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LATEST MESOZOIC AND CENOZOIC IGNEOUS ROCKS 
OF SOUTHEASTERN ALASKA--A SYNOPSIS 

BY 
D a v i d  A. Brew 

INTRODUCTION 

The most  i m p o r t a n t  l a t e s t  Mesozoic and Cenozoic, p o s t - a c c r e t i o n a r y  
g e o l o g i c  f e a t u r e s  o f  s o u t h e a s t e r n  A laska a r e  t h e  magmatic a c t i v i t y  t h a t  
a f f e c t e d  a  l a r g e  p a r t  o f  t h e  r e g i o n  and t h e  metamorphism and d e f o r m a t i o n  t h a t  
was i n t e r s p e r s e d  w i t h  t h a t  a c t i v i t y .  T h i s  r e p o r t  i s  a  p r e l i m i n a r y  v e r s i o n  o f  
a r e p o r t  on t h i s  magmatism p repared  f o r  t h e  Decade o f  N o r t h  American Geology 
(DNAG) volume on Alaska.  The magmatic a c t i v i t y  i s  a  c o n t i n u a t i o n  o f  t h e  l a t e  
Mesozoic igneous even ts  t h a t  w i l l  be d i scussed  i n  t h e  DNAG volume by T.P. 
M i l l e r ,  The metamorphic h i s t o r y  w i l l  be d i scussed  i n  t h e  DNAG volume by  C. 
Dusel -Bacon. 

The p o s t - a c c r e t i o n a r y  g e o l o g i c  h i s t o r y  s t a r t s  w i t h  t h e  accumu la t i on  o f  
t h e  Grav ina  be1 t o v e r l a p  assemblage o f  r o c k s  i n  L a t e  J u r a s s i c  and E a r l y  
Cretaceous t i m e  (Berg  and o t h e r s ,  1972). The l o c a l l y  voluminous v o l c a n i c  
r o c k s  w i  t h i n  t h a t  assemblage a r e  p r o b a b l y  t h e  e x t r u s i v e  e q u i v a l e n t s  o f  i s 1  and- 
a r c  i n t r u s i v e  r o c k s  t h a t  a r e  p rese rved  west  o f  t h e  Grav ina  b e l t  o v e r  a l a r g e  
area i n  n o r t h e r n  s o u t h e a s t e r n  A laska (Brew and M o r r e l l  , 1983). N e i t h e r  t h o s e  
v o l c a n i c s  n o r  g r a n i t o i d s  a r e  d i scussed  i n  t h i s  paper.  

P r e v i o u s  syntheses concerned w i t h  t h e  magmatic r o c k s  o f  s o u t h e a s t e r n  
A laska compr i se  a  summary o f  p o s t - C a r b o n i f e r o u s  v o l c a n i c  a c t i v i t y  (Brew, 
1968), summaries o f  t h e  d i s t r i b u t i o n  and genera l  c h a r a c t e r i s t i c s  o f  t h e  
p l u t o n i c  r o c k s  (Brew and M o r r e l l ,  1980, 1983), a  summary o f  t h e  geochrono log ic  
d a t a  a v a i l a b l e  ( W i l s o n  and Shew, 1982),  and two r e p o r t s  concerned w i t h  t h e  
t e c t o n i c  s i g n i f i c a n c e  o f  m a j o r  and t r a c e  e lement  chemica l  d a t a  ( B a r k e r  and 
A r t h ,  1984; B a r k e r  and o t h e r s ,  1986). K a r l  and Brew (1984) d i s c u s s e d  
m i g m a t i t i c  r o c k s  a s s o c i a t e d  w i t h  some o f  t h e  i n t r u s i v e  rocks ;  t h a t  t o p i c  i s  
n o t  c o n s i d e r e d  i n  t h i s  r e p o r t .  T h i s  p r e s e n t  r e p o r t  summarizes a  more l e n g t h y  
and comple te  s t u d y  on t h i s  same t o p i c  t h a t  i s  i n  p r e p a r a t i o n .  

I n  t h i s  r e p o r t ,  t h e  l a t e s t  Mesozoic and Cenozoic p l u t o n i c  and v o l c a n i c  
r o c k s  a r e  grouped c h r o n o m e t r i c a l l y ;  t h e  same t i m e  d i v i s i o n s  a r e  t o  be used i n  
t h e  DNAG volume f o r  t h e  Cenozoic magmatic h i s t o r y  o f  t h e  remainder  o f  A laska by  
E. M o l l - S t a l c u p .  The d i v i s i o n s  a r e  approx imate ,  and s e v e r a l  o f  t h e  b e l t s  
d e s c r i b e d  i n  t h e  r e g i o n  i n c l u d e  r o c k s  whose r a d i o m e t r i c  ages f a l l  somewhat 
o u t s i d e  o f  t h e  d e f i n e d  l i m i t s .  W i t h i n  each c h r o n o m e t r i c  group, e x t r u s i v e  and 
i n t r u s i v e  r o c k s  a r e  i d e n t i f i e d  composi t i o n a l l y  and a r e  separa ted  i n t o  
eog raph ic  be1 t s .  The genera l  approach i s  s i m i l a r  t o  t h a t  o f  Brew and M o r r e l l  

71983) . Tab le  2 p r o v i d e s  summary i n f o r m a t i o n  on modal and chemica l  
compos i t i ons ,  c h r o n o m e t r i c  data ,  and emplacement /erupt ive  env i ronment  f o r  each 
o f  t h e  c h r o n o m e t r i c  groups. The chemica l  c l a s s i f i c a t i o n s  o f  t h e  r o c k s  a r e  
those  o f  Shand (1951) and I r v i n e  and Baragar  (1971).  F i g u r e  1 shows t h e  
genera l  geograph ic  d i s t r i b u t i o n  o f  t h e  r o c k s  o f  d i f f e r e n t  ages and i s  an i n d e x  
map f o r  t h e  d e s c r i p t i o n s  i n  t h e  t a b l e .  

Igneous a c t i v i t y  i n  s o u t h e a s t e r n  A laska ranges f rom e a r l y  P a l e o z o i c  t o  
Holocene i n  age b u t  was most  f r e q u e n t  i n  t h e  l a t e  Mesozoic and Cenozoic. 
C u r r e n t l y  a v a i l a b l e  geochrono log ic  d a t a  f o r  s o u t h e a s t e r n  A laska a r e  summarized 
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i n  F igure  2, which shows t he  f requency d i s t r i b u t i o n  f o r  402 age de te rm ina t i ons  
o f  a l l  t ypes  o f  rocks  f rom southeastern Alaska southeast  o f  t h e  Yakutat  
1:250,000 sca le  quadrangle. The r e l a t i v e  recency o f  magmatic a c t i v i t y  i n  the  
r e g i o n  i s  obv ious,  as a re  t h e  dominance o f  m i d - T e r t i a r y  events and t h e  absence 
o f  any r e a l  break between Mesozoic and Cenozoic events.  

DESCRIPTION OF THE TABLES 

Table 1 l i n k s  t h e  major  magmatic b e l t s  and areas o f  summary d i scuss ions  
i n  t he  t e x t  and o f  F igure  3 w i t h  t he  d e s c r i p t i o n s  o f  t he  component b e l t s  and 
areas g iven  i n  Table  2. The i n f o r m a t i o n  presented i n  Tables 1 and 2 i s  
d e r i v e d  f rom Brew ( i n  p ress ) ;  t h a t  r e p o r t  con ta i ns  more d i scuss ion  o f  t e c t o n i c  
s e t t i n g s ,  emplacement s i t u a t i o n s ,  and e x t r u s i v e  a c t i v i t y  than can be i n c l u d e d  
here. Table  2 summarizes the data t h a t  suppor t  the  conc lus ions  o f  t h i s  
r e p o r t .  However, t he  many i n t e rmed ia te  in ferences t h a t  r e l a t e  t h e  da ta  t o  t h e  
conc lus ions  a re  s t i l l  unpubl i shed. 

Table 2  i s  d i v i d e d  i n t o  columns f o r :  (1) F igu re  1 re fe rence ,  which i s  
t h e  l e t t e r  des igna t i on  on those maps f o r  t h e  s p e c i f i c  area; ( 2 )  Area o r  be1 t 
name; ( 3 )  Major  and minor  l i t h i c  types, w i t h  t he  l a t t e r  shown i n  parentheses, 
g r a n i t i c  rock  names a re  f rom S t recke i sen  (1973);  ( 4 )  Chemical c l a s s i f i c a t i o n  
and chemical  compos i t i ona l  types p resen t ,  based on c a l c u l a t i o n s  u s i n g  the  
PETCAL 4  program ( B i n g l e r  and o thers ,  1976) as r e v i s e d  by R.D. Koch ( w r i t t e n  
commun., 1985)) ;  ( 5 )  S i02  range; ( 6 )  S i02  gap(s ) ;  ( 7 )  Reference t o  map and 
diagram f i g u r e s  i n  t h i s  r e p o r t ;  most f i g u r e s  i n c l u d e  a  S t recke i sen  (1973)  QAP 
(quar tz-a1 k a l  i f e l d s p a r - p l a g i o c l  ase f e l d s p a r )  c l a s s i f i c a t i o n  diagram fo r  
g r a n i t i c  rocks,  a  s i l  i c a - v a r i a t i o n  diagram, an AFM (a1 k a l  i n e  element ox ide-  
i r o n  oxide-magnesium o x i d e )  diagram, and a  smal l  map showing the  area 
c o n t a i n i n g  t h e  rocks descr ibed;  (8)  Age data; ( 9 )  D iscuss ion  o r  remarks, 
focussed m a i n l y  on t h e  environment o f  p l  u ton  emplacement o r  vo l can i c  
ex t r us i on ;  and (10 )  References t o  t h e  sources o f  t h e  data.  

EVOLUTION OF MAGMATIC BELTS AND AREAS 

The t e c t o n i c  s e t t i n g s  and compos i t i ona l  v a r i a t i o n s  recorded i n  t he  
severa l  Cenozoic magmatic be1 t s  o f  southeastern Alaska i n d i c a t e  t h a t  t h e  be1 t s  
have had a  v a r i e d  and compl i ca ted  e v o l u t i o n a r y  h i s t o r y .  The o l d e r  p a r t  o f  the  
record,  f rom 1 a t e s t  Cretaceous th rough  about e a r l y  01 i gocene t ime,  r e f 1  e c t s  
t he  two main c o l l i s i o n a l  events  t h a t  dominate t he  Cenozoic h i s t o r y  o f  the  
reg ion .  The younger p a r t  o f  t h e  record,  f rom t h e  l a t e  Ol igocene on, i s  t h e  
r e s u l t  o f  l e s s  w e l l  understood events,  ones t h a t  a r e  p robab ly  r e l a t e d  f i r s t  t o  
o b l i q u e  subduc t ion  and then  t o  ex tens iona l  regimes assoc ia ted  w i t h  youngest 
Cenozoic s t r i  ke -s l  i p f a u l t i n g .  

The areas summarized i n  Tables 1 and 2 a re  grouped i n t o  n i ne  major  b e l t s  I 
I 

on F i gu re  3: t h e  " g r e a t  t o n a l i t e  s i l l "  b e l t  i s  o f  l a t e s t  Cretaceous and I 

Paleocene age (75-55 Ma); t he  Coast Mountains be1 t i s  o f  e a r l y  and midd le  
I 

Eocene age (55-45 Ma); t h e  Fairweather-Baranof and G l a c i e r  Bay r e g i o n  b e l t s  
a r e  o f  m idd le  and l a t e  Eocene and e a r l y  01 igocene age (45-35 Ma), the  Tkope- 
P o r t l a n d  Peninsula,  Groundhog Basin-Cone Mountain, and southern southeastern 
Alaska d i k e  swarm b e l t s  a re  o f  l a t e  Ol igocene and Miocene age (35-5 Ma); and 
t h e  Kruzof-Kupreanof and Behm Canal -Rudyerd Bay areas a r e  o f  Pl  iocene and 
Quate rnary  age (5 -0  Ma). Each o f  these b e l t s  i s  i n t e r p r e t e d  t o  r eco rd  a  
spec i  f i c  magma-generating event  ( o r  s e r i e s  o f  even ts )  and most have c l e a r - c u t  
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chemical and (o r )  modal composi t i o n a l  features t h a t  suppor t  t he  d e f i n i t i o n  o f  
t h e  b e l t s .  

GREAT TONALITE SILL BELT 

The o l d e s t  b e l t  d iscussed here, t h e  l a t e s t  Cretaceous and Paleocene 
" g r e a t  t o n a l  i t e  s i l l  " be1 t (SkagwayIKetchi kan-Pr inceRupert  (75-55 Ma) on 
F igu re  3 and Tables 1 and Z), records  o n l y  t he  youngest o f  a  s e r i e s  o f  events  
t h a t  began i n  E a r l y  Cretaceous t ime  i n  t he  "sou theas te rn  Alaska c o i n c i d e n t  
zone" (Brew and Ford, 1985). E a r l i e r  v o l c a n i c  and p l u t o n i c  h i s t o r y  w i l l  be 
d iscussed by T.P. M i l l e r  i n  t he  DNAG volume. The rocks  o f  the  t o n a l i t e  s i l l  
be1 t a re  c o n s i s t e n t l y  c a l c a l  k a l  i c  and dominan t l y  metal  urni nous, l o c a l l y  have a  
prominent  s i l i c a  gap a t  63 t o  68 percent ,  and f a l l  i n  t he  t o n a l i t e -  

r a n o d i o r i  t e -qua r t z  monzodior i  t e -qua r t z  d i  o r i  t e  f i e l d s  o f  S t r ecke i  sen 
71973) . These p l u tons  have emplacement ages t h a t  range from 67 t o  55 Ma. The 
s i l l  rocks w i t h  Paleocene emplacement ages o f  around 60 Ma a re  i nc l uded  w i t h  
t h e  o l d e r  t o n a l i  t e  s i l l  f a m i l y  because o f  t h e i r  c l o s e l y  s i m i l a r  ages and 
h a b i t s .  They a re  m o s t l y  g r a n o d i o r i t e  and have h i ghe r  s i l i c a  con ten ts  than  t h e  
s l i g h t l y  o l d e r  rocks.  

The p l u t o n s  o f  the  g r e a t  t ona l  i t e  s i l l  b e l t  a re  f o l i a t e d  and 1  i nea ted  
t o n a l  i t e s  t h a t  form a  narrow be1 t t h a t  i s  over  900 km l o n g  and o n l y  5 t o  30 km 
wide.. They have been l o c a l  i z e d  a l ong  a  profound, s t r a i g h t ,  1  i n e a r  s t r u c t u r a l  
d i s c o n t i n u i t y  w i t h i n  a convergent  s e t t i n g  i n  which t h e  no r t heas t  s i de  was 
moving upwards r e l a t i v e l y  over  t he  southwest s i de  (D.H.W. Hut ton,  o r a l  
communs., 1985, 1986). Th is  d i s c o n t i n u i t y  ca.n be i n t e r p r e t e d  as e i t h e r  a  
w i t h i n - p l a t e  r i f t  marg in  (Brew and Ford, 1983) o r  as the  boundary between two 
e x o t i c  t e r r anes  (Monger and o thers ,  1982, 1983). The 1  i n e a r  zone o f  
compression p e r s i s t e d  a t  l e a s t  from 70 Ma t o  55 Ma, t he  t o n a l i t e  p e r i o d  d u r i n g  
which i n t r u s i o n s  were emplaced. Metamorphism and major  de fo rmat ion  occur red  
s h o r t l y  be fo re  t he  emplacement o f  the  i n t r u s i o n s .  

The cause o f  t he  compression i n  t h i s  zone, whether i t  was o r i g i n a l l y  a 
r i f t  o r  an ocean between two d i f f e r e n t  te r ranes ,  was t he  movement o f  the  
outboard A1 exander t e r r a n e  towards t h e  no r t heas t  ( ~ o n g e r  and o thers ,  1982). 
Th i s  movement i s  i n t e r p r e t e d  t o  have preceded t he  convergence o f  t he  Chugach 
t e r r a n e  a g a i n s t  t h e  westward marg in  o f  t h e  Alexander t e r r a n e  ( P l a f k e r  and 
o thers ,  1977; Johnson and Ka r l ,  1985). The c o n s i s t e n t  composi t ion o f  the  
magmas argues f o r  a deep and e q u i l i b r a t e d  source, even though t h e  p r e l i m i n a r y  
da ta  o f  A r t h  and o t h e r s  (1986) on s t r o n t i u m  i n i t i a l  r a t i o s  i n d i c a t e  p o s s i b l e  
d e r i v a t i o n  f rom c o n t i n e n t a l  source m a t e r i a l s .  Th i s  l a t t e r  poss i  b i l  i ty can be 
used t o  suppor t  a  w i  t h i n - p l a t e - r i f t  o r i g i n  o f  t he  s t r u c t u r a l  d i s c o n t i n u i t y  
t h a t  l o c a l i z e d  t he  t o n a l i t e  s i l l  b e l t  and t h e  o t h e r  nearby p a r a l l e l  f ea tu res  
o f  t he  southeastern Alaska c o i n c i d e n t  zone (Brew and Ford, 1985). 

COAST MOUNTAINS BELT 

The 1 i near Coast Mountains be1 t a long  t he  I n t e r n a t i o n a l  Boundary 
(Skagway /~e tch i  kan-Pr i  nce Rupert  Coast Mountains be1 t (55-45 Ma) on F igu re  3 
and Tables 1 and 2 )  i s  over  1,000 km l o n g  and up t o  90 km wide and c o n s i s t s  o f  
a  l a r g e  volume o f  e a r l y  and m idd le  Eocene p l u tons  t h a t  a re  p robab ly  a  r e s u l t  
o f  t he  convergence and c r u s t a l  t h i c k e n i n g  assoc ia ted  w i t h  t he  compressive 
event  j u s t  descr ibed.  These rocks  a re  c o n s i s t e n t l y  c a l c a l  k a l  i c ,  dominant ly  
metaluminous n o r t h  o f  t he  Sumdum area, and e x c l u s i v e l y  moderate ly  peraluminous 

3 



t o  the  south.  The o v e r a l l  range i n  s i l i c a  con ten t  i s  53 t o  76 percent ;  the  
average s i l i c a  con ten t  i s  about  67 percen t  t o  t h e  n o r t h  o f  t h e  Sumdum area and 
72  percen t  t o  t he  south.  Modal 1  y, t he  rocks a re  dominan t l y  sphene-hornbl ende- 
b i o t i t e  g r a n o d i o r i t e ,  g r a n i t e ,  and t o n a l i t e .  A v a i l a b l e  age de te rm ina t i ons  
i n d i c a t e  t h a t  the  p l u tons  i n  t he  southern p a r t  o f  the  Coast Mountains were 
emplaced between 55 and 45 Ma and those i n  t h e  no r t he rn  p a r t  f rom 54 t o  49 
Ma. The Coast Mountains b e l t  o f  l a r g e  composi te p l u t o n s  p a r a l l e l s  the  g r e a t  
t o n a l  i t e  s i  11 be1 t, commonly w i t h i n  a  few k i l o m e t e r s  and i n  severa l  p laces  
i n t r u d e s  t h a t  b e l t .  

The d i f f e r e n c e s  i n  age, s t r u c t u r a l  h a b i t ,  and composi t ion o f  t he  rocks i n  
t h i s  b e l t  i n d i c a t e  a d i f f e r e n t  o r i g i n  f rom t h a t  o f  t h e  g r e a t  t o n a l i t e  s i l l  
b e l t .  The genera l  absence o f  a l l  s t r u c t u r e s  b u t  f low f o l i a t i o n ,  and t he  
r e s t r i c t e d  thermal  aureo les t h a t  a re  superposed on t h e  e a r l i e r  Bar rov ian- type  
metamorphism assoc ia ted  w i t h  the  t o n a l i t e  s i l l  b e l t ,  i n d i c a t e  t h a t  these e a r l y  
and m idd le  Eocene i n t r u s i o n s  a re  p o s t - t e c t o n i c  and t h e i r  emplacement f o l l owed  
t he  ab rup t  u p l i f t  t h a t  accompanied and c l o s e l y  f o l l owed  i n t r u s i o n  o f  the  s i l l  
be1 t. 

The compos i t i on  o f  t he  p l u tons  i n  the  Coast Mountains b e l t ,  t h e i r  
l o c a t i o n  i n  r e l a t i o n  t o  t h e  h i g h l y  deformed and presumably th i ckened  c r u s t  
near  t he  t o n a l i t e  s i l l  b e l t ,  and t he  t ime - l ag  r e l a t i o n s  a l l  i n d i c a t e  t h a t  the  
Coast Mountains b e l t  i s  t h e  r e s u l t  o f  t he  t h i c k e n i n g  t h a t  occur red  d u r i n g  t h e  
l a t e s t  Cretaceous and e a r l y  T e r t i a r y  c o l l i s i o n  d iscussed above. The change 
from meta l  umi nous t o  moderate ly  pe ra l  uminous compos i t i on  from n o r t h  t o  sou th  
i s  i n f e r r e d  t o  be r e l a t e d  t o  t he  t ype  o f  m a t e r i a l  conveyed t o  depth i n  the  
convergent  zone. Th i s  may be a  r e s u l t  o f  t h e  g r e a t e r  t h i c kness  o f  o l d e r  
c o n t i n e n t a l  c r u s t  i n  the  southern p a r t  o f  the Alexander t e r r a n e  compared w i t h  
t h e  n o r t h e r n  p a r t .  

FAIRWEATHER-BARANOF BELT 

P lu tons  o f  t h e  Fa i rweather-Baranof  be1 t and t h e  G l a c i e r  Bay r e g i o n  (F i g .  
3, Tables 1 and 2)  were emplaced i n  t he  t ime span o f  l a t e  Eocene t o  e a r l y  
Ol igocene (45-35 Ma). The Fai rweather-Baranof  b e l t  i s  about 350 km l o n g  by 50  
km wide and i s  p a r a l l e l  t o  t he  Coast Mountains b e l t  approx imate ly  200 km t o  
i t s  southwest.  Emplacement ages o f  49 t o  39 Ma i n d i c a t e  t h a t  t h e  Fa i rwea ther -  
Baranof be1 t i s  d e f i n i t e l y  younger than t he  Coast Mountains be1 t, a1 though 
t h e r e  i s  some over lap .  B i o t i  te-hornb lende t o n a l  i t e  and g r a n o d i o r i  t e  a re  t h e  
most common rock  t ypes  i n  t he  southern p a r t  o f  t he  Fa i rweather-Baranof  b e l t ,  
and gabbronor i te ,  py roxen i t e ,  and o t h e r  ma f i c  and u l t r a m a f i c  rocks dominate 
t he  no r t he rn  p a r t ,  The g r a n i t i c  p l u t o n s  a re  c a l c a l  k a l  i c ,  m o s t l y  peraluminous, 
and have s i l i c a  con ten t s  t h a t  range f rom 60 t o  73  percen t .  The b e l t  occurs  
l a r g e l y  w i t h i n  t he  Chugach t e r r a n e  and i s  i n t e r p r e t e d  t o  have formed as a 
r e s u l t  o f  t he  convergence and a c c r e t i o n  o f  t h e  Chugach te r rane .  Metamorphic 
m inera l  ages suggest t h a t  the  convergence occur red  i n  La te  Cretaceous t ime,  
though be fo re  t h e  t ime o f  t h e  main de fo rmat ion  and metamorphism assoc ia ted  
w i t h  the  g r e a t  t ona l  i t e  s i l l  be1 t. 

I n  t h i s  i n t e r p r e t a t i o n ,  t he  Coast Mountains and t he  Fai rweather-Baranof  
b e l t s  a re  n o t  q u i t e  synchronous and a re  n o t  d i r e c t l y  r e l a t e d ;  e i t h e r  c o u l d  
have formed independent ly .  The Coast Mountains b e l t  i s  one r e s u l t  o f  the  
c l o s u r e  o f  t h e  Gravina bas in  because o f  nor theastward movement o f  t h e  
Alexander t e r r ane ,  whereas t he  Fai  rweather-Baranof be1 t i s  one r e s u l t  o f  the  
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a c c r e t i o n  o f  t he  Chugach t e r r a n e  t o  the  west s i d e  o f  the  Alexander te r rane .  

GLACIER BAY REGION 

The G l a c i e r  Bay reg ion  (F i g .  3, Tables 1 and 2 )  i s ,  i n  c o n t r a s t  t o  the  
magmatic b e l t s  descr ibed,  a no r t heas t - t r end ing ,  n e a r l y  r ec tangu la r  80 km by 70 
km area t h a t  s l i g h t l y  over laps  the  no r t he rn  p a r t  o f  the Fa i rweather-Baranof  
b e l t  g e o g r a p h i c a l l y  and a l s o  i n  t ime,  w i t h  ages rang ing  from about 42 t o  30 
Ma. The c a l c a l  ka l  i c  p l u tons  a re  dominan t l y  u n f o l  i a t e d  t o  p o o r l y  f o l i a t e d ,  
metaluminous and moderate ly  peraluminous b i o t i t e  g r a n i t e  and a l k a l i  g r a n i t e .  
S i l i c a  va lues range from 58 t o  76 percent .  Th i s  group o f  p l u t o n s  i s  a r e a l l y ,  
composi t i o n a l l y ,  chemica l l y ,  and s t r u c t u r a l l y  d i s t i n c t  f rom those i n  t h e  
Fa i rweather-Baranof  be1 t, and t h e i r  o r i g i n ,  a1 though 1  inked  t o  the  l a t t e r ,  
must d i f f e r  i n  some s i g n i f i c a n t  way. One p o s s i b i l i t y  i s  t h a t  t he  p l u tons  o f  
t he  G l a c i e r  Bay reg ion  represen t  t he  s i l i c i c  remnant o f  a  magmatic system t h a t  
produced t h e  dominan t l y  gabbro ic  p l u tons  i n  t h e  ad jacen t  no r t he rn  p a r t  o f  t h e  
Fa i rweather-Baranof  b e l t ,  and t h a t  the  emplacement o f  the  s i l i c i c  p o r t i o n  was 
d i sp l aced  t o  t h e  no r t heas t  by t h e  p r e v i o u s l y  emplaced l e s s  f r a c t i o n a t e d  ma f i c  
and u l t r a m a f i c  bodies.  Another p o s s i b i l i t y  i s  t h a t  they  a re  an e a r l y  
m a n i f e s t a t i o n  o f  t h e  younger (35-5 Ma) Tkope-Port land Peninsu la  b e l t  
(d iscussed below),  which i s  r e l a t e d  t o  some obscure regime t h a t  occur red  a f t e r  
Chugach-terrane a c c r e t i o n  and be fo re  t r ans fo rm  f a u l t i n g .  

TKOPE-PORTLAND PENINSULA BELT 

The Tkope-Port land Peninsu la  be1 t, t h e  Groundhog Basin-Cone Mountain 
area, and t h e  southern southeastern Alaska d i k e  swarm (F ig .  3, Tables 1 and 2 )  
were emplaced w i t h i n  t he  t ime  span o f  and l a t e  Ol igocene and Miocene (35-5 
Ma). The t h r e e  be1 t s  a re  c l e a r l y  d i f f e r e n t  from the  c o l l  i s i o n - r e l a t e d  be1 t s  
j u s t  descr ibed;  each has d i s t i n c t  p e t r o l o g i c a l  c h a r a c t e r i s t i c s  and represen ts  
d i f f e r e n t  t ypes  o f  magma-generating events. 

The Tkope-Port land Peninsula be1 t (F ig .  3, Tables 1 and 2 )  i s  t h e  most 
prominent o f  t h e  t h r e e  b e l t s  o r  areas. I t  extends i n  a  nor thwest -southeast  
d i r e c t i o n  f o r  a t  l e a s t  560 krn across a l l  o f  southeastern Alaska, c u t t i n g  
across a l l  t e c t o n o s t r a t i g r a p h i c  te r ranes ,  except  t he  Chugach a t  an ang le  o f  
about  15'. Both v o l c a n i c  and p l u t o n i c  rocks  occur  i n  t h e  be1 t. The vo l can i c  
rocks  a re  f l ows ,  t u f f ,  and b recc i a  o f  a n d e s i t i c ,  b a s a l t i c ,  r h y o l i t i c ,  and 
d a c i t i c  composi t ion.  A l l  a re  c a l c a l  k a l i c ,  and s i l i c a  con ten t s  range from 47 t o  
77 percen t  w i t h  a  s i g n i f i c a n t  gap a t  6 1  t o  66 percent .  A v a i l a b l e  age 
de te rm ina t i ons  i n d i c a t e  t h a t  t h e  vo l can i cs  were e rup ted  d u r i n g  t he  p e r i o d  f rom 
about  25 t o  16 Ma. The g r a n i t i c s  a re  bo th  c a l c a l  k a l i c  and a1 ka l  i c .  G ran i t e  
and g r a n i t e  porphyry  a re  t he  most common rock  types a t  t h e  ends o f  t h e  b e l t ;  
most a re  modera te ly  peraluminous. A1 ka l  i g r a n i t e ,  g r a n i t e ,  qua r t z  syeni  te ,  
and a l k a l i  q u a r t z  s y e n i t e  a re  common types i n  t h e  c e n t r a l  p a r t .  Leucogabbro 
and gabbro occur  l o c a l l y .  The p l u t o n i c  rocks  have a  s i l i c a  range o f  49 t o  77 
percen t  w i t h  s i g n i f i c a n t  gaps a t  54 t o  56 and a t  6 1  t o  65 percent .  The 
p l u t o n s  were emplaced f rom 35 t o  19 Ma, w i t h  those a t  t he  nor thwest  ends o f  
t h e  be1 t about 28 t o  24 Ma, those i n  t h e  cen te r  a t  24 t o  19 Ma, and those a t  
t h e  southeast  end a t  30 Ma and 27 t o  24 Ma. 

The l e n g t h  and c o n t i n u i t y  o f  t h e  Tkope-Port land Peninsu la  be1 t suggest 
t h a t  i t  c o u l d  be the  r e s u l t  o f  a  s i g n i f i c a n t  c o l l i s i o n a l  event  o f  unusual 
o r i e n t a t i o n .  However, no o t h e r  evidence suppo r t i ng  such an o r i g i n  has been 
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preserved, and thus  i t  i s  cons idered u n l i k e l y .  The composi t ion o f  the p l u tons  
i s  u n l i k e  those i n  t h e  o t h e r  magmatic b e l t s ,  p robab ly  because t he  magmas were 
generated a t  the base o f  o r  w i t h i n  the  c o n t i n e n t a l  c r u s t  o f  the 
A1 exander /St i  k i n e  t e r ranes .  The cause o f  t h e  magmatic events  i s  p robab ly  
r e l a t e d  t o  t he  change from convergence t o  o b l i q u e  subduct ion t o  s t r i k e - s l i p  
movement between t h e  P a c i f i c  and Nor th  American p l a t e s ,  b u t  t h e  ac tua l  
mechanism t h a t  caused t he  l o n g  b e l t  t o  form i s  n o t  c l e a r .  The a x i s  o f  the  
b e l t  co i nc i des  w i t h  t he  o r i e n t a t i o n  o f  t h e  t e n s i o n  p lanes t h a t  would be 
assoc ia ted  w i t h  t he  onset  o f  d i f f e r e n t i a l  s t r i  ke - s l  i p  movement a l ong  the  
c o n t i n e n t a l  margin.  The s l i g h t  change i n  o r i e n t a t i o n  o f  t h e  b e l t  near i t s  
southeast  end c o u l d  be r e l a t e d  t o  d i f f e r e n c e s  i n  the  t h i c kness  o f  the  c r u s t .  

GROUNDHOG BASIN-CONE MOUNTAIN AREA 

The Groundhog Basin-Cone Mountain area i nc l udes  r h y o l i t i c  s i l l s  and 
i o t i t e  g r a n i t e  p lugs  i n  an area 10 km by 40 km (F ig .  3, Tables 1 and 2 ) .  
l k a l i  g r a n i t e s  may be p resen t  i n  the  Cone Mountain area, bu t  a v a i l a b l e  da ta  

i n d i c a t e  t h a t  t h e  rocks a re  c a l c a l  k a l  i c  and moderate ly  pera lumi  nous and have a  
s i  1  i c a  con ten t  f rom 74 t o  76 percen t .  The g r a n i t e s  were i n t r u d e d  a t  about 16 
Ma, d e f i n i t e l y  l a t e r  than t h e  rocks  i n  t h e  Tkope-Port land Peninsula be1 t. The 
p l u tons  were i n t r u d e d  a t  a  h i g h  c r u s t a l  l e v e l  under s t a t i c  c o n d i t i o n s ,  b u t  
t h e i r  r e l a t i o n s  t o  o t h e r  be1 t s  and t o  p o s s i b l e  l o c a l i z i n g  f a c t o r s  a re  obscure. 

SOUTHERN SOUTHEASTERN ALASKA DIKE SWARM 

The southern southeastern Alaska d i k e  swarm (F ig .  3, Tables 1 and 2 )  
c o n s i s t s  m o s t l y  o f  lamprophyres t h a t  occupy a  s i g n i f i c a n t  p a r t  o f  a  no r t heas t -  
t r e n d i n g  b e l t  about 100 km wide and g r e a t e r  than  150 km long.  G r a n i t i c  and 
vo l can i c  rocks a re  a1 so present .  The swarm over laps  t he  southeastern end o f  
t h e  Tkope-Port land Peninsu la  b e l t ,  and a t  l e a s t  some o f  t h e  d i kes  a re  c l o s e l y  
r e l a t e d  t o  the  p l u t o n s  there .  The lamprophyres a re  a1 k a l  i c ,  and most are 
c l a s s i f i e d  as a1 k a l  i - 0 1  i v i n e  rocks.  The non-lamprophyres a re  c a l c a l  k a l  i c  and 
have a s i l i c a  con ten t  r ang ing  from 56 t o  7 1  percent .  

The age o f  i n t r u s i o n  o f  t h e  lamprophyres i s  n o t  w e l l  known; t h e y  c u t  
p l u t o n s  w i t h  ages o f  27-24 Ma i n  the  Tkope-Port land Peninsu la  b e l t  b u t  a re  n o t  
known t o  c u t  t h e  p l u tons  o f  t h e  Groundhog Bas in  area w i t h  ages o f  17-14 Ma. 
Souther (1970) i n t e r p r e t s  them as the  deeper express ion  o f  the dated Miocene 
a l k a l i c  v o l c a n i c  f i e l d s  t o  t h e  no r t heas t  i n  B r i t i s h  Columbia. Those f i e l d s  
a r e  i n f e r r e d  t o  be l o c a l i z e d  i n  be1 t s  o f  l a r g e - s c a l e  c r u s t a l  ex tens ion  r e l a t e d  
t o  con t i nen ta l -ma rg in  t r a n s c u r r e n t  f a u l t i n g ;  t h e  d i kes  f o l l o w  j o i n t s  t h a t  a re  
pe rpend i cu l a r  t o  t he  f o l i a t i o n  and r e s u l t e d  f rom the  r e l a x a t i o n  o f  the  major  
s t resses  t h a t  a f fec ted  t h e  Coast c r y s t a l l i n e  b e l t  i n  e a r l i e r  T e r t i a r y  t ime. 

KRUZOF-KUPREANOF AND BEHM CANAL-RUDYERD BAY AREAS 

Two areas o r  b e l t s  o f  P l iocene  and Quate rnary  v o l c a n i c  rocks a re  shown on 
F igu re  3 and descr ibed  i n  Tables 1 and 2. The f i r s t ,  t he  Kruzof-Kupreanof 
area o f  Holocene rocks,  appears as  two segments separated a t  t h e  Chatham 
S t r a i t  f a u l t  because i t  pos tda tes  the  major o f f s e t  t h a t  was removed i n  
c o n s t r u c t i n g  t h e  p a l i n s p a s t i c  base f o r  t h e  f i g u r e .  Th i s  area c o n s i s t s  o f  two 
w i d e l y  spaced v o l c a n i c  f i e l d s  o f  s i m i l a r  age and chemical  composi t ion.  Those 
f i e l d s ,  Edgecumbe and southern Kupreanof, c o n t a i n  t h o l e i i t i c  b a s a l t ,  and t h e  
Edgecumbe f i e l d  a1 so has c a l  c a l  k a l  i c  younger f lows and p y r o c l  a s t  i c  rocks.  
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Most, b u t  n o t  a l l ,  o f  t h e  f l o w s  a r e  i n t e r p r e t e d  t o  be p o s t g l a c i a l .  Together 
t h e  two f i e l d s  d e f i n e  an e a s t - w e s t - t r e n d i n g  area s i m i l a r  i n  o r i e n t a t i o n  t o  t h e  
east -west  Holocene v o l c a n i c  b e l t s  i n  t h e  w e s t - c e n t r a l  B r i t i s h  Columbia reg ion ;  
Souther (1970) r e l a t e s  t h e  l o c a l i z a t i o n  o f  t h e  l a t t e r  b e l t s  t o  l a r g e - s c a l e  
c r u s t a l  ex tens ion .  

The second area o f  P l iocene  and Q u a t e r n a r y  v o l c a n i c  rocks  i s  t h e  Behm 
Canal-Rudyerd Bay v o l c a n i c  f i e l d ,  most o f  which occurs  w i t h i n  t h e  area covered 
by t h e  sou thern  sou theas te rn  Alaska d i k e  swarm, The smal l  B lue River-Unuk 
R i v e r  v o l c a n i c  f i e l d  t o  t h e  n o r t h  ( F i g .  1) i s  cons ide red  an o u t l i e r  o f  t h e  
Behm Canal -Rudyerd Bay f i e l d ,  Both f i e l d s  c o n t a i n  a1 k a l  i 01 i v i n e  basal  t s  and 
o t h e r  a l k a l i c  rocks  t h a t  a r e  somewhat s i m i l a r  t o  t h e  a l k a l i  t o  p e r a l  k a l i n e  
basal  t s  i n  t h e  Mount Edziza f i e l d ,  which i s  l o c a t e d  about  100 km t o  t h e  n o r t h  
i n  Canada. Souther and Armstrong (1966), Souther (1970),  and Souther and 
o t h e r s  (1984) r e l a t e  t h e  n o r t h - s o u t h  o r i e n t a t i o n  o f  t h e  Mount Edziza f i e l d  t o  
l a r g e - s c a l e  c r u s t a l  ex tens ion.  I t  i s  l i k e l y  t h a t  t h i s  area i s  an o u t l i e r  o f  
t h a t  l a r g e  f i e l d .  

The Cenozoic v o l c a n i c  and p l u t o n i c  rocks  o f  sou theas te rn  Alaska r e c o r d  a 
p r o g r e s s i o n  o f  events  t h a t  a r e  r e l a t e d  t o  t h e  t e c t o n i c s  o f  t h e  n o r t h e a s t e r n  
P a c i f i c  marg in .  The p r o g r e s s i o n  s t a r t e d  w i t h  t h e  c o l l i s i o n a l / c o n v e r g e n t  
even ts  r e l a t e d  t o  t h e  a c c r e t i o n  o f  t h e  Alexander t e r r a n e  t o  t h e  " S t i  k i n e "  
terrane; the p r o g r e s s i o n  con t inued  w i t h  t h e  events  r e l a t e d  t o  t h e  a c c r e t i o n  
and subduc t ion  o f  t h e  Chugach t e r r a n e  on t h e  west s i d e  o f  t h e  Alexander.  
These events  a l o n g  t h e  n o r t h e a s t e r n  Paci f i c  marg in  occur red  i n  L a t e  Cretaceous 
and e a r l y  T e r t i a r y  t ime;  t h e y  were fo l l owed  by events  r e l a t e d  f i r s t  t o  o b l i q u e  
subduc t ion  and then  t o  t r a n s i t i o n  t o  dominan t l y  t r a n s c u r r e n t  movements. The 
p r o g r e s s i o n  ended w i t h  magmatic events  l o c a l i z e d  a l o n g  e x t e n s i o n a l  zones t h a t  
may be r e l a t e d  e i t h e r  t o  present -day r i g h t - l a t e r a l  c r u s t a l  d isp lacements  i n  
t h e  n o r t h e a s t e r n  P a c i f i c  r e g i o n  o r  t o  r e s i d u a l  s t r e s s e s  t h a t  o r i g i n a t e d  i n  t h e  
l a t e  s tages o f  convergence. F i g u r e  24 summarizes these t i m e  and space 
r e l a t i o n s .  
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TABLE 1.--Major l a t e s t  Mesozoic  and Cenozoic  magmatic b e l t s  and a r e a s  o f  s o u t h e a s t e r n  
A laska  

Colnponents o f  t h e  M a j o r  Area o r  B e l t  
M a i o r  Area o r  B e l t  Name F i s u r e  1 and T a b l e  2 - - 

and Age D i v i s i o n  Refe rence  I n d i v i d u a l  Area o r  B c l  t Name 
-. - . - 

Grea t  t o n a l  i t e  s i  11 be1 t 
(75-55 Ma) 

Coas t  M o u n t a i n s  be1 t 
(55-45  Ma) 

F a i  r w e a t h e r - B a r a n o f  be1 t 
(45-35  Ma) 

G l a c i e r  Bay r e g i o n  
(45-35 Ma) 

T k o p e - P o r t l a n d  P e n i n s u l a  be1 t 
( 3 5 - 5  Ma) 

Groundhog Basin-Cone M o u n t a i n  
(35-5 Ma) 

S o u t h e r n  s o u t h e a s t e r n  A laska  
d i k e  swarm (35 -5  Ma) 

K r u z o f -  Kupreano f  a r e a  
( 5 - 0  Ma) 

Behm Canal -Rudyerd Bay a r e a  
( 5 - 0  Ma) 

B r a d f  i e l  d  Canal a r e a  
K e t c h i  k a n - P r i  nce  R u p e r t  a rea  
Juneau-Skagway a r e a  
Haines-Skagway a r e a  
Juneau-Ta ku R i v e r  a r e a  
Sumdum a r e a  
P e t e r s b u r g  a r e a  
S r a d f  i e l  d Cznal a r e a  
K e t c h i  k a n - P r i n c e  R u p e r t  a r e a  

Haines-Skagway a r e a  
Juneau-Taku R i v e r  a r e a  
Sumdum ( T r a c y  Arm) area 
P e t e r s b u r g  a r e a  

F a i  r w e a t h e r  Range 
Yakobi , Ch ichago f ,  and B a r a n o f  a rea  

G l a c i e r  Bay r e g i o n  

Tkope v o l c a n i c - p l u t o n i c  be1 t 
W i l l i a m  Henry Bay a r e a  
I c y  S t r a i t  v o l c a n i c - p l u t o n i c  f i e l d  
Admi r a l  t y  f i e l d  
K u i u - E t o l i n  v o l c a n i c - p l u t o n i c  f i e l d  
S o u t h e r n  E t o l i n  f i e l d  
Bur roughs  Bay a r e a  
K e t c h i  kan a rea  
Q u a r t z  H i 1  1  - P o r t l a n d  P e n i n s u l a  a rea  

Groundhog B a s i n  a r e a  
Cone M o u n t a i n  a r e a  

S o u t h e r n  s o u t h e a s t e r n  A laska  d i k e  swarm 

Edgecumbe f i e l  d  
S o u t h e r n  Kuprcano f  f i e l d  

B l u e  R iver -Unuk  R i v e r  f i e l d  
Behm Canal -Rudyerd Bay f i e l d  



TABLE 2.--Descri  p t i o n  o f  l a t e s t  Mesozoic and Cenozoic magmatic r ocks  o f  sou theas te rn  Alaska. 

F i g u r e  1 and Major  (and M i n o r )  Map and 
P l a t e  1 Area o r  B e l t  L i  t h i c  Types Chemical S i02  S i 0  Diagrams 
Reference Name P resen t  C l a s s i f i c a t i o n  Range Gapfs) on F ig .  Age Data D i scuss ion  References 

PLIOCENE AND QUATERNARY ROCKS (5 -0  Ma) 

A Edgecumbe B a s a l t , b a s a I t i c  T h o l e i i t i c ,  47-72 62-69 
f i e l d  andes i t e ,  ande- ca l c -a1  k a l  i c  (non- 

s i t e ,  d a c i t e ,  t e p h r a )  ; 
( r h y o l i t e )  52-74 60-65 

( t e p h r a )  

8 Southern Kupre- 01 i v i n e - b e a r i n g  H o s t l y  t h o l e i -  45-53  
ano f  f i e l d  basal t i t i c ;  aver .  K 

c o n t e n t ;  some 
a l k a l i c :  sod ic  

C 8 l u e R i v e r - U n u k  A l k a l i o l i v i n e  M o s t l y a l k a l i c , 4 6 - 4 8  
R i v e r  f i e l d  b a s a l t  sod ic ;  some 

c a l c - a l k a l i c :  
K - r i c h s  

D Tlevak S t r a i t -  O l i v i n e  b a s a l t  A l k a l i c :  sod ic  47 
Suernez f i e l d  

E  Behm Canal- O l i v i n e b a s a l t ,  A l k a l i c : m o s t l y 4 3 - 6 1  46-59 
Rudyerd Bay b a s a l t i c  b r e c c i a  p o t a s s i c  
f i e l d  and t u f f ,  ande- 

s i t e  ( t r achyan -  
d e s i t e )  

LATE OLIGOCENE AND MIOCENE ROCKS (35-5 Ma) 

F Tkope v o l c a n i c -  I n  Canada: grano- Ca l ca l  k a l  i c  49-77 51-69 
p l u t o n i c  be1 t phyre, g r a n i t e ,  except  f o r  

q u a r t z  monzoni te ,  gabbros, wh ich 
g r a n o d i o r i t e .  a r e  on c a l c -  
q u a r t z  d i o r i  t e  a1 t a l  i c - t h o l e i -  
gabbro. I n  U.S.: i t i c  boundary 
ho rnb lende -b io -  
t i t e  g r a n i t e  

4 ,  L a t e  P l e i s t o c e n e  
5 ( l o c a -  and younger  

t i o n )  on K-Ar da ta  
(M.A. Lanphere, 
w r i  t t e n  commun., 
1985) and m i c r o -  
f o s s i l s  (W.Y. 
51 i t e r ,  w r i t t e n  
commun., 1985) 

Basal t h o l e i i  t i c  ba- Brew and o t h e r s ,  
s a l t  s h i e l d  surmount- 1969; Myers and 
ed by c a l c - a l k a l i c  o t h e r s ,  1984; 
andes i  t e  cones and Kosco, 1981; 
d a c i t e  p l ugs ,  basa l -  R i e h l e  and Brew, 
t i c  t o  r h y o l i t i c  1984, unpub. 
t eph ras  a l l  younger data  
than 10,000 B.P. 

5 Younger t han  300 Pahoehoe and aa Brew and o t h e r s ,  
ka on K-Ar da ta  f lows,  some p lugs  1984, 1985; 

Douglass and 
o the rs ,  1988 

5  As young as V a l l e y - f i l l i n g  f lows,  E l l i o t t  and 
3 6 0 ~ 6 0  B.P. smal l  c i n d e r  cones o t h e r s ,  1981; 
on r a d i o c a r b o n  Souther  and 

o t h e r s ,  1984 

No da ta  Pahohoe su r faces ,  E b c r l e i n  and 
v a l l e y - f i l l i n g  Churkin. 1970; 
f l ows  E b e r l e i n  and 

o t h e r s ,  1983; 
G.O. E b e r l e i n ,  
w r i t t e n  commun., 
1986 

5 P o s s i b l y  two per -  Columnar f l ows ,  Uanek and 
i ods :  5  Ma and c i n d e r  cones Cal l ahan ,  1971; 
1 Ma-500 ka Berg and o t h e r s ,  
{Sm i th  and i n  press;  Smi th  
D igg les ,  1981) and o t h e r s ,  1977; 

Ouderki  r k ,  1982; 
Doyle, 1983; 
Souther  and 
o t h e r s ,  1984 

N.A. 28-24 Ma on Main exp ress ion  i s  e p i -  Jacobsen. 1979; 
K-Ar. Rb-Sr, zona l ,  compos i te  Campbell and 
and f i s s i o n  Tkope R i v e r  p l u t o n  i n  Dodds, 1983; 
t r a c k  Canada; ex tens ion  i n t o  D.A. Brew, 

U.S.A. c o n s i s t s  o f  unpub. d a t a  
p lugs,  d i k e s ,  and 
smal l  p l u t o n s  



TABLE 2.--DeSCript ion o f  l a t e s t  Mesozoic and Cenozo i c  magmatic r ocks  o f  southeastern  A laska- -Cont i  nued 

F i g u r e  1  and M a j ~ r  (and M i n o r )  Map and 
P l a t e  1 Area o r  B e l t  L i t h i c  Types Chemical S i02 SiO Diagra~ns 
Reference Narne Present  C l a s s i f i c a t i o n  Range ~ a p f s )  o n  F i g .  Age Data 

- - 

O iscuss ion  References 

LATE OLIGOCENE AND MIOCENE ROCKS (35-5 Ma) (Cont inued)  

G Haines area B i o t i t e  qua r t z  No da ta  No da ta  
monzonite,  l o -  
c a l l y  m i a r o l  i t i c  

Fa i  rwea the r  Garnet-muscovi t e -  No da ta  No da ta  
Range b i  o t  i t e  gran i t e  

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

L i t u y a  Bay 
area 

W i l l i a m  Henry 
Bay area 

I c y  S t r a i t  
v o l  can i c -p l  u- 
t o n i c  be1 t 

Gut Bay area 

T u f f s ,  f l o w s o f  C a l c a l k a l i c ,  54 
andesi t e  and K-poor,  per  
basal t i c  ande- I r v i n e  and 
s i  t e  baragar  (1971) 

B i o t i t e  q u a r t z  No da ta  No d a t a  
inonzon i te,  d  i o- 
r i t e  

Hornblende gran- , Yo lcan i c  rocks ,  47-72 
i t e ,  hornb lende m o s t l y  t h o l e ] -  
q u a r t z  monzoni te ;  i t i c ,  aver .  K 
b recc ia ,  f l ows ,  con ten t ;  a l s o  
and t u f f  o f  c a l c a l  ka l  i c ,  
d a c i t e ,  a n d e s ~ t e ,  aver .  K con- 
and b a s a l t  t e n t ;  no da ta  

on g r a n i  t o i d s  

Hornb lende-b io-  N o d a t a  No da ta  
t i t e  g r a n o d i o r i t e ,  
t o n a l  i te, gabbro 

A d m i r a l t y  f i e l d  Andes i te  and M o s t l y  t ho l  e i  - 47 -58 
basal t f l ows ,  i t i c  per  
( r h y o l i t e  t u f f  MacDonald and 
and b r e c c i a )  Ka tsu ra  ( 1 4 6 4 ) .  

but c a l c a l k a l i c  
( ave r .  K con- 
t e n t )  p e r  
I r v i n e  and 
Baragar (1971) 

No d a t a  N.A. No d a t a  Age i n f e r r e d  f rorn Redman and 
l i t h i c  s i m i l a r i t y  t o  o the rs ,  1984 
Ku iu -E to l  i n  be1 t 
p l u t o n s  

No d a t a  N.A. 5.9 Ma on b i o -  May be long w i t h  nearby Brew and o th -  
t i t e  and 16.6 Ma e a r l y  Ol igocene and e r s ,  1978; 
o n  muscov i te  l a t e  Eocene bod ies  D.A. Brew, 
(M.A. Lanphere, unpub. da ta  
w r i t t e n  commun., 
1978) 

N.A. N.A. P o s t - e a r l y o l i g o - C e n o t a p h v o l c a n i c s  P l a f k e r . 1 9 7 1 ;  
c e n e ( ? j  t o  pre-  u n i t  o f  M i l l e r  (1961);  G. P l a f k e r ,  
m idd le  Miocene non-marine w r i t t e n  corn- 
( M ~ l l e r ,  1961) rnun. , 1986 

No d a t a  N.A. No d a t a  Age i n f e r r e d  by  Eak ins  Eak ins ,  1975; 
(1975) on l i t h i c  Brew and Ford, 
grounds(  ?) 1985 i 1986 )  

61-68 6 , 7  Two episodes; 25 L inkage between p lu tons  Brew and Ford, 
Ma and 16 Ma and voTcanics  i s  t en -  1985 (1986) ;  
on whole- rock  uous; REE diagram D.A. Brew, 
K-Ar (G.P la fker ,  shows d i f f e r e n t i a t e d  unpub. data ;  
w r i  t t e n  commun., t r e n d  WI t h  h i g h e r  G .  P l a f k e r ,  
1986) S i 0 2  r o c k s  hav ing  w r i t t e n  com- 

n e g a t l v e  Europ i  urn rnun. , 1986; 
anomal ies  Fukuhara, 1986 

No d a t a  N.A. 24.3 Ma on b i o -  Heterogeneous intrusion Loney and o t h e r s ,  
t i t e ;  24.9 Ma 1975 
and 31.5 Ma on 
c o - e x i s t i n g  
b i o t i t e  and 
hornblende, 
r e s p e c t i v e l y  

Y . A .  6, 7 Ol igocene p l a n t  1,500-2,900 rn t h i c k ;  Loney, 1964; 
f o s s i l s  (J.A. alteration cornmon Lathram and o t h -  
Wolfe, w r i t t e n  e r s ,  1965; 
cornrnun. , 1985 ) G. P l a f k e r ,  
27 Ma whole- rock  w r i t t e n  commun., 
K-Ar (G.P la fker ,  1986 
w r i t t e n  cornmun., 
1986) 



TABLE 2 . - -Desc r i p t i on  o f  l a t e s t  Hesozo ic  and Cenozoic magmatic r o c k s  o f  sou theas te rn  A laska-Cont inued 

F i g u r e  1 and Major  {and M i n o r )  Map and 
P l a t e  1 Area o r  Be1 t L i  t h i c  Types Chemical S i 0 2  SiO Diagralns 
Reference Name P resen t  C l a s s i f i c a t i o n  Range &ap fs ]  on  F ig .  Age Data D i s c u s s i o n  References 

LATE OLIGOCENE AND MIOCENE ROCKS (35-5 Ma) (Cont inued)  

19 Ku iu -E to l  i n  v o l -  B a s a l t  and ande- Vo l can i cs  ( v o l c a n i c s )  
c a n i c - p l  u t o n i c  s i t e  f lows;  r hy -  m o s t l y  t ho1  e i -  46-76 61-65 
be1 t o l i t e  f l ows  and i t i c  p e r  Xac- ( g r a n i  t o i d s )  

t u f f s ,  ven t  and Donald  and 49-77 54-56, 
and o t h e r  brec- Ka tsu ra  (1964) 61-65 
c i as ;  a l k a l i  and M i y a s h i r o  
g r a n i t e ,  g r a n i t e ,  (1974), b u t  
qua r t z  s y e n i t e ,  c a l c a l  k a l j c ,  
i gabb ro )  aver .  and low 

K-content  p e r  
I r v i n e  and 
Baragar  (1971).  
G r a n i t i c s  a r e  
m o s t l y  p e r a l  u- 
minous and met- 
aluminous, c a l c -  
a1 Cal i c , K- poor  
o r  K-aver., and 
o n l y  a  few a re  
p e r a l  k a l  i ne o r  
a1 k a l  i c 

R h y o l i t e ,  b i o t i t e  Peraluminous 74-76 
g r a n i t e  pe r  Shand 

(1951); t h o l -  
e i i  t i c  p e r  Mac 
Donald and 
Ka tsu ra  (19641, 
but c a l c a l k a l i c ,  
K-poor p e r  
1 r v i n e  and 
Baragar  (1971)  

Groundhog 
B a s i n  area 

Sou the rn  E t n l  i n  B a s a l t  f lows,  No da ta  No da ta  No da ta  
f i e l d  andesi t e  b recc ia5  

E a s t - c e n t r a l  B a s a l t  and rhyo-  No da ta  No da ta  NG da ta  
P r i n c e  o f  Wales l i  t e  b r e c c i a  and 
f i e l d  t u f f  

Suemez f i e l d  O l i v i n e  b a s a l t  Pe ra l  k a l i n e  72 N.A. 
f l ows ,  b a s a l t  p e r  I r v i n e  and 
brecc ia ,  l a p i l l i  Baragar  (1971);  
t u f f ,  r h y o l i t e  t h o l e i i t i c  p e r  
and dac i  t e  f l ows  MacLlonald and 

Katsura  (1964) 

8, 9, 10 Yo lcan i cs  22-20 Heterogeneous v o l c a n i c  Brew and o the rs ,  
Ma on whole- rock  and p l u t o n i c  complex; 1979, 1984; Hunt,  
K-Ar; g r a n i  t o i d s  gabbro and mi c rogdbbro 1984; Dougl ass 
19-24 Ma l o w  i n  s e c t i o n ;  s i l i -  and o t h e r s ,  
(Dougl ass and ceous v o l  c a n i c l a s t i c  1988 
o thers ,  1987) rocks  a s s o c i a t e d  w i t h  

r h y o l  i te ;  1 arge, wel l -  
zoned g r a n i  t o i d  body 
a t  eas t  end o f  b e l t ,  
basat t s  and andes i  t e s  
have no n e g a t i v e  Euro- 
pium anomaly, r h y o l i t e s  
a s t r o n g  one, g r a n i -  
t o i d s  a r e  i n  betueen 

S i l l  15 Ma on Prominent  r h y o l i t e  s i l l  Brew and o the rs ,  
whole- rock  K-Ar; swarm a p p a r e n t l y  cen- 1984; Douglass 
p l u g  16 Ma on t e r e d  on g r a n i t i c  o r  and o the rs ,  
b i o t i t e  K-Ar f e l s i c  v o l c a n i c  1988; R.P. 

p l u g s  M o r r e l l  . w r i t t e n  
commun., 1986 

N.A. No da ta  May be o u t l i e r  o f  Berg and o the rs ,  
K u i u - E t o l  i n  vo l  can i  cs  1976; E b e r l e i  n  

and o t h e r s ,  
1983 

N.A. No da ta  Ve ry  p o o r l y  known smal l  E b e r l e i n  and 
i s o l a t e d  occu r rences  o thers ,  1983 

N.A. A s s o c i a t e d w i t h  P o o r l y k n o w n f i e l d ,  i b e r l e i n a n d  
T e r t i a r y ( ? )  may be c l o s e l y  r e l a t e d  o the rs ,  1983; 
coa l  seams t o  T l e v a k  f i e l d  ( D )  G.D. E b e r l e i n ,  

w r i  t t e n  
cofimun., 1986 



TABLE 2 . - - D e s c r i p t i o n  o f  l a t e s t  Mesozo ic  and  Cenozo i c  magmatic r o c k s  o f  s o u t h e a s t e r n  A laska - -Con t i nued  

F i g u r e  1 and M a j o r  (and M i n o r )  Map and 
P l a t e  1 Area o r  Be1 t L i t h i  c  Types Chemical S i 0 2  S i 0  Diagrams 
R e f e r e n c e  Name P r e s e n t  C l a s s i f i c a t i o n  Range ~ a ~ f s )  o n  F i g .  Age Data  D i s c u s s i o n  Re fe rences  

LATE OLIGOCENE AND MIOCENE ROCKS (5-35 Ma) (Con t i nued )  

S Bu r roughs  Bay B i o t i t e  g r a n i t e  No d a t a  No d a t a  
area and b i o t i t e  q u a r t z  

monzuni  t e  

Cone M o u n t a ~  n A1 k a l  i - f e l d s p a r  No d a t a  No d a t a  
a rea  g r a n i t e  ( r h y o -  

l i t e l  

K e t c h i  kan  a rea  Ol i v i  ne-  b e a r i  n g  No d a t a  ;4o d a t a  
py roxene  l euco- 
gabbro (gabb ro ,  
q u a r t z  d i o r i t e ,  
g r a n o d i o r i  t e )  

Q u a r t z H i l I -  O l i v i n e - h y p e r s -  G r a n i t o i d s :  47-78 
P o r t l a n d  Pen in -  t h e n e - a u g i  t e  Pe ra lum inous ,  
s u l a  a rea  gabbro,  b i o t i t e  c a l c a l c a l i c ;  

g r a n i  te ,  g r a n i t e  gabb ro :  meta-  
p o r p h y r y ,  b i o t i t e  l um inous ,  
q u a r t z m o n z o n i t e  t h o l e i i t i c  

No d a t a  N.A. 23  Ha K-Ar on b i -  Q u a r t z  p o r p h y r y  Hudson and 
o t i t e + c h l o r i t e  s t o c k  and d i k e  swarm; o t h e r s ,  197%; 
(Hudson and e x p l o r e d  f o r  mo l yb -  B e r g  and  o t h e r s ,  
o t h e r s ,  1979 )  denum i n  p ress ;  R.L. 

E l l i o t t  and R.D. 
Koch, w r i t t e n  
commun . , 1986 

N.A. N.A. M i o c e n e ( ? )  r e -  May be s i m i l a r  t o  Koch and E l l i o t t ,  
p o r t e d  by Koch Groundhog B a s i n  1981; R.L. 
and E l l i o t t  a rea  (0) E l l i o t t  and R.D. 
(1981)  Koch, w r i t t e n  

commun., 1986 

N.A. N  .A. 24 Ma K-Ar o n  May be d i s t a n t  member Koch and E l l i o t t ,  
b i o t i t e ,  25 Ma o f  Q u a r t z  H i l l - P o r t -  1984; B e r g  and 
K-Ar on  ho rn -  l a n d  P e n i n s u l a  g r o u p  o t h e r s ,  1987 
b lende  ( S m i t h  o f  p l u t o n s  
and D i g g l e s ,  
1981) 

48-73 11 Two e p i s o d e s  Four  p l u i o n s  i n  c r u d e ,  E l  11 o t t  and o t h -  
based o n  K-Ar:  E - t r e n d i n g  b e l t - - o n e  e r s ,  1976; 
one a t  30 Ma and c o n t a i n s  m a j o r  m o l y b -  Hudson and  o t h -  
one between 27 d e n i t e  d e p a s i t  ( Q u a r t z  e r s ,  1979 
and 2 4  Ma H i l l ) ;  s t r o n g l y  f r a c -  

t i o n a t e d  REE p a t t e r n s  
and l a r g e  Europ ium an- 
o m a l i e s  f o r  g r a n i t o i d s ,  
S r  i n i t i a l  r a t i o s  0.747 
t o  0.7051 { A r t h  and o t h -  
e r s ,  1986) 

Sou the rn  s o u t h -  Lamprophyres,  Lamprophyres:  58-71 N  .A. 11 
e a s t e r n  A laska  g r a n i  t a i d s ,  a1 kaT i c ,  so- 
d i k e  swarm b a s a l t ,  d a c i t e  d i c ;  o t h e r s :  

c a l c - a 1  k a l  i c  

7 Ma ( O u d e r k i r k ,  N o r t h - n o r t h e a s t  s t r i k -  5 m i t h .  1973; 
1992) i ng  swarln; p r o b a b l y  E l  1  i o t t  and 

deep e x p r e s s i o n  o f  o t h e r s ,  1976; 
a l k a l i n e  v o l c a n i c  D u d e r k l  r k ,  
f i e l d  t o  RE i n  B r i t i s h  1982; Doy le ,  
Columbi 2 ( S o u t h e r ,  I983 
1970) 



TABLE 2.--Descr ipt ion o f  l a t e s t  Mesozorc and Cenozoic magmatic rocks o f  southeastern Alaska--Continued. 

Figure 1 and Major (and Minor)  Map and 
P la te  1 Area o r  Be1 t L i t h i c  Types Chemical S i O p  SiO O i  a grams 
Reference Name Present C l a s s i f i c a t i o n  Range ~ a p f s )  on f i g .  Age Data Discussion References 

LATE AND l4IDDLE EOCENE AND EARLY OLIGOCENE ROCKS (45-35 Ma) 

X Glac ier  Bay B i o t i t e  grani te;  Per- and met- 58-76 71-75 
region a1 ka l  i grani t e  a1 uminous dom- 

i nant ly  ca lc -  
a1 k a l i c  

Fairweather B i o t i t e g r a n o d i o -  N o d a t a f o r  Gran i t0 ids :N.A.  
Range r i t e ,  b i o t i t e -  g ran i to ids ,  72-73 

hornblende quartz but s im i l a r  Gabbroids: 
d i o r i  t e  and dio- rocks not f a r  39-51 
r i t e ;  o l i v i n e  NU are peral um- 
gabbro, o l i v i n e  inous, ca l ca l -  
n o r i t e ,  ( o l i v i n e  a l k a l i c ;  gab- 
gabbronorite, broids are met- 
anor thos i te ,  a l  umi nous, dom- 
wehrl i te, duni t e )  i n a n t l y  t ho le i -  

t i c  

Yakobi , Chicha- Garnet- or musco- Grani to ids  dom- Grani- Grani- 
gof, and Bara- v i  te-bear ing bio- i n a n t l y  meta- to ids :  to ids :  
nof area t i  te-  hornblende luminous ,cal c- 51-73 58-65 

granod ior i  t e  and a1 k a l  i c-- Gabbroids: 
grani te,  b i o t i t e  aver. K con- 49-55 
granodi o r i  te, tent; gabb- 
muscovi te-horn- ro ids  metalu- 
b l  ende-biot i  t e  minous, calc-  
t o n a l i t e .  (horn- a l k a l i c  and 
blende quartz d i -  t h o l e i i t i c ,  
o r i t e )  horn- both aver. K 
bl  ende- pyroxene content 
gabbronor i te,  
hornblende py- 
roxeni t e ,  
(quartz-bear ing 
na r i  te, 1 euco- 
gabbro) 

1 2 42 t o  3 1  Ma on P lu ton ic  rocks s l i g h t l y  MacKevett and 
K-Rr (12 deter- younger than i n  f o l -  others, 1971, 
minat ions,  M.A. lowing two areas (Y 1974; Brew and 
Lanphere, o ra l  and Z); body a t  Mui r  others,  1978; 
common.. 1967, I n l e t  i s  associated Brew. unpub. 
1968, 1980) w i t h  a Cu-Mo deposi t  data; 

Himmel berg and 
Loney, 1981; 
P la f ke r  and Mac- 
Kevett, 1970 

N.A.  No data on gran i -  
to ids;  i n d i r e c t  
da t i ng  o f  gab- 
ro ids  i n  t h a t  
they are c u t  by 
f e l s i c  i n t r u -  
s ives o f  above 
group ( X I  

T h i s  area and fo l low-  As above, p lus  
i ng  area ( Z )  both con- Hudson and oth- 
t a i n  2 gabbroic and an ers, 1977; toney 
intermediate t o  f e l s i c  and Himmeiberg, 
su i t e ;  t h i s  area has 1983 
dominant layered gab- 
bros; area Z has dom- 
i nan t  intermediate t o  
f e l s i c  i n t rus i ves ;  La- 
Perouse layered gabbro 
i s  host o f  major mag- 
matic Ni-Cu deposi t  

12, 13 43-40 Ha K-Ar on See above; gabbronorite Loney and others,  
hornblende and on Yakobi i s  host o f  1975; Johnson 
b i o t i t e  from Cu deposit; RE€ dia- and Kar l .  1985; 
t o n a l i t e  on Yak- gram shows r e l a t i v e l y  Callahan, 1970; 
obi (M.A.  Fan- und i f f e ren t i a ted  Wanek and Cal- 
phere, w r i t t e n  K zof p lu ton lahan. 1969; 
camrnun., 1982; k::n@ir/8&ir valuer H i n e l  berg and 
F.H. Yi lson. o f  about 0.70535; others,  1987 
w r i t t e n  commun., (Nyers and others. 
1985); 49 Ma K-Ar 1984) 
on b i o t i t e  from 
granodi o r i  t e  on 
Kruzof (Loney and 
others. 1967); 
47-42 Ma K- A r  on 
b i o t i t e  and horn- 
blende from grano- 
d i o r i t e  and tona- 
l i  t e  on Baranof 
(Loney and others,  
1967 ) 



TRBLE 2 . - -Desc r i p t i on  o f  l a t e s t  Hesozo ic  and Cenozoic magmatic r ocks  o f  southeastern  A laska- -Cont inued.  

F i g u r e  1 and Major  (and M i n o r )  Map and 
P l a t e  1 Area o r  B e l t  L i t h i c  Types Chemical S i 0 2  SiD Diagrams 
Reference 14 a~ne Present  C l a s s i f i c a t i o n  Range Gapfs) on F ig .  Aqe Data 

- - 

D i s c u s s i o n  References 

EARLY AND MIDDLE EOCENE ROCKS (55-45 Ma) 

AA Hai nes-Skagway K- f e l dspa r  por -  
area p h y r i  t i c  horn-  

b lende q u a r t z  
monzodior i  t e ,  K- 
f e l dspa r  porphy-  
ri t i c  hornblende- 
b i o t i t e  q u a r t z  
monzoni t e  and 
g ran i t e ,  horn-  
blende- b i o t i  t e  
t ona l  i t e  and g ra -  
n o d i o r i t e ,  b io -  
t i t e  g r a n i t e  

Tonal i t e  To W 53-77 N.A. 
dominant1 y 
p e r a l  uminous 
( 8 : 3 ) ,  r e s t  
meta l  uminous, 
c a l  c a l  ka l  i c, 
aver .  and h i g h  
K c o n t e n t ;  
g r a n o d i o r i  t e  
and g r a n i t e  t o  
E e q u a l l y  
p e r a l  uminous 
and meta lumin-  
ous, c a l  c a l  ka- 
l i c ,  l ow  K 
c o n t e n t  

Juneau-Taku Homogeneous Dominan t l y  
R i v e r  area sphene-Searing ( 2 :  1) meta l  u- 

b i o t i t e - h o r n -  minous, r e s t  
bl  ende granod i o- p e r a l  umi nous, 
r i t e , t o n a l i t e ,  c a l c a l k a l i c - -  
and g r a n i t e ;  K- aver .  K  c o n t e n t  
spar  p o r p h y r i t i c  
hornblende- b i o t i  t e  
g ran i  t e ,  q u a r t z  
~nonzod io r i  t e ,  and 
g r a n o d i o r i  t e  

60-76 N.A. 

14, 1 5 A  Tona l i  t e  and gra- Assignment o f  r ocks  Margar i  t z  and 
n o d i o r i  t e  54 Ma n o r t h  o f  Ha ines based Tay lor ,  1976; 
on Pb/U on z i r -  on l i t h i c  s i m i l a r i t y  Redman and o t h -  
zon, 52 Ma on t o  r o c k s  t o  E and 5; ers,  1984; Lam- 
K-Ar on b i o t i t e ;  i f  ass ignment  i s  c o r -  be r t ,  1974; 
g r a n i t e  52-51 Ma r e c t ,  t h e n  t h i s  i s  t h e  C h r i s t i e ,  1957, 
on Pb/U on z i r -  o n l y  known occu r rence  1959; Ba rke r  and 
con t o  E, 48 Ma o f  an e a r l y  Eocene o thers ,  1986; 
t o  U (Barker  and body U. o f  t he  " tona-  D.A. Brew and 
o the rs ,  1986) l i t e  s i l l "  f a m i l y  o f  A.B. Ford, un- 

p l u t o n s .  Tonal i t e  and pub. da ta  
g r a n o d i o r i  t e  near  Skag- 
w a y  RE£ d i a g r a ~ n  shows 
moderate  t o  s teep  neg- 
a t i v e  s l opes  and smal l  
n e g a t i v e  Eu anomalies, 
g r a n i t e s  have f l a t  
s l opes  and d i s t i n c t  neg- 
a t i v e  anomalies. I n i -  
t i a l  S r  r a t i o s  range 
f rom 0.70485 t o  0.70770 

CC Surndum (T racy  Sphene-hornbl ende Dominant1 y 59-75 N.A. 17 
Arm) area b i o t i t e  granad io-  {2:1) meta lu -  

r i t e  and g r a n i t e ,  minous, r e s t  
sphene -b io t i t e -  pera luminous,  
hornblende grano- c a l c a l  k a l  i c - -  
d i o r i t e ,  horn-  ave r .  K-content  
b lende granod io-  
r i t e ;  l o c a l l y  po r -  
p h y r i  t i c  

158, 16 Publ ished K-Ar o f  Ve ry  l a r g e  compos i te  Brew and Ford, 
53-50 f4a (Forbes p l u t o n ;  K-spar,  por -  1936; 
and Engels, p h y r i  t i c  phase res -  Souther,  1971; 
1970) and Pb/U t r i c t e d  t o  near  I n t e r -  D.A. Brew and 
on z i r c o n  o f  50 N a t i o n a l  Boundary; as- A.B. Ford, un- 
Ma {Gehre ls  and s o c i a t e d  w i t h  v o l c a n i c  pub. data. 
o thers ,  1984) rocks o f  S loko  Group 
suppor ted by i n  same area (Souther ,  
abundant unpub. 1971) 
K - A r  da ta  (J.G. 
Smith, w r i  t t e r ~  
communs., 1976- 
1986; F.H. U i l -  
son, w r i t t e n  
communs., 1985, 
1956 

54-49  Ma K-Ar on Southeastward c o n t i n u -  Brew and Grybeck, 
numerous b i o t i t e  a t i o n  o f  v e r y  l a r g e  1954; D.A. Brew 
and hornblende compos i te  p l u t o n  o f  and A.B. Ford, 
samples {J.G. Juneau-Taku R i v e r  unpub. d a t a  
Smith, a r i  t t e n  area 
communs., 1976- 
19861 



TABLE 2.--9escr ipt ion o f  l a t e s t  Mesozoic and Cenozoic magmatic rocks o f  southeastern Alaska--Continued. 

Figure 1 and Major (and Minor)  Map and 
P la te  1 Area o r  Be1 t L i t h i c  Types Chemical S i 0 2  SiO Diagrams 
Reference Name Present C l a s s i f i c a t i o n  Range ~ a p f s )  on Fig. Age Data O i  scussion References 

EARLY AND MIDDLE EOCENE ROCKS (55-45 Ma) (Continued) 

OD Petersburg area Local 1 y K-spar Dominantly per- 64-75 N.A. 17, 18 52-49 Ma K-Ar Large d i sc re te  p lu ton  Brew and others,  
po rphy r i t i c  a1 umi nous. on b i o t i t e  and w i th  complicated bor- 1984; Webster, 
sphene-bearing ca l ca l  ka l  i c - -  hornblende der phases 1984; Doug1 ass 
b i o t i t e -  horn- aver. K content (Douglass and and others,  
b l  ende granodi o- others, 1987) 1988 
r i t e ,  t ona l i t e ,  
and g ran i t e  

B r a d f i e l d  Canal Loca l ly  K-spar Peral umi nous, 54-75 55-65 19 
area po rphy r i t i c  ca l  ca l  kal  i c-- 

sphene-beari ng aver. K-con- 
b i o t i t e -  horn- t e n t  and K- 
bl ende granodi O- poor 
r i t e  and grani te.  
leucocra t i  c 
quartz rnonzonite, 
a1 kal  i gran i te  

Ketchi  kan-Prince Loca l l y  K-spar Peralumjnous 58-72 60-65 19 
Rupert area po rphy r i t i c  dominant over 

sphene-bearing metaluminous 
b i o t i  te-hornblende 2:l; ca l ca l -  
granodior i  te, kal  i c--aver. 
grani te,  and K-content 
tonal  i t e  

53-45  Ma on K-Ar  Several i n t r u s i v e  
from three d i f -  episodes probably 
f e ren t  i n t r u s i v e  represented 
phases (Smith, 
1977) 

Koch and E l l i o t t ,  
1981; Smith, 
1977; 8.0. Koch 
and R.L. 
E l l i o t t ,  o ra l  
commun., 1986 

55-45 Ma on K-Ar Major bodies are  con- Berg and others,  
from b i o t i t e  and t i nua t i ons  o f  those i n  i n  press; Smith, 
hornblende B r a d f i e l d  Canal area; 1977; Smith and 
(Smith and Dig- probably several others. 1977; 
gles. 1981) close-spaced i n t r u s i v e  Woodcock and 

episodes represented; Carter, 1976; 
s t r o n g l y  f r ac t i ona ted  Hutchison, 1982; 
REE pat terns  w i t h  Ar th  and others,  
small negat ive Eu ano- 1986 
mal ies;  S r  i n i t i a l  ra -  
t i o s  0.7046-0.7061; 
area connects t o  SE i n  
B r i t i s h  Columbia w i t h  
Ponder p l  uton (Hutchi-  
son, 1982) and Mo-bearing 
A l  i c e  Arm in t rus ions  
(Woodcock and Car ter ,  
1976; Christopher and 
Carter. 1976) 
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ILLUSTRATIONS 

FIGURE 1. Cenozoic p l u t o n i c  and vo l can i c  rock  l o c a l i t i e s  i n  southeastern 
Alaska. L e t t e r s  r e f e r  t o  areas descr ibed  i n  Tables 1 and (o r )  2. L ined 
p a t t e r n  i n d i c a t e s  approximate e x t e n t  o f  areas; boundar ies between 
con t iguous  areas o f  the  same age a re  omi t ted .  L i nes  l a b e l l e d  " W "  a re  
t h e  nor thwes t  and southeast  boundar ies o f  t h e  sou thern  sou theas te rn  
Alaska d i k e  swarm. 

FIGURE 2. Histogram showing d i s t r i b u t i o n  o f  r a d i o m e t r i c  ages f o r  southeastern 
Alaska. 

FIGURE 3. L a t e s t  Mesozoic and Cenozoic magmatic b e l t s ,  f i e l d s ,  and areas i n  
southeastern Alaska; ages g iven  i n  parentheses a re  those f rom the 
o r g a n i z a t i o n  o f  t h e  t e x t  and t a b l e  and do n o t  i n  every  case r e f l e c t  t h e  
f u l l  range o f  ages o f  t he  rocks  i n  t he  b e l t s .  One-hundred and twenty  
k i l ome te r s  o f  r i g h t - l a t e r a l  sepa ra t i on  on the Lynn Canal-Chatham S t r a i t  
f a u l t  has been removed. D i f f e r e n t  l i n e  types a re  used o n l y  t o  c l a r i f y  
r e1  a t i  ons between over1 appi  ng be1 t s .  

FIGURE 4: Composite diagrams f o r  rocks o f  Holocene age f rom the  Edgecumbe 
vo l can i c  f i e l d  ( l o c a t i o n  shown on f i g .  5 ) .  A, AFM diagram a f t e r  I r v i n e  
and Baragar (1971),  non-tephra-deposi  t samples, da ta  f rom J.R. R ieh le  
( w r i t t e n  commun., 1986) ; B, s i  1  i c a - v a r i a t i o n  diagram, non-tephra- 
depos i t  samples, da ta  fro; Brew and o t h e r s  (1969),  Myers and Marsh 
(1981),  and Kosco (1981);  C, AFM diagram, t eph ra -depos i t  samples, da ta  
f rom J.R. R ieh le  ( w r i t t e n  comrnun., 1986) ; 0, s i l  i c a - v a r i a t i o n  diagram, 
tephra-depos i  t samples, da ta  f rom R ieh le  aTd Brew (1984).  

FIGURE 5 .  Loca t i on  map and compos i t i on  diagrams f o r  rocks  o f  Holocene age from 
A, t he  sou thern  Kupreanof v o l c a n i c  f i e l d  ( B ) ,  B lue  River-Unuk R i ve r  - 
v o l c a n i c  f i e l d  (C),  Tlevak S t r a i t  f i e l d  and ( 0 )  Behm Canal-Rudyerd Bay 
v o l c a n i c  f i e l d s  ( E ) .  B, AFM diagram ( I r v i n e  and Baragar, 1971); C, 
S i l  i c a - v a r i a t i o n  diagram. Data sources: Douglass and o the rs  (1988),  
R.L. E l l i o t t  ( w r i t t e n  commun., 1986), Wanek and Cal lahan (1971),  and 
Ouderki r k  ( 1982). 

FIGURE 6. Loca t i on  map and compos i t i on  diagrams f o r  rocks  o f  l a t e  01 igocene 
and Miocene age f rom A, t h e  I c y  S t r a i t  be1 t ( K )  and the  Adm i ra l t y  
I s l a n d  v o l c a n i c  f i e l d  (M).  B, AFM diagram ( I r v i n e  and Baragar, 1971); 
C, S i l  i c a - v a r i a t i o n  diagram. Data sources: D.A. Brew (unpub. data,  - 
1985) ; Loney (1964), G. P l a f k e r  ( w r i t t e n  commun., 1986). 

FIGURE 7. Chondr i te-normal ized ra re -ear th -e lement  diagram f o r  rocks  o f  l a t e  
Ol igocene and Miocene age from the  I c y  S t r a i t  b e l t  ( d o t s )  and Adm i ra l t y  
I s l a n d  v o l c a n i c  f i e l d  ( c i r c l e s ) .  Data f rom D.A. Brew (unpub. data, 
1985) and G. P l a f k e r  ( w r i t t e n  commun., 1986). 

FIGURE 8. Loca t i on  map and composi t ion diagrams f o r  v o l c a n i c  rocks o f  l a t e  
01 i gocene and Miocene age from A, t he  Kuiu-Eto l  i n  v o l  can i c -p l  u t o n i c  
b e l t  ( N ) .  B, AFM diagram ( I r v i n e  and Baragar, 1971);  C, S i l i c a -  
v a r i a t i o n  diagram. Data source: Douglass and o t h e r s  ( i 9 8 8 ) .  

FIGURE 9. Chondri te-normal i zed ra re -ea r t h -e l  ement diagrams f o r  rocks  o f  l a t e  



01 i gocene and Miocene age f r o m  t h e  K u i u - E t o l  i n  v o l  c a n i c - p l  u t o n i c  be1 t. 
A, Basal  t s  and andes i  t e s ;  1, Rhyol i t e s  ( d o t s )  and g r a n i t i c  r o c k s  
T c i r c l e s ) .  Data source:  D.A. Brew (unpub. da ta ,  1985). 

FIGURE 10. L o c a t i o n  map and c o m p o s i t i o n  d iagrams f o r  p l u t o n i c  r o c k s  o f  l a t e  
01 i gocene and Miocene age from A, the  K u i u - E t o l  i n  v o l c a n i c - p l u t o n i c  
b e l t  ( N )  and Groundhog B a s i n  a rea  ( 0 ) .  B, AFM d iagram ( I r v i n e  and 
Baragar,  1971) ;  C, S i l i c a - v a r i a t i o n  d iagram; D, genera l  p l u t o n i c  r o c k  
c l a s s i f i c a t i o n  d iagram ( S t r e c k e i s e n ,  1973): AT, a1 k a l  i - f e l d s p a r  
g r a n i t e ;  AQ, a1 k a l  i - f e l d s p a r  q u a r t z  s y e n i  t e ;  AS, a1 k a l  i - f e l d s p a r  
syen i  t e ;  D I  , d i o r i  t e ;  GR, g r a n i t e ;  GD, g r a n o d i o r i  t e ;  MD, m o n z o d i o r i  t e ;  
MO, monzoni t e ;  QD, q u a r t z  d i o r i  t e ;  QO, q u a r t z  m o n z o d i o r i  t e ;  QM, q u a r t z  
monzon i te ;  QS, q u a r t z  s y e n i t e ;  SY, s y e n i t e ;  AM, q u a r t z  monzon i te ;  QS, 
q u a r t z  s y e n i t e ;  SY, s y e n i t e ;  TO, t o n a l i t e .  Data sources:  Douglass and 
o t h e r s  (1988) ,  and Hunt (1984) .  

FIGURE 11. L o c a t i o n  map and c o m p o s i t i o n  d iagrams f o r  p l u t o n i c  r o c k s  o f  l a t e  
O l i gocene  and Miocene age f rom A, t h e  Q u a r t z  H i l l / P o r t l a n d  P e n i n s u l a  
a r e a  ( V ) .  B, AFM d iagram ( I r v i n e  and Baragar,  1971);  C, S i l i c a -  
v a r i a t i o n  q iagrarn;  D, genera l  p l u t o n i c  r o c k  c l a s s i f i c ~ t i o n  d iagram 
( S t r e k e i s e n ,  1973) :-AF, a1 k a l  i - f e l d s p a r  g r a n i t e ;  AQ, a1 k a l  i - f e l d s p a r  
q u a r t z  s y e n i t e ;  AS, a l k a l i - f e l d s p a r  s y e n i t e ;  DI, d i o r i t e ;  GR, g r a n i t e ;  

I GD, g r a n o d i o r i  t e ;  MD, monzond io r i  t e ;  MO, monzoni t e ;  QD, q u a r t z  d i o r i  t e ;  
90, q u a r t z  m o n z o d i o r i t e ;  QM, q u a r t z  monzon i te ;  QS, q u a r t z  s y e n i t e ;  SY, 
s y e n i t e ;  TO, t o n a l i t e .  Data sources:  Smi th  and o t h e r s  (1977);  Hudson 
and o t h e r s  (1979) .  

: FIGURE 12. L o c a t i o n  map and c o m p o s i t i o n  d iagrams f o r  g r a n i t i c  and g a b b r o i c  
r o c k s  o f  Miocene and l a t e  Eocene and e a r l y  O l i gocene  age f r o m  A, the  
G l a c i e r  Bay r e g i o n  ( X )  and t h e  Yakobi, Ch ichagof ,  and Barano f  a r e a  ( Z ) .  
0 ,  AFM d iag ram ( I r v i n e  and Baragar,  1971) ; C, S i  1  i c a - v a r i a t i o n  d iagram; - 
D, genera l  p l u t o n i c  r o c k  c l a s s i f i c a t i o n  d iagram ( S t r e c k e i s e n ,  1973) : - 
AF, a l k a l i - f e l d s p a r  g r a n i t e ;  AQ, a l k a l i - f e l d s p a r  q u a r t z  s y e n i t e ;  AS, 
a l k a l i - f e l d s p a r  s y e n i t e ;  DI ,  d i o r i t e ;  GR, g r a n i t e ;  GD, g r a n o d i o r i t e ;  
MD, m o n z o n d i o r i t e ;  MO, monzoni te;  QD, q u a r t z  d i o r i t e ;  MO, q u a r t z  

~ m o n z o d i o r i t e ;  QM, q u a r t z  monzon i te ;  QS, q u a r t z  s y e n i t e ;  SY, s y e n i t e ;  
TO, t o n a l i t e .  Data sources:  Himmel b e r g  and Loney (1987) ,  and Brew 
(unpub. d a t a )  f o r  a l l  b u t  Ba rano f  area;  Wanek and C a l l a h a n  (1969)  and 
Ca l l ahan  (1978)  f o r  Ba rano f  area.  

FIGURE 13. Chondr i  te -normal  i zed r a r e - e a r t h - e l e m e n t  d iag ram f o r  rocks o f  m i d d l e  
and l a t e  Eocene and e a r l y  O l i gocene  age f rom t h e  Yakobi I s l a n d  area.  
Data source:  Himmelberg and o t h e r s  (1987).  

FIGURE 14. L o c a t i o n  map and c o m p o s i t i o n  d iagrams f o r  g r a n i t i c  r o c k s  o f  e a r l y  
and m i d d l e  Eocene age f r o m  A, t h e  Haines-Skagway a rea  (AA). 5, AFM 
d iagram ( I r v i n e  and ~ a r a ~ a r ;  1971; C, S i l i c a - v a r i a t i o n  diagrTm; I?, 
genera l  p l u t o n i c  r o c k  c l a s s i f i c a t i o ~  d iagram ( S t r e c k e i s e n ,  1973):  AF, 
a1 k a l  i - f e l d s p a r  g r a n i t e ;  AQ, a1 k a l  i - f e l d s p a r  q u a r t z  s y e n i  t e ;  AS, 
a l k a l i - f e l d s p a r  s y e n i t e ;  D I ,  d i o r i t e ,  GR, g r a n i t e ;  GD, g r a n o d i o r i t e ;  
MD, m o n z o n d i o r i t e ;  MO, monzon i te ;  QD, q u a r t z  d i o r i t e ;  QO, q u a r t z  
rnonzod io r i t e ;  QM,,quartz monzon i te ;  QS, q u a r t z  s y e n i t e ;  SY, s y e n i t e ;  
TO, t o n a l i t e ;  FeO i n d i c a t e s  t o t a l  Fe as  FeO. Data sou rce :  B a r k e r  and 
o t h e r s  (1986).  



FIGURE 15 .  Chondri te-normal i zed  rare-ear th-e lement  diagrams f o r  g ran i  t i c  rocks  
o f  e a r l y  and midd le  Eocene age. 4, Haines-Skagway area; da ta  source: 
Barker  and o the rs  (1986); g, Juneau-Taku R i ve r  area; data source: D.A. 
Brew and A.B. Ford (unpub. data,  1985). 

FIGURE 16. Loca t i on  map and compos i t i on  diagrams f o r  g r a n i t i c  rocks o f  e a r l y  
and m idd le  Eocene age f rom 11, the  Juneau-Taku R i v e r  area (BB). By  AFM 
diagram ( I r v i  ne and Baragar, 1971) ; C ,  S i l  i c a - v a r i a t i o n  diagram: 0, 
general  p l u t o n i c  rock  c l ass i f i ca t i on -d i ag ram (S t recke isen ,  1973):  AF, 
A1 k a l  i - f e l d s p a r  g r a n i t e ;  AQ, a1 k a l  i - f e l d s p a r  q u a r t z  syeni  te ;  AS, 
a1 ka l  i - f e l d s p a r  syeni  te ;  D I ,  d i o r i  te ;  GR, g r a n i t e ;  GD, g r a n o d i o r i  t e ;  
MD, monzondior i te ;  MO, monzonite; QD, qua r t z  d i o r i t e ;  QO, qua r t z  
monzod io r i te ;  QM, qua r t z  monzonite; QS, qua r t z  syen i t e ;  SY, syen i te ;  
TO, t o n a l i t e .  Data source: D.A. Brew and A.B. Ford (unpub. data,  
1985). 

FIGURE 17. Loca t i on  map and composi t ion diagrams f o r  g r a n i t i c  rocks o f  e a r l y  
and midd le  Eocene age f rom A, t h e  Sumdum ( C C )  and Petersburg (DD) 
areas. k, AFM diagram (1rvi;e and Baragar, 1971); C, S i l i c a - v a r i a t i o n  
diagram; I), general  p l u t o n i c  r ock  c l a s s i f i c a t i o n  diagram (S t recke isen ,  
1973) : AF, a1 k a l  i - f e l d s p a r  g r a n i t e ;  AQ, a1 k a l  i - f e l d s p a r  q u a r t z  syeni  t e ;  
AS, a1 k a l  i - f e l d s p a r  syen i t e ;  D I ,  d i o r i t e ;  GR, g r a n i t e ;  GD, 
g r a n o d i o r i t e ;  MD, monzond io r i te ;  MO, monzonite; QD, qua r t z  d i o r i t e ;  90, 
qua r t z  monzod io r i te ;  QM, qua r t z  monzonite; QS, qua r t z  syen i t e ;  SY, 
syen i t e ;  TO, t o n a l i t e .  Data sources: D.A. Brew and A.B. Ford (unpub. 
data,  1985) f o r  Sumdum; Douglass and o t h e r s  (1988) f o r  Petersburg.  

FIGURE 18. Chondr i te-normal ized r a r e - e a r t h  element diagram f o r  g r a n i t i c  rocks  
o f  e a r l y  and midd le  Eocene age f rom the  Petersburg area. Data source: 
D.A. Brew (unpub. data 1985). ~ 

FIGURE 19. Loca t i on  map and compos i t i on  diagrams f o r  g r a n i t i c  rocks  o f  e a r l y  
and midd le  Eocene age f rom A, B r a d f i e l d  Canal (EE)  and Ketch ikan (FF)  
areas. g, AFM diagram ( I r vTne  and Baragar, 1971); C, S i l i c a - v a r i a t i o n  
diagram; D, general  p l u t o n i c  r ock  c l a s s i f i c a t i o n  diagram (S t recke isen ,  
1973) : AFT a1 k a l  i - f e l d s p a r  g r a n i t e ;  AQ, a1 k a l  i - f e l d s p a r  q u a r t z  syeni  te ;  
AS, a l k a l i - f e l d s p a r  syen i t e ;  D I ,  d i o r i t e ;  GR, g r a n i t e ;  GO, 
g r a n o d i o r i  te ;  MD, monzondior i  te ;  MO, monzoni t e ;  QD, qua r t z  d i o r i  t e ;  90, 
qua r t z  monzod io r i te ;  QM, qua r t z  monzonite; QS, qua r t z  syen i t e ;  SY, 
syen i t e ;  TO, T o n a l i t e .  Data sources: Webster (1984) and Smith (1977) 
f o r  B r a d f i e l d  Canal area; Smith (1977) f o r  Ketch ikan-Pr ince Rupert  
area. 

FIGURE 20. Loca t i on  map and compos i t i on  diagrams f o r  r a n i t i c  rocks o f  
Paleocene age from A, t h e  Juneau-Skagway area 9 GG) . B, AFM diagram 
( I r v i n e  and Baragar (1971);  C, S i l i c a - v a r i a t i o n  diagram; D, genera l  
p l u t o n i c  r ock  c l a s s i f i c a t i o n  diagram (S t recke isen ,  1973) :-AF, a1 k a l  i- 
fe ldspar  g r a n i t e ;  AQ, a1 k a l  i - f e l d s p a r  qua r t z  syeni  t e ;  AS, a1 k a l  i- 
f e l d s p a r  syen i te ;  D I ,  d i o r i t e ;  GR, g r a n i t e ;  GO, g r a n o d i o r i t e ;  MD, 
monzondior i te ;  MO, monzonite; QD, qua r t z  d i o r i t e ;  90, qua r t z  
monzod io r i te ;  QM, qua r t z  monzonite; QS, quar tz  syen i t e ;  SY, syen i te ;  
TO, t o n a l i  t e .  Data source: D.A. Brew and A.B. Ford (unpub. data,  

I 

1985). 
28 



FIGURE 21. L o c a t i o n  map and c o m p o s i t i o n  d iagrams f o r  g r a n i t i c  r o c k s  o f  l a t e s t  
Cretaceous age f rom A, t h e  Haines-Skagway (HH) and Juneau-Taku R i v e r  
(11) areas.  By AFM d iagram ( I r v i n e  and Baragar,  1971); C, S i l i c a -  
v a r i a t i o n  d iagram; D y  genera l  p l u t o n i c  r o c k  c l a s s i f i c a t i o n  d iagram 
( S t r e c k e i s e n ,  1973) : AF, a1 k a l  i - f e l d s p a r  g r a n i t e ;  AQ, a1 k a l  i - f e l d s p a r  
q u a r t z  s y e n i  t e ;  AS, a1 k a l  i - f e l d s p a r  s y e n i  t e ;  D I ,  d i o r i  t e ;  GR, g r a n i t e ,  
GD, g r a n o d i o r i t e ;  MD, m o n z o n d i o r i t e ;  MO, monzon i te ;  QD, q u a r t z  d i o r i t e ;  
QO, q u a r t z  m o n z o d i o r i t e ;  QM, q u a r t z  monzon i te ;  QS, q u a r t z  d=syen i te ;  
SY, s y e n i t e ;  TO, t o n a l i t e .  Data sources:  D.A. Brew and A.B. Ford  
(unpub. da ta ,  1985) and B a r k e r  and o t h e r s  (1986). 

FIGURE 22. Chondr i  te -normal  i z e d  r a r e - e a r t h  e lement  d iagrams f o r  g r a n i t i c  r o c k s  
o f  l a t e s t  Cretaceous age. A, Haines-Skagway area ( d a t a  f r o m  Barke r  and 
o t h e r s ,  1986) ; B, ~ e t e r s b u r g  a rea  (D.A. Brew, unpub. data ,  1985). 

FIGURE 23. L o c a t i o n  map and cornposi t i o n  d iagrams f rom g r a n i t i c  r o c k s  o f  l a t e s t  
Cretaceous age f rom A, t h e  Sumdum (JJ), P e t e r s b u r g  ( K K ) ,  and K e t c h i  kan- 
P r i n c e  R u p e r t  (MM) areas.  6, AFM d iagram ( I r v i n e  and Baragar,  1971);  
C, S i l  i c a - v a r i a t i o n  diagram: D, genera l  p l u t o n i c  r o c k  c l a s s i f i c a t i o n  - 
diagram ( S t r e c k e i s e n ,  1973) :  AF, a1 k a l  i - f e l d s p a r  g r a n i t e ;  AQ, a1 k a l  i- 
f e l d s p a r  q u a r t z  s y e n i  t e ;  AS, a1 ka l  i - f e l d s p a r  q u a r t z  s y e n i  t e ;  AS, 
a l k a l i - f e l d s p a r  s y e n i t e ;  D I ,  d i o r i t e ;  GR, g r a n i t e ;  GO, g r a n o d i o r i t e ;  
MD, m o n z o n d i o r i t e ;  MO, monzoni te;  QD, q u a r t z  d i o r i t e ;  90, q u a r t z  
m o n z o d i o r i t e ;  QM, q u a r t z  monzon i te ;  QS, q u a r t z  s y e n i t e ;  SY, s y e n i t e ;  
TO, t o n a l i t e .  Data sources:  D.A. Brew and A.B. F o r d  (unpub. da ta ,  
1985) and Brew and Grybeck (1984) f o r  Sumdum; Douglass and o t h e r s  
(1988) for  Pe te rsbu rg ;  and Smi th  (1977) f o r  K e t c h i  kan -Pr i  nce Ruper t .  

FIGURE 24. Time space d iagram summariz ing 1 a t e s t  Mesozoic and Cenozoic 
magmatism i n  s o u t h e a s t e r n  Alaska.  

TABLES 

TABLE 1. Ma jo r  l a t e s t  Mesozoic and Cenozoic magmatic b e l t s  and a reas  o f  
1 s o u t h e a s t e r n  A laska.  

TABLE 2. D e s c r i p t i o n  o f  l a t e s t  Mesozoic and Cenozoic magmatic r o c k s  o f  
s o u t h e a s t e r n  Alaska.  See t e x t  f o r  d i s c u s s i o n .  
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