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INTRODUCTION 

A 1: 250,000-scale t o t a l - i n t e n s i t y  magnetic anomaly map (sheet  1) of t h e  

Ambler R i ve r  quadrangle was compiled f rom reg iona l  aeromagnetic surveys flown 

i n  1974 and 1975 on con t rac t  f o r  t h e  Sta te  o f  Alaska Department of Natura l  

Resources (DNR). The magnetic data were released by the Alaska D i v i s i o n  of 

Geological  and Geophysical Surveys (ADGGS) i n  1:63,360-scale aeromagnetic maps 

du r i ng  1975 (western h a l f )  and 1976 (eastern h a l f ) .  

The a i rborne  surveys were flown a t  300 m (1,000 f t )  above ground l e v e l  

(AGL) along nor th-south f l i g h t  paths spaced about 1.6 km (1.0 mi)  apar t  i n  t he  

west and 1.2 km (0.75 m i )  apar t  i n  t h e  east. F l i g h t l i n e  nav iga t i on  and 

p o s i t  ion, which were c o n t r o l  1 ed by p r e l i m i n a r y  1:63,360 topographic  mapping, 

may conta in  some e r r o r s  t h a t  a f fect  t h e  magnetic anomalies. A l t i m e t r y  data 

were cont inuous ly  recorded f o r  each f l i g h t  path. A reg iona l  magnetic t r end  o f  

3.45 gamnas/mi l e  n o r t h  and 2.25 gamnas/mi l e  east  ( a  negat ive southwestward 

g rad ien t  o f  about 4 gamnas/mile) was removed by us ing  the  1965 I n t e r n a t i o n a l  

Geomagnetic Reference F i e l d  updated t o  t h e  t ime o f  t h e  1974 and 1975 

aeromagnetic surveys. The magnetic data were processed and contoured on 

1:63,360-scale maps and subsequently compiled (Hackett ,  1977) t o  form t h e  

1:250,000-scale aeromagnetic map. Contour i n t e r v a l s  and l a b e l s  are a t  10, 50, 

and 100 gammas. 

To o b t a i n  a constant mean t e r r a i n  clearance the  aeromagnetic survey was 

f lown by a "drape f l y i n g "  technique, i . e . ,  a t  a nominal 300 m above the ground 

surface. This  procedure minimizes the  loss  o f  r e s o l u t i o n  and a t tenuat ion  o f  

anomalies t h a t  might  have occurred w i t h  an increased f l y i n g  he igh t  a t  a 

constant  barometr ic  a l t i t u d e ,  i .e., a constant  he igh t  above sea l e v e l  r a t h e r  

than a comnon he igh t  above ground l e v e l .  Rugged topography and marginal 



of the magnetic masses, and poss ib l y  reverse remanent magnetism can cause, o r  

i n  p a r t  accentuate, t h e  magnetic lows i n  some regions. 

The major geologic  fea tures  i n  the Ambler R iver  quadrangle genera l l y  

c o r r e l a t e  w i t h  the  magnetic trends a t  a 1:250,000 scale, even though some 

discrepencies are ev ident  between the r e g i o n a l l y  mapped surface geology and 

t h e  1:63,360-scale (ADDGS, 1974, 1975) aeromagnetic data. The geologic  

mapping w i t h i n  areas of the quadrangle i s  probably not  d e t a i l e d  enough t o  

exp la in  some o f  t he  sub t l e  and c o r r e l a t a b l e  t rends i nd i ca ted  on the  magnetic 

l ineament and anomaly t rend map (sheet 2) .  However, the aeromagnetic data 

probably de f i ne  some o f  t h e  bedrock geology a t  depth. They may a lso  i d e n t i f y  

unmapped s t r u c t u r a l  fea tures  and should a i d  i n  t e s t i n g  suspected geologic  

trends. 

Sheet 3, the geo log ica l  i n t e r p r e t a t i o n  map o f  the aeromagnetic data, 

shows the  major magne t i c - l i t ho log i c  u n i t s  and t h e i r  boundaries. The 

boundaries were i d e n t i f i e d  and i n teg ra ted  from a s p e c t r a l l y  co lored copy o f  

t he  aeromagnetic map (sheet 1) and from the  1 i neament and anomaly t rend  map 

(sheet 2) .  The u n i t s  were c ross-cor re la ted  w i t h  general ized geologic  maps 

(BrosgC and Pessel, 1977; Mayf ie ld and Ta i  1 leur ,  1978), d e t a i l e d  geologic  maps 

( F r i t t s ,  1969, unpub. data; Pessel and others, 1973) and observat ions by the  

author dur ing t h e  1975, 1976, 1977 f i e l d  seasons. I d e n t i f i c a t i o n  of major 

types o f  geologic  t rends has been attempted by us ing  the r e l a t i v e  magneti te 

content of t h e  l i t h o l o g i c  u n i t s  and the character  i s t i c  magnetic anomaly 

pa t te rns  and amplitudes of 1:63,360-scale aeromagnetic maps. R e l a t i v e  

magnetizat ions and imp l ied  l i t h o l o g y  of t h e  magnetic anomalies are assigned t o  

prominent areas. Some la rge  asyrrnnetric magnetic lows are thought t o  be caused 

by na tura l  reversed remanent magnetism ( i n d i c a t e d  by the  l e t t e r  "R"). Other 

negat ive  anomalies adjacent t o  p o s i t i v e  anomalies are probably caused by 





Roeder and Mul l ,  1978). Th i s  r e g i o n a l l y  i d e n t i f i e d  geo log ic  and geophysical  

f e a t u r e  i s  i n t e r p r e t e d  t o  represen t  a major  boundary between oceanic and 

c o n t i n e n t a l  c r u s t  t h a t  was juxtaposed p o s s i b l y  i n  La te  Ju rass i c  and E a r l y  

Cretaceous t ime du r i ng  t h e  Brooks Range orogeny. S t r u c t u r a l  m i x i n g  o f  rocks  

f r om b o t h  sources has p robab ly  occurred over a wide area assoc ia ted w i t h  t h i s  

g e o l o g i c a l l y  and geophys ica l  l y  o u t l i n e d  boundary. Th i s  major  magnet ic f ea tu re  

suggests a sou th -d ipp i  ng boundary t ha t ,  a1 though l o c a l l y  broken, extends many 

k i l o m e t e r s  b o t h  w i t h i n  and eas t  of t h e  Ambler R i v e r  quadrangle a long t h e  

southern marg in  of t he  Brooks Range (Hackett ,  1977, 1980 i n  press) .  

Jade Mountai ns-Cosmos H i  11 s-Angayuchum Mountains 

W i t h i n  the  Jade Mountains-Cosmos H i  11 s-Angayuchum Mountains t e r r a n e  ( f i g .  

I ) ,  t h e  magnet ic s i gna tu re  i s  cha rac te r i zed  by sharp, h igh-ampl i tude anomalies 

t h a t  are r e l a t e d  t o  exposures and subcrops o f  m a f i c  and u l t r a m a f i c  igneous 

rocks. Large, high-amp1 i t u d e  anomalies r e f l e c t  t h e  exposed s e r p e n t i n i  t e  

bodies,  and ad jacent  magnet ic p a t t e r n s  i n d i c a t e  a d d i t i o n a l  u l  t r a m a f i c  bodies 

beneath t h e  a1 luviurn o r  Cretaceous sedimentary rocks. Some moderate and broad 

magnet ic lows are assoc ia ted w i t h  the  p h y l l  i tes ,  carbonates, and r e 1  ated rocks  

i n  t h e  area. I n  t h e  Jade Mountains, anomaly p a t t e r n s  suggest south- 

southwestward-dipping, layered  s labs  o f  vo l can i c  and u l t r a m a f i c  rocks.  The 

l a r g e  asymnetr ic nega t i ve  anomalies assoc ia ted  w i t h  t h e  maf i c  and u l  t r a m a f i c  

r ocks  i n d i c a t e  t h a t  reversed remanent magnet i za t ion  m igh t  be p resen t  i n  

a d d i t i o n  t o  normal p o l a r i z a t i o n  e f f e c t s  o f  these southward-dipping magnet ic 

bodies.  Because magnet ic p r o p e r t y  measurements (NRM may be p resen t )  f r om 

ou tc rops  are no t  ava i l ab le ,  t h e  d i p  o f  these  magnet ic l a y e r s  w i t h  depth i s  n o t  

q u a n t i t a t i v e l y  documented. However, geo log i c  a t t i t u d e s  taken f rom se lec ted  

ou tc rops  (Pa t ton  and others ,  1968; and F r i t t s ,  1969, 1970, and 1971; Pessel  



Southern Brooks Range Sch is t  B e l t  

Metamorphic rocks i n  t h e  southern Brooks Range s c h i s t  b e l t  ( f i g .  1 )  have 

s u b t l e  and v a r i a b l e  magnetic responses bu t  show s t r o n g l y  developed reg iona l  

magnetic anomalies and grad ien ts  subpa ra l l e l  t o  s t r u c t u r a l  and s t r a t i g r a p h i c  

t rends.  Some magnetic anomalies are l o c a l l y  associated w i t h  a c h l o r i t i c  

s c h i s t  u n i t  (Pzcq, sheet 2 )  i n  t h e  c e n t r a l  and nor thern  p a r t  of t h e  s c h i s t  

be1 t. R e l a t i v e l y  h igh  s u s c e p t i b i l i t y  con t ras t s  are i n  p a r t  associated w i t h  a 

magne t i t e - r i ch  q u a r t z i t e  u n i t  (Pzmq, sheet 2 ) .  The reg iona l  aeromagnetic data 

i n d i c a t e  t h a t  magnetic anomalies g rea ter  than 40 gamnas are absent over most 

o f  t h e  known z inc,  copper, lead, gold, and s i l v e r  deposi ts  w i t h i n  t h e  s c h i s t  

be1 t. This  important  meta l logen ic  trend, the southern Ambler D i s t r i c t  minera l  

b e l t ,  can be magne t i ca l l y  charac ter ized  o n l y  i n  terms o f  i t s  assoc ia t ion  w i t h  

o the r  reg iona l  geo log ic  f ea tu res  on the 1:250,000-scale aeromagnetic map. 

Truncat ion  o f  magnetic anomalies suggests basement f a u l t s  o r  n e a r - v e r t i c a l  

con tac ts  a t  depth between the  s c h i s t - b e l t  rocks, the Ambler Lowlands, and the  

rocks i n  t h e  Cosmos Hills-Angayuchum Mountains trend. 

Va r i ab le  and i ncons i s ten t  anomalies occur over f e l s i c  i n t r u s i v e  rocks 

t h a t  are a1 so numerous i n  t h e  south and c e n t r a l  p a r t s  o f  t h e  Ambler R i ve r  

quadrangle (May f i e ld  and T a i l  1 eur, 1978). Small g r a n i t i c  bodies have been 

mapped near t he  Walker Lake f a u l t  (Pessel and others, 1975) and w i t h i n  t h e  

s c h i s t  b e l t  (Pessel and Brosgk, 1977). A small stock crops ou t  i n  t he  core o f  

t h e  arch of t h e  Cosmos H i l l s ,  j u s t  south o f  t h e  quadrangle boundary ( F r i t t s ,  

1970, 1971). A smal l  skarn t h a t  may have r e s u l t e d  f rom g r a n i t i c  i n t r u s i o n  a t  

depth o r  l o c a l i z e d  thermal metamorphism crops ou t  near t h e  core o f  t h e  

K a l u r i v i k  Arch i n  the  s c h i s t  b e l t  (Wi l  tse, 1975; T a i l l e u r  and Pessel, o r a l  

commun.). Some mafic lenses (mi)  w i t h i n  t h e  s c h i s t  b e l t  (Pessel and BrosgP, 

1977) t h a t  have important  s t r u c t u r a l  s i g n i f i c a n c e  cause l o c a l i z e d  p o s i t i v e  



c e n t r a l  p a r t  of the Ambler R iver  quadrangle ( G i l b e r t  and others, 1977) and may 

be t runcated by t h e  Ambler magnetic lineament. The K a l u r i v i k  Arch, a major 

an t i f o rma l  s t r u c t u r e  t h a t  extends f o r  a t  l e a s t  62 km along and w i t h i n  the 

southern Brooks Range s c h i s t  b e l t  (Pessel and others, 1973) occurs between t h e  

Walker Lake and Ambler magnetic l ineaments. The convergence o f  these 

1 i  neaments o u t l i n e s  t h e  western boundary of t h i s  important  a n t i c l i n a l  t rend.  

Other reconnaissance-mapped bedrock u n i t s  appear t o  have sub t l e  convergent 

s t r u c t u r a l  t rends i n  t he  c e n t r a l  and western p a r t  of t h e  quadrangle. The 

southern and westward termi  na t i on  of magnetic features associ ated w i t h  

geologic  trends may r e f  1 ec t  a southwester ly convergent s t r u c t u r a l  s t y l e  f o r  

the  western Brooks Range s c h i s t  b e l t .  

P l u t o n i c  B e l t  

Nor th  o f  the Walker Lake magnetic lineament, a b e l t  o f  p l u t o n i c  rocks 

( f i g .  1) i n t r u d i n g  sch i s t s  and carbonates i s  character ized by low-amplitude 

magnetic anomalies. There are 1 arge, asymnetr i c  negat ive anomalies associ ated 

w i t h  the  mid-Paleozoic and younger(?) i n t r u s i v e  rocks along t h i s  b e l t .  The 

younger g r a n i t i c  rocks appear t o  have in t ruded a complexly f o lded  and f a u l t e d  

se r ies  o f  metamorphic rocks and massive carbonates t h a t  show s t r u c t u r a l  

evidence o f  extensive t h r u s t  f a u l t i n g .  Rock a l t e r a t i o n ,  which inc ludes 

i ncreased metamorphic grades (Mayfield, 1975), probably out  1 i nes contac t  

metamorphic aureoles associ ated w i t h  and border ing  some o f  the p l u t o n i c  bodies 

which may be re f l ec ted  by r e l a t i v e l y  h i g h - i n t e n s i t y  magnetic zones near t he  

p lutons.  Many of the magnetic boundaries, which are associated w i t h  the  

contacts between the  p lu tons  and the  country  rock, are roughly concent r ic  and 

elongate. These magnetic pa t te rns  suggest p re tec ton i c  emplacement and l a t e r  

t e c t o n i c  i n f o l d i n g  w i t h i n  t h e  metamorphic (metasedimentary) basement. 



t o  the complex aeromagnet i c  pa t te rns  and suscept i  b i  1 i t y  cont ras ts  w i t h i n  the  

quadrangle. Areas o f  i n t r u s i v e  rocks w i t h i n  the  p l u t o n i c  b e l t  are o u t l i n e d  on 

t h e  geologic  i n t e r p r e t a t i o n  map as c u r v i l  i near zones o f  steepened magnetic 

g rad ien ts  and sharp magnetic d i s c o n t i n u i t i e s  t h a t  p e r s i s t  f o r  many k i lometers  

i n  the c e n t r a l  p a r t  of the quadrangle. These magnetic pa t te rns  and lineaments 

r e f l e c t  major magnetic d i s c o n t i n u i t i e s  w i t h i n  the  basement rocks and probably 

i n d i c a t e  a fundamental t e c t o n i c  pa t te rn  t h a t  i s  r e l a t e d  t o  the emplacement of 

t he  p lutons.  The in tense magnetic r e l i e f  associated w i t h  magnet i te - r i ch  

metamorphic and igneous terranes domi nates the eas t -cent ra l  and c e n t r a l  p a r t s  

i n  t h e  Ambler R iver  quadrangle. A s u b t l e  reg iona l  break i n  magnetic g rad ien t  

i n  the nor thern p a r t s  o f  the p l u t o n i c  b e l t  o u t l i n e s  the poss ib le  westward 

extension of a south-vergent t h r u s t  b e l t  (Mul l ,  1977). Nor th o f  the ax i s  of 

t he  reg iona l  i n t r u s i v e  rock b e l t  a r e l a t i v e l y  t h i c k  sequence o f  Paleozoic 

carbonate c l a s t i c  and p e l i t i c  rocks over l i e s  deep magnetic basement. 

Thrust  B e l t  

Nor th and nor theast  of t he  p l u t o n i c  b e l t ,  t h e  " t h r u s t  b e l t "  (Mayf ie ld  and 

T a i l 1  eur, 1978) t y p i c a l l y  has a subdued magnetic signature, i n d i c a t i n g  t h a t  a 

magnetic basement l i e s  a t  considerable depth under t h e  carbonates and 

sediments o f  the Baird, Lisburne, and End ico t t  Groups o f  Paleozoic age. Some 

p o s i t i v e  anomalous areas, such as w i t h i n  the  Kavachurak Creek and Tunukuchiak 

Creek drainages, probably are associated w i t h  a shal lowing magnetic basement 

and may r e f l e c t  t e c t o n i c  windows w i t h i n  the  carbonate and c l a s t i c  terranes. A 

broad magnetic h igh  along the  nor thern p a r t  o f  the Ambler R iver  quadrangle 

i nd i ca tes  some deep and s ign  if i c a n t  reg iona l  i ntrabasement cont ras ts  toward 

the  nor th.  The r e l a t i v e l y  l a r g e  p o s i t i v e  magnetic anomalies over the  Cu t le r  

R iver  low1 ands are probably associated w i t h  maf i c  rocks o r  magnet i te - r i ch  



character  t o  the south and con t i nen ta l  rocks t o  the nor th.  A narrow, 

composite magnetic h igh  i s  associated w i t h  t h e  Walker Lake f a u l t  ( F r i t t s ,  

1970) and t rends  as a magnetic l ineament f rom Walker Lake i n  the  Survey Pass 

quadrangle t o  where t h e  magnetic h igh  broadens as a grad ien t  westward across 

the  Ambler R iver  quadrangle. This magnetic trend, the Walker Lake magnetic 

lineament, i s  t runcated by t h e  Ambler magnetic l ineament near t h e  Redstone 

River ,  where the lineament o u t l i n e s  the western plunge o f  the K a l u r i v i k  

Arch. Metamorphic and vo lcan ic  rocks o f  t he  southern Brooks Range s c h i s t  b e l t  

have a subdued bu t  v a r i a b l e  magnetic s ignature and show s t r o n g l y  developed 

reg iona l  magnetic trends subpara l l e l  t o  geologic  s t r i k e .  Aeromagnetic 

1 i neaments and anomaly t rends w i t h i n  the p l u t o n i c  b e l t  o u t l i n e  major magnetic 

zones w i t h i n  the  basement rocks and probably i n d i c a t e  a fundamental t e c t o n i c  

p a t t e r n  t h a t  i s  i n t e r p r e t e d  t o  be r e l a t e d  t o  the emplacement o f  p lutons.  The 

t h r u s t  be1 t, a t h i c k  s t r a t i g r a p h i c  sequence o f  t e c t o n i c a l  ly  empl aced Paleozoic 

carbonate and e l a s t i c  rocks, o v e r l i e s  deep magnetic basement i n  the east- 

c e n t r a l  and nor theast  p a r t s  o f  t he  quadrangle. 

Or iented rock samples from some o f  the major magnetic u n i t s  are needed 

f o r  a d e t a i l e d  i n t e r p r e t a t i o n  o f  the  aeromagnetic data. De ta i l ed  geo log ica l  

mapping, geophysical surveys, and rock-sampl i ng programs t o  ob ta in  phys ica l  

rock p rope r t i es  would prov ide  more d e f i n i t i v e  data f o r  determining t h e  

metamorphic and pet rophys ica l  e f fec ts  o f  bu r ied  p l u t o n i c  bodies. A 

q u a n t i t a t i v e  study o f  de ta i l ed  aeromagnetic and ground magnetic data would 

prov ide  add i t i ona l  evidence f o r  the poss ib le  size, shape, and depth o f  b u r i a l  

o f  the  magnetic u n i t s  and f o r  t he  con f i gu ra t i on  o f  se lected metamorphic, 

igneous, and sedimentary terranes.  
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