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Abs t rac t  

F i e l d ,  pe t ro logy ,  and age data on southern Alaska p l u t o n i c  rocks 

now enable t h e  d e l i n e a t i o n  o f  e i g h t  ca lc-a1 k a l i n e  p l u t o n i c  be1 t s .  These 

be1 t s  o f  p lu tons  o r  b a t h o l i t h i c  complexes a re  c u r v i l i n e a r  t o  l inear and 

t r e n d  p a r a l l e l  o r  subpa ra l l e l  t o  t h e  con t i nen ta l  margin.  The be1 t s  

represen t  t h e  p r i n c i p a l  l o c i  o f  emplacement f o r  p lu tons  o f  s p e c i f i c  

ages and a l though  t he re  i s  s p a t i a l  o r  temporal ove r l ap  i n  some cases, 

they  a r e  more commonly s p a t i a l l y  and tempora l l y  d i s t i n c t .  Interme- 

d i a t e  1  i tho lo ! ies  such as  aua r t z  d i o r i  t e ,  t o n a l i  t e ,  and g ranod io r i  t e  

dominate i n  most o f  t h e  b e l t s  b u t  g r a n o d i o r i t e  and g r a n i t e  c h a r a c t e r i z e  

one. The b e l t s  a re  of Mesozoic o r  Cenozoic age and p lu ton ism began 

i n  s i x  o f  them a t  about 195, 175, 120, 75, 60, and 40 m.y. ago; age 

r e l a t i o n s  i n  two a r e  p o o r l y  known. Recogni t ion o f  t he  be1 t s  i s  i m -  

p o r t a n t  f o r  f u t u r e  s t ud ies  o f  r eg i ona l  geology, t e c t o n i  sm, and magmatism 

a long  t he  P a c i f i c  r i m  of southern Alaska. 



I n t r o d u c t i o n  

Southern Alaska i s  a p a r t  o f  t h e  P a c i f i c  r i m  t h a t  i s  now t h e  s i t e  

o f  major  p l a t e  convergence and may have been so d u r i n g  e a r l i e r  i n t e r v a ! ~  

o f  t h e  Mesozoic and Cenozoic (P la fker ,  1969, 1972, p. 921). Calc- 

a1 k a l i n e  p lu ton ism has p layed a major  r o l e  i n  t h e  e v o l u t i o n  o f  t h i s  

c o n t i n e n t a l  margin b u t  data necessary f o r  a r e l a t i v e l y  complete over-  

v iew have o n l y  r e c e n t l y  become a v a i l a b l e .  These data enable t h e  de l inea-  

t i o n  o f  e i g h t  major calc-a1 k a l i n e  p l u t o n i c  b e l t s  i n  southern Alaska. 

Th is  paper o u t l i n e s  t h e  d i s t r i b u t i o n  o f  these be1 t s  and summarlres 

a v a i l a b l  e data concerning t h e i r  geo log ic  s e t t i n g s ,  p e t r o l o g i c  charac- 

t e r i s t i c s ,  and age r e l a t i o n s .  

Southern Alaska ( f i g .  1) i s  here considered t o  i n c l u d e  t h e  A l e u t i a n  

and Alaska Ranges, a l l  rrlainland areas t o  t h e  south,  a l l  G u l f  o f  Alaska 

i s lands ,  t he  S t .  E l i a s  Mountains and ad jacen t  coas ta l  b e l t ,  and t h e  

Haines-Glacier Bay-Chi chagof I s 1  and area o f  southeast A1 aska . Cont i -  

guous p a r t s  o f  Canada between t h e  eastern Alaska Range and t h e  Haines 

area a re  a l s o  inc luded .  The n o r t h  boundary o f  t h i s  500,000 km2 reg ion  

approx imate ly  co inc ides  w i t h  th-c Denal i  f a u l t  system from about l ong i t ude  

153OW. eastward t o  Chatham S t r a i t  and w i th  t h e  n o r t h  f l a n k  o f  the  

A l e u t i a n  and Alaska Ranges west o f  l ong i t ude  1 5 3 ~ ~ .  

Th is  r eg ion  o f  complex Phanerozoic geology i s  d i v i s a b l e  i n t o  

severa l  geo log ic  te r ranes  (genera l  i zed i n  f i g .  1) composed p r i m a r i l y  

o f  marine sedimentary and vo l can i c  rocks .  The te r ranes  were developed 

and aggregated through processes o f  sedimentat ion,  magmatism, and 

tecton ism t h a t  accompanied episodes o f  p l a t e  subduct ion and t rans fo rm 





f a u l t i n g .  They i n c l u d e  t e c t o n o s t r a t i g r a p h i c  sequences t h a t  may be o n l y  

p a r t l y  r e l a t e d  t o  t h e  e v o l u t i o n  o f  p r e s e n t l y  nearby p a r t s  o f  t h e  Nor th  

American c ra ton   o ones and o thers ,  1972, 1976, 1977). Some p l u t o n i c  

b e l t s  a r e  r e s t r i c t e d  t o  p a r t i c u l a r  geolog ic  te r ranes  b u t  o the rs  a re  no t .  

P e t r o l o g i c  nomenclature throughout t h e  paper corresponds t o  t h a t  

suggested by t h e  I n t e r n a t i o n a l  Union o f  Geolog ica l  Sciences'  Subcommission 

on t h e  Systematics o f  Igneous Rocks (Geotimes, October 1973). C o r r e l a t i o n  

o f  s t r a t i g r a p h i c  and abso lu te  ages f o l l ows  t h e  t ime sca le  o f  Van Eysinga 

(1975).  A l l  r ad i ome t r i c  ages used i n  t h i s  r e p o r t  have been determined 

by  t he  potassium-argon (K-Ar) method, and s ing le -minera l  K - A r  ages a re  

considered t o  be minimum ages. 

PI  u ton i  c  Be1 t s  

A p l u t o n i c  b e l t  i s  a r eg ion  i n  which p l u t o n i c  rocks o f  s p e c i f i c  

ages a re  known o r  a re  reasonably expected t o  occur .  B e l t s  o f  d i f f e r e n t  

ages may be s p a t i a l l y  d i s t i n c t  o r  over lap .  They represen t  t h e  l o c i  o f  

p r i n c i p a l  p l u t o n  emplacement and do n o t  necessa r i l y  i n c l u d e  a l l  p lu tons  

o f  s p e c i f i c  ages ( K i s t l e r ,  1974, p. 409). On t he  bas is  o f  a v a i l a b l e  

i n f o rma t i on ,  e i g h t  Mesozoic and Cenozoic ca lc-a1 k a l  i n e  p l u t o n i c  be1 t s  

can be del  i nea ted  i n  southern Alaska. The d i s t r i b u t i o n ,  geo log ic  s e t t i n g ,  

p e t r o l o g i c  c h a r a c t e r i s t i c s ,  and age r e l a t i o n s  o f  each be1 t a r e  summarized 

below. The b e l t s  a re  i n f o r m a l l y  named a f t e r  geographic areas o r  places 

near t h e i r  present  de f i nab le  l i m i t s .  



Kodi ak-Kenai be1 t 

The Kodiak-Kenai be1 t ( f i g .  2 )  trends northeastward f o r  303 km 

along the west coast  o f  t he  Kodiak Archipelago (Connelly and Moore, 

1977), through t h ~ B a r r e n  Is1 ands (Cowan and Boss, 1978), t o  t he  

southern Kenai Peninsula (Carden and o thers ,  1977;  Donald L.  Turner, 

personal commun., 1978) .  Extensions o f  the  b e l t  along trend a r e  

l i k e l y ,  especia l ly  t o  t h e  northeast  t o  areas along the north flank 

of the  Chugach Mountains. 

The plutons in t rude  a diverse assemblage of sedimentary and meta- 

morphic rocks that  are par t  of a complicated upper Paleozoic and lower 

Mesozoic te r rane  t h a t  pa ra l l e l s  the continental margin throughout southern 

Alaska and i s  s t r u c t u r a l l y  bound t o  the south by the Border Ranges f a u l t  

(P lafker ,  1969; MacKevett and Plafker ,  1974; Plafker and o the r s ,  1976).  

Plutons a r e  elongate para1 l e l  t o  regional trends and l o c a l l y  f a u l t -  

bounded. In t rus ive  contacts  a re  sharp t o  migmatitic, and diking and 

thermal metamorphism of nearby country rocks a re  loca l ly  well developed. 

Petrologic da ta  a r e  scarce  but hornblende ( +  - b i o t i t e )  d i o r i t e  and quartz  

d io r i  t e  apparently a r e  c h a r a c t e r i s t i c  1 i  thologies ; some chemical data 

have been reported by Hill  and Morris (1977). 

Plutons were emplaced in the  b e l t  during the  Early Ju rass i c  and 

possibly Late Tr i a s s i c ;  some intrude Upper Tr i a s s i c  (Norian) sedimentary 

rocks (including vol canogeni c  sands tone and t u f f )  and s i  ngl e-mi neral 

(hornblende) K-Ar ages range from 184 t o  193 m.y. ( f i g .  2 ) .  

Aleutian Range-Talkeetna Mountains be l t  

The A1 eu t i  an Range-Tal keetna Mountai ns be1 t con t a i  ns pl utons t h a t  

a re  almost continuously exposed in a  narrow and l i n e a r ,  northeast-  



F i g u r e  2. D i s t r i b u t i o n  o f  p l u t o n s  and 
summary o f  K - A r  ages (ho rnb lende)  
f o r  t h e  Kodiak-Kenai p l u t o n i c  be1 t. 



t r e n d i n g  b e l t  t h a t  appears t o  comprise two separate  segments ( f i g .  3 ) .  

The southern segment i s  exposed from near Hecharof Lake on t h e  Alaska 

Peninsula no r t heas t  500 km t o  near Tyonek on t h e  west s i d e  o f  Cook I n l e t  

( ~ e e d  and Lanphere, 1972). Reed and Lanphere (1973, p. 2593) suggested 

t h a t  t h i s  segment may extend unexposed fo r  an a d d i t i o n a l  480 km o r  

more t o  t h e  southwest o f  Becharof  Lake. The s h o r t e r  (about  150 km) 

b u t  s i m i l a r  no r t he rn  segment i s  exposed I n  t h e  Tal keetna Mountains 

where Ju rass ic  p l u t o n i c  rocks make up t h e  eastern one - t h i r d  o f  t h e  

Ta l  keetna Mountains b a t h o l i t h i c  complex (Cse j t ey  and o thers ,  1978). 

The no r t he rn  and southern segments a r e  both l o c a l l y  emplaced 

aga ins t  Lower Ju rass ic  sedimentary and vo l can i c  rocks t o  t h e  eas t  and 

a r e  i n  t u r n  l o c a l l y  i n t r u d e d  by  Upper Cretaceous-lower T e r t i a r y  p l u t o n i c  

rocks t o  t h e  west.  T r i a s s i c  or o l d e r  metamorphic rocks form r o o f  

pendants and p a r t s  o f  complex border  zones and the southern segment 

i s  f a u l t  bounded f o r  l o n g  d is tances a long  i t s  eas t  margin.  I n d i v i d u a l  

p lu tons  a re  gene ra l l y  concordant t o  r eg iona l  t rends and con tac ts  a r e  

sharp t o  g rada t iona l  w i t h  migmati t i c  and i n c l  us i on - r i ch  zones l o c a l l y  

developed. Fol i a t e d  b i o t i t e  hornb l  ende qua r t z  d i o r i  t e ,  t ona l  i t e  , 

t rondh jen i  te ,  and g ranod io r i  t e  dominate i n  t h e  be1 t b u t  gabbro, d i o r i  t e ,  

and some monzoni t ic  r o c k s  a re  present  [ f i g .  3 ) .  

Plutons o f  t h e  b e l t  l o c a l l y  i n t r u d e  Lower Ju rass ic  (Sinemurian 

t o  Toarc ian)  marine sedimentary and vo l can i c  rocks o f  t h e  Talkeetna 

Formation and boulders de r i ved  from the  p l u t o n i c  be1 t a r e  present  i n  t h e  

Upper Ju rass ic  ( lower  Oxford ian)  Naknek Formation (Grantz  and o thers ,  
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F i g u r e  3 .  D i s t r i b u t i o n  o f  p l  u tons  and nearby geologic  terranes . SUIIIII~~II~L 

o f  modal d a t a  (Reed and Lanphere,  1 9 7 3 ) ,  and sulnlriary o f  A - A ! ,  
ages ( * ,  s i n g l e  m i n e r a l  ; x ,  c o n c o r d a n t  m i n e r a l  p a i r )  for. ttle 
A l e u t i a n  Range-Talkeetna Mounta ins  p l u t o n i c  b e l t .  



1963; Detterman and o t h e r s ,  1965). K-Ar ages ( f i g .  3)  from t h e  southern  

segment (Reed and Lanphere, 1972, 1973) range f rom 142 t o  179 m.y. w i t h  

concordant  m ine ra l  p a i r s  b e i n g  between 155 and 175 m i l l i o n  y e a r s .  I n  

t h e  n o r t h e r n  segment, t h e  range o f  K-Ar ages i s s i m i  1 a r  (142-173 m.y . , 
Grantz  and o t h e r s ,  1963; Turner  and Smith, 1974; C s e j t e y  and o t h e r s ,  

1978) and a l though  dated m i n e r a l  p a i r s  a r e  m o s t l y  d i s c o r d a n t  t h e y  do 

i n c l u d e  the youngest  concordant  age i n  t h e  be1 t (145 m.y.). The f i e l d  

and K-Ar d a t a  show t h a t  t h e  age o f  p l u t o n i s m  i n  t h e  Alaska Peninsu la-  

Ta lkeetna Mountains b e l t  i s  Middle and L a t e  Ju rass ic .  

Tons i na-Chi chaqof be1 t 

The Tonsina-Chichagof b e l t  ( f i g .  4) i n c l u d e s  a l l  p l u t o n s  o f  known 

o r  p robab le  J u r a s s i c  age l o c a t e d  i n  o r  a long  t h e  n o r t h  s i d e  o f  t h e  

e a s t e r n  Chugach and S t .  E l i a s  Mountains as w e l l  as J u r a s s i c  p l  u tons o f  

C h i c h a ~ o f  I s l a n d .  The b e l t  ex tends.southeastward f o r  about  800 km f rom 

near  Tonsina a t  t h e  n o r t h  s i d e  o f  t h e  Chugach Mountains (Beikman, 

Hol  loway, and MacKevett, 1977), th rough p a r t s  o f  t h e  Wrangel l  and S t .  

E l i a s  Mountains (Campbell and Dodds, 1978; Hudson and o t h e r s ,  1977) 

p robab ly  th rough  p a r t s  o f  G l a c i e r  Bay N a t i o n a l  Monument, t o  western  

Chichagof I s l a n d  (Loney and o t h e r s ,  1975).  S p a t i a l  c o n t i n u i t y  and 

temporal  c o r r e l a t i o n  o f  a t  l e a s t  p a r t s  o f  t h i s  b e l t  w i t h  J u r a s s i c  

b e l t s  t o  t h e  west  i s  p o s s i b l e  b u t  cannot be demonstrated a t  p resen t .  

P l  utons o f  t h e  Tonsina-Chichagof be1 t a r e  m o s t l y  emplaced i n  

greenschi  s t  t o  amphi b o l  i t e  f a c i e s ,  upper Pa leozo ic  and lower  Mesozoic 

metasedimentary and metavo lcan ic  rocks  t h a t  form t h e  upper p l a t e  o f  

t h e  Border  Ranges f a u l t  (MacKevett and P l a f k e r ,  1974; P l a f k e r  and 
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others ,  1976) b u t  a l s o  i n t r u d e  o l d e r  Paleozoic rocks i n  pa r t s  o f  t h e  

S t .  E l i a s  Mountains (Campbell and Dodds, 1978) and probably  i n  G l a c i e r  

Bay Nat iona l  Monument ( f i g .  4 ) .  The p lu tons  a re  commonly e longa te  

p a r a l l e l  t o  r eg iona l  t rends and have sharp t o  m i g m a t i t i c  and g rada t iona l  

boundar ies.  F o l i a t e d  b i o t i t e  hornblende qua r t z  d i o r i  t e ,  t ona l  i te ,  and 

g ranod io r i  t e  a re  c h a r a c t e r i s t i c  o f  t he  be1 t . 

Age r e l a t i o n s  i n  t h e  be1 t a r e  incomple te ly  known. P lu tons l o c a l l y  

i n t r u d e  Upper T r i a s s i c  sedimentary rocks and a re  unconformably o v e r l a i n  

by Lower Cretaceous sedimentary rocks.  B i o t i t e  from a g ranod io r i  t e  c l  a s t  

i n  t h e  Kots ina Conglomerate (M idd le  o r  La te  Ju rass ic )  i s  dated a t  

157  +- 6 m.y. and a m i c r o d i o r i t e  d i k e  i n t r u d i n g  t h i s  conglomerate i s  

dated a t  142 + 5 m.y. (Grantz  and others ,  1966). Ju rass ic  K - A r  ages 

from t h e  be1 t range upward t o  164 m.y. and two minera l  p a i r s  have y i e l d e d  

concordant ages a t  about 140 and 151 m.y. ( R .  B .  Campbell, w r i t t e n  commun., 

1977; Loney and others ,  1975).  The age data show t h a t  a  major  Ju rass ic  

p l u t o n i c  event (mos t l y  La te?  Jurass ic )  occured i n  eas te rn  southern 

Alaska. 

Nu t zo t i  n-Chichagof be1 t 

The Nutzot in-Chichagof b e l t  ( f i g .  5 )  cons is ts  o f  no r t he rn  and 

southern segments t h a t  d i f f e r  i n  some general f i e l d  and p e t r o l o g i c  

c h a r a c t e r i s t i c s .  The no r t he rn  segment extends from near t h e  i n t e r -  

s e c t i o n  o f  t h e  Denal i  and Totshunda f a u l t s  i n  t h e  Nu t zo t i n  Mountains 

( R i c h t e r  and others ,  1975)  475 km southeast t o  near lower  Dezadeash 

Lake i n  Yukon T e r r i t o r y ,  Canada (Campbell and Dodds , 1978).  The southern 

segment extends 375 km south from near Mush Lake i n  Yukon T e r r i t o r y  



F i g u r e  5. D i s t r i b u t i o n  o f  p l  u tons and h o s t  g e o l o g i c  t e r r a n e s ,  summary 
o f  modal d a t a  (A laska p l u t o n s  i n  n o r t h e r n  segment o n l y ,  
R i c h t e r  and o t h e r s ,  1975 ) ,  and summary o f  K - A r  ages 
( . , s ing1  e m i n e r a l  ; x, concordant  m i n e r a l  p a i r )  f o r  the  
Nutzo t in -Ch ichago f  p l u t o n i c  be1 t. 



(Campbell and Dodds, 1978), t h rough  B r i t i s h  Columbia (Watson, 1948), 

th rough p a r t s  o f  G l a c i e r  Bay N a t i o n a l  Monument and t h e  Haines area 

(FlacKevett and o the rs ,  1971 ; 1-IacKevett, Robertson, and Wink1 e r ,  1974), 

t o  Chichagof I s l a n d  (Loney and o t h e r s ,  1975). 

P lu tons  o f  t h e  n o r t h e r n  segment commonly i n t r u d e  Upper J u r a s s i c  and 

Lower Cretaceous f l y s c h o i d  rocks  o f  t h e  N u t z o t i n  Mountains sequence 

( R i c h t e r ,  1976), and c o r r e l a t i v e  rocks  o f  t h e  Dezadeash Format ion i n  

Canada ( ~ i s b a c h e r ,  1976). They l o c a l l y  i n t r u d e  upper Pa leozo ic  and 

T r i a s s i c  sedimentary and v o l c a n i c  rocks  t h a t  f l a n k  t h e  Upper J u r a s s i c  

and Lower Cretaceous f l y s c h  t e r r a n e  t o  t h e  west  ( R i c h t e r ,  1976; Campbell 

and Dodds, 1978). These p l  u tons a r e  g e n e r a l l y  w i d e l y  spaced, i s o l a t e d  

i n t r u s i v e  complexes t h a t  a r e  i r r e g u l a r l y  shaped and have sharp d i s c o r d a n t  

con tac ts .  Thermal au reo l  es a r e  commonly we1 1  developed. I n  Alaska , t h e  

p l  u tons a r e  commonly composite, a r e  p e t r o l o g i c a l l y  v a r i a b l e  , and d i s p l a y  

zonal  r e l a t i o n s  ; gabbro, d i o r i  t e ,  q u a r t z  monzodior i  t e ,  q u a r t z  d i o r i  te ,  

t o n a l  i te,  g r a n o d i o r i  t e  and g r a n i t e  a r e  p resen t  ( f i g .  5) .  Some p l  u tons 

a r e  a s s o c i a t e d  w i t h  po rphy ry - t ype  copper and molybdenum m i n e r a l i  z a t i  on. 

P l  utons o f  t h e  southern  segment i n t r u d e  d i v e r s e  Pal eozoi  c rneta- 

sed imentary  and metavo lcan i  c rocks.  Contact  re1 a t i o n s  v a r y  f rom 

s h a r p l y  d i s c o r d a n t  t o  g r a d a t i o n a l ,  mi grnati ti c, and concordant .  Many 

p l u t o n s  a r e  e longa te  and g r o s s l y  conformable t o  r e g i o n a l  s t r u c t u r e .  

They a r e  a p p a r e n t l y  more u n i f o r m  p e t r o l o g i c a l l y  than those t o  t h e  n o r t h  

and c h a r a c t e r i  s t i  c a l  l y  c o n t a i n  f o l  i a t e d  b i  o t i  t e  and ho rnb l  ende-beari ng 

d i o r i  t i c  t o  t o n a l  i t i c  rocks .  Granod io r i  t e  i s  a1 so p resen t .  



I n  t h e  n o r t h e r n  segment, t h e  Alaska p l u t o n s  l o c a l l y  i n t r u d e  sed i -  

mentary and v o l c a n i c  rocks o f  t h e  Lower Cretaceous (Va lang i  n i a n ?  t o  

Barremian) Chisana Format ion and were apparen t l y  t h e  source o f  g r a n i t i c  

cobbl es i n c o r p o r a t e d  i n  Upper(?) Cretaceous c o n t i n e n t a l  sedimentary rocks  

( R i c h t e r ,  1976). K-Ar ages ( f i g .  5 )  i n  t h e  n o r t h e r n  segment range f rom 

105 t o  117 m.y., w i t h  f o u r  b i o t i t e - h o r n b l e n d e  m i n e r a l  p a i r s  y i e l d i n g  

concordant dates between 111 and 114 m.y. ( R i c h t e r  and o thers ,  1975; 

R. B. Campbell, w r i t t e n  commun., 1377). K-Ar ages i n  t h e  southern 

segment i n c l u d e  severa l  f rom t h e  Haines area t h a t  range from 105 t o  119 

m.y. and i n c l u d e  two concordant b i o t i t e - h o r n b l e n d e  p a i r s  a t  about 107 

m.y. and 110 m.y. ( M a c ~ e v e t t  and o thers ,  1974). S i n g l e  m inera l  K-Ar 

ages r e p o r t e d  f rom Chichagof I s l a n d  range from 103 t o  114 m.y. (Loney 

and o thers ,  1975).  The age data  throughout  t h e  b e l t  i n d i c a t e  the  t i m e  

o f  p l  u ton ism was l a t e  E a r l y  Cretaceous; between about 105 and 120 m.y. ago. 

A1 aska Range-Tal keetna Mountains be1 t 

The Alaska Range-Talkeetna Mountains b e l t  ( f i g .  6 )  i s  about 700 km 

l o n g  and extends from near Nonvianuk Lake i n  t h e  A l e u t i a n  Range, n o r t h e a s t  

through t h e  southern Alaska Range (Reed and Lanphere, 1969, 1972, 1973) 

and t h e  Talkeetna Mountains ( C s e j t e y  and o thers ,  1978), t o  t h e  c e n t r a l  

Alaska Range (Smith and Lanphere, 1971; Turner  and Smith, 1974). The 

b e l t  as now exposed i s  broader than any o ther ;  i t  i s  about 100 km wide 

i n  t h e  southern Alaska Range and about 175 km wide between t h e  Talkeetna 

Mountains and t h e  c e n t r a l  Alaska Range. 

The southeastern  p a r t s  o f  t h e  b e l t  c o n t a i n  e longate,  somewhat 



F i g u r e  6. D i s t r i b u t i o n  o f  p lutons and host  geologic te r ranes ,  summary o f  modal data  ( ~ e e d  and 
Lanphere, 1973; Reed and Nelson, 19771, and summary o f  K-Ar ages ( . , s i n g l e  minera l  ; 
x concordant m i  n e r a l  p a i  r )  fo r  the A1 aska Range-Tal keetna Mountai ns p l  utonic be1 t . 



cont inuous and r e g i o n a l l y  concordant  b a t h o l i t h i c  complexes t h a t  i n t r u d e  

Mesozoic and upper Pa leozo ic  metamorphic rocks  as w e l l  as p l u t o n s  o f  t h e  

A1 e u t i  an Range-Tal keetna Mountai ns be1 t. These bath01 i t h i  c  compl exes 

a r e  dominant ly  f o l  i a t e d  b i o t i t e  hornblende d i o r i  t e  , t o n a l  i t e ,  and 

g r a n o d i o r i  t e .  The no r thwes te rn  p a r t s  o f  t h e  be1 t c o n t a i n  many i r r e g u l a r  

p l u t o n s ,  s c a t t e r e d  th rough  t h e  c e n t r a l  Alaska Range, t h a t  s h a r p l y  and 

d i s c o r d a n t l y  i n t r u d e  a  w ide  v a r i e t y  o f  Mesozoic and Pa leozo ic  sedimentary,  

v o l c a n i c ,  and metamorphic rocks  ( f i g .  6 ) .  They m o s t l y  c o n t a i n  grano- 

d i o r i  t e  and g r a n i  t e .  

The age o f  t h e  p l u t o n i s m  i n  t h e  b e l t  i s  w e l l  e s t a b l i s h e d  by K-Ar 

d a t i n g .  K - A r  ages range f rom 50 t o  74 m.y. ( f i g .  6 )  and i n c l u d e  con- 

c o r d a n t  m i n e r a l  p a i r s  between 50 and 73 m.y. (Reed and Lanphere, 1972, 

1973; Cse j tey  and o t h e r s ,  1978; Smith and Lanphere, 1971; Turner  and 

Smith, 1974).  The K-Ar data  a lone  do n o t  d i s c r i m i n a t e  separa te  p l u t o n i c  

episodes b u t  t h e  more m a f i c  rock  s u i t e s  ( q u a r t z  d i o r i  t e  t o  t o n a l i  t e )  

a r e  2 62 m.y. o l d  (Reed and Lanphere, 1973, p. 2599) and a r e  found m a i n l y  

i n  t h e  southeastern  p a r t s  o f  t h e  be1 t. Most p l u t o n s  were emplaced d u r i n g  

t h e  La te  Cretaceous and Paleocene. 

Yakutat-Chichagof be1 t 

Plu tons o f  t h e  Yakutat-Chichagof b e l t  ( f i g .  7 )  have o n l y  r e c e n t l y  

been recogn ized  on a  r e g i o n a l  s c a l e  (Hudson, P l a f k e r ,  and Lanphere, 

1977, p .  169) and o n l y  p r e l i m i n a r y  data  a r e  a v a i l a b l e  concern ing  them; 

t h e i r  age and f i e l d  r e l a t i o n s  a r e  p o o r l y  known. They have been i d e n t i -  

f i e d  over  a  d i s t a n c e  o f  about 300 km i n  t h e  e a s t e r n  G u l f  o f  A laska near  

Yakutat ,  i n  t h e  L i t u y a  Bay area ,  and on Chichagof I s l a n d .  





The p l u t o n s  form smal l  s tocks  and l a r g e r  e longa te  bod ies  enc losed 

i n  Cretaceous f f y s c h o i d  rocks  o f  t h e  e a s t e r n  Gulf o f  A laska c o n t i n e n t a l  

marg in  ( P l a f k e r  and o t h e r s ,  1977). They c o n t a i n  f o l i a t e d  b i o t i t e  

hornblende q u a r t z  d i o r i  t e  and t o n a l  i t e  t h a t  i s  c h a r a c t e r i s t i c a l l y  sheared 

and a1 t e r e d .  A1 t e r a t i o n  c o n s i s t s  o f  e x t e n s i v e  saussur i  ti z a t i o n ,  s e r i c i  ti - 
z a t i o n ,  and p r e h n i t e  v e i n i n g  and replacement o f  b i o t i t e .  I n  some places 

t h e  e n c l o s i n g  rocks a r e  t h e r m a l l y  metamorphosed (Hudson, P l a f k e r ,  and 

Lanphere, 1977, p. 165), and on the  b a s i s  o f  these r e l a t i o n s ,  t h e  b e l t  

i s  p r o v i s i o n a l l y  cons ide red  t o  be Cretaceous o r  T e r t i a r y  i n  age. 

One sma l l  J u r a s s i c  p l  u ton  i n  the  Yakuta t  area i s  a p p a r e n t l y  i n c o r -  

p o r a t e d  as an e x o t i c  b l o c k  i n  melange o f  t h e  c o a s t a l  f l y s c h  be1 t (Hudson, 

P l a f k e r ,  and Lanphere, 1977). Th is  r e l a t i o n  suggests t h e  p o s s i b i  1  i t y  

t h a t  some o f  t h e  p l u t o n s  i n  t h e  Yakutat-Chichagof b e l t  may a l s o  be 

a l l och thonous  and o l d e r  than  t h e i r  e n c l o s i n g  rocks .  

Sanak-Baranof be1 t 

The Sanak-Baranof beT t  ( f i g .  8) i s  ove r  2,000 km l o n g  and p a r a l l e l  

t o  t h e  c o n t i n e n t a l  marg in  th roughou t  t h e  Gul f o f  A laska r e g i o n  ('4 I u d son, 

P l a f k e r ,  and Lanphere, 1977, p. 169-170). I t  i s  def ined by a  s e r i e s  o f  

d i s c r e t e  p l u t o n s  t h a t  a r e  p resen t  on Sanak I s l a n d  (Moore, 1974), t h e  

Shumagin I s l a n d s  (Grantz,  1963; Moore, 1974), t h e  Semidi I s l a n d s  (Burk,  

1965), on c e n t r a l  Kodiak I s l a n d  (Moore, 1967), t h e  Kenai Pen insu la  (Tysda l  

and Case, 1979), i n  t h e  eas te rn  Chugach Mountains (T. Hudson and G. 

P l a f k e r ,  unpubl . data ;  Hudson, P l a f k e r ,  and Pcterman, 1977) , t h e  

eas te rn  G u l f  o f  Alaska (Hudson, P l a f k e r ,  and Lanphere, 1977),  and on 

wes te rn  Chichagof and Baranof I s l a n d s  (Loney and o thers ,  1975) .  





Plutons throughout the  b e l t  in t rude  an upper Mesozoic and lower 

Ter t ia ry  accret ionary prism of flyschoid rocks (Plafker  and o the r s ,  1977) 

t h a t  l i e s  between the  Border Ranges f a u l t  (MacKevett and Plafker ,  1974; 

Plafker  and o thers ,  1976) and the  present continental margin. They 

include stocks and l a rge r  bodies and although many a r e  elongate and 

grossly conformable t o  regional s t r u c t u r a l  t rends,  they commonly have 

sharp and l o c a l l y  discordant contacts .  Dis t inc t  thermal aureoles a re  

we1 1 developed adjacent t o  many plutons but mi gmati t i c  and gradational 

contact  zones a re  associated with some more deeply eroded plutons. 

The plutons c h a r a c t e r i s t i c a l l y  contain b i o t i t e  granodiori t e  and g ran i t e  

b u t  include some b i o t i t e  t o n a l i t e  ( f i g .  8 ) .  Hornblende i s  absent 

except in ce r t a in  marginal zones t h a t  have complex contact  r e l a t ions  

with mafic volcanic rocks. Some white mica and garnet a re  present.  

The pl utons intrude strongly deformed Cretaceous and Pal eocene 

rocks; K-Ar ages a re  almost a l l  between 47 and 60 m.y. ( f i g .  8 ) .  

Prince William Sound apparently divides the be1 t between a s l i g h t l y  

older  58-60 m.y. western segment (Moore, 1974; Kienle and Turner, 1976; 

Karlstrom and Bal l ,  1969, p. 29; Tysdal and Case, 1979) and a younger 

47-52 m.y. eastern segment (Plafker  and Lanphere, 1974; Hudson,  Plafker 

and Lanphere, 1977; Loney and o the r s ,  1975). One pluton o n  Baranof 

Island t h a t  i s  probably par t  of the b e l t  i s  agparently about 43 m.y. 

01 d .  The ava i  l a b l e  data ind ica te  t h a t  plutonism was approximately 

synchronous during the ear ly  Eocene (47-51 m-y.) i n  the eas tern  segment 

and during the  l a t e  Paleocene (58-60 m.y.) i n  the western segment. 



A1 as ka Range be1 t 

P lu tons  o f  t h e  Alaska Range b e l t  ( f i g .  9 )  a r e  s c a t t e r e d  th rough  

t h e  sou the rn  and c e n t r a l  Alaska Range i n  a  c u r v i l i n e a r  t r e n d  a t  l e a s t  

500 km l o n g  f rom Lake C l a r k  no r theas tward  t o  t h e  v i c i n i t y  o f  t h e  

4 ichardson Highway (Reed and Lanphere, 1969, 1972, 1973; Turner  and 

Smith, 1974). The b e l t  extends southeastward f rom Lake C l a r k  t o  t h e  

A l e u t i a n  Peninsu la ,  b u t  p l u t o n s  i n  t h i s  p a r t  have been i d e n t i f i e d  o n l y  

near  Nonvianuk Lake (Reed and Lanphere, 1973, p. 2603-2604). The A laska 

Range b e l t  s p a t i a l l y  ove r laps  t h e  c e n t r a l  and n o r t h e r n  p a r t s  o f  t h e  L a t e  

Cretaceous t o  e a r l y  T e r t i a r y  Alaska Range-Tal keetna Mountai ns be1 t. 

Country rocks  o f  t h e  Alaska Range b e l t  i n c l u d e  e x t e n s i v e  areas o f  

Mesozoic f l y s c h  and v o l c a n i c  rocks  as w e l l  as Pa leozo ic  carbonate  and 

c l a s t i c  rocks .  P lu tons form a  l a r g e  e longa te  i n t r u s i v e  complex ( t h e  

M e r r i l f  Pass sequence, Reed and Lanphere, 1973, p. 2601-2603) and many 

s m a l l e r  i s o l a t e d  and i r r e g u l a r  bod ies .  Many o f  t h e  p l u t o n s  a r e  ep izona l  

o r  hypabyssal and some a r e  s p a t i a l l y  a s s o c i a t e d  w i t h  p robab le  cogene t i c  

s u b a e r i a l  v o l c a n i c  rocks .  L i t h o l o g i c  v a r i a t i o n  i s  we1 1  developed i n  t h e  

be1 t, and rocks  range from b i o t i  t e -ho rnb l  ende q u a r t z  d i o r i  t e  t o  muscovi te-  

b e a r i n g  g r a n i t e  ( f i g .  9 ) .  

Age r e l a t i o n s  w i t h i n  t h e  Alaska Range be1 t have been determined 

p r i m a r i l y  by K-Ar d a t i n g ;  t h e  K - A r  ages range f rom 25 t o  41  may.  w i t h  

concordant m ine ra l  p a i r s  between 26 and 38 m.y. ( f i g .  9 ) .  These 

ages a r e  p robab ly  a  good measure o f  t h e  emplacement ages i n  t h e  b e l t  and 

e s t a b l i s h  i t  as O l i  gocene--the youngest  ma jo r  p l u t o n i c  be1 t now i d e n t i f i a b l e  

i n  southern  Alaska.  





Other P l u t o n i c  Rocks 

The e i g h t  p l u t o n i c  be1 t s  i n c l u d e  t h e  g r e a t  b u l k  o f  p l u t o n i c  rocks 

i n  southern Alaska b u t  o t h e r s  t h a t  a re  o f  l o c a l  and p o s s i b l y  r e g i o n a l  

s i g n i f i c a n c e  i n c l u d e :  (1) upper Pa leozo ic  rocks r a n g i n g  f rom d i o r i  t e  

t o  g r a n i t e  t h a t  form severa l  p l u t o n s  i n  t he  Wrangel l -St .  E l i a s  Mountains 

(Hudson and o thers ,  1977; Campbell and Dodds, 1978) ; ( 2 )  undated l a y e r e d  

gabbro complexes i n  t h e  S t .  E l i a s  MountaSns (Rossman, 1963; P l a f k e r  and 

MacKevett, 1970) ; ( 3 )  s c a t t e r e d  g r a n i t i c  rocks i n  t h e  A l e u t i a n  and Alaska 

Ranges t h a t  y i e l d  mid-Cretaceous K -A r  ages (Reed and Lanphere, 1972; 

Turner and Smith, 1974) b u t  f o r  which f i e l d  and age r e l a t i o n s  a r e  incom- 

p l  e t e l y  known (many g r a n i t i c  p l  utons i n  t h e  c e n t r a l  and eas te rn  Alaska 

Range n o r t h  o f  t h e  area d iscussed i n  t h i s  r e p o r t  a r e  mid-Cretaceous, 

R i c h t e r  and o thers ,  1975); and ( 4 )  T e r t i a r y  i n t r u s i v e  rocks t h a t  a r e  

s p o t t i l y  d i s t r i b u t e d  b u t  widespread i n  southern Alaska and m o s t l y  undated. 

They i n c l u d e  many smal l  p l u t o n s  and d ikes o f  e a r l y  Miocene age i n  t h e  

Yakutat-St .  E l  i a s  area (Hudson and o thers ,  1977) and 01 i gocene p l  utons 

i n  t h e  P r i n c e  G l i  1 l i a m  Sound area (Lanphere, 1966).  

Summa ry  

The a v a i l a b l e  data on southern Alaska p l u t o n i c  rocks show t h a t  

p l  u ton ism was widespread b u t  c h a r a c t e r i z e d  by spec i  f i c  l o c i  o f  emplace- 

ment f o r  p lu tons  of s p e c i f i c  ages. These l o c i  d e f i n e  e i g h t  p l u t o n i c  

be1 t s  t h a t  toge ther  rep resen t  most o f  t h e  71 u t o n i c  r o c k s -  i n  southern Alaska . 

The p l u t o n i c  b e l t s  a r e  d e f i n e d  by c u r v i l i n e a r  t o  l i n e a r  t rends o f  exposed 

p lu tons  o r  b a t h o l i t h i c  complexes t h a t  a r e  now b r o a d l y  p a r a l l e l  t o  sub- 



p a r a l l e l  t o  t h e  c o n t i n e n t a l  marg in .  The l e n g t h s  o f  t h e  b e l t s ,  based 

on known exposures and i n  a l l  cases minimum l e n g t h s ,  range from 300 

t o  2,000 krn bu t  most  a r e  between 650 and 850 km. Approximate w i d t h s  

o f  t h e  b e l t s  range f rom 15  t o  175 krn b u t  most  a r e  between 30 and 100 km. 

Many o f  t h e  b c l  t s  a r e  s p a t i a l l y  d i s t i n c t  b u t  o v e r l a p  o f  a  younger be1 t 

on an o l d e r  one i s  known i n  t h e  A laska Range, t h e  Yakuta t -St .  E l i a s  

area,  and p r o b a b l y  t h e  G l  a c i e r  Bay-Haines-Chichagof a rea  o f  s o u t h e a s t  

Alaska.  

P e t r o l o g i c a l l y  t h e  p l u t o n i c  b e l t s  a r e  p redominan t l y  i n t e r m e d i a t e  

i n  compos i t ion- -quar tz  d i o r i t e ,  t o n a l i t e ,  and g r a n o d i o r i t e  a r e  by f a r  

t h e  most  abundant r o c k  types.  Gabbro and m o n z o n i t i c  rocks  are l o c a l l y  

a p a r t  o f  some i n t e r m e d i a t e - c o m p o s i t i o n  b e l t s  and g r a n i t e  i s  an i m p o r t a n t  

p a r t  o f  t h e  be1 t s  i n  t h e  A laska Range. Granod io r i  t e  and g r a n i t e  dominate 

i n  t h e  e a r l y  T e r t i a r y  Sanak-Baranof b e l t - - a  b e l t  t h a t  i s  p e t r o l o g i c a l l y  

d i s t i n c t  i n  t h i s  r e s p e c t .  

P lu ton i sm i n  sou the rn  Alaska i s  m o s t l y  o f  Mesozoic and Cenozoic age. 

Most o f  t h e  b e l t s  a r e  t e m p o r a l l y  d i s t i n c t ,  b u t  t h e r e  i s  known o v e r l a p  

i n  ages between t h e  b e l t s  c o n t a i n i n g  L a t e  J u r a s s i c  and e a r l y  T e r t i a r y  

p l u t o n s  ( f i g .  10 ) .  The t i m i n g  o f  p l u t o n  emplacement i n  s i x  o f  t h e  b e l t s  

i s  modera te l y  w e l l  known and p l u t o n i s m  a p p a r e n t l y  began i n  them a t  

abou t  195, 175, 120, 75,  60, and 40 m.y. ago; t h e  i n t r u s i v e  episodes 

were as s h o r t  as about  10 m.y. and as l o n g  as about  30 m.y. 





Concl u s i  on 

The data  on p l u t o n i c  rocks  i n  southern  Alaska a re  incomp le te  and 

many problems i n  t h e  t i m i n g ,  d i s t r i b u t i o n ,  and o r i g i n  of  p l u t o n i s m  i n  

t h i s  r e g i o n  remain t o  be so lved .  T h i s  r e p o r t  p rov ides  an overv iew t h a t  

s h o u l d  h e l p  t o  d e f i n e  i m p o r t a n t  r e g i o n a l  problems d e a l i n g  w i t h  t h e  

s p a t i a l  c o n t i n u i t y  and  temporal  c o r r e l a t i o n  o f  t h e  many sou the rn  Alaska 

p l u t o n i c  b e l t s  as we1 1  as t h e i r  r e l a t i o n  t o  o t h e r  r e g i o n a l  r o c k  u n i t s  

and s t r u c t u r e s .  I t a l s o  p rov ides  an i n i t i a l  framework f o r  t e c t o n i c  

r e c o n s t r u c t i o n s  o f  t h e  Mesozoic and Cenozoic h i s t o r y  o f  t h e  r e g i o n .  

C a l c - a l k a l i n e  p l u t o n i s m  has p layed  a major  r o l e  i n  t h e  e v o l u t i o n  o f  t h e  

t e c t o n i c a l l y  comp l i ca ted  southern  Alaska c o n t i n e n t a l  marg in  and most 

(Hudson, i n  press) ,  b u t  n o t  a l l  (Hudson, P l a f k e r ,  and Peterman, 1977; 

i n  prep.) ,  o f  t h i s  p lu ton is rn  may be d i r e c t l y  r e l a t e d  t o  episodes o f  

p l a t e  convergence and subduct ion.  
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