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ROCK-FRAGMENT PETROGRAPHY OF THE UPPER CRETACEOUS CHUGACH TERRANE,  

SOUTHERN ALASKA 

By Gian G.  Zuffa*, Tor H .  Nilsen**, and Gary R .  Winkler** 

ABSTRACT 

The Cretaceous Chugach terrane crops out in southern Alaska in a 

belt  as wide as 100 km and as 1 ong as 2000 km from Baranof Is1 and in the 

southeast to Sanak Island in the southwest. I t  consists o f  a thick 

sequence of terrigenous turbidi tes  previously described as a trench-fil l  

deposit. I t  i s  s t ructural ly  bounded to the north by me1 ange terranes 

and to the south by Paleogene turbidi tes .  Rock-fragment petrography of 

samples of Chugach terrane turbidi tes  indicates derivation primarily 

from a volcanic arc source area, with secondary inputs from a magmatic 

arc, an older or penecontemporaneous subduction complex, and recycled 

sedimentary debris. Regi onal trends indicate an eastward-i ncreasi ng 

amount of magmatic arc dissection. The data are consistent with a model 

of trench sedimentation characterized chiefly by longitudinal f i l l ,  

which yielded progradation of a very large and restr ic ted deep-sea fan 

westward down the trench axis,  and secondary la teral  i n f i l l i ng  from the 

north, primarily from a dissected arc provenance. 
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INTRODUCTION 

Southern Alaska c o n s i s t s  o f  l a r g e  number o f  t e r ranes  (P la f ke r ,  

1972; K a r i g  and Sharman, 1975; Moore and Connel ly,  1977; P l a f k e r  and 

others ,  1977; D ick inson  and Seely, 1979; Jones and S i l b e r l i n g ,  1979) o f  

Paleozoic,  Mesozoic, and Cenozoic age which have been accreted t o  the 

nor thwestern marg in  o f  t h e  Nor th  American con t i nen t .  The Chugach 

t e r r a n e  (Berg and others ,  1972) o f  La te  Cretaceous age (Jones and Clark ,  

1973) o r  E a r l y  and La te  Cretaceous (Brew and M o r r e l l ,  1979) age forms a 

be1 t as wide as 100 km and as l ong  as 2000 km f rom Baranof I s l a n d  i n  t he  

southeast t o  Sanak I s l a n d  i n  t h e  southwest ( f i g .  1 ) .  T u r b i d i t e s  o f  t h e  

Chugach t e r r a n e  have been considered t o  be a  t r ench  depos i t  (Burk, 1965; 

Moore, 1972, 1973; N i l s e n  and Bouma, 1977; Connel ly,  1978; and N i l s e n  

and Moore, 1979). I n  p laces  an o l d e r  c h a o t i c  assemblage, t he  Uyak and 

McHugh Complex s t r u c t u r a l l y  o v e r l i e s  t h e  Chugach t e r r a n e  t o  t h e  n o r t h  

(Moore, 1969; Connel ly,  1978; Clark ,  1972, 1973) a long the  Eagle R i v e r  

and r e l a t e d  f a u l t s  ( P l a f k e r  and others ,  1977). Paleogene t u r b i d i t e s  and 

assoc ia ted  ma f i c  v o l c a n i c  rocks  s t r u c t u r a l l y  u n d e r l i e  t h e  Chugach 

t e r r a n e  t o  t h e  south a long t h e  no r th -d i pp ing  Contact f a u l t  system 

( P l a f k e r  and others ,  1977). 

Sedimentary f ac i es  o f  the Chugach t e r r a n e  t u r b i d i t i e s  have been 

s tud ied  i n  t h e  Sanak and Shumagin I s l a n d s  by Moore (1973), on Kodiak 

I s l a n d  by N i l  sen and Moore (1979), and i n  t he  S i t k a  area by Decker, 

N i l s e n  and K a r l  (1979). These s tud ies  i n d i c a t e  a dominant westward 

t r a n s p o r t  a long t h e  pos tu l a ted  Cretaceous t rench,  l o n g i t u d i n a l  deep-sea 

f a n  p rog rada t i on  f rom a  p o i n t  source t o  t h e  south ( N i l s e n  and Bouma, 

1977), and a  marg ina l  t rench-s lope  f ac i es  t o  the  nor th .  





Burk (1965) concluded t h a t  the western p a r t  o f  the te r rane was 

der ived c h i e f l y  from a vo lcan ic  provenance. Moore (1973) concluded t h a t  

samples o f  sandstone from the  Chugach te r rane on Sanak and the  Shumagin 

is lands  are l i t h a r e n i t e s  der ived ma in l y  from andes i t i c  vo lcan ic  rocks, 

w i t h  minor con t r i bu t i ons  from p lu ton i c ,  sedimentary and metamorphic 

rocks. Connelly (1978) repor ted  t h a t  Chugach te r rane sandstones from 

Kodiak I s l a n d  are more f e l d s p a t h i c  than those o f  the Shumagin Is lands  

and Sanak Is land,  al though Winkler ( i n  - Ni lsen  and Moore, 1979) noted a 

composit ion f rom Kodi ak I s 1  and sirni 1 ar t o  t h a t  obtained by Moore 

(1973). M i t c h e l l  (1979, 1980) concluded t h a t  Chugach te r rane samples 

f rom the Valdez Group southeast o f  Anchorage are l i t h a r e n i t e s  conta in ing  

vo lcan ic  (60 percent) ,  metamorphic (30 percent ) ,  and p l u t o n i c  (10 

percent)  l i t h i c  c las ts .  G. R. Winkler (unpub. data) concluded t h a t  

Chugach te r rane sandstones of t h e  Yakutat area are arkos ic  i n  

compos i ti on. 

Ava i l ab le  sedirnentologic and petrographic data suggest t h a t  the 

Chugach te r rane t u r b i d i t e s  form a Cretaceous t r e n c h - f i l l  deposi t  of 

predominant ly vo lcanic de r i va t i on .  Although compositiona1 d i f f e rences  

between var ious p a r t s  o f  t h e  Chugach te r rane are apparent, t he  s c a r c i t y  

o f  samples analyzed, v a r i a b l e  a n a l y t i c a l  techniques, lack o f  data from 

many areas, and absence o f  s t r a t i g r a p h i c  c o n t r o l  o f  t h e  samples have 

hindered the establ ishment of a comprehensive petrographic framework f o r  

t h e  Chugach terrane.  

Rock-f ragment grains, more than other  f rarnework components such as 

quar tz  and fe ldspar ,  can f u r n i s h  d e f i n i t i v e  data regarding source 

areas. I n  add i t ion ,  rock fragments may be i d e n t i f i e d  i n  t h i n  sec t ion  by 

4 



t h e i r  t e x t u r a l  c h a r a c t e r i s t i c s ,  even where mod i f i ed  by s t r ong  

postdeposi  ti onal mi n e r a l o g i c a l  changes. For  mi n e r a l o g i c a l l y  complex 

sandstones l i k e  those o f  the  Chugach te r rane ,  b e t t e r  provenance 

i n f o r m a t i o n  can be ob ta ined  from counts o f  rock-fragment types than  f r om 

t h e  more comnon technique of 500 randomly se lec ted  p o i n t  counts per  

sample. Th i s  r e p o r t  sumnarizes a  reconnaissance pe t rog raph i c  s tudy of 

r ock  fragment composi t ion of sandstone and mi c rob recc i  a  f rom numerous 

samples o f  t h e  Chugach t e r r a n e  between S i t k a  and Sanak Is land .  The 

d e t a i  1 ed analyses of t he  rock-fragment pet rography were made by Zuff  a  

du r i ng  t h e  sumner o f  1979 as a v i s i t i n g  s c i e n t i s t  a t  t h e  U.S. Geo log ica l  

Survey; N i l sen  and Wink ler  f a c i l i t a t e d  the  pe t rograph ic  work and 

p rov ided  r e g i  onal  c o n t r o l  and data. 

METHODS 

Rock fragments were i d e n t i f i e d  i n  t h i s  s tudy f rom i n s p e c t i o n  o f  

about 150 t h i n  sec t ions  from 9 geog raph i ca l l y  de f ined  p a r t s  o f  t he  

Chugach te r rane .  These areas, f rom southeast t o  southwest, are t h e  P o r t  

Alexander, Chichagof, Yakutat ,  Valdez, Seward, Seldov ia ,  Kodiak, 

Shurnagin, and Sanak areas. Because o f  ex tens i ve  f o l d i n g  and f a u l t i n g ,  

t h e r e  i s  l i t t l e  s t r a t i g r a p h i c  c o n t r o l  o f  the  samples. A t o t a l  o f  58 

samples t h a t  were l e a s t  a f f e c t e d  by t e x t u r a l  o r  composi t ional  

m o d i f i c a t i o n s  were se lec ted  f o r  modal ana lys is .  I n  o rder  t o  min imize 

t h e  dependence o f  rock composi t ion on g r a i n  s i z e  (Zu f f a ,  1980), o n l y  

samples o f  medi urn- and coarse-gra ined sandstone (Folk ,  1974) were 

analyzed. Where poss ib le ,  one o r  more m ic rob recc ia  samples (mean g r a i n  

size=Zmm) per group were a lso  s tud ied  i n  o rder  t o  v e r i f y  the  l i t h i c  t ype  



i d e n t i f i e d  i n  t h e  sandstone samples. By t h i s  technique, i d e n t i f i c a t i o n  

e r r o r s  f r om  counts  o f  sandstones i n  which rock-fragment g ra i ns  were t o 0  

smal l  t o  be c o n f i d e n t l y  i d e n t i f i e d  were minimized. E i t h e r  100 o r  200 

i n d i v i  dual r ock - f  ragment g r a i n s  were counted f o r  each t h i n  s e c t i o n  by 

moving t h e  s e c t i o n  across a  1- o r  2 - m i l l i m e t e r  square g r i d  ( t a b l e  1 ) .  

Wi th  t h a t  number of counts,  a  s i g n i f i c a n t  q u a n t i t a t i v e  comparison can be 

made o n l y  between t he  most abundant components o f  t he  sample analyzed 

(van der P las  and Tobi, 1965). 

ROCK-FRAGMENT CATEGORIES 

The twen t y - s i x  rock  fragment ca tego r i es  ( t a b l e  1) used i n  t h e  

coun t i ng  analyses were d i v i d e d  i n t o  s i x  groups, p e r m i t t n g  t h e  

r e c o g n i t i o n  of key  p e t r o t e c t o n i c  assernbl ages. The composi t ion of t h e  

s i x  groups i s  the  f o l l o w i n g :  

I. P l u t o n i t e  and medium- and high-grade metamorphite, i n c l u d i n g  

coarse-gra ined p o l y c r y s t a l l i n e  q u a r t z  g r a i n s  whose t e x t u r e  i s  

c l e a r l y  o f  these types.  

11. M ic rog ranu la r  quar tz - fe ldspar  p l u t o n - r e l a t e d  rock  f ragments 

and hypabyssal l i t h i c  g ra i ns ,  u s u a l l y  w i t h  p l ag ioc l ase ,  and o f t en  

showing v o l c a n i c  t e x t u r e s .  Though t h e  r e l a t i v e  percentages were 

annotated du r i ng  analyses, o n l y  t h e  t o t a l  amount i s  shown i n  

t a b l e  1. 

111. Volcanogenic rock  fragments of a l l  k inds .  D i s t i n c t i o n s  were 

made accord ing t o  D i ck i nson  (1970) w i t h  t h e  f o l l o w i n g  

m o d i f i c a t i o n s :  



Table 1 .--%dal po ln t  counts o f  rock f r agmn ts  o f  selected sanples from the Chugach ter rane 

Port  Alexander Chlchagof 

F i e l d  n h e r s  

Types o f  rock f ragnents 1 2  3 4 5 6 7 8 9 10 11 12 13 

I 1  5.  Microgranular (plutonic) 
and hypabyssal 
{volcanic)-------------  12 14.5 13.5 11.0 1 4 5  23.5 6 9 6 7 5.5 4.0 4 

6. F e l s l t e  and quartz 
f e l s i t e  .----------- ---- 51 57.5 46.5 59.0 54.5 47.5 23 16 17 52 22.5 29.0 21 

7 .  S l l g h t l y  f o l i a t e d  
f e l s i t e  --------------- - 5 -- -- 9 . 0  3.0 5.5 4 16 8 4 11.5 9.0 14 

8. U i c r o l l t ~ c  ~ ra lns - - - - - - -  15 6.5 12.5 5.5 5.0 6.5 11 7 17 12 0.0 7 .5  2 
9. S l i g h t l y  f o i l a t e d  

I I I m l c r o l l t l c  gralns------ 3 -- -- .5 1.0 2.5 -- 1 -- -- 1.5 4 5  -- 
10. Dohi t ic  oralns---------- -- -- -- -- -- 2 tr -* -- tr 1.5 1.5 2 

12.  Undeterml ncd cher ty  
grains ------------ ----- -- -- -- -- .5 1.0 4 2 4 2 -- 1.0 -- 

13. Hcwrcarbonate 
rmdstone -------------- -- -- -- -- .5 -- 1 -- -- -* 1 .0  -- - *  

14. Carbonate sandstone----- -- -- -- tr .5 -- -- -- *- -- -- -- -* 

15. Urncarbonate 
s t  1 tstone ----------- --- -- 1.0 6.5 .5 -- 1.0 2 4 8 3 2.5 1.0 -- 

16. Carbonate 511 tstone----- -- -- -- -- -- -- -- -- -* *- *- *- -- 
17. Rrgl l laceous 

51 I t s t one  -------------- -- -- -- -- -- -- 6 5 -- 1 -- -- -- 
I Y  18. Limestone and s f t t y  

1 imestone -------------- -- -- -- -- - 5  -- -- 1 2 -- -- tr -- 
19. A r g l l l l t e  and s i l t y  

arg?l l l te--------------  2 2.0 4.0 2.0 -- 2.0 2 5 a tr 3.0 5.5 -- 
20. Cherty a r g l l l l t e - - - - - - - -  -- -- -- -- -- -- 6 -- 5 -- -- -- *- 

21. Chert-------------------  -- -- -- .5 2.0 tr 0 5 4 1 1.5 2.0 tr 

VI  25 .  p+,y)ljte ---------------- -- 1.0 -- .5 1.0 tr 3 3 3 8 3.5 5.5 19 
26. Po l yc rys ta l l l ne  

quartz-----------------  1 -  5.0 5.0 3.0 1.0 -5  1 - 4 - 2 - -- 0.0 3.5 4 

h m a n  nuneral s I - V I  designate key rock assemblages. 
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Table 1.-- lbdal po in t  counts o f  rock f r r pnen ts  o f  selected samples from the Chugach tcrranc--Continued 

I1 5. H i c rog r rnu l r r  
( p l u ton i c )  
and hypabyssal 
(volcanic)------ 2.0 6 7:0 5 23.5 27.0 11.0 9.0 9.0 5.0 18.0 18.5 13 12 22 6.0 13 4 10 

6 .  F e l s l t e  a d  quar tz  
f e l s l t e - - - - - - - - -  26.5 30 35.0 66 32.0 30.0 43.5 46.5 40.0 40.4 30.5 5 7 5  45 29 23 27-5 46 10 58 

I. S ? l p h t l y  f o l l a t e d  
f e l s i t e  --------- 5.5 7 0.0 -- 4.5 2.5 2.5 2.5 *- -- 1.0 2.0 2 -- - - .5 1 3 -- 

8. H l c r o l l t l c  
I I 1  grafns----------  13.0 -- 12.0 2 7.5 27.0 30.0 12.0 34.0 35.4 36.5 1 0 5  40 41 54 58.0 34 15 30 

9. S l l g h t l y  f o l i a t e d  
m l c m l l t l c  

3.5 16 -- -- -- -- -- -- -- -- -- -- -- 13 -- ** 1 1 -- 
10. Oph l t l c  pra lns- - -  -- -- -- -- -- -- -- -- -- -- -- -- -- -- -* -- -- 51 -- 
11. V i t rophy r l c  

grains----------  -- -- 0.0 5 .5 .5 tr -- -- 1.7 1.0 -- -- -- -- -- -- -- -- 
12. Undeten lned 

che r t y  gralns--- 1.5 . -- -- -- ** ** ** 4.5 1.0 -- -- -- -- -- -- -- -- 1 -- 
13. Woncarbonate 

sandstone------- -- -- -- -- -- -- .5 -- -- .6 -- -- -- -- -- -- -* -* - -  
14. Carbonate 

sandstone------- -- -- -- -- -- -- -- -- -* ** *- -- -- -- -- -- -- -- -- 
I S .  Noncarbonate 

s i l t s t one - - - - - - -  2.0 tr 3.0 -- .5 -- .5 2.0 .5 2.2 2.0 tr tr -- -- 2.5 3 -- -- 
16. Carbonate 

s l  l t r tone-------  -- -- -- -- -- __ *- -- -- -- -- -- -- -- -- -5 tr -- -- 
I?. Arql l laceous 

s i l ts tone- - - - - - -  -- -- --  -- -- _ _  -* -- ** -- -- -- -- -- -- -- -- tr -- 
I V  18. Limestone and 

r l l t y  
I lmestone------- -- 5 -- 1 tr _* -* -- -- -- -- -- -- -- -- ** -* -- - -  

19. A r g l l l l t e  and 
r l l t y  
a r a l l l i  te-------  7.5 10 5.0 5 8.5 4.5 4.5 2.0 6.5 12.4 6.5 2.5 tr 3 tr 2.0 2 3 1 

v 24. Shale------------ 14.0 3 3.0 -- 3.0 -- -5 1.5 1.5 .6 1 5  -- -- -- -- 1.0 -- -- -- 
2 5 .  1 a t e  ------------ -- 1 2.0 -- 2.0 -- .5 .5 -- -- *- -* -- -- -* - -  - -  - -  -- 

Y I  25. Phyl li te--------- 4.5 1 6.0 -- .5 -- .5 1.5 .5 -- tr - 5  -- -- -- 1.0 -- 1 -- 
26. Po l yc rys ta l l l ne  

quartl---------- 7.5 B 8.5 9 6.5 tr 2.5 5.5 2.5 -- 2.0 2.5 tr 2 2 1.02 2 2 

Total  ------------ 1(B3.0 100 100.0 100 100.0 100.0 100.0 1W.O 100.0 100.0 1Ol.O 100.0 100 100 100 100.0 100 100 Ma 



( a )  f e l s i t i c  g ra i ns  c o n s t i t u t e  a t e x t u r a l  c l ass  which ranges 

from a c i d i c  t o  i n te rmed ia te  i n  composit ion, 

( b )  f e l s i t i c  and m i c r o l i t i c  composite g ra i ns  were assigned t o  

t h e  domi nant category,  

( c )  s l i g h t l y  f o l i a t e d  f e l s i t i c  and m i c r o l i t i c  g ra i ns  were 

d i s t i n g u i s h e d  because o f  t h e i r  p o s s i b l e  second-cycl e 

s i g n i f i c a n c e ,  and 

( d )  ophi t i c  g ra i ns  i nc l ude  bo th  pa leovo lcan ic  and neovolcanic  

p a r t i c l e s ,  which cannot be q u a n t i t a t i v e l y  d i s t i n g u i s h e d  

f rom one another. 

Undetermined c h e r t - l i k e  g ra ins  were sepa ra te l y  recorded where 

t h e  d i s t i n c t i o n  between homogeneous q u a r t z - f e l  s i t e  and c h e r t  was 

n o t  o b j e c t i v e l y  poss ib le .  I n  t a b l e  1, they  are p o s i t i o n e d  

between group I1 and I V  i n  order  t o  eva lua te  t h e i r  p o s s i b l e  

in f luence,  if associ  ated w i t h  e i t h e r  group. 

I V .  Unmetarnorphosed sedimentary g r a i n s  o f  a1 1 types.  

V. Shale and s l a t e .  

V I .  Epimetamorphic g ra ins ,  g e n e r a l l y  f i ne-grained, o f  

p h y l  l i t i c  composi t ion and t e x t u r e .  P o l y c r y s t a l l i  ne f i  ne-gra i  ned 

qua r t z  and m i  nor p o l y c r y s t a l l  i ne coarse-gra i  ned qua r t z  w i t h  

s t rong  undul o s i  t y  and c renu l  ated c r y s t a l  borders  (p robab ly  

p h y l l i t e  nodules) may be assoc ia ted w i t h  t h i s  group. 



RESULTS 

A l l  t h e  samples examined have been a f f e c t e d  more or l e s s  by 

pos tdepos i t i ona l  processes (Moore, 1973; Winkler,  - i n  N i l s e n  and Moore, 

1979). The framework c l a s t s  are by f a r  t h e  most abundant component of 

these sandstones, w i t h  about 40 percen t  o f  vo l can i c  (ma in ly  andesi t i c )  

o r i g i n  and quar tz ,  p l a g i  oclase, and many o the r  l i t h i c  f ragments 

compr is ing  t he  remainder. Only  samples f rom the  Yakutat  area c o n t a i n  

enough s i n g l e  g r a i n s  o f  K - f e l dspa r  t o  make i t  one o f  t h e  main components 

o f  t he  framework, w i t h  an average va lue o f  5 percen t  and maximum and 

minimum values o f  14.5 percen t  and 0.4 percen t  (G. R. Wink ler ,  unpub. 

da ta ) ;  however, l esse r  amounts o f  K- fe ldspar  are present  i n  almost a l l  

samples. S i g n i f i c a n t  amounts o f  maf ic m ine ra l s  such as pyroxene and 

amphibole are present  i n  some samples. 

I n t e r s t i  t i a1 m a t e r i  a1 s ( m a t r i x  and cement) are n o t  e a s i l y  

separable. D i f f e r e n t  v a r i e t i e s  o f  m a t r i x  such as o r t homa t r i x  and 

e p i m a t r i x  ( D i c k i  nson, 1970) are present .  Deformed f i  ne-grained 1 i t h i c  

g ra ins ,  ma in l y  of vo l can i c  f e l s i t e  b u t  a lso  i n c l u d i n g  some sedimentary 

types t h a t  are s t r e t ched  between o the r  more r i g i d  g ra ins ,  are comnon. 

P h y l l o s i l i c a t e  and z e o l i t e  cements are present ,  p robab ly  der i ved  f rom 

t h e  o r i g i n a l  m a t r i x  and f r om t h e  framework g r a i n s  ( e s p e c i a l l y  from 

fe l dspa rs ) .  Even i f  the  d i s t i n c t i o n  between framework and i n t e r s t i t i  a1 

m a t e r i  a1 i s  g e n e r a l l y  poss ib le ,  a q u a n t i t a t i v e  o p t i c a l  d i s t i n c t i o n  

between cement and m a t r i x  and among m a t r i x  types i s  n o t  convenient 

because of i t s  low r e l i a b i l i t y  and t ed ious  nature.  Carbonate cement i s  

g e n e r a l l y  absent but where present  has a patchy d i s t r i b u t i o n .  



The framework grain-size distribution of the sandstone samples i s  

generally bimodal with the composition of the larger c l a r t s  different 

from the smal le r .  The larger cl as ts  are predominantly sedimentary and 

volcanic b u t  include some plutonites in the southeastern part of the 

terrane, whereas the smaller c l  as ts  are mainly volcanic. 

Sedimentary grains such as argi 1 l i t e ,  s i l  tstone, radiolarian chert, 

quartz-vein-bearing chert, volcanic wacke, and micrit ic 1 imestone are 

comnonly subangul ar or rounded. Strongly def omed and elongated 

part ic les  of a r g i l l i t e  or s i l  t i t e  can be observed among the more rigid 

grains in some samples and have been interpreted, according to  Moore 

(1973) and Winkler ( i n  - Nilsen and Moore, 1979), as intraformational rip- 

up c lasts .  However, the presence in the same sample of a large spectrum 

of sedimentary rock types, with rounded boundaries on most, suggests a 

terrigenous rather than i ntrabasi nal origin for  most sedimentary grains. 

Volcanic types vary from perfectly euhedral plagioclase and quartz 

crystals t o  subangular f e l s i t e  and microlite to rounded and strongly 

altered basal t i c  andesite and basalt. Plagioclase feldspar i s  zoned 

and has internal vesicular rims and embayments fu l l  o f  f e l s i t i c  

material. Fels i te  grains have a cherty groundmass and normally include 

euhedral embayed quartz and pl agi ocl ase phenocrysts, b u t  stained 

devi t r i f i  ed K-rich groundmasses are also common. Micro1 i t h i c  par t ic les  

are varied in composition b u t  are dominantly andesitic. The presence of 

s l igh t ly  fol ia ted f e l s i t e  together with nonfoliated volcanic par t ic les  

of the same composition may indicate that  the former were incorporated 

in an accretionary wedge domain and have, therefore, an almost 

penecontemporaneous second-cycle origin (Zuffa, 1980). Some samples 



f rom Sanak I s l a n d  conta in  very f r e s h  c l i  nopyroxene and 01 i v i ne ,  

i n c l u d i n g  g lassy mater i  a1 together  w i t h  rounded and a1 te red  o p h i t i c  

p a r t i c l e s ,  which are smal ler than other  framework gra ins.  The character  

of volcanism t h a t  produced these s t rong ly  a l t e r e d  p a r t i c l e s  i s  hard t o  

determine. The presence of rounded and weathered b a s a l t i c  andesite and 

basa l t  g ra ins  mixed w i t h  d e t r i t u s  o f  andes i t i c  arc volcanism may 

ind i ca te :  

(1) d e r i v a t i o n  from the eros ion o f  weathered f i r s t  products o f  

penecontemporaneous vo lcan ic  arc a c t i v i t y ,  

( 2 )  d e r i v a t i o n  from an o l d  te r rane o f  d i s t i n c t  orogenic o r i g i n ,  or 

( 3 )  d e r i v a t i o n  o f  t h e  andesi t i c  ma te r i  a l s  i n t r a b a s i n a l l y  (Tysdal 

and others, 1977), although t h i s  i s  most u n l i k e l y  because o f  the 

rounded shape of these p a r t i c l e s .  

P l u t o n i t e  fragments, s u f f i c i e n t l y  l a r g e  f o r  a composit ional 

descr ip t ion ,  are present  i n  mic robrecc ia  samples only.  The i r  

composit ion var ies  from g r a n i t i c  t o  g r a n o d i o r i t i c .  

The framework gra ins,  which form the  f i n e r  g ra in -s i ze  popu la t ion  of 

the sandstone, are main ly  s i n g l e  gra ins o f  quartz,  p lagioc lase,  K -  

fe ldspar ,  amphibole, pyroxene, b i o t i t e ,  vo lcan ic  f e l s i t e ,  and m i c r o l i t e  

p a r t i c l e s ,  and m i  nor amounts o f  sedimentary rock fragments. 

Each rock- f  ragment category 1 i s t e d  i n  t a b l e  1 has been counted and 

d i s t i ngu i shed  on the basis of o b j e c t i v e  c r i t e r i a ,  bu t  the source-domai n 

s ign i f i cance  o f  each group i s  uncer ta in.  However, i f  we t h i n k  i n  terms 

of a cont inenta l -margin arc- t rench system dur ing  the  deposi t ion of the 

Chugach terrane, as suggested by other  geo log ica l  evidence, t h e  

fo l l ow ing  conclusions can be drawn: 



(1) group I (with the exclusion of polycrystal l ine quartz) suggests 

a dissected magmatic arc provenance, 

( 2 )  group 111 suggests a volcanic arc provenance (including possible 

contributions from a paleovolcanic t e r rane) ,  and 

( 3 )  group IV may indicate a recycled provenance from an older or 

penecontemporaneous subaqueous or  emergent subduction complex. 

I t  i s  much more d i f f i c u l t  t o  speculate on the significance of the 

other groups. Group I1 may be s p l i t  i n  two par ts ,  with plutonic- and 

volcanic-related par t i c les  associated, with some bias, with groups I and 

111, respectively. Groups V and VI may represent low-grade 

metamorphosed oceanic argi 11 i t e  and s i  1 t i t e  within penecontemporaneous 

accretionary wedge domain, an older and s l i g h t l y  metamorphosed 

subduction complex, or a dissected magmatic arc rock association. All 

of these sources may have been upl i f ted  a t  the  same time. 

Polycrystall i ne quartzose l i  t h i c  fragments (Qp)  , volcanic- 

metavol canic l i t h i c  grains ( L V )  , and sedimentary-metasedimentary 1 i t h i  c 

grains (Ls )  are plotted on a ternary diagram ( f i g ,  2 ) ,  which shows the 

representative point d i s t r ibu t ion  wi th i n  the  arc-orogen source f i e l d  

defined by Dickinson and Suczek (1979). Most o f  the analytical  data 

used by Dickinson and Suczek f o r  defining t h i s  f i e l d  were from 

comon 500-point counts representative o f  the t o t a l  rock volumes. Thus 

i t  seems reasonable to  consider t ha t  our 100 and 200 counts of rock 

fragments, which represents only a par t i a l  grain population, can be 

plotted w i t h  su f f ic ien t  confidence in t h i s  diagram. The volcano- 

plutonic arc provenance of the Chugach terrane,  previously pointed out 

by Moore (1973) and Winkler (in Nilsen and Moore, 1979) f o r  the  Sanak, 



F i g u r e  2.--Ternary diagram f o r  p o l y c r y s t a l l  i ne quar tzose l i t h i c  

f r a g e n t s  ( Q p  = 1 + 21 + 22 + 26; f o r  exp lana t i on  of numbers see 

t a b l e  I ) ,  v o l c a n i c  and metavolcanic  l i t h i c  f ragments (Lv  = I 1 1  + 

hypabyssal vo l can i c  rock fragments of group 11), and sedimentary and 

metasedimentary l i t h i c  fragments (L, = 4 + IV + V + 25) .  Dashed 

l i n e s  d e f i n e  t h e  arc-orogen-source f i e l d  as proposed by D ick inson  

and Suczek (1979). Double symbols i n d i c a t e  m i  c r o b r e c c i  a samples. 



Shumagin, and Kodiak i s l ands  can, i n  conjunct ion w i t h  the data presented 

herein, be extended t o  i nc lude  t h e  e n t i r e  arc. Moreover, our data 

ind ica te ,  w i t h  the  except ion o f  the Por t  Alexander area, an increas ing  

amount o f  magmatic arc d i ssec t i on  f rom Sanak I s l a n d  eastward t o  Baranof 

Is land.  

F igure  3 shows a te rna ry  diagram f o r  the most o b j e c t i v e  grouping, 

p l u t o n i  t e  and metamorphi te ,  vo lcanic,  and sedimentary gra ins.  The 

Yakutat samples, which con ta in  the h ighest  amount o f  p l u t o n i t e  and 

medium-high grade metarnorphi t e  rock fragments, are separable f rom t h e  

o ther  sampled areas, which are sca t te red  i n  a narrow elongate f i e l d  

showing a rough progressive i ncrease i n  sedimentary components t o  t h e  

southeast. The coarsest samples w i t h i n  each area are i n v a r i a b l y  the 

r i c h e s t  i n  sedimentary rock content.  

A t h i r d  te rna ry  diagram f o r  a l l  groups ( f i g .  4 ) ,  which a lso 

inc ludes sub jec t i ve  categor ies such as p o l y c r y s t a l l i n e  quar tz  o f  

unce r ta in  o r i g i n  and undetermi ned che r t y  grains, conf irms the above- 

described d i s t r i b u t i o n .  I n  order t o  have a po le  i n d i c a t i v e  of a 

magmatic arc provenance, groups I and 11, together  w i t h  microgranul a r  

p l u t o n i c - r e l a t e d  rock fragments o f  group I1 (da ta  no t  repor ted i n  t a b l e  

I ) ,  were associated. I n  add i t i on  t o  group 111, the i nd i ca ted  po le  o f  

vo lcanic-arc provenance conta ins hypabyssal rock fragments o f  group I 1  

and the undetermined che r t y  g ra ins  which may cons is t  of s i l i c i f i e d  

f e l s i t e  and are the re fo re  inc luded i n  t h i s  group. Shale and s l a t e  

(group V )  were associated w i t h  the sedimentary rock types, as i t  was 

thought t h a t  they  might  as a whole i n d i c a t e  a subduction-complex 

provenance (oceanic cover sediments and t r e n c h - f i l l  depos i ts ) .  T h i s  



Figure 3.--Ternary diagram for plutonite and metamorphite (PM* = group I 

with the  exclusion of polycrystalli ne quartz), volcanic and 

metavolcanic rock fragments (V* = group 111), and sedimentary rock 

f ragnents (Sf = I V  + v ) .  For explanation of symbols, see figure 2. 



Figure 4.--Ternary diagram f o r  a1 1 rock-fragment v a r i e t i e s  (see t a b l e  

I ) .  PM = (group I + microgranular p lu tonic  rock fragments of group 

I1 + group VI); V = (group I 1 1  + hypabyssal volcanic rock fragments 

o f  group I1 + undetermined cher ty  g r a i n s ) ;  S = (group IV + group 

V ) .  In a continental-margin arc-trench geometry, PM, V ,  and  S poles 

may, respect ive ly ,  i n d i c a t e  magmati c-arc roo t s ,  volcanic-arc and 

subduction complex sources. For explanation o f  symbols, see f i g u r e  

2 .  



diagram i s  c e r t a i n l y  l a r g e l y  i n t e r p r e t i v e  b u t  i t s  r e l i a b i l i t y  can be 

t e s t e d  by comparison w i t h  t h e  more o b j e c t i v e  t e r n a r y  p l o t  o f  f i g u r e  2. 

SUMMARY AND CONCLUSIONS 

Our reconnaisance pe t rog raph i c  s tudy of rock fragments i n  

m ic rob recc ia  and sandstone f rom outcrops of the Cretaceous Chugach 

t e r rane  was made f rom about 150 t h i n  sec t i ons  of samples c o l l e c t e d  

w i t h o u t  s t r a t i g r a p h i c  c o n t r o l  from Baranof I s l a n d  t o  Sanak Is land .  A 

t o t a l  o f  58 samples f rom 9 d i f f e r e n t  areas t h a t  were n o t  s e r i o u s l y  

a f f e c t e d  by pos tdepos i t i ona l  m o d i f i c a t i o n  were used f o r  modal ana lys is .  

Rock-f ragment assemblages sugggest an arc-orogen source and suggest 

an inc rease  i n  t he  degree o f  d i s s e c t i o n  i n  an e a s t e r l y  d i r e c t i o n .  

M i c rob recc ia  samples c o n t a i n  m a i n l y  sedimentary g r a i n s  ( a r g i l l i t e ,  

s i l t i t e ,  r a d i o l a r i a n  c h e r t  and cher t ,  v o l c a n i c  wacke, m i c r i t i c  

l imestone) ,  subord ina te  f e l  s i t e  and m i c r o l i t e ,  minor  p l u t o n i t e ,  and 

rounded, s t r o n g l y  a1 t e r e d  basal  t i c  andesi t e  and basa l t .  The framework 

g r a i n - s i z e  d i s t r i b u t i o n  o f  t h e  sandstone i s  g e n e r a l l y  bimodal, w i t h  t h e  

1  arger c l a s t s  s im i  1  a r  t o  t he  m ic rob recc ia  p a r t i c l e s  and t he  sma l le r  

c l a s t s  composed o f  qua r t z  and p l a g i o c l a s e  i n  t h e  fo rm o f  s i n g l e  g ra ins ,  

f e l  s i  t i c  and m i c r o l i  t i c  vo l can i c  p a r t i c l e s ,  minor sedimentary gra ins,  K-  

fe ldspar  i n  t h e  form o f  s i n g l e  g ra ins ,  amphibole, pyroxene and 

b i o t i t e .  Samples f rom the  Yakutat  area c o n t a i n  t he  h i ghes t  amount o f  

p l u t o n i t e  and K- fe ldspar  and e x h i b i t  a f a i r l y  d i s t i n c t  magmatic arc  

provenance. Sandstone samples from a l l  o the r  areas have a h i gh  vo l can i c  

l i t h i c  con ten t  and show a  p rogress ive  inc rease  i n  sedimentary components 

i n  an e a s t e r l y  d i r e c t i o n .  



Geologica l  evidence i n d i c a t e s  t h a t  the Chugach te r rane was 

deposited i n  a c o n t i  nental-margin t rench dur ing  Cretaceous t ime. 

Paleocurrents i n  the southwestern p a r t  o f  the  Gu l f  o f  Alaska margin 

i n d i c a t e  sedimentary t ranspo r t  toward t h e  southwest. A t  l e a s t  t h ree  

models may e x p l a i n  depos i t ion  o f  the Chugach te r rane  t u r b i d i t e s :  

(1) t h e  t rench was supp l ied  ma in l y  by l a t e r a l  canyons, w i t h  deep- 

sea fans de f l ec ted  i n t o  the  t rench t o  the west as they are i n  

t h e  present  trench; 

( 2 )  t he  t rench was suppl ied main ly  by l o n g i t u d i n a l  t r anspo r t  and 

a f a n  system developed f rom a p o i n t  source t o  t h e  east (N i l sen  

and Bouma, 1977; N i l sen  and Moore, 1979); and 

( 3 )  t h e  southeast and t h e  nor theas t  l imbs o f  t h e  southern Alaska 

margin developed independent ly du r i ng  t he  Cretaceous (Moore and 

Connelly, 1977), so t h a t  e i t h e r  o f  t h e  f i r s t  two hypotheses may 

be considered f o r  both l imbs. However, a v a i l a b l e  geologic  and 

geophysical data do no t  support  t h i s  suggestion, which has been 

abandoned by Moore and Connelly. 

Both t h e  observed bimodal g ra in -s i ze  d i s t r i b u t i o n  o f  sandstone and 

the  d i f f e r e n t  composit ion o f  the l a r g e r  and smal ler  c l a s t s  i n d i c a t e  the  

ex is tence o f  a t  l e a s t  two d i f f e r e n t  sources f o r  t h e  d e t r i t u s .  The f i r s t  

source shed a r g i l l i t e ,  s i l t i t e ,  cher t ,  vo lcan ic  wacke, l imestone, 

b a s a l t i c  andesite, basa l t ,  p l u t o n i t e ,  f e l s i t e  and m i c r o l i t e  i n  d i f f e r e n t  

p ropo r t  ions  i n  d i f f e r e n t  areas. Since t h i s  supply i s  complex, numerous 

sources and sediment t r anspo r t  rou tes  may have been present  t o  y i e l d  

t h i s  rock assemblage. Accreted te r ranes  o lder  than the  Chugach, such as 

t h e  McHugh and Uyak Complexes or  Wrangel l ia ,  and a penecontemporaneous 



subaqueous or emergent subduction complex may have been source areas. 

Contributions from the active volcanic arc were also important, e i ther  by 

direct  deposition into the trench or erosion of the arc. Intrabasinal 

sources tha t  may have supplied some suhangular basalt ic par t ic les  and 

elongated argi l  l  i  te  fragments cannot be excluded. 

The second source shed mainly quartz, pl agioclase, f e l  s i  t e  and 

microlite volcanic par t ic les  and K-feldspar grains. Though th is  

association i s  less character is t ic  than the former one, i t  suggests a 

dissected arc provenance. Qual i ta t ive observations indicate that K- 

feldspar i s  abundant in the Yakutat Group both in the form of single 

grains and rock fragments and i s  also present in small amounts among the 

f iner  grain sizes of a l l  the other areas. Since the Yakutat terrane may 

have been displaced northward along the Fairweather f a u l t  system 

(Plafker and others, 1978), i t s  southward restoration could re f lec t  a 

primary, l i  tt le-contaminated source of detr i tus  which supplied axi a1 

trench turbidi ty  currents. 

A combination of models 1 and 2 seems to be most consistent with 

t h e  rock-fragment data. In such a model, the trench-basin Chugach 

terrane turbidites were mainly supplied by westward longitudinal 

transport. Lateral fans along the trench, derived from emergent or 

submarine subduction complexes and magmatic arc materi a1 s that bypassed 

the arc- trench gap, became el ongated westward by trench-axi s turbidi ty  

currents. Microbreccia samples, together with the coarsest sandstone 

part ic les ,  may represent 1 ateral  contributions. The bimodal grain-size 

distributions of the sandstone suggest a lack o f  mixing between the 

la teral  and longitudinal supplies, and an increase in la teral  supply 



toward the west. Model 3 cannot be excluded on the basis o f  rock- 

fragment petrography, b u t  further data would be required t o  t e s t  i t s  

validity.  

Rock-fragment study of these strongly deformed wackes and 

li thareni tes has proved very useful from t h e  methodological point of 

view. Key petrotectonic rock assemblages exposed in the paleosource 

areas can be recognized through qualitative and quantitative rock- 

fragment petrographic analysis. 



ACKNOWLEDGMENTS: Spec ia l  thanks go t o  Dave Johnston and*Roberto 

Mazzuol i  who made va luab le  suggest ions and c r i t i c i s m  f o r . t h e  

i n t e r p r e t a t i o n  of v o l c a n i c  rock fragments. We thank John Bolm, A. H., 

Bouma, D. A. Brew, W i l l i a m  Connelly, John Decker, John K e l l y ,  Hugh 

McLean, G. W. Moore, J. C. Moore, George P l a f k e r ,  and R.  G. Tysdal f o r  

supp l y i ng  samples f o r  t h i s  study and f o r  many h e l p f u l  d iscuss ions.  Brew 

and P la fker  prov ided h e l p f u l  reviews o f  the  paper. 



REFERENCES 

Beikman, H. M., 1974a, P r e l i m i n a r y  geo log ic  map o f  the  southwest 

quadrant o f  Alaska: U.S. Geo log ica l  Survey Misce l laneous F i e l d  

S tud ies  Map MF-611, s c a l e  1:1,000,000. 

, 1974b, P r e l i m i n a r y  geo log i c  map o f  t he  southeast quadrant of 

Alaska: U.S. Geo log ica l  Survey Misce l laneous  F i e l d  S tud ies  Map 

MF-612, sca le  1:1,000,000. 

-, 1975a, P r e l  i m i  n a r y  geo log i c  map o f  southeastern Alaska: U.S. 

Geo log ica l  Survey Misce l laneous  F i e l d  S tud ies  Map MF-673, s c a l e  

1:1,000,000 

-, 1975b, P r e l i m i n a r y  geo log ic  map o f  t h e  A laska Pen insu la  and 

A l e u t i a n  I s 1  ands: U.S. Geo log ica l  Survey Misce l laneous  F i e l d  

S tud ies  Map MF-674, s ca le  1:1,000,000. 

Berg, H. C., Jones, D. L., and R i ch te r ,  D. H., 1972, Grav ina-Nutzo t in  

be1 t - - t e c t o n i c  s i g n i f i c a n c e  o f  an upper Mesozoic sedimentary and 

v o l c a n i c  sequence i n  southern and southeastern Alaska: U.S 

Geo log ica l  Survey Pro fess iona l  Paper 800-D, p. D l -D24 .  

Brew, D. A., and M o r r e l l ,  R. P., 1979, C o r r e l a t i o n  o f  t h e  S i t k a  

Graywacke, unnamed rocks  i n  t h e  Fa i rwea ther  Range, and Valdez Group, 

southeastern Alaska, - i n  Johnson, K. M., and Wi l l i ams,  J. R .  eds., 

The U.S. Geo log ica l  Survey i n  Alaska: Accomplishments d u r i n g  

1978: U.S. Geo log ica l  Survey C i r c u l  ar  804-B, p. 8123-B125. 

Burk, C. A., 1965, Geology of t he  A laska Pen insu la  i s l a n d  arc and 

c o n t i n e n t a l  margin:  Geo log ica l  Soc ie t y  o f  America Memoir 99, 250 p. 



Clark ,  S. H. B., 1972, Reconnaissance bedrock geo log ic  map o f  t h e  

Chugach Mountains near Anchorage, Alaska: U.S. Geo log ica l  Survey 

Misce l laneous  F i e l d  S tud ies  Map MF-350, sca le  1:250,000 

, 1973, The McHugh Complex of sou th - cen t ra l  Alaska: U.S. 

Geo log ica l  Survey B u l l e t i n  1372-D, p. Dl-D11. 

Connel ly,  Wi l l i am,  1978, Uyak Complex, Kodiak I s 1  ands, Alaska: A 

Cretaceous subduct ion complex: Geo log ica l  S o c i e t y  of America 

B u l l e t i n ,  v. 89, p. 755-769. 

Decker, John, N i l sen ,  T. H., and K a r l ,  Susan, 1979, T u r b i d i t e  f a c i e s  o f  

t h e  S i t k a  Graywacke, southeastern Alaska, - i n  Johnson, K. M., and 

Wi l l i ams,  J. R., eds, The U.S. Geo log ica l  Survey i n  Alaska: 

Accomplishments du r i ng  1978: U.S. Geo log ica l  Survey C i r c u l  a r  

804-B, p. B125-6129. 

Dick inson,  W. R., 1970, I n t e r p r e t i n g  d e t r i t a l  modes o f  graywacke and 

arkose: Journa l  o f  Sedimentary Pe t ro logy ,  v. 40, p. 695-707. 

Dick inson,  W. R., and Seely, D. R., 1979, S t r u c t u r e  and s t r a t i g r a p h y  o f  

f orearc  r e g i  ons: American Associ a t i  on o f  Petroleum Geo log i s t s  

B u l l e t i n ,  v. 63, p. 1-31. 

Dick inson,  W. R., and Suczek, C. R., 1979, P l a t e  t e c t o n i c s  and sandstone 

composi t ion:  American Associ a t i o n  o f  Pet ro leum Geo log i s t s  B u l l e t i n ,  

v. 63, p. 2164-2182. 

Fo lk ,  R. L., 1974, Pe t ro l ogy  o f  sed imentary  rocks:  Aus t in ,  Texas, 

H e m p h i l l ' s  Bookstore,  132 p .  



Jones, D. L., and Clark ,  S. H. B., 1973, Upper Cretaceous 

( M a e s t r i c h t i  an) f o s s i l s  f rom t h e  Kenai-Chugach Mountains, Kodiak and 

Shumagi n I s lands ,  southern A1 aska: U.S. Geologica l  Survey Journal  

o f  Research, v. 1, no. 2, p. 125-136. 

Jones, D. L., and S i l b e r l i n g ,  N. J., 1979, Mesozoic s t ra t ig raphy- -The  

key t o  t e c t o n i c  ana l ys i s  of southern and c e n t r a l  Alaska: U.S. 

Geo log ica l  Survey Open-Fi le Repor t  79-1200, 37 p. 

Kar ig ,  D. E., and Sharman, G. F., 1975, Subduction and acc re t i on  i n  

t renches: Geo log ica l  S o c i e t y  o f  America B u l l e t i n ,  v. 86, p. 

377-389. 

M i t c h e l l ,  P. A., 1979, Geology o f  the  Hope-Sunrise ( g o l d )  m in ing  

d i s t r i c t ,  n o r t h - c e n t r a l  Kenai Peninsula, Alaska: S tan fo rd  Ca l i f . ,  

S tan fo rd  U n i v e r s i t y ,  M.S. t hes i s ,  123 p. 

, 1980, Genesis o f  t h e  Valdez Group south o f  Turnagain Arm, 

Alaska: Geolog ica l  Soc ie t y  o f  America Abs t rac t s  w i t h  Programs, v. 

12, no. 3, p. 142. 

Moore, G. W., 1969, New fo rmat ions  on Kodiak and ad jacent  i s lands ,  

Alaska: U.S. Geo log ica l  Survey B u l l e t i n ,  1274-A, p. A27-A35. 

Moore, J. C., 1972, U p l i f t e d  t r ench  sediments--southwest A laska-Ber ing 

She l f  edge: Science, v. 175, p. 1103-1105. 

, 1973, Cretaceous c o n t i n e n t a l  marg in  sedimentat ion, southwestern 

Alaska: Geo log ica l  Soc ie t y  o f  America B u l l e t i n ,  v. 84, p. 595-614. 

Moore, J. C. and Connel ly,  Wi l l i am,  1977, Mesozoic t e c t o n i c s  o f  t h e  

southern Alaska margin,  - i n  I s 1  and arcs, deep sea trenches and back- 

a r c  bas i  ns: American Geophysical Union, Maurice Ewi ng Ser ies,  

v. 1, p .  71-82. 



Ni lsen ,  T. H., and Bourna, A. H., 1977, T u r b i d i t e  sedirnentology and 

deposi t i  onal f rarnework o f  t h e  Upper Cretaceous Kodiak Format i  on and 

r e 1  ated s t r a t i g r a p h i c  u n i t s ,  southern A1 aska: Geo log ica l  Soc ie t y  o f  

America Abs t rac t s  w i t h  Programs, v. 9, no. 7, p. 1115. 

N i l  sen, T. H., and Moore, G. W., 1979, Reconnaissance s tudy o f  Upper 

Cretaceous t o  Miocene s t r a t i g r a p h i c  u n i t s  and sedimentary f acies,  

Kodiak and adjacent i s lands ,  Alaska: U.S. Geolog ica l  Survey 

P ro fess iona l  Paper 1093, 34 p. 

P la f ke r ,  George, 1972, A1 askan earthquake o f  1964 and Ch i lean  earthquake 

of 1960: I m p l i c a t i o n s  f o r  arc t e c t o n i c s :  Journal  o f  Geophysical 

Research, v. 77, p. 901-325. 

P la f ke r ,  George, Jones, D. L., and Pessagno, E. A., Jr., 1977, 

Cretaceous acc re t i ona ry  f l y s c h  and me1 ange t e r r a n e  along t h e  G u l f  o f  

A laska margin: U.S. Geolog ica l  Survey C i r c u l a r  751-8, p. B41-643. 

P la f ke r ,  George, Hudson, T rav i s ,  Bruns, Ter ry ,  and Rubin, Meyer, 1978, 

La te  Quate rnary  o f f s e t s  along t h e  Fai rweather  f a u l t  and c r u s t a l  

p l a t e  i n t e r a c t i o n s  i n  southern Alaska: Canadian Journal  o f  E a r t h  

Science, v. 15, p. 805-816. 

Tysdal, R. G., Case, J. E., Winkler,  G. R., and Clark ,  S. H. B., 1977, 

Sheeted d ikes,  gabbro, and p i l l o w  b a s a l t  i n  f l y s c h  o f  coas ta l  

southern Alaska: Geology, v. 5, no. 6, p. 377-383. 

Van der Plas,  L., and Tobi,  A. C., 1965, A c h a r t  f o r  j udg ing  t h e  

r e 1  i a b l i  1 i t y  o f  p o i n t  coun t ing  r e s u l t s :  American Journal  o f  

Science, v. 263, p. 87-90. 

Zuffa, G. G., 1980, H y b r i d  a ren i t es :  T h e i r  composi t ion and 

c l a s s i f i c a t i o n :  Journal  o f  Sedimentary Pet ro logy,  v. 50, p. 21-30. 


