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Geology o f  the C ra ig  Quadrangle, Alaska 

G. 0. Eber le in ,  Michael Churkin, Jr . ,  C l a i r e  Car ter ,  
H. C. Berg, and A .  T. Ovenshine 

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

Th is  r e p o r t  cons i s t s  o f  t he  f o l l o w i n g :  

1) Geologic map (1:250,000) (F ig .  1); inc ludes F igs .  2-4, index maps 

2 )  Desc r i p t i on  o f  map u n i t s  

3) Map showing key f o s s i l  and geochronology l o c a l i t i e s  (F ig .  5 )  

4)  Table l i s t i n g  key f o s s i l  c o l l e c t i o n s  

5 )  C o r r e l a t i o n  diagram showing S i l u r i a n  and Lower Devonian fac ies  changes 
i n  t h e  northwestern p a r t  of the  quadrangle (F i g .  6 )  

6 )  Sequence o f  Pa leozoic  r es to red  cross sect ions w i t h i n  the  Alexander 
t e r r a n e  showing a  h i s t o r y  o f  upward shoa l ing  vo lcan ic -a rc  a c t i v i t y  (F i g .  7 ) .  

The C r a i g  quadrangle conta ins p a r t s  of t h ree  nor thwes t - t rend i  ng 
t e c t o n o s t r a t i g r a p h i c  te r ranes  (Berg and others,  1972, 1975). From southwest 
t o  nor theas t  they  are t h e  Alexander ter rane,  t he  Grav ina-Nutzot in  b e l t ,  and 
t h e  Taku ter rane.  The Alexander t e r r ane  o f  Paleozoic sedimentary and vo lcan ic  
rocks,  and Paleozoic  and Mesozoic p l u t o n i c  rocks, unde r l i e s  the  Pr ince  o f  
Wales I s l a n d  reg ion  southwest o f  Clarence S t r a i t .  Supracrusta l  rocks of t h e  
Alexander t e r r ane  range i n  age from E a r l y  Ordov ic ian i n t o  the  Pennsylvani an, 
are  unmetamorphosed and r i c h l y  f o s s i l  i fe rous,  and aDpear t o  s t r a t i g r a p h i c a l  1  y 
o v e r l i e  pre-Middle Ordov ic ian metamorphic rocks of the Wales Group (ESer le in  
and Churkin,  1970). 

Rocks nor theas t  o f  Clarence S t r a i t  have been assigned t o  t h e  Gravina- 
N u t z o t i n  be1 t and Taku t e r rane  (Berg and others,  !?78) .  The Grav ina-Nutzot i  n  
b e l t  unde r l i e s  the southern p a r t  of the  Cleveland ?en insu la  and Eagle and 
Onsl ow I s 1  ands, and inc ludes  marine f l ysch-1  i k e  a r g i  11 i t e  and graywacke, 
interbedded a n d e s i t i c  t o  b a s a l t i c  vo lcan ic  and v o l c a n i c l a s t i c  rocks, and 
subvolcan ic  p lu tons  t h a t  range i n  composi t ion f rom quar tz  d i o r i t e  t o  d u n i t e  
and p e r i d o t i t e .  Rocks assigned t o  the b e l t  i n  ne ighbor ing p a r t s  o f  
southeastern Alaska have been f a u n a l l y  dated as La te  Ju rass ic  t o  mid- 
Cretaceous (Berg and others ,  1972) .  I n  t he  C ra ig  quadrangle, f o s s i l s  have no t  
been found i n  any o f  t h e  rocks nor theas t  o f  Clarence S t r a i t ,  t h e i r  
s t r a t i  graphic  r e 1  a t i ons  are obscured by complex s t r u c t u r e  and metamorphi sn, 
and unrecognized s t r a t a  as o l d  as 1 a te  Paleozoic may be mixed w i t h  beds as 
young as la te  Mesozoic (Berg, 1982, P. 12-14). Because o f  these 
unce r t a i n t i es ,  rocks i n  t h e  C ra ig  quadrangle, i n t e r p r e t e d  by Berg and o thers  
as p a r t  o f  the  Grav ina-Nutzot in  belt, he re in  are assigned an age o f  Mesozoic 
o r  l a t e  Paleozoic.  I n  t h e  Cra ig  quadrangle the  contact  between t he  Gravina- 
N u t z o t i n  b e l t  and t he  Alexander t e r r ane  i s  the  Clarence S t r a i t  f a u l t .  



The Taku t e r r a n e  i n c l u d e s  bedded r o c k s  t h a t  u n d e r l i e  the  extrerne 
n o r t h e a s t e r n  p a r t  o f  t h e  quadrang le  on E t o l i n  and Bronson I s l a n d s  and t h e  
C leve land  P e n i n s u l a  b o r d e r i n q  E r n e s t  Sound. I n  t h e  C r a i g  quadrangle,  t h e  
t e r r a n e  compr ises comp lex l y  def  ormed and metamorphosed p e l  i t i c  sed imentary  
r o c k s  and s u b o r d i n a t e  f e l s i c  t o  m a f i c  v o l c a n i c  rocks .  F o s s i l s  have n o t  Seen 
found  i n  t hese  rocks  and t h e i r  Mesozoic o r  L a t e  Pa leozo i c  age assignment i s  
based on l i t h o l o g i c  c o r r e l a t i o n  w i t h  f a u n a l l y  da ted  s i m i l a r  s t r a t a  near 
K e t c h i k a n  ( S i l b e r l i n g  and o t h e r s ,  1982).  The bedded rocks  i n  t h e  Taku t e r r a n e  
a re  i n t r u d e d  by i n t e r m e d i a t e  and f e l s i c  p l u t o n s  o f  Mesozoic and Cenozoic age. 

The d i s t r i b u t i o n  and r e l a t i o n s  of G r a v i n a - N u t z o t i n  b e l t  and Taku t e r r a n e  
r o c k s  i n  t h e  C r a i g  quadrang le  a re  u n c e r t a i n  owing t o  absence o f  w e l l - d e f i n e d  
s t r a t i g r a p h i c  markers  and t o  t h e  e f f e c t s  o f  metamorphic masking. I n  t h e  C r a i g  
quadrangle,  bedded r o c k s  on sou the rn  C leve land  P e n i n s u l a  and on Eag le  and 
Onsl ow I s l  ands a re  c h a r a c t e r i z e d  by abundant andesi  t i c  me ta tu f f  and 
agglomerate r i c h  i n  r e l i c t  a u g i t e  phenocrys ts ,  and which were ass igned by Berg 
and o t h e r s  (1972) t o  t h e  G r a v i n a - N u t z o t i n  b e l t .  To t h e  n o r t h e a s t ,  t h e  bedded 
r o c k s  a r e  m a i n l y  m e t a p e l i t e  and s u b o r d i n a t e  d i v e r s e  me tavo l can i c  r o c k s  w i t h o u t  
r e l i c t  phenocrys ts  t h a t  t h e y  ass igned t o  t h e  Taku t e r r a n e .  Based on r e g i o n a l  
s t r u c t u r a l  and s t r a t i g r a p h i c  r e l a t i o n s  o f  G r a v i n a - N u t z o t i n  b e l t  and Taku 
t e r r a n e  rocks  i n  o t h e r  p a r t s  o f  sou theas te rn  A laska,  Berg and o t h e r s  
i n t e r p r e t e d  t h e i r  c o n t a c t  as a n o r t h e a s t - d i p p i n g  t h r u s t  zone. I n  t k e  C r a i g  
quadrangle,  however, t h e  a forement ioned u n c e r t a i n t i e s  p reven ted  us from 
mapping t h e  s p e c i f i c  l o c a t i o n  o f  t h i s  f a u l t  zone and i t  i s  n o t  shown on t h e  
map. 

Reg iona l  s t r u c t u r e s  i n  t h e  C r a i g  quadrang le  i n c l u d e  n o r t h w e s t - t r e n d i n g  
h i g h - a n g l e  f a u l t s  and numerous t h r u s t  f a u l t s ,  i n c l u d i n g  f o l d e d  t h r u s t s .  Many 
o f  t h e  t h r u s t s  d i p  eas tward  and many o f  t h e  s t r a t i f i e d  r o c k s  a r e  i s o c l i n a l l y  
f o l d e d  w i t h  development of s l a t y  c leavage t o g e t h e r  w i t h  o f t e n  more t h a n  one 
s e t  o f  p e n e t r a t i v e  f o l d s  and l i n e a t i o n s .  Reg iona l  metamorphism g e n e r a l l y  
ranges f r o m  o n l y  s l i g h t  r e c r y s t a l l i z a t i o n  t o  g r e e n s c h i s t  f a c i e s ,  b u t  i n  p laces  
reaches t h e  i n t e n s i t y  o f  t h e  a m p h i b o l i t e  f a c i e s ,  p a r t i c u l a r l y  i n  t h e  sou the rn  
and n o r t h e a s t e r n  p a r t s  o f  t h e  quadrangle.  

Pa leomagnet ic  d a t a  i n d i c a t e  t h a t  t h e  A lexander  t e r r a n e  had an o r i g i n a l  
p a l e o p o s i t i o n  a t  about  40' N., 120' W. (wes te rn  Nevada and n o r t h e a s t e r n  
C a l i f o r n i a )  and t h a t  i t  subsequen t l y  d r i f t e d  no r thward  and r o t a t e d  25' 
c l o c k w i s e  i n  s i t u  (Van der  Voo and o t h e r s ,  1980) .  

P o t e n t i a l l y  i m p o r t a n t ,  and i n  most cases f o r m e r l y  p r o d u c t i v e ,  d e p o s i t s  of 
Cu, Fe, T i ,  Au, Ag, Pb, Zn, Mo, P t  group me ta l s  and h i g h  c a l c i u m  l imes tone  and 
b a r i t e  occur  i n  t h e  C r a i g  quadrang le  and v i c i n i t y .  



DESCRIPTION OF MAP UNITS 

UNCONSOLIDATED DEPOS ITS 

D iverse  Quate rnary  s u r f i c i  a1 depos i ts  are w ide ly  d i s t r i b u t e d  throughout  
t he  quadrangle bu t  have no t  been separa te ly  s tud ied  o r  mapped. Only 
major areas o f  d i s t r i b u t i o n  are shown and t h e i r  de l i nea t i on  has been 
i n f e r r e d  ma in l y  from the  examinat ion of a e r i  a1 photographs. 

Q ag UNDIFFERENTIATED SURFICIAL DEPOSITS--Includes ma in ly  al luvium, t i d a l  
mudf l  a t ,  and g l  a c i o f l  u v i  a1 depos i ts  

BEDROCKS 

T s CONGLOMERATE, SANDSTONE, AND CONGLOMERATIC SANDSTONE (Eocene?) -- 
A t  Coal Bay, loca ted  on t h e  south shore o f  Kasaan Bay, rocks 
cons i s t  o f  l i g h t - g r a y  t o  b u f f  graywacke-type sandstone t h a t  
conta ins carbonized logs  w i t h  branches s t i l l  attached. Two 
k i l ome te r s  t o  t he  nor theast ,  a t  t he  head o f  L i t t l e  Coal Bay, 
congl m e r a t e  and conglomerat ic  sandstone con ta i n i ng  cobbles and 
boulders o f  d i o r i t e  and subord inate b lack a r g i l l i t e  o f  l o c a l  
d e r i v a t i o n  are in terbedded w i t h  graywacke t h a t  conta ins a few 
d iscont inuous f l a t - l y i n g  seams o f  l i g n i t i c  coa l  a few inches 
t h i c k .  I n  t h e  v a l l e y  o f  Lava Creek, a t  head o f  Thorne Bay, 
del  t a i c  conglomerate conta ins abundant pebbles and cobbles of 
l o c a l l y  de r i ved  a r g i  11 i t e ,  gneiss, t r a c h y t e  and amygdaloidal lava, 
b i o t i t e  g ran i t e ,  s c h i s t  and c h e r t  i n  a l i t h i f i e d  m a t r i x  t h a t  
con ta ins  rounded c l a s t s  o f  quartz,  or thoc lase,  and m i c r o c l i n e  i n  
a d d i t i o n  t o  small fragments o f  t he  l i t h o l o g i e s  o f  the  rocks 
1 i s ted .  The conglomerate i s  c u t  by p i t chs tone  dikes.  Nor theast  
o f  Clarence S t r a i t ,  s i m i l  a r l y  c o n s t i t u t e d  and probably  c o r r e l a t i v e  
conglomerate, sandstone, s i l  ts tone,  and shale, w i t h  minor 1 i g n i t e  
occur on nor theas te rn  Eagle I s l a n d  and south o f  Union Poin t ,  t h e  
nor theas t  headland o f  Union Bay. F i e l d  r e l a t i o n s  suggest 
depos i t i on  as a l l u v i a l  fans, piedmont g rave ls  and de l tas  a t  t h e  
mouths o f  steep g rad ien t  s t reams- that  dra ined ter ranes o f  
cons iderab le  r e l i e f  (Buddington and Chapin, 1929, p. 267; 
Sai nsbury, 1961, p. 328) .  Tentat  i ve Eocene age assignment based 
on (1) the  presence of igneous and metamorphic d e t r i t u s  i n  t he  
P r i nce  of Wales I s 1  and conglomerates be1 ieved t o  have been der i ved  
from a provenance o f  Midd le  Cretaceous age, and ( 2 )  the  poss ib l e  
c o r r e l a t i o n  between t h e  p i t chs tone  d ikes t h a t  c u t  the  Ts u n i t  i n  
t he  v a l l e y  o f  Lava Creek w i t h  r h y o l i t i c  d e t r i t u s  abundant i n  
Eocene rocks  n o r t h  o f  the  C r a i g  quadrangle (Sainsbury, 1961, p. 
328). Probably  no t  more than 30 m t h i c k  

NORTHEAST OF CLARENCE STRAIT 

SEDIMENTARY ROCKS 

MzPzsm METASEDI MENTARY ROCKS (Mesozoi c o r  upper Pal  eoto i  c )  --Thi n l  y bedded 
p h y l l i t i c  mudstone, s i l t s t o n e ,  sandstone, g r i t ,  conglomerate, and 
minor l imestone. P h y l l i t i c  rocks grade t r a n s i t i o n a l l y  



nor theas tward  i n t o  s c h i s t .  Ho rn fe l sed  ad jacent  t o  gabbro and 
u l  t rarnaf ic  complex (Kgb, Kum) a t  Union Bay and ad jacent  t o  bod ies  
o f  Tqm and K q .  P robab ly  m a i n l y  of J u r a s s i c  and Cretaceous age b u t  
lnay i n c l u d e  r o c k s  as o l d  as l a t e  Pa leozo ic  (Be rg  and o the rs ,  1976) 

VOLCANIC ROCKS 

Tba BASALT AND ANDESITE ( T e r t i a r y ) - - C h i e f l y  b a s a l t  f l o w s  and a n d e s i t e  
d e b r i s  f lows.  Only  known occurrences i n  t h e  area a re  on Eag le  and 
M u f f i n  I s l a n d s  

MzPzvm ANDES I T I C  AND BASALTIC METATUFF AND AGGLOMERATE (Mesozoi c  o r  upper 
P a l e o z o i c ) - - C h i e f l y  t e x t u r a l l y  d i ve rse ,  apple-green t o  dark-green 
a n d e s i t i c  o r  basa l  t i c  m e t a t u f f  and agglomerate. These r o c k s  
i n t e r t o n g u e  l o c a l l y  w i t h  subord ina te  g reen ish -g ray  and da rk -g ray  
p e l i t i c  metasedimentary rocks .  Near Meyers Chuck, t h e  
me tavo lcan ic  rocks  a p p a r e n t l y  a re  i n t e r c a l a t e d  w i t h  l i g h t - g r a y  
marble.  The me tavo lcan ic  rocks  a r e  c h a r a c t e r i z e d  n e a r l y  
everywhere by  r e l i c t  euhedral  f e r r m a g n e s i a n  phenocrys ts  up t o  2 
cm long, and by  coarse t o  f i n e  r e 1  i c t  f ragmental  t e x t u r e .  On 
southern  C leve land  Pen insu la ,  t h e  u n i t  c o n s i s t s  o f  massive, coarse 
b l o c k y  v o l c a n i c  b recc ia ;  e lsewhere i t  ranges f rom coarse 
f e r r m a g n e s i  an- (and l o c a l l y  f e l d s p a r - )  p o r p h y r i t i c  b r e c c i a  t o  
a p h a n i t i c  green p h y l l i t e .  G r e e n s c h i s t - f a c i e s  r e g i o n a l  
metamorphism ,has produced a metamorphic m i n e r a l  assemblage t h a t  
i n c l u d e s  varyTng p r o p o r t i o n s  o f  a l b i t e ,  ep idote ,  c h l o r i t e ,  
a c t i n o l i t e ,  qua r t z ,  muscov i te ,  b i o t i t e ,  and c a l c i t e .  Mesozoic o r  
l a t e  P a l e o z o i c  age assignment i s  based on l i t h o l o g i c  c o r r e l a t i o n  
w i t h  s i m i l a r  me tavo lcan ic  rocks  o f  J u r a s s i c  o r  Cretaceous age and 
w i t h  s i m i l a r  marb le  o f  l a t e  Pa leozo ic  age on nearby Grav ina  and 
R e v i l l a g i g e d o  I s l a n d s  (Berg, 1981, p .  7 )  

INTRUSIVE ROCKS 

?*Y QUARTZ MONZONITE ( T e r t i  a r y j - - M i  a r o l  i t i c ,  l e u c o c r a t i c  q u a r t z  
rnonzonite c o n s i s t i n g  p redominan t l y  o f  medium- and coarse-gra ined,  
hyp id iomorph ic -g ranu l  a r  q u a r t z ,  p l  a g i o c l  ase, p o t a s s i  urn f e l d s p a r ,  
and accessory  b i o t i t e .  L o c a l l y  b r e c c i a t e d  ad jacen t  t o  f a u l t  zone 
a long  Canoe Passage. Dated by  K-Ar method a t  about 20 m.y, B.P. 
(J .  G. Smith, unpub. d a t a )  

% QUARTZ DIORITE AND GRANODIORITE (Cretaceous)--Minor d i o r i t e ,  
+> 1  eucoapl i te ,  and pegmat i te .  Body southeast  o f  N i  b l  ack P o i n t  on 

C l  eve1 and P e n i n s u l a  i s  m a i n l y  metadi  o r i  t e  and ( o r )  gabbro. Forms 
s i l l s ,  d ikes ,  s tocks ,  and d i a p i r s .  Stocks commonly a r e  zoned from 
g a r n e t - b e a r i n g  p o r p h y r i t i c  q u a r t z  d i o r i t e  bo rde r  t o  g r a n o d i o r i t e  
core .  F o l i a t i o n ,  r e s u l t i n g  m a i n l y  f rom r e g i o n a l  de fo rma t ion  and 
p o s s i b l y  p a r t l y  f rom p r o t o c l a s i s ,  ranges f rom i n t e n s e  i n  many of 
t h e  s m a l l e r  p l u t o n s  t o  weak o r  absent i n  t h e  cc res  o f  some o f  t h e  
l a r g e r  bod ies .  These p l u t o n s  p r o b a b l y  c o r r e l a t e  w i t h  a 
composi t i o n a l  l y  and t e x t u r a l l y  s i m i  1 ar p l u t o n  a t  Neets 8ay 
(Ke tch i kan  quadrang le) ,  dated by K-Ar method a t  about  90 m.y, B.P. 

%i&,, (Smith  and D igg les ,  1981) 
DUNITE, FYROXENITE AND PERIDOTITE (Cre taceous) - -U l  t ra rna f i c  

complex. P ipe  and l o p o l i t h  o f  hornblende p y r o x e n i t e ,  p y r o x e n i t e ,  
0 1  i v i  ne p y r o x e n i t e ,  p e r i d o t i t e ,  and d u n i t e .  P ipe  and l o p o l  i t h  a r e  



c o n c e n t r i c a l l y  zoned, w i t h  dun i t e  i n  center  and py roxen i te  o r  
hornblende p r yoxen i t e  i n  per iphery .  Pyroxeni te  conta ins 
s i g n i f i c a n t  p r imary  magnet i te  ( a f t e r  Ruckmick and Noble, 1959). 
Dated by K-Ar method a t  about 100 m.y. B.P. (Lanphere and 
Eber 1  e i  n, 1966) 

GABBRO (Cretaceous)--Minor saussur i  t e  gabbro and d i o r i  te .  Ma in l y  
moderate ly  f o l i a t e d  t o  massive, medium-grained gabbro con ta i n i ng  
p l  ag ioc l  ase, or tho-  and c l  inopyroxene, and accessory b i o t i t e  and 
magnet i te.  Forms margin and cap of zoned u l  t ramaf ic c m p l e x  a t  
Union Bay ( a f t e r  Ruckmick and Noble, 1959). I n t r uded  by 
u l  t ramaf i c  complex ( K u m ) .  Cretaceous age i n f e r r e d  f rom c l ose  
s p a t i a l  r e l a t i o n  t o  u l t r ama f i c  complex 

SOUTHWEST OF CLARENCE STRAIT 

NORTHERN PART OF QUADRANGLE (see F ig .  4 )  

Predominant ly Sedimentary Rocks 
( L o c a l l y  subdiv ided t o  show major vo lcan ic  components) 

Pk KLAWAK FORbWTION (Midd le  and Lower Pennsyl vani an)--Occurs i n  v i c i n i t y  
o f  Klawock, western P r i nce  o f  Wales I s land .  Sandstone and 
s i  1  ts tone;  minor 1  imestone and cher t -pebble  conglomerate. Orange 
weathering, calcareous, and r i c h  i n  small f u s i l i n i d s  (Doug1 ass, 
1971). A lso  conta ins abundant p roduc to id  brachiopods, co ra ls ,  
bryotoans, and t h e  t r a c e  f o s s i l  S i r o  h ton.  See l o c a l i t y  F1 on 
map and t a b l e  o f  key f o s s i l  l o c a l i t i e s  Fig.  5, Table 1 ) .  
Thickness 150-300 rn 

+ 
P 1 LADRONES LIMESTONE (M idd le  and Lower Pennsyl vani an)--Occurs i n  

Trocadero Bay and Tlevak S t r a i t  areas, western Pr ince  o f  Wales 
Is1 and. Limestone, sub1 i t hog raph i c  and massive, and minor 
dolomite.  L o c a l l y  conta ins 1  i gh t - g ray  che r t  nodules, 001 i t e s ,  
endo thy r id  f o ram in i f e ra ,  f usu l i n i ds ,  and s h e l l y  f o s s i l s  are 
comnon. See l o c a l i t y  F10 on Fig.  5 and Table 1. Thickness 300 m+ 

PERATROVICH FORMATION (Upper and Lower Miss iss ipp ian)- -L imestone 
con ta i n i ng  dark-gray c h e r t  nodules and beds tha t  increase downward 
t o  a  bedded c h e r t  member a t  the  base of the  formation. Contains 
abundant she1 l y  f oss i 1 s, especi  a1 1  y rugose co ra l s  (Armstrong, 
1970), and conodonts i n  the  upper p a r t  (Faulhuaber, 1977). See 
l o c a l i t i e s  F2, F3, F4, F13, and F14 on F ig .  5 and Table 1. 
Thickness 300 m+ 

PORT REFUGIO F O R ~ T I O N  (Upper Devonian; Farnenni an)--Northernmost 
known exposures occur on San Juan B a u t i s t a  and Balandra I s lands .  
In terbedded sequence of massive t o  well-bedded graywacke and 
banded mudstone, and s i l  t s t one  w i t h  m i  nor po l  y n i c t i c  boulder  
conglomerate, b lack  p y r i t i c  s i l t s t o n e ,  calcareous s i l t s t o n e  and 
qua r t zo fe l dspa th i c  a ren i  te .  On San Juan Bau t i s t a  I s 1  and i n t r uded  
by MzPzg d i o r i t i c  stock t h a t  conta ins sparse ly  disseminated base 
metal  s u l f i d e  minera ls .  For  more canple te  d e s c r i p t i o n  o f  
fo rmat ion  see d i  scuss i on under "SOUTHERN PART OF QUADRANGLE1' 
(Suemet, Sukkwan and p a r t  o f  P r i nce  o f  Wales I s l ands )  where i t  i s  
more e x t e n s i v e l y  d i s t r i b u t e d  and b e t t e r  pa leon to log ic  c o n t r o l  
e x i s t s  



Dw WADLEIGH LIMESTONE (Upper and Midd le  Devonian; Famenni an t o  La te  
E i fe1 ian)- -L imestone,  g e n e r a l l y  t h i c k -  t o  medium-bedded and 
massive; m i  nor a r g i  11 aceous 1 imestone and calcareous shale, 
e s p e c i a l l y  i n  upper p a r t  of formation. Composed o f  fragmented 
s h e l l y  f o s s i l s  i n  a  dark, lime-mudstone ma t r i x .  F requen t l y  r i c h  
i n  t he  spaghett i -shaped s t r m a t o p o r o i d  Amphipora and co ra l s  
(01 i v e r  and others ,  1975; Tchudinova and others ,  1974; Savage, 
1977a; Savage and F unai, 1980). Massive stromatoporoi  ds i n  p l  aces 
form ree fs  and reef  brecc ia .  Brachiopods, gastropods, ostracodes, 
pe l  ecypods, and c r i  noi  ds make up subs tan t i  a1 q u a n t i t i e s  o f  t h e  
coarse f oss i  1 d e t r i t u s .  Conodonts are descr ibed by Savage ( 1 9 7 7 b )  
and Savage and Funai (1980). See l o c a l i t i e s  F5, F6, F8, F20, F27, 
F28, F29, F43, F44, F45, and F46 on F ig .  5 and Table 1. Thickness 
about 300 m 

Dk KARHEEN FORMATION (Lower Devoni an)--Sandstone, shale, and 
congl m e r a t e .  M i  nor we1 1-bedded and penecontemporaneousl y  
deformed p l a t y  l imestone. Character ized by r e d  beds, calcareous 
cement, and festoon crossbedding, r i p p l e  marks, and mud cracks 
( E b e r l e i n  and Churkin, 1970; Ovenshine, 1975). C l  as ts  a re  ma in l y  
ma f i c  vo lcan ic  rocks and cher t ,  bu t  pebbles t o  boulders o f  
sandstone, graywacke, s i l t s t o n e ,  quartz,  l imestone, and f e l s i c  t o  
maf i c  g r a n i t o i d  igneous rocks are a1 so present.  Abundant d e t r i  t a l  
K-feldspar and f l a k e s  o f  bronze-colored b i o t i t e  i n  t he  sandstones 
d i s t i n g u i s h  i t  from t h e  o l de r  sandstones i n  t he  sect ion.  Loca l l y ,  
t h e  l imestone conta ins abundant brachiopods ( K i r k  and Amsden, 
1952) and E a r l y  Devoni an conodonts (Savage, 1977a). See f oss i  1  
l o c a l i t i e s  F12 and F16 on F ig .  5 and Table 1. On eastern and 
no r t he rn  Heceta I s l a n d  t h e  Karheen i s  ma in l y  sandstone and sha le  
and l i e s  conformably on Heceta Limestone. Fa r t he r  east, on P r i nce  
o f  Wales I s land ,  t h e  Karheen o v e r l i e s  t h e  Staney Creek sequence 
(DSs) t h a t  con ta ins  bo th  Heceta-1 i ke 1 imestone and Karheen-1 i ke 
c l  a s t i c  rocks, suggest ing an i n t e r f i n g e r i n g  o f  Karheen 1 i tho log ies  
w i t h  those o f  the  Staney Creek area. In t h e  southern p a r t  o f  t he  
area (San C h r i s t o v a l  Passage) t h e  Karheen cons i s t s  ma in l y  of 
p o l y n i c t i c  pebble t o  cobble  conglomerate t h a t  l i e s  w i t h  angular 
unconf o rm i t y  on t h e  Oescon Formation t h a t  con ta ins  M idd le  
Ordov ic ian  (Caradoci an) g r a p t o l  i t e s .  See f o s s i l  l o c a l i t y  G-1 on 
F ig .  5 and Table 1. To date, t h e  Karheen has y i e l d e d  o n l y  f o s s i l s  
o f  E a r l y  Devonian age. However, a t  i t s  conformable con tac t  on 
nor thern  and eas te rn  Heceta I s land ,  t h e  sub jacent  Heceta Limestone 
beds con ta i n  s h e l l y  faunas i n d i c a t i v e  o f  a La te  S i l u r i a n  
(Lud lov ian)  age (see f o s s i l  l oc .  F15 on F ig .  5 and Table 1). 
Also, a t  P t .  Santa Ge r t r ud i s  on nor thern  L u l u  I s l and ,  
approx imate ly  15  rn of massive t o  t h i c k l y  bedded l i gh t -b rown ish-  
gray l imestone r e s t s  conformably upon about 600 m o f  Karheen 
conglomerate and sandstone t ha t ,  i n  turn ,  unconformably o v e r l i e s  
Descon beds t h a t  con ta i n  E a r l y  S i l u r i a n  g rap to l  i t e s  (Buddington 
and Chapin, 1929). The basal 1 m o f  t he  l imestone i s  r i c h l y  
f o s s i  1  i f e r o u s  and has y i e l d e d  conodonts i n d i c a t i v e  o f  an e a r l i e s t  
Devonian ( e a r l y  Lochkovian) age (see f o s s i l  loc .  F12 on F i g .  5 and 
Table 1). These r e l a t i o n s h i p s ,  as w e l l  as those between the  
Karheen and t h e  Staney Creek sequence ( i .e . ,  OSs), suggest t h a t  
depos i t i on  o f  the Karheen may have begun i n  La te  S i l u r i a n  t ime. 
Thickness about 1,800 m 
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SEDIMENTARY ROCKS OF THE PORT ST. NICHOLAS AREA (Lower Devonian)-- 
Sandstone o v e r l a i n  by massive l imestone (50  m t h i c k )  and 
g r a p t o l i t i c  sha le  (about 50 m t h i c k )  (Churk in  and others, 1970). 
Sandstone i s  calcareous, 1 i ght gray, crossbedded, con ta ins  w i d e l y  
sca t t e red  c h e r t  pebbles, and i s  in terbedded w i t h  mudstone. 
Limestone i s  f o s s i l  f ragmental ,  f e t i d  and conta ins abundant c o r a l s  
and stromatoporoids.  A lso present  a re  conodonts t h a t  i n d i c a t e  an 
e a r l y  t o  m idd le  Pragi an age (Savage and others,  1977). Shale 
conta ins abundant Mono r a  t u s  ukonensis and M. ac i f i cus .  See + + a h .   ear t e ent rance t o  f o s s i l  l o c a l i t y  G 3  on 
Klakas I n l e t ,  about 6.5 km south o f  the  C r a i g  quadrangle boundary, 
a s i m i l a r  g r a p t o l i t i c  sha le  w i t h  M. a c i f i c u s  fauna and assoc ia ted + chert-pebbl  e congl merate (Ds) r e y t s  uncon ormabl y upon an 
Ordovocian mudstone, shale, graywacke and vo lcan ic  sec t i on  
l i t h o l o g i c a l l y  s i m i l a r  t o  t he  Descon Format ion (Churk in  and 
others,  1970). To ta l  th ickness 400 m+ 

BRECCIA OF NORTHEASTERN NOYES ISLAND (Lower Devonian)- -Grapto l i te-  
and p l an t -bea r i ng  shale  (Churk in  and others,  1969) in terbedded 
w i t h  graywacke, sandstone, and conglomerate. C h a r a c t e r i s t i c a l l y  
has b recc i a  beds and b locks o f  l imestone r i c h  i n  s h e l l y  f o s s i l s  
and conodonts. These brecc ias are o l i s t o s t r m e  depos i ts  t h a t  
con ta in  reworked shal low-water faunas i n  a deeper water 
sequence. Rests w i t h  major angular unconformi t y  upon Descon 
Format ion and conta ins reworked(?) b lock o f  Lower S i l u r i a n  sha le  
i n  a m a t r i x  t h a t  conta ins Mono r a  t u s  ukonensis and o ther  E a r l y  

1. More than 400 m t h i c k  
++7- Devonian g r a p t o l i t e s .  See oss i  oca i t y  7 on F ig .  5 and Table 

LIMESTONE OF KASAAN ISLAND (Lower Devoni an)--L imestone associ  ated 
w i t h  r h y o l i t e  (Dkr)  fo rm ing  i s l ands  i n  Kasaan Bay. Limestone 
t h i c k  t o  t h i n  bedded and r i c h  i n  s h e l l y  f o s s i l  fragments, 
p a r t i c u l a r l y  cora ls ,  s t r m a t o p o r o i  ds, and c r i  no i  ds. L o c a l l y  r i c h  
w i t h  b rach i  opods, conodonts (Savage, 1981), and ostracodes (Berdan 
and Copeland, 1973). See f o s s i l  l o c a l i t y  F22 on F ig .  5 and Table  
1. Time equ iva len t  t o  p a r t s  o f  Karheen Format ion and p o s s i b l y  may 
range h igher  t o  c o r r e l  a te  w i t h  t h e  Coronados Volcan ics  f a r t h e r  
west. Top and base o f  l imestone no t  exposed. Exposed th ickness  
about 150 m 

HECETA LIMESTONE (Upper, Middle, and uppermost Lower S i l u r i a n ) - -  
Limestone w i t h  t h i c k  1 enses and pods o f  p o l y m i c t i c  conglomerate, 
l imestone brecc ia ,  and sandstone (Shc) i n  zone near m idd le  i n  t ype  
area. Limestone i s  massive, sub1 i thographic,  and 1 i ghte r  co l o red  
than o ther  l imestone i n  sect ion.  I t  i s  r i c h l y  f o s s i l i f e r o u s  w i t h  
co ra ls ,  dasycl  adacean a1 gae, and brachiopods. Stromatoporoi  ds 
( i nc 1 ud i  ng Amph i pora) , gastropods , pe 1 ecypods, bryozoans , 
t r i l o b i t e s ,  conodonts, and g r a p t o l i t e s  a lso  occur. See f o s s i l  
l o c a l i t i e s  F15, F17, F18, F23, F35, F37, F38, and F47 on F ig .  5 
and Table 1. Contact w i t h  unde r l y i ng  Descon F o m a t i o n  general  l y  
conformable, bu t  a long west Heceta I s 1  and has basal b recc i a  w i t h  
angular s labs of b lack g r a p t o l  i t i c  sha le  w i t h  monograptids o f  
m idd le  E a r l y  S i l u r i a n  age (see f o s s i l  l o c a l i t y  G25 on F ig .  5 and 
Table 1). Thickness var ies  s t r i k i n g l y  over sho r t  d is tances i n  t h e  
south, p robab ly  due t o  pre-Karheen erosion, and eastward due t o  
f a c i e s  change i n t o  t he  Staney Creek sequence (DSs) (see 
d e s c r i p t i o n  below). Maximum th ickness  over 3,000 m on western 
Heceta I s land ,  t h i n n i n g  r a p i d l y  eastward. L o c a l l y  inc ludes:  
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LIMESTONE BRECCIA, CONGLOMERATE, AND SANDSTONE OF THE HECETA 
LIMESTONE (Upper, M i  ddl e, and uppermost Lower S i 1  u r i  an) --Limestone 
b r e c c i a  and congl m e r a t e  c o n s i s t  1  a rge l y  o f  reworked 
i n t ra fo rma t i ona l  1  i t h o l o g i e s .  P o l y n i c t i c  conglomerate conta ins a  
v a r i e t y  of p l u t on i c ,  vo lcan ic ,  and sedimentary rock  c l  asts, 
i n c l u d i n g  cher t ,  which i s  not  an abundant l i t h o l o g y  among e a r l y  
Paleozoic  rocks known t o  occur i n  the  area. C l a s t i c  l imestone 
w i t h  m i  nor s l a t e  and metachert  o f  t h e  Hazy I s 1  ands ( L .  J. P. 
Mu f f l e r ,  unpub. data, 1963) i s  p r o v i s i o n a l l y  inc luded  i n  t h i s  u n i t  
bu t  may a c t u a l l y  be c o r r e l a t i v e  w i t h  t he  Bay o f  P i l l a r s  Format ion 
(La te  S i l u r i a n  and E a r l y  Devonian) o f  the Petersburg quadrangle 
(0 .  A. Brew, o r a l  comnun., 1983) 

ROCKS OF THE STANEY CREEK AND TUXEKAN PASSAGE REGION (Lower and 
Upper S i l u r i a n ,  and p o s s i b l y  as young as E a r l y  Devonian)-- 
In terbedded sequence c o n s i s t i n g  ma in l y  o f  l imestone, sandstone, 
calcareous mudstone, and p o l y m i c t i c  conglomerate. L igh t -g ray ,  
massi ve t o  we1 1-bedded, cyc l  i c a l  l y  repeated, f i ne-gra i  ned 
f o s s i l i f e r o u s  l imestone resembl ing Heceta Limestone (Sh) and 
conglomerat ic  sandstone, l i m y  sandstone and conc re t i ona ry  mudstone 
w i t h  l o c a l l y  we1 1-developed mudcracks and r i p p l e  marks resembl i n g  
c e r t a i n  l i t h o l o g i e s  o f  bo th  t h e  Karheen Format ion (Dk) and 
c l a s t i c s  w i t h i n  t h e  Heceta Limestone (Shc), Near Staney Creek 
these rocks o v e r l i e  massive a n d e s i t i c  t o  b a s a l t i c  t u f f  and b recc i a  
of t h e  Luck Creek reg ion  (SObl) .  Basal l imestone and sha ly  beds 
con ta i n  Cateni  ' o r a  and l a t e  L landover ian g r a p t o l i t e s  (see f o s s i l  
l o c a l i t y  G T+- on F ig .  5 and i n  Table 1) younger than the  h ighes t  
g r a p t o l i t e s  known t o  occur i n  t he  Descon Format ion (Sod). 
Limestone beds i n  t he  upper p a r t  o f  t h e  sequence are r i c h  i n  
dascyl  adacean a1 gae, co ra ls ,  Amphi pora and Conchi d i  urn. 

The a v a i l a b l e  pa leon to l og i c  and s t r a t i g r a p h i c  evidence suggest 
t o  us t ha t ,  i n  l a r g e  pa r t ,  t he  Heceta Limestone, w i t h  i t s  
in terbedded c l a s t i c  u n i t s  (Shc) and p robab ly  t he  basal  p a r t  of t h e  
Karheen Format ion change f a c i e s  i n  an e a s t e r l y  t o  east -  
n o r t h e a s t e r l y  d i r e c t i o n  i n t o  t h e  DSs sequence (see F i g .  6 ) .  These 
f acies changes suggest t h a t  Heceta- l  i ke l irnestone t h i n s  eastward 
and t h a t  Karheen o r  Shc c l a s t i c  rocks t h i c ken  eastward producing a 
t r a n s i t i o n a l  f ac i es  t h a t  i s  cons iderab ly  t h i n n e r  (about 300 m 
t h i c k )  than coeval rocks on Heceta I s l and .  Qua1 i f i e d  Sy poor 
i n l a n d  outcrop c o n t r o l ,  t he  i n f e r r e d  i n t e r t o n g u i n g  and 
t r a n s i  t i  ona1 re1  a t ionsh ips  suggest a  t r a n s i t i o n a l  zone t h a t  may be 
as much as 6 km wide, extending g e n e r a l l y  north-northwestward from 
t h e  Staney Creek area a long Tuxekan Passage and probably  i n t o  t h e  
Cyrus Cove-Marbl e Passage area o f  O r r  and Marble I s l  ands. Wi th in  
t h i s  t r a n s i t i o n a l  be1 t, which probably  inc ludes  p a r t s  o f  eastern 
Tuxekan I s 1  and, where o n l y  i s o l a t e d  and r e s t r i c t e d  exposures 
p rov ide  inadequate c o n t r o l  f o r  ex tending the  d i s t r i b u t i o n  of u n i t s  
Sh, Shc, and Dk as mapped i n  t he  f i e l d  from west t o  east,  the 
c a l l s  are considered h i g h l y  quest ionable  and t h e r e f o r e  may be open 
t o  r e i n t e r p r e t a t i o n  as DSs, especi a1 l y  as b e t t e r  outcrop c o n t r o l  
becomes a v a i l a b l e  as a  r e s u l t  o f  l ogg ing  opera t ions  and other  
developments. We i n t e r p r e t  t he  d i s t r i b u t i o n  o f  t r a n s i t i o n a l  
f a c i e s  o f  t he  rocks o f  t h e  Staney Creek reg ion  as an i n d i c a t i o n  of 
a n o r t h e r l y  o r  no r t hwes te r l y  depos i t i ona l  s t r i k e  r e l a t e d  t o  a 
shore l ine .  About 300 m t h i c k  



SOdv 

DESCON FORMATION (Lower S i l u r i a n  through Lower Ordov ic ian ) - -Ma in ly  
graywacke and mudstone w i t h  i nterbedded b a s a l t  f 1  ows and 
p y r o c l a s t i c  rocks (SOdv), conglomerate, sedimentary brecc ia ,  
cher t ,  shale, and sandstone. Graywacke composed ma in l y  o f  
basal  t i c  d e t r i t u s  i n  a  c h l o r i  t i c  noncalcareous mat r i x .  Graded 
bedding and o ther  t u r b i  d i t e  features comnon. Rhythmical  l y  banded 
mudstone w i t h  graded bedding and penecontemporaneous s l  ump 
s t r u c t u r e  i s  in terbedded w i t h  graywacke. Conglomerate and 
sedimentary b r e c c i a  range i n  composi t ion from who l l y  
vo lcan ic1  a s t i c ,  c rude l y  1  ayered, augi te -phenocrys t - r i  ch basal  t i c  
andes i te  b r e c c i a  resembl ing the b recc i a  o f  the Luck Creek r e g i o n  
(SObl) t o  p o l y m i c t i c  v a r i e t i e s  w i t h  cher t ,  f e l s i c  vo lcan ic ,  
graywacke, and gabbro ic  l i t h i c  c l a s t s .  Black,  thin-bedded c h e r t  
and s i l i c e o u s  shale  are minor bu t  very  impor tant  1  i t h o l o g i e s  
because t hey  con ta i n  wel l -preserved g r a p t o l i t e s  e x c e l l e n t  f o r  
da t i ng  (Churkin,  Car ter ,  and Eber le in ,  1970). See f o s s i l  
l o c a l i t i e s  GI, 62, 64, G5, etc., on F ig .  5 and Table  1. Orange- 
weather ing quar tzo fe l  dspath ic  wacke, a m i  nor bu t  d i s t i n c t i v e  
l i t h o l o g i c  v a r i a n t  of the  Descon, i s  we l l  exposed along t he  west 
shore o f  Warm Chuck I n l e t  (Heceta I s l a n d )  about 5.5 km nor theas t  
o f  Po in t  Desconocida, as w e l l  as i n l a n d  and southeastward along 
t h e  nor theas t  shore o f  L u l u  I s l a n d  f o r  a d is tance  o f  about 6 km 
from a p o i n t  2.25 km southeast o f  Pt .  Santa Ger t rud is .  
Qua r t zo fe l dspa th i c  wacke i s  a l so  interbedded w i t h  b a s a l t i c  
vo lcan ics  and graywacke i n  a b e l t  approx imate ly  1 km wide t h a t  
extends southward and eastward across the  entrance t o  S a l t  Lake 
Bay and onto Pr ince  o f  Wales I s l and .  L o c a l l y  t he  Descon Format ion 
has been p e n e t r a t i v e l y  deformed and transformed i n t o  s l a t e ,  
p h y l l i t e ,  semisch is t  and i n t o  s c h i s t  and amphibol i t e  o f  t he  
r e1  a t i v e l y  low-grade g reensch is t  metamorphic f ac i es .  Examples, as 
i n d i c a t e d  by  f o l  i a t i o n  symbols, may be seen i n  exposures on the  
eastern Mau re l l e  I s l ands  i n  A n g u i l l a  Bay, i n  t h e  H a r r i s  R i ve r -  
H o l l i s  area near the  ent rance t o  McKenzie I n l e t ,  and i n  t h e  Skowl 
Arm-Polk I n l e t  area. To ta l  th ickness a t  l e a s t  3,000 m; base no t  
exposed, Local  l y  inc ludes:  

SASALTIC VOLCANIC  ROCKS OF THE DESCON FORMATION (Lower S i l u r i a n  
through Lower Ordov ic ian ) - -Basa l t i c  vo lcan ic  rocks are 
charac te r i zed  by stubby phenocrysts o f  f r e s h  aug i t e  and a l t e r e d  
andesine p l ag ioc l ase  and form submarine f lows  ( o f t e n  w i t h  p i 1  low 
s t r u c t u r e ) ,  brecc ia ,  and t u f f .  U n i t  i s  interbedded w i t h  
sedimentary rocks of the  Descon Format ion ( S o d )  and i s  o n l y  
de l inea ted  separa te ly  where pe rm i t t ed  by scale.  

VOLCANIC AN0 ASSOCIATED VOLCANICLASTIC ROCKS 

VOLCANIC ROCKS (Quate rnary  o r  T e r t i  a ry ) - -Poor l y  consol  i dated 
b a s a l t i c  t o  r h y o l i t i c  b r e c c i a  and t u f f .  Abundant phenocrysts o f  
p l a g i o c l  ase and minor phenocrysts of b i o t i t e ;  t y p i c a l l y  i n  g lassy  
mat r i x .  B recc i a  cons i s t s  o f  p l ag ioc l ase  porphyry  fragments i n  a  
c r y s t a l  l i t h i c  l a p i l l i  t u f f  ma t r i x .  These fragmental vo lcan ic  
rocks are c l o s e l y  assoc ia ted w i t h  d ikes o f  s i m i l a r  composi t ion 
t h a t  con ta i n  xeno l i t hs  o f  more indura ted  Descon Format ion vo lcan ic  
conglomerate and g r a n i t i c  rocks.  Prominent ly  i r o n - s t a i n e d  t o  
weather brown and reddish-brown. Small w ide ly  separated outcrops 
suggest i s o l a t e d  e r u p t i v e  cen te rs  



Dsv 

Dkr 

SObl 

ST. JOSEPH ISLAND VOLCANICS (Devon ian?) - -Basa l t ,  submarine f l ows ,  
b r e c c i  a, t u f f ,  and v o l c a n i c  congl  ornerate. M i  nor  i nterbedded 
tu f faceous  and ca l ca reous  s i l t s t o n e ,  mudstone, and sandstone. 
Flows l o c a l l y  amygdaloidal  and w i t h  p i  11 ow s t r u c t u r e .  Nor thwest -  
t r e n d i n g  s c h i s t o s i  t y  developed i n  Maurel  l e  and Wood I s l  ands 
area. Nonfossi  l i fe rous .  Lamprophyre d i k e  328+10 m.y. B .P. (K /Ar )  
c u t s  fo rmat ion .  Thickness about 2,000 t o  3,00n m 

CORONADOS VOLCANICS (Devoni an)--Fragmental b a s a l t  i n t e r l  ayered w i t h  
f o s s i  1  i f e r o u s  1  imestone. Amygdaloidal  p i  1 low b a s a l t  f ragments 
cemented by  c a l c i t e  (aquagene b r e c c i  a and t u f f ) .  L imestone 
composed almost  e n t i r e l y  of f o s s i  1  f ragments,  m a i n l y  t a b u l a t e  
c o r a l s  and massi ve s t romatoporo i  ds w i t h  1  ess common horn c o r a l  s, 
gastropods,  c r i n o i d  columnals, brachiopods (Tchudinova, Churkin,  
and E b e r l e i n ,  1974).  See f o s s i l  l o c a l i t i e s  F7, F34 on F i g .  5 and 
T a b l e  1. Limestone i s  i n t e r l a y e r e d  w i t h  upper p a r t  o f  v o l c a n i c  
rocks  and i s  s i m i l a r  t o  t h e  o v e r l y i n g  Wadleigh Limestone.  
Th ickness about 150 m 

RHYOLITE OF KASAAN ISLAND (Lower Devoni an)--Dikes and s i  11 s  o f  
r h y o l i t e  c u t  l imes tone  o f  Kasaan I s l a n d  ( D k l ) .  T h i n  l a y e r s  o f  
welded r h y o l i t e  t u f f  a r e  a l s o  i n t e r s t r a t i f i e d  w i t h  t h e  
l imestone.  Fragments o f  r h y o l i t e  occur i n  l imes tone  b r e c c i a  
composed m a i n l y  o f  broken f o s s i l  d e b r i s  

BRECCIA OF LUCK CREEK (Upper O r d o v i c i a n  and Lower S i l u r i a n ) - -  
Andesi t i  c b r e c c i a  w i t h  angul a r  t o  subangul a r  andesi t e  po rphy ry  
f ragments  i n  an i n d u r a t e d  m a t r i x  o f  andes i te  t u f f .  B r e c c i a  
t e x t u r e  n e a r l y  everywhere accentuated by  d i f f e r e n t i a l  weather ing  
o f  l a r g e  c l a s t s  o f  andes i te  from m a t r i x .  Abundant s tubby  
phenocrys ts  o f  pyroxene ( d i o p s i d i c  a u g i t e ) ,  l e s s  prominent  
need1 e l  i ke  phenocrys ts  o f  hornblende and 1  a th-s  haped p l  a g i  o c l  ase 
phenocrys ts  i n  a f i n e  groundmass produce a  d i s t i n c t i v e  p o r p h y r i t i c  
t e x t u r e .  G e n e r a l l y  massive and s t r u c t u r e 1  ess b u t  v e r y  t h i c k ,  
c rude l a y e r i n g  v i s i b l e  above t i m b e r l i n e  west and e a s t  of Thorne 
R i v e r  when viewed f rom a  d i s t a n c e .  A t  Staney Cone t h e  b r e c c i a  
c o n t a i n s  a  l ens  up t o  10 m t h i c k  o f  l i g h t - g r a y  a p h a n i t i c  l imes tone  
w i t h  Ca ten ipo ra  sp. o f  L a t e  O r d o v i c i a n  t o  E a r l y  S i l u r i a n  age ( W .  
A, O l i v e r ,  Jr. ,  w r i t t e n  commun., 1972) .  See f o s s i l  l o c a l i t i e s  F 9 ,  
F31 on F i g .  5 and Tab le  1. Rad iomet r i c  d a t i n g  o f  K/Ar hornb lende 
f rom t h e  b r e c c i a  a long  B i g  S a l t  Lake and near Kog ish  Mtn. g i ves  
ages o f  about 440 m.y, B.P. i n d i c a t i n g  a  L a t e  O r d o v i c i a n  
( A s h g i l l i a n )  age approx ima te l y  e q u i v a l e n t  t o  the zone o f  
D i c e l l o  r a  t u s  o rna tus  w i t h i n  t h e  Descon Format ion  ( C a r t e r ,  
Trex  e r ,  and h u r k i n ,  1980).  Close a s s o c i a t i o n  and l i t h o l o g i c  * 
s i m i l a r i t y  o f  Descon Format ion  vo l can ics ,  b o t h  p y r o c l a s t i c s  and 
submarine f l ows ,  w i t h  t h i s  b r e c c i a  i n d i c a t e  an i n t e r t o n g u i n g  
re1  a t i o n s h i p .  Thus, m i  nor  beds o f  pyroxene p h e n o c r y s t - r i c h  
b r e c c i a  and t u f f  c l o s e l y  resemb l ing  t h e  b r e c c i a  of Luck Creek a r e  
mapped as Descon where t h e y  a re  i n  p redominan t l y  f i n e r  g r a i n e d  
w e l l  s t r a t i f i e d  v o l c a n i c l a s t i c  sequences. 

The b r e c c i a  o f  Luck Creek may be the  e x t r u s i v e  c o u n t e r p a r t  of 
P z i c  and r e p r e s e n t  a p rox ima l  f a c i e s  t o  a submarine v o l c a n i c  
c e n t e r  (most p r o b a b l y  t h e  a x i s  o f  a v o l c a n i c  a r c ) .  The f i n e r  
gra ined,  b e t t e r  bedded t u f f s  and v o l c a n i c  sandstones and mudstones 
o f  t h e  Descon Format ion  may, i n  t u r n ,  r e p r e s e n t  more d i s t a l  f a c i e s  
developed on t h e  margins o f  t h e  v o l c a n i c  c e n t e r ,  i n  f o r e a r c ,  back 
arc ,  o r  i n t e r a r c  bas ins .  Up t o  seve ra l  thousand meters  t h i c k  



INTRUSIVE ROCKS 

PYROXENITE AND GABBRO OF SALT CHUCK M I N E  AREA (Cretaceous?)--  
Discordant,  p i p e l i k e  i n t r u s i v e  composed ma in l y  of v a r i a b l y  
tex tured,  o l i v i ne -bea r i ng  pyroxeni  t e  and gabbro, t r a n s i t i o n a l  i n t o  
d i o r i t e .  Minor hornb lend i te .  Py roxen i te  i s  dark-greenish gray 
and conta ins about 75 percent  by volume o f  augi te,  p a r t l y  a l t e r e d  
t o  greenish-brown hornblende, w i t h  subord inate 01 i v i ne ,  brown 
b i o t i t e ,  minor s e r i c i t i z e d  p l ag ioc l ase  and l o c a l l y  as much as 10 
percent  magnet i te.  Dark-gray gabbro t y p i c a l l y  conta ins 50-60 
percent  c a l c i c  p l  ag i oc l  ase ( 1  abrador i  t e ) ,  20-25 percent augi te,  
and smal l  amounts o f  b i o t i t e  and magnet i te.  D i o r i t e  conta ins up 
t o  75 percent  andesine and 25 percent hornblende w i t h  ub iqu i t ous  
accessory sphene and l o c a l  l y  smal l  amounts o f  quartz.  Leucocrat i  c 
v a r l  ants con ta in  as much as 40 percent K-spar t h a t  r ims and 
rep laces c a l c i c  p l ag ioc l ase  i n  a  manner suggest ive of 1  a te  potash 
metasmat ism.  Pyroxeni te ,  gabbro and d i o r i t e  be l ieved  t o  be 
d i f f e r e n t i a t e s  o f  same magma (Gault ,  1945).  I n t r u s i v e  i s  
economica l ly  s i g n i f i c a n t  because i t  i s  the  host  f o r  depos i ts  of 
Cu, Au, Ag, and P t  group metals.  One mine, S a l t  Chuck (Goodro), 
operated i n t e r m i t t e n t l y  frm 1905 t o  1941 and produced about 
300,000 tons o f  m i  11 i n g  o re  est imated t o  have averaged 0.95 
percent  Cu, 0.36 oz Au, 0.17 oz Ag, and 0.063 oz Pd per ton  ( H o l t  
and others ,  1948). Cu p roduc t i on  thus exceeded 5,000,000 l bs .  
Me r t i e  (1969), however, po i  n t s  out  t h a t  the  average annual va l  ue 
of Pt-group meta ls  was t oo  h i gh  f o r  Pd, r a t h e r  than P t ,  t o  have 
been t he  major c o n s t i t u e n t  o f  t h a t  group produced. Ore bodies 
were i r r e g u l a r l y  d i s t r i b u t e d  masses and d isseminat ions c o n s i s t i n g  
ma in l y  of b o r n i t e  w i t h  minor cha lcopyr i te ,  secondary cha lcoc i te ,  
c o v e l l i t e ,  n a t i v e  Cu, p l us  recoverab le  Au, Ag, and Pt-group 
metals.  P r o v i s i o n a l  Cretaceous age o f  t he  i n t r u s i v e  i s  based on 
Sainsbury 's  (1961) conc lus ions and 1 i t h o l o g i c  s i m i l a r i t y  t o  
c e r t a i n  o ther  magne t i t e - r i ch  u l  t ramaf ic  and maf i c  p lu tons  t h a t  
occur i n  a b e l t  approx imate ly  560 km long and 50 km wide i n  
southeastern Alaska and were emplaced dur ing  t he  i n t e r v a l  100-113 
may. S,P, (Lanphere and Eber le in ,  1966). However, t he  possi  b i l  i t y  
e x i s t s  t h a t  t h i s  p l u t o n  i s  o lder ' than  Cretaceous and perhaps i s  
r e l a t e d  t o  and coeval w i t h  u n i t  Pz ic  

DIORITE AND RELATED I N T R U S I V E  ROCKS (Cretaceous)--Mainly 
hypidiomorphic g ranu la r  hornblende and ( o r )  b i o t i t e  d i o r i  t e  and 
quar tz  d i o r i t e  p lu tons .  T r a n s i t i o n a l  phases through g r a n o d i o r i t e  
and adamell i t e ,  and, r a r e l y ,  t o  g r a n i t e  l o c a l l y  occur. Inc ludes 
sodic g r a n i t e  i n  Kasaan Bay reg ion  where a l k a l i  metasmat ism has 
r e s u l t e d  i n  the development o f  v e i n l e t s  and overgrowths o f  
o r thoc lase  and a l b i t e  and, a t  places, 1 arge p ink  porphyrob lasts  i n  
t he  host rocks.  Contact zones commonly h o r n f e l s i z e d  o r  sch is tose  
and con ta in  v e i n l e t s  and d isseminat ions o f  i r o n  and copper s u l f i d e  
minera ls .  Local development of skarn. P lu tons c u t  by f e l s i c  and 
maf i c  dikes,  and r a r e  p i t chs tone  ( s i m i l a r  t o  the  p i t chs tone  d ikes 
t h a t  c u t  f s conglomerate a t  Lava Creek). I n  v i c i n i t y  o f  Kasaan 
Bay may i nc l ude  sane Pz ic  

MzPzg U?dDIV IDED GRANITIC ROCKS (Mesozoic and ( o r )  Pa leozo i c ) - -D io r i t e ,  
quar tz  d i o r i  te,  granodi  o r i  t e  and re1  ated p l u t o n i c  rocks of 
i n te rmed ia te  composi t ion f o r  which d e f i n i t i v e  evidence o f  age i s  



m a i n l y  l a c k i n g .  Most a re  known t o  be p o s t - E a r l y  S i l u r i a n ,  b u t  
l o c a l l y  may i n c l u d e  some u n i t s  o r  be long t o  P z i c  o r  K d  

R' S Y  SYENITE (Permi an)--See d i s c u s s i o n  under I n t r u s i v e  rocks ,  Suemez, 
Sukkwan, and P a r t  o f  P r i n c e  o f  Wales I s l a n d s  

Pz i c  ENSIMATIC IGNEOUS COMPLEX ( E a r l y  O r d o v i c i a n  t o  E a r l y  Devonian, and 
p o s s i b l y  l a t e r  Pa leozo ic ) - -Meta igneous complex c o n s i s t i n g  o f  
masses of d i o r i t e - b a s i  t e  migmat i te ,  and i r r e g u l a r  i n t r u s i v e  bodies 
o f  hornblende and ( o r )  q u a r t z  d i o r i  t e  c h l  o r i  t i c  magmati t e ,  
leucogabbro,  t r o n d h j e m i t e  and minor  p y r o x e n i t e  c u t  by m a f i c  
( l o c a l l y  sheeted) and f e l  s i c  d i k e  swarms (Saleeby and E b e r l e i n ,  
1981). Combinations of these phases occur on e a s t e r n  P r i n c e  o f  
Wales I s l a n d  between Kasaan Pen insu la  and M o i r a  Sound as w e l l  as 
i n  t h e  Ru th  Bay-Klakas I s l a n d  area (D ixon  Ent rance quadrang le)  on 
t h e  west coast  o f  t h e  i s 1  and. The igneous complex i n t r u d e s  t h e  
Wales Group, as exempl i f  i e d  by t h e  r e l a t i o n s h i p s  e x h i b i t e d  a long 
t h e  n o r t h e a s t  shore  of Sunny Cove, West Arm,  and Cholmondeley 
Sound, where banded rnigrnati t i c  d i o r i  t e  gne iss  and arnphi b o l  i t e  
t r a n s e c t  f ine-gra ined,  we1 1 - f o l i  ated g r e e n s c h i s t .  Both  u n i t s ,  i n  
t u r n ,  a re  c u t  by  i r r e g u l a r  q u a r t z - f e l  dspar (andes ine)  ve ins .  The 
igneous complex a1 so i n t r u d e s  p a r t s  o f  e s s e n t i  a1 l y  unrnetamorphosed 
eugeosyncl i n a l  ear  1  y  Pa leozo ic  sequences coeval  w i t h  and ( o r )  
be long ing  t o  t h e  Descon F o n a t i o n .  A t  l e a s t  two long -endur ing  
i n t r u s i v e  stages have been recogn ized.  The o l d e s t  i s  rep resen ted  
by  t r o n d h j e m i t e s  t h a t  occur a t  K lakas I s 1  and and v i c i n i t y  (D ixon  
Ent rance quadrang le)  about 7 km south  o f  t h e  sou the rn  boundary o f  
t h e  C r a i g  quadrangle.  U/Pb z i r c o n  age p a t t e r n s ,  bo th  concordant  
and d i sco rdan t ,  i n d i c a t e  igneous c r y s t a l l i z a t i o n  ages i n  t h e  450- 
500+5 m.y. B.P. range (Sa leeby and o the rs ,  i n  p r e s s ) .  The 
youngest  s tage i s  rep resen ted  by d i k e s  and pods t h a t  occur i n  
leucogabbro and d i o r i t e  on Kasaan Pen insu la  and by a  complex 
m i x t u r e  o f  gabbro, p y r o x e n i t e  and m e t a d i o r i t e  t h a t  i s  exposed 
a long  t h e  eas t  shore  o f  P r i n c e  o f  Wales I s  t h e  v i c i n i t y  
o f  I s l a n d  P o i n t  southward t o  Monie Lake. 3s9zb:aPb age 
de te rm ina t ions ,  i n  c o n j u n c t i o n  w i t h  d i s c o r d a n t  a r rays  of U/Pb 
ages, suggest  c r y s t a l l i z a t i o n  ages i n  t h e  range 400-450 m.y. B . P .  
(Sa leeby and E b e r l e i n ,  1981; Saleeby and o the rs ,  i n  p r e s s ) .  The 
igneous complex i s  c u t  by  two and p o s s i b l y  t h r e e  episodes o f  
d i kes .  The o l d e s t  i s  d e f i n i t e l y  coeval  w i t h  t h e  complex i t s e l f .  
The o t h e r s  a r e  younger, i .e . ,  post-400 m.y. S.P. F i e l d  
r e 1  a t i o n s h i p s  and t h e  i n c r e a s i n g  number o f  r a d i o m e t r i c  ages b e i n g  
developed i n  t h e  400-450 m.y. B.P. range suggests u n i t s  Sob1 and 
Sod may r e p r e s e n t  e x t r u s i v e  e a r l y  Pa leozo ic  v o l c a n i c  a r c  
c o u n t e r p a r t s  o f  t h e  i n t r u s i v e  complex which was empl aced c l o s e  t o  
t h e  su r face .  T h i s  would l e n d  suppor t  t o  t h e  hypo thes i s  ( E b e r l e i n  
and Churk in ,  1976) t h a t  a t  l e a s t  some o f  t h e  m i n e r a l  d e p o s i t s  t h a t  
occur i n  these e a r l y  Pa leozo ic  vo:canogenic hos t  rocks  (e.g.,  the- 
copper -magnet i te  d e p o s i t s  on Kasaan P e n i n s u l a )  may owe t h e i r  
o r i g i n  t o  v o l c a n i c  e x h a l a t i v e  and ( o r )  sea f l o o r  c o n t a c t  
metasomat ic processes g e n e t i c a l  l y  r e 1  a t e d  t o  t h e  empl acernent o f  
t h e  e n s i m a t i c  igneous complex ( P z i c )  



SOUTHERN PART OF QUADRANGLE (See F ig .  4 )  

D a l l  I s l a n d  

Predominant ly sedimentary rocks 
( l o c a l  l y  subdiv ided t o  r e f l e c t  vo lcan ic  components) 

Sdl 

BASALTIC VOLCANIC ROCKS (Quate rnary  o r  Ter t ia ry ) - -See  d e s c r i p t i o n  
under Suemez, Sukkwan, and P a r t  of P r i nce  o f  Wales Is1 ands 

PORT REFUGIO FORMATION (Upper Devonian; Famenni an)--See d iscuss ion  
and d e s c r i p t i o n  under Suemet, Sukkwan, and Pa r t  o f  P r i nce  o f  Wales 
I s l  ands 

LIMESTONE OF DALL ISLAND AND VICINITY (Midd le  and Upper(?) 
S i l  u r i  an)--Massive t o  thick-bedded, f ine-gra ined,  sub1 i thograph ic ,  
1 i g h t - g r a y  1 imestone t h a t  resembles t he  Heceta Limestone (Sh). 
Thin-bedded l imestone and sha le  o f  under l y ing  SOs u n i t  con ta ins  
g r a p t o l i t e s  of l a t e  E a r l y  S i l u r i a n  (L landover ian)  age (see f o s s i l  
loc .  G9 on F ig .  5 and Table  1). Loca l l y ,  adjacent t o  i n t r u s i v e s ,  
has been converted t o  marble. Over 300 m t h i c k  

SEDIMENTARY ROCKS OF DALL ISLAND AND VICINITY (Lower S i l u r i a n  
through M idd le  Ordov ic ian) - -Predominant ly  t u r b i d i t e  sequence 
canposed ma in l y  o f  banded mudstone, s l a t y ,  cher ty ,  dark-gray t o  
b lack  g r a p t o l i t i c  shale, s i l  ts tone,  a r g i l l  i t e  w i t h  l o c a l  r e d  and 
green zones, and graywacke r i c h  i n  vo lcan ic  d e t r i t u s .  Resembles 
t h e  coeval Sod sequence bu t  l acks  s i g n i f i c a n t  i n t e r v a l s  o f  
basal t i c  vo l  cani  cs, congl anerate, and qua r t zo fe l  dspath ic  
sandstone. L o c a l l y  p e n e t r a t i v e l y  deformed r e s u l t i n g  i n  t h e  
development o f  s ch i s t ,  semischist ,  and p h y l l  i t e .  Grap to l  i t e  fos- 
s i l  l o c a l i t i e s  G42, 643 and 644 have y i e l d e d  faunas t h a t  range i n  
age f rom Midd le  Ordov ic ian  t o  E a r l y  S i l u r i a n .  Uppermost beds a re  
s i  1 iceous and a re  apparen t l y  over1 a i n  conformably by  massive (Sd l )  
1 imestone t h a t  resembles t h e  Heceta Limestone (Sh). (See a lso  
d e s c r i p t i o n  o f  SOs by Suemez, Sukkwan, and Pr ince  o f  Wales I s 1  ands 
area t o  eas t )  

PzP6s METAMORPHIC ROCKS OF DALL ISLAND AND VICINITY (Pre-Middle 
Ordov ic i  an; Precarnbri an? ) - - I n t e r1  ayered sequence o f  crumpled 
metasedimentary and metavol can ic - rocks  ma in l y  o f  the  greenschi s t  
metamorphic f ac i  es ( n m e n c l  a t u re  a f t e r  Wink1 er, 1979). P r i n c i p a l  
v a r i e t i e s  i nc l ude  c h l o r i t e - a l b i t e - e p i d o t e  + carbonate sch i s t ,  
greenstone (1  o c a l l y  e x h i b i t i n g  r e1  i c  p i  11 ow s t r u c t u r e ) ,  
a c t i n o l  i t e - c h l o r i t e - e p i d o t e  + p l ag ioc l ase  sch is t ,  quar tz-bear ing 
c h l o r i t e  sch i s t ,  metakeratophyre der i ved  from s i l i c e o u s  t u f f ,  
p h y l l  i t e ,  and s l a te ,  a1 1 l o c a l l y  interbedded w i t h  impure c h l o r i t i c  
and s i l i c e o u s  marble. Sane o f  these rocks con ta in  v a r i e t a l  
s i  11 imani t e  and porphyrob l  as ts  o f  garnet, b i o t i t e ,  and, on 
f o l i a t i o n  planes, 1 arge r a d i a t i n g  c l u s t e r s  o f  dark-green 
hornblende, P r o t o l i t h s  were v o l c a n i c l a s t i c  graywacke, mudstone, 
qua r t zo fe l  dspath i  c sandstone, 1 ava f l  ows and t u f f  i nterbedded w i t h  
impure 1 imestone. I n t e n s i t y  o f  p e n e t r a t i  ve def ormat i on and 
metamorphic grade general  1 y increases f ran  n o r t h  t o  south. 
Nonfoss i l i fe rous.  Cut by hornblende py roxen i te  i n t r u s i v e  between 
Grace Harbor and Vesta Bay (Dixon Entrance quadrangle) t h a t  has 
y i e l d e d  a K-Ar age on hornblende o f  408+10 m.y. B.P. (M. L. 
Lanphere, o r a l  cornnun., 1981). ~ s s m b l a g e  1 i t h o l o g i c a l  l y  



resembles Wales Group ( P z P G w )  o f  southern Pr ince of Wales I s land  
\ w i t h  which i t  i s  p rov i s i ona l l y  co r r e l a t ed  

I n t r u s i v e  rocks 

' DIORITIC ROCKS IN VICINITY OF SQUAW MOUNTAIN (Post-S i l u r i  an)--Light-  
gray,  medium- and f ine-gra ined ,  hypidiomorphic-granular quar tz  
di o r i  t e  or granodi o r i  t e  containing qua r t z  and p l  agiocl  ase, and 
accessory potasium f e l d s p a r ,  b i o t i t e ,  hornblende, and sphene; 
sporad ic  vein1 e t s  and patches of epi dote and poss ib ly  o ther  
d e u t e r i c ( ? )  minerals .  Local ly  con ta ins  i r r e g u l a r  v e i n l e t s  u p  t o  
2 cm th i ck  of quartz-potassium f e l d s p a r  a p l i t e ,  and sporad ic  
qua r t z  veins  and lenses  up t o  a meter th ick  and severa l  meters 
long. Pluton i s  jo in ted  and l o c a l l y  sheared b u t  not s i g n i f i c a n t l y  
f o l i a t e d  or otherwise  p e n e t r a t i v e l y  deformed. In t rudes  and 
the rmal ly  metamorphoses s t r a t a  of Middle and L a t e ( ? )  S i l u r i a n  age 

: GABBROIC ROCK OF THUNDER MOUNTAIN AND VICINITY (Pos t -S i l u r i an ) - -  
Deformed and hydrothermal l y  a1 t e r ed  hornbl end@(? )  gabbro. Much o r  
a l l  of t h i s  d ike l i ke  or s t o c k l i k e  pluton c o n s i s t s  of a  rnedium- 
grained,  hypidiomorphic and  subidiomorphic granul ar aggregate  of 
c a l c i c  pl ag ioc lase  and pale-green amphi bole t h a t  has been 
ca t ac l  a s t i  ca l  l y (  ?)  deformed and 1  argel  y  rep1 aced by secondary 
minera l s .  The secondary minerals  occur i n  pervasive veins and 
patches and cons i s t  of ep ido t e - c l i  nozo i s i t e ,  p r ehn i t e ,  a c t i n o l  i t e ,  
c h l o r i t e ,  a l b i t e ,  and leucoxene. Traces of primary i lmen i t e  and 
sphene remain. The pluton i n t rudes  and thermal ly  metamorphoses 
s t r a t a  of Middle and L a t e ( ? )  S i l u r i a n  age 

Suemez, Sukkwan, and Pa r t  of Pr ince of Wales Is1 ands 

Sedimentary and volcanic  rocks 

QTb SASALTIC VOLCANIC ROCKS (Quaternary or T e r t i  a ry )  --01 i  vi ne ba sa l t  and 
a n d e s i t i c  f l o w s ,  brecc ia ,  l a p i l l i  t u f f ,  and d ikes .  Layered u n i t s  
a r e  f r e s h ,  re1 a t i v e l y  f l  a t - ly ing  and are  considered t o  be 
s u b a e r i a l .  In v i c i n i t y  of Tlevak S t r a i t  includes  the  Tlevak 
S a s a l t ,  o l i v i n e  b a s a l t  flow rocks t h a t  contain  phenocrysts of 
o l i v i n e  and l a b r a d o r i t e  i n  an i n t e rg r anu l a r  groundmass of 
l a b r a d o r i t e  m i c r o l i t e s ,  o l i v i n e  and subord ina te  clinopyroxene 
(Ebe r l e in  and Churkin, 1970) .  The a rea  north of Arena Cove a t  the 
south end of Suemez Is1 and i s  under1 a in  mainly by po rphy r i t i c  
01 ivine b a s a l t  f lows and dikes w i t h  conspicuous columnar 
j o in t i ng .  Flows a r e  interbedded with massive basa l  t i c  b recc ia  and 
l i t h i c  l a p i l l i  t u f f ,  Breccia  c o n s i s t s  almost e n t i r e l y  of b a s a l t  
c l a s t s  as much as 2.5 cm across .  In pa r t  scor iaceous .  Reported 
a s soc i a t i on  of b a s a l t i c  lava with coal seams i n  small o u t c r o ~ s  
along streams heading i n t o  Por t  Refugio (Buddington and Chapin, 
1929,  p. 271) not confirmed in  t h i s  i nves t i 3a t i on  b u t ,  i f  c o r r e c t ,  
would favor  a  T e r t i  ary  age assignment f a r  the hasz l  t s  

3Trd 2HYOL ITIC VOLCANIC ROCKS OF SOUTHERN SUEMEZ I S L A N D  (Qua t e rna ry  or 
T e r t i  ary)--2hyol i t e  and daci t e  flows and small i n t rg s i  ves ui t h  
l o c a l l y  well developed colt~mnar j o i n t i n g ,  e s p e c i a l l y  in  Arena 
Cove, southern Suemez I s land .  Typica l ly  po rphy r i t i c  with 
phenocrysts o f  quar tz  and san id ine .  Pa r t  of r h y o l i t e  i s  obsidian 



w i t h  b lack  g lass  nodules i n  ye l l ow  g lass ( s i d e r m e l a n e ? )  and bands 
o f  greenish-b l  ack glass.  Spa t i  a l l y ,  c l o s e l y  associ  ated w i t h  QTb 

PERATROVICH FORMATION (Upper and Lower Miss iss ipp ian)- -See 
d e s c r i p t i o n  under NORTHERN PART OF QUADRANGLE 

PORT REFUGIO FORMATION (Upper Devonian; Famenni an)-- (See a1 so  
d e s c r i p t i o n  under NORTHERN PART OF QUADRANGLE. ) Graywacke r i  ch i n 
vo l can i c  d e t r i t u s ,  s i  1  ts tone,  vo lcan ic  and p o l p i c t i c  
congl m e r a t e ,  shale, p i  11 ow basa l t ,  breccia,  aquagene tu f f ,  and 
very  minor l imestone r i c h  i n  brachiopods. Very c l o s e l y  resembles 
Descon Fonnat ion and, where u n f o s s i l i f e r o u s ,  may no t  be 
separated. I n  general, however, m a t r i x  o f  Dp sedimentary rocks 
have enough c a l c i t e  t o  e f fe rvesce  w i t h  10 percent  hyd roch lo r i c  
a c i d  and a re  less  indura ted  than s i m i l a r  l i t h o l o g i e s  o f  t he  Descon 
Fonnation. I n  t h e  S h e l i k o f  I s l a n d  area aquagene t u f f  and b recc i a  
forms the  t o p  o f  the  fo rmat ion  which d i r e c t l y  unde r l i e s  basal 
thin-bedded c h e r t  and l imestone o f  t h e  Pe ra t r ov i ch  Formation. The 
t u f f  t h e r e  i s  laminated t o  t h i n  bedded, b l u i s h  gray t o  dark 
greenish gray, and i s  composed mos t l y  o f  l a p i l l i - s i z e d  ves i cu l a r  
and amygdaloidal b a s a l t  fragments cemented by wh i t e  c r y s t a l l i n e  
carbonate. Along t h e  southeast shore of Soda Bay t h e  f o rma t i on  i s  
represented by a  s t r u c t u r a l  1  y complex sec t i on  t h a t  i n c l  udes 
amygdal o i  dal  and i n  p a r t  s c o r i  aceous p i  11 ow basa l t ,  brecc ia ,  
aquagene t u f f ,  calcareous s i l t s t o n e ,  d o l o m i t i c  brecc ia ,  tu f faceous 
calcareous sandstone and dark-gray t o  b lack s i l t y  l imestone. 
C e r t a i n  o f  the  1  imestone beds con ta i n  abundant b r  achi opods 
charac te r i zed  by s p i r i f e r o i d  a t h y r i d  and rhynchone l l  i d  species 
(Savage, Eber le in ,  and Churkin, 1978). Besides s h e l l y  f o s s i l s ,  
f i s h  fragments, c r i n o i d  columnal s, and vascul ar p l a n t s  are 
abundant i n  some beds. See f o s s i l  l o c a l i t i e s  F11 and F33 on F ig .  
5 and Table 1. Several thousand meters t h i c k .  L o c a l l y  inc ludes:  

VOLCANIC ROCKS OF THE PORT REFUGIO FORMATION (Upper Devonian)-- 
Vo lcan ic  congl omerate, p i 1  1  o t  basa l t ,  and aquagene t u f f .  
Del i nea ted  separa te ly  from Dp u n i t  where pe rm i t t ed  by sca le  

MUDSTONE, S ILTSTONE, CONGLOMERATE, AND MINOR LIMESTONE (Lower and 
Lower Midd le? Devoni an)--Turbi  d i  t e  sequence compri s i  ng medi urn- t o  
greenish-gray, l o c a l l y  banded and graded mudstone, tu f faceous  and 
calcareous s i l  ts tone,  and dark-gray t o  b lack a r g i l l  i t e ,  w i t h  
subord inate pebble conglomerate, wacke, s i l t y  l imestone and 
a n d e s i t i c  vo l can i c  rocks.  Known area o f  d i s t r i b u t i o n  i s  from head 
o f  Kassa I n l e t  t o  entrance o f  Klakas I n l e t .  T o t a l  th i ckness  i s  
over 2,000 m. The youngest beds o f  the  sequence appear t o  be a 
predominant ly  vo lcan ic  sec t i on  about 200 m t h i c k  o f  in terbedded 
a n d e s i t i c  f lows, broken p i l l o w  b recc i a  and t u f f .  The i r  con tac t  
w i t h  t he  P o r t  Re fug io  Format ion (Dp) and equ iva len t  or  younger 
u n i t s  has no t  been recognized. Basal beds a re  h igh  energy 
congl omerate and sedimentary b recc i  as t h a t  r e s t  unconf o m a b l y  upon 
01 der eugeosyncl i na l  s t r a t a  o f  t he  K l  akas I n l e t  sequence (50s) , 
t h e  Wales Group ( PzpGw), and 1 i t h o l  og ic  r e p r e s e n t a t i  ves o f  t h e  
ens imat ic  igneous complex (Pz i c ) .  Thickness, coarseness and 
composi t ion o f  c l a s t s  va r ies  depending upon d i s t ance  from and t he  
c m p o s i  t i o n  o f  l o c a l  sources. Lower con tac t  re1  a t i ons  a re  we1 1 
exposed i n  i s l ands  a t  mouth o f  Klakas I n l e t  (D ixon Entrance 
quadrangle), where an essen t i  a1 l y  01 i g m i c t i c  orange-weatheri ng, 
carbonate-cemented brecc ia ,  c o n s i s t i n g  almost e n t i r e l y  o f  
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t r ondh jem i t e  c l a s t s ,  r e s t s  d i r e c t l y  upon a p r o t o c l a s t i c a l l y  
deformed ens imat ic  igneous complex ( P z i c )  t h a t  cons is ts  ma in l y  o f  
l i t h o l o g i c a l l y  i d e n t i c a l  t rondhjemi te ,  sheared ma f i c  and f e l s i c  
d i k e  m a t e r i a l ,  and poss ib l e  a l t e r e d  ma f i c  vo lcan ics  o f  t h e  Wales 
Group (PzPGw). The b recc i a  i s  a t  l e a s t  75 m t h i c k  and grades 
upward w i t h  a  decrease i n  c l  as t  g r a i n  s i ze  (i .e., coarse ly  graded) 
through a cat careous, sandy zone w i  t h  reworked carbonate-cemented 
t rondh jemi te  c l a s t s  i n t o  dark-gray t o  b lack a rg i l l a ceous  s i l t s t o n e  
and f ine -g ra ined  sandstone w i t h  concre t ionary  hor izons (Ebe r l e i  n, 
unpub. data., 1949; Ebe r l e i n  and Saleeby, o r a l  comnun., 1981). 
In terbedded b lack  p y r i t i c  s l a t e  zones (see l o c a l i t y  G12 on F ig .  5 
and Table 1 )  c a r r y  a g r a p t o l i t e  fauna, i n c l u d i n g  Mono r a  t u s  
pac i f i cus ,  i n d i c a t i v e  o f  an Ear ly ,  p o s s i b l y  e a r l i e s t  -+ Midd e 
Devoni an (Prag i  an) age (Churkin,  Jaeger, and Eber le in ,  1970). 
A d d i t i o n a l  f o s s i l  c o n t r o l  i nc ludes  g rap to l  i t e s  and she1 l y  faunas 
f rom l imestone beds w i t h i n  t h e  sequence i n  Klakas, Keete and Kassa 
I n l e t s .  (See f o s s i l  l o c a l i t y  G12 on F ig .  5 and Table  1 ) .  The 
u n i t  i s  thus considered t o  be coeval w i t h  a t  l e a s t  p a r t s  o f  t he  
Karheen (Dk), Wadleigh (Dw), l imestone o f  Kasaan I s l a n d  (Dk l ) ,  t he  
01 i s tos t r ane  depos i ts  on nor theas te rn  Noyes I s l  and (Dn), t h e  P o r t  
St. N i cho l  as sedimentary sequence (Dsn), and perhaps t he  Coronados 
Vol can i  cs (Dc) . T o t a l  known maximum th ickness  approximate1 y  
2,000+ m. Top no t  exposed 

SEDIMENTARY AND VOLCANIC ROCKS OF INNER POINT-POINT ADAMS AREA 
BETWEEN PORT JOHNSON AND MOIRA SOUND, EASTERN PRINCE OF WALES 
ISLAND (Devoni an?) --Fl  ysch l  i ke, t u f f  aceous, gray, greenish-gray 
and t an  t o  r ich-brown-colored, banded mudstone, graywacke, 
qua r t zo - f e l dspa th i c  wacke and subord inate g r i t .  G r i t  wacke beds 
2-3 m t h i c k  tend  t o  be most massive and con ta i n  ch ips  of 
mudstone. F l ysch  sec t i on  grades upward w i t h  i nc reas ing  carbonate 
content  i n t o  tu f faceous  marlstone, c rude l y  graded, carbonate- 
cemented, broken p i l l  ow brecc ia ,  and vo lcan ic  conglomerate i n  t u r n  
o v e r l a i n  by carbonate-cemented l i t h i c  l a p i l l i  aquagene t u f f ,  w i t h  
subord inate p i  11 owed basal t i c  t o  andesi t i c  f lows, vo lcan ic  b recc i a  
and conglomerate t h a t  con ta ins  rounded c l a s t s  up t o  1 m diameter 
o f  a l t e r e d  leucogabbro and d i o r i t e  and a1 t e r e d  ma f i c  d i ke  m a t e r i a l  
t y p i c a l  o f  u n i t  Pz ic .  Sequence p robab ly  depos i ted below wave base 
w i t h  a t tendant  volcanism a1 ong submarine scarp. Lowest exposed 
beds t h r u s t  northward over Wales Group (PzPGw) t o  east  o f  Moss 
P o i n t  on south shore o f  P o r t  Johnson. Sequence t o  date has proven 
t o  be un foss i  1 i f e rous .  P rov i s i ona l  assignment t o  t he  Devonian i s  
based on presence o f  Pz ic  d e t r i t u s  as i n  t he  t a l u s  b recc i a  (Dbx) 
and assoc ia ted rocks  (Dcb) i n  Clover  Bay area, and s i m i l a r i t i e s  t o  
o ther  Devoni an vo l  canogenic depos i ts  i n  t h e  reg ion.  To ta l  exposed 
th ickness  about 1,900 m. Top no t  exposed. Predominant ly vo l can i c  
sec t i on  a t  t op  est imated t o  be over 55 m t h i c k  

TALUS BRECCIA (M idd le  and E a r l y ?  Devoni an) - -Exot ic  marine t a l u s  
s lope b recc i a  w i t h  minimal m a t r i x  cmposed almost e n t i r e l y  of 
p o o r l y  s i zed  angular up t o  bou lder -sca le  c l a s t s  o f  p l u t o n i c  rock  
types i d e n t i c a l  t o  those o f  t he  ens imat ic  igneous complex ( P z i c )  
known t o  occur t o  the  n o r t h  and south. Gabbroic and m e t a d i o r i t i c  
1  i t h o l o g i  es predominate. A1 so present,  however, are c l  as ts  of 
dark horn fe ls  and ( o r )  maf i c  d i k e  m a t e r i a l ,  mudstone and 
unmetamorphosed f e t i d  g ray  1  imestone w i t h  fragments o f  f o s s i l s  
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i d e n t i c a l  t o  t h a t  a t  t he  head of C lover  Bay ( f o s s i l  l o c a l i t y  
F24) .  Sane o f  t he  b locks measure more than 3 m bu t  most are l ess  
than 1/3 mm. Loca l l y ,  a sandy m a t r i x  i s  recognizab le  and a t  one 
p lace  a lens  o f  sandstone composed o f  t h e  same igneous d e t r i t u s  
was observed. M a t r i x  a l s o  conta ins d e t r i  t a l  b i o t i t e .  Contact  
w i t h  unde r l y i ng (? )  sedimentary rocks o f  C lover  Bay (Dcb) i s  
f a u l t e d .  To n o r t h  o f  Doctor P o i n t  a t  o u t l e t  of Monie Lake, t he  
b recc i a  appears t o  have been t h e r m a l l y  a f f e c t e d  by the  ad jacent  
igneous complex ( P z i c )  suggest ing bo th  may be re1  ated t o  t he  same 
tec tonop lu ton i c  episode. Thickness est imated t o  be approx imate ly  
2,300 m, bu t  i s  l i k e l y  t o  va ry  g r e a t l y  over sho r t  d istances, 
e s p e c i a l l y  i n  view of i t s  considered submarine t a l u s  o r i g i n  

SILTSTONE, SANDSTONE, AND LIMESTONE OF CLOVER BAY (Devoni an, 
p o s s i b l y  Ear ly)--Calcareous well-bedded graywacke, s i l t s t o n e  w i t h  
subord inate gray a rg i l l a ceous  l imestone, banded mudstone w i t h  
graded bedding and granule  t o  pebble conglomerate t h a t  l o c a l l y  
e x h i b i t s  cross laminae. Sets gene ra l l y  range i n  th i ckness  from a 
few cent imeters  t o  about 1 meter. Conglomerate c l a s t s  cons i s t  
ma in l y  o f  maf i c  vo lcan ics ,  r e d  and green cher t ,  and subord inate 
g r a n i t o i d  1  i t h o l o g i  es s i m i l  ar  t o  u n i t  Pzic.  The unmetamorphosed 
sequence inc ludes  a t  l e a s t  two un i t s ,  up t o  15 m t h i c k ,  o f  dark- 
t o  medium-gray, f e t i d ,  a rg i l l a ceous  1 imestone t h a t  c a r r i e s  
abundant fragmented s h e l l y  and c o r a l l i n e  f o s s i l s .  See f o s s i l  
l o c a l i t y  F24 on F ig .  5 and Table 1. These faunas favor a Devonian 
age assignment, and t he  presence o f  ostracodes w i t h  a  su lcus 
resembl ing Be r i c h i a  sp. suggests an E a r l y  Devonian age. The + p r e v i o u s l y  repor  e  presence of probable T r i a s s i c  f o s s i l s  from 
congl m e r a t e  and graywacke i nterbedded w i t h  Devoni an 1 imestone 
(Buddington and Chapin, 1929, p. 313) and conc lus ion  t h a t  sec t i on  
i s  over turned are no t  supported by f i e l d  ev i  dence obta ined du r i ng  
t h i s  i n v e s t i g a t i o n .  Sequence shows no thermal con tac t  e f f e c t s  by 
t h e  ad jacent  Pz ic  u n i t  w i t h  which i t  i s  considered t o  be i n  f a u l t  
con tac t  t o  t he  south. Thickness est imated t o  be a t  l e a s t  75 m 

GRAYWACKE, BANDED MUDSTONE, SILTSTONE, ARGILLITE AND ASSOCIATED 
BASALTIC FLOW AND FRAGMENTAL ROCKS ( S i l  u r i  an? through M idd le  
Ordov ic ian and probably  01 der) - -Essent i  a1 l y  a  t h i c k  
unmetamorphosed f l y s c h l  i k e  t u r b i d i t e  assemblage o f  marine, 
predominant ly  vo lcan ic1 as t i c ,  sedimentary rocks compr is ing medium 
t o  f i n e  graywacke, t u f f  aceous banded mudstone, t u f f  aceous 
s i l  t s t one  l o c a l l y  in terbedded w i t h  t h i n l y  laminated marble, 
s i l  ts tone,  a r g i l l  i t e ,  g r i t ,  vo lcan ic  c o n g l m e r a t e  and b recc i a  w i t h  
abundant i n t r a f o r m a t i o n a l  d e t r i t u s .  Subordinate c h e r t y  and l i m y  
beds, s i l i c e o u s  s l a t e  and qua r t zo fe l dspa th i c  wacke. Inc ludes 
l o c a l  development of flows and fragmental vo l  can ics  t o o  r e s t r i c t e d  
t o  show a t  map scale.  Graywacke beds tend t o  be massive and 
con ta i n  ch ips and angul ar c l  as ts  o f  s i  1 t s tone  and mudstone. 
Graded bedding and penecontemporaneous slump s t r u c t u r e s  comnon as 
are whole and incanpl  e te  Bouma sequences. A lso present  a t  some 
places a re  over 1,000-rn-thick sec t ions  o f  marine a n d e s i t i c  t o  
basal  t i c  rocks (SOv). 

The SOs (SOv) eugeosyncl i n a l  sequence c l o s e l y  resembles the 
Descon Formation, w i t h  which i t  i s  who l l y  o r  i n  p a r t  coeval, bu t  
it tends t o  be more calcareous and l ess  indurated. Thus, i n  the  
absence o f  f o s s i l s ,  i t  may be confused l i t h o l o g i c a l l y  w i t h  s i m i l a r  
fac ies  of the younger P o r t  Refugio Format ion (Dp). 



Loca l  1  y, t h e  above desc r ibed  1  i t h o l o g i e s  have been pene- 
t r a t i  v e l y  deformed and conver ted  t o  s l a t e ,  p h y l l  i t e ,  semisch is t  
and even g reensch is t .  Zones of h o r n f e l s  have been developed 
ad jacen t  t o  t h e  1 arger  i n t r u s i v e s ,  as i n  M o i r a  Sound and on 
Sukkwan and Suemez I s l  ands. 

F o s s i l  c o n t r o l  f o r  t h e  age of t h e  sequence d e r i v e s  f rom 10 
w i d e l y  spaced l o c a l i t i e s  from C o r l i e s  I s l a n d s  ( l o c .  G8) a t  t h e  
no r thwes t  th rough  K lakas I n l e t  ( l o c .  G13) t o  M o i r a  Sound ( l o c ,  
614) a t  t h e  southeasternmost corner  o f  t h e  quadrangle.  The most 
p r o d u c t i v e  f o s s i l  l o c a l i t i e s ,  612 and G13, a re  o u t s i d e  t h e  
boundar ies  of t h e  quadrangle (see l o c a l i t i e s  612 and 613 on F i g .  5 
and Tab le  I), b u t  occur i n  rocks  coex tens i ve  w i t h  u n i t s  o f  50s. 
A l l  have y i e l d e d  g r a p t o l  i t e s ,  and i n  one case ( l o c .  G13) conodonts 
i n d i c a t i v e  of a  M i d d l e  O r d o v i c i a n  age. The base o f  t h e  sequence 
i s  n o t  known, b u t  beneath t h e  above numbered l o c a l i t y  i n  K lakas 
I n 1  e t  a re  approx ima te l y  3,500 m of unmetamorphosed, we1 1  bedded, 
r h y t h m i c a l  l y  banded mudstone, s i  1  t s tone ,  a r g i  11 i t e ,  and g r i t  w i t h  
graywacke i n t e r b e d s  1 t o  3 m t h i c k  t h a t  c o n t a i n  f l o a t i n g  ch ips  and 
angu la r  c l a s t s  of mudstone. These beds i n  t u r n  are  u n d e r l a i n  by  
what appears t o  be a  comparable t h i c k n e s s  of sedimentary b r e c c i a  
and conglomerate t h a t  t y p i c a l l y  c o n t a i n s  p o o r l y  s i z e d  c l a s t s  o f  
i n t r a f  o rma t iona l  p o r p h y r i t i c  basal  t i c  t o  andesi  t i c  v o l  can ic  rock ,  
g r a y i s h - r e d  s i 1  t s t o n e  and mudstane i n  a somewhat sheared sandy t o  
a r g i l l a c e o u s  m a t r i x .  C l a s t s  o f  che r t ,  marble, and c h l o r i t e  s c h i s t  
s i m i l a r  t o  t h a t  o c c u r r i n g  i n  t h e  sub jacen t  Wales Group a r e  p resen t  
i n  minor  amounts. A l s o  i n te rbedded  w i t h  t h e  conglomerate and 
b r e c c i a  a r e  u n i t s  o f  massive graywacke, g r a y i s h - r e d  mudstone, and 
a few f ragmen ta l  b a s a l t i c  v o l c a n i c s .  The e x i s t e n c e  o f  such a 
t h i c k  s e c t i o n  o f  unmetamorphosed c l a s t i c  r o c k s  beneath t h e  h o r i z o n  
rep resen ted  b y  1  a t e s t  E a r l y  O r d o v i c i  an g r a p t o l  i t e s  and M i d d l e  
O r d o v i c i a n  conodonts a t  l o c a l i t y  613 suggests t h a t  t h e  basal  beds 
desc r ibed  p r o b a b l y  range downward i n  age i n t o  t h e  Cambrian. The 
upper p a r t  o f  the  sequence i n  K lakas  I n l e t  i n c l u d e s  an a d d i t i o n a l  
300 m o f  da rk -g ray  banded mudstone, s i l t s t o n e ,  and graywacke, 
o v e r l a i n  by about 600 m o f  b a s a l t i c  l a v a  ( i n  p a r t  p i l l o w e d  and 
s p i  1  i t i z e d )  and f ragmen ta l  v o l c a n i c s .  The 1  a t t e r  has been 
i n t r u d e d  by a d e u t e r i c a l  l y  a l t e r e d  g r a n o d i o r i t e  t h a t  has y i e l d e d  a  
K-Ar da te  of 421 m.y. B.P. (Tu rne r  and o thers ,  1977; H e r r e i d  and 
o t h e r s ,  1978), cons ide red  t o  be a  minimum age. H e r r e i d  and o t h e r s  
(1978) a l s o  r e p o r t  t h a t  t h e  sequence i s  unconformably o v e r l a i n  b y  
a  basa l  conglomerate o f  Devonian age. S i m i l a r l y ,  i n  M o i r a  Sound 
a t  l e a s t  seven l i t h o l o g i c  u n i t s  t h a t  have an aggregate t h i c k n e s s  
o f  about 7,000 m u n d e r l i e  a  t h i n  s e c t i o n  of b lack ,  l o c a l l y  
g r a p h i t i c  c h e r t y  s h a l e  t h a t  has y i e l d e d  M i d d l e  O r d o v i c i a n  
(Caradoc ian)  g r a p t o l  i t e s  ( l o c a l  i t y  G14). The lowes t  exposed beds 
a r e  i n  f a u l t  c o n t a c t  w i t h  t h e  Wales Group. L o c a l l y  i nc ludes :  

SOv MARINE ANDESITIC TO BASALTIC ROCKS ( S i l u r i a n ?  through M i d d l e  
O r d o v i c i a n ) - - A n d e s i t i c  t o  b a s a l t i c  f lows ( i n  p a r t  p i l l o w e d ) ,  f l ow  
b r e c c i a  and agglomerate, l i t h i c  l a p i l l i  t u f f  and f i n e r  gra ined,  
more d i s t a l  v o l c a n i c 1  a s t i c  r e p r e s e n t a t i v e s .  L o c a l l y ,  especi  a1 l y  
i n  t h e  sou theas t  co rne r  o f  t h e  quadrangle, more s i l i c e o u s  
v o l c a n i c s  occur  i n  the s e c t i o n  and have t h e  l i t h o l o g i c  
c h a r a c t e r i s t i c s  of a p h a n i t i c ,  t h i n - l a y e r e d  q u a r t z - s e r i c i t e  
m e t a t u f f  t h a t  resemble c h e r t  and have been c l a s s i f i e d  as q u a r t z  



kera tophyre  because of the  presence of t he  b lue  quar tz  "eyes," and 
twinned a1 b i  t e  phenocrysts. A s  descr ibed be1 ow, however, t h i s  
l i t h o l o g y  i s  e s p e c i a l l y  t y p i c a l  o f  c e r t a i n  s i l i c e o u s  tu f faceous  
f a c i e s  o f  t h e  Wales Group (PzPGw). Accordingly,  a t  such places 
(e.g., i n  N ib lack  Anchorage, and l o c a l l y  a long Moi ra  Sound) where 
s c h i s t o s i t y  symbols have been shown i n  areas be l ieved  t o  be 
unde r l a i n  by SOs and SOv, t h e  l a t t e r  assignment i s  quest ioned t o  
d i r e c t  a t t e n t i o n  t o  t he  p o s s i b i l i t y  t h a t  u n i t s  of t he  Wales Group 
(PzPGw) may be present.  Vo lcan ic  rocks  o f  t h i s  u n i t  (SOv) a re  
over 2,000 m t h i c k  

PzPGw WALES GROUP ( Pre-Middle Ordovic ian,  Precambri an?) - -S t ruc tu ra l  1 y  
complex assemblage o f  predominant ly  andesi t i c  t o  basal t i c  marine 
fragmental vo lcan ic  rocks and f lows,  graywacke, mudstone and shale  
w i t h  l o c a l l y  i n t e r l a y e r e d  marb le  r e g i o n a l l y  deformed and 
metamorphosed t o  greenschi s t  and i n  p l  aces t o  amphi bo l  i t e  
f ac i es .  The most abundant and w ide ly  d i s t r i b u t e d  l i t h o l o g y  i s  
greenish-gray,  t h i n l y  f o l i a t e d ,  commonly c renu la ted  c h l o r i t e -  
a1 bite-epidote+quartz+actinol i t e  s c h i s t  t h a t  i s  composi t ional  l y  
1  ayered para1 la t o  fTl i a t i o n  ( = s c h i s t o s i  t y ) .  Th is  greenschis t  
p robab ly  was d e r i  ved from t u f f  aceous mudstone, s i l  ts tone, and 
graywacke. More s i  1  iceous and a r g i  11 aceous 1  ayers a1 so con ta i n  
abundant s e r i c i  te,  ma in l y  a t  t h e  expense of c h l o r i t e .  T r a n s i t i o n s  
t o  q u a r t z - s e r i c i t e  s c h i s t  are  common. F requen t l y  assoc ia ted w i t h  
such more s i l i c e o u s  phases are beds o f  quar tz  a1 b i t e  
metakeratophyre 1 /4  meter t o  3 o r  more meters t h i c k ,  be l ieved  t o  
have been der i ved  ma in l y  f rom w a t e r - l a i d  r h y o l  i t i c  t u f f .  I n  some 
cases, however, f i e l d  and pe t rograph ic  evidence favor  d e r i v a t i o n  
f rom o r i g i n a l  f lows. 

The metakeratophyre t y p i c a l l y  con ta ins  sca t t e red  rounded b l ue  
quar tz  "eyesn and phenocrysts or  gl meropo rphy r i  t i c  c l o t s  o f  
tw inned a l b i t e  (An5 o r  l e s s )  se t  i n  a  ve ry  f i n e  gra ined cher t1  i k e  
microscopic  groundmass o f  quar tz  and a l b i t e .  Chemically, t he  rock  
i s  s i l i c a  and soda r i c h ,  rang ing  between 67.5-70.0 percent  and 
4.6-7.5 percent, r espec t i ve l y .  Alumina, i n  t he  range 10.07-16.4 
percent,  i s  present  i n  amounts j u s t  s u f f i c i e n t  t o  s a t i s f y  t h e  
requirement o f  a l b i t e ,  and K20 i s  gene ra l l y  low (0.2-2.0 
percen t ) .  Thus, the  rock has e s s e n t i a l l y  a  normat ive mode. 

Beds o f  metakeratophyre are u b i q u i t o u s l y  d i s t r i b u t e d  throughout 
the  r eg ion  known t o  be unde r l a i n  by t he  Wales Group, bu t  they  
r a r e l y  c o n s t i t u t e  more than a few percent  o f  any given sec t ion .  
They are perhaps most abundant and bes t  d isp layed along t h e  west  
shore o f  H e t t a  I n l e t ,  e s p e c i a l l y  i n  the v i c i n i t y  o f  Eek P o i n t  
where t h e y  a re  i n  f a u l t  con tac t  w i t h  meta-50s. Experience o f  t he  
sen io r  authors suggests t h a t  these metakeratophyre 1  i t ho l og ies  are 
d i agnos t i c  o f  and perhaps r e s t r i c t e d  t o  the  Wales Group. The o n l y  
p r e s e n t l y  known poss ib l e  except ion i s  i n  t h e  N ib lack  Anchorage 
area as noted and qua1 if i ed  i n  t he  d iscuss ion  o f  the  SOv sequence. 

Loca l l y ,  marble (PzPGrrm), i n  p a r t  do1 omi t i c ,  c o n s t i t u t e s  an 
impor tant  p a r t  o f  the  Wales group. Carbonates are be l ieved  t o  be 
most abundant i n  the  upper p a r t  o f  t h e  Wales Group sect ion,  but  
t he  s t ack i ng  o f  u n i t s  w i t h i n  t h e  group i s  unce r t a i n  due t o  
s t r u c t u r a l  complex i t ies ,  poor and d iscont inuous exposures, and 
1 ack o f  age c o n t r o l  (bo th  pa leon to l og i c  and rad iome t r i c ) .  



The Wales Group e x h i b i t s  the s t r u c t u r a l  c h a r a c t e r i s t i c s  o f  a 
r eg i ona l  metamorphic complex. A l l  the u n i t s  descr ibed tend t o  be 
f o l i a t e d ,  w i t h  the  development of s ch i s t os i t , y  and composi t iona l  
l a y e r i n g  t h a t  f o r  the  most p a r t  are p a r a l l e l  and be1 ieved t o  
represent  o r i g i n a l  bedding. Minor fo lds ,  w i t h  wavelengths o f  
2-20 cm, and c renu la t i ons  w i t h  axes p a r a l l e l  t o  those o f  minor 
f o l ds  and ampl i tudes of 1-15 mrn, are v i s i b l e  i n  many exposures. 
Other s t r u c t u r a l  features commonly present inc lude  (1) k i nk  bands, 
( 2 )  boudins o f  quar tz  and carbonate up t o  5 m t h i c k  and 20 rn long, 
( 3 )  l i n e a t i o n s  formed by t he  i n t e r s e c t i o n  o f  cleavage and 
f o l i a t i o n ,  t he  a x i a l  p lane t races  o f  minor fo lds  and the  p r e f e r r e d  
l i n e a r  o r i e n t a t i o n  of e l  ongate m inera ls  (e. g., a c t i n o l  i t e )  and 
( o r )  m inera l  s t r e a k i n g  on planes o f  s c h i s t o s i t y ,  and ( 4 )  
segregat ions o f  quar tz  ma in l y  mob i l i zed  from the  o r i g i n a l  rocks 
t h a t  both p a r a l l e l  and t r ansec t  f o l i a t i o n  and have become 
concent ra ted i n  the c r e s t a l  reg ions o f  small f o l ds .  The geometric 
r e l a t i o n s h i p s  among these minor s t r u c t u r a l  fea tu res  i n d i c a t e  t h a t  
i n  general t h e  Wales Group has been subjected t o  a t  l e a s t  two 
per iods o f  pene t ra t i ve  deformation and, l o c a l l y ,  t he re  i s  evidence 
f o r  as many as four .  

A t  most p laces the  Wales Group i s  i n  f a u l t  con tac t  w i t h  
Ordov ic ian and Devonian s t r a ta ,  but  a t  the  head o f  t h e  South Arm 
of Cholmondeley Sound and Klakas I n l e t ,  i t  appears t o  be ove r l  a i n  
by a basal  b recc i a  and conglomerate t h a t  are e s s e n t i a l l y  
unmetamorphosed and a re  d e f i n i t e l y  pre-Middle Ordov ic ian.  For 
reasons o u t l i n e d  i n  t h e  SOs age discussion, these basal beds t h a t  
ove r l  i e  t h e  metamorphosed rocks  of the  Wales Group may we1 1  be as 
o l d  as Cambrian. I f  so, a Precambrian age assignment f o r  t h e  
Wales Group would be i n  accord w i t h  t he  a v a i l a b l e  s t r a t i g r a p h i c  
and s t r u c t u r a l  evidence. Attempts t o  o b t a i n  i s o t o p i c  c o n t r o l  on 
t he  age o f  the Group have so f a r  proven inconc lus ive.  P r e l i m i n a r y  
d iscordan t  z i r c o n  U-Pb ages on a t rondh je rn i t i c  phase o f  an 
ensirnat ic igneous complex ( P z i c )  t h a t  i n t r udes  the  Wales Group and 
thereby pe rm i t t ed  a  poss ib l e  Precambri an age assignment (Churk in  
and Eber le in ,  1977) proved t o  be an a r t i f a c t  o f  u r a n o t h o r i t e  
impur i  t i e s  w i t h i n  t he  z i r c o n  popu la t ions  (Saleeby and Eber le in ,  
1981). Hope fu l l y ,  con t i nu i ng  e f f o r t s  by Jason Saleeby t o  date t he  
Wales Group i s o t o p i c a l l y  w i l l  prove successful  and p rov ide  more 
d e f i n i t i v e  evidence as t o  the  age o f  t h i s  s t r u c t ~ ~ r a l l y  complex, 
metamorphosed arc assemblage. 

The th ickness  o f  the  Group i s  no t  known bu t  i t  i s  be l ieved  t o  
be a t  l e a s t  severa l  thousand meters. L o c a l l y  i t  inc ludes :  

PzPGwm MARBLE OF THE WALES GROUP ( Pre-Middle Ordov ic i  an, ~ r e c a m b r i  an?)--  
Genera l l y  medium- t o  f ine-gra ined,  medium- t o  li ght-gray marble, 
occur ing  as t h i n  beds i n t e r l a y e r e d  w i t h  sch is tose  metavolcanics 
and greenstone f lows o f  t he  Wales Group (PZPGW). The 
r e l a t i o n s h i p s  a re  e s p e c i a l l y  w e l l  d i sp layed  i n  the  Brennan Bay- 
Babe I s l a n d  area o f  Cholmondeley Sound. I n  places, however, t he  
marble i s  more massive and occurs i n  u n i t s  t h a t  range i n  th ickness 
from 30 t o  more than 300 m (e.g., a t  the  head o f  H e t t a  I n l e t  and 
i n l a n d  south and westward from the  head of the  West A r m  o f  
Chl ornondeley Sound) 



I n t r u s i v e  r o c k s  

GRANODIOR IT€ A N D  ASSOC IATED PLUTONIC ROCKS (Cretaceous, mai n l  y 
E a r l y ) - - M a i n l y  p l u t o n s  of smal l  t o  i n t e r m e d i a t e  s i z e  whose cores 
o r  c e n t r a l  areas are  dominated by g r a n o d i o r i t e  t h a t  grades i n t o  
marg ina l  phases o f  heterogeneous composi t ion.  Common v a r i a n t s  
i n c l u d e  d i o r i t e ,  q u a r t z  monzoni te, monzonite, and even gabbro (as  
i n  t h e  case o f  the sma l l  p l u t o n  between K lakas and Keete  
I n l e t s ) .  The Copper Mountain p l u t o n  i s  perhaps t h e  most 
thorough1 y  mapped because of i t s  f o r m e r l y  p roduc t  i ve m i n e r a l  
depos i t s  and famous c o l l e c t i n g  l o c a l i t i e s .  I t  shows compos i t i ona l  
changes f rom s y e n i t e  t o  gabbro over d i s tances  of a  few hundred 
meters  o r  l e s s  near t h e  borders  (Kennedy, 1953).  Contac t  zones of 
skarn  and h o r n f e l s  a r e  commonly ex tens i ve .  The p l u t o n  t y p i c a l l y  
c o n t a i n s  about 50 percen t  andesine, 10-15 pe rcen t  K- fe ldspar  and 
15-20 pe rcen t  qua r t z ,  w i t h  about 15 pe rcen t  v a r i e t a l  hornblende 
and ( o r )  b i o t i t e ,  The i n t r u s i v e  i s  c u t  by  d i k e s  o f  essentially 
i n c l u s i o n - f r e e  l e u c o g r a n o d i o r i t e ,  a p l i t e  and, i n  some cases, 
v e i n l e t s  o f  K - fe ldspar .  The Copper Mountain and H e t t a  Lake 
p l u t o n s  p r o b a b l y  a r e  t h e  same body and have y i e l d e d  concordant  
hornblende and b i o t i t e  K-Ar ages t h a t  range from 101 t o  105+3 m.y. 
B.P. ( H e r r e i d  and o the rs ,  1975). S i m i l  a r l y ,  a  s m a l l e r  i n t r u s i v e  
about 3 km n o r t h - n o r t h e a s t  o f  t h e  head o f  Keete  I n l e t  has been 
dated a t  113+3 - m.y. B.P. (hornb lende)  and 96.6+3 m.y. B.P. 
( b i o t i t e ) .  Hornblende separa tes  from t h e  heterogeneous P i n  Peak- 
Bear Lake i n t r u s i v e  have y i e l d e d  K-Ar dates i n  t h e  same E a r l y  
Cretaceous age ranqe 

DIORITE AND ASSOCIATED PLUTONIC ROCKS (C re taceous?) - -Ma in l y  
hornblende and ( o r )  b i o t i t e  d i o r i t e .  L o c a l l y  c o n t a i n s  v a r i e t a l  
c l i nopy roxene .  T r a n s i t i o n a l  phases range i n  compos i t i on  f rom 
q u a r t z  d i o r i t e  th rough  m o n z o d i o r i t e  and l o c a l  monzogabbro. 
L o c a l l y  p o r p h y r i t i c  and p e r t h i t i c .  Commonly d e u t e r i c a l l y  a l t e r e d  
w i t h  t h e  development of c h l o r i t e ,  u r a l i t e  frm t h e  py robo les  and 
s a u s s u r i t i c  p roduc ts  t h a t  i n c l u d e  a l b i t e ,  e p i d o t e - c l i n o z o i s i t e  and 
s e r i c i t i c  m i c a  frm t h e  breakdown o f  p l a g i o c l a s e .  Sphene and apa- 
t i t e  a r e  u b i q u i t o u s  accessor ies .  L o c a l l y  may be i n c l u d e d  i n  u n i t  
Pz i  c 

Kgb GABBRO AND PYROXENITE (Cretaceous,  m a i n l y  E a r l y ? ) - - M a i n l y  smal l  
p l u t o n s  o f  seve ra l  square k i l o m e t e r s  i n  e x t e n t  and c o n s i s t i n q  of 
medium- t o  coa rse -g ra ined  gabbro composed of c a l c i c  plagioclase 
and c l i nopy roxene ,  and o l i v i n e - a u g i t e  p y r o x e n i t e .  Cut by f i n e -  
g r a i n e d  d i kes  and v e i n l e t s  of e s s e n t i a l l y  the same gabbro i c  
compos i t i on  as w e l l  as pegmatoid m a t e r i a l .  Some may be i n c l u d e d  
i n  areas shown on map as u n i t  P t i c  

:4zPzg See d i s c u s s i o n s  of same u n i t  above under I n t r u s i v e  Rocks, 
Nor the rn  P a r t  of Quadrangle.  I nc ludes  smal l  gabbro i c  i n t r u s i v e  
southwest o f  Jumbo I s l  and. A1 so i nc ludes :  

MzPzsy SYENITE (Mesozoic and ( o r )  Pa leozo ic ) - -Nephe l  i ne -eud i  a1 y t e - b e a r i  ng 
s y e n i t e  and assoc ia ted  pegmat i tes  between Dora Bay and South Arv, 
Cholmondeley Sound 

P ~ Y  SYENITE OF SUKKWAN ISLAND (Permian o r  Pennsy lvan ian ) - -Ma in l y  
hyp id iornorph ic  g r a n u l a r  l eucasyen i  t e  c o n s i s t i n g  o f  up t o  75 
pe rcen t  by volume o f  a l k a l i  f e l d s p a r  ( a n t i p e r t h i t e ? ) ,  u b i q u i t o u s  
golden t o  dark-brown S i o t i  t e ,  and minor  amphibo le  and aeger ine  



a u g i t e .  C o l o r  index  i s  about 15. Accessory m i n e r a l s  i n c l u d e  
sphene and a p a t i t e .  Quar tz  r a r e  t o  absent .  L o c a l l y  becomes s o d i c  
d i o r i t e .  U n d e r l i e s  much o f  e a s t e r n  Sukkwan I s l a n d  w i t h  t h e  
abundant development o f  t h i c k  h o r n f e l s  zone i n  t h e  SOs h o s t  
rocks .  K - A r  d a t i n g  of hornb lende and b i o t i t e  f rom t h e  
southernmost  s h o r e l i n e  exposure of t h e  p l u t o n  has y i e l d e d  ages o f  
283 m.y. and 293 m.y. B .P . ,  r e s p e c t i v e l y  (new decay cons tan ts ,  M. 
A .  Lanphere, o r a l  comnun., 1981).  A s i m i l a r  l i t h o l o g y  i s  p o o r l y  
exposed i n  t h e  v i c i n i t y  o f  t h e  water  s u p p l y  source  f o r  Hydaburg 
and may be r e 1  a t e d  t o  t h e  Sukkwan Is1 and i n t r u s i v e .  A smal l  
s y e n i t i c  i n t r u s i v e  near Klawak ( n o r t h e r n  p a r t  o f  quad rang le )  has  
y i e l d e d  a K-Ar age of 276 m.y. B.P. 

Ogb GABBRO AND ASSOCIATED MAFIC ROCKS OF SUKKWAN ISLAND ( O r d o v i c i a n ) - -  
Medium- t o  c o a r s e - g r a i  ned xenomorphic g ranu l  a r  ho rnb l  ende gabbro, 
hornb lende p y r o x e n i  te ,  and  h o r n b l e n d i  t e  of v a r i a b l e  compos i t i on  
and t e x t u r e .  F o r  most p a r t  a l t e r e d  ( s a u s s u r i t i z e d ,  u r a l i t i z e d ) .  
P o t a s s i  um-argon d a t i  ng o f  two hornb lende concen t ra tes  gave ages o f  
440 and 449 m.y. B.P. (new decay cons tan ts ,  M. A. Lanphere, o r a l  
commun., 1981). May be c o g e n e t i c  w i t h  u n i t  Pzic  

P z i  c See d i s c u s s i o n  o f  t h i s  u n i t  above under I n t r u s i v e  Rocks, 
N o r t h e r n  P a r t  o f  Quadrang le .  N o r t h  o f  Doc to r  Pt. i n c l u d e s :  

P z i  h Heterogeneous body o f  a1 t e r e d  ho rnb l  end i  t e  
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area, P r i nce  of Wales Is land,  Alaska: Alaska D i v i s i o n  o f  Mines 
and Minera ls  Geologic Report  27, 17 p., 10 f i g s . ,  2 tab les .  

Ma in l y  a f t e r  Herre id ,  G., Bundtzen, T. K., and Turner, D. L., 1978, 
Geology and geochemistry o f  the  C r a i g  A - 2  quadrangle, P r i nce  o f  
Wales I s 1  and, southeastern Alaska: Alaska D i v i s i o n  o f  
Geolog ica l  and Geophysical Surveys, Geologic Report 48, 49 p., 
2 pl.; shore1 i n e  mapping o f  Klakas I n l e t  and South Am, 
Cholmondeley Sound, by G. Donald Eber le in ,  ass is ted  by W. 
D IO l i e r  (1949); f i e l d  checking and a d d i t i o n a l  mapping by G. 
Donald Ebe r l e i n  and Michael  Churkin, Jr., ass is ted  by W. Vennum 
(1971, 1972), and by G. F ran t z  and B. Rogers (1975). 

Mapping by H. C. Berg, D. A .  Brew, A .  L. Clark,  D. Grybeck, A. T., 
Ovenshine, J. G. Smith, and R-ay Wehr (1969, 1970, 1971). 

Mapping by G. Donald Ebe r l e i n  and Michael  Churkin, Jr . ,  ass i s t ed  
by Char les Car te r  (1965), K. Crowther (1966), W. Vennum (1971, 
1972), N. A1 b e r t  and M. J. Rymer (1973), J.  Robar (1974), 
G. Frantz ,  and B. Rogers (1975). I n f o rma t i on  i n  N ib lack  



Anchorage area ( C r a i g  A - 1  q u a d r a n g l e )  r e v i s e d  f rom Peek, B.  C. ,  
1975, Geology and m inera l  d e p o s i t s  o f  t h e  N i b l a c k  Anchorage 
area, P r i n c e  o f  Wales I s l a n d ,  A laska:  Unpubl ished M.S. t h e s i s ,  
U n i v e r s i t y  of A 1  aska. 
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Table  1.--Key Fossi 1 l o c a l i t i e s  f o r  t h e  C r a i g  Quadrangle (Cont inued) 

Map No., 15 min. C o l l e c t o r ,  year, f i e l d  Foss i  1  Age and P a l  eon to log  i s t  
Format i on Quad. number, l o c a l i t y n a m e &  Group(s) C o r r e l  a t  i o n  and r e f e r e n c e  ( s  ) 
(See F i g .  5 )  geo log ic  s i g n i f i c a n c e  

G- 16 B -3 Churkin, 1966, Grap to l  i tes ,  M idd le  C l a i r e  Car ter ,  w r i t t e n  
Descon 66 AC n93 1. near D aws on Zone o f  O r d o v i c i  an commun. , 1981 
(Sod) Mine  

G-17  C - 5  Churkin, 1974, 64ACn G r a p t o l  i t e s ,  E a r l y  S i l u r i a n  Churkin,  M., J r . ,  i n  
Descon 1561, 1,500 f t  below Z o n e s o f M o n o -  (L landover ian )  E b e r l e i n a n d C h u r k i n ,  
(Sod 1 con tac t  w i t h  Heceta 1970; C l a i r e  C a r t e r ,  

Limestone. a a r l u s  an w r i t t e n  comrnun.. 1981 - 
M. sedgwick i i  - 

6-18 C-5 Eber l  e i  n, 1965, G r a p t o l  i tes,  E a r l y  S i l u r i a n  Churkin, M., 3 r .  i n  
Descon  65AE61; Churkin, 1965, Zones o f  ( ~ l  andover i  an) Eber l  e i  n and C h u r k i  n ,  

65ACn961, Twocrack Monograptus 
I s l  and, uppermost 
50 f e e t  o f  Descon 

g r i e s t o n i e n s i s  
and Mono- - 

1970a; C l a i r e  Car te r ,  
w r i t t e n  commun., 1981 

G-19 C-5 Churkin, 1965, Grapto l  i tes, E a r l y  L a t e  Churkin, M., Jr., i n  
Descon  65ACn953. Zone o f  O r d o v i c i a n  E b e r l e i n  and C h u r k i n ,  

Dice1 log rap tus  (Eas ton i  an) 1970a; C l a i r e  Car te r ,  
a r a v i s  w r i t t e n  comnun., 
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Table 1.--Key f ossi 1 loca l  i t i e s  o f  the Craig Quadranqle (Continued) 

Map No., 15 min. Co l lec tor ,  year, f i e l d  Fossi 1 Age and P a l  eontol  o g i  s t  
Format i on Quad. number, l o c a l i t y n a m e &  Group(s) Corre la t ion  and reference(s) 
(See F i g .  5 )  geologic s ign i f i cance 

G-24 C -5 Churkin, 1965, Ea r l y  Churkin, Eberlein, Heuber, 
Breccia o f  NE 65ACnll92. Devon i an and Mamay, 1969 
Noyes Is land NE Moyes I s 1  and, same 
( o n  1 horizon as G7 

G-25 C-5 Buddi ngton, A. F . , Graptol i tes, Ear ly?  Ruedemann, Rudol ph, i n 
Descon #1902;Eberlein, 1964, a b o u t z o n e o f  S i l u r i a n  Buddington and Chapin, 1929; 
( Sod ) 64AE55; Churkin, 1964, - M. gregarius ( L l  andoverian) M. Churkin, Jr.,  f i e l d  

64ACn1551. Graptol i t i  c determination, 1964 
s l a t e  fragments i n  
conglomerate 200 f t  
be low Heceta Limestone 

3i 
G- 26 B-5 Churkin, 1973, Graptol  i tes ,  Middle C l a i r e  Carter,  w r i t t e n  
Descon 73 ACn64 2, Zone o f  C. Ordovician commun., 1981 
(Sod) San Fernando I s l  and b i  corni  s (Caradoci an) 

6-27 B-5 Buddington, A. F., Graptol i tes,  M i  ddl e Ruedemann, Rudolph, i n  
Descon #2146; Churkin, 1965, Zone o f  N. Ordovician Buddington and Chapin, 1929; 
(Sod ) 65ACn1361, SW San g r a c i  1 is- (Caradoci an) C l a i r e  Carter, w r i t t e n  

Fernando I s l  and commun. , 1981 
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Table 1.--Key f o s s i l  l o c a l i t i e s  o f  the Craig Quadrangle (Continued) 

Map No., 15 min. Col lector ,  year, f i e l d  Foss i l  Age and Paleonto logis t  
Formati on Quad. number, loca l  i t y  name & Group(s) Cor re la t ion  and reference(s)  
(See Fig. 5 )  geologic s ign i f i cance 

G-33 C-4 Churkin, 1965, Grapto l i tes,  Middle C l a i r e  Carter ,  w r i t t e n  
Descon 65ACn591, south entrance approximately Ordovician comrnun., 1981 
(Sod)  t o  B ig  S a l t  Lake the Zones o f  

and Paraglosso- ;;;!;;; tenta- 

(3-34 C -4 Churkin, 1966, Graptol i t e s ,  Middle C l  a i r e  Carter ,  w r i t t e n  
Descon 66ACn193, head o f  Zone o f  Ordovician c m u n . ,  1981 
( Sod 1 Shinaku I n l e t  Dicrano- 

G-35 8 -4 Eberlein, 1966, Graptol i tes, Middle C l a i r e  Carter, w r i t t e n  
Descon 66AE20, Port  approximate1 y Ordovi c i  an cornmun., 1981 
( S o d )  S t .  Nicholas the Zone o f  

D. c l i ngan i  - 

G-36 8 -4 Churki n, 1966, Graptol i tes, Middle C l a i r e  Carter, w r i t t e n  
Des con 66ACn381, Zone o f  Ordovician commun. , 1981 
( Sod ) Pt. M i  r aba l l  es - C. b icorn is  
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Tab le  1. Key f o s s i l  l o c a l  i t i e s  o f  the C r a i g  Quadranqle (Cont inued)  

Map No., 15 min. C o l l e c t o r ,  year, f i e l d  F o s s i l  Age and Pal eont 01 og i s t 
Format i  on Quad. number, l o c a l  i t y  name & Group( s )  C o r r e l  a t i  on and r e f e r e n c e ( s )  
(See Fig.  5 )  geo log ic  s i g n i f i c a n c e  

G-42 A-4 Buddington, A. F., G r a p t o l  i t e s  tower  S i l u r i a n  Ruedemann, Rudolph, i n  
Sedimentary #3073, Hook Arm o f  Sea Buddington and Chapin 
r o c k s  o f  D a l l  Otter Harbor,  D a l l  1929 
I s l a n d  & I s l  and 
v i c i n i t y  (SOs) 

G-43 A-4 Chapin, Theodore, G r a p t o l  i t e s  S i l u r i a n  K i r k ,  Edwin, i n  Budd ington 
Sedimentary D a l l  I s l a n d ,  View and Chapin, 1929 
rocks  o f  O a l l  Cove 
I s l a n d  and 
v i c i n i t y  ( SOs) 

G-44 A-4 Ovenshine, 1968, G r a p t o l  i tes ,  M i d d l e  C l  a i r e  C a r t e r ,  w r i t t e n  
D a l l  I s l a n d  68AOv2592, south  s i d e  Zone o f  O r d o v i c i a n  commun . , 1980 
and v i c i n i t y  o f  Breezy Bay; - N. g r a c i l i s ;  
(50s) Ovens h i  ne, 1968, Zones o f  

68AOv2611a,b, F i r s t  Bay - N. j r a c i l i s ,  
south  o f  Breezy Bay and 

C. b i  c o r n i s  - 

G-45 D-5 Churk in ,  1964, G r a p t o l  i tes, M i  ddle C l a i r e  Car te r ,  w r i t t e n  
Descon 64ACn1692 ; E b e r l  e i  n, Zone o f  O r d o v i c i a n  commun., 1982 
(Sod 1964, 64AE701. Banded - D. c l i n g a n i  

mudstone u n d e r l y i n g  
p i l l o w  l a v a .  East  
s i d e  o f  i s l a n d  i n  Van 
Sants Cove 
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Table 1.--Key f o s s i  1 l o c a l  i t i e s  o f  t h e  C r a i g  Quadrang le  ( C o n t i  nued) 

Map No., 15 min. C o l l e c t o r ,  year,  f i e l d  F o s s i  1  Age and P a l e o n t o l o g i s t  
Format i on Quad. number, l o c a l i t y n a m e &  GroupIs) C o r r e l a t i o n  and  r e f e r e n c e ( s )  
(See F i g .  5 )  geo log i c  s  i gn i f i cance 

F  - 1 C -4 Armstrong, 1966, 66x48. F u s u l i n i d s  E a r l y  and Oouglass, R .  C., 1971 
K l  awak Type area o f  K l  awak Frn. (Mi  1 l e r e l l  a, M i d d l e  
( P k )  Dates youngest  Pa leozo i c  N a n k i n e l l a ,  and Pennsy lvan ian  

f o r m a t i o n  i n  a rea  S t a f f e l a l  

F-2 C-4 Churk in,  1965, Corals ( L i t h o -  L a t e M i s s i s -  Armstrong, A. K., 1970 
P e r a t r o v i  ch 65ACn281. Type area of s t r o t i  o n ) ,  s i  p p i  an 
L imes tone  P e r a t r o v i c h  Fm. f o r a m i n i f e r a  ( C h e s t e r i a n )  
Mernher (Mp) Dates upper member o f  (Pseudo- 

P e r a t r o v i c h  Fm. endo thy ra )  , 
f u s u l i n i d s  
( E o s t a f f e l  a )  

F-3 C -4 Churk in,  1965, C o r a l s  ( L  i t h o s -  M i d d l e  M i s s i s -  Armstrong,  A. K . ,  1970 
P e r a t r o v i c h  65ACn292. Type area t r o t i o n e r  s i p p i a n  
L inies tone b o f  P e r a t r o v i c h  Frn. L i t h o s t r o t i o n )  (Merameci an) 
c h e r t  rne~nher Datesmidd lernernber  o f  F o r a m i n i f e r a  
(MP)  P e r a t r o v i c h  Fm. (Tou rnaye l  1  a )  

F -4  C-4 Churk in,  1965, F o r a m i n i f e r a  M i s s i s s i p p i a n  Armstrong, A. K., 1970 
P e r a t r o v i c h  65RCn172, K l  awak Inle t .  f Arhaedi  scus & (Merameci an) 
c h e r t  member Dates 1 ower ~nemher o f  GI oboendothyra)  
( M P )  P e r a t r o v i  ch Fm. 
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Table 1.--Key f o s s i l  l o c a l i t i e s  of the Cra ig  Quadrangle (Continued) 

Map No., 15 rnin. Col lector ,  year, f i e l d  Foss i l  Age and Pal eonto log is t  
Format i on Quad. number, l o c a l i t y n a m e &  Group(s) Cor re la t ion  and reference(s)  
(See F i g .  5 )  geologic s ign i f i cance  

F-21 C-2 Churkin, 1974, Corals Ordovician ( ? )  W. A. O l iver ,  Jr. ,  w r i t t e n  
Descon 74ACn791, 74ACn772, ( c f .  Renschi a, comrnun., 1975 
Frn (Sod) Thorne Bay. Limy c f .  S t re  t e -  

l e n s e s w i t h i n v o l c a n i -  lasrna 
c l a s t i c  rocks. Very 

T" 
rare pre-Heceta she1 ly 
f o s s i l s  

F - 22 B- 2 
t i m e s  tone 
of K as aan 
Is land (DK1) 

Churkin, 1973, 73ACn92, Ostracodes Ear l y  Devonian J. M. Berdan, w r i t t e n  
32, Kasaan Island. Lime- (Be r i c h i a ) ,  + ( E m s i  an) commun., 1973; Merr i  am, 
stone i n te r l ave red  w i t h  cora s i n  O l iver ,  Merriarn. and " 

keratophyre (Rhi zophyl 1 urn), 
conodonts, 

Churkin, 1975; N. Savage 
and A .  R, Ormiston, 1973, 

t r i l o b i t e s  w r i t t e n  communications 

F-23 D-5 
Heceta 
L imestone (Sh) 

Ovenshine, 1967, Conodonts Late S i l u r i a n  Ovenshine and Webster, 
67AOv761; Webster, 1967, (Ludl ov i  an) 1970; 3. G. Johnson, i n  
67AWd101, 111, Marble Ovenshine and Webster , 
I s l  and, middle pa r t  o f  brachiopods 1970 
the Heceta Ls. (Atrypell a) 



Table 1.--Key f oss i  1  l o c a l  i t i e s  o f  the  C r a i g  Quadrangle (Cont inued) 

Map No., 1 5  min. Co l l ec to r ,  year, f i e l d  F o s s i l  Age and Pa leon to l og i s t  
Format i on Quad. number, l o c a l i t y n a m e &  Group(s) C o r r e l a t i o n  and re fe rence (s )  
(See F i g .  5 )  geo log ic  s i g n i f i c a n c e  

0-1 Eber le in,  1974, A t rypo id  b rach i -  Devonian K i r k ,  Edwin, i n  Buddington 
74AE202, 200; Chapin, opods, corals and Chapin, 1929, p.  98. 
Theodore, 15ACh151, (Favosi  tes  and 
153, 155, Clover  Bay. Cyathophyl l  um) 
Arg i l l aceous  1  imestone 
and p l  u ton i  c -vo lcan i  c  
rock b recc ia  der i ved  
from and i n t r uded  by 
Paleozoic ens imat ic  
igneous complex. 
T r i a s s i c ( ? )  f o s s i  1  
repor ted  by Buddington 
and Chapin, 1929 
(p. 313) i s  an e r r o r  

F-25 A-2  Eber le in,  1972, T r i l o b i t e s ,  E a r l y  A. R .  Ormiston, w r i t t e n  
(Ds 1 72AE106; Churkin, brach i opods, Devoni an commun., 1972 

1972, 72ACn161, Keete co ra l s  
I n l e t .  Limestone c l  as ts  
w i t h  s h e l l y  f o s s i l s  i n  
sha le  m a t r i x  

F -26 D-4 Churkin, 1974, Brachipods La te  S i l u r i a n  N. M.  Savage, w r i t t e n  
w s s )  74ACn1491. t imes tone, (Conch i d i  urn, (Ludl  o v i  an )  comrnun. , 1975 

mudstone and graywacke A t r ype l  1  a) ,  
i n t e r  bedded conodont s 
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Table  1.--Key f o s s i l  l o c a l  i t i e s  o f  t h e  C r a i g  Quadrangle (Cont inued) 

Map No., 15 min. C o l l e c t o r ,  year, f i e l d  Foss i  1 Age and P a l e o n t o l o g i s t  
Form a t  i on Quad. number, l o c a l i t y  name & Group(s) C o r r e l a t i o n  and r e f e r e n c e ( s )  
(See Fig. 5 )  geo log ic  s i g n i f i c a n c e  

F-32 D-3 Churki  n, 1973, Branching p l a n t s  E a r l y  Devonian S .  H. Mamay, w r i t t e n  
Rocks of the 73ACn1551. Logging road  (Psi l o p h y t i d ? )  ? commun., 1974 
S t  aney quarry p i t  exposing 
Creek r e g i o n  b lack sha le  
(DSs) 

F-33 B -3 Churki  n, 1971, Brachiopods Devoni an M. Churkin, Jr., f i e l d  
P o r t  Ref ug i  o 71ACn731, 721. Lime- ( s p i  r i  f e r o i  d )  determinat ion,  1971 
(DP) stone s  he1 1 beds and 

p i l l o w  b a s a l t ,  Soda Bay, 
south shore 

F -34  8 -3 Eber le in ,  1965, Cora ls ,  Devoni an G .  D. Eber le in ,  f i e l d  
Coronados 65AE251, K l  awak Lake brach i opods determinat ion,  1965 
Volcan ics  
(Dc 

F -35  A-4 Churkin, 1973, Cora ls  S i l u r i a n  M. Churkin, Jr., f i e l d  
"Heceta Ls" ? 
(Sh)  

(Ca ten i  ora, 
Favos i  __p t e s  

determinat ion,  1973 

F  -36 B -6 Churkin, 1973, Chain c o r a l ,  L a t e  O r o d v i c i a n  M. Churkin,  Jr . ,  f i e l d  
Descon Fm. 73ACn341. Ls.  c l  as ts  c y s t a p h i l l i d  o r  S i l u r i a n  determinat ion,  1973 
(Sod) i n  vo lcan ic  conglom- c o r a l  

e r  a te /  gr  aywac ke, west 
coast of Noyes I s l a n d  
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Table  1.--Key f o s s i l  l o c a l i t i e s  o f  t h e  C r a i g  Quadrang le  (Con t i nued )  

Map No., 15 min. C o l l e c t o r ,  year, f i e l d  F o s s i l  Age and P a l e o n t o l o g i s t  
Format i on Quad. number, l o c a l i t y n a m e &  Group(s)  C o r r e l a t i o n  and r e f e r e n c e  ( s )  
(See F i g .  5 )  geo log i c  s i g n i f i c a n c e  

F -41 D-4 Churk in ,  1966, C o r a l s  L a t e  S i l u r i a n -  M. Chu rk in ,  J r . ,  1966, 
Rocks o f  t h e  66ACn1331, 66ACn1351, (Am h i  o r a  + E a r l y  Devonian f i e l d  d e t e r m i n a t i o n s  
Staney Creek 66ACn1352, 66ACn1361; s p . .  
r e g i o n  (DSs) Eber le in ,  1966, b rach iopod  

66AE205, 66AE207, 
66AE209. F os s i 1 if erous 
l imes tone  i n t e r b e d d e d  
w i t h  v o l c a n i c  sandstone 
and conglomerate 

F -42 0-4 Churk in ,  1974, Cora ls ,  s t r m a -  L a t e  S i l u r i a n -  M. Churk in ,  J r . ,  1966, 
Rocks o f  t h e  74ACn1401. F o s s i  1- t o p o r o i  ds, and E a r l y  Devonian f i e l d  de te rm i  n a t  i ons 
Staney Creek d e b r i s -  1 imestone s h e l l y  f o s s i l s  
r e g i o n  (DSs) t u r b i d i t e s  

F -43 0-4 Buddington, #2038, C o r a l s  and Devoni an K i r k ,  Edwin, i n  Budd ington 
Wadleigh Ls. , E b e r l e i n ,  1961, s h e l l y  f o s s i l s  and Chapin, 1929; 
( n w )  61AE62. Ham I s l a n d  C.  W. Merr iam, w r i t t e n  

i n  Karheen Passage cornmun., 1973 

F-44 0-4 E b e r l e i n ,  1961, Cora l s  Devonian 
Wadleigh Ls. 
(Dw) 

61AE63. Small  i s l a n d  (Dendi  o s t e l l  a) ,  
o f  we1 1- bedded 1 imestone q a s t r o ~ o d s  

C, W .  M e r r i  am, w r i t t e n  
commun., 1973 

and m i  nor  b l  ack c h e r t  

( C a r l l o c e r a s l  
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