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ABSTRACT 

East of t h e  Aleu t ian  t r e n c h ,  a l i n e a r  magnetic high ex tends  f o r  500 km 

along t h e  con t inen ta l  s l ope  of Alaska. The high a l s o  extends 220 km t o  t h e  

west of t h e  trench and is h e r e  i n t e r p r e t e d  t o  be subducted beneath t h e  Alaska 

con t inen ta l  s h e l f .  Based upon new magnetic d a t a  near  t h e  t r e n c h ,  recontoured  

o lde r  d a t a  t o  t h e  s o u t h e a s t ,  p lus  dredged samples and magnetic model s t u d i e s ,  

we i n t e r p r e t  t h e  anomaly t o  be caused by t h e  thickened sou th  edge of a 

r e l a t i v e l y  f l a t  s l a b  of h igh ly  magnetic, Eocene, formerly oceanic  crust. 

Depth c a l c u l a t i o n s  on t h e  anomaly show t h a t  t h i s  subduct ing c o n t i n e n t a l  margin 

f l oo red  by Eocene c r u s t  is down-warped t o  t h e  west a t  t h e  Aleu t ian  subduct ion  

Paul t by a l o c a l  monocline having v e r t i c a l  o f f  set of about 4 km and probably 

s t r i k i n g  about  N30°E. 



INTERPRETATION 

East of t h e  Aleu t ian  Trench t h e  con t inen ta l  s l o p e  of Alaska is a s s o c i a t e d  

wi th  a l i n e a r  magnetic high (Naugler and Wageman, 1973; Taylor and O I N e i l l ,  

1978; Schwab and o t h e r s ,  1980),  100-500 nano te s l a  (nT) i n  amplitude and 

ex tending  500 km sou theas t  a long t h e  con t inen ta l  margin ( f i g .  1 ) .  Thi s  high 

is termed t h e  Slope anomaly (Schwab and o t h e r s ,  1980) and i t  s e p a r a t e s  t h e  

nor th- t rending  oceanic  magnetic s t r i p e s  of t h e  P a c i f i c  p l a t e  on t h e  s o u t h  from 

the  r e l a t i v e l y  subdued magnetic p a t t e r n  of t h e  con t inen ta l  s h e l f .  The sou rce  

rocks of t h e  Slope anomaly and some of t h e  oceanic  magnetic s t r i p e s  have a l s o  

been subducted t o  t h e  northwest a t  t h e  Aleu t ian  subduct ion zone (Schwab and 

o t h e r s ,  1980; Bruns, 1985) s o  t h a t  t h e  Slope anomaly cont inues westward a c r o s s  

t h e  con t inen ta l  s h e l f  f o r  220 lan t o  t h e  Alaska mainland west of Montague 

I s l a n d .  Tota l  l e n g t h  of t he  anomaly is about 700 km. 

I n  o rde r  t o  b e t t e r  understand t h e  Slope anomaly, an aeromagnetic map 

( f i g u r e  2) of t h e  Middleton I s l a n d  a r e a ,  Alaska, was flown as pa r t  of t h e  

Trans Alaskan C r u s t a l  Transect  (TACT) program f o r  t h e  U.S. Geological  Survey 

by a p r i v a t e  con t r ac to r  i n  November, 1987 (U.S. Geological Survey, 1988). The 

survey  covers  an area of approximately 23,400 km2 (9000 m i 2 ) .  F l i g h t  l i n e s  

were north-south and spaced 1 .6 km ( 1 m i  ) a p a r t  wi th  an @ti tude of 153 m (500 

f t  ) above s e a  l e v e l .  Locat ion over  water was ob ta ined  pr imar i ly  by s a t e l l i t e  

nav iga t ion  wi th  Loran C a s  a back-up. The prev ious ly  published map has  a 

scale of 1 :250,000 and is contoured a t  i n t e r v a l s  of 10 and 50 nT. The 

aeromagnetic d a t a  of t h i s  map a r e  presented he re  on a page-sized i l l u s t r a t i o n  

( f i g .  2) with a contour i n t e r v a l  of 50 nT because on ly  t h e  long-wavelength 

f e a t u r e s  a s soc i a t ed  w i th  t h e  Slope anomaly a r e  d i scussed  below. 

The Slope anomaly east of long. 141 OW. ( f igure  1 ) was descr ibed by Taylor  

and O I N e i l l  (1978) and displays a somewhat i r r e g u l a r  pa t t e rn .  The magnetic 



c h a r t  (U .S. Naval Oceanographic Off ice, 1970) i n d i c a t e s  s e v e r e  chevroning of 

can tours  a long nor theas t - t rending  f l i g h t  pa ths  c r o s s i n g  t h e  Slope anomaly. 

The Slope anomaly h e r e  is s i t u a t e d  between t h e  two Loran s t a t i o n s  used f o r  

naviga t ion  so  t h a t  a c c u r a t e  l o c a t i o n  was not  pos s ib l e  a long  ind iv idua l  f l i g h t  

l i n e s .  Accordingly, w e  have recontoured t h e  d a t a  after a r b i t r a r i l y  

r e p o s i t i o n i n g  t h e  values  along 7 f l i g h t  l i n e s  f o r  d i s t a n c e s  up t o  10 km (while  

main ta in ing  t h e  same value spac ings )  i n  o rde r  t o  f o r c e  t h e  southwest  s ide of 

t h e  Slope anomaly t o  be l i n e a r .  F igure  3 shows t h e  S lope  anomaly of Schwab 

and o t h e r s  (1980) as modified by s u b s t i t u t i n g  t h i s  recontoured Navy survey 

p lus  a s imp l i f i ed  vers ion  of f i g u r e  2. Compare f i g u r e s  1 and 3 t o  s e e  t h e  

changes. 

The cause of t he  Slope anomaly is not  e n t i r e l y  clear, but a v a i l a b l e  d a t a  

p lace  major c o n s t r a i n t s  on t h e  source .  Models of t h e  anomaly both by Bruns 

(1985) and us ( f i g .  4 ,  5, and 6), a l though d i f f e r i n g  i n  s i g n i f i c a n t  d e t a i l s ,  

agree t h a t  t h e  f e a t u r e  predominantly r e p r e s e n t s  t h e  th ickened  sou th  edge of a 

r a t h e r  f l a t  s l a b  of h igh ly  magnetic rocks.  The magnet iza t ion  is probably 

induced r a t h e r  t han  remanent because (1 ) t h e  Slope anomaly ex tends  over 100 km 

f a r t h e r  west of t h e  Aleu t ian  f a u l t  than do t h e  marine magnetic s t r i p e s  (which 

are caused by remanent magnet izat ion)  and (2) t h e  anomaly does no t  l o s e  
. . 

amplitude upon e n t e r i n g  t h e  subduct ion zone t h e  way t h e  s t r i p e s  do. These two 

observa t ions  sugges t  t h a t  low-temperature metamorphism r a p i d l y  destroyed t h e  

rernanent magnet izat ion of t h e  ocean f l o o r  b a s a l t s  b u t ,  as one would expec t ,  

d id  not  a f f e c t  t h e  induced magnet izat ion of t h e  S lope  anomaly rocks  u n t i l  they  

reached much higher  temperatures  a t  greater depths  f a r t h e r  west . Considerable  

geologic  information is a v a i l a b l e  from dredge hauls  a long  t h e  s lope  between 

138OW. and long.  143OW. ( P l a f k e r ,  1987). Although a t  l e a s t  1.3 km of f l a t -  

l y i n g  Eocene b a s a l t  is i d e n t i f i e d  west of long.  1380301W., t h e  average 



magnet izat ion of t h e  b a s a l t  (16 samples descr ibed i n  P la fker  and o t h e r s ,  1980) 

is only 1.2 A/m o r  approximately 25 percent of t h a t  r equ i r ed  f o r  t h e  model 

s t u d i e s .  The bulk magnet izat ion is even smal le r  if interbedded sediments o r  

t u f f s  are p re sen t ,  s o  we conclude t h a t  t h e  basa l  ts are not a  major cause of 

t h e  anomaly. Also, we were unable t o  make t h e  model of f i g u r e  4 (c ross -  

s e c t i o n  A-A') match t h e  observed d a t a  i f  t h e  t o p  of uniformly magnetized 

b a s a l t  was used f o r  t h e  t o p  of t h e  magnetic mass. Eas t  of l ong  138°30'W., the 

b a s a l t  is absent  and t h e  submarine outcrops c o n s i s t  of weakly metamorphosed 

sedimentary rocks bel ieved  t o  be Cretaceous f l y sch  (Plaf k e r  , 1987, p. 245) , a 

rock t h a t  is no t  magnetic. Accordingly, t h e  magnetic rocks  must he re  u n d e r l i e  

t h e  two areas of f l y s c h  outc rops ,  which a r e  both an t i fo rms  and c l e a r l y  

a s soc i a t ed  wi th  magnetic highs ( f i g .  3). Along t h e  s l o p e  west of long  

138°309W., t h e  source  of t h e  Slope anomaly is probably h igh ly  magnetic,  

Eocene, former oceanic  c r u s t  (sheeted dikes  , maf i c  plutons , and s e r  pen t in i  zed 

ultramaf i c  rocks  l y i n g  beneath t h e  Eocene b a s a l t ,  and t h i s  source  i n  t u r n  

impl ies  t h a t  t h e  Cretaceous f l y s c h  was emplaced t e c t o n i c a l l y  over  t h i s  ocean ic  

c r u s t  (perhaps dur ing  subduct ion)  i n  order  t o  exp la in  t h e  a s s o c i a t i o n  of 

anomalies a l s o  w i th  f lysch .  Other more complex exp lana t ions  a r e  c l e a r l y  

poss ib le .  

The T r a n s i t i o n  f a u l t  ( f ig .  1 and 3)  is considered t o  be e i t h e r  an a c t i v e  

ob l ique  subduct ion f a u l t  (von Huene and o t h e r s ,  1979; Plaf k e r ,  1987) o r  an 

i n a c t i v e  t ransform f a u l t  (Bruns , 1985) . E a r l i e r  magnetic models ac ros s  t h e  

f a u l t  (Bruns, 1985, f i g .  25 and 26) were c o n s i s t e n t  with t h e  l a t t e r  hypothes i s  

but produced incons i s t enc i e s  i n  t h e  l o c a t i o n  of t h e  f a u l t .  The presen t  models 

( f i g .  4 ,  5, and 6 )  assume a f l a t - l y i n g  magnetic slab, 3-5 km i n  t h i cknes s ,  and 

a r e  designed both t o  support  t h e  ob l ique  subduct ion i d e a  and a l s o  t o  produce 

f a u l t  l o c a t i o n s  c o n s i s t e n t  with se i smic  r e f l e c t i o n  data .  Because of t h e  



ambiguity of p o t e n t i a l  f i e l d  i n t e r p r e t a t i o n ,  t h e  models support  but do not  

prove t h e  subduct ion hypothes i s  f o r  t h e  T r a n s i t i o n  f a u l t .  A s  shown on f i g u r e  

4 ,  t h e  h igh ly  magnetic s l a b  l i es  about 1.5-2.0 km below t h e  t o p  of t h e  

moderately magnetic Eocene b a s a l t  which, though not  modeled he re ,  must 

c o n t r i b u t e  t o  t h e  h igher  p a r t  of t h e  anomaly a s  shown by s h o r t  wavelength 

i r r e g u l a r i t i e s  i n  the observed da ta .  I t  is poss ib l e  t h a t  t h e  moderately 

magnetic Eocene b a s a l t  sampled i n  t h e  dredge hauls  grades downwards i n t o  t h e  

h igh ly  magnetic s l a b  i n f e r r e d  t o  be t h e  sou rce  of t h e  Slope anomaly. On 

figure 6, t h e  two major d i s c r epanc i e s  between observed and computed curves are 

caused by sha l low magnetic sources  i n  t h e  ove r ly ing  p l a t e .  

I n  o rde r  t o  ga in  a b e t t e r  understanding of t h e  changes i n  depth t o  t h e  

t o p  of t h e  magnetic s l a b ,  depth c a l c u l a t i o n s  were performed on ind iv idua l  

north-south magnetic p r o f i l e s  of t h e  Slope anomaly us ing  the methods of 

Vacquier and o t h e r s  (1 951 ) and P e t e r s  (1 949). The ca l cu l a t ed  depths are 

compiled on f i g u r e  7 and r ep re sen t  averages of r e s u l t s  from 2-7 ad jacent  

p r o f i l e s .  It appears  t h a t  t h e  r e l a t i v e  accuracy between t h e  depths  may be 

is$, but  the three e a s t e r n  depths (7.1, 7.7, and 8.7) a r e  c e r t a i n l y  about 2 km 

t o o  deep because t h e  assumptions of t h e  method a r e  no t  met, namely t h a t  t h e  

magnetic o b j e c t  should  have a f l a t  t o p  and s teep ly-d ipping  s i d e s .  The t h r e e  

western depths ,  judging from t h e  d i f f e r e n t  f o m  of t h e  anomaly curves ,  may be 

more n e a r l y  c o r r e c t ,  s o  perhaps t h e  t h i n  t a p e r i n g  1 i p  of t he  sou th  edge is 

he re  l o s i n g  its magnetic minerals  by a l t e r a t i o n ,  t hus  c r e a t i n g  a more s t eep ly -  

d ipp ing  s o u t h  f l a n k  f o r  t h e  magnetic slab.  I f  s o ,  then t h e  west pa r t  of t h e  

T r a n s i t i o n  f a u l t  lies about 10 ~III sou th  of t h e  l o c a t i o n  shown on f i g u r e  7. 

The depth r e s u l t s  are a l s o  d i sp layed  i n  c ros s - sec t ion  I-I' ( f i g .  7 and 8) 

which shows a  s i g n i f i c a n t  l o c a l  downwarp of t h e  Yakutat t e r r a n e  ( f i g .  8)  where 

i t  is subducted beneath t h e  Pr ince  William t e r r a n e  a t  t h e  Kayak zone. The 



downwarp or monocline probably s t r i k e s  N30°E  p a r a l l e l  t o  t h e  Kayak zone. The 

s e c t i o n  a l s o  shows t h a t  t h r e e  mutual ly  moving p l a t e s  a r e  superposed a t  t h e  

Pr ince  W i l l i a m  t e r r a n e  n o r t h  of t h e  T r a n s i t i o n  f a u l t  because t h e  P a c i f i c  p l a t e  

i n  t u r n  unde r l i e s  t h e  Yakutat t e r r a n e .  A similar i n t e r p r e t a t i o n  of t h e  p l a t e  

r e l a t i o n s h i p s  was deduced by Plaf ker (1 987, f i g .  3)  f rorn r eg iona l  geo logic  and 

geophysical da ta .  Note t h a t  space  cons ide ra t i ons  and t h e  l a c k  of s i g n i f i c a n t  

amounts of off-scraped sediments  nearby r e q u i r e  t h a t  each of t h e s e  p l a t e s  have 

a t  least 2 lon of sediments on t o p ,  t h u s  implying a t  l e a s t  two zones of 

v e l o c i t y  r e v e r s a l s  f o r  s e i smic  i n t e r p r e t a t i o n ,  Plaf'ker has pointed ou t  t o  us 

( o r a l  communication, 1990) t h a t  p re l iminary  i n t e r p r e t a t i o n  of a nor theas t -  

t r e n d i n g  se i smic  r e f r a c t i o n  l i n e  on Montague I s l a n d  ( f i g .  1 and 3) i n d i c a t e s  a  

low-velocity zone a t  depths  of about  12-1 6 Ian (John Tabor and Gary S. F u i s ,  

w r i t t e n  communication, 1987). This  r e s u l t  compares favorab ly  wi th  t h e  

sedimentary depos i t s  i n f e r r e d  a t  depths  of 12.5-1 4.5 km on t h e  west end of 

f i g u r e  8. 

Other major f e a t u r e s  i n t e r p r e t e d  from t h e  magnetic maps ( f i g .  1 ,  3, and 

7 )  are b r i e f l y  l i s t e d  below: 

1 .  The "a t t enua t ed  zonevt of Schwab and o t h e r s  (1980) is an a r e a  of subdued 

magnetic anomalies sou th  of t h e  exposed T r a n s i t i o n  f a u l t  ( f i g .  1 )  and 
I 

e a s t  of long. 143OW. Using f l i g h t  l i n e s  from U.S. Naval Oceanographic 

Of f i ce  (1 970) t h a t  were r e l o c a t e d  as descr ibed  above, t h e  marine 

magnetic s t r i p e s  appear t o  be p re sen t  and s t r i k i n g  north-south as 

expected t hus  suppor t ing  t h e  i d e a  of a t t e n u a t i o n .  The zone of subdued 

anomalies approximately c o r r e l a t e s  ( f i g .  1 )  w i t h  t h e  2.0 and 2.5 km 

isopachs ( ~ r u n s ,  1985, f i g .  1 6 ~ )  of sediments  over ly ing  t h e  oceanic  

b a s a l t ,  sugges t ing  t h a t  mild thermal  e f f e c t s  due t o  b u r i a l  may have 

p a r t l y  destroyed t h e  remanent magnet iza t ion .  



2. A newly-recognized transform f a u l t  i n  t h e  P a c i f i c  p l a t e  is i n t e r p r e t e d  

t o  t r e n d  east-west beneath Middleton I s l a n d  based on t e rmina t ions  of 

magnebic s t r i p e s  (fig. 1 and 7 ) .  This  f a u l t  l i e s  p a r a l l e l  t o  another  

t ransform f a u l t  l oca t ed  150 lon t o  t h e  south  ( f i g .  1 ) and is almost 

completely subducted. Its parallel a s s o c i a t i o n  w i th  t h e  Slope anomaly 

and T r a n s i t i o n  f a u l t  may be a coincidence though major ocean-f loor  

r e l i e f  a t  t h e  t ransform could be a f a c t o r  i n  its l o c a t i o n ,  i f  t h e  

T r a n s i t i o n  f a u l t  is p re sen t ly  locked.  
- 'C 

3. Three northwest- t rending r eg iona l  magnetic h ighs  (Pig.  3) wi th  

a s s o c i a t e d  lows on t h e i r  no r theas t  s i d e s  are observed on t h e  

c o n t i n e n t a l  she l f  no r theas t  of the Slope anomaly. These highs are 

i n t e r p r e t e d  t o  be caused by northwest- t rending a n t i f  ormal up1 i f  ts of 

t h e  same deep magnetic s l a b  t h a t  produces the Slope anomaly. 
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Figure 3. Magnetic map of the Slope anomaly with major t ec ton ic  features  
superposed and showing l o c a t i o n  o f  cross -sect ions;  based upon Schwab and 
others  ( 1980) and Brurls ( 1985) but with the Middleton Island area revf sed 
to accord with figure 2 and the area east of long .  141°W recontoured from 
U.S. Naval Oceanographic Office (1970)  as explained i n  the t e x t .  
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Figure 4 .  Magnetf c model for cross-section A-A + . Top of basalt i s  located frm Seismic reflection line 403. Magnetization (m) i n  a i  units (A/m).  
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Figure 8 .  Simplf f ied cross-section 1-1 ' showing calculated depths to magnetic 
rocks along crest  of magnetic high a t  Transition fault .  Short dashed 
l ines  are inferred upper contacts of basaltic rocks; "s" indicates 
Cenozoic sedimentary deposits. Actual depths for east  half  may be about 2 
km shallower ( s ee  t e x t )  . Near surf ace sedimentary deposits west of the 
Pamplona zone actually display structural r e l i e f  of several kilometers 
caused by folding and faulting.  


