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AEROMAGNETIC DATA AND INTERPRETAT1 ON 

The aeromagnetic map of t h e  Goodnews-Hagemeister I s l and  quadrangles 

reg ion  w a s  prepared i n  1971 and subsequently r e l ea sed  by t h e  S t a t e  of 

Alaska i n  a s e r i e s  of 4 open-f i le  maps (Alaska Div. Geology and Geophysics, 

1972a, 1973b, 1973c, 1973d) a t  a s c a l e  of 1:.250,000. These 4 maps have 

been assembled toge the r  f o r  t h i s  r epo r t .  The d a t a  were co l l ec t ed  along 

east-west  t r a v e r s e s  spaced a t  1.2-km i n t e r v a l s  and from an a l t i t u d e  of 

300 m above the  ground. Compilation was  o r i g i n a l l y  i n  t he  form of 30- 

by 15-minute quadrangles a t  a s c a l e  of 1: 63,360; t hese  quadrangles have 

been combined and reduced t o  form t h e  present  map. Contour i n t e r v a l  is  

10, 20, 100, o r  500 gammas, depending upon t h e  s teepness  of l o c a l  grad ien ts  

i n  t h e  Ea r th ' s  magnetic f i e l d .  A reg iona l  f i e l d  (updated IGRF, 1965) w a s  

removed by computer from t h e  d a t a  before  contouring and 5000 gammas added 

a r b i t r a r i l y  t o  a l l  values.  

The l o c a l  topographic r e l i e f  f o r  much of t h i s  a r ea  r a r e l y  exceeds 

1,000 m and i n  gene ra l  t he  fixed-wing a i r c r a f t  t h a t  performed the  survey 

probably maintained a reasonably cons tan t  a l t i t u d e  of 300 m above ground. 

I n  a reas  o f  s u b s t a n t i a l  r e l i e f  t he  a i r c r a f t  flew approximately 300 m above 

t h e  r idge c r e s t s  and 500 t o  1000 m above the  v a l l e y  f l o o r s .  Continuous 

recording a l t i m e t e r  d a t a  a r e  a v a i l a b l e  f o r  each t raverse .  Where an a rea  

of h igh  r e l i e f  is composed of magnetic rocks, a l o c a l  magnetic anomaly i s  

generated by t h e  topography. These magnetic anomalies caused by topography 

may be superimposed upon even l a r g e r  magnetic anomalies generated by t h e  

same magnetic rocks extending t o  unknown depths below the  sur face .  Thus 

wi th in  broad magnet ical ly  high areas  t h e r e  may be l o c a l  magnetic highs 



and lows over r idges  and va l leys  respec t ive ly .  The most extreme r e l i e f  

o f  3000 m i s  found i n  t h e  nor theas t  port ion of t he  map a r e a  where seve ra l  

broad magnetic highs show l o c a l  smal l - sca le  complexities i n  t h e  magnetic 

pa t t e rn .  These l o c a l  complexi t ies  i n  some cases  appear t o  c o r r e l a t e  

wi th  t h e  topography and the re fo re  a r e  considered t o  be topographic 

e f f e c t s  . 
The magnetic anomalies and pa t t e rns  on t h e  magnetic map a r e  caused 

by v a r i a t i o n s  i n  t h e  amount of magnetic minerals ,  commonly magnetite,  

i n  t h e  var ious  rock u n i t s  and a r e  t h e r e f o r e  c l o s e l y  r e l a t e d  t o  geologic 

f e a t u r e s .  Probably a t  l e a s t  95 percent  of t h e  magnetic anomalies i n  

t h i s  map a rea  a r e  caused by igneous rocks, p lu ton ic  and volcanic ,  o r  by 

se rpen t in i zed  u l t r a m a f i c  rocks. A s  discussed below, a  small  b u t  unce r t a in  

number of t h e  anomalies a r e  probably caused by t h e  contact-metamorphosed 

rocks i n  t h e  metamorphic aureoles  of  the plutons. 

The aeromagnetic i n t e r p r e t a t i o n  map (shee t  2)  was compiled by t h e  

fol lowing procedure: a  prel iminary i n t e r p r e t a t i o n  map was c o n s t n z  ted  

us ing  only t h e  magnetic map and not  r e f e r r i n g  t o  t h e  geologic  map, t hen  

the  i n t e r p r e t a t i o n  was compared wi th  t h e  geologic  map and r e f ined  by 

modi f ica t ion  of boundaries and by add i t i on  of a  few more anomaly boundaries 

and i n t e r p r e t e d  f a u l t s .  A t  t he se  magnetic l a t i t u d e s ,  boundaries between 

magnetic and r e l a t i v e l y  nonmagnetic rock u n i t s  a r e  i n  genera l  located on 

t h e  f l anks  of t h e  magnetic anomaly, approximately a t  t h e  s t e e p e s t  grad ien t .  

The aero-gnetic i n t e r p r e t a t i o n  map conta ins  many such i n t e r p r e t e d  boundaries 

drawn around c h a r a c t e r i s t i c  magnetic anomalies. I n  a d d i t i o n  a  few boundaries 

i n  t h e  southwest po r t ion  of t he  map a r e  drawn t o  s epa ra t e  r e l a t i v e l y  f l a t  

magnetic a reas  from r a t h e r  i r r e g u l a r  a reas .  Many of these  i n t e r p r e t e d  



boundaries correspond approximately t o  mapped geologic  con tac t s  shown 

on t h e  general ized geologic  map. Other boundaries may represent  rock 

u n i t s  t h a t  have not  ye t  been loca ted  by geologic  mapping. I n  add i t i on ,  

many of t h e  boundaries a r e  concealed by ex tens ive  Quaternary a l l u v i a l  

depos i t s ,  p a r t i c u l a r l y  i n  t h e  northwest and southeas t  por t ions  of  t h e  

map and a l s o  i n  t h e  broad r i v e r  va l l eys  of t h e  c e n t r a l  port ion.  These 

boundaries a r e  bel ieved t o  be exposed a t  t h e  top  su r f ace .o f  t h e  bedrock. 

A d i f f e r e n t  s o r t  of concealed boundary is shown by a s epa ra t e  map symbol 

on shee t  2 and i s  bel ieved t o  be i n  genera l  s i g n i f i c a n t l y  deeper than  

t h e  upper su r f ace  of the  bedrock, being loca ted  commonly a t  depths i n  

excess of 1 km below the  ground sur face .  Long l i n e a r  magnetic boundaries,  

which may t runca te  o the r  magnetic l ineaments,  a r e  i n t e r p r e t e d  a s  f a u l t s  
b 

and a r e  so  ind ica ted  on t h e  i n t e r p r e t a t i o n  map. Minor d iscrepancies  

between mapped geology a d  aeromagnetic i n t e r p r e t a t i o n  a r e  t o  be 

expected a t  t h i s  map s c a l e ;  they  may a r i s e  from e r r o r s  i n  a i r c r a f t  

l oca t ion  ( t h i s  survey was compiled i n  p a r t  on o lde r ,  l e s s  accura te ,  

maps), from t h e  semiquant i ta t ive  na ture  of t he  magnetic i n t e r p r e t a t i o n ,  

and from t h e  reconnaissance na tu re  of t h e  geologic  mapping. 

Certain magnetic lows on t h e  map a r e  i n t e r p r e t e d  t o  be t h e  r e s u l t  

of reverse  remanent magnet izat ion of  t h e  assoc ia ted  rock u n i t s  and a r e  

ind ica ted  by a c a p i t a l  l e t t e r  "R". These lows a r e  r e l a t i v e l y  i s o l a t e d  

and a r e  considered t o  be below t h e  l o c a l  background l e v e l  of t h e  magmtic  

f i e l d ,  which on t h i s  map i s  s e t  a r b i t r a r i l y  a t  5000 gammas. A s  d i s -  

cussed below, t hese  lows a r e  caused by volcanic ,  p lu tonic ,  and meta- 

morphic rocks i n  d i f f e r e n t  p a r t s  of the  map area.  Other magnetic lows, 

i n  p a r t i c u l a r  those on t h e  nor th ,  

3 



nor theas t ,  and northwest s ides  of t h e  major magnetic highs,  a r e  t h e  

r e s u l t  of edge e f f e c t s  and have nothing t o  do with reverse remanent 

magnetization. 

I n  t h e  fol lowing s e c t i o n s  t h e  magnetic expression of t he  various 

rock u n i t s  is discussed i n  sequence, s t a r t i n g  wi th  the  o ldes t .  

Ultramafic rocks ( J u r a s s i c )  

I n  general  s e rpen t in i zed  u l t r amaf i c  rocks a r e  assoc ia ted  wi th  c e r t a i n  

of the  la rge  amplitude magnetic anomalies t h a t  have s t eep  narrow magnetic 

grad ien ts .  The cause of such anomalies is  f o r  t h e  most p a r t  i d e n t i f i e d  

by comparison with t h e  geologic  map, and t h e  anomalies a r e  labe led  with 

t h e  l e t t e r  "U". A few small  occurrences of u l t r amaf i c  rocks near  the  

west border  of t h e  map l ack  aeromagnetic anomalies and a re  i n t e r p r e t e d  
s 

t o  be th in .  Most of t he  s e r p e n t i n i t e  masses appear t o  be nea r  f a u l t s .  

INTRUSIVE ROCKS 

Gabbroic rocks ( J u r a s s i c )  

High-amplitude magnetic anomalies occur over  most, bu t  not  a l l ,  of 

t h e  gabbro plutons i n  t h e  southwest po r t ion  of t h e  map and a r e  labe led  

"Gall . Three s i m i l a r  anomalies i n  t h i s  a r ea  have concealed sources and 

a r e  labe led  "Gat' with a  s u b s c r i p t  "C". One of t h e s e  concealed f ea tu re s  

i s  assoc ia ted  wi th  contact-metamorphosed country rocks t h a t  provide 

suppor t ing  evidence f o r  a  concealed pluton. A t  l e a s t  two gabbro bodies,  

4 t o  6 km i n  length do n o t  have any a s soc i a t ed  magnetic anomalies and 

a r e  t h e r e f o r e  minera logica l ly  d i f f e r e n t ,  lacking abundant magnetite.  



Assemblages of mafic and ultramaf i c  rocks ( Ju ra s s i c )  

I n  t h e  western ha l f  of t h e  map are  s eve ra l  a reas  where mafic and 

u l t ramaf ic  rocks a r e  found i n  c l o s e  a s soc i a t ion .  Large magnetic anomalies 

occur over t hese  rocks but  it i s  commonly not  poss ib le  t o  s epa ra t e  t h e  - 

magnetic expressions of t h e  d i f f e r e n t  rock types which may include m f i c  

volcanic  rocks a l so .  Such anomalies a r e  labe led  with the  symbol "MU". 

These 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 form major 

magnetic l ineaments up t o  60 km i n  length. Although mafic and u l t r amaf i c  

rocks have not  been mapped along t h e  e n t i r e  length of the l i n e a r  magnetic 

f ea tu re s ,  t h e i r  con t inu i ty  suggests  t h e  same cause f o r  t he  e n t i r e  anomaly. 

The l i n e a r  form supports  t he  geologic  inference  t h a t  these  rock assemblages 

may be o p h i o l i t e s ,  a s soc i a t ions  of mafic and u l t ramaf ic  rocks t h a t  u sua l ly  

occur i n  b e l t s .  Poss ib ly  o t h e r  magnetic lineaments shown on the  i n t e r -  

p r e t i v e  map i n  t h i s  a r e a  a r e  caused by these  same rock types but  t h e  

f e a t u r e s  a r e  not  s o  labe led  because the re  is no supporting geologic 

evidence. 

Gran i t i c  rocks (Te r t i a ry  and Cretaceous) 

Many prominent subc i r cu la r  magnetic anomalies a r e  caused by s tocks  

of g r a n i t i c  rocks. A s i g n i f i c a n t  c h a r a c t e r i s t i c  of these  anomalies is 

t h e  s u b s t a n t i a l  width of t h e  magnetic grad ien ts  on t h e  anomaly f lanks .  

These widths commonly exceed 3 km and, where wide, suggest outward-dipping 

con tac t s  f o r  t h e  i n t r u s i v e  rocks. Most of t h e  known plutons have asso- 

c i a t e d  magnetic anomalies wi th  t h e  except ion of a  few, u sua l ly  small ,  

bodies along t h e  e a s t  border of t h e  map. Concealed g r a n i t e  and gabbro 



plutons have s i m i l a r  anomalies and a r e  a r b i t r a r i l y  d is t inguished  by 

a s soc i a t ion  wi th  outcropping ad jacent  p lu tons .  

Some of t he  plutons ev iden t ly  possess i n t ense  reversed remanent 

magnetizations because of t h e i r  a s s o c i a t i o n  with reversed magnetic anoma- 

l i e s  ( labe led  "R"). Other subc i r cu la r  reversed anomalies on t h i s  map a r e  

probably caused by s i m i l a r  plutons with reverse  remanent magnet izat ion,  

t h e  rocks e i t h e r  being concealed o r  not  y e t  mapped. 

The two l a r g e s t  nor thern  plutons and one i n  t h e  southeas t  corner  

have more complex magnetic pa t t e rns  which inc lude  reversed magnetic 

anomalies ("R") as we l l  a s  normal highs (G)  . Some of t h e  reversed 

anomalies appear t o  border  a c e n t r a l  high and t o  be loca ted  f o r  t h e  

most p a r t  over contact-metamrphosed country rocks. Elsewhere, d e t a i l e d  

s t u d i e s  i n  the  Talkeetna Quadrangle, Alaska (Griscom, unpublished d a t a ) ,  

have demonstrated the  presence o f  reversed remanent magnetization i n  

contact-metamorphosed sedimentary rocks. Perhaps t h e  same explanat ion 

i s  t r u e  f o r  t h e  contact-metamorphosed rocks i n  t h e  Goodnews-Hagemeister 

a r ea  bu t  it i s  a l s o  poss ib l e  t h a t  r eve r se ly  magnetized g ran i t e  under l ies  

these  country rocks a t  shallow depth. 

Four prominent subc i r cu la r  h ighs  i n  t h e  nor th  c e n t r a l  por t ion  of t h e  

map have no known assoc ia ted  g r a n i t i c  rocks and a r e  i n t e r p r e t e d  t o  be 

caused by concealed plutons ( l abe l ed  "GC1'). The widths of s t e e p e s t  anomaly 

gradien ts  suggest approximate b u r i a l  depths of 1 km o r  l e s s  below t h e  

su r f ace  (Vacquier and o the r s ,  1951). One unusual subc i r cu la r  magnetic 

low ( labe led  "Re") i n  t h e  nor th  c e n t e r  of  t h e  map is  approximately 6 k m  

wide and has a source depth of 2-3 km. It is probably caused by a g r a n i t i c  

pluton wi th  reversed remanent magnetization. I n  t h e  southeas t  corner  of 



t h e  map a  poss ib l e  g r a n i t i c  pluton ( i abe l ed  "GC1') i s  concealed beneath 

the  Quaternary depos i t s  of t h e  Nushagak Peninsula .  

Narogarum Complex ( T e r t i a r y  

This i n t rus ive -ex t rus ive  complex c o n s i s t s  of an a rea  of d ikes ,  s i l l s ,  

and volcanic  rocks about 8 'km i n  diameter i n  t h e  approximate c e n t e r  of t h e  

map. An i r r e g u l a r l y  pa t te rned  a rea  ( l abe l ed  "VV") of small  magnetic highs 

and lows has been ou t l i ned  on the  map. This  p a t t e r n  is  t y p i c a l  f o r  weakly 

magnetic vo lcan ic  rocks. 

F e l s i c  i n t r u s i v e  rocks (Te r t i a ry )  

The f e l s i c  i n t r u s i v e  rocks i n  t h e  south c e n t e r  of t h e  map a r e  s o  

weakly magnetic t h a t  they do not  appear t o  cause any mangetic anomalies. 



VOLCANIC, SEDIMENTARY, AND METAMORPHIC ROCKS 

Precambrian rocks 

The no r theas t  h a l f  of t h e  b e l t  of Precambrian c r y s t a l l i n e  rocks is 

assoc ia ted  f o r  t h e  most p a r t  wi th  a r e l a t i v e l y  smooth magnetic f i e l d .  

The smoothness impl ies  t ta t  t h e  rocks a r e  nea r ly  non-magnetic and t h a t  

they  may be very th in .  The geologic  map ind ica t e s  these  rocks t o  be 

t h i n  t h r u s t  s l i c e s  conta in ing  windows which expose Cretaceous sed i -  

mentary rocks. The magnetic f i e l d  over  t he  southwestern ha l f  of t he  

Precambrian b e l t  is composed of var ious  l i n e a r  magnetic highs and lows, 

i n d i c a t i n g  t h e  presence of magnetic rock u n i t s .  The l i n e a r  magnetic 

anomalies a r e  gene ra l ly  of r a t h e r  low amplitude and have r e l a t i v e l y  

narrow gradien ts  on t h e  f lanks ;  both of t hese  c h a r a c t e r i s t i c s  suggest  

t h e  p o s s i b i l i t y  t h a t  t h e  Precambrian rocks of t h i s  h a l f  t oo  may be a 

t h i n  t h r u s t  s l i c e  poss ib ly  ly ing  upon noc-magnetic Cretaceous sed i -  

mentary rocks. The northwest border  of t h i s  sane h a l f  o f  t h e  Precambrian 

b e l t  meets t he  smooth magnetic a r e a  of t h e  concealed, presumably Cretaceous 

( see  s e c t i o n  below) rocks with so  l i t t l e  d i s turbance  of  t h e  magnetic f i e l d  

t h a t  i t  seems u n l i k e l y  t h e  Precambrian rocks a t  t h i s  l o c a t i o n  have s i g -  

n i f i c a n t  th ickness .  Furthermore, a t  t h e  southeas t  con tac t  of t h i s  

Precambrian u n i t  t h e r e  is one 15-km b e l t  of magnetic anomalies ( labe led  

both "MU" and "U") t h a t  appears t o  possess a wide magnetic g rad ien t  

extending more than  3 km t o  t h e  northwest o f  t h i s  contact .  It is  i n t e r -  

p re ted  t h a t  these  northwest extensions of t h e  magnetic anomalies imply 

t h e  presence of t he  causa t ive  magnetic rocks beneath t h e  Precambrian 



rocks and the re fo re  t h a t  t h e  contac t  i s  here  probably a t h r u s t  f a u l t  

dipping t o  t h e  northwest. However, 25 km nor theas t  along t h i s  c o n t a c t ,  

t h e  abrupt northwest border  of a l i n e a r  magnetic high suggests  a normal 

f a u l t ,  so  t h e  contac t  s t r u c t u r e  i n  d e t a i l  i s  complex. I n  conclusion 

t h e  magnetic d a t a  a r e  taken t o  i nd ica t e  t h a t  a l l  of t he  Precambrian 

rocks are  probably t h i n  t h r u s t  s l i c e s  completely detached from any 

source. 

The no r theas t  ha l f  of t h e  Precambrian b e l t  i s  assoc ia ted  wi th  a 

broad l i n e a r  magnetic high ( labe led  Cl), t he  source of which cannot be 

t h e  Precambrian rocks because t h e  anomaly extends across  Cretaceous 

rocks a s  wel l .  The source of t h e  anomaly is  concealed a t  depths of 

1-2 km below the  sur face ,  judging by the  ho r i zon ta l  ex t en t  of t h e  

s t eepes t  g rad ien t s  (Vacquier, and o the r s ,  1950 on t h e  northwest s ide .  

Approximately LO km nor th  of the  no r th  edge of t he  map on s t r i k e  wi th  

t h e  magnetic high a r e  a s e r i e s  of aeromagnetic p r o f i l e s  (nos. 5A, 6 ,  7,  

and 8) which c ross  t he  magnetic high (Dempsey, Meuschke, and Andreasen, 

1957). These p r o f i l e s  show t h a t  t h e  concealed causa t ive  rocks of t h e  

anomaly become progressively shal lower t o  t h e  no r theas t  and u l t i m a t e l y  

crop out a t  l i n e s  7 and 8 a s  a r e s t r i c t e d  a rea  (25 by 10 km) of magnetic 

s c h i s t  and metachert i n fe r r ed  t o  be Ordovician(?)  t o  Devonian(?) i n  

age (Hoare, and Coonrad, 1959) and l o c a l l y  conta in ing  masses of serpen-  

t i n e .  The Cretaceous Kuskokwim Group (see  below) over1 i e s  t h i s  u n i t  

unconformably on the  southeas t  s i d e .  

Mesozoic and Paleozoic rocks undivided 

Linear  magnetic anomalies i n t e r spe r sed  wi th  magnet ical ly  f l a t  a r eas  

cha rac t e r i ze  t h i s  undivided rock u n i t ,  which is loca ted  i n  t h e  west h a l f  



of the  map area and appears general ly t o  contain a l a rge r  percentage of 

magnetic rocks t o  the  west. Volcanic rock u n i t s ,  p a r t i c u l a r l y  massive 

flows and pi l low b a s a l t s ,  may be the  cause of some l i n e a r  magnetic highs 

but  the re  are  d i f f i c u l t i e s  i n  c o r r e l a t i o n  of anomalies with geology. I n  

the  a r e a  northwest of the  Goodnews f a u l t  l e s s  than lm of the  known 

outcrops of volcanic rocks have associated magnetic anomalies. Correl- 

a t i o n  i s  somewhat b e t t e r  southeast  of the  Goodnews f a u l t  but  even here 

l e s s  than 50% of the  known outcrops of volcanic rocks have associated 

magnetic anomalies. Evidently the  cause of the  l i n e a r  magnetic highs 

i s  not known with ce r t a in ty .  Unexplained equidimensional magnetic h a s  

may well  be caused by in t rus ions  while l i n e a r  high-amplitude anomalies 

may be caused a t  l e a s t  i n  p a r t  by serpentinized ul tramafic rocks, 

e spec ia l ly  those p a r a l l e l  t o  the  in te rp re ted  t h r u s t  southeast  of the  

Goodnews f a u l t .  

Volcanic and sedimentary rocks ( Ju rass ic )  

On the  west ha l f  of Hagemeister I s land,  mafic flows of lower J u r a s s i c  

age cause d i s t i n c t  magnetic highs t h a t  cannot be c l e a r l y  d i f fe ren t i a t ed  

from the  highs over the  associa ted  g r a n i t i c  pluton. 

The southwest end of a l a rge  b e l t  of interbedded Ju rass ic  volcanic 

and sedimentary rocks is exposed i n  the  extreme northwest port ion of the  

map area  where no magnetic da ta  are avai lable .  However, magnetic p r o f i l e s  

across these rocks where exposed i n  the  Bethel quadrangle, 25 km f a r t h e r  

north (Dempsey, Meuschke, and Andreasen, 1957; Hoare and Coonrad, 1959) 

ind ica te  many magnetic anomalies, 200-400 y i n  amplitude, measured 



approximately 300 m above t h e  ground. Extrapolat ion of t h i s  geology 

along s t r i k e  t o  t h e  southwest i n t o  the  Goodnews quadrangle suggests  

t h a t  the  l a rge  a r e a  of i r r e g u l a r  magnetic anomalies ( labe led  Vc) i n  

t h e  extreme northwest corner  is  probably caused by t h i s  u n i t .  I n t e r p r e -  

t a t i o n  of t hese  concealed magnetic rocks is  complicated by t h e  f a c t  t h a t  

magnetic T e r t i a r y  volcanic  rocks ( see  below) a r e  probably ly ing  upon t h e  

eroded su r f ace  of t h i s  J u r a s s i c  u n i t  and a r e  probably causing the  

reversed anomalies (VRc) i n  t h i s  area.  These reversed anomalies l o c a l l y  

conceal t h e  magnetic expression of t h e  deeper rocks. The form of t h e  

southeas t  boundary of t h e  concealed magnetic J u r a s s i c  rocks provides 

add i t i ona l  u s e f u l  information because a  wide magnetic g rad ien t  extends 

down t o  t h e  southeas t  from the  in t e rp re t ed  boundary. This wide g rad ien t  

i nd ica t e s  t h a t  t he  boundary d ips  southeast  t o  g rea t  depth and t h a t  t h e  

magnetic source rocks a r e  t r u l y  basement and n d  merely a  veneer of 

T e r t i a r y  volcanic  rocks. The i r r e g u l a r  non-linear magnetic p a t t e r n  

a s soc i a t ed  wi th  these  J u r a s s i c  volcanic  and sedimentary rocks i s  u n l i k e  

any o t h e r  p a t t e r n  on t h i s  mab and suggests  a  d i f f e r e n t  t e r r ane .  

Kulakak Graywacke ( J u r a s s i c )  

This 'sedimentary u n i t  is assoc ia ted  with a reas  of r e l a t i v e l y  smooth 

magnetic f i e l d ,  p a r t i c u l a r l y  i n  t h e  southeas t  corner  of t he  map area .  

The u n i t  must be near ly  non-magnetic and presumably conta ins  almost no 

massive volcanic  rocks. 

Volcanic and sedimentary rocks (Cretaceous t o  J u r a s s i c )  

The rock u n i t  covers almost ha l f  t he  geologic  map and is cha rac t e r -  

ized  by numerous l i n e a r  magnetic h ighs ,  some of which a r e  up t o  40 km 



long and a r e  e s p e c i a l l y  abundant i n  the  south c e n t e r  of t h e  map near 

t h e  Hagemeister and the  Togiak-Tikchik f a u l t s .  A t  l e a s t  one exposure 

of u l t ramaf ic  rocks i s  known, and massive layers  of s t e e p l y  dipping 

volcanic  rocks a r e  d i s t r i b u t e d  i r r e g u l a r l y  through t h e  u n i t .  A 

c o r r e l a t i o n  problem e x i s t s  he re  s i m i l a r  t o  t h a t  of t h e  u n i t  termed 

"Mesozoic and Paleozoic rocks undivided" because l e s s  than  50% of  the  

known volcanic  rock occurrences c o r r e l a t e  wi th  a r eas  of magnetic highs.  

I n  p a r t i c u l a r ,  none of t h e  l i n e a r  anomalies near  t h e  Hagemeister and 

t h e  Togiak-Tikchik f a u l t s  can a t  p resent  be shown t o  be caused by 

volcanic  rocks although i t  seems l i k e l y  t h a t  t hese  rocks a r e  indeed 

t h e  cause. Perhaps t h e  very low grade regicn a 1  metamorphism of t he  

b a s a l t s  destroys t h e  magnetite and thus is  respons ib le  f o r  t h e i r  common 

lack  of magnetic expression. However, t h e  c o r r e l a t i o n  problem is  not 

understood. 

The regular  l i n e a r  magnetic pa t t e rns  near  t h e  Hagemeister and 

Togiak-Tikchik f a u l t s  a r e  very d i f f e r e n t  from the  i r r e g u l a r  swir led  

magnetic pa t t e rns  found over  t h i s  rock u n i t  f a r t h e r  t o  t he  southwest. 

The two a reas  must be very d i f f e r e n t  both i n  t e c t o n i c  s t y l e  and a l s o  

i n  l i thology. .  The geologic  map ind ica t e s  a s i g n i f i c a n t  concentrat icn 

of gabbro and u l t ramaf ic  rocks i n  t h e  a r ea  t o  t h e  southwest whereas 

such rocks a r e  s ca rce  near  t h e  p a i r  of f a u l t s .  

Cretaceous sedimentary rocks. 

The u n i t  termed " t u f f s  and sedimentary rocks" (Kts) i n  t he  no r th  

c e n t e r  of  t he  map i s  nea r ly  non-magnetic except f o r  a few l i n e a r  magnetic 



highs near  t he  southeas t  margin where i n  contac t  with volcanic  and 

sedimentary rock of Cretaceous t o  J u r a s s i c  age. The impl ica t ion  i s  

t h a t  a few massive flows a r e  present  i n  the  lower po r t ion  of t h i s  u n i t  

bu t  t h a t  t hey  a r e  absent  h ighe r  up s t r a t i g r a p h i c a l l y .  The remaining 

Cretaceous sedimentary u n i t s  appear t o  have no assoc ia ted  magnetic 

anomalies. 

The rocks of t h e  Kuskokwim Group possess t h e  smoothest magnetic 

expression i n  any p a r t  of t h e  magnetic map. This u n i t  i s  exposed a t  

t h e  nor th  border  of  the  map and forms a major b e l t ,  about 12 km wide, 

which extends toward t h e  southwest along t h e  northwest s i d e  of  t he  

Precambrian rocks and then  disappears  beneath t h e  Quaternary cover i n  

a p lace  where t h e  b e l t  i s  a s soc i a t ed  with a broad smooth magnetic low. 

This magnetic low extends f a r t h e r  t o  t he  southwest and u l t ima te ly  c ros ses  

t h e  e n t i r e  northwest co rne r  of t h e  aeromagnetic map. Accordingly t h e  

low is  i n t e r p r e t e d  t o  r ep re sen t  t h e  southwest cont inua t ion  of t h e  b e l t  

of Kuskokwim Group rocks which the re fo re  extends completely across  t h e  

northwest co rne r  of the  map. The Kuskokwim Group a l s o  under l ies  much 

of t h e  a r e a  of Precambrian rocks,  which a r e  bel ieved t o  form a t h i n  

t h r u s t  s l i c e .  

Volcanic rock (Te r t i a ry )  

I n  t h e  south por t ion  of t h e  map, T e r t i a r y  volcanic  rocks cause a 

few small magnetic anomalies on t h e  mainland, where t h e  rocks a r e  f l a t -  

ly ing  and r e l a t i v e l y  t h i r .  On t h e  e a s t  s i d e  of Hagemeister I s l and  t h e  

T e r t i a r y  volcanic  rocks d i p  s t e e p l y  e a s t  and the re fo re  cause elongate  

l i n e a r  magnetic highs and lows. 



A t  the  northwest corner of the  map magnetic highs a re  observed 

over Ter t i a ry  volcanic rocks. The alluvium-covered area fu r the r  t o  

the  west contains major magnetic lows ( labeled "VRc") r e su l t ing  from 

rocks with reverse remanent magnetization. Such pat terns  a r e  almost 

invar iably  caused by f l a t - l y i n g  volcanic rocks and a re  here in terpre ted  

t o  be caused by T e r t i a r y  volcanic rocks. The adjacent  i r r e g u l a r l y  

pat terned area  labeled "Vc" may a l s o  contain some magnetic anomalies 

caused by T e r t i a r y  volcanic rocks b u t  a s  explained above much of the  

pa t t e rn  is thought t o  be caused by the  volcanic and sedimentary rocks 

of  J u r a s s i c  age. 

Togiak Basalt (Quaternary) 

These b a s a l t s  a r e  located between o r  adjacent t o  the Hagemeister 

and Togiak-Tikchik f a u l t s .  The associa ted  magnetic anomalies tend t o  

be more i r r e g u l a r  i n  shape than the  l i n e a r  highs caused by the  adjacent 

Mesozoic volcanic rocks, probably because t h e  b a s a l t s  a re  f l a t - ly ing  . 
The l a rge  l i n e a r  anomaly a t  the  shore between the  two f a u l t s  may be i n  

p a r t  cuased by concealed Mesozoic volcanic rocks, o r ,  a l t e r n a t i v e l y ,  may 

be the  r e s u l t  of flow ponding of the  Togiak Basalt i n  a l i n e a r  former 

val ley.  The rocks a r e  very t h i n  along the  seacoast 10 km f a r t h e r  south, 

thus explaining t h e  very low amplitude (910-20 gammas) of the  associated 

anomalies. 



FAULTS 

Numerous f a u l t s  a r e  shown on t h e  i n t e r p r e t a t i o n  map. The normal 

f a u l t s  a r e  i d e n t i f i e d  e i t h e r  a s  l i m a r  boundaries of magnetic anomalies 

( f a u l t s  gene ra l ly  p a r a l l e l  t o  s t r u c t u r a l  t r ends )  and d i s t i n c t i v e l y  

pa t te rned  a r e a s  o r  as l i n e a r  f ea tu re s  t h a t  te rmina te  two o r  more l i n e a r  

magnetic anomalies (c ross  f a u l t s ) .  A few f a u l t s  a r e  i n t e r p r e t e d  t o  be 

t h r u s t  f a u l t s .  These t h r u s t s  a r e  loca ted  on t h e  northwest f lanks  of 

l i n e a r  magnetic anomalies t h a t  appear t o  be caused by t a b u l a r  masses 

of magnetic rocks dipping southeas t  a t  r e l a t i v e l y  small  angles.  I n t e r -  

p r e t a t i o n  of t h r u s t s  has been conserva t ive  and has attempted t o  avoid 

gent ly  dipping volcanic  rocks i n t e r s t r a t i f i e d  with sedimentary rocks. 

An i n t e r p r e t a t i o n  of t he  Precambrian rocks a s  a  roo t l e s s  t h r u s t  p l a t e  

i s  descr ibed i n  t he  s e c t i o n  on t h a t  rock u n i t .  Many of t h e  i n t e r p r e t e d  

f a u l t s  correspond with f a u l t s  shown on t h e  geologic  map and many o t h e r s  

have no mapped geologic counterpar t .  I n  a d d i t i o n  t h e  aeromagnetic map 

serves  t o  confirm c e r t a i n  f a u l t s  deduced from t h e  geology. For  example, 

t h e  Togiak-Tikchik Faul t  is c l e a r l y  expressed i n  t h e  south  ha l f  of t h e  

aeromagnetic map and is  shown on t h e  i n t e r p r e t i v e  map; conversely,  

although t h e  northern por t ion  of t h e  f a u l t  i s  not  shown on t h e  i n t e r -  

p r e t i v e  map, comparison between t h e  aeromagnetic map and the  geologic  

map ind ica t e s  t h a t  t h e  f a u l t  s epa ra t e s  a r eas  of d i f f e r i n g  magnetic 

p a t t e r n  and i s  thus  supported by the  aeromagnetic da ta .  

The Togiak-Tikchik and Hagemeister F a u l t s  a r e  p a r t  of a more complex 

f a u l t  system, 10-20 km wide, concealed beneath alluvium i n  t h e  southern  

ha l f  of t h e  map but  well-exposed on t h e  aeromagnetic da ta .  The f a u l t s  



appear t o  pass through an area  of l i n e a r  magnetic anomalies caused by 

volcanic rocks from the  geologic map u n i t  t i t l e d  volcanic and sedimentary 

rock of Lower Cretaceous t o  Middle J u r a s s i c  age. These l i n e a r  anomalies 

extend 10-20 km beyond t h e  f a u l t s  on each s i d e  and thus o f f e r  a  crude 

est imate of possible s t r i k e - s l i p  motion on t h i s  major f a u l t  system. 

On the  e a s t  s i d e  of the  system the  north border of l i n e a r  anomalies is 

a t  approximately l a t .  59 '21 '~ ;  on the  west s i d e  the  north border i s  more 

d i f f i c u l t  t o  determine but i s  probably no f u r t h e r  north than l a t  59'30'N. 

The implicat ion is  t h a t  a t  most t h e r e  is 13 km of r i g h t - l a t e r a l  d i s -  

placement on the  f a u l t  system. 

The aeromagnetic d a t a  r a i s e  quest ions concerning c e r t a i n  f a u l t s  

shown on t h e  g e o l ~ g i c  map. The Goodnews Fault  i s  expressed c l e a r l y  i n  

t h e  aeromagnetic pa t t e rn  on the  w e s t  s i d e  of the  map but  i n  the  c e n t r a l  

a rea  t h e  f a u l t  appears t o  c u t  across the  center  of a  l i n e a r  magnetic 

anomaly about 10 km long. The problem is rrot resolved, because the re  

a r e  no known in t rus ions  younger than the  f a u l t .  Similar  magnetic 

problems a re  caused by t h e  Buchia Ridge Fau l t ,  t he  northeast  extension 

of which t r ansec t s  two l i n e a r  magnetic highs trending north-south. 



MINERAL DEPOSITS 

The aeromagnetic map ampl i f ies  and extends c e r t a i n  information on 

t h e  geologic  map and thus o u t l i n e s  a d d i t i o n a l  a reas  of poss ib le  mineral- 

i za t ion .  The var ious  concealed plutons may be loca t ions  f o r  mineral- 

i z a t i o n  al though t h e  exposed magnetic plutons a r e  i n  general  not  known 

t o  conta in  mineral  depos i t s .  Two magnetic anomalies bel ieved t o  be 

caused by g r a n i t i c  p lu tons  a r e  assoc ia ted  wi th  c e r t a i n  geochemical anoma- 

l i e s  (Hessin and o the r s ,  1978a,$,c ,d,e) .  The magnetic high i n  t h e  south- 

west q u a r t e r  of T.9S, R.65W d i sp l ays  geochemical anomalies i n  z inc ,  l ead ,  

copper,  a r sen ic ,  molybdenum, and tungsten.  The sharp  magnetic low of 

l a t  5g030'N, 10 km west of t h e  e a s t  border  of t he  map, i s  assoc ia ted  

wi th  geochemical anomalies o f  a r sen ic  and molybdenum. 

The u l t r a m a f i c  rocks i n t e r p r e t e d  from t h e  aeromagnetic d a t a  should 

be considered a s  poss ib l e  sources f o r  chromium, n i cke l ,  o r  platinum, 

while the  b e l t s  of maf i c ' and .u l t r amaf i c  rocks (MU) may i n  addi t ion  be 

t h e  l o c a t i o n  of copper depos i t s .  




