka (explanation, fig. 2) ;  therefore it is magnetic 

susceptibility, direction, and intensity of remanent magnetization 

that must be measured to evaluate total magnetization. For this study, 

the dry bulk density of each sample was measured in order to provide 

an independent parameter that could be used to help determine whether 

the selected rock samples were representative. 



The his tograms i n  f i g u r e s  13-18 g i v e  magnetic p r o p e r t i e s  and 

d e n s i t i e s  f o r  563 rock specimens c o l l e c t e d  from s u r f a c e  outcrops  and 

d r i l l  core .  Numbers and types of rock specimens used were: 85 s u r f a c e  

and 74 d r i l l - c o r e  specimens of  vo lcan ic  b r e c c i a ;  61  d r i l l - c o r e  specimens 

of  vo lcan ic  sandstone,  s i l t s t o n e ,  and t u f f  b r e c c i a ;  43 s u r f a c e  specimens 

of i n t r u s i v e  rock; and 219 s u r f a c e  and 81 d r i l l - c o r e  specimens of  ande- 

s i t i c  and b a s a l t i c  flows, s i l ls ,  and d ikes .  Konigsberger r a t i o s  ( t h e  
1 

r a t i o s  of remanent t o  induced i n t e n s i t i e s  of rock samples) a r e  a l s o  

inc luded  as a his togram. S i t e  l o c a t i o n s  f o r  t h e  s u r f a c e  samples a r e  

shown i n  f i g u r e s  5 through 11. 

I n  r e p o r t i n g  u n i t s  of  magnetic i nkens i ty  the au tho r s  have followed 

Col l inson ,  Creer ,  and Runcorn (1967) i n  t h e i r  a t tempt  t o  s p e c i f y  e lec-  

t romagnet ic  u n i t s  more p r e c i s e l y .  ~ a u s s l o e r s t e d  is  used f o r  magnetic 

s u s c e p t i b i l i t y , ,  and gauss is used f o r  induced, remancnt, and t o t a l .  

i n t e n s i t y .  

The extreme s c a t t e r  found i n  magnetic p rope r ty  d a t a  ob ta ined  by 

t h e  u s u a l  procedure of u s ing  an a r i t h m e t i c  mean i n d i c a t e s  t h a t  t h i s  

method r e s u l t s  i n  an  assignment of t oo  much weight t o  l a r g e  va lues  and 

t h i s  i n  t u r n  r e s u l t s  i n  an  average va lue  t h a t  is g r e a t e r  t han  t h e  t r u e  

average 05 a geo log ic  f e a t u r e .  S t a t i s t i c a l  s t u d i e s  by I r v i n g ,  Piolyneux, 

and Runcorn (1966) sugges t  t h a t  his tograms of magnetic p r o p e r t i e s  may 

conform more c l o s e l y  t o  a normal d i s t r i b u t i o n  when' the a b s c i s s a s  are 

p l o t t e d  as logari thms.  Our s t u d i e s ,  a l though incomplete ,  tend t o  con- 

firm t h e i r  conclus ions ,  and t h e  h is tograms inc luded  i n  t h i s  r e p o r t  

were t h e r e f  ore p l o t t e d  w i t h  loga r i thmic  a b s c i s s a s .  
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Figure 13.--Histograms of Konigsberger r s t i o , d e n s i t y ,  rsnanent  i n t e n s i t y ,  and 
magnetic suscept i l i l i - ty  far  97 specimens sf volcanic breccia .  
Arrow i n d i c a t e s  average value.  
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F i g u ~ .  14.--Histograms of Konigsberger r a t i q d e n s i t y ,  remanent i n t e n s i t y ,  
and magnetic s u s c e p t i b i l i t y  for  6 d  specimens of volcanic 
breccia fragments. Arrow i n d i c a t e s  average value. 
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Figure 15. --Histograms of Konigsbergar ratio, density, remanent in tens i ty ,  
and magnstic susceptibility for 61 specimens of volcanic 
sandstone, siltstone, and tuff breccia. Arrow indicates 
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Figure 16. --Histograms of Konigsberger ratio, d e n s i t y ,  remanent i n t e n s i t y ,  
and magnetic susceptibility for 43 specimens of  i n t r u s i v e  
rock, Arrow i n d i c a t e s  average value.  
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indicates average value. 
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The r eade r  w i l l  note t h e  usage of t h e  words "san~ple,"  "specimen," 

and "sampling s i t e . "  Rock samples were c o l l e c t e d  from po in t s  s epa ra t ed  

by a t  l e a s t  50 f e e t .  Specimens were taken c l o s e r  t o g e t h e r  v e r t i c a l l y ,  

coming from the same co re  run  of 10-foot l e n g t h ,  o r  from two o r  t h r e e  

p i eces  d r i l l e d  from t h e  same s u r f a c e  sample. Sampling s i t e s  were as 

n,uch as 1 m i l e  apart .  For ox,rill:.l.e, ericl~ 1r;l:cling of the  I ~ e l i c o p t e r  usell 

t o  c o l l e c t  t h e  "B" samples ( f i g s .  5-11) was des igna ted  a sampling s i t e .  

Measuring magnetic s u s c e p t i b i l i t y  

Reve r s ib l e  magnetic s u s c e p t i b i l i t i e s  were determined by i n s e r t i n g  

samples i n t o  one of a p a i r  of matched ~ d r n h o l t z  c o i l s  connected t o  a n  

induc t ion  comparison b r idge .  For l a r g e  roughhewn samples, c o i l s  w i t h  

i n s i d e  diameter  of 8 1 /4  inches  were used;  and f o r  small. 1-inch diameter  

by 1-inch 1 . e n g r h . d r i l l e d  p lugs ,  c o i l s '  w i t h  i .nside d i a n e t e r  of 2 1 / 2  . 

inches were used. Meter d e f l e c t i o n s  were c a l i b r a t e d  a g a i n s t  a commercially 

a v a i l a b l e  a l t e r n a t i n g - c u r r e n t  b r i d g e  by us ing  a s e t  of s t anda rd  samples.  

Measuring remanen t magnet iza t ion  
.1 

The i n t e n s i t y ,  azimuth, and i n c l i n a t i o n  of remanent magnet iza t ion  

were determined f o r  bo th  l a r g e  roughhewn and sma l l  d r i l l e d  plugs by means 

of a commercially a v a i l a b l e  f luxgate- type  c l ip-on  milliamrneter,  modif ied 

t o  f u n c t i o n  as a magnetometer. J ah ren  and ,Ba th  (1967) have desc r ibed  

t h e  procedure t h a t  we used. 



Surface samples were oriented before they were removed from the outcrop 

by marking a north arrow on the sample top and a horizontal line on two or 

more sides. An arrow pointing upward was marked on all pieces of drill core 

'immediately after the core was taken from the core barrel. Although the 

geographic azimuth is unknown, the intensity and inclination of remanent 

magnetization were obtained for core from vertical holes. Most. of.the 

samples collected during the geological reconnaissance v:L.re not: or iented  ; 

however, the remanent intensity was determined for many of them. 

At the Nevada Test Site (Bath, 1967) lightning introduces a relatively 

strong component of remanent magnetism that is confined to near-surface 

rocks. Tabulation of data from these samples will not give a true value of 

average magnetism for a geologic feature under study. In Nevada, data were 

used from underground samples that were free from these effects and from 

surface samples in which remanent direction remained constant during partial 

alternating-field demagnetization in the laboratory. Although lightning has 

rarely been observed during historic time on Arnchitka, the possibility of 

contamination effects cannot be ignored because parts of the island have 

been above sea level for perhaps 1 million years(Powersand others, 1960).. 
V 

We partially demagnetized 24 surface and 7 drillrcore samples of andesitic 

and basaltic lava in an alternating-current field of 100 and 200 oersteds 

and found no significant directional changes in the moderately to strongly 

. magnetized rocks that produce the aeromagnetic anomalies. Some of the 

weakly magnetized rocks did show changes in their remanent directions. This 

change is explained as being the result of a component of viscous magneti- 

zation or the remanent effect acquired when a rock remains in the earth's 

magnetic field over a long period of time. 



I n  t h i s  study, it has been assumed t h a t  l i g h t n i n g  has not  

in t roduced  a s i g n i f i c a n t  e r r o r  i n  t h e  magnet iza t ion  va lues .  

GEOLOGIC SETTING 

The stratigraphy and s t r u c t u r e  of Arnchitka are now f a i r l y  w e l l  

known a s  t h e  r e s u l t  of r e c e n t  s cud ie s  by Carr  and Quinl ivan (1969) 

and earlier work by Powers, Coats ,  and Nelson (1960). As shown on 

the gene ra l i zed  geologic  map ( f i g  . 3 ) ,  t h e  rocks a r e  d iv ided  i n t o  (1) 

t h e  Amchitka Formation, which comprises a lower u n i t  of o l d e r  breccLas 

and a n  upper u n i t  of t h e  p i l l o w  l a v a s  and b r e c c i a s  of K i r i l o f  P o i n t :  

(2) the Banjo P o i n t  Formation; and (3) the  Chitka Po in t  Formation. 

The lower Tertiary Amchitka Forblation is  the o l d e s t  formation 

exposed on the  i s l a n d .  Rocks i n  the northwestern p a r t  of k c h i t k a  

former ly  mapped as Amchitka Formation a r e  now included i n  the Chitk.3 

Po in t  Formation (W. J. Carr ,  unpub. d a t a )  and rocks on e a s t e r n  h c t l t k a  

are included e i t h e r  i n  the o l d e r  breccias o r  i n  t h e  p i l l o w  l a v a s  az3 

breccias of K i r i l o f  P o i n t .  



The o l d e r  b recc ias  of the  Amchitka Formation a r e  r e s t r i c t e d  i n  

outcrop t o  t h e  e a s t e r n  p a r t  of Amchitka, mainly between Constantine 

Harbor and t h e  quar tz  d i o r i t e  i n t r u s i v e  rocks of East Cape. I n l i e r s  of  

horn fe l s  occur wi th in  t h e  i n t r u s i v e  masses. The u n i t  cons i s t s  of f ine-  

t o  coarse-grained sedimentary b recc ias  interbedded wi th  minor amounts 

of sandstone, s i l t s t o n e ,  and c lays tone  which conta in  volcanic  debr i s .  

Most of t h e  rocks a r e  p r o p y l i t i c a l l y  a l t e r e d .  The degree of a l t e r a t i o n  

inc reases  e r r a t i c a l l y  eastward toward the  i n t r u s i v e  complex, and 

s t rong ly  metamorphosed o lde r  b recc ias  occur adjacent  t o  t h e  i n t r u s i v e  

masses. The upper contac t  of the  o lde r  b recc ias  is  placed a t  t h e  base  

of a l o c a l l y  g lassy  l ava  sequence and a t  the top  of a t h i n  i n t e r v a l  of 

sedimentary rocks. Numerous d ikes ,  inc luding many of hornblende ande- 

si te,  cut  t h e  b recc ias  on t h e  eas te rn  p a r t  of Amchitka. A maximum 

th ickness  of about 4,000 feet of the  o lde r  b recc ias  may be exposed, but  

because of the  thickness of t h e  numerous dikes and sills t h a t  i n t r u d e  

t h e  s e c t i o n  and the  p o s s i b i l i t y  of f a u l t  r e p e t i t i o n ,  t h i s  e s t ima te  is  

probably too  high. 

The rocks of K i r i l o f  Po in t  a r e  g lassy  breccias ,  most of which are 

monolithologic, subordinate pi l low lava  flows, and a very minor amount 

of bedded volcanic  sedimentary rocks, a l l  of which were probably depos- 

i t e d  i n  a submarine environment. Compositionally, the  rocks of t h e  

K i r i l o f  Po in t  a r e  less mafic than o the r s  known on Amchitka; Powers, 

Coats, and Nelson (1960) have published an ana lys i s  of hydrated g lassy  

b r e c c i a  from K i r i l o f  P o i n t  which i n d i c a t e s  t h a t  t h e  rock is a l a t i t e .  

The K i r i l o f  P o i n t  rocks are about 3,500 feet t h i c k  i n  t h e  v i c i n i t y  of 

Pi l low Point .  



The Banjo P o i n t  Formation o v e r l i e s  t h e  Arnchftka Formation, 

appa ren t ly  w i t h  only  minor unconformity, and c o n s i s t s  mainly of 

b a s a l t i c  b r e c c i a s ,  minor p i l l ow l a v a s ,  and v o l c a n i c l a s t i c  sedimentary 

rocks ,  a l l  of submarine depos i t i on .  Hornblende-andesite and b a s a l t  

sills are present l o c a l l y .  Largely because of a major e r o s i o n a l  

unconformity a t  t h e  top ,  no complete s e c t i o n  of t h e  Banjo P o i n t  is 

exposed. The format ion  is  probably between 2,000 and 5,000 ' f e e t  t h i c k ,  

,It i s  l a t e  ~ocene' o r  Oligocene i n  age (W. J. Carr ,  unpub. d a t a )  . 
The Chitka P o i n t  Formation o v e r l i e s  t h e  Banjo P o i n t  Formation with 

major unconf ormity and is r e s t r i c t e d  (G. .D. Bath, unpub. da t a )  t o  

s u b a e r i a l  hornblende- and pyroxene-andesite l ava  f lows,  b r e c c i a s ,  

t u f f s ,  and conglomerate i n  t h e  nor thwes tern  p a r t  of Amchitlca (fig. 3 ) .  

Included i n  t h e  Chitka Po in t  Fornlation by t h e  p r e s e n t  au tho r s  are a l l  

rocks  p rev ious ly  mapped by Powers, Coats ,  and Nelson (1960) as Amchitka 

Formation on t h e  nor thwes tern  p a r t  of t h e  i s l a n d  and some rocks  i n  

sma l l  areas a long  t h e  Bering Sea c o a s t  between about  l a t  51'30' N. and 

C y r i l  Cove p rev ious ly  mapped by them as Banjo Po in t  Formation. The 
I 

Chitka Po in t  ranges  i n  t h i ckness  from 0 nea r  t h e  middle of Amchitka 

t o  a t  least 2,000 f e e t  i n  t h e  v i c i n i t y  of Top Side i n  nortl lwestern 

Amchitka. On t h e  bas i s  of a K:Ar date and o t h e r  evidence t h e  Chitka 

P o i n t  is  determined t o  be Miocene (G. D. Bath,  unpub. d a t a ) .  



D i o r i t i c  i n t r u s i v e  rocks  c u t  the Chitka Po in t  Formation on t h e  

wes tern  p a r t  of Amchitka and the o l d e r  breccias of t h e  Arnchitka 

Formation on t h e  e a s t e r n  p a r t  of t h e  i s l a n d .  I n t e n s e  hydrothermal 

a l t e r a t i o n  of t h e  Chitka P o i n t  i n  t h e , C h i t k a  Cove area may be related 

t o  t h e  d i o r i t e  t h a t  c rops  out  a t  FJhite House Cove ( f i g .  3 ) .  Weak t o  

s t r o n g  p r o p y l l t i c  a1t :erat ion a f fec ts  illuch of Lhe Chitl.ra P o i i l t  Fornation 

and t h e  o l d e r  b r e c c i a s  of t h e  Amchitka Formation. A l t e r a t i o n  minerals  

i nc lude  ep ido te ,  q u a r t z ,  c a l c i t e ,  c h l o r i t e ,  and p y r i t e .  I n  a d d i t i o n  

t o  caus ing  l o c a l l y  i n t e n s e  a l t e r a t i o n  t h e  i n t r u s i v e s  gen t ly  tilt the 

invaded roc.ks a t  White House Cove and on t h e  eastern p a r t  of Amchitka 

east o f  S t .  Makarius Po in t .  

Although f a u l t s  a re  no t  a s  abundant as aerial photograph l ineaments  

sugges t ,  there are perhaps a dozen major f a u l t  zones, a feig of whiqh 
I 

may have a wldth of s e v e r a l  thousand f e e t  and w i t h i n  which t h e  rocks  

may be h i g h l y  f r a c t u r e d .  Most of t h e  major faults t r end  about  N. 70' 

E. and d i p  northwest  a t  75'-90'. Although some of the movement appears  

t o  be  l a t e r a l ,  some f a u l t s  have s t r a t i g r a p h i c  displacement  of as much 
I 

as 4,000 f t .  The middle t h i r d  of t h e  i s l a n d  is a series of f a u l t  b locks  

t h a t  r e p e a t  t h e  southeastward-dipping s e c t i o n .  Most of t h e  major f a u l t i n g  

p r e d a t e s  the Chieka P o i n t  Formation. 



Within t h e  a r e a  of t h e  aeromagnetic survey a r e  t h r e e  important 

submarine f a u l t  systems. One lies 5-10 km nor th  of Amchitka and R a t  

I s l a n d s  along a prominent escarpment. I n  add i t ion  t o  o u t l i n i n g  t h e  

escarpment, f a u l t s  of this system a l s o  border the  bas ins  and r idges  

between Amchitka and Semisopochnoi I s l ands .  Most of these  s t r u c t u r a l  

f e a t u r e s  appear t o  be  younger than t h e  Chitka P o i n t  Formation. South- 

e a s t  of Amchitka on the  s lopes  descending i n t o  Amchitka Canyon and Ward , 

Basin are eas  t-northeas t - t rending f a u l t s  t h a t  p i r a l l e l  those  on Amchitka 

and probably have the  same genera l  sense of displacement. South of 

Amchitka on t h e  i n s u l a r  s lope  a r e  s e v e r a l  sharply  inc i sed  asymmetric 

submarine canyons. These mark northeast- trending f a u l t s ,  downthrown on 

t h e  northwest.  These f a u l t s  cannot be  conf ident ly  connected with any 

exposed on Amchitka. 

VOLCANIC BRECCIA 

Breccias are an important p a r t  of t h e  e n f i r e  s t r a t i g r a p h i c  

s e c t i o n  on Amchitka; most of the  samples were co l l ec ted  from the Banjo 

P o i n t  Formation. 2. M. Gard and W. E .  Hale (unpub. da ta ,  1964) showed 
.I 

t h a t  t h e  Banjo Po in t  c o n s i s t s  of a th ick  s e r i e s  of submarine b a s a l t i c  

b recc ias ,  l a p i l l i  t u f f s ,  and conglomerates and a minor number of 

i n t e r c a l a t e d  beds of volcanic  sandstone, s i l t s t o n e ,  sha le ,  and t u f f .  



Magnetic proper t i e s  

The volcanic  breccia  cons i s t s  mostly of coarse fragments of volcanic  

mate r i a l  t h a t  was rap id ly  deposited a t  l o w  temperature as submarine 

l ands l ides .  Durfng deposi t ion ,  t h e  e a r t h ' s  magnetic f i e l d  a l i n e s  smaller  

magnetized fragments s o  t h a t  they s e t t l e  t o  the  ocean bottom i n  a cons i s t en t  

d i r e c t i o n  of remanent magnetization. On the  assumption t h a t  t h i s  alinoment 

is maintained throughout consol idat ion and cementation, a depos i t  consj.sting 

mainly of small  fragments w i l l  acquire  a bulk magnet iza t ion ' tha t  i s  d i rec ted  

along t h e  magnetic f i e l d .  The e a r t h ' s  f i e l d  could not, however, a f f e c t  

l a r g e r  p ieces  of magnetized mate r i a l ,  e spec ia l ly  those emplaced by a r ap id  

depos i t iona l  process,  and these l a r g e r  pieces, theref  o r e ,  would g ive  the 

breccia  a random remanent magnetization. 

Experiments with breccia  cores of the Banjo Point  from exploratory 

d r i l l  hole UAe-1 ver i fy  t h a t  t he  remanent d i r e c t i o n s  a r e  basically random. 

Measurements on 15 core p ieces  from core  run 1 (Gard and o the rs ,  1969), 

or iented  with arrows pointing upward, gave seven upward o r  negat ive  

i n c l i n a t i o n s ,  s i x  downward o r  p o s i t i v e  inc l inat ions ,and two near ly  hor igonta l  

i n c l i n a t i o n s ,  Inc l ina t ions  f o r  the  1 4  p ieces  of breccia  from core 2 were: 
I 

seven negative,  f i v e  p o s i t i v e ,  and two hor izonta l .  Other breccia core gave 

s i m i l a r  r e s u l t s .  

It i s  concluded by t h e  present  authors  that t h i s  wide s c a t t e r  e f f e c t  

of d i so r ien ted  b recc ia  fragments on remaneht magneti.zation w i l l  cancel  most 

of t h e  remanent contr ibut ion t o  t h e  t o t a l  magnetization of a l a r g e  breccia  

deposi t .  Equation (1) then reduces t o  



The his tograms of f i g u r e  1 3  p r e s e n t  d a t a  from 97 b r e c c i a  specimens, 

a l l  of t h e  b r e c c i a  measured t o  da t&.  Logari thmic everages  a r e  1 4 : 8 ~ 1 0 - ~  

gauss loe r s t ed  f o r  magnetic s u s c e p t i b i l i t y ,  5. I X I O - ~  gauss f o r  remanent 

i n t e n s i t y ,  and 0.72 f o r  Konigsberger r a t i o .  The ave rage  d e n s i t y  is 

2.36 g/cc.  Formulas (2) and (3) determine t h a t  t h e  t o t a l  magnet iza t ion  

becomes 7 . I X I O - ~  gauss i n  t h e  d i r e c t i o n  of the e a r t h ' s  magnetic f i e l d .  

Because b r e c c i a  is t h e  predominant l i t h o l o g y  of Amc?litka, w e  have desig-  

na ted  t h i s  t o t a l  magnetism of b r e c c i a  a s  t h e  ambiezt level f o r  the 

i s l a n d .  A l a r g e  geologic  s f s u c t u r e  w i th  a magnet iza t ion  t h a t  d i f f e r s  

i n  i n t e n s i t y  o r  d i r e c t i o n  from t h e  ambient l e v e l  skou ld ,  t h e r e f o r e ,  

produce a r e s i d u a l  magnetic anomaly. ' 

The 4 1  c o r e  samples from the Long Shot  d r i l l  hole EH-5, c o l l e c t e d  

a t  depths from 76 t o  1,999 feet,  are considered t o  be representative of 

b r e c c i a  of t h e  Banjo P o i n t  Formation. Data from these samples have t h e  

fo l lowing  averages: dry  bu lk  d e n s i t y ,  2.36 g /cc ;  r a g n e t i c  s u s c e p t i b i l -  

i t y ,  1 9 . 8 ~ 1 0 - ~  gauss loe r s  ted; remanent i n t e n s i t l ,  1 6 .  O X I O - ~  gauss ; and 

t o t a l  i n t e n s i t y ,  9 . 5 ~ 1 0 ~ ~  gauss i n  t h e  d i r e c t i o n  of the  e a r t h ' s  magnetic 

f i e l d .  The r e l a t i v e l y  h igh  remanenqe of t h e s e  pieces of c o r e  i s  appar- 

e n t l y  caused by a few l a r g e  b r e c c i a  fragments,  and i s  n o t  t h e  remanence 

of t h e  rock as a whole. 

Histograms ( f i g .  14)  l i s t  p r o p e r t i e s  f o r  62 l i t h i c  fragments 

removed from two s u r f a c e  samples of t h e  b r e c c i a  of the Banjo P o i n t  

Formation. Most of t h e  p i e c e s  are from l a v a  flows t h a t  were probably 

o r i g i n a l l y  emplaced away from t h e  p r e s e n t  i s l a n d  area. 



On the b a s i s  of c o r e  from UAe-1, t h e  b r e c c i a  of K f r i l o f  P o i n t  and 

t h e  underlying,  o l d e r  b r e c c i a s  are seen  t o  have q u i t e  d i f f e r e n t  average 

t o t a l  magnet iza t ions .  Th i r t een  samples of b r e c c i a  of K i r i l o f  P o i n t  from 

depths  of 2,415-4,925 feet gave averages  of 2.32 g / cc  Tor d e n s i t y ,  

-4 
4 . 9 ~ 1 0 ~ ~  gauss /oe r s t ed  f o r  magnetic s u s c e p t i b i l i t y ,  5.1X10 gauss. f o r  

-4 reninilent i n t cns iLy ,  and 7.4X10 Gauls  Foi. t o t a l  i n t P n s  i Ly . ThirtccLl 

samples of o l d e r  breccia from depths  of 5 ,756~6 ,997  feet gave averages  

of 2.45 g / c c  f o r  d e n s i t y ,  3 3 . 9 ~ 1 0 ~ ~  gauss / ae r s t ed  f o r  magnetic 

s u s c e p t i b i l i t y ,  5 . 9 ~ 1 0 ~ ~  p u s s  f o r  remanent i n t e n s i t y ,  and 16.2X10 -4 

gauss f o r  t o t a l  in tens i ty - .  

Aeromagnetic anomalies 

Aeromagnetic t r a v e r s e s  over  t h e  l a r g e  area of Banjo P o i n t  breccias 

and the  o l d e r  b r e c c i a s  ( f i g .  3) show an  anomaly l e v e l  t h a t . 5 ~ .  gene ra l ly  

above t h e  r e g i o n a l  va lue  bu t  is i n t e r r u p t e d  by s e v e r a l  prominent and 

maAy l o c a l  nega t ive  and p o s i t i v e  anomalies.  I n  the a r e a  of th.e Banjo 

P o i n t  Formation t h e  marked nega t ive  anomalies have been named Mex 

I s l a n d ,  -780, and R i f l e  Range P o i n t  anomalies.  The most marked p o s i t i v e  

e f f e c t  i s  named t h e  S i t e  B anomaly. A s  w i l l  be  poin ted  out i n  a 

fo l lowing  s e c t i o n ,  t h e  marked p o s i t i v e  and nega t ive  anomalies come from 

l a v a  f lows  o r  s i l l s  and do n o t  r e p r e s e n t  t h e  magnetic e f fec t  of b r e c c i a .  

p. 
A f t e r  removing l ava - r e l a t ed  anomalies,  t h e . r e s u l t i n g  magnetic f i e l d  

becomes f a i r l y  uniform. 



Ground survey .anomalies , 

A s t r i k i n g  d i f f e r e n c e  i n  average anomaly ampli tude and s tandard  

error is p r e s e n t  over  b r e c c i a  and l a v a  flows. The magnet ic  express ions  

of t h e  b r e c c i a  a r e  r e l a t i v e l y  uniform and have lower va lues  t han  t h e  

l avas ,  except  t h a t  t h e  c o n t r a s t  i s  n o t  g r e a t  between the Chitka P o i n t  

l a v a  f lows and t h e  13anjo Po in t  b r e c c i a s .  Zn t h e  I n f a n t r y  Road tiaverse 

( f ig .  12), the 8 112 miles over  t h e  Banjo Po in t  Formation from m i l e  8 

, t o  m i l e  16.5, and the 6 112 miles over  the Chitka Po in t  Formation from 

m i l e  16.5 t o  m i l e  23, gave averages  t h a t  a r e  less than  1,000 gammas f o r  

anomaly ampli tude and less than  SO gammas f o r  s tandard  e r r o r .  Low values  

of s t anda rd  e r r o r  come Erom near -sur face  b r e c c i a ,  and high v a l u e s  f r o m  

sma l l  near -sur face  f e a t u r e s  such as f lows ,  d ikes ,  o r  s i l l s .  

From m i l e  0 t o  m i l e  5, t h e  p i l l o w  l a v a s  and brcccias of K i r i l o f  

Po in t  as mapped by Carr  and Quinl ivan (1969) show extreme magnetic 

e f f e c t s .  Anomaly ampli tudes reach  v a l u e s  of 5,000 gammas and show 

s t anda rd  e r r o r s  of 600 gammas over near -sur face  and s t r o n g l y  magnetized 

l a v a  flows. From t h e  d a t a  of f i g u r e  12  t h e  fo l lowing  near -sur face  
Y 

sou rce  rocks  may be i d e n t i f i e d :  l a v a  from m i l e  0 t o  m i l e  0.7, b r e c c i a  

from 0.8 t o  1.1, mostly l a v a  from 1 . 2  t o  2.1, most ly b r e c c i a  from 2.2 

t o  3.0, and mostly l a v a  Erom 3.1 t o  4.  

The s h o r t  traverse a long  t h e  acces s  m a d  t o  d r i l l  hole UAe-1 p r e s e n t s  

a n  e x c e l l e n t  example of t h e  c h a r a c t e r i s t i c  l o w  v a l u e s  of s t anda rd  e r r o r  

t h a t  a r e  found over  near -sur face  b recc i a .  The t r a v e r s e  a l s o  l o c a t e s  t h e  

Mex Is land anomaly more a c c u r a t e l y  than  does t h e  aeromagnetic survey.  

The ground data p l a c e  t h e  anomaly minimum a t  0 .3  m i l e  from UAe-1--not 

a t  0 . 6  m i l e  as i n d i c a t e d  by t h e  aeromagnetic d a t a  of f i g u r e  8. 



VOLCANIC SANDSTONE, SILTSTONE, AND TUFF BRECCIA 

Although Carr and Quinl ivan (1969) r epo r t ed  in tc tbedded  sedimentary 

rocks  i n  the Chitka Point and Banjo P o i n t  Formations and i n  the o l d e r  

b r e c c i a s  of t h e  Amchitka Formation, the beds a r e  too t h i n  t o  be  mapped 

a t  t h e  1:100,000 s c a l e ,  and t h e  outcrop  a r e a s  are too  sma l l  t o  .be . 

correlated wi th  i n d i v i d u a l  aer o~qngnet ic  anomalies. Sedi~uentary 'rocks 

may be  more ex tens ive  i n  some areas o f f s h o r e  as suggested by the ab rup t  

change of t h e  c h a r a c t e r  of t h e  magnetic f i e l d  (fig. 2) i n  t h e  a r e a  of 

t h e  broad p o s i t i v e  anomaly loca t ed  about  10 miles n o r t h  of Chitka P o i n t .  

A t h i c k  d e p o s i t  of rocks  wi th  consonant t o t a l  magnet iza t ions  i s  required 

t o  explain the uniform n a t u r e  of t h e  f i e l d .  

The his togram of figure 15 p r e s e n t s  da ta  from 30 c o r e  specimens of 

vo lcan ic  sands tone  and s i l t s t o n e  and 31  specimens of t u f f  b r e c c i a ,  

c o l l e c t e d  at 'depths  vary ing  from 543 t o  2 , 2 2 5  feet i n  d r i l l  hole EH-5. 

-4 Logarithmic averages  are 1l.OX10 gauss /oe r s t ed  .£or magnetic . 

-4  s u s c e p t i b i l i t y ,  1.4X10 gauss f o r  wemanent i n t e n s i t y ,  and 0.26 f o r  

Konigsberger r a t i o .  The average d e n s i t y  i s  2.16 g /cc .  Except f o r  
I 

remanent d i r e c t i o n ,  average  va lues  are si.mflar f o r  the. v o l c a n i c  

sands tone  and s i l t s t o n e  and t h e  t u f f  b r e c c i a .  



We assumed no structural tilting and obtained true values of 

remanent inclinations by measurement of drill core that was referenced 

to a vertical drill hole. Remanent azimuths are unknown, but we 

obtained a measurement of variation by referencing azimuth to a line 

marked along seven continuous lengths of drill core before these lengths 

were cut i n t o  several spiicinens.  rl.gurc 19 g:ivcs irr~l'inatioi~s a n d  

variations in azimuth for drill-core samples collected from EH-5. The 

low average inclination of 27' for 16 specimens of volcanic sandstone 

and siltstone is difficult to explain. One possible explanation is 

the tendency of platy magnetic particles-to settle horizontally and 

thus be only partially allned by the earth's magnetic field. Most of 

these samples are from graded beds or fine-grained rapidly deposited 

sediments.  For 17 specimens of tuff breccia, the average inclination 

is 67' or dlose to the 62" value for the geomagnetic field, which 

suggests the effect of a viscous magnetization acquired after 

emplacement. 

The total magnetization of volcanic sandstone, siltstone, and tuff 
4 

breccia is controlled by magnetic susceptibility, or induced magnetism. 

The low Konigsberger ratio of 0.26 shows that the contribution of 

remanent magnetism is relatively unimportant. We therefore assign 

these fine-grained sedimentary rocks an average total magnetization 

of 6 . 5 ~ 1 0 ~ ~  gauss in the direction of the geomagnetic field. 
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Figure 19.-aqual-area projections of remanent d i rec t ions  of magnetization f o r  16 specimens of volcanic 
sandstone and s i l t s tone ,  and 17 specimens of t u f f  breccia c u t  from continuous lengths of 
core from d r i l l  hole EH-5. Differences i n  azimuth are referenced t o  an  arbi t rary  line 
marked along t he  core before it was c u t .  The average of a l i  azimuths i s  assumed nor th-  
ward, but i n c l i n a t i o n s  a re  referenced t o  a v e r t i c a l  d r i l l  hoLe and they are, therefore, 
true values.  



DIWS AND SIIALL SILLS 

The presence of dikes and sills beneath prominent aeromagc5tic 

anomalies suggests  t h a t  the magnetic contr ibut ion of severa l  of these 

small f e a t u r e s  is  s u f f i c i e n t  t o  expla in  some of the anomalies, For 

example, the -780 and S t ,  Makarius Point  anomalies shown on f i g ~ r e s  

3, 9 ,  and 10 arc over complexes of basa l t ic  dikes and small s i l l s  

intruded i n to  the Banjo Point  Formation. Most of the  dikes an6 sills 

exposed I n  these  areas have thicknesses that are less than 50 f se t .  

From t h e  geologic d e t a i l  shown by Carr and Quinlivan (1969), i t  seems 

c l e a r  t h a t  these f e a t u r e s  should be considered a s  poss ib le  sour-e 

rocks. The S t ,  Makarius Point  and -780 anomalies are discusse6 i n  

more d e t a i l  under the  s e c t i o n  on interpretation of anomalies. 



Data are a v a i l a b l e  f o r  30 s u r f a c e  samples c ,o l lec ted  from d i k e s  

and s m a l l  s i l ls  i n  the  a r e a s  of f i g u r e s  5 through 11. Logarithmic 

averages  are 2 5 . 7 ~ 1 0 ~ ~  gauss /ocrsead  for magnetic s u s c e p t i b i l i t y ,  

5 . 5 ~ 1 0 ~ ~  gauss f o r  remanent i n t e n s i t y ,  and 0.45 f o r  Konigeberger r a t i o .  

A maximum v a l u e  of 1 7 . 8 ~ 1 0 ~ ~  gauss f o r  t o t a l  magnet iza t ion  i s  computed 

-4 
from t h e s e  data.  Sub t r ac t ing  t l ~ e  ambient l e v e l  va lue  ('I.OX10 ) f r o a  

17  . ~ x I o - ~  gauss ,  t h e  e f f e c t i v e  t o t a l  magnet iza t ion  f o r  t h e  30 samples 

c o l l e c t e d  from d i k e s  and smal l  s i l ls  becomes 1 0 . 8 ~ 1 0 - ~  gauss. A s i n g l e  

d i k e  o r  small s i l l  t h a t  has  t h i s  value of effective total magnet iza t ion  

w i l l  produce an aeromagnetic anomaly of l i t t l e  importance a t  t h e  datum 

p lane  1,600 f ee t  above sea level . .  Assuming a th i ckness ,  E ,  of 50 f e e t  

and a depth ,  t, of 1,200 f e e t ,  computations u s i n g  t h e  equat ion  

g ives  a maximum anomaly AT,,, of on ly  9 gammas for  a t o t a l  magnet iza t ion  

Jt of 1 0 . 8 ~ 1 0 ~ ~  gauss. Refer r ing  t o  figures 25 and 26, computation f o r  

a s i l l  50 f ee t  t h i c k  a t  a depth  of 1,200 f e e t ,  
.I 

2.4 J t  c lo5 
aTmax = . .- gammas, 

g ives  a maximum anomaly of only 3.1 gammas. Because the e f f e c t  of a 

s l n g l e  d i k e  i s  sma l l ,  w e  have concluded that  a complex of many dikes 

is  requ i r ed  t o  explain a prominent aeromagnetic anomaly. 



INTRUSIVE ROCKS 

Samples of i n t r u s i v e  rock were c o l l e c t e d  from t h e  Aomplex of 

d i o r i t e s  and a n d e s i t e s  exposed on the e a s t e r n  p a r t  of t h e  i s l a n d ,  from 

exposures on White House Cove, Chapel Cove, and Ivak in  P o i n t ,  and from 

i n t r u s i v e  f e a t u r e s  t h a t  a r e  t oo  sma l l  t o  b e  shown on f i g u r e  3.  

Magnetic p r o p e r i i c s  

The histograms of f i g u r e  16 p r e s e n t  d a t a  from 4 3  specimens of 

i n t r u s i v e  rock. Logari thmic averages are 1 2 . 5 ~ 1 0 ~ ~  gausa /oers ted  f o r  

magnetic s u s c e p t i b i l i t y ,  5 . 1 ~ 1 0 - ~  gauss for remanent i n t e n s i t y ,  and 

0.85 for konigsberger  r a t i o .  The average  d e n s i t y  i s  2.55 g/cc. The 

broad spectrum of v a l u e s  shown i n  t h e  remanent i n t e n s i t y  his togram 

i n d i c a t e s  t h e  presence  of moxe than  one p lu ton .  A closer i n s p e c t i o n  of 

t h e  d a t a  r e v e a l s  t h a t  t h e  lower va lues  come from the complex exposed on 

t h e  eastern p a r t  o f  t h e  i s l a n d ,  i nc lud ing  Ivak in  P o i n t .  Table  1 shows 

-4 an average remanent intensity of 1.3X10 gauss. for eight specimens 

from the East Cape p lu ton ,  and 1 9 . 7 ~ 1 0 ~ ~  gauss f o r  1 6  specimens from 

t h e  White House Cove intrusive.  



Table 1.--&rig= f o r  eight specimens collected from the East  Cape 
pluton, and 16 specimens col lected from t h e  White Houss 

Cove intrusive 

Density (g/cc) 

f 

Magnetic suscept ib i l i ty  
(X 104 gauss/oorsted) 

East Cape 
pluton 

Induced iri tansity 
(X 104 gauss) 

W!xite House Cove 
intrusive 

Induced direct ion 
Declination (degrees) 
Incl inat ion (&pees)  

Remner~t in tens i ty  
(X 104 gauss) 

Remanent direct ion 
Declination (degrees) 
Incl inat ion (degrees) 

Total. in tens i ty  
(X 104 gauss) 

Total direct ion 
Declination (degrees) 
Incl inat ion (degrees) 



Difference a£ directsons of remanent magnetism supports the concept 

of two separate episodes of intrusion. Experts in paleomagnetic 

investigations of remanent directions now generally agree that 2 , ~ r i n g  

cooling and crystallization of igneous rocks the magnetic minerels in 

them become magnetized in the direction of the earth's magnetic f i , e ld .  

Ln the t;eologic past, the eari.1:'~ nngncti c T i c l d  ha:; changed d.3 :; : i ton 

and has undergone numerous complete reversals of polarity (Cox a d  

others, 1964). Directions for 16 specimens collected from the 5hite 

House Cove intrusive (fig. 20) have a normal polarity that averEg.es 

5" in declination and 6 9 " - i n  incli.nation, a direction that apprcxjmates 

the 7' declination and 62' inclination of the present geomagnet5c field 

on Amchitka. Partial demagnetization of three of the specimens in 

alternating fields of 100 and 200 oersteds did not result in a 

significani. change in direction, and the natural-state magnetis-, 

appears to be stable and related to the direction of an ancient 

geomagnetic field. 





I n  marked contrast, the remanent d a t a  of f i g u r e  2 1  from eight 

specimens of t h e  Eas t  Cape pluton.show an in t e rmed ia t e  p o l a r i t y  

w i th  a n  average d e c l i n a t i o n  of 181' and an  i n c l i n a t i o n  of 75'. The 

n a t u r a l - s t a t e  magnetism con ta ins  an  uns t ab le  component of v i scous  

remanent magnet iza t ion  which was removed by p a r t i a l  demagnet izat ion,  

A t  100 oersteds (tab1 c 2), incl.iricll ion cha:l;,~d ~L.OLII  p l u s  t o  minus. 

The average d i r e c t i o n  f o r  three specimens a t  200 o e r s t e d s  g i v e s  a 

reversed  p o l a r i t y ,  o r  a d e c l i n a t i o n  of 188" and an  i n c l i n a t i o n  of - k g 0 .  

Table 1 gives the  total magnet iza t ion  va lues  t h a t  are used i n  

t h e  i n t e r p r e t i v e  studies of the two plutons .  The r eade r  may be  s u r f r i s e d  

t o  f i n d  tha t  even wi th  the reversed  d i r e c t i o n  of f o s s i l  reruanent 

magnet iza t ion  f o r  t h e  Eas t  Cape p l u t o n ,  t h c  average d i r e c t i o n  of teal 

magnet iza t ion ,  shown on f i g u r e  21,  i s  normal and approximates t h e  

present:  e a r t h ' s  magnetic f i e l d .  . T h i s  i s  the r e s u l t  of the low 0.23 

va lue  of Konigsberger r a t i o .  The reruanent cf f e c t  becomes tr i .via1 

when i t  i s  added v e c t o r i a l l y  t o  t h e  induced effect. 
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Figure 21.-- Equalarea projections of remanent directions of magnetization and total directions 
of m3gnetization for 8 specimsns of intrusive rock collected from surface exposures 
of the East Cape intrusive. 



Table 2.--Avera~e remanent directions and intensities f o r  three 
specimens collected from the- East Cape pl.uton, measured - 

a t  ' natural s t a t e  and a f t e r  p a r t i a l  e l ternat i r~e;  
f i e l d  dema~netization t o  1.00 and 200 oersteds 

Specimen B25Al-67 

Declination (degrees) 

I n c l i ~ . a t i o n  (degrees) 

In tens i ty  (x lo4  gauss) 

Specimen B25A247 

Declination (degrees) 

I n c l i r ~ t i o n  (degrees) 

In tens i ty  ( x 1 0 4 g a u s s )  

Specimen B25C141 

Declination (degrees) 

Incl inat ion (degrees) 

Intensity (x lo4 gauss) 

Natural 
state 

---.-.-+- - 

189 

44 

3.3 

169 

66 

1.5 

128 

72 

1.7 ' 

Demagnetization level 
F 

100 
oersted 
- ---- 

199 

-49 

3.0 

187 

-45 

. 0.7 

170 

-40 

0 - 4  
-- 

200 
oersted 

-.-- 

203 

-5 8 

2.9 

184 

-45 

0.7 

178 

-45 

0 .3  



Aexomagnetic anomalies 

The p o s i t i o n s  of s e v e r a l  aeromagnetic anomalies t h e t  have va lues  

p e l 1  below t h e  r eg iona l  level c o r r e l a t e  w i t h  t h e  p o s i t i m s  of large 

exposures of i n t r u s i v e  rock. The Eas t  Cape negat ive  axxnaly i s  over a 

complex of d i o r i t e s  on t h e  e a s t e r n  end of the i s l a n d  ( f i g .  3 ) . -  The 

White House Covc ncgat'ivn anorna1.ir.s arc over CXPOSIII-cs :-5 intrusi .ve 

rock a t  White House and Chapel Coves. A l e s s  pronounce? l o w  occurs  

near  t h e  i n t r u s i v e  complex a t  Ivakin Point. 

LAVA - FLOWS AND THICK SILLS 

Lava f l ows  and t h i c k  sills produce m o s t  of t he  prc-zounced 

aeromagnetic anomalies. O f  p a r t i c u l a r  importance a r e  t?..: t h i c k  

andesite lava flows of the Chitka Po in t  Formation, the ;ndes i t i c ,  

and basaltic l a v a s  wi th in  the Banjo Point Formation, ax3 t h e  l a t i t i c  

pillow lavas of Ki r i lo f  Point i n  the  Amchitka Formation. 



Magnetic p r o p e r t i e s  . 

The hls tograms of f i g u r e s  17  and 18  p r e s e n t  d a t a  Erom 219 s u r f a c e  

and 8 1  d r i l l - c o r e  spechens of lava f lows ,  s i l ls ,  and d i k e s .  The s u r f a c e  

samples were c o l l e c t e d  from a l l  areas of t h e  i s l a n d  except t h e  a r e a s  of 

undivided i n t r u s i v e  rocks  (fig. 3 ) .  Their  l oga r i t hmic  averages  a r e  

2 2 . 9 ~ 1 0 ~ ~  gauss /oers ted  f o r  magnetic s u s c e p t i b i l i t y ,  9 . 8 ~ 1 0 ~ ~  t a u s s  f o r  

remanent i n t e n s i t y ,  and 0.89 f o r  Konigsberger r a t i o .  The avers-ge d e n s i t y  

i s  2.60 g / cc ,  The subsur face  d a t a  c o n s i s t  of those  on 30 specimens from 

d r i l l  h o l e  EH-5, 12  from UAe-1, 24 from UAe-2, 10 from UAe-3, and 5 from 

UAe-7c. , The i r  logar i thmic  averages a r e  3 6 . 3 ~ 1 0 ~ ~  gauss /oe r s t ed  f o r  

magnetic s u ' s c e p t i b i l i t y ,  15. ~ x I . o - ~  gauss  f o r  rernanene i n t e n s i t y ,  and 

0.91 for Konigsberger r a t i o .  The average d e n s i t y  i s  2.49 g / c c ,  

Although remanent d i r e c t i o n s  a t  Amchitka appear gene ra l ly  c o n s t a n t  

throughout i n d i v i d u a l  f lows o r  s i l l s ,  average d i r e c t i o n s  may change from 

formation t o  formation,  and even w i t h i n  some forniations.  For example, 

a l l  p i e c e s  of t h e  p i l l ow l a v a s  of K i r i l o f  P o i n t  from c o r e  runs  4 ,  5, 6 ,  

16 ,  and 1 8  of UAe-1 (Gard and o t h e r s ,  1969) have nega t ive  i n c l i n a t i o n s  

t h a t  average about  - G O 0 .  The change from formation t o  Eonnation is  
4 

demonstrated by t h e  d a t a  from d r i l l  h o l e  UAe-2, l oca t ed  about  5 m i l e s  

s o u t h e a s t  of UAe-1. Four c o r e  samples of l a v a  c o l l e c t e d  Erom the Banjo 

P o i n t  Formation a t  depths  of 2,578-3,103 f e e t  have p o s i t i v e  r a t h e r  than 

n e g a t i v e  i n c l i n a t i o n s  t h a t  average 68'. However, n o t  a l l  u n i t s  i n  t h e  

Banjo P o i n t  have t h e  same magnetic c h a r a c t e r i s t i c s ,  as i l l u s t r a t e d  by 

t h e  n e g a t i v e  i n c l i n a t i o n s  of l a v a  samples a t  depths of 2,227-2,244 feet 

i n  d r i l l  h o l e  EIJ-5. 



Small changes in remanent inclination can be interpreted in a 

similar manner. Inclinations of andesite core from EH-5 have the 

following averages and 95-percent confidence intervals: 76k6O for 

seven samples from 2,340.8- to 2,342.2-foot: depth; 55kl1° for eight 

samples from 2,466- to 2,468.3-foot depth; and 41f4O for five samples 

from 2,479.7- to 2,480.9-foot deprh. The 76' average differs . 

significantly from the 55' and 41' averages, and we thus assume that 

the andesite at the more shallow depth was emplaced at a different 

time. 

The remanent data plotted on figure 22 indicate that the thi.ck 

lava flows of the Chitka Point Formation have normal pol .ar i t ies .  The 

58 surface specimens collected from 26 samples at 11 sampling sites 

average 26. ~ X L O - ~  gauss/oersted for magnetic susceptibility, and 

1 5 . 1 ~ 1 0 ~ ~  gauss for remanent intensity. Average total magnetization 

is 27.4~10~' gauss with a direction that approximates the present 

geomagnetic field. 
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Figure 22.--Equal-area projections of remanent direct ions of magnetization acl total directions of  
mgnetization f o r  58 specimens o f  andesi t ic  lava collected fron: surface exposures of 
the Chitka Point Formtion. 



A few strongly magnetized surface samples that we have collected 

to date show intermediate remanent polarities. For example, the 

10 surface specimens of basalt collected from f i v e  samples at f o u r  

-4  
sampling sites in the Banjo Point Formation average 29.1X10 gauss/ 

oersted for magnetic susceptibility, and 1 1 4 . 6 ~ 1 0 ~ ~  gauss f o r  rernanent 

in tens i ty .  

The intermediate directional data f o r  these samples are shown on 

figure 23. The average total magnetization for these samples is 

111.5~10-~ gauss with a declination of 316' and an inclination of -26'. 





~ e r o m a ~ n e t i c  anomalies' 

The p o s i t i o n s  of s e v e r a l  aeromagnetic anomalies w i t h  va lues  w e l l  

above t h e  r e g i o n a l  anomaly c o r r e l a t e  w i th  t h e  p o s i t i o n s  of  known expo- 

s u r e s  of r e l a t i v e l y  young a n d e s i t e  l a v a  flows of t h e  Chitka P o i n t  Forma- 

t i on .  Bi rd  Rock, Windy I s l a n d ,  and S i t e  F p o s i t i v e  anomalies a r e  over  

t h e s e  f lows on t h e  northwestern p a r t  of t h e  is  land ( f ig .  3) . The 

Infantry Road anomaly is over exposures t h a t  a r e  mainly b r e c c i a ,  b u t  

flows probably l i e  beneath t h e  b r e c c i a .  The edge of t h e  l a r g e  p o s i t i v e  

f e a t u r e  named t h e  Chitka Point-Constant ine P o i n t  anomaly is a l s o  over  

t h e  f lows.  It has been p rev ious ly  poin ted  o u t  (p .  37) t h a t  t h e  p o s i t i v e  

S i t e  B anomaly and t h e  nega t ive  Mex ~ s i a n d ,  -780, and R i f l e  Range P o i n t ,  

and P i l l o w  P o i n t  anomalies a r e  a t  l e a s t  p a r t l y  r e l a t e d  t o  o l d e r  l a v a s  

t h a t  are bur i ed  w i t h i n  o r  beneath t h e  Banjo P o i n t  Formation. 

Ground survhy anomali e s  

The d a t a  obta ined  from t h e  t r a v e r s e s  and p l o t t e d  on f i g u r e  12 show 

t h e  c h a r a c t e r i s t i c  i r r e g u l a r  p a t t e r n  of magnetic anomalies over  lava .  

Weiss (1949) was perhaps t h e  f i r s t  i n v e s t i g a t o r  t o  p o i n t  ou t  t h e  extreme 

v a r i a t i o n s  found i n  t h e  ground anomalies beneath t h e  aeromagnetic anoma- 

lies caused by near -sur face  and r e v e r s e l y  magnetized rocks .  

Data.  ob ta ined  from t h e .  s h o r t  t r a v e r s e  a long  Clevenger Road i l l u s -  

t r a t e  the e f f e c t s  of s t r o n g l y  magnetized rock b u r i e d  beneath nonmagnetic 

rock. The i r r e g u l a r  and n e g a t i v e  r e s i d u a l  anomalies i n d i c a t e  rocks wi th  

s t r o n g  remanent i n t e n s i t i e s  and r e v e r s e  p o l a r i t i e s  t h a t  are assumed t o  

be t h e  p i l l ow lavas of K i r i l o f  P o i n t .  The low va lues  of s t anda rd  e r r o r  

i n d i c a t e  near-'surface rocks t h a t  a r e  considered nonmagnetic, such as 

b r e c c i a  o r  alluvium. 
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ANALYSIS OF 'MAGNETIC ANOMALIES 

A d e t a i l e d  i n v e s t i g a t i o n  of t h e  complex anomaly p a t t e r n s  given i n  

the  Amchitka a'eromagnetic survey' is  poss ib le  i n  a reas  where ind iv idua l  

anomalies s tand out  so  c l e a r l y  t h a t  they can be separa ted  from neighbor- 

ing  magnetic e f f e c t s .  By means of our understanding of geologic s t ruc -  

t u r e  and magnetic p r o p e r t i e s  of the  rocks on t h e  i s l a n d ,  w e  a r e  a b l e  t o  

i d e n t i f y  many of the  anomaly-producing f e a t u r e s ,  compute es t imates  of 

depths t o  t h e i r  tops, and make in fe rence  about t h e i r  l a t e r a l  ex ten t s  

. and thicknesses.  

The i d e n t i f i c a t i o n  of anomaly-producing features becomes more d i f -  

f i c u l t  over t h e  i n s u l a r  she l f  where l i t t l e  i s  known about marine geology. 

However, cons idera t ions  of magnetic p roper t i e s  and magnetic anomalies 

over t h e  i s l a n d  u n i t s  permit a q u a l i t a t i v e  ana lys i s  of many of the  anom- 

a l i e s  shown i n  f i g u r e s  4-11. The most l i k e l y  causes of complex anomaly 

p a t t e r n s  a r e  t h e  s t rong ly  magnetized l ava  flows and th ick  s i l l s  within 

the  Amchitka and Banjo P o i n t  Formations; the  p o s i t i v e  anomalies being 

r e l a t e d  t o  rocks wi th  p o s i t i v e  i n c l i n a t i o n s  of remanent d i r e c t i o n ,  and 

t h e  negat ive  anomalies t o  rocks wi th ,nega t ive  i n c l i n a t i o n s  of remanent 

d i r e c t i o n .  Most of the broad p o s i t i v e  anomalies wi th  t h e  more moderate 

anomaly p a t t e r n s  are undoubtedly produced by nol-mally magnetized l ava  

flows of the Chitka Point Formation. Areas of r e l a t i v e l y  uniform anom- 

a l y  could o v e r l i e  l a r g e  volumes of  e i t h e r  i n t r u s i v e  rock, sedimentary 

rock, o r  vo lcan ic  b recc ia .  



Depth e s t ima te s  

Seve ra l  i n v e s t i g a t o r s  working i n  petroleum-rich areas have poin ted  

o u t  t h e  advantage of us ing  aeromagnetic data t o  o b t a i n  p re l imina ry  

e s t i m a t e s  of  t h e  th i ckness  of t h e  sedimentary s e c t i o n  throughout 

ex t ens ive  areas (Steenland,  1965; Henderson and Z i e t z ,  1958). - T h e i r  

premise i s  t h a t  scdixcntary rocks  a re  notunagllcLl.c and any magnetic 

anomalies must o r i g i n a t e  froni t h e  underlying igneous rocks .  Ca lcu la t ion  

of depth  t o  the magnetic rock t h e r e f o r e  y i e l d s  a  t h i ckness  e s t i m a t e  f o r  

t h e  sedimentary rocks , '  

On Amchitka, t h e  igneous rocks  a r e  a t  o r  very nea r  t h e  s u r f a c e  and 

our  premise i s  t h a t  some rocks ,  such as  vo lcan ic  b r e c c i a ,  are r e l a t i v e l y  

nonmagnetic and do not: s i g n i f i c a n t l y  d i s t o r t  aerolnagnetic anomalies 

a r i s i n g  from deeper ,  s t r o n g l y  magnetized rocks .  These  magnetic 

anomalies were analyzed t o  determine th icknesses  'of b r e c c i a ,  some l a v a  

f lows,  and o t h e r  rocks with low magnctizati .ons,  Also, computed d e p t h s  

were compared with t h e  a c t u a l  depths  of known geologic  f e a t u r e s  t h a t  

have been obta ined  by d r i l l i n g .  



In  g e n e r a l ,  sha l low sources  g i v e  sha rp  anomalies w i t h  s h o r t  wave 

l e n g t h s ,  and deep sources  g i v e  broad anomalies w i th  long wave l e n g t h s .  

Numerous- simple r u l e s  have been in t roduced  t o  determine depth  o r  some 

o i h e r  dimension of t h e  anomaly sou rce  (Vacquier and o t h e r s ,  1951; Grant 

and West, 1965).  Most r u l e s  are made I n  accordance wi th  some p rope r ty  

of an anomaly calc .ulafed f o r  niodels of v a r y i n g  d c p t h ,  lengtl-1, wi'dth, 

thickness, magnet iza t ion ,  o r  geomagnetic l a t i t u d e .  Often the p rope r ty  

c o n s i s t s  of t h e  h o r i z o n t a l  d i s t a n c e  between two c r i t i c a l  p o i n t s  of t h e  

anomaly. For most Amchitka anomalies, computations were made f o r  

h o r i z o n t a l  Sheet  and d i p o l e  models: f i r s t ,  the e x t e n t  of maximum s l o p e  

(Vacquier and o t h e r s ,  1951), second, the i n t e r v a l  between t h e  one-half 

maximum s l o p e  i n t e r s e c t i o n s  wi th  t h e  anomaly curve ( P e t e r s ,  1 9 4 9 ) ,  and 

t h i r d ,  the i n t e r v a l  between i n f l e c t i o n  p o i n t s  (Eean, 1966) .  Comparison 

of t h e s e  computed anomaly p r o p e r t i e s  wi th  s l m i l a r ' p r o p e r t i e s  of an 
1 

a c t u a l  anomaly w i l l  y i e l d  t h e  depth e s t i m a t e ,  

F igu re  25 was prepared t o  i l l u s t r a t e  observed d a t a  from magnetometer 

r eco rds ,  anomalies 'produced by near-surf  a c e  rocks ,  and an  anomaly produced 
4 

by rocks below sea level. The d a t a  were recorded a t  a s c a l e  of about  

1:30,000, and t h e  d i s t a n c e  from a i r p l a n e  t o  ground and water  s u r f a c e  was 

obta ined  by r a d i o  a l t i m e t e r .  Anomaly a n a l y s i s  i n d i c a t e s  that t h e  rocks  

caus ing  t h e  she l f -break  anomaly a r e  along t h e  s h e l f  b reak  and 1,100 f ee t  

below sea l e v e l ,  t hose  caus ing  Bi rd  Rock anomaly a r e  a t  t h e  ground s u r f a c e ,  

t hose  caus ing  t h e  two d i p o l e  anomalies on t h e  n o r t h  s i d e  of I n f a n t r y  Road 

anomaly a r e  a t  t h e  ground s u r f a c e ,  and those  causing t h e  I n f a n t r y  Road 

anomaly and t h e  d i p o l e  anomaly on i ts  south s i d e  a r e  bu r i ed  500 feet 

beneath t h e  ground s u r f a c e .  



Dipole and s h e e t l i k e  models 

I n  s p i t e  of  t h e  complexity of t h e  e a r t h ' s  magnetic f i e l d  a t  a 

barometric  e l eva t ion  of 1,600 f e e t  ( f i g .  2 ) ,  c e r t a i n  ind iv idua l  anoma- 

l ies do s tand out  ( f i g .  3) and they appear t o  represent  t h e  e f f e c t  of 

s i n g l e ,  magnetized bodies. For these  anomalies, a q u a n t i t a t i v e  method 

of i n t e r p r e t a t i o n  may give  information on the  length,  width, and thick- 

ness  of  the magnetic f ea tu re .  The method cons i s t s  of f ind ing  t h e  model, . 

o r  models, t h a t  are both reasonable geologica l ly  and capable of causing 

an effect equivalent  t o  t h e  anomaly. 

A sharp anomaly with an i n t e r v a l  of only about one depth u n i t ,  o r  

less, between maximum and lninimum values as t h e  e f f e c t  of  a po in t  d ipo le  

model was considered. One depth u n i t  is  equal t o  the d i s t ance  from a i r -  

p lane  t o  anomaly-producing rocks. Such a model r ep resen t s  a fairly 

smal l  geologic f e a t u r e  t h a t  has dimensions roughly the  same i n  a l l  direc-  

t ions .  Experimental examples of d i p o l e s  are the t h r e e  smal l  anomalies 

shown superimposed on t h e  I n f a n t r y  Road anomaly of f i g u r e  25, and theo- 

r e t i c a l  examples a r e  da ta  on t h e  f i v e  t r ave r ses  shown.on f i g u r e  26. The 

d ipo le  anomaly por t r ays  the l imi t ing ,  case  t h a t  gives no information on 

t h e  dimensions of t h e  source. A s t rong ly  magnetized body t h a t  measures 

only a few feet on a s i d e  w i l l  produce t h e  same anomaly conf igura t ion  as 

a body wi th  dimensions up t o  about ha l f  a depth u n i t .  Larger dimensions 

w i l l  d i s t o r t  t h e  anomaly and thus show a shape e f f e c t .  



To investigate the dipole e f fec t ,  anomalfes for five directions 

of traverse over a dipole source x!ere computed from - bTt3  (equation (8) 
Fi 

of Hall (1959, p. 1947)), as sho~m on figure 26. The depth from datum 

line to source is designated t, and traverse distance, x ,  is expressed 

in depth units. The direction of total magnetization is parallel to 

the earth's maglzetic field at Amc!:ltl:a, p is the dipo3.e -moment, . and AT 

is the anomalous total magnetic field measured by the airborne 

magnetometer. 

Lava flows frequently occur as well-defined magnetic bodies that 

have dimensions tha t  nearly approach those of a horizontal sheetlike 

model. The sheet model has practical importance also, because its 

anomaly does not change in shape for the sake af increases in thickness 

up to about one depth unit. The anornalg p a t t e r n  does change for 

increases in.length as shown on figure 27 and for increases in width 

as shown on figure 28. Also, when the average total magnetization of 

the body is known, calculations based on the anomaly amplitude will 

give an estimate of thickness. 
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Strike of traverse lines 

Figure 26.- h he ore tical mannetic anomalies computed for five directions of traverse over a dipole 
source mgnet ized along t h e  ~ e o m s ~ n e t i c  f l e l d  with an i n c l i na t i on  of 630. 
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Figure 27.--Theor&ical magnetic anomalies computed f o r  traverses st:iking magnetre north over t h e  
centers of four  r ec t axu la r  sheet nodels magnetized alcng the  geomagnetic f i e l d  wfth 
an i nc l iga t ion  of 61)O. >;ode1 length 1, width W, th ickczss  c, and traverse distance X 
are expressed in un i t s  of depth t. 
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Figure 28.--Theoretical magnetic anomlies computed for traverses s tr ik ing  mgnetic east over the 
centers of three square shee t - l ike  models magnetized a long  t h o  geomagnetic field with 
an inc l inat ion of 60°. Model l e x t h  1, wid th  W, thickness c, and traverse d is tance  X 
a r e  expresse? i n   nit:! of d e p t h  +,. 



The anomalies of figure 27 were computed from equations 4.3a  and 

4.3b of Werner (.1953, p .  17), and t h e  anomalies of figure 28 from the 

prismatic models o f  Vacquier, Steenland, llenderson, and Zietz (1951) 

by using a thickness of one-third depth unit and then converting to the 
3 

sheet notation. The direction of total magnetization Jt is parallel to 

the earth's magnetic field at luacllitka, and the thickness of t h e  shccl: 

E .  
model, E,  is expressed in depth units E ' , where E ' = - 

t 
The model 

length 1, and width w, and the traverse distance x are also expressed 

in units of depth t. 
' 

INTERPRETATION OF ANOldALIES 

The' following discussion deals with some of the magnetic 

anomalies that can be explained by knotm geologic facts. Also 

discussed are some anomalies and. anomaly patterns' that are subject 

to more conjectural interpretations. 



The l a v a  f lows and t h i c k  s i l ls  produce most of t h e  anomalies  
' .  

found i n  t h e  aeromagnetic survey.  a The t h e o r e t i c a l  magnetic anomalies 

p l o t t e d  on figures 27 and 28 show s t e e p e r  g r a d i e n t s  near t h e  b o c a d a r i e s  

of models, which r e p r e s e n t  s i m p l i f i e d  con£ i g u r a t  i ons  f o r  flows c. r s i l ls  

w i t h  h o r i z o n t a l  a t t i t u d e s .  Most d r i l l  h o l e s  a r c  l oca t ed  away f r o m  t h e  

s t r o n g  anomalies that have domiilallt treilds o r  are terminated a b r ' ~ p t 1 y .  

Termination may a l s o  be  caused by e ros ion  o r  o t h e r  geo1,ogic proc-. =sses, 

and t h e  p r e s e n t  authors  have r e l i e d  heav i ly  on geo log ica l  evider-ce 

be fo re  des igna t ing  a f e a t u r e  a s  f a u l t  r e l a t e d .  

Remanent magnet iza t ion  e x e r t s  t h e  most marked i n f l u e n c e  on t h e  

t o t a l  magnet iza t ion  of f lows and s i l ls ,  and remanent d i r e c t i o n  t h e r e b y  

becomes a dominant f a c t o r  i n  determining anomaly conf igu ra t ions .  The 

Konigsberger ratio, Q = Jr/Ji, averages  0.9 f o r  a l l  t h e  measuret  

andesite and basal t  specimens, and the r a t i o  i n c r e a s e s  f o r  many 

anomaly-producing format ions ,  For example, the 58 specimens from t h e  

Chitka Po in t  lavas ( f i g .  22) have a r a t i o  of 1 . 2 ,  and 10  s p e c i m e ~ s  of 

b a s a l t  ( f i g ,  23) have a r a t i o  of 14.0. 
4 



East Cape anomaly : 

A t  East Cape, Pil low Point ,  and Ivakin Point  t h e  d i o r i t e  complex 

in t rudes  t h e  o lder  breccias  and the  pl l low lavas and breccfas  of Ki r i lo f  

Point .  Contact metamorphism has l o c a l l y  changed some of t h e  wallrock 

t o  hornfe l s .  Explanation of the  broad negative anomaly i n  t h e - a r e a  of 

East Cape i s  based on the  very low remallc~lt i n t e n s i t y  of t h e  d i o r i t e  

and t h e  somewhat higher values of the intruded breccia .  Eight specimens 

of d i o r i t e  ( t a b l e  1) have a low average t o t a l  i n t e n s i t y  of 6.6X10 - 4 

gauss along t h e  d i r e c t i o n  of the geomagnetic f i e l d ,  which is  a value  j u s t  

under t h e  ambient l e v e l  f o r  the  i s l and .  Thirteen samples of b recc ia ,  

d ikes ,  and s i l ls  from t h e  a rea  mapped as  o lde r  breccia  and hornfe l s  

( f i g  . 3) have somewhat higher average values : 4. ~ x I . o - ~  gauss f a r  

remanent i n t e n s i t y ,  and 1 0 . 0 ~ 1 0 - ~  gauss f o r  induced i n t e n s i t y ,  b u t  the  

c o n t r a s t  is probably i n s u f f i c i e n t  t o  expla in  t h e  anomaly. We the re fo re  

conclude t h a t  lava  f l o w s  i n  the  o lde r  breccia  are s t rong ly  enough 

magnetized t o  cause t h e  con t ras t .  Examples a r e  samples 457-66 and 

412-67 ( f i g .  10) which have high average remanent and induced i n t e n s i t i e s  

of 156x10~~ and 2 4 . 5 ~ 1 0 ~ ~  gauss. D r i i l  hole  UAe-2 a t  s i t e  I3 penetrated 

s e v e r a l  th ick  bodies of mafic magnetic rock i n  t h i s  genera l  part of t h e  

sec t ion .  For example, a hornblende-andesite sample, co l l ec ted  a t  a 

depth of 6,002 f eet, has  remanent and induced magnetizations of 1 4 . 0 ~ 1 0 ~ ~  

and 2 0 . 9 ~ 1 0 - ~  gauss. 



White House Cove and she l f  break .anomal ies  

Another prominent n e g a t i v e  anomaly related t o  i n t r u s i v e  rock is  a t  

White  House Cove d i r e c t l y  over  outcrops  of d i o r i t e  porphyry that i n t r u d e  

the Banjo P o i n t  Formation and probab1.y t h e  Chitka Point: Formation. The 

anomaly curves  a c r o s s  the island t o  t h e  Bering Sea s i d e  of Arnchitka 
t h e r e  

where l i s  a smal l  outcrop of d i o r i t e  (Carr  and Quinlivan, 1969) .  

Two p o s s i b i l i t i e s  t h a t  r e q u i r e  r e l a t i v e l y  l o w  va lues  of 

.magne t i za t ion  t o  exp la in  the nega t ive  anomalies were cons idered .  The 

first assumes that the White House Cove i n t r u s i v e  has  a t o t a l  

magnet iza t ion  lower than t h a t  of the adjacent rocks. The limited 

sample d a t a  now a v a i l a b l e  do  n o t  suppo r t  t h i s  concept .  According t o  

t a b l e  1, the d i o r i t e  has  a t o t a l  i n t e n s i t y  which i s  well above the  

ambient l e v e l  f o r  the island and which is  about  equal t o  t h e  t o t a l  

i n t e n s i t y  of t h e  Chitka Po in t  lairas. This r e l a t i v e l y  high v a l u e  of 

magnetism would r e s u l t  i n  a p o s i t i v e  r a t h e r  than a nega t ive  anomaly 

r e l a t i v e  t o  t h e  Banjo P o i n t ,  and p r a c t i c a l l y  no anomaly . r e l a t i ve  t o  

the  Chitka Poin t .  



more 
The second poss ib le  explanation of the  anomaly seems t o  be/reasonable.  

It r e q u i r e s  a l o c a l  decrease of magnetism i n  t h e  near-surface volcanic  

rocks that o v e r l i e  the pluton,  and i t  requ i res  a l a c c o l i t h i c  s t r u c t u r e  

t h a t  would g i v e  the  p lu ton a thickness about  equal t o  the  t o t a l  t h i ckness  

of t h e  Chitka Point  l avas .  A t h i cke r  i n t r u s i v e  could change the anomaly 

from negat ive  t o  postf ive .  The anomaly al.so cxtends over intei lsely 

a l t e r e d  lava  f lows  of t h e  Chitka Point Formation ( f i g .  3 ) .  This 

hydrothermally a l t e r e d  rock i s  represented by samples B4-67, B5-67, 

and 430-67, which have an extremely low t o t a l  average magnetizat ion 

of 0.5~10-+ gauss, ind ica t ing  almost complete destruction of magneti te .  

Lava and breccia  samples co l l ec ted  beneath t h e  anomaly, bu t  ou t s ide  the  

in tense ly  a l t e r e d  zone, such as samples C75.-67, C76-67, and Bl9-67, 

-4 
have an average t o t a l  magnetization of 5x10 gauss ,  which i s  a l s o  

w e l l  below the  regional  l e v e l .  .Much of t h i s  a rea  has weak t o  s t rong  

p r o p y l i t i c  a l t e r a t i o n ,  the  chief  minerals  of which are p y r i t e ,  

c h l o r i t e ,  and quartz.  



Figure  2 shows t h a t  the  White House Cove anomaly is  only p a r t  of 

a much bigger negat ive  anomaly t h a t  extends from the  Bering Sea coas t  

of Amchitka northwestward more than 25 m i l e s ,  culminating i n  a very 

pronounced negat ive  anomaly over the  e a s t e r n  p a r t  of Rat I s l and .  The 

part nor th  of the  northwestern t i p  of Anchitka is designated a s  the  

shelf-break anomaly on f i g u r e  3 .  Its termination may be r e l a t e d  t o  

f a u l t i n g  along the  she l f  break, the  escarpment t h a t  p a r a l l e l s  Rat Is land 

and Amchitka Is land on the  nor th .  On Rat Is land the  anomaly i s  over 

d i o r i t e  porphyry t h a t  appears t o  be i d e n t i c a l  t o  t h e  d i o r i t e  on Amchitka. 

A l t e r a t i o n  i s  a l so  l o c a l l y  in tense  on t h i s  p a r t  of Rat Island. The 

t o t a l  p a t t e r n  of the  anomaly thus tends t o ' b e  an elongated p a r t i a l  oval  

i n s i d e  of which are loca ted  l avas  and probably source vents  f o r  the  

Chitka Point  a n d e s i t e  lava  E ~ O T J S .  Gravity d a t a  (Miller and others, 

1969) show t h a t  t h e  western end of Amchitka is a gr.avity low. In 

add i t ion ,  remanent d i r e c t i o n s  shown on f i g u r e s  18 and 22 a r e  very 

similar f o r  the  White House Cove i n t r u s i v e  and t h e  surrounding Chitka 

Point  l ava  flows, ind ica t ing  the  p o s s i b i l i t y  t h a t  these  rocks may be 

near ly  contemporaneous. The two rocks-f in t rus ive  and lava--are a l s o  

s i m i l a r  pe t rographica l ly .  A l l  t hese  data,  though sketchy, suggest  

t h a t  the western end of Amchitka and t h e  e a s t e r n  end of Rat I s l and  may 

c o n s t i t u t e  a l a r g e  volcanic  cen te r  r e l a t e d  t o  the  Chitka Point Formation 

and t h a t  the  d i o r i t e  porphyry may be  a s e r i e s  of large r i n g  d ikes  r e l a t e d  

t o  the  volcanic  cen te r .  



P i l l o w  P o i n t  and R i f l e  Range P o i n t  anc=l ies  

Analys is  of t h e  nega t ive  anomalies t h a t  t rend  southeastward from 

P i l l o w  P o i n t  ( f i g s .  3,  10, and 11) indicates s o u r c t  rocks  t h a t  a r e  (1) 

near  s u r f a c e ,  (2) magnetized i n  a nega t ive  o r  upwar2 d i r e c t i o n ,  and 

(3) e longated  i n  t h e  d i r e c t i o n  of strike. The a n o z r l y  i s  l e s s ' t h a n  

2,000 feet  wide, but exter~ils socnLheast fruiil t h e  iuLt ; ,d  6 miles. A t  

t h e  s h o r e l i n e  of Amchitka t h e  anomaly c o r r e l a t e s  ~ 5 t h  p i l l ow l a v a s  of 

K i r i l o f  P o i n t  a s  mapped by Carr and Qu in l ivan  (1969:. The anomaly i s  

a l s o  over i n t r u s i v e  rocks a t  P i l l ow Po in t .  Althoug'!, i n t r u s i v e  rock  

samples CS3-66 and 479-66 ( f i g .  10) were no t  o r i e n t e d  t o  determine 

rernanent d i r e c t i o n ,  o t h e r  data show t h a t  they do ncz  have t h e  r equ i r ed  

t o t a l  magnet iza t ion  and have a nega t ive  01- upward Z l r e c t i o n .  Thei r  

- 4 average induced i n t e n s i t y  (20.1X10 gauss) is  grezzer khah t h e  rcmanent 

i n t e n s i t y  ( 1 7 .  S X ~ O - ~  gauss ) ,  and t h i s  sill. result' iz a t o t a l  magne t i za t ion  

wi th  a downward d i r e c t i o n .  The p i l l ow lavas of R i r f l o f  P o i n t ,  however, 

are known t o  have upward t o t a l  d i r e c t i o n ,  and t h e s e  rocks  crop o u t  beneath 

t h e  anomaly and have a s t r i k e  that is  nea r ly  t h e  s z e  as t h e  anomaly. 
-I 

Part of t h e  R i f l e  Range P o i n t  anomaly ( f i g .  3) c o r r e l a t e s  f a i r l y  

w e l l  w i t h  t h e  same p i l l ow l a v a s  of the K i r i l o f  Poic: t h a t  a r e  presumed 

r e s p o n s i b l e  for  the P i l l ow P o i n t  anomaly. However, the anomaly diverges 

from ou tc rops  of t h e  p i l l o w  l a v a s  and appears t o  fcrlow t h e  s o u t h e a s t  

s i d e  of t h e  R i f l e  Range f a u l t  o u t  i n t o  the Pac i f ic .  The r ~ c k s  t h a t  casse 

t h i s  p a r t  of the anomaly have no t  been I d e n t i f i e d ,  S u t  a possible 

exp lana t ion  is g iven  i n  the fo l lowing  d i s c u s s i o n  oT t h e  St. Malcarius 

Poin t  anomaly. 



S t .  Makarius. Point  anomaly 

The downward i n c l i n a t i o n  of the  t o t a l  magnetization of t h e  f i v e  samples 

c o l l e c t e d  from d ikes  and si l ls  beneath t h e  S t .  Makarius Point  nega t ive  anomaly 

( f i g s .  9 and 10) shows t h a t  these  a r e  not  source rocks.  Depth es t imates  

support  t h i s  i n t e r p r e t a t i o n .  The dcpch esiimated from the  negat ive  anomaly 

on p r o f i l e  T-16 ( f i g .  2) is a t  least 500 f e e t  below the surface .  The anomaly 

is  near t h e  a x i s  of a gr,nt?c s y r ~ c l i n e  tliat trends norihc3ct .  l'hls Fo ld  may 

b e  a r e s u l t  of u p l i f t  due t o  i n t r u s i o n  of the  d i o r i t e  t o  the  e a s t .  It seems 

reasonable t o  assme t h a t  t h e  S t .  Makarius Point  anomaly is caused by 

reve r se ly  magnetized blit l o c a l l y  th icke r  p i l low lavas  near  the  top of the 

Kir i lo f  P ~ i n t  rocks. These would l i e  between 1,000 and 1,500 f e e t  below 

the  su r face  a t  t h e  loca t ion  of the  anomaly. The apparent thickening of 

t h i s  reverse ly  magnetized lava i n  a s t r u c t u r a l  depression f u r t h e r  suggests 

t h a t  t h i s  depress ion was present  i n  l a t e  Ki r i lo f  Point  time, which means 

t h a t  s t r u c t u r a l  movements may haye begun i n  Kirilof Point  t i m e .  Support 

f o r  t h i s  concept is  a l s o  found i n  t k e  previously mentioned Rifle .  Range Point  , 

anomaly wherein source rocks of t h e  s t ronges t  negat ive  anomalies are buried 

and displaced away from the t rend of the  present  s t r i k e  of these  l avas .  
I 

Here, too,  the only rocks known t o  be capable of causing the  anomaly a r e  

p i l low l a v a s  of Ki r i lo f  Point .  These may be th icker  and s t r u c t u r a l l y  

loca l i zed  i n  t h e  R i f l e  Range Point  area, j u s t  a s  they a r e  thought t o  b e  i n  

t h e  S t .  Makarius Point  a rea .  Furthermore, t h e  l a r g e s t  and most in tense  

negat ive  anomalies on o r  near  Amchitka l i e  o f f shore  ( f i g .  2) south and 

west of t h e  R i f l e  Range Po in t  anomaly where one s t r i n g  of negat ive  anomalies 

p r o j e c t s  seaward, culminating i n  a l a r g e  negat ive  anomaly about 4 m i l e s  

southwest of R i f l e  Range Point .  



M e x  I s land anomaly 

T h i s  negative anomaly appears. t o  be another t h a t  is  a t t r i b u t a b l e  

t o  the pfl low lavas of Kirilof Point. It occupies a position on the 

upthrown s i d e  of a major f a u l t ,  like those anomalies a t  R i f l e  Range 

and St. Makarius Points .  Although the Kir i lo f  Point does not crop 

out in this area, d r i l l  h o l e  UAe-1 eacquntercd pil low lavas of t h e  

Kir i lof  Point a t  a depth of about 1,400 feet .  The depth es t imated  

from t h e  anomalies on p r o f i l e s  111-130 axid T-8 (fig. 2) is 1,300 fee t  

to t h e  top of the source rocks. A considerable por t ion  of the s e c t i o n  

penet ra ted  between 1,400 and 6,100 feet i n  UAe-1 is  reversely magnetized, 

although a t  most depths the remanence i s  weak. Like the  R i f l e  Range 

Point  anomaly, t h e  Mex Is land anomaly extends seaward s e v e r a l  miles 

t o  a large pronounced low over the  ocean f l o o r  (fig. 3).  



R e l a t i o n  of submarine s t r u c t u r e  south  of Amchitka t o  

aeromagnetic anomalies 

A comparison of f i g u r e s  2 and 24 wi th  the gene ra l i zed  g e o l o g l c  map 

(fig. 3 ) ,  which shows p o s s i b l e  submarine faults beneath t h e  P a c i f i c  

Ocean, i n d i c a t e s  t h a t  landward p r o j e c t i o n s  of t h e  pronounced s u b r r r i n e  

canyons on which t h e  e x i s t e n c e  of these f a u l t s  is i n f e r r e d  do n o t  show 

a c o n s i s t e a t  r c l a t i o n s l ~ i p  w i t 1 1  acririuagnctic: contours .  Piauy of ti:, 

hypothetical faults c r o s s  the aeromagnetic contours  a t  f a i r l y  l a r s z  

angles, Although t h e r e  i s  a sugges t ion  of Local p a r a l l e l i s m  be tv t sn  

aeromagnetic contours  and i n f e r r e d  submarine f a u l t s  above t h e  s u k ~ r i n e  

t e r r a c e  a t ' a b o u t  325 fee t  below sea level, most faults on h c h i t k r ,  such 

as t h e  pronounced R i f l e  Range fault ( f i g .  3 ) ,  apparent ly  e i t h e r  d i e  o u t  

seaward o r  become overlapped by anomaly-producing rocks. A f a u l t  

i n f e r r e d  from submarine contours  by Carr and Quinl ivan (1969) t o  =rend 

n o r t h e a s t  through South Bight  would have t o  c ross  t h e  P i l l ow P o i n t  

anomaly wi thout  producing any marked e f f e c t  on t h e  aeromagnetic Fzttezrn. 

The erratic d i s t r i b u t i o n  of anomalies with r e s p e c t  t o  submarfne 

topography ( f i g .  24) sou th  of Amchitka might be explained by a n  
4 

i n t e r s e c t i n g  fault system, by i n t e r r u p t i o n  of f a u l t s  by i n t r u s i v e  

masses, o r  a combination of both.  



Bird  Rock, Windy I s l a n d ,  Chitka Poin t -  

Cons tan t ine .Boin t  anomalies 

The Chitka P o i n t  a n d e s i t e  l a v a  f lows a r e  normally magnetized, and 

where r e l a t i v e l y  t h i c k  o r  h igh  i n  t o t a l  i n t e n s i t y ,  they produce p o s i t i v e  

anomalies.  Examples are t h e  Bird Rock, Windy I s l a n d ,  and Chitka Poin t -  

Cons tan t ine  P o i n t  anom~l . ies  ( f i g .  3) . Almes t a11 o r i e n t e d  camplcs 

c o l l e c t e d  beneath these anomalies have p o s i t i v e  remanent i n c l i n a t i o n s .  

The one no tab le  except ion  which has a h igh  negative i n c l i n a t i o n  v a l u e ,  

sample 87-67 ( f i g .  7 ) , , w a s  c o l l e c t e d  from a f e a t u r e  that  i s  probably 

too s m a l l  to g ive  an acromagnetic anomaly. 

The Windy I s l a n d  anomaly corresponds with a p i l e  of f a i r l y  young 

s a b a e r f a l  a n d e s i t e  Lava flows t h a t  make up t h e  h i g h e s t  par t  of Arnchitka. 

' ~ h e s e  f lows d i p  seaward from t h e  h igh  p o i n t s  of the i s l a n d  and t h e  

aerornagnet ic .da ta  sugges t  t h a t  they extend w s l l  out i n t o  t h e  ocean, 

p a r t i c u l a r l y  sou th  of Windy Islaand. As prev ious ly  desc r ibed ,  the 

White House Cove anomaly, a r e s u l t  of a l t e r a t i o n  a s soc i a t ed  w i t h  

i n t r u s i v e  rock,  appears  t o  c u t  a c r o s s  t h e  anomaly produced by t h e  

l e s s  a l t e r e d  l a v a s  of the Chitka P o i n t  Formation. 

The Chitka Point-Constant ine Po in t  anomaly is  most ly over  water, 

b u t  a t  t he ' no r thwes te rn  end i t  is  over  lava flows of t h e  Chitka P o i n t  

Formation. It seems reasonable  t o  assume t h a t  these l avas ,  which 

appear t o  d i p  seaward, th icken  o r  are less a l t e r e d  n o r t h e a s t  of 

Arnchitka i n  t h e  area of the anomaly. It is a l so  p o s s i b l e  t h a t  t h e  

sou theas t e rn  p a r t  of t h e  anomaly may be due t o  b a s a l t i c  rocks i n  t h e  

Banjo Po in t  Formation. 



The I n f a n t r y  Road anomaly, which i s  a l s o  over  t h e  Chi tka  Point 

Formation, i s  mostly over a l t e r e d . a n d e s i t i c  b r e c c i a s  t h a t  are n o t  

h igh ly  magnetic. It is p o s s i b l e  that the anomaly r e s u l t s  from andesite 

lava f lows buried beneath t h e  b recc ia s .  Andesi te  is repor t ed  a t  a 

depth of about 80 feet i n  a d r i l l  hole  i n  the e a s t e r n  p a r t  of t h i s  area. 

Site l3 anomaly 

This anomaly j u s t  no r th  and on the downthrown side of the Rifle 

Range fault is an example of s e v e r a 1 , p o s i t i v e  anomalies over f a u l t -  

b lock  wedges of Banjo Po in t  Formation. Another unnamed anomaly lies 

i n  a similar p o s i t i o n  n o r t h  of the m a j o ~  f a u l t  from S t .  Makarius Bay 

t o  Constant ine Harbor. 

-780 anomaly 

This negative anomaly appears  t o  be produced by a reversely 

magnetized near-surface l ava  flow o r  s i l l  i n  the  Banjo Po in t  Formation. 

The body is represented  by sample C24-67 ( f i g .  9 ) .  It has  a magnetic 

s u s c e p t i b i l i t y  of 35 .5x1ou4 gauss /oers ted ,  a remanent i n t e n s i t y  of 

3 7 . 5 ~ 1 0 ~ ~  gauss, a remanent d e c l i n a t i o n  of 210°, and a remanent 
I 

i n c l i n a t i o n  of -57". 



S i t e  F anomaly 

The anomalies discussed so Ear stand out clearly from those in 

neighboring areas, and they are reflected by data taken on several 

aeromagnetic traverses. The Site F anomaly is one of the numerous 

small anomalies that relate to only one or two traverses. ~he'anomaly 

has an amplitude of 150 gammas in the aeramagnetic survey (fig. 7) and 

500 gammas in the ground magnetic survey (fig. 12) . 
A depth estimate from profile T-123 (fig. 2) places the anomaly- 

producing rocks at about 100 feet below the ground surface. Drill 

hole UAe-3, which started in breccia, penetrated Chitka Point andesite 

at a depth of 180 feet (Lee, 1969). Four drill-core specimens of the 

lava average 3 6 . 0 ~ 1 0 ~ ~  gauss/oersted for magnetic susceptibility, 

3 . 9 ~ 1 0 ~ ~  gauss for remanent intensity, and 68' for remancnt inclination. 

If we assume' a northward declination, the average total magnetization 

becomes 2 1 . 2 ~ 1 0 ~ ~  gauss for intensity, 6" for declination, and 64.' for 

inclination. 
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