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ABSTRACT 

A s u i t e  of s e v e r a l  hundred gravel-s ized p a r t i c l e s  was c o l l e c t e d  from t h e  

f l o o r  of t h e  Beaufort  Sea, Arc t ic  Ocean, on t h e  c o n t i n e n t a l  she l f  a d j a c e n t  t o  

no r the rn  Alaska. Fif ty-four  samples r e p r e s e n t a t i v e  of t h i s  s u i t e  were s e l e c t e d  

f o r  pe t rog raph ic  s tudy ,  supplemented by X-ray d i f f r a c t i o n  a n a l y s i s .  A v a r i e t y  

of l i t h o l o g i c  types  was cha rac t e r i zed ,  i nc lud ing  d i a b a s i c ,  g r a n i t i c ,  v o l c a n i c ,  

carbonate ,  c l a s t i c  sedimentary, and high-grade metamorphic rocks.  Presumably 

g rave l  f ragments  such a s  t hese  were c a r r i e d  t o  t h e i r  c o l l e c t i o n  s i t e  o f f  no r the rn  

Alaska by some mechanism involving i c e - t r a n s p o r t .  However, s tudy of t h e  bedrock 

geology of p o t e n t i a l  source a r e a s  w i t h i n  t h e  circum-Arctic reg ion  i n d i c a t e s  t h a t  

t h e  analyzed samples a r e  not  uniquely d e f i n i t i v e  of any p a r t i c u l a r  a r e a .  A 

source  i n  t h e  Canadian Arc t i c  Archipelago ( i n  p a r t i c u l a r ,  Ellesmere I s l a n d )  

seems most l i k e l y  f o r  a t  l e a s t  some of t h e  g r a v e l s  s tud ied ,  however, some of t h e  

g rave l s  might equa l ly  we l l  have been de r ived  from o t h e r  a r e a s  i n  t h e  no r the rn  

p o r t i o n s  of t h e  North American Continent  (Canada and/or  Alaska) ,  o r  e lsewhere 

w i t h i n  t h e  A r c t i c .  
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Discuss ions  wi th  numerous g e o l o g i s t s  concerned wi th  p e t r o l o g i c ,  s t r a t i -  

g raph ic ,  and s t r u c t u a l  a s p e c t s  of petroleum explora t ion  i n  Alaska and t h e  

Canadian A r c t i c  were most b e n e f i c i a l ;  t h e s e  gentlemen cannot  b e  i n d i v i d u a l l y  

acknowledged he re ,  b u t  t h e i r  acumen and p ro fe s s iona l  cou r t e sy  helped consider-  

ab ly .  

However, t h e  i n t e r p r e t a t i o n s  h e r e i n  a r e  s o l e l y  those  of t h e  a u t h o r s ,  who 

r e a d i l y  admit t he  d e s i r a b i l i t y  of more d a t a  and f u r t h e r  s tudy  i n  a t tempt ing  t o  

e l u c i d a t e  t h e  r e l a t i o n s h i p s  of i n t e r e s t .  

INTRODUCTION 

Th i s  paper desc r ibes  t h e  r e s u l t s  of pe t rographic  examinat ion of grave l -  

s i z e d  m a t e r i a l s  c o l l e c t e d  from t h e  s e a  f l o o r  of the  c o n t i n e n t a l  s h e l f  a r e a  of 

t h e  Beaufort  Sea, A r c t i c  Ocean, i n  t h e  r eg ion  ad jacen t  t o  no r the rn  Alaska. The 

area under cons idera t ion  is shown on F igu re  1, together  w i t h  a n  overview of 

ad jo in ing  po r t ions  of t he  A r c t i c  bas in .  

The samples repor ted  on h e r e i n  were co l l ec t ed  during t h e  "Websec-71," 1971, 

c r u i s e  of t h e  U.S. Coast Guard i ceb reake r  'Glac ie r"  (WAGB-4) i n  the Beaufort  

Sea. The sample s t a t i o n  l o c a l i t i e s  a r e  shown on Figure  2. 

Samples were c o l l e c t e d  w i t h  Van Veen and Smith - McIntyre grab  samplers.  

It should be s t r e s s e d  t h a t  our  samples r ep re sen t  hand-pfcked g r a v e l  p a r t i c l e s  

and, as such, thus do n o t  r e p r e s e n t  a t r u l y  q u a n t i t a t i v e l y  r e p r e s e n t a t i v e  s u i t e .  

However, i t  is f e l t  t h a t ,  a t  least i n  a somewhat l e s s  r i go rous  manner, they 

should b e  u s e f u l  i n  t h i s  p re l imina ry  assessment of t h e  p e t r o l o g i c  n a t u r e  of 

Beaufor t  Sea f l o o r  g rave l s .  

NATURE OF THE GRAVEL MATERIAL 

I n  order  t o  e l u c i d a t e  t h e  c h a r a c t e r  of t h e  g rave l  f ragments ,  f i f t y - fou r  

r e p r e s e n t a t i v e  specimens were s e l e c t e d  f o r  d e t a i l e d  s tudy  from t h e  t o t a l  s u i t e  



D& t r e k  - Fl-8 /a Is/&, 75, hr Awl 1962 rm k h  I%&, Arc t i c  
. Ocean. From Schindler, 1968. 
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of some s e v e r a l  hundred specimens c o l l e c t e d .  Th i s  s e l e c t i o n  was made on t h e  

b a s i s  of hand specimen and binocular  microscope examination of t he  e n t i r e  s u i t e .  

These s e l e c t e d  specimens have been s t u d i e d  i n  t h in - sec t ion  wi th  t h e  pe t rog raph ic  

microscope, supplemented by X-ray d i f f r a c t i o n  a n a l y s i s  a s  appropr ia te .  The 

r e s u l t s  a r e  l i s t e d  i n  Table 1 (appendix). 

P e t r o l o g i c a l l y ,  t h e  specimens s t u d i e d  may be grouped i n t o  s e v e r a l  c a t e g o r i e s  

a s  fol lows:  

1. Diabas ic  rocks  

2. Volcanic  rocks  

3. Rocks of g r a n i t i c  a spec t  

4. C l a s t i c  sedimentary rocks 

5. Carbonate rocks  

6. Metamorphic ( in te rmedia te  t o  high-grade) rocks  

Genera l iz ing  somewhat, each of t hese  c a t e g o r i e s  i s  comprised of a r e l a t i v e l y  

r e s t r i c t e d  range  of rock  types i n  our s u i t e .  The groupings a r e  summarized below. 

1. Diabas ic  rocks  - (seventeen specimens).  

Predominantly medium-grained, w i t h  t y p i c a l l y  d i a b a s i c  t e x t u r e s ;  

p l a g i o c l a s e  of sod ic - l ab rador i t i c  composition, i n t e r s e r t a l  t o  i n t e r -  

g ranu la r  a u g i t i c  clinopyroxene (+ p i g e o n i t e ) ,  some i n t e r s t i t i a l  micro- 

pegmat i t i c  in te rgrowths ,  less common g ranu la r  o l i v i n e  i n  small amount, 

occas iona l  i n t e r s t i t i a l  q u a r t z ,  i n f r e q u e n t  orthopyroxene, and ub iqu i tous  

opaque magnet i te / i lmeni te .  The rocks  range  from s t r i k i n g l y  f r e s h  and 

e s s e n t i a l l y  una l t e r ed ,  through moderately a l t e r e d  (p l ag ioc l a se  somewhat 

s e r i c i t i z e d ,  and mafics a l t e r i n g  t o  ch lor i te -amphibole-b io t i te  + 

opaques) ,  t o  rocks i n  which t h e  degree  of a l t e r a t i o n  has been f a i r l y  

i n t ense .  I n  t h e  l a t t e r  c a s e s ,  t h e  p l a g i o c l a s e  is  pervas ive ly  s e r i c i t i z e d  



( a l b e i t  remaining recognizably l a b r a d o r i t i c  mic roscop ica l ly ) ,  t h e  

o r i g i n a l  primary mafic  minerals  have been changed t o  a melange of 

t h e  afore-mentioned a l t e r a t i o n  products ,  and t h e r e  has been as- 

soc i a t ed  development of secondary carbonate-zeolitic-silica phases.  

On ba lance ,  t h e  ma jo r i t y  of t h e  d i abases  s t u d i e d  showed moderate 

amounts of a l t e r a t i o n ,  although t h e  r e l a t i v e  f r e shness  of many was 

noteworthy. There is  l i t t l e  o r  no evidence of physical/mechanical 

a l t e r a t i o n  of t h e s e  specimens. 

2. Volcanic rocks  - ( t h r e e  specimens). 

F ine  gra ined  rocks  of b a s a l t i c  a s p e c t ,  moderately t o  i n t ense ly  a l t e r e d .  

The p l a g i o c l a s e ,  where i d e n t i f i a b l e ,  i s  a l b i t i c ,  presumably r ep re sen t -  

ing secondary a l t e r a t i o n ,  i n  a s s o c i a t i o n  w i t h  i n t e r g r a n u l a r  c l inopyroxene,  

which is moderately t o  s t rong ly  a l t e r e d  t o  chloritic-ferruginous-carbon- 

a t i c  m a t e r i a l .  

Magnet i te / i lmeni te  is  ubiqui tous,  and g e n e r a l l y  moderately a l t e r e d  t o  

hemat i te  - + leucoxene. C h l o r i t e - s i l i c a  - + z e o l i t e - f i l l e d  amygdules were 

noted i n  one specimen. Another specimen appears  t o  be  an i n t e n s e l y  a l -  

t e r ed  e q u i v a l e n t  of a n  o r i g i n a l  g l a s s y  v o l c a n i c  and/or  p y r o c l a s t i c  rock ,  

b u t  t h i s  i s  d i f f i c u l t  t o  a s s e s s  due t o  t h e  degree  of a l t e r a t i o n .  

3. Rocks of g r a n i t i c  a s p e c t  ( ten  specimens).  

Fundamentally t h e s e  specimens show t h e  u s u a l  hypidiomorphic g ranu la r  

t e x t u r e  commonly a s soc i a t ed  wi th  medium-coarse grained g r a n i t i c  rocks ,  

w i th  s e v e r a l  examples of a p l i t i c  and p r o t o c l a s t i c / f l a s e r  v a r i a n t s .  

Most of t h e s e  specimens f a l l  w i t h i n  t h e  composition f i e l d  of "grani te"  

(one is a "granodior i te" )  a s  def ined  by S t r ecke i sen ,  1967, wi th  modes 

of 20 t o  30 + pe rcen t  qua r t z ,  20 t o  40 p e r c e n t  a l k a l i  f e l d s p a r ,  and 

20 t o  40 p e r c e n t  p l ag ioc l a se .  The nex t  most abundant primary minera l  i s  



b i o t i t e ,  which i s  p resen t  i n  every specimen, b u t  never i n  excess 

of 20 modal percent .  Primary hornblendic amphibole occurs  i n  only 

one specimen (10 modal pe rcen t ) .  The a l k a l i  f e l d s p a r s  a r e  predominantly 

of microcl ine a s p e c t ,  microscopical ly.  The two except ions  noted 

o p t i c a l l y  showed microcl ine  c h a r a c t e r i s t i c s  (poorly def ined)  i n  bulk- 

rock X-ray d i f f r a c t i o n  p a t t e r n s .  Some a r e  s l igh t ly - s t rong ly  p e r t h i t i c ,  

op t i ca l ly .  The p l a g i o c l a s e  shows moderate t o  weak zoning, is  general ly 

somewhat a l t e r e d  ( s e r i c i t i z e d ,  mainly), twinned, wi th  bulk  composition 

genera l ly  i n  the  o l i g o c l a s e  range, and t e x t u r a l l y  e a r l y  w i t h  regard 

t o  the  o ther  phases. The b i o t i t e  commonly e x h i b i t s  a moderate degree 

of a l t e r a t i o n  t o  chlori te-opaques - + secondary amphibole, a l though 

the re  a r e  some specimens i n  which the  primary b i o t i t e  apparent ly  has 

been s t rongly  a l t e red lb leached  t o  a phase d i f f i c u l t  t o  d i s t i n g u i s h  

o p t i c a l l y  from muscovit ic  mica. 

These specimens a l s o  a l l  e x h i b i t  t h e  tendency toward varying degrees 

of pro to-ca tac las t ic  s t r a i n  e f f e c t s  which i s  common i n  g r a n i t i c  rocks. 

The quartz  ranges from s l i g h t l y  undulose e x t i n c t i o n  i n  some rocks,  

through degrees of c r e n u l a t i o n / ~ u l v e r i z i n g  t o  a r e l a t i v e l y  thoroughly 

comminuted "matrix" i n  o the r  specimens. The l a t t e r  rocks  a r e  sub- 

f o l i a t e d ,  wi th  obvious e f f e c t s  of deformational stresses a l s o  manifested 

by the  o the r  mineral  phases present .  The development of apprec iable  

epidote  i s  a l s o  noted i n  such rocks. I t  i s  perhaps noteworthy t h a t  

most of these  rocks possess f e ldspa r s  of pink-reddish c o l o r  i n  hand 

specimen. 

4. C l a s t i c  sedimentary rocks  - ( f i f t e e n  specimens) 



Most of these specimens c o n s i s t  of medium-coarse grained rocks of 

greywacke-subgreywacke-subarkose charac te r ,  a s  defined by P e t t i j o h n ,  

1957. They cons i s t  of angular-subangular-subrounded c l a s t i c  g ra ins  

of quartz,  che r t ,  rock fragments, a l k a l i  and plagioclase  f e l d s p a r s ,  

associa ted  with a somewhat f iner-grained matrix of c h l o r i t i c -  

s e r i c i t i c  mater ia l ,  which l a t t e r  o f t e n  includes (or has been a l t e r e d  

t o )  hemati t ic-ankeri t ic  ma te r i a l .  I n  one specimen, t h e  amount of 

modal hematite (40 + percent)  suggests  t h a t  the  a p e l l a t i o n  "iron- 

formation" might not  be inappropr ia te  f o r  t h i s  rock. Other carbonate 

( c a l c i t e )  mater ia l  is infrequent ly  present  a s  in te rg ranu la r  cement. 

Secondary s i l i c a  overgrowths a r e  common on the c l a s t i c  quar tz  g ra ins ,  

some of which were apparently f a i r l y  well-rounded o r i g i n a l l y .  One 

occurrence of tourmaline i n  minor (; 5 modal percent) amount was noted 

i n  a subgreywacke. Included i n  t h i s  category of c l a s t i c  sedimentary 

rocks a r e  two fine-grained specimens, one a s i l t s t o n e  wi th  apparent 

greywacke a f f i n i t i e s ,  t h e  o the r  a calcareous-phosphatic a r g i l l i t e .  

5. Carbonate rocks - (e ight  specimens). 

The specimens include t h r e e  quartzose limestones - one p e l l e t o i d a l  and 

o o l i t i c ,  another p e l l e t o i d a l  and burrowed, the  th i rd  an  i n t r a c l a s t i c  

va r ie ty .  Cherty rocks a r e  represented by a calcareous penecontempor- 

aneous conglomeratic c h e r t  and by a dolomitic chert .  A burrowed(?) 

p e l l e t o i d a l  dolomite and two e s s e n t i a l l y  ho loc rys ta l l ine  dolomites 

complete the  carbonate s u i t e  examined to  date. A l l  of these  rocks 

a r e  fine-very f i n e  grained and, although n m  exh ib i t  recognizable 

f o s s i l s ,  some t races  of t h e  a c t i v i t y  of burrowing organisms con- 

temporaneous with the  sedimentation seem to be d i sce rn ib le .  The 

specimens thus a r e  r e c r y s t a l l i z e d  ( to  varying degrees) sedimentary 
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rocks ,  b u t  n o t  marbles i n  t he  u s u a l  sense .  

6. Metamorphic rocks  - (one specimen). 

This  rock  is a ga rne t - s i l l iman i t e  qua r t zo - f e ldspa th i c  gne iss .  The 

a l k a l i  f e l d s p a r  is  f a i n t l y  m i c r o c l i n i c  o p t i c a l l y ,  and p e r t h i t i c .  The 

minera l  phases e x h i b i t  a tendency toward seg rega t ion  i n t o  d i s c r e e t  

bands of q u a r t z  (granula ted) ,  garnet-sillimanite-biotite (small  amount), 

and a l k a l i  f e l d s p a r .  Poorly c h a r a c t e r i z e d  muscovi t ic (? )  m a t e r i a l  i s  

found i n  minor amount, poss ib ly  r e p r e s e n t i n g  r e t rog rade  m a t e r i a l ,  and/or  

a me tas t ab le  phase i n  t he  s i l l imani te -muscovi te  zone of t h e  amph ibo l i t e  

f a c i e s .  S t a u r o l i t e  a l s o  appears i n  minor amount a s soc i a t ed  w i t h  t h e  

g a r n e t  and muscovite i n  t h i s  rock,  which would f u r t h e r  tend t o  i n d i c a t e  

m e t a s t a b i l i t y  w i t h i n  the  afore-mentioned metamorphic grade. C e r t a i n l y  

t h e  assemblage seems to  be r e p r e s e n t a t i v e  of r e g i o n a l  metamorphism i n  

t h e  upper amphibol i te  range (cf .  Turner ,  1968; Winkler, 1967). 

POSSIBLE SOURCE AREAS 

Given t h e  preceding p e t r o l o g i c  informat ion ,  i t  w a s  hoped t h a t  f u r t h e r  in- 

s i g h t  might b e  gained regarding p o s s i b l e  sou rce  a r e a ( s )  f o r  t hese  g r a v e l m a t e r i a l s ,  

a s  w e l l  a s  t h e  mode of t r a n s p o r t  t o  t h e i r  c o l l e c t i o n  s i t e s  on t h e  Beaufort  Sea 

f l o o r  o f f  n o r t h e r n  Alaska. Obviously, t h e  i n i t i a l  phase of such work e n t a i l s  a 

knowledge of t h e  l i t h o l o g i c  cha rac t e r  of rocks  exposed p re sen t ly ,  o r  i n  t h e  

r e c e n t  geologic  p a s t ,  i n  geographica l ly  r ea sonab le  p o t e n t i a l  source a r e a s .  With 

t h i s  i n  view, we have c a r r i e d  o u t  a review of t h e  a v a i l a b l e  l i t e r a t u r e  Ccf. t h e  

Se lec ted  Bibl iography,  t h i s  paper) p e r t a i n i n g  t o  t h e  bedrock geology of n o r t h e r n  

Alaska and Canada, w i t h  cons idera t ion  a l s o  be ing  g iven  t o  o the r  a r e a s  p e r i p h e r a l  

t o  t h e  A r c t i c  Ocean b a s i n  a s  w e l l .  The analogous s t u d y  of S to ibe r ,  e t  a l ,  1956, 

regard ing  t h e  sou rce  of g rave l s  on r c e  i s l a n d  T-3 served a s  a v e r y  u s e f u l  p o i n t  

-7- 



of depar ture  i n  our  work and, i n t e r e s t i n g l y  enough, our  s t u d i e s  r e s u l t  i n  

conclusions similar t o  those  of S to ibe r ,  e t  a l .  Add i t iona l ly ,  consu l t a t i ons  

and d i scuss ions  wi th  t h e  p a r t i e s  c i t e d  i n  t h e  acknowledgments s e c t i o n  of t h i s  

paper helped cons ide rab ly ,  

Presumably, w i t h  due regard  f o r  t h e  sampling b i a s  mentioned e a r l i e r ,  t h e  

l i t h o l o g i e s  encountered dur ing  the  p r e s e n t  work r e p r e s e n t  t h e  combined e f f e c t s  

of l i t h o l o g i c  n a t u r e  of sou rce  a reas ,  t h e  l i k e l i h o o d  f o r  formation and preser -  

va t ion  of grave l -s ized  fragments of t h e  v a r i o u s  l i t h o l o g i e s ,  geomorphic pro- 

ce s ses  r e l a t i v e  t o  e r o s i o n ,  coa r se  sediment t r a n s p o r t  and d i s p e r s a l ,  a s  we l l  

a s  phys i ca l  c o n d i t i o n s  of c l imate ,  wind, ocean c u r r e n t s ,  e t c .  Given these  

complexi t ies ,  t oge the r  w i t h  t h e  l i ke l ihood  of any given analyzed l i t h o l o g y  

being somewhat less than  r igo rous ly  d e f i n i t i v e  w i t h  r e s p e c t  t o  p o s s i b l e  sou rce  

a r e a ,  i t  was apprec i a t ed  t h a t  unambiguous r e s o l u t i o n  of t h e  ques t ions  of sou rce  

and t r a n s p o r t  mode might n o t  be  a n t i c i p a t e d ,  a t  least from t h i s  i n i t i a l  s tudy .  

However, it was hoped t h a t  c o l l e c t i v e  c o n s i d e r a t i o n  of t h e  spectrum of l i t h o -  

l o g i e s  would provide  a u s e f u l  framework and p o i n t  of d e p a r t u r e  f o r  f u r t h e r  

work, a s  w e l l  a s  pe rmi t t i ng  more s p e c u l a t i v e  a t t e m p t s  a t  i n t e r p r e t a t i o n  such 

a s  t h e  d i scuss ion  which fo l lows .  

I f  t h i s  s u i t e  of samples r e p r e s e n t s  a n  assemblage of m a t e r i a l s  der ived 

from a s i n g l e  gene ra l  source  reg ion ,  subsequent ly  t r anspor t ed  together  t o  t h e  

present  s i te  of occurrence on the  Beaufort  Sea f l o o r ,  then  t h e  most l i k e l y  sou rce  

a r e a  f o r  t h e  s u i t e ,  i n  t o t o ,  would seem t o  be somewhere i n  t h e  Canadian A r c t i c  

Archipelago. 

I f ,  however, more than  one source a r e a  f u r n i s h e d  ma te r2a l s  t o  t h i s  s u i t e ,  

t he  problem of a s c e r t a i n i n g  such source a r e a s  becomes cons iderably  more d i f f i c u l t .  

Since each of t h e  rock-types represented  might w e l l  have been derived from any  

one of s e v e r a l  p o s s i b l e  sources ,  t h e  most u s e f u l  in format ion  regarding any  of 



t h e s e  sources w i l l  be provided by those  l i t h o l o g i e s  which occur  i n  t h e  fewest  

p o s s i b l e  source s i t e s .  I n  t h i s  r ega rd ,  t he  g n e i s s . i s  perhaps t h e  most de- 

f i n i t i v e  l i t h o l o g y  i n  our s u i t e ,  t h e  d iabases  (with o r  w i thou t  t h e  volcanics  

a s  p o s s i b l e  consanguinous a s s o c i a t e s )  nex t ,  wi th  t h e  g r a n i t o i d s  , t h e  c l a s t i c  

sedimentary rocks,  and t h e  carbonate  rocks being somewhat l e s s  u s e f u l  i n  en- 

deavoring t o  s p e c i f i c a l l y  e l u c i d a t e  source  a reas .  

A s  an  example of t h e  l e s s - than -de f in i t i ve  na tu re  of t h e  s u i t e  i n  t o t o ,  the  

sou th  shore  of Coronation Gul f ,  Northwest T e r r i t o r i e s ,  Canada, has  t h e  diabase- 

volcanics-granitoid-high-grade g n e i s s  - + t h e  sedimentary rocks  poss ib ly  analogous 

t o  our  Beaufort  Sea g r a v e l  s u i t e .  However, i t  i s  d i f f i c u l t  t o  env i s ion  a 

f e a s i b l e  mechanism f o r  t r a n s p o r t i n g  such gravel-s ized materials from t h i s  par- 

t i c u l a r  p o t e n t i a l  sou rce  a r e a  t o  t h e  nor thern  Alaska s h e l f ,  g iven  t h e  cu r r en t  

and c l i m a t i c  regimen p r e s e n t l y  a c t i v e  i n  t he  region.  Of cou r se  it is poss ib l e  

t h a t  a t  some previous s t a g e  t h e s e  f a c t o r s  might have been more f a v o r a b l e  f o r  

a wes t e r ly  t r a n s p o r t  of i c e ,  and t h a t  t h e  g rave l s  r e p r e s e n t  a n  e a r l i e r  depo- 

s i t i o n a l  cyc le  on t h e  Beaufor t  Sea s h e l f ,  b u t  t h e r e  is  n o t  s u f f i c i e n t  i n fo r -  

mation a v a i l a b l e  a t  p r e s e n t  t o  permi t  anything b u t  t e n t a t i v e  s p e c u l a t i o n  i n  

t h i s  regard.  

Thus, i n  order  t o  f u r t h e r  cons ide r  t he  mat te r  of p o s s i b l e  sou rce  l o c a l i t i e s  

f o r  t h e  grave ls ,  we have merely at tempted t o  summarize t h e  obse rva t ions  from 

our  work, and t o  make such comparisons a s  seemed a p p r o p r i a t e  w i t h  information 

from o t h e r  sources.  

Ce r t a in ly ,  t h e  high-grade s i l l iman i t e -ga rne t  quar tzo- fe ldspa th ic  gne i s s  

has  no analog i n  no r the rn  Alaska,  as r e g i o n a l  metamorphic terrains of this 

grade  are not  known i n  t h e  reg ion .  I t  is  poss ib l e  t h a t  this r o c k  r ep resen t s  a 

c o n t a c t  aureole / roof  pendant occurrence  a s soc i a t ed  w i t h  g r a n i t t c  rocks  from 



A Brooks Range-Romanzof u p l i f t  source ,  bu t  t h i s  is  considered u n l i k e l y  i n  

view of t h e  apparent  "regional-metamorphic" a spec t  of t h e  sample s t u d i e d .  

Admittedly t h i s  i s  a d i f f i c u l t  problem t o  r e so lve  r igo rous ly  on t h e  b a s i s  of 

t h e  s tudy  of a s i n g l e  g r a v e l  f ragment ,  b u t  i t  appears more l i k e l y  t h a t  t h i s  

material r ep re sen t s  a sample of a high-grade metamorphic t e r r a n e  elsewhere. 

The p o s s i b l e  a r e a s  f o r  such inc lude  t h e  Aphebian and He l ik i an  of Northwest 

T e r r i t o r i e s ,  Canada, (south s h o r e  of Coronation Gulf ,  sou th  s h o r e  of Queen 

Maude Gul f ,  Baf f in  I s l a n d ,  o r  El lesmere  I s l a n d ) .  Another p o s s i b l e  sou rce  

would b e  t h e  Hadrynian of El lesmere I s l a n d .  

The d i a b a s i c  rocks s t u d i e d  a r e  somewhat l e s s  d e f i n i t i v e ,  i n  t h a t  t h e i r  poss ib l e  

sou rce  a r e a s  a r e  more numerous than t h e  g n e i s s  discussed above. These b a s i c  

rocks  may have been derived from nothern  Alaska e i t h e r  from a r e a s  i n  t h e  De 

Long Mountains o r  from the  Southern F o o t h i l l s  of t he  North S lope  sequence, par- 

t i c u l a r l y  i n  t h e  E t iv luk  River  a r e a .  Although the  p e t r o l o g i c  c h a r a c t e r  of t h e  

g r a v e l s  s t u d i e d  does n o t  p rec lude  a d e r i v a t i o n  from t h i s  r eg ion ,  t h e  Alaskan 

d i a b a s i c  rocks  genera l ly  seem t o  be  cons iderably  more a l t e r e d  than  t h e  g rave l s  

s tud ied .  An a l t e r n a t i v e  sou rce  would be  t h e  Hadrynian of t h e  Coronat ion Gulf 

a r e a  (south sho re ) ,  and/or V i c t o r i a  I s l a n d ,  Northwest T e r r i t o r i e s ,  Canada. 

Perhaps more l i k e l y  a r e  o r i g i n s  i n  t h e  Ellesmere I s l and  o r  E l l &  Ringnes I s l a n d  

mafic  i n t r u s i v e  bodies ,  which a p p a r e n t l y  a r e  n o t  too e x t e n s i v e l y  a l t e r e d .  

The vo lcan ic  rocks r ep re sen ted  i n  t h e  g rave l s  s tud ied  seem t o  have few knovn 

ana logs  a t  p re sen t  i n  f e a s i b l e  s o u r c e  areas i n  nor thern  Alaska. However, they  

might have been derived from t h e  D e  Long Mountains o r  t h e  Southern F o o t h i l l s  of 

t h e  North Slope sequence, a s  p e r  t h e  d i abases  discussed above, p a r t i c u l a r l y  i f  

t h e  b a s a l t i c  rocks were e i t h e r  consanguinous wi th ,  o r  r e p r e s e n t  marginal  f a c i e s  

of t h e  d iabases .  Perhaps more l i k e l y  is a source  i n  t h e  Neohel ikian and/or  

Aphebian vo lcan ic s  along t h e  sou th  sho re  of Coronatton Gu l f ,  t h e  He1Lkia.n vol- 



can ic s  of V i c t o r i a  I s l and  and/or  Ba f f in  I s l a n d ,  o r  t h e  Ellesmere I s l a n d  

Ordovician o r  Devonian sequences. 

The g r a n i t i c  rocks represented  i n  t h e  Beaufort  Sea g rave l s  a r e  f a i r l y  

t y p i c a l  of most such l i t h o l o g i e s .  The subequal  amounts of qua r t z ,  potassium 

f e l d s p a r ,  and p l a g i o c l a s e  a r e  s i m i l a r  t o  Brooks Range p lu ton ic  rocks  we have 

s t u d i e d ,  b u t  such c h a r a c t e r i s t i c s  a r e  h a r d l y  uniquely  d e f i n i t i v e  i n  terms 

of t h e  p r e s e n t  s tudy.  Furthermore, t h e  a s s o c i a t e d  minerals  such a s  t h e  micas,  

amyphibole, e t c .  do not  seem t o  be p a r t i c u l a r l y  promising i n d i c a t o r s  e i t h e r .  

Other p o s s i b l e  g r a n i t i c  source t e r r a n e s  i n  t h e  proximal Arc t i c  Basin r e g i o n  in-  

c lude  n o r t h e r n  po r t ions  of t he  U.S.S.R., a s  w e l l  a s  a r e a s  of no r the rn  Canada. 

Of t h e  l a t t e r ,  the  Archean g r a n i t o i d s  of t h e  sou th  shore  of Coronat ion Gul f ,  

and t h e  Devonian g r a n i t o i d s  of El lesmere I s l a n d  a r e  perhaps the  most 1Ckely. 

The Romanzof U p l i f t  g r a n i t i c  rocks of n o r t h e a s t  Alaska a r e  another  poss iE i i l i t y ,  

a l though t h e  pe t ro logy  aga in  is n o t  d e f i n i t i v e .  

The c l a s t i c  sedimentary rocks of t h e  g r a v e l  s u i t e  do no t  seem t o  be a s  amen- 

a b l e  t o  a s  c l ea r - cu t  an assignment r ega rd ing  t h e i r  source a r e a s  as might be  an- 

t i c i p a t e d .  Thus, i t  appears t h a t  t h e  predominantly subgreywacke (with subarkos ic  

a f f i n i t i e s  i n  a few cases)  a spec t  of t h e s e  rocks  might suggest  a sou rce  i n  t h e  

cont iguous r eg ions  of nor thern  Alaska and Canada, a s  w e l l  a s  from more d i s t a n t  

a r e a s  of t h e  Canadian Arc t i c .  P a r t  of t h e  problem is t h e  cons ide rab le  e x t e n t  

of such rocks  a r e a l l y  a d : s t r a t i g r a p h i c a l l y ,  i n  t h i s  e n t i r e  region.  The f i n e r -  

g ra ined  c l a s t i c  sedimentary rocks r ep re sen ted  i n  t h e  Beaufort  Sea g r a v e l s  seem 

t o  b e  e q u a l l y  non-defini t ive.  

The carbonate  rocks i n  the s u i t e  s t u d i e d  could w e l l  have been de r ived  from 

a d j a c e n t  no r the rn  Alaska a s  they a r e  r a t h e r  s i m i l a r  t o  Devonian and Carboniferous 

rocks which p r e s e n t l y  outcrop i n  t h i s  r eg ion .  However, they might e q u a l l y  w e l l  

have come from va r ious  source a r e a s  i n  t h e  Canadian Arc t i c  and, t hus ,  a r e  n o t  



apparent ly  d e f i n i t i v e  i n  t h i s  regard e i t h e r .  Once a g a i n ,  rocks of t h i s  a s p e c t  

a r e  qu i t e . abundan t  throughout  t he  e n t i r e  reg ion .  

SUMMARY 

It would appear ,  based on t h e  foregoing d i s c u s s i o n ,  t h a t  a l though a  no r the rn  

Alaska sou rce  f o r  t h e  Beaufort  Sea grave ls  is  a p o s s i b i l i t y ,  t he re  is  a g r e a t e r  

l i ke l ihood  t h a t  a t  least  some of t h e  g r a v e l  f ragments  have come from o t h e r  r eg ions .  

The El lesmere I s l a n d  area seems t o  r e p r e s e n t  t h e  most f avo rab le  s i t u a t i o n ,  i n  

terms of l i t h o l o g i e s  and t e r r a i n s ,  i n  con junc t ion  w i t h  t h e  p re sen t  c u r r e n t  p a t t e r n s  

i n  t he  A r c t i c  .Basin. C e r t a i n l y  the  work of S t o i b e r ,  e t  a 1  wi th  ~ e g a r d  t o  some 

of t h e  m a t e r i a l s  on i c e  i s l a n d  T-3 is sugges t ive  of t h i s ,  and the  p e t r o l o g i c  

cha rac t e r  of t h e  Beaufor t  Sea grave ls  seems t o  i n d i c a t e  that t h i s  i s  a v e r y  l i k e l y  

source a rea .  The only  o t h e r  gene ra l  r eg ion  which seems to  have the  r e q u i s i t e  

bedrock geology a t  p r e s e n t  is  t h e  s o u t h  sho re  of Coronat ion Gulf ,  b u t  there are 

problems i n  demonstrat ing t h e  f e a s i b f l L t y  of g r a v e l  t r a n s p o r t  from th f s  area t o  

the  Beaufort  Sea s h e l f  of nor thern  Alaska. The c r u c i a l  presence of t h e  high-grade 

s i l l iman i t e -ga rne t  g n e i s s  and t h e  r e l a t i v e l y  modera te ly  a l t e r e d  d i a b a s l c  r o c k s  

seems t o  sugges t  a n  El lesmere I s l and  source  f o r  a t  l e a s t  t hese  materfals, and, 

by imp l i ca t ion ,  perhaps a cons iderable  p o r t i o n  of t h e  o t h e r  l i t h o l o g i e s  noted i n  

t h e  g rave l s .  

I n  conclus ion ,  we wish t o  stress t h e  p re l imina ry  n a t u r e  of t h e  p re sen t  In- 

v e s t i g a t i o n .  It is hoped t h a t  f u r t h e r  s t u d i e s  dl1 a i d  I-n c l a r i f y i n g  t h e  situatlCon 

and t h e  a d d i t i o n a l  work we a r e  c u r r e n t l y  undertakFng w i l l  be a  cont r i l iu t ion  t o  this 

end. 
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Table 1. Petrographic  Analyses 
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Specimen Number: Locat ion: G L A  71-1 

Texture: Structure: 

i4isc. : Quartzose pelletofdal - o o l i t i c  limestone 

Description of Minerals : 

Name - Shape ZZ5 (m) 

Quartz sub-angular 4 0 .1  

Calcite ool i tes;  

irregular 
pel lets  ; 

crystalline 
mosaic 

Alteration Remarks 

floating freely in  
carbonate matrix. 

Commentary : 
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PETROGR .%?EIIC AiJALY SI S 

Specimen Number: Location: - 1 

Texture : -ti <. c Structure: 

ilis c . : Medium -. -grained hematitic ~revwacke 

Description of lfinerals : 

Name - Shape Size (mm) - 
Quartz ang. Isubang. L 0.3 

Chert ang./subang. 40.3 

M.R.F. ang. /sub-ang. 4 0.3 
I 
h, 
r Plagioclase 
I 

ang./sub-ang. 40.3 

Microcline ang./sub-ang. 40.3 

Carbonate ireg . <0.5 

Hematite ireg . 
Magnetitel ireg. c 0.5 
Ilmeni t e 

Alteration Remarks 

cement 

pervasive as matrix, 
and on detrital grains 

hematite/leucoxene 

Commentary : 



Specimen Number: Location: GLA 71-3 

Texture: P r o t o c l a s  t i c  g r a n i t o i d  S t ruc tu re :  

t l isc .  : Bioti te-hornblende g r a n i t e  

Description of llinerals : 

Name - Shape Size  (mm) - 
Quartz i r r e g u l a r  d 2.3 

P lag ioc l a se  subhedra l l  2.0; 
i r r e g u l a r  L O .  2 

I 
h) 

K-feldspar subhedra l  4 2.0 
h3 
I 

B i o t i t e  subhedra l  4 2 . 0  

Hornblende i r r e g u l a r 1  d 2 . 0  
sub-hedral 

Epidote  euhedra l l  < 0.3 
subhedra l  

Zircon subhedra l  4 0.3 

Sphene subhedra l  ( 0 . 3  

Magneti te l  subhedra l  4 0 . 2  
I lmeni  t e  

t4odal X Alteration Remarks 

2 5 s t r o n g l y  crushed 

25 moderately s e r i c i t i z e d  ; zoned ; 
f r e s h  AN20 

t r a c e  

t r a c e  

4 5 

p e r t h i t i c  

moderately t o  c h l o r i t e  

green-blue 

assoc.  w i t h  b i o t i t e ,  e t c .  

moderately t o  leucoxene 

Comenrar~: A pro tocLas t i c  f o l i a t e d  g r a n i t o i d  



Specimen Number: Location: GLA 71-4 

Texture : Structure: 

Description of Ilinerals : 

Name - Shape 

anhedrall 
irregular 

Size (m) - 
0.7-0.06 
and < 

Alteration Remarks 

interlocking mosaic, and 
with burrows (?)  f i l l e d  
coarser crys ta l s ,  and with 
p e l l e t / f o s s i l  r e l i c t  through- 
out the rock. 

Cornmen tary : 
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PETROGRPHIC ANALYSIS 

Specimen Number : Location: GLA 71-4 

Texture: S t ructure :  

Descript ion of Minerals : 

Name - Shape - size (-1 Modal % Al te ra t ion  Remarks 

Quartz sub-rounded d 0.1 major 

~ h l o r i t e / M i c a  i r r e g u l a r  very f i n e  major 

, Phosphatic sub-rounded i r r e g u l a r  major 
r.J 
a\ nodules 
I 

Carbonate i r r e g u l a r  v a r i a b l e  ma j o r  

K-f e ld spar  sub-hedral 4 0.3 minor 

w i t h  secondary overgrowths 
on some g r a i n s  

Commentary: Specimen d i f f i c u l t  t o  decipher pe t rographica l ly ,  due t o  small g r a i n  s i z e s  and 
complex intergrowth of cons t i tuen t s .  
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Specimen Number: Locat ion : GLA 7 1  4 I11 - - 

Texture: St ruc tu re :  

i l isc .  : Diabase (?I  

Desc r ip t ion  of l l i n e r a l s  : 

Name - Shape S ize  (mm) 

Clinopyroxene euhedra l  4.0-2.0 

I ~ h l o r i t e / b i o t i t e  i r r e g u l a r  N 
v a r i a b l e  

a I amphibole/epidote 

P l ag ioc l a se  i r r e g u l a r  i n d i s t i n c t  

~ a g n e t i t e l  subhedra l l  4 1.0  
I lmeni  te euhedra l  

A l t e r a t i o n  Remarks 

moderately t o  phenocrys ts 
chlor i te /amphibole /  
b i o t i t e l e p i d o t e  

a f t e r  ma t r ix  and/or  
ma£ i c s  

moderately a l b i t i z e d  
and/or  s e r i c i t i z e d -  
s a u s s u r i  t i z e d  

Commentary: Strongly a l t e r e d  rock. Texture obscure. 



PETROGR .VBIC WALY SI S 

Specimen Number: Location: GLA 71-9 

Texture : C w c  Structure: 

ilisc. : Medium-grained greywacke 

Description of Ilinerals : 

Name - Shape S ize  (mm) 

Quartz sub-rounded L 0.5 

Plagioclase 

Chlorite/ 
s e r i c i t e  

sub-rounded C 0.5 

sub-rounded 10 .5  

laths  (0.03 

Alteration Remarks 

with secondary overgrowths; 
semi-elongated and s e m i -  
para l l e l  al igned.  

intergranular matrix 

Chert + 
M.R.F. 

irregular 

Commentary : 





Specimen Number: Locat ion : GLA 71-9 

Texture : P r o t o c l a s t i c  g r a n i t o i d  S t r u c t u r e :  

:list. : Granod io r i t e  

Descr ip t ion  of I l i ne ra l s  : 

N a m e  - Shape - S i z e  (mm) 

Quartz anhedra l  4 1.2  

P lag ioc l a se  sub-anhedral 4 2 . 3  

> 
> 

K-Feldspar sub-hedral d 2 . 3  

B i o t i t e  sub-hedral 10.6 

~ a g n e t i t e /  
I lmen i t e  

anhedra l  very  f i n e  

Modal % A l t e r a t i o n  

32 h ighly  crushed 

3 5 moderately t o  
s e r i c i  t e  

1 6  moderately t o  
s e r i c i t e ,  e t c .  

16  moderately t o  
c h l o r i t e  + hemat i te  
+ opaques 

Remarks 

AN15-20 

sub -pa ra l l e l  e longa t ion  
and l a y e r s ;  smeared out  

Commentary: A p r o t o c l a s t i c  ( f l a s e r )  g r a n i t o i d ,  w i t h  l a r g e r  f e l d s p a r s ,  g ranu la t ed  qua r t z ,  
and in t e r l eaved  b i o t i t e .  
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PETROGR.VHIC ANALYSIS 

Specimen Number: Location: ~ 7 1 2 7 1  - - 

Texture : Diabas ic  Structure: 

Hisc. : Diabase 

Descr ip t ion  of Ilinerals : 

Name - Shape S i z e  (mm) - A l t e r a t i o n  Remarks 

P lag ioc l a se  l a t h s  4 1 . 2  4 0 m5 2 

Clinopyroxene subhedra l l  4 2.3 
i r r e g u l a r  

4 0 weakly t o  b i o t i t e  + gene ra l ly  i n t e r s e r t a l ;  
c h l o r i t e ,  e t c .  some p i g e o n i t e  

I .  Orthopyroxene subhedra l l  v a r i a b l e  t r a c e  
W 
a\ i r r e g u l a r  
I 

Micrographic i r r e g u l a r  v a r  i a b  l e  5 
m a t e r i a l  

Magnet i te l  
I lmeni  t e  

subhedra l l  4 2.0 
euhedral  

i n t e r s t i t i a l  

Commentary: Very weakly a l t e r e d .  



pETROGR%!?HIC mALY SIS 

Specimen Number: Location: GLA 71-27-11 

Texture : Diabasic St ruc ture :  

i4isc. : Olivine  d iabase  

Descr ip t ion  of l l i ne ra l s  : 

Name - Shape S ize  (mm) - 
Plag ioc lase  l a t h s  4 3.0 

Clinopyroxene i r r e g u l a r /  4 4.0 
subrounded 

I O r  thopyroxene 
W 

i r r e g u l a r  (1.0 
4 
I 

c h l o r i t e /  amphibole/ i r r e g u l a r  patchy, 
b i o t i t e  v a r i a b l e  

Ol iv ine  sub-rounded 4 0.5 

Magneti teII lmenite  subhedra l l  NO. 5 
euhedral  

A l t e r a t i o n  Remarks 

l a r g e l y  i n t e r s e r t a l -  
p o i k i l i t i c  

a f t e r  o l i v i n e  

moderately t o  b i o t i t e  
+ c h l o r i t e  + opaques + t a l c ,  - 
se rpen t ine ,  e t c .  

Commentary: Moderately a l t e r e d .  



PETROGREHIC WALYSIS 

Specimen Number: Locat ion : GLA 71-28 

Texture : Diabasic - s u b o ~ h i t i c  S t ruc ture :  

tlisc. : Diabase 

Descr ip t ion  of I l inera ls  : 

Name - Shape S ize  (mm) 
7 

Plagioclase  l a t h s  L 2.0 

Clinopyroxene i r r e g u l a r  4 3.0 

I 
Orthopyroxene i r r e g u l a r  v a r i a b l e  

Olivine rounded/ c 0.3 
ovoid 

Micrographic i r r e g u l a r  patchy 
ma te r i a l  

~ h l o r i t e / a m p h i b o l e /  
b i o t i t e  i r r e g u l a r  v a r i a b l e  

~ a g n e t i t e l ~ l m e n i t e  subhedra l l  4 1 . 0  
p y r i t e  euhedral  

A l t e r a t i o n  

weakly-moderately 
t o  s e r i c i t e / s a u s s u r i t e  

moderately t o  b i o t i t e  
+ opaques + c h l o r i t e  + 
amphibole 

moderately-strongly t o  
b i o t i t e  + opaques + . 
amphibole + c h l o r i t e  

Remarks 

A N 5 5  ; 
moderately zoned 

mainly i n t e r s e r t a l  

p o i k i l i t i c  

l a t e  and i n t e r s t i t i a l  

a l t e r a t i o n  products  

o f t e n  assoc. wi th  
a l t e r a t i o n  products  

Commentary: Moderately a l t e r e d .  





PETROGRPEIIC AHALY SIS 

Specimen Number: Location : GLA 7 1-31 

Texture: Structure: 

Llisc. : Limes tone 

Description of 1.linerals : 

Name - Shape - Size lfodal % Alteration Remarks 
(mm) 

C a l c i t e  i r r e g u l a r /  40.8 
anhedral 

Quartz sub-angular 4 0.07 5 

in te r lock ing  mosaic, wi th  
r e l i c t  p e l l e t s  (?)  

d e t r i t a l  g r a i n s  

Commentary : 
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PETROGR.L9tlIC MALY SIS 

Specimen Number: Location : GLA 71-31 

Texture : Structure: 

iiisc. : 2 

Description of Ilinerals : . 

Name - Shape Size (mm) Modal % Alteration Remarks 

Chert irregular 4 0.1 60 matrix, pervasive 

Calcite irregular, 4 0.2 
and rounded 

Rock fragments rounded/ (. 3.0 
Iu 
I irregular 

Phosphate (?) irregular < 0.1 

10 replacing some clasts 

30 moderately to calcite some as clasts, others 
as soft clasts and/or 
interstitial sediment with 
chert . 

trace 

Commentary: An intimate melange of chert-clasts/sedimentary matrix of clays-sedimentary rock clasts; 
ie. a "calcareous penecontemporaneous micro-conglomeratic chert". 











Specimen Number: Location : GLA 71-41 

Texture: A p l i t i c  S t ruc ture :  

ilisc. : A p l i t i c  g r a n i t e  

Descript ion of I l inera ls  : 

Name - Shape - Size (mm) Modal % Alteration Remarks 

i r r e g u l a r  2.3 23 s t r a i n e d  and bent  
Quartz 

P lagioc lase  subhedral/  C 1.2 
anhedral  

2 4 s l i g h t  

I Microcline i r r e g u l a r  (1.0 18 
4 
I 

Myrmekite i r r e g u l a r  v a r i a b l e  11 

s l i g h t  

~ i o t i t e l  i r r e g u l a r 1  v a r i a b l e  19 s t rongly  t o  c h l o r i t e  
amphibole subhedral + opaques + mica 

~ a g n e t i t e l  subhedra l l  (0 .2  
Ilmeni te anhedral  

o l igoc lase  

ben t  and deformed 

assoc.  w i th  a l t e r e d  mafic 
minerals .  

Commentary: 





PETROGRPHIC ANALYSIS 

Specimen Number : Location: GLA 71-45 

Texture: Diabasic Structure: 

Sfisc. : Diabase 

Description of Minerals : 

Name - Shape Size (mm) 

Plagioclase laths / .= 4.0 
subhedral 

Amphibole subhedrall 6. cH c; 
4 2.0 

I 
f- 
w 
I Clinopyroxene irregular z 6.0 

Alteration Remarks 

3 0 moderately saus- 
suri tized 

AN50; 
zoned 

Biotite irregular variable 5 

MagnetitelIlmenite subhedrall c 4.0 
euhedral 

Pyrite anhedr a1 very fine trace 

weakly-moderately to primary or secondary ? 
chlorite 

moderately to hornblende mostly intersertal 
to actinolite to chlorite 

assoc. with opaques and 
altered phases. 

Commentary: Moderately-strongly altered rock. 





Specimen Number: Location: GLA 71-68-2 

Texture : Hypidiomorphic g ranu la r  Structure: 

i l isc .  : B i o t i t e  g r a n i t e  

Description of Ilinerals : 

Name - Shape Size (mm) Modal % Alteration - Remarks 

Quartz i r r e g u l a r  4 2.3 2 5 

P lag ioc l a se  subhedra l l  4 2.3 
anhedra l  

I 
Cn 
P K-feldspar i r r e g u l a r  

I 
4 3 . 4  

B i o t i t e  subhedral  42 .5  

3 0 weakly s e r i c i t i z e d  zoned, AN28-25 

20 weakly s e r i c i t i z e d  

Carbonate i r r e g u l a r  4 0.5 t r a c e  

Sphene subhedral  4 0.5 t r a c e  

Epidote subhedral  4 0 . 5  5 

~ a g n e t i t e l  i r r e g u l a r  v a r i a b l e  
I lmen i t e  

somewhat bleached 
( to  "muscovi ten'?) 

s l i g h t l y  t o  hemat i te  pseudomorphs 
a f t e r  some b i o t i t e  

Commentary : 



Specimen Number: ~ocation: GLA 7 1-68-3 

Texture: C l a s  t i c  Structure: 

Description of I l i ne ra l s  : 

Name - Shape Size (m) - 
Quartz angular1  41.0 

sub-angular 

Microcl ine subhedra l l  d l .  0 
angular  

I 
Cn 
h, 
I Chert  sub-rounded 41.0 

P lag ioc l a se  sub-angular 11 .0  

M.R.F. i r r e g u l a r  1 1 . 0  

c h l o r i t e /  i r r e g u l a r  very  f i n e  
muscovite 

B i o t i t e  subhedra l  L1.O t r a c e  

Alteration Remarks 

i n t e r g r a n u l a r  ma t r ix  

Commentary : 





PETROGR-WlIC AiJALY SIS 

Location : GLA 71-68-6 
Specimen Number: 

Texture: Diabas ic  Structure: 

Fine-grained d iabase  Il isc.  : 

Description of Minerals : 

Name - Size (m) - 
Plag ioc l a se  subhedral  -c 1.0  

Clinopyroxene subhedra l l  4 1.0  
i r r e g u l a r  

I 
Micrographic i r r e g u l a r  v a r i a b l e  

I material 

O r  thopyroxene subhedra l l  v a r i a b l e  
i r r e g u l a r  

Magnet i teII lmenite  euhedra l l  4 1.0  
subhedral  

Modal % 

40 

25 

A l t e r a t i o n  Remarks 

moderately t o  am- I n t e r s t i t i a l  t o  p l a g i o c l a s e  
p h i b o l e / c h l o r i t e  

I n t e r s t i t i a l  

s t rong ly  t o  c h l o r i t e  
+ b i o t i t e  and opaques 

Commentary : 













Specimen Number: Location: CT.A 71 - 68 - 1 7  

Texture : Structure: 

Ifisc.: Strongly altered amvpdaloidal basalt 

Description of Ilinerals : 

Name - Shape - S i z e  (mm) 3fodal % Alteration Remarks 

Orthopyroxene euhedral 4 0.8 10 moderately to chlorite phenocrysts 

Plagioclase laths/ L 0.2 
subhedral 

3 0 strongly to saussurite/ matrix 
carbonateliron-stain 

Clinopyroxene subhedral; 0.3 10 phenocrys ts ; 
I 

Q\ irregular 4 0.2 30 moderately to chlorite matrix 
0 
I 

~agnetitel~lmenite subhedral 4 0.07 20 

Comentary: Specimen displays amygdules (-0.5 mm diameter) filled with chlorite, 
quartz + zeolitic material. - 



PETROGR VHIC ANALYSIS 

Specimen Number: Location : GLA 71-68-13 

Texture: Clas  t i c  Structure: 

iiisc. : Coarse-medium-grained subgreywacke 

Description of l.l2nerals: 

Name - Shape - Size (mm) Modal 2 Alteration Remarks 

Cher t  sub-angular;  - 3.0 5 

Quartz 
i- 
t 

C h l o r i t e /  
Mica 

SUE-angular / 4 0.7 
sub-rounded 

sub-angular; r~ 2.0 
sub-angular 4 a.7 

i r r e g u l a r /  
subhedra l  

v a r i a b l e  1 a 

Plag ioc l a se  sub-angular < 0.7 1 0  

Microc l ine  sub-angular 4 0.7 1 0  

M.R.F. sub-angular < 0.7 L 10 

Magnet i te /  i r r e g u l a r  4 0.7 L 5 
I lmeni  t e  

Commentary: 
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PETROGRetlIC ANALYSIS 

Specimen Number: Location : GLA 71-68-19 

Texture: Grani to id  Structure: 

i.lisc. : B i o t i t e  g r a n i t e  

Desc r ip t ion  of l l i ne ra l s  : 

Name - Shape - Size  (mm) Modal % A l t e r a t i o n  Remarks 

Quartz anhedral  ( 2 . 2  2  6  

Plag i o c l a s e  sub-hedral c 1 .4  

, Microc l ine  i r r e g u l a r  (2.3 
cn 
0\ 
I 

B i o t i t e  

Hematite 

i r r e g u l a r  v a r i a b l e  

i r r e g u l a r  very  f i n e  

Magnet i te /  sub-anhedral 4 0.4 
I l m e n i t e  

s t r o n g l y  t o  s e r i c i t e  and zoned, AN 20313 
hemat i te  

25 moderately t o  s e r i c i t e  some a f t e r ,  and on 
p l a g i o c l a s e  ; most i n  
ma t r ix  wi th  q u a r t z ,  and 
i n  ve ins .  

moderately t o  c h l o r i t e  

weakly t o  hemat i te  + 
leucoxene 

pervas ive ,  e s p e c i a l l y  on 
a l t e r e d  f e l d s p a r s  

e s p e c i a l l y  assoc .  w i t h  a 
ma£ i c  (? ) i n c l u s i o n  

Commentary: Rock con ta ins  a n  i n c l u s i o n  of a mafic(?)rock, ofcu14.0 mm diameter  now composed 
of c h l o r i t e / b i o t i t e  + magneti te / i lmenite .  



Specimen Number: Location : GLA 71-68-20 

Texture : Structure: 

ifisc. : Dolomite 

Description of llinerals : 

Name - Shape size (m) 

Dolomite euhedral /  C 1.0  
subhedral  

Alteration Remarks 

i n t e r l o c k i n g  mosaic 
of subhedral  c r y s t a l s ;  
cons ide rab le  euhedra l  
m a t e r i a l  a s  we l l .  

Commentary : 





Specimen Number : Locat ion : GJ,A 71-68-23 

. . Texture : Diabas ic  - sub- s t r u c t u r e :  

i l isc.  : Diabase 

Descr ip t ion  of I l i ne ra l s  : 

Name - Shape - S i z e  llodal % A l t e r a t i o n  Remarks 
(mm) 

Plag ioc l a se  l a t h s  C 1.3  

I 
0\ 
\O Clinopyroxene i r r e g u l a r ;  4.0; 

I subhedra l  L 1.0 

4 0 moderately s e r i c i t i z e d  
(esp. l a r g e r  g r a i n s )  

AN 5 4 ;  
weakly zoned 

~ i o t i t e / c h l o r i t e /  i r r e g u l a r  v a r i a b l e ;  10  
+ amphibole - 4 1 . 0  1 0  

P y r i t e  subhedra l l  4 1.0  
euhedral  

Magnetite/  subhedra l l  C 1.0 
I lmen i t e  euhedra l  

a f t e r  orthopyroxene 
and/or  o l i v i n e ( ? )  

i n t e r s e r  t a l ,  p o i k i l i t i c  
(a£ t e r  p l ag ioc l a se )  ; 
w i t h  and a f t e r  p l a g i o c l a s e  

some i n t e r s t i t i a l ,  perhaps 
a f t e r  matr ix? 

Commentary: Moderately a l t e r e d .  




