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Abst rac t  

(rA\bion and h m a n i o h )  
The Nanushuk Group, of E a r l y  and La te  C r e t a c e o u s ~ a g e ,  i s  a t r a n s i -  

t i o n a l  u n i t  c o n t a i n i n g  d e l t a i c ,  i n t e r d e l t a i e ,  and sha l low marine sand- 
s t o n e  and s h a l e  sequences t h a t  crop o u t  i n  t h e  wes te rn  and c e n t r a l  
f o o t h i l l s  belt and i s  widespread i n  t h e  subsur face  of t h e  A r c t i c  North 
Slope. The Lower Cretaceous  Torok Formation,  conformably under lying 
and l a t e r a l l y  e q u i v a l e n t  t o  t h e  Nanushuk Group, i s  predominantly a 
s h a l e  sequence of deeper  water o r i g i n  than  t h e  Nanushuk Group. Sand- 
s t o n e s  c o l l e c t e d  from s c a t t e r e d  ou tc rops ,  from e i g h t  measured s e c t i o n s ,  
and from twenty w e l l s  d r i l l e d  by t h e  Navy and t h e  U.S. Geological  
Survey i n  t h e  Nanushuk Group and Torok Formation were examined f o r  
composi t ional  d i f f e r e n c e s .  R e s u l t s  of t h e  modal ana lyses  show t h e  
s u i t e  of sandstones  t o  be be l i t h i c  and quar tz - r i ch  when p l o t t e d  on a 
Q-F-L ternary diagram. Two d e p o s i t i o n a l  lobes  (western  and c e n t r a l )  
can be d i s t i n g u i s h e d  by v a r i a t i o n s  i n  t h e  l i t h i c  component of t h e  
sandstone modal ana lyses  as w e l l  a s  p a l e o n t o l o g i c  da ta .  

Sandstones of t h e  Nanushuk Group from s c a t t e r e d  ou tc rops  and from 
t h e  Barabara s y n c l i n e ,  Corwin Bluff  , Tupikchak Mountain, and Carbon 
Creek s e c t i o n s  i n  t h e  western  d e l t a  ( t h e  Cortdn ~ e l t a )  (Ahlbrandt and 
o t h e r s ,  1979) show a n  inc reased  p r o p o r t i o n  of sedimentary l i t h i c  
component, e s p e c i a l l y  c a l c a r e o u s ,  a r g i l l a c e o u s  and carbonaceous g r a i n s ,  
and t h u s  are sedimentary l i t h a r e n i t e s  (Folk ,  1968). I n  c o n t r a s t ,  
sandstones  of t h e  Nanushuk Group from s c a t t e r e d  ou tc rops ,  and from t h e  
Tuktu B l u f f ,  Kurupa a n t i c l i n e ,  Arc Mountain, and Marmot s y n c l i n e  sec- 
t i o n s  i n  t h e  c e n t r a l  d e l t a  ( t h e  Umiat De l ta )  (Ahlbrandt and o t h e r s ,  
1979) c o n t a i n  more numerous v o l c a n i c  rock fragments and metamorphic 
rock fragments ( p a r t i c u l a r l y  q u a r t z i t e  and f o l i a t e d  quartz-mica).  
These sandstones  a r e  predominantly p h y l l a r e n i t e ,  thcugh some samples 
may be ca tegor ized  as sedimentary  l i t h a r e n i t e  and vo lcan ic  l i t h a r e n i t e  
( ~ o l k ,  1968). Samples from t h e  more n o r t h e r l y  subsur face  occurrences  
of t h e  Nanushuk Group and Torok Formation show modal p l o t s  which r e f l e c t  
s u b t l e  v a r i a t i o n s  corresponding t o  those  of t h e  s u r f a c e  p l o t s ,  p o s s i b l y  
i n d i c a t i n g  a g r a d a t i o n ,  t r a n s i t i o n ,  o r  i n t e r f i n g e r i n g  of l i t h i c  
types  i n  t h e  subsurface .  

Sources f o r  t h e  Nanushuk Group sandstone probably a r e  d i f f e r e n t  
f o r  t h e  two d e l t a s .  The i n c r e a s e d  amounts of ca lca reous  and a r g i l l a c e o n s  
m a t e r i a l  found i n  t h e  Corwin Del ta  were der ived predominantly from t h e  
Lisburne Group of M i s s i s s i p p i a n  and Pennsylvanian age ,  t h e  Shubl ik  
Formation of Middle and L a t e  T r i a s s i c  age,  and t h e  Siks ikpuk Formation,  
he re  of E a r l y ( ? )  Permian age. M a t e r i a l  found i n  t h e  Umiat Del ta  probably 
was shed from t h e  Endico t t  Group, c o n s i s t i n g  of t h e  Upper Devonian 
Hunt Fork Shale and Kanayut Conglomerate, and t h e  Lower M i s s i s s i p p i a n  
Kayak Shale.  The Endico t t  Group c o n t r i b u t e d  inc reased  p r o p o r t  ions of 
quar tzose  and metamorphic rock fragments ( p h y l l i t e  and s l a t e )  t o  t h e  
e a s t e r n  s u i t e  of Nanushuk sediments.  

Matrix m a t e r i a l s  caused by compaction of d u c t i l e  g r a i n s ,  and 
cementing minerals  produced d i a g e n e t i c a l l y  and by weather ing a r e  
ubiqui tous  i n  samples from t h e  Nanushuk Group. Pe t rograph ic  evidence 
f o r  t h e  development of secondary p o r o s i t y  e x i s t s ,  but is  not common 
i n  t h e  sandstones .  Many samples ,  e s p e c i a l l y  those  from the  subsurface, 
a t t a i n  v i s i b l e  p o r o s i t y  v a l u e s  t h a t  are  high enough t o  he of i n t e r e s t  
from a r e s e r v o i r  s t a n d p o i n t .  



In t roduc t ion  

Surface and subsurface sandstones from t h e  Lower and Upper Cre- 
taceous Nanushuk Group and t h e  Lower Cretaceous Torok Formation were 
examined t o  determine the  t e x t u r a l  and mineralogical  f a c t o r s  t h a t  
might i n d i c a t e  t h e i r  source and a f f e c t  r e s e r v o i r  c h a r a c t e r i s t i c s .  The 
samples were co l l ec t ed  from s c a t t e r e d  outcrops (sample numbers 1075 
through 5475), from measured s e c t i o n s  i n  t h e  western and c e n t r a l  out- 
crop b e l t s ,  and from t h e  subsurface (Bartsch-Wfnkler, 1979; 1981; 
Bartsch-Winkler and Huffman, 1981; and Huffman, 1979) (Fig. 1).  The 
s t r a t i g r a p h i c  s ec t i ons  i n  the Nanushuk Group range i n  depos i t i ona l  
s e t t i n g  from f l u v i a l  t o  d e l t a i c  t o  shal low marine,  and show v a r i a t i o n s  
i n  t ex tu re ,  composition, and d iagene t i c  a l t e r a t i o n .  Samples of the  
Torok a r e  believed by Rird and Andrews (1979) t o  be deeper water marine 
equiva len ts  of Nanushuk sandstones;  i.e., t h e  two u n i t s  a r e  l a t e r a l  
equiva len ts  of a single depos i t i ona l  system, Sampling was not sys te -  
matic;  r a t h e r ,  i t  concentrated on the  coarser  g ra ined ,  t h i c k e r  sand- 
s tones ,  which a r e  of g r e a t e r  i n t e r e s t  from a provenance, and petroleum 
r e s e r v o i r  s tandpoin t ;  most su r f ace  samples examined were from t h e  
f l u v i a l  o r  d e l t a i c  regimes; t h e  t h i c k e r  beds were f requent ly  sampled 
a t  s eve ra l  horizons.  The su r f ace  samples were co l l ec t ed  by James E. 
Fox (South Dakota School of Mines) i n  J u l y ,  1975, from s c a t t e r e d  out- 
crops of the  Nanushuk Group so t h e i r  depos i t i ona l  s e t t i n g s  a r e  known. 
The subsurface samples were obtained from cores  s t o r e d  a t  U.S. Geological 
Survey warehouses i n  Fairbanks and Anchorage. Some of the  t h i n  s ec t i ons  
were made from the  remains of "perm plugs" used t o  determine po ros i t y  
and a i r  permeabi l i ty  ( ~ o b i n s o n ,  1956, 1958, 1959a,b,c, 1964; Co l l i n s ,  
1958a,b, 1959). These samples,  taken from t h e  wells d r i l l e d  by t h e  
U.S. Navy p r i o r  t o  1975, inc lude  those from Kaolak-1, Topagoruk-1, 
Simpson, Meade-1, Oumalik-1, Titaluk-1, Wolf Creek 1 and 3,  Grand- 
s tand ,  Knifeblade-2A, Square Lake, and Gubik-2. More recent  wel ls  
were d r i l l e d  by t h e  U.S. Geological Survey, and samples analyzed 
from these  wells include those from East Simpson, Dalton, Inigok,  
Seabee, F i sh  Creek, Tunalik,  Peard , South Meade, and South Barrow 
1 and 6. The r e l a t i v e  s t r a t i g r a p h i c  pos i t i ons  of the subsurface 
samples are  w e l l  known, but environments of depos i t ion  a r e  not iden- 
t i f i e d .  Modal analyses  were performed on a t o t a l  of 199 t h i n  s ec t i ons ,  
and observat ions on t h e  t e x t u r a l  d e t a i l s  were made on many more samples, 
A prel iminary petrographic  s tudy of t h e  sandstones was reported i n  
Ci rcu la r  794 (Bartsch-Winkler, 1979, p. 61-74; Huffman, 1979, p.  
77-88), Ci rcu la r  (~a r t s ch -Wink le r ,  1981), and C i r cu l a r  823-B 
(Rartsch-Winkler and Huffman, 1981). Krynine (1947, 19481, Rrynine 
and Fern (19521, Fox (1979, p ,  42-53), and Fox and o thers  (1979) d id  
petrographic  s t u d i e s  on rocks from t h e  Udat t e s t  w e l l s ,  and t h e i r  
sandstone desc r ip t i ons  served as inva luable  in t roduc t ions  t o  t he  
complexi t ies  and nuances of t he  sandstones of the ~ a n u s h u k  Group and 
Torok Formation examined i n  t h i s  study. 

Methods of s tudv 

Sandstones were submitted f o r  t h i n  sec t ion ing ,  s t a i n i n g ,  and impreg- 
na t ion ,  t o  commercial l abo ra to r i e s  under con t r ac tua l  agreement with t h e  
U . S .  Geological Survey. The t h i n  s ec t i ons  were s ta ined  wi th  sodium- 
c o b a l t i n i r r i t e  t o  a i d  i n  i d e n t i f i c a t i o n  of potassium fe ld spa r  and wtth 
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a l i z a r i n  red t o  a i d  i n  i d e n t i f i c a t i o n  of dolomite .  O w i n g  t o  t h e  poor 
q u a l i t y  of t h e  t h i n  s e c t i o n s  i n  a l l  t h e  samples except  t h o s e  from t h e  
pos t-1975 w e l l s ,  e s p e c i a l l y  i n  t h e  impregnat ion and f e l d s p a r  s t a i n i n g ,  
modal d a t a  on v i s i b l e  p o r o s i t y  and potassium f e l d s p a r  c o n t e n t  i s  con- 
s i d e r e d  t e n t a t i v e .  For modal a n a l y s e s ,  a minimum of 300 g r a i n s  were 
counted per  t h i n  s e c t i o n ,  Framework and mat r ix  m a t e r i a l s  a r e  ca tegor -  
i zed  according t o  t h e  d e f i n i t i o n s  of Dickinson (19701, excep t  f o r  t h e  
c h e r t  g r a i n s  ( s e e  t h e  fo l lowing  d i s c u s s i o n ) .  Whole rock  x-ray s t u d i e s  
were conducted on some of t h e  samples by Paul D. Blackmon and Harry C. 
S ta rkey ,  U.S. Geological  Survey,  Denver, t o  i d e n t i f y  c l a y  types  and 
confirm major minera l  c o n s t i t u e n t s .  With t h e  a s s i s t a n c e  of Eve Sprun t ,  
S tanford  U n i v e r s i t y ,  po l i shed  t h i n  s e c t i o n s  of s e l e c t e d  samples were 
examined under carhodoluminescent l i g h t  i n  o r d e r  t o  determine cement 
r e l a t i o n s h i p s  and p o s s i b l e  g r a i n  o v e r ~ r o w t h s .  Rock ch ips  from t h e  
s u r f a c e  and s u b s u r f a c e  samoles were examined t h e  Cambridee 180 
scannine e l e c t r o n  m i c r o s c o ~ e  wi th  a n  a r t a c h e d  e l e c t r o n - d i s ~ e r s i v e  
a n a l v z e r  l o c a t e d  a r  t h e  U-S .  Geological  Survev. Menlo Park. C a l i f o r n i a .  
wi th  t h e  a s s i t a n c e  of Robert L. Oscasson. Using t h e  ~ e t r o ~ r a o h i c  micro- 
scope,  t e x t u r a l  parameters  were determined by e s t i m a t i o n  of s o r t i n g  
and type of g r a i n  c o n t a c t s ,  measurement of g r a i n  s i z e ,  and c a l c u l a t e d  
percen tages  of cement, m a t r i x ,  framework g r a i n s ,  and v i s i b l e  p o r o s i t y  
from modal da ta .  I n  t h e  l a b o r a t o r y ,  p o r o s i t y  and a i r  p e r m e a b i l i t y  
measurements were made by Ira Pas te rnak  ( U . S .  Geological  Survey) and 
by c o n t r a c t  l a b o r a t o r i e s  on samples from t h e  measured s e c t i o n s .  Robin- 
son and C o l l i n s  repor ted  r e s u l t s  of measurements on samples from t h e  
wells d r i l l e d  by t h e  Navy ( ~ o b i n s o n ,  1956, 1958, 1959a, b ,  c ,  1964; 
C o l l i n s ,  1958a, b ,  1959). 

Mineralogy and g r a i n  types  

Ouartzose g r a i n s  ( 0 )  i n c l u d e  monocrys ta l l ine  q u a r t z ,  p o l y c r y s t a l -  
l i n e  q u a r t z ,  c h e r t ,  and q u a r t z i t e .  The monocrys ta l l ine  g r a i n s  (Om) 
inc lude  undulose types  a s  w e l l  as those  w i t h  s t r a i g h t  e x t i n c t i o n  ang les .  
O u a r t z i t e  g r a i n s  a r e  t h o s e  wi th  e longa ted  c r y s t a l l i n e  morphologies,  
l a c k i n g  any mica. P o l g c r y s t a l l i n e  q u a r t z  (Op) gra ins  may have a wide  
range i n  c r y s t a l l i n e  dimensions,  even i n  a s i n g l e  g r a i n ,  and f o r  t h i s  
r eason ,  g r a i n s  wi th  i n d i v i d u a l  c r y s t a l s  s m a l l e r  t h a n  0.03 mm, which 
many workers would c l a s s i f y  as c h e r t  (Dickinson, 1970) were no t  s e p a r a t e d  
from t h e  p o l y c r y s t a l l i n a  q u a r t z  ca tegory  i n  t h i s  s tudy.  Chert  g r a i n s  
i n c l u d e  on ly  f i b r o u s  t y p e s ,  which a r e  r a r e l y  found i n  t h e s e  rocks .  

Fe ldspar  (F) i s  not a  s i g n i f i c a n t  component in t h e  sands tones ,  
averaging l e s s  t h a n  10 percent  of a  t y p i c a l  sample. Potassium f e l d s p a r  
was s t a i n e d  yel low and thus  was r e a d i l y  i d e n t i f i a b l e  i n  most of t h e  
t h i n  s e c t i o n s .  Where f e l d s p a r s  a r e  p resen t  t h e y  a r e  t y p i c a l l y  a l t e r e d ,  
and i d e n t i f i c a t i o n  of untwinned f e l d s p a r s  i n  some of t h e  poor ly  s t a i n e d  
t h i n  s e c t i o n s  w a s  made on t h e  b a s i s  of t h e i r  s i g n i f i c a n t  a l t e r a t l o n .  
Most f e l d s p a r  g r a i n s  are blocky and d i s p l a y  a l b i t e  and Carlsbad twin- 
n i n g ;  p e r t h i t i c  and m y m e k i t i c  f e l d s p a r  types  a r e  a l s o  p resen t .  

L i t h i c  g r a i n s  (L) a r e  t y p i c a l l y  a l t e r e d  by compaction because of 
t h e i r  s t r u c t u r a l  incompetence,  and s p e c i f i c  l i t h i c  types may be d i f f i -  
c u l t  t o  i d e n t i f y ,  no t  only  because of t h e i r  g e n e r a l l y  s m a l l e r  g r a i n  s i z e  
bur a l s o  their apparen t  s u s c e p t i b i l i t y  t o  a l t e r a t i o n  and d i s s o l u t i o n .  



Metamorphic rock fragments ( ~ m )  i n c l u d e  q u a r t z i t e  and f o l i a t e d  quar tz -  
mica ( s c h i s t  and p h y l l i t e )  g r a i n s  (Dickinson, 1970). Q u a r t z i t e  g r a i n s  
w i t h  o n l y  s l i g h t l y  e l o n g a t e  c r y s t a l s  a r e  d i f f l c u l t  t o  d i s t i n g u i s h  from 
p o l y c r y s t a l l i n e  q u a r t z  g r a i n s  which a r e  inc luded  i n  t h e  q u a r t z o s e  
g r a i n  category.  Volcanic l i t h i c  g r a i n  types  (Lv) i n c l u d e  f e l s i t e ,  
m i c r o l i t i c  v o l c a n i c  and microgranular-hypabyssal g r a i n s  (Dickinson,  
1970). Felsite  rains may be confused w i t h  p o l y c r y s t a l l i n e  q u a r t z  
g r a i n s  i f  t h e y  a r e  u n a l t e r e d  and untwinned, o r  w i t h  metamorphic g r a i n s  
i f  they show s l i g h t l y  e l o n g a t e  c r y s t a l s .  

Sedimentary rock fragments (Ls) i n c l u d e  p o l y c r y s t a l l i n e  q u a r t z  
(Op) (see prev ious  d i s c u s s i o n ) ,  c a l c i t e  c l a s t s  (Lcc) ,  and a r g i l l a c e o u s -  
carbonaceous fragments (Lac) ,  The argi l laceous-carbonaceous  f ragments  
i n  t h e  sandstones  s t u d i e d  a r e  h e r e  t r e a t e d  t o g e t h e r  because of t h e i r  
c l o s e  a s s o c i a t i o n  i n  many g r a i n s  and t h e  d i f f i c u l t y  of d i s t i n g u i s h i n g  
them. Commonly though, t h e  a r g i l l a c e o u s  fragments are laminated and 
may c o n t a i n  s i l t - s i z e  o r  s m a l l e r  q u a r t z  g r a i n s ,  whereas t h e  carbonaceous 
fragments and o rgan ic  d e b r i s  are massive and near ly  opaque o r  deep 
orange a long a very t h i n  edge. Many of t h e  sedimentary  l i t h i c  fragments 
c o n t a i n  ca lca reous  m a t e r i a l  which might va ry  from very f i n e l y  c r y s t a l l i n e  
t o  blocky s p a r r y  c a l c i t e .  A few of t h e  samples e x h i b i t  a l l  s t a g e s  of 
c r y s t a l  development. Although some of t h i s  a l t e r a t i o n  may have taken 
p lace  dur ing  d i a g e n e s i s  of t h e  Nanushuk Group, much of it  probably  
occurred p r i o r  t o  Nanushuk d e p o s i t i o n  i n  t h e  source  t e r r a n e .  The 
r e s u l t a n t  rounded, r ecyc led  c l a s t s  of r e c r y s t a l l i z e d  c a l c i t e ( ? )  s u r -  
rounded by b l e b s  o r  c o a t i n g s  of dark-brown t o  reddish-brown c l a y  m a t e r i a l  
a r e  c h a r a c t e r i s t i c ,  though no t  e x c l u s i v e l y  s o ,  of t h e  western  a r e a .  
Commonly t h e s e  sedimentary l i t h i c  types  a r e  found a s s o c i a t e d  w i t h  each 
o t h e r  i n  v a r i o u s  combinations i n  a s i n g l e  grain.  

Most samples c o n t a i n  minor amounts of d e t r l t a l  muscovite,  and a 
few c o n t a i n  smal l  amounts of p l e o c h r o i c  straw-yellow t o  dark-brown 
d e t r i t a l  b i o t i t e  i n  f l a k e s  which a r e  n e a r l y  always bent  and broken by 
compaction. Minor amounts of d e t r i t a l .  c h l o r i t e ( ? )  were a l s o  observed.  

Complete r e s u l t s  of t h e  199 modal a n a l y s e s  are shown i n  c a b l e  1 
and t a b l e  4. When t h e  sandstones  were grouped according t o  their  loca- 
t i o n  on t h e  map ( t a b l e  4 ) ,  composi t ional  d i f f e r e n c e s  became apparen t  
between samples from west of 157" W l o n g i t u d e  (western  s u i t e )  and 
samples from e a s t  of 157' W l o n g i t u d e  ( c e n t r a l  s u i t e ) .  Samples from 
the wes te rn  s u i t e  inc lude  those  from Corwin E l u f f ,  Tupikchak Mountain, 
Barabara Syncl ine  and Carbon Creek measured s e c t i o n s  and Tuna l ik ,  
Peard,  Kaolak, Meade, South Meade, Oumalik, and South Barrow wel l s .  
Samples from t h e  C e n t r a l  s u i t e  i n c l u d e  those  from Kurupa A n t i c l i n e ,  
Tuktu B l u f f ,  Arc Mountain, Marmot Sync l ine  measured s e c t i o n s ,  and 
Simpson, East  Simpson, Topagoruk, Dalton,  F i s h  Creek, In igok ,  Square 
Lake, Wolf Creek, Seabee, Gubik, Grandstand,  T i t a l u k ,  and Knifeblade 
wel l s .  Sandstones of t h e  Nanushuk Group and Torok Formation a r e  composed 
of abundant quartz and l i t h i c  g r a i n s  ( f i g .  2 ) .  An average s u r f a c e  
sample from t h e  western  s u i t e  c o n t a i n s  54 percent  quar tzose  g r a i n s ,  
11 percen t  f e l d s p a r ,  and 35 percen t  l i t h i c  g r a i n s ,  whereas an  average 
s u r f a c e  sample from t h e  e a s t e r n  s u i t e  i s  composed of 58 percen t  q u a r t z o s e  



Figure 2 .  Averages of quartz-feldspar-lithic (Q-F-L) madal ana lyses  
of sandstones of the Nanushuk Group from eight measured 
sections and from the Nanushuk Group (N) and Torok Forma- 
t i o n s  (T) i n  the subsurface. Averages of sandstone san- 
p l e s  from the western outcrop b e l t  are enriched i n  f e l d -  
spar grains and d e p l e t e d  i n  l i t h i c  grains when compared 
to samples from t h e  central b e l t .  Range i n  percentages 
of quartzose grains i s  the same f or  bath s u i t e s .  Sub- 
surface Torok sandstones have increased numbers o f  fe ld-  
spar grains compared t o  Nanushuk Group samples. 



g r a i n s ,  3 p e r c e n t  f e l d s p a r  g r a i n s ,  and 39 p e r c e n t  l i t h i c  g r a i n s .  
Subsurface  Torok sands tones  have i n c r e a s e d  p ropor t ions  of f e l d s p a r  
g r a i n s  compared t o  Nanushuk Group samples. 

P ropor t ions  of d e t r i t a l  framework gra ins ,  p a r t i c u l a r l y  q u a r t z o s e ,  
f e l d s p a r ,  and l i t h i c  g r a i n s ,  determine t h e  provenance of Nanushuk 
sandstones .  Dickinson and Suczek (1979), u s i n g  a series of modal 
p l o t s ,  c l a s s i f i e d  t h e  sandstones  of t h e  Nanushuk Group w i t h  those  from 
a "recycled orogen provenance" of u p l i f t e d ,  fo lded  and f a u l t e d  s t r a t a  
composed of recyc led  d e t r i t u s  of sedimentary o r  metasedimentary o r i g i n .  
They have f u r t h e r  c l a s s i f i e d  them as rocks  d e r i v e d  from a fo re land  
u p l i f t  a s s o c i a t e d  w i t h  fo re land  f o l d - t h r u s t  b e l t s  w i t h  v a r i e d  provenance 
c h a r a c t e r i s t i c s ,  depending on t h e  f o r e l a n d  s e t t i n g .  

The l i t h i c  g r a i n  composit ions are t h e  most u s e f u l  w d a l  roo1 i n  
d i f f e r e n t i a t i n g  source  a r e a s  of sands tones  from t h e  Nanushuk Group, 
as shown i n  F igure  3. Two groups of sandstones  w i t h  d i f f e r i n g  r e l a t i v e  
l i t h i c  g r a i n  composit ions can be d i s t i n g u i s h e d .  I n  t h e  western  a r e a ,  
sedimentary l i t h i c  f ragments  ( e s p e c i a l l y  ca rbona te  and a r g i l l a c e o u s -  
carbonaceous l i t h i c  c l a s t s )  c o n s t i t u t e  a l a r g e r  percentage of t h e  
sandstones ,  and they  a r e  c l a s s i f i e d  a s  sedimentary  l i t h a r e n i t e s  (Fo lk ,  
1968), whereas t h e  sands tones  from t h e  c e n t r a l  ou tc rop  b e l t  have a n  
inc reased  p r o p o r t i o n  of metamorphic rock fragments and they  a r e  c l a s -  
s i f t e d  a s  p h y l l a r e n i t e s  (Fo lk ,  1968). Sandstones from t h e  subsur face  
have cornpos i t  ions  i n t e r m e d i a t e  between t h e  two s u r f  a c e  s u i t e s .  Sub- 
s u r f a c e  sands tones  of t h e  Torok Formarion are composed of a h i g h e r  
p ropor t ion  of sedimentary li t h i c  g r a i n s  t h a n  the  subsurf a c e  sands  tones  
from t h e  Nanushuk group. 

Extensive  ca rbona te  ou tc rops  of t h e  M i s s i s s i p p i a n  and Pennsylvanian 
and l o c a l l y  Permian Lisburne Group, a long  wi th  t h e  S i l u r i a n  and Devonian 
and p o s s i b l y  Ordovician l imes tones  making u p  t h e  Raird Group ( T a i l l e u r  
and o t h e r s ,  1973), are probably primary sources  f o r  t h e  c a l c a r e o u s  
c l a s t s  of t h e  w e s t e r n  province ( t h e  Corwin Delta of Ahlbrandt and 
others, 1979) of sands tones  of the Nanushuk Group. Outcrops of t h e s e  
u n i t s  occur i n  t h e  Brooks Range to  t h e  sou th ,  t h e  T i g a r a  U p l i f t  n e a r  
Cape Lisburne (Payne, 1 9 5 5 ) ,  and probably t h e  o f f shore  ex tens ion  of 
the  u p l i f t ,  the Herald Arch (Grantz and o t h e r s ,  1976; Mull, 1979).  
The Endico t t  Group, c o n s i s t i n g  of t h e  Upper Devonian Hunt Pork Sha le  
and Kanayut Conglomerate and of t h e  Lower M i s s i s s i p p i a n  Kayak Sha le  
(BrosgC and T a i l l e u r ,  1971),  has  e x t e n s i v e  outcrops  i n  t h e  c e n t r a l  
and e a s t e r n  Brooks Range i n  t h e  Endico t t  Mountains, and may be t h e  
source  f o r  t h e  metamorphic l i t h i c  ( ~ h y l l i t e  and s l a t e )  and quar tz -  
ose g r a i n s  which predominate i n  t h e  c e n t r a l l y  l o c a t e d  Umiat Del ta  
(Ahlbrandt and o t h e r s ,  1979) of t h e  Nanushuk Group. 

Tex tura l  a n a l y s i s  

Primary f a c t o r s  thought by Fo therg i l l .  (1955) and Fuchtbauer ( 1 9 7 4 )  
t o  c o n t r i b u t e  t o  t h e  type and amount of i n t e r s t i t i a l  ma t te r  i n  c l a s t i c  
rocks a r e  ( 1 )  g r a i n  s i z e ,  ( 2 )  t h i c k n e s s  of beds,  (3)  amount of mixing 
of sediment Layers by s y n d e p o s i t i o n a l  processes  such a s  burrowing by 
organisms, ( 4 )  proximity  t o  s h a l e  beds,  and ( 5 )  composit ion of framework 
g r a i n s .  Secondary p rocesses  p r i m a r i l y  r e s p o n s i b l e  f o r  the l o s s  of 
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Figure 3. Averages of volcanic-metamorphic-sedimentary lithic (Lv- 
Lm-Ls) modal analyses of sandstones from the Nanushuk 
Group from eight measured sections and from the Nanushuk 
Group (N) and Torok Formation (T) in the subsurface. 
Plots determine compositional differences which consti- 
tute the central outcrop belt of phyllarenites having a 
higher percentage of metamorphic rock fragments, and a 
western outcrop belt of sedimentary litharenites, com- 
posed of increased proportions of sedimentary lithic 
gralns. Samples from the subsurface have compositions 
intermediate between the two suites. Subsurface sand- 
stones of the Torok Formation are composed of a higher 
proportion of sedimentary lithic grains than the sub- 
surface sandstones of the Nanushuk Group. (Sandstone 
classification after Folk, 1968.) 



Porespaces i n  t h e s e  sands tones  a r e  (1) weather ing and ( 2 )  d i a g e n e t i c  
a l t e r a t i o n .  Combinations of t h e s e  primary and secondary f a c t o r s  a r e  
r e s p o n s i b l e  f o r  t h e  r e d u c t i o n  i n  p o r o s i t y  and permeabi l i ty  i n  sands tones  
of t h e  Nanushuk Grwp and Torok Formation. Cement and matr ix  m a t e r i a l  
a r e  d i s t i n g u i s h e d  and t a b u l a t e d  according t o  t h e  c a t e g o r i e s  de f ined  by 
Dickinson (1970) ;  t h e  r e s u l t s  of t h e  t e x t u r a l  o b s e r v a t i o n s  are shown 
i n  f i g u r e  11 and Table 4. 

Matrix m a t e r i a l s  

A pseudomatrix (Dickinson,  1970), which probably r e s u l t s  from t h e  
d e s t r u c t i o n  of s o f t e r  c l a s t i c  g r a i n s ,  i s  t h e  p r i n c i p l e  mat r ix  m a t e r i a l  
i n  t h e  sandstones  of t h e  Nanushuk Group and Torok Formation which are 
n o t  we l l  cemented. S i g n i f i c a n t  q u a n t i t i e s  of t h i s  m a t e r i a l ,  which i s  
composed of unsor ted and randomly o r i e n t e d  s i l t  and c l a y  p a r t i c l e s  of 
q u a r t z ,  c h l o r i t e ,  s e r i c i t e ,  and much u n i d e n t i f i a b l e  m a t e r i a l ,  a r e  
found i n  t h e  i n t e r g r a n u l a r  spaces  i n  many of the  sandstones .  I n  many 
cases, l e s s  competent,  but s t i l l  recognizab le  ( l i t h i c ? )  g r a i n s  a r e  
molded around a d j a c e n t  g r a i n s  ( u s u a l l y  quar tzose  g r a i n s )  which are 
more competent (fig. 4 ) .  

Cementing m a t e r i a l s  

Aut h i g e n i c  cements and a l t e r a t i o n  products  due t o  d i a g e n e s i s  and 
weather ing a r e  common c o n s t i t u e n t s  i n  Nanushuk and Torok sandstones .  
Cementing m a t e r i a l s  i n  t h e  samples a r e  c a l c i t e ,  s i l i c a ,  k a o l i n i t e ,  and 
c h l o r i t e ,  and ,  r a r e l y ,  f e l d s p a r ,  s e r i c i t e ,  i l l i t e - m o n t m o r i l l o n i t e ,  and 
chalcedony. X-ray s t u d i e s  of t h e  outcrop samples and samples from 
t h e  e a r l y  (pre-1975) w e l l s  i n d i c a t e  t h a t  montmori l loni te  i s  p resen t  i n  
on ly  t r a c e  amounts ( t a b l e  2) .  No z e o l i t e  minera l s  were observed 
p e t r o g r a p h i c a l l y  o r  d e t e c t e d  by x-ray a n a l y s i s .  

The most common and v o l u m e t r i c a l l y  most abundant cement i s  c a l c i t e ,  
which c o n s t i t u t e s  as much as 45 percent  and averages  almost 8 p e r c e n t  
i n  t h e  t h i n  s e c t i o n s  from t h e  Barabara sync l ine .  A 1 1  s t a g e s  of cement- 
a t i o n  and replacement by c a l c i t e  a r e  observed,  from on ly  minor occur- 
rences  i n  some sandstones  t o  pe rvas ive  r e c r y s t a l l i z a t i o n  i n  o t h e r s .  
C a l c i t e  cementat ion,  which i s  more common i n  some sands tones  i n  t h e  
western  outcrop b e l t ,  i s  probably r e l a t e d  t o  weathering and d i a g e n e s i s  
of t h e  sandstones .  The amount of cementation can vary d i r e c t l y  wi th  
t h e  d e t r i t a l  c a l c i t e - c l a s t  con ten t  and commonly i s  observed growing 
out  of t h e s e  c l a s t s  ( f i g .  5 ) .  The c a l c i t e  c l a s t s ,  f o r  t h e  most p a r t ,  
were de r ived  from c r y s t a l l i n e  l imes tone  sources .  The c l a s t s ,  a f t e r  
Nanushuk d e p o s i t i o n ,  became t h e  focus of f u r t h e r  ca lca reous  cementat ion,  
o b l i t e r a t i n g  o r i g i n a l  Nanushuk sandstone p o r o s i t y  and permeabi l i ty .  
f n  some samples,  ghos t s  of c l a s t i c  c a l c i t e  g r a i n s  can be d e t e c t e d  
by r e l i c t  o u t l i n e s  of c l a y  m a t e r i a l  ( f i g .  6 ) .  When observed under 
c a t  hodoluminescent l i g h t ,  the c a l c i t e  g r a i n s  luminesce r e d  and orange,  
and often show i n t e r n a l  crys ta l -growth o u t l i n e s ,  whereas t h e  surrounding 
c a l c i t e  cement luminesces b r i g h t  yellow, and i s  homogeneous, probably 
i n d i c a t i n g  a n  e a r l i e r  o r i g i n  f o r  t h e  c a l c i t e  i n  t h e  g r a i n s .  In  t h e  
most extreme examples, t h e  s p a r r y  c a l c i t e  cement complete ly  r e p l a c e s  
o t h e r  d e t r i t a l  g r a i n s  i n  t h e  sandstone a s  w e l l  a s  the d e t r i t a l  cal-  
c i t e  grains, except f o r  a few remaining " f l o a t i n g "  and deeply  embayed 



Figure 4. "Typical t i g h t l y  appressed sandstones from the Nanushuk 
Group show evidence of compaction. Less competent mica- 
ceous and l i t h i c  grains are squeezed and bent around more 
resistant quartzose grains. Quartz grains show evidence 
of suturing as a result of silica dissolution under high 
pressure. (4) sample 77  AAh21, Tuktu Bluff, 63x nagnifi- 
ca t ion;  (B) sample 7tSAAh27, Arc Mountain, 25x magnification. 



Figure 5. Opaque, brownish, f e r r u g i n o u s ( ? )  c o a t i n g  o u t l i n e s  a reworked 
calcite gra in ,  which i s  surrounded by secondary sparry caL- 
c i t e  cement. Sample F3675, on the Utukok River, 160x magni- 
f i c a t i o n .  



Figure  6. Sparry calcite cement replacement of c l a s t i c  grains i n  
sandstone leaves a r e l i c t  "ghost" outline of t he  o r i g i n a l  
g r a i n  (probably  a reworked c a l c i t e  gra in) .  I n  a d d i t i o n ,  
t h e  cement i n f i l l s  t h e  i n t e r s t i c e s  between g r a l n s ,  elim- 
i n a t i n g  any primary porosity that may have existed, and 
caus ing  embayraent of t h e  remainder of t h e  g r a i n s .  Sample 
7SACh35, Kurupa a n t i c l i n e ,  63x magni f ica t ion .  



( p a r t i a l l y  r e p l a c e d )  q u a r t z  g r a i n s .  Also p r e s e n t  i n  many of t h e  samples 
a r e  smal l  rhombohedrons of c o l o r l e s s  dolomite.  

S i l i c a  is probably  mobilized f o r  cementation by t h e  compaction 
p r e s s u r e s  and t empera tu res  of t h e  sandstones .  The s i l i c a  i s  thought  
t o  be produced from, o r  as a r e s u l t  o f ,  p r e s s u r e  s o l u t i o n  of framework 
g r a i n s  ( e s p e c i a l l y  q u a r t z ) ,  c l a y  mineral  a l t e r a t i o n  dur ing b u r i a l ,  
k a o l i n i z a t i o n  of f e l d s p a r ,  d i s s o l u t i o n  of g r a i n s  i n  a d j a c e n t  s h a l e  
beds ,  and replacement of q u a r t z  and s i l i c a t e  g r a i n s  by ca rbona te  
(Jonas and McBride, 1977). The h i g h e r  p r e s s u r e s  caused by compaction 
a long r e s i s t e n t  quar tz -g ra in  s u r f a c e s  causes  s i l i c a  t o  d i s s o l v e  on 
P r o j e c t i n g  s u r f a c e s  which a r e  under h i g h e r  p r e s s u r e  and t o  be redepos i t ed  
as q u a r t z  overgrowths;  t h e s e  a r e  observed p e t r o g r a p h i c a l l y  a s  s u t u r e d ,  
concave-convex, and long o r  s t r a i g h t  g r a i n  boundaries.  S i l i c a  cenent- 
a t i o n  i s  widespread i n  sands tones  of t h e  Nanushuk Group, but i s  more 
t y p i c a l  of sandstones  of t h e  c e n t r a l  ou tc rop  b e l t .  S i l i c e o u s  cement 
i s  more r e a d i l y  observab le  i n  sands tones  w t t h  v i s i b l e  p o r o s i t y  and 
l e s s e r  amounts of c a l c i t e  cement and(or )  pseudomatrix. Pe t rograph ic  
observa t ions  show a l a r g e  number of q u a r t z  overgrowths which could  
be m i s i n t e r p r e t e d  as being t h e  r e s u l t  of a  second c y c l e  of d e p o s i t i o n  
of the quar tzose  gains. However, t h e  scanning e l e c t r o n  microscope 
photographs r e v e a l  t h a t  many, i f  not  a l l ,  t h e  overgrowths have grown 
i n  p l a c e  (fig. 7 ) .  Where d e t r i t a l  g r a i n s  do not have c l a y  "dust"  rims, 
o r  where s i l i c e o u s  cementat ion i s  l o c a l l y  abundant,  overgrowths and 
a r e a s  wi th  s i g n i f i c a n t  s i l i c e o u s  cement may be d i f f i c u l t  t o  d i s t i n g u i s h  
from t h e  a n g u l a r  d e t r i t a l  g r a i n s ;  pe t rograph ic  techniques  us ing catho- 
doluminescent l i g h t  were unsuccess fu l  i n  r e l i a b l y  determining t h e  
e x t e n t  of q u a r t z  overgrowth development. There fore ,  t h e  amount of 
s i l i c e o u s  cementation i n  t h e s e  sands tones  may have been underes t imated 
i n  t h e  microscopic  modal analyses .  

Authigenic  c l a y s ,  such a s  s e r i c i t e ,  c h l o r i t e ,  and k a o l i n i t e ,  a r e  
p resen t  a s  a l t e r a t i o n s  of d e t r i t a l  f e l d s p a r s ,  and a l s o  a s  secondary 
p o r e - f i l l i n g  masses of in tergrown c r y s t a l s  ( f igs .  8, 9 ,  10).  K a o l i n i t e  
i s  t h e  most abundant a u t h i g e n i c  c l a y ,  followed by c h l o r i t e  and t h e n  
s e r i c i t e .  The c l a y s  were depos i t ed  after format ion of q u a r t z  overgrowths 
r e s u l t i n g  from compaction and d i s s o l u t i o n  of quar tzose  g r a i n s .  K a o l i n i t e  
commonly f i l l s  primary i n t e r g r a n u l a r  pores  a s  well as secondary pores  
c r e a t e d  from d i s s o l u t i o n  of framework gra ins ,  These p l a t e y  m i n e r a l s ,  
due t o  t h e i r  morphology, may give  increased va lues  of p o r o s i t y  and 
permeabi l i ty  i n  l a b o r a t o r y  t e s t s  (Sark i syan ,  1971 ). 

Textura l  obse rva t ions  and conc lus ions  

Measurements were made of t h e  maximum and modal g r a i n  s i z e  u s i n g  -- 
t h e  pe t rograph ic  microscope and es t imated  i n  t h e  f i e l d  ~ s i n ~  the American . - 
S t r a t i g r a p h i c  Company ( h i t r a t )  g r a i n  s i z e  chart ;  S o r t i n g  w a s  measured 
p e t r o g r a p h i c a l l y  by r e f e r r i n g  t o  s o r t i n g  images i l l u s t r a t e d  by P e t t i j o h n ,  
p o t t e r ,  and S i e v e r  (1972, p. 585);  f i e l d  e s t i m a t i o n s  of s o r t i n g  ( u s i n g  
t h e  h s t r a r  c h a r t )  i n d i c a t e  b e t t e r  s o r t i n g  t h a n  t h e  p e t r o g r a p h i c  e s t i -  
mates. Type of g r a i n  c o n t a c t s  ( ~ a y l o r ,  1950) i n c l u d e  (1)  s u t u r e d  
g r a i n s ,  mutual s t y l o l i r i c  i n t e r p e n e t r a t i o n  of two o r  more g r a i n s  (which 
must be c a r e f u l l y  d i s t i n g u i s h e d  from g r a i n s  of p o l y c r y s t a l l i n e  q u a r t z )  ; 
( 2 )  concave-convex grain c o n t a c t s ;  ( 3 )  long o r  s t r a i g h t  c o n t a c t s ;  ( 4 )  



Figure  7. Scanning-electron-microscope photograph showing rnicro- 
c r y s t a l l i n e  q u a r t z  overgrowth f i l l i n g  t h e  i n t e r s t i c e s  
between d e t r i t a l  g r a i n s  i n  a sandstone of the  Nanushuk 
Group. Note t h e  lack of k a o l i n i t e  c l a y ,  and t h e  r e t e n -  
t i o n  of i n t e r g r a n u l a r  p o r o s i t y .  Sample 78ACh76, Kurupa 
a n t i c l i n e  s e c t i o n ,  1 , 0 0 0 ~  m a g n i f i c a t i o n ,  d i s t a n c e  between 
whi te  t i c k s  on bottom of photograph-30 microns. 



Figure 8. Diagenetic chlorite cement has grown around detrital 
grains but is notably absent where grains have been 
previously welded by compaction and dissolution of 
silica. Clchlorite; Q=quartz; s=surured area. Sample 
77Mh25, Tuktu Bluff, 63x magnification. 



Figure 9. Scanning-electron microscope photograph showing the exten- 
sive development of chlorite cement in this sandstone from 
the Kuxrupa anticline sect ion. The chlorite bridges inter- 
granular spaces, completely obliterating any pores that 
may have previously existed. Sample 78ACh32, distance 
between white ticks on bottom of photograph=30 microns, 
330x magnification. 



Figure  10. Photomicrograph showing dissolved quartz grains which have 
been replaced with kaolinite cement. Carbonate is the 
final alteration mineral  in the sandstone. Sample 75ACh76, 
Kurupa anticline s e c t i o n ,  160x magnification. 



p o i n t  o r  t a n g e n t i a l  c o n t a c t s ;  and (5)  f l o a t i n g  g r a i n s  t h a t  a r e  not  i n  
c o n t a c t  wi th  o t h e r  framework c o n s t i t u e n t s .  Most samples e x h i b i t  more 
t h a n  one type  of g r a i n  con tac t .  T e x t u r a l  components of cement, m a t r i x ,  
pores ,  and framework g r a i n s  were determined from t h e  modal a n a l y s i s  of 
each t h i n  s e c t i o n .  

Histograms of t h e s e  o b s e n r a t i o n s  (fig. 11) show t h a t  t h e  sands tones  
a r e  t y p i c a l l y  composed of f i n e  t o  very f i n e  sand and a r e  moderately t o  
poor ly  s o r t e d .  Samples have g r a i n  c o n t a c t s  which revea l  a h i s t o r y  of 
compaction, d i s s o l u t i o n ,  and cementation.  Sutured,  concave,  and long  
g r a i n  boundar ies  t y p i f y  samples from the  Nanushuk; samples from t h e  
subsur face ,  which a r e  f i n e r  g r a i n e d ,  have h i g h e r  percentages  of g r a i n  
boundar ies  which a r e  t angen t  o r  f l o a t i n g .  Q u a r t z  g r a i n s  a r e  t y p i c a l l y  
s t r a i n e d  and cracked ( f i g .  4 ) ,  and many f e l d s p a r  twins are o f f s e t  o r  
bent. Most mica g r a i n s  a r e  ben t ,  and many have been a l t e r e d  t o  c h l o r i t e  
o r  "exploded" by c a l c i t e  o r  s i l i c a  cement. 

P o r o s i t y  and Reservo i r  P o t e n t i a l  

Sur face  samples average 1 t o  2 p e r c e n t  of v i s i b l e  p o r o s i t y  (measured 
p e t r o g r a p h i c a l l y ) ,  whereas t h o s e  from t h e  subsur face  a r e  more f a v o r a b l e  
from a r e s e r v o i r  s t a n d p o i n t ,  averag ing  5 percen t  i n  t h e  wes te rn  b e l t  
and 6 percent  i n  t h e  c e n t r a l  b e l t .  The percentage of framework g r a i n s  i s  
h i g h e s t  i n  t h e  ou tc rop  samples (80 p e r c e n t ) .  The r e l a t i o n  of v i s i b l e  
(measured p e t r o g r a p h i c a l l y )  t o  measured e f f e c t i v e  p o r o s i t i e s  (measured 
i n  the l a b o r a t o r y )  i s  shown i n  t a b l e  3 (a l a r g e  d i sc repancy  e x i s t s  between 
v i s i b l e  and e f f e c t i v e  p o r o s i t i e s ) .  This  d i sc repancy  may be due t o  t h e  
l a r g e  amounts of p l a t e y  o r  f ine-grained mat r ix  m a t e r i a l s  which provide 
submicroscopic pores too  t i n y  t o  d e t e c t  p e t r o g r a p h i c a l l y ,  but s t i l l  of 
importance from a  r e s e r v o i r  s t andpoin t .  

The p o t e n t i a l  value  of t h e  Nanushuk Group a s  a hydrocarbon r e s e r v o i r  
from a  pe t rograph ic  s t a n d p o i n t  i s  a p p a r e n t l y  l e a s t  f a v o r a b l e  i n  the 
Corwin D e l t a  (wes te rn)  ou tc rop  b e l t ,  g a i n i n g  s l i g h t l y  i n  p o t e n t i a l  i n  
t h e  U m i a t  Del ta  ( c e n t r a l )  ou tc rop  b e l t ,  and most f a v o r a b l e  t o  t h e  
n o r t h  i n  t h e  subsur face ,  I n  t h e  Corwin Del ta  outcrop b e l t ,  average 
v i s i b l e  p o r o s i t y  t o t a l s  1.4 p e r c e n t ,  average e f f e c t f v e  p o r o s i t y  t o t a l s  
8.4 pe rcen t ,  and a i r  p e r m e a b i l i t y  measurements average 14.0 r n i l l i d a r c y s  
( t a b l e  3 and f i g u r e  11). P e t r o g r a p h i c a l l y  t h e  Corwin Del ta  sands tones  
r e v e a l  h l g h  percentages  of mat r ix  and cement when compared t o  sands tones  
from t h e  Umiat De l ta  ou tc rop  b e l t .  The Corwin samples a r e  enr iched i n  
sedimentary l i t h i c  g r a i n s ,  which a r e  conducive t o  a l t e r a t i o n  and 
pore-plugging dur ing compaction, reducing permeabi l i ty .  Never the less ,  
an  o c c a s i o n a l  r a r e  sands tone  may have e x c e l l e n t  p o r o s i t y  and permea- 
b i l i t y  and reduced amounts of m a t r i x  and cement, r e s u l t i n g  i n  a favor- 
a b l e  r e s e r v o i r  rock ( f o r  example, Barabara syncline, sample 77ACh184). 
Pores t y p i c a l l y  a r e  l i n e d  w i t h  a reddish-brown, probably  i r o n - r i c h  
coa t ing .  The o v e r a l l  p a u c i t y  of sand bodies and the l a c k  of cont inuous  
s tacked beds i n  t h e  whole wes te rn  system arc nega t ive  f a c t o r s  f o r  
hydrocarbon p o t e n t i a l  i n  t h e  Corwin Del ta  (Huffman, 1979). 

A s  In t h e  Corwin Del ta ,  t h e  Umiat De l ta  sandstones  a r e  l e n t i c u l a r ,  
wi th  e x t e n s i v e  s h a l e  i n t e r b e d s ,  and many of t h e  sandstones  a r e  s h a l e y  
o r  muddy. Samples from the c e n t r a l  outcrop b e l t  record n e a r l y  the sane 



Figure 11. Histograms shov ing  resu l t s  of p e t r o g r a p h i c  ohscr- 
vations of t ex tura l  properties in sandstones of 
t h e  Nanushok Group  and Torok Ponnat ion.  In genera l ,  
the most favorable characterfstics f o r  increased 
porosity and permeability are shown to the r f g h r  of 
each histogram. N-minimum nunbcr  of samples in 
population.  
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values  of poros i ty  and permeabi l i ty  as those from t h e  western b e l t .  
Vis ib le  poros i ty  i n  t h e  Umtat Delta samples averages 1.6 percent ,  
e f f e c t i v e  poros i ty  averages 6.6 percent ,  and a i r  permeabi l i ty  measure- 
ments average 12.2 mi l l i da rcys  (Table 3 and f i g u r e  11). However, as 
was the  case i n  t he  Corwin Del ta ,  sporad ic  occurrences of s i g n i f i c a n t  
poros i ty  and permeabi l i ty  measurements (Tuktu Bluf f ,  sample 7 7 ~ h 4 9 - ~ )  
suggest  t h a t  i s o l a t e d  sand bodies i n  t h e  c e n t r a l  Umiat Del ta  may have 
exce l l en t  r e s e r v o i r  po t en t i a l .  The sandstones,  i n  gene ra l ,  a r e  s l i g h t l y  
coarser  i n  t he  c e n t r a l  outcrop b e l t  ( f i g .  l l ) ,  wi th  s l i g h t l y  l e s s e r  
amounts of mat r ix  and cementing mater fa l  and h igher  p e r c e n t a ~ e s  of 
quartzoae g r a i n s  ( f i g .  2)  which r e s i s t  squeezing and compaction, 

Secondary poros i ty  

More encouraging values  f o r  e f f e c t i v e  po ros i t y ,  a i r  permeabi l i ty ,  
and v i s i b l e  poros i ty  were recorded and observed i n  sandstones of t h e  
Nanushuk Group and Torok Formation i n  t he  subsurface ( t a b l e  3 ) .  
These values  may be due t o  t he  l ack  of a l t e r a t i o n  by su r f ace  weathering, 
a func t ion  of the mode of t r anspo r t  of t he  sand during depos i t ion  ( a  
higher  energy environment of depos i t i on ) ;  o r  an i nc rease  i n  d i s s o l u t i o n  
of framework g ra in s  and(o t )  cement, combined wi th  t h e  lack  of later 
s t ages  of c a l c i t e  cementation. Grains most o f t en  dissolved inc lude  
the  unstable  types,  such a s  l i t h i c  and f e l d s p a r  g a i n s ,  a s  wel l  a s  
quartzose g ra in s  and clays (figs. 12-16). Extensive interbedded 
sha l e  sequences can provide l a r g e  q u a n t i t i e s  of f l u i d s ,  through compac- 
t i o n  and expulsion of water,  which a r e  e a s i l y  t ranspor ted  through t h e  
interbedded fine-grained sandstones.  

Secondary poros i ty  was recognized i n  these  rocks by us ing  t h e  
techniques and c r i t e r i a  descr ibed by Schol le  (1979, p. 171) .  Such 
f ea tu re s  as p a r t i a l  d i s s o l u t i o n  and cor ras ion  of g r a in s  and cements, 
inhomogeneity of packing, oversized porespaces,  f l o a t i n g  g ra in s ,  and 
f rac tured  o r  cracked gra ins  were observed, Secondary po ros i t y  may 
subsequently be t o t a l l y  o r  p a r t i a l l y  destroyed by recementation and(or)  
i n f i l l i n g  of d iagene t ic  c l a y s ,  e s p e c i a l l y  k a o l i n i t e .  In a t  l e a s t  one 
sample (suspected i n  o t h e r s ) ,  k a o l i n i t e  has been dissolved t o  c r e a t e  
secondary poros i ty  ( f i g ,  13).  A sandstone from the  Inigok well has 
developed abundant secondary poros i ty  because some of the  potassium 
fe ldspars  have been d isso lved  and others  have no t  ( f i g .  14 ) .  I n  some 
sandstones,  quartz grains have been dissolved (fig. 15). This  evidence 
suggests  t h a t  secondary poros i ty  i n  these  rocks may have been c rea ted  
i n  severa l  s t a g e s  and may have involved complex and d ive r se  d i sso lv ing  
f l u i d s  r e s u l t i n g  possibly from changing pressure and temperature condi- 
t i o n s  i n  the  hos t  rocks. 

Very small  q u a n t i t i e s  of dark-brown t o  black,  s l i g h t l y  t r ans lucen t  
n a t e r i a l  was of t en  observed and suspected t o  be o i l ,  though no hydrocarbon 
t e s t s  were employed. Fragments of coa l  are a l s o  presen t  i n  these  rocks; 
t h e  microscopic d i s t i n c t i o n  between the two organic  components i s  often 
d i f f i c u l t  . 



Figure 12. Scanning-electron-microscope photographs showing s a n d s t o n e  
sample w i t h  good p o r o s i t y ,  probably r e s u l t i n g  from Leaching 
and c o r r o s i o n  of d e t r i t a l  grains. Wote development of quartz 
overgrowths (lower right corner ,  view A) and pitted surfaces 
(view R). Sample 78ACh41, Marmot synci ine.  ( A )  32x magni- 
fication; distance between white ricks on  bot t& of photo- 
graph1300 microns; (8) 312x m g n i f i c a t i o n ;  d i s t a n c e  between 
whi te  ticks on b o t t a z  of phatograph=100 microns. 



Figure 13. Scanning-electronmicroscope photograph of vermicular 
clays (probably kao l in i t e )  and quartz-overgrowth develop- 
ment ( l e f t  edge of photograph) i n  a sandstone from the 
Torok Formation. This close-up vlew shows k a a l i n i t e ( ? )  
crysta ls  that have l o s t  the i r  hexagonal shape and have 
ragged edges indicating that they may have been etched 
or dissolved by through-going f l u i d s .  Sample from the 
1,906 to  1,916-foot depth, South Barrow No. 1 we l l ;  8,900~ 
magnification; distaace between white t i cks  on bottom of 
photograp h=30 microns. 



Figure  14.  A sands tone  sample of t h e  Nanushuk Group f b m  t h e  2,662-foot 
dep th  i n  t h e  Infgok w e l l .  The sample,  concen t r a t ed  w i t h  
heavy mine ra l s  (opaque) ,  has  abundant secondary p o r o s i t y ,  
shown by t h e  b lue  p l a s t i c  dye i n j e c t e d  i n t o  t h e  sands tone  
be fo re  g r i n d i n g  of t h e  t h i n  s e c t i o n .  Or ig ina l  g r a i n  bound- 
a r i e s  a r e  v i s i b l e  a s  opaque heavy-mineral o u t l i n e s ,  bu t  t h e  
g r a i n s  have been d i s so lved .  Remnants of o r i g i n a l  t e x t u r e  
show framework g r a i n s  having t a n g e n t i a l ,  l ong ,  and concave 
boundar ies ,  i n d i c a t i n g  t h a t  t h e  o r i g i n a l  sands tone  has  
undergone cons ide rab l e  compaction. I n  vfew - A, potassium 
f e l d s p a r s  (yel low) have not  been d i s s o l v e d ,  bu t  i n  view B ,  
potassium f e l d s p a r s  a r e  a lmost  completely gone. Only re;- 
nan t s  of l i t h i c  g r a i n s  remain i n  t h e  sandstone.  



Figure 15 .  Abundant development of leached grain porosity i n  a Nanushuk 
Group sandstone from the 2,406-foot depth i n  the East Simpson 
we l l .  Secondary poros i ty  has been created by d i s s o l u t i o n  of 
l i t h i c  volcanic grains and embayment of monocrystalline 
quartz grains .  Potassium fe ldspar ,  p lag ioc lase ,  and c a l c i t e  
grains remain i n t a c t .  



Figure 16. An oversized pore, diagnostic of leached grain porosity,  
i n  a sandstone from the Nanushuk Group located on the 
Colv i l l e  River north of Siksikpuk Ridge. Note dissolu- 
t ion  of grains adjacent to  the pore (arrows). Sample 
F2075. 



Summary 

Matr ix  and cementing m a t e r i a l s  found i n  t h e  i n t e r s t i c e s  between 
d e r r i t a l  g r a i n s  i n  most of t h e  sands tones  of t h e  Nanushuk Group reduce 
t h e i r  r e s e r v o i r  p o t e n t i a l .  The most promising sands tones  i n  t h e  Nanus- 
huk Group a r e  those  i n  t h e  northern and e a s t e r n  subsur face  s e c t i o n s ,  
since i t  is  i n  samples from t h e s e  s e c t i o n s  t h a t  p re l iminary  t e s t s  of 
p o r o s i t y  and permeabi l i ty  show t h e  h i g h e s t  values .  Much of t h e  p o r o s i t y  
may be secondary,  and t h u s  may improve the r e s e r v o i r  p o t e n t i a l  of t h e s e  
sands tones ,  A t  l e a s t  t h r e e  f a c t o r s  may be r e s p o n s i b l e  f o r  t he  nor th -  
eastward i n c r e a s e  i n  p o r o s i t y  and permeabi l i ty :  (1)  Complex and d i v e r s e  
f l u i d s  capable  of d i s t r i b u t i n g  d i s s o l v i n g  a g e n t s  may, a t  l e a s t  i n  
p a r t ,  be der ived by compact i o n  and f l u i d  expu ls ion  from in te rbedded  
and down-dip shale beds, which a r e  more abundant t o  t h e  n o r t h .  ( 2 )  
The d e t r i t a l  c a l c i t e  g r a i n s  which came from t h e  Brooks Range t o  t h e  
sou th  and west and which are t h e  source  f o r  much of t h e  c a l c i t e  cement, 
may decrease  i n  numbers nor theastward.  ( 3 )  The style of Nanushuk 
d e p o s i t i o n  changes from low- t o  moderate-energy d e l t a i c  environments 
i n  t h e  s o u t h  and w e s t  to  h i g h e r  energy b a r r i e r - c o a s t - l i n e  environments 
i n  t h e  subsurface t o  t h e  n o r t h ,  r e s u l t i n g  i n  a probable i n c r e a s e  i n  t h e  
l a t e r a l  e x t e n t  and s o r t i n g  c o e f f i c i e n t  of t he  sandstone bodies.  
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Table 3. Modal grain size, percent v i s i b l e  porosity, effective porosity, 
and air permeability measurements of many of the sandstones of 
the Nanushuk Group and Torok Formation included in the petro- 
graphic study (continued). [n, number of samples; --- 9 no 
testing done; *, sample from Torok Formation. Averages take 
into account only those samples tes ted . ]  

Sample Modal Visible Effective Air perm- 
Number grain porosity 

size (XI 
(egt., 

Barabara syncline n=25 

77ACh82 25 
7 7ACh8 5 -20 
7 7ACh8 7-1 .25 
77ACh87- .15 
77ACh89-1 .25 
77ACh89-u .30 
77ACh90-1 l 25 
77ACh9 0-u . 25 
77ACh9 2 .25 
77ACh93-1 . I f  
77ACh93-m .20 
77ACh93-u . 15 
77ACh97 -20 
77ACh101-1 020 
77ACh101-m .25 
77ACh101-u .25 
77ACh104-1 18 
77AChl04-u . 18 
77ACh108-1 .20 
77ACh108ra .30 
77ACh108u .20 
77ACh116 .30 
77ACh120-1 .23 
77ACh123 .15 
77ACh184 .25 
Range .15-.30 
Average 22 



Table 3. Modal grain size, percent visible porosity, effective porosity, 
(cantlAve8) and air permeability measurements of many of the sandstones of 

the Nanushuk Group and Torok Formation included in the petro- 
graphic study. [n, number of samples; -- , no testing done; 
*, sample from Torok Formation. Averages take into account 
only those samples tested.] 

Sample Modal - V i s i b l e  Effective Air perm- 
Number grain 

size - 
( e s t  . ) 

Tupikchak Mountain syncline n-16 

77AJF23 
7 7AJF 28 
77AJF30 
77AJF32-u 
77AJF36-u 
77AJF37-1 
77AJF37-u 
77AJF39-1 
77AJF39-u 
7 7kfF42-1 
77AJF42-u 
77AJF44 
77AJF47-1 
77AJF47-u 
77AJF52-u 
f 7AJF5 2-1 
Range 
Average 

Carbon Creek no6 

77Mh4cc 
7 8AAh5cc 
78AAh6cc 
7 8AAh8cc 
78AAh9cc 
7 8AAh12cc 

, Range 
" Average 

Corwin Bluff 11113 

77AAh3 1b 
7 7AAh39 
77AAh40 
7 7AAh4 2 
77AAh46 , 

7 7AAh48a 
77AAh100a 
77AAh101 
77AAh103 
77AAh104 
77AAh105 
77AAh106 
77AAh110 
Range 
Average 



Table 3. Modal grain size, percent v i s ib l e  porosity,  effective p o r o s i t y ,  
fi,,+,,,,,', and air permeability measurements of many of the sandstones of 

the Nanushuk Group and Torok Formation included in the petro- 
graphic study (continued).  [n, number of samples; --- , no 
testing done; *, sample from Torok Formation. Averages take 
into account only those samples t e s t e d . ]  

Sample Modal Visible Effective Air perm- - 
Number grain porosity 

.- size (XI 
{ e s t . )  

Kurupa anticline no23 

78ACh20 23 0.0 6.0 34.0 
78ACh2 1 .30 3.3 11.7 0.26 
78ACh23 .60 6.3 11.2 7.2 
78ACh24 . 50 2.0 6.8 39.0 
78ACh25 18 0.0 --- -- 
78ACh30 18 3.3 11.1 0.21 
78ACh3 1 .23 10.0 -- -- 
78ACh32 .23 6.7 11.7 1.1 
78ACh33 30 6.0 13.8 2.4 
78ACh43 .23 0.0 - -- 
78ACh47 -30 0.0  - -- 
78ACh49 .18 0.0 9.4 0.33 
78ACh5 9 .40 3 0 -- -- 
78ACh64 .23 0.3 5 .1  0.05 
7 8ACh7 0 23 1.3 15.2 4.7 
78ACh74 .30 0.0 4.9 0.47 
78ACh76 .60 . 5.7 17.7 62.0 
78ACh79 l 30 0.7 9.8 0.97 
78ACh80 .23 0 .3  7 . 3  0.18 
78ACh103 - 5 0  0.3 6.  6 0.15 
'78ACh108 60 0.0 6.6 0 .12  
j8~r=h113 -23  0.0 --- -- 
78ACh116 -23 0.0 5 . 5 0.13 

. . .- .Range .la-.  60 0.0-10.0 . 4.9-17.7 005-62.0 
Average 32 2.14 9.4  6 . 6 6  



Table 3. Modal grain size, percent v i s i b l e  porosity, effective porosity, 
(continued) and air permeability measurements of many of the sandstones of 

the Nanushuk Group and Torok Formation included in the petro- 
graphic study (continued). [n,  number of samples; --- , no test- 
ing done; *, sample from Torok Formation. Averages take into 
account only those samples tested.] 

Sample Modal Visible Effective Air perm- - 
Number $rain porosity e a b i l i t y  F size ( 8 )  (ma 1 

(est. ) 
Tuktu Bluff na19 

77AAh12 
77AAh13-u 
7 7AAh 16 
77AAh17 
7 7AAh20-1 
7 7AAh2 1 
7 7AAh2 3 
7 7AAh25 
77AAh30 
77AAh3 5-1 
77AAh371n 
77AAh38-1 
7 7AAh38 -u 
7 7AAh39-1 
77AAh39-u 
7 7AAh4 3-u 
7 7AAh45-1 
77AAh49-u 
77AAh49-1 
Range 
Average 

-- 
0.79 - 

113.0(hairline fracture) 
0.25 
0.15 
0.41 
0.07 
6.2 
0.26 
0.33 

320.0 
6.6 

0.07-320.0 
40.7 

Arc fiountain syncline n=16 - 

78AAh6 .15 0.0 4.2 0.06 
7 8AAh 1 6 .20 0.0 3.4 0.06 
7 8 ~ ~ h  17 . la  0.0 5.2 0.59 
7 8AAh 1 8 1.20 2.3 5.7 1.0 
78AAh19 .40 1.3 6.6 0.28 
78AAh20 .40 1.3 7.1 0.38 
7 8AAh22 .15 0.3 --- --- 
78AAh25 25 0.3 5.2 0.22 
78AAh26 .30 0.0 4.3 0.12 
,7 8AAh2 7 .60 5.3 8.4 3.90 
78AAh30 .30 0.0 --- --- 
78AAh3 1 .60 3.0 5.1 0.17 
7 8Mh3 2 30 4.0 7.4 0.31 
78AAh4 1-1 40 1.7 2.7 0.12 
78AAh41m .60 2.7 6.0 0.26 
78AAh4 1-u .60 0.0 3.7 0.07 
Range 15-1.20 0.0-5.3 2.7-8.4 0.06-3.90 
Average 0.42 1.4 5.4 0.54 



Table 3. Modal grain size, percent visible porosity, effective porosity, 
C c ~ n t ~ f l u e d ~  and a i r  permeability measurements of many of the sandstones of 

the Nanushuk Group and Torok Formation included in the petro- 
graphic study (continued). [n, number of samples; ---, no 
testing done; *, sample from Torok Formation. Averages take 
i n to  account only  those samples tested.] 

Sample Modal V i s i b l e  Effective A i r  penn- 
Number grain porosity e a b i l i t y  

size - .  (6) (md) 
(est .  ) 

Marmot syncline 11-24 

78ACh14 .23 0.0 3.1 0.31 
78ACh16 -77 3.3 3.8 0.10 
78ACh18 .13 0.3 4.7 0.08 
78ACh20 60 0.3 2 5 0.11 
78ACh24 1 . 20 8.3 2.3 0.06 
78ACh25 .60 0.7 5.0 0.17 
78ACh26 .48 1.7 3.7 0.12 
78ACh28 .23 3 0 4.1 0.06 
78ACh29 .40 0.7 --- --- 
78ACh30 60 0.0 3.2 0.13 
78ACh31 1-20 2.0 4.4 0.10 
7 8ACh32 .30 0.0 --- --- 
78ACh34 .12 1.0 3.1 0.05 
7 8ACh35 .60 0 3 2 9 0.08 
78ACh37 60 2.7 5.5 0.19 
7 8ACh38 . 65 1.3 7 . 6  13.0 
78ACh43 .60 0.0 4.8 0.15 
78ACh44 60 0.0 5.0 0.65 
78ACh45 .40 0.3 6.5 0.20 
78ACh46 020 1.0 4.7 0.25 
7 8ACh5 2 1.20 3.0 6.9 0.56 
78ACh53 38 .1 .3 5 6 0.10 
78ACh54 -23 . 0.0 3.4 0.06 
78ACh56 -20 . 0.0 5 . 5  0.17 
Range .12-1.20 0.0-8.3 2.3-7.6 0.05-13.0 
Average 0.52 ' 1.3 ' 4.5 0.80 - 



Table 3. Modal g r a i n  s i z e ,  p e r c e n t  visible p o r o s i t y ,  e f f e c t i v e  p o r o s i t y ,  

(eomt ;nued) 
and a i r  p e r m e a b i l i t y  measurements of many of t h e  sands tones  of 
the Nanushuk Group and Torok Formation inc luded  i n  the petro-  
graphic s t u d y  (con t inued) .  [n ,  number of samples;  --- 9 no 
t e s t i n g  done; *, sample from Torok Formation. Averages take 
i n t o  account  only t h o s e  samples t e s t e d . ]  

Sample 
Number 

Modal Visible E f f e c t i v e  A i r  perm- 
grain 
size - .  
( e s t . )  

Subsurface  Samples n = 31 

Western: n=9 
Kaolak l ( 9 3 7 )  .23 6.3 11.55 imperm. 
Kaolak l (2453 23 2.0 11.90 imperm. 
Kaolak l (3187)  18 1.0 10.04 imperm. 
Kaolak l (4078) .1S 5.3 11.28 impe rm. 
Meade l(2953) .23 7.7 19.2 13.48 
*Meade l (4133) 23 3.7 9.35 imperm. 

Oumalik l(979-984) .23 3.3 15.2 34.0 
Oumalik 1 ( 1606) .26 1.7 10.9 8 8 

*Oumalik l (3260)  .18 2.0 9. 2 less than 4 
Range .15-. 26 1.0-7.7 9.2-19.2 
Average .21 3.7 12.1 

C e n t r a l :  n=22 
Knifeblade 2A(172) .30 9.3 16.0 41.0 
Knifeblade 2A(792) .SO 3.3 14.2 1.3 
Knifeblade 2A(552) ,15 4.7 11.6 l e s s  than  1 
T i t a l u k  l (539)  .15 4.7 12.0 impenn. 
T i t a l u k  l (2675 .15 7.3 12.5 17.0 
T i t a l u k  l(3004) 27 1.7 8.3 impe rm. 
T i t a l u k  l (3306)  .23 2. 7 9.0 impe nu. 
T i t a l u k  l(3431) 17 1.7 10.5 impenn. 
Wolf Creek l ( 8 6 7 )  .30 0.0 5.3 impe rm . 
Wolf Creek 3(1553) .30 10.3 18.9 305.0 
Wolf Creek 3(2050) .17 2.0 10.6 less than 1 
Wolf Creek 3(2532)  .20 '0.0 4.7 imperm. 
Sq. Lake (1916) .17 5.3 17.5 ---- 
Sq. Lake (3036) .23 6.3 13.3 17.6 
Sq. Lake (3480) .14 8.7' 12.7 impe nn . 
Grandstand ( 3 6 4 - 6 9 )  .46 2.3 10.6 ---- 
Grandstand (862-82) .17 2.3 11.2 less t h a n  1 
Gubik 2(3529)  17 3.7 13.5 2.3 
Gubik 2(3822) .18 8. 0 14.1 22.0 
Simpson ( 829) 13 '12.3 28.8 ---- 
Topagoruk 1 (603) .15 13.0 27.2 316.2 
Topagoruk l (1204)  .23 11.4 26.0 200.4 
Range -13-.46 0.0-13.0 4.7-28.8 
Average .22 5.5 14.0 



TABLE 4. Tabulated modal cornposit ions and textural dd ta from pctroqraphic examination of sandstones from the Nanushuk Group 
and Torok Formation. Locations of scattered outcrop samples, measured sections, artd wells are shown in fiqure 1. In=nllmber 
of samples$ indicates sandstones from the Torok Formation; --- not analyzed; QI monocrysta1line and polycrystalline quartz, 
quartzite, and chert, Qm, monocrystalline quartz; F, feldspar; L, lithic grains$ Lv,  volcanic lithlc grains: Lm, metamorphic 
lithic grains, Ls, sedimentary lithic grainel Lac, argillaceous and carbonaceous grains; Lcc, calcareous grains; W - w e l l  sor- 
ted, M=moderately sorted, P=poorly sorted; VP-very poorly sorted; grain contacts: S-sutured, C=concavo-convex, I.=long, 
straight, P=point, tangent, F=floating.j - - -- 

Textural Data 

fiaximum grain Modal qrain Grain contact Percent Percent 
Suite Sample Number size (mm) size (mm) Sorting type EIatrix Cement 

Scattered 1075 -15 - 0  7 VP L, PI F 37.0' 1.7 
outcrop 1175 . 4  5 .20 VP LI P. F 25.9 6.7 
samples 1275 .45 .20 P c, L 21.6 6.6 

14 7 5 .7O .30 M LI p 3.7 0.9 
n=2l 1575 .70 .40 P L, p 10.8 13.8 

187s .17 .11 w CI L 1 8 . 1  1.7 
2075 .77 .38 M ---- 1 3 . 3  5.9 
2175 .56  .I8 W CI L 9.1 2 . 6  
2675 .45 .12 P C, L ,  P, F 13.8 15.3 
3075 - 1 2  .18 VP F 23.7 16.6 
3275 .35 .18 P S, C ,  L 15.0 15.3 
3 37 5 - 7 6  .46 M S r  C, L 8.3 20.8 
3675 .36 .18 P c, L 15.3 16.5 
3875 .38 .1B P S,  C, L 6.4 23.2 
4275 .39 .23 H PI F 26.0 25.7 
4375 - 9 2  * .38 P CI L 13.0 12.3 
4575 -18  - 1 5  P F 3.6 57.4 
487s -46 .24 n C, L - 2 7 . 3  5.2 
5175 .45 .30 W F 5.3 40.7 
5375 .38 . I 6  VP C I  Lr P 10.4 3 2.0 
5475 .90 .58 M C, LI P 11.7 8.8 

Range .12--92 . O f - . 5 8  VP-W ---- 3.6-37.0 0.9-57.4 
Average - 4 8  .25 H-P ---- 15.2 . 15.7 

- ------ 

Tupikchak 77AJF23 ---- .I5 M SI C I  L 1.6 22.4 
Mountain * 28 ---- .30 M CI L 4.3 6.1 
Syncline " 30 ---- .18 W s, C,  L 6.6 9.0 
measured " 32-u ---- .23 i.I c, L, PI F 1 .3  20.0 
section " 36-u ---- .23 W s, CI I, 2.5 3.4 

37-1 ---- . 2 5  M 5, C1 L 5.0 5.0  
n-1G * 37-u ---- . 3 0  P S, C I  L 7.7 6.4 

" 39-1 ---- .25 f4 cr L 4.6 2.0 
" 39-u ---- .30 M S,  C, L 3.3 7.3 
* 4 2 - 1  ---- . 3 4  P S,  C ,  L 5.3 4.7 
" 42-u ---- .30 P S, CI L 5.4 11.0 
* 44 ---- . I 0  M S,  C, L 13.3 0.3 
* 47-1 ---- . 1 B  M S, C, L, P 8 . 0  7.0 
" 47-u ---- .45 M C, L 5.3 3.3 

52-1 ---- .25 M S I  C I  L 8 . 3  10.0 
" 52-u ---- . 25  P SI C,  L 4 . 3  8 . 3  

Range .15-.34 W- P ---- 1.3-13.3 0.3-22.4 
Averarje .26 M ---- 5 .4  7 . 9  

-- -- 
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--- TAnLE 4 .  ( C o n t i n u e d )  

I T e ~ t i I r a i  Data 

Haximum g r a i n  Modal g r a i n  G r a i n  c o n t a c t  P e r c e n t  P e r c e n t  
S u i t e  Sample  Number s i z e  (mm) s i z e  ( m m )  S o r t  i n q  type M a t r l x  Cement 

W e s t e r n  T u n a l i k  ( 3 2 8 6 )  .23  . l 2  M-P s, CI L 1 6 . 7  1 9 . 9  
s u b s u r f a c e  " ( 3 2 8 0 )  .30 .OB H F 3.3 45.0 

" ( 5 5 5 8 )  .46 . 1 B  H s, c ,  L 18.7 6.0 
n=ZO " ( 5 5 6 1 )  --- ,151 W SI C I  L 10.3  14 .7  

Kaolak  1 ( 9 3 7 )  .56 . 2 3  M-P C, La F 12.7  1.7 
Nanushuk- w ( 2 4 5 3 )  .60 .23  M C,  L, F 9.0 4 .O 

11 " ( 3 1 8 7 )  .30 .18 P CI LI F 1 2 . 0  5.2 
Torok=9  n ( 4 0 7 8 )  .30 . 1 5  P s, c, L, p 10 .7  7.4 

* b e a r d  ( 3 0 3 6 )  .23 .08 M- P Lo PI F 11 .3  31.0 
Heade 1 ( 2 9 5 3 )  .38 . 2 3  W c, L 3 . 0  3.6 
I ( 4 1 3 3 )  . 4 5  . 2 3  P SI CI  L 1 0 . 7  3 .6  

*So. Meade (56701  .4  5  . 2 3  M s, c. 2 1 . 3  12 .3  
I " ( 5 9 6 4 )  .6 0 .15 P s, c 15.0  12.0  

*So. Barrow 1 (1906-1916)  .46 .17 M c, L 1 0 . 5  1 .7  
*So. Barrow 6 (2353-2354)  .23  .69 W c, L 12.7  . 5 .4  

Oumal ik  1 ( 9 7 9 - 9 0 4 )  . 3 0  . 2 3  P C,  F 10 .0  5 . 6  
I (1606) .43  .26  P c, L 10.7  5.0 
I ( 3 2 6 0 )  . 4  5  - 1 8  P C,  LI P, P . 10.7  6.1 
• ( 9 2  51) .23  . 0 8  P c, L 23 .,O 11.3 
n ( 9 2 8 8 )  .30 -12 M-P SI CI L 22.0 3.6 

Range .23-.60 .08-. 26 W- P --- 3.0-23.0 1.7-45.0 
Average  .38 . 17  M --- 12.7  10.3 
Nanushuk Average  . 3 9  .19 M --- 1 0 . 7  10.7  
T o r o k  Average  .38 -15 H --- 1 5 . 2  9 .7  



C o m p o s i t i o n a l  Data {percent of t o t a l  c o m p o s i t i o n )  , 

S u i t e  Sample : Q Qrm QP F L Lv h ts  Lac Lqc 

Western T u n a l i k ( 3 2 8 6 )  3 6 . 0  2 4 . 0  1 2 . 0  1 0 . 3  1 5 . 3  3 . 7  2 . 0  9 . 6  4 . 3  3 . 3  
a u b s u r f a c e  1 3 2 ~ )  27.4 23 .4  4 . 0  7 . 4  1 6 . 3  2  0 0 . 3  ' 1 4 . 0  1 0 . 0  3 . 7  

" ( 5 5 5 0 )  4 6 . 3  35 .7  1 0 . 6  1 4 . 0  1 1 . 6  5 . 6  . 1 . 0  5 . 0  1.0 0.7 
n-20 " 15561)  4 1 . 7  2 9 . 7  1 2 . 0  1 4 . 6  1 4 . 2  5 . 4  2 .7 6 . 1  3 . 7  1 . 7  

Kaolak 1 (9371  4 4 . 2  23 .0  2 1 . 3  5 . 3  3 4 . 0  8 . 7  1 4 . 0  1 1 . 3  6 . 3  3 . 0  
Nanuehukl * ( 2 4 5 3 1  3 1 . 3  13.7  1 7 . 6  4 . 7  42 .4  1 0 . 0  1 1 . 3  2 1 . 1  3 . 7  1 4 . 7  

11 x ( 3 1 8 7 )  4 3 . 7  27 .7  1 6 . 0  8 . 7  3 1 . 0  8 . 3  9 . 0  13 .7  2 . 7  8 . 7  
Torok=J rn ( 4 0 7 8 )  4 2 . 6  3 6 . 0  6 . 6  9 . 0  2  5 . 2  1 2 . 0  3.6 9 . 6  3 . 0  3 . 3  

*Peard ( 3 0 3 6 )  30 .7  21 .7  9 . 0  1 3 . 7  1 2 . 8  5 . 0  2 . 4  5 . 4  ' 3 . 7  1 . 7  
Meade 1  ( 2 9 5 3 )  4 9 . 9  4 0 . 3  9 . 6  1 1 . 7  2 2 . 9  8 . 0  6 . 6  8 3  4 . 3  0 . 3  

* a ( 4 1 3 3 )  42 .7  3 3 . 7  9 .0  7 . 7 ,  3 2 . 1  8 . 7  6.0 1 7 . 4  6 . 7  3 . 7  
*So. Heade ( 5 6 7 0 )  3 0 . 7  2 1 . 7  9 . 0  1 2 . 3  2 2 . 0  3 . 7  3 . 0  1 5 . 3  1 0 . 3  3 .0  

(59641 3 1 . 3  2 3 . 3  9 . 0  * 1 1 . 3  2 6 . 8  4 . 7  3 .7  1 6 . 4  0 . 0  7 . 7  
*So.  Barrow 1  (1906-1916)  3 9 . 9  28 .8  1 1 . 1  1 0 . 3  1 8 . 4  5 . 3  4 . 2  8 . 9  2 . 3  I. 3  
*So.  Barrow 6 (2353-2354)  5 8 . 1  5 1 . 7  6 . 4  3 . 3  11.3 4 . 6  1 . 7  5 . 0  2 . 0  0 . 7  

Oumalik 1  (979 -904)  3 6 . 0  2 4 . 7  1 1 . 3  10 .0  3 5 . 3  6 . 3  4 . 0  2 5 . 0  7 . 3  15 .0  
I ( 1 6 0 6 )  4 1 . 3  2 4 . 0  1 7 . 3  1 2 . 0  2 8 . 3  1 1 . 0  4 . 7  12.6 3 .0  6 . 3  

rt a ( 3 2 6 0 )  4 7 . 0  3 5 . 7  1 1 . 3  0 . 3  2 5 . 0  9 . 4  2 . 3  1 3 . 3  4 . 3  6.3 
t m  ( 9 2 5 1  ) 3  3 .0  2 3 . 7  9 . 3  9 . 0  21.6 5.7 4 . 0  1 1 . 9  4.3 6 . 3  

a ( 9 2 8 8 )  3 3 . 3  2 7 . 3  6 . 0  1 3 . 0  22 .0  4 . 7  5 . 6  1 1 . 7  6 .0  5 . 0  
Range 2 7 . 4 - 5 8 . 1  13 .7 -51 .7  4 . 0 - 2 1 . 3  3 . 3 - 1 8 . 3  11 .3-35.3  2 .0 -12 .0  0 .3 -14 .0  5 . 0 - 2 5 . 0  1 . 0 - 1 0 . 3  0 . 3 - 1 5 . 0  
Average  3 8 . 9  2 8 . 5  1 0 . 9  1 0 . 2  2 3 . 4  6 . 6  4 . 6  1 2 . 2  4 . 9  4 . 0  
Nanuvhuk 

Average  40 .1  2 7 . 5  1 2 . 6  9 . 8  2 5 . 1  7 . 4  5 . 4  f 2 . 4  4 .5  5 . 5  
Torok 

Average 3 7 . 5  2 9 . 7  8 . 9  1 0 . 8  2 1 . 3  5 . 8  3 . 7  1 1 . 9  5 . 3  4 . 0  





Compositional Data (percent of t o t a l  composition) 

Suite Sample I Q Qm QP 

Kurupa 78ACh20 
Anticline " 2 1  
measured " 23 
section " 21 

" 25 
11x23 " 30 

3 1  
* 32 
* 33 
" 43 
* 47 

49 
" 59 

64 
' 70 
" 74 
* 76 
" 79 

60  
103 

" 100 
113 

" 116  
Range 
Average 

F L Lv Lm Ls Lac Lcc 

3.7  4 5 . 0  14.7  12.3  18 .0  5 . 0  7 . 0  
3.7 42.0  15.7  15.0 11.3  . 2.7 0 .3  
3.0 4 4 . 7  24 .0  9 . 0  11 .7  7.0 0 .7  
2.7 43.3  1 6 . 6  14.4 12 .3  7 .3  0 . 3  
6 .0  2 2 . 9  9.0 4.0 9 .9  6 .6  2.0 

11.7 30.6 15.7  8.6 6 . 3  3.3 1 . 0  
12.0  24.9 9.6 8 . 0  ' 7 . 3  2.3 1 .7  

6 .3  39.3 18.4 10 .0  10.9  5 . 3  1 .3  
8.0 35.8 14.7 9.7 11.1 7 . 7  0.0 
4.3 48.4 14.7  12.0  16.7  4.7 7 . 7  
3 .7  51.4 18 .O 13.3  20 .1  5 .7  8 .7  
5 . 0  36.4 9 . 3  17.9  9.2 4.3 1 .3  
6.7 47.0 14.4 20.0  12.6 6 .0  0.3 
3.7 36.0 4.3 24.0 7 .7  3 .3  3 .7  
2.3 36.4 9.4 20.3  6.7 2.7 1.7 
2.3 27.0 6 . 7  15.6 4 .7  3.7 0 . 0  
2.3 35.0  7 . 3  .20 .0  7 .7  5 .0  0.0 
2 . 3  35.4 4 .7  20.7 10.0  3 .3  0.7 
3 .7  28.4 6.7 18 .1  3.0 1 .0  0 . 3  
0 .0  3 1 . 6  4 .0  18.0  9.6 3 .0  1.3 
1.7 29 .7  4 .3  19.7 5 .7  0 .7  1 . 7  
1 . 7  28.7 7 . 3  18.7  2.7 1 .0  0.0 
3 .3  27.7 6 .7  15.7 5 .3  1 .3  0 .3  

0,O-12.0 22.9-51.4 4.0-24.0 4.0-24.0 2.7-20.1 0 .7-7 .7  0.0-0.7 
4 . 4  35.8 11.1 15 .0  9.6 4 .0  1.0 

Tuktu 77AAh12 31.3 19.0  12.3 5 .3  26.9 3 .7  14 .6  0.6 5.3' 0 . 3  
Bluff " 13-u 29.0  16.0  13 .0  2 .7  25.0 3 .0  17.4  4 .6  0 .3  2 .0  
measured " 16 30.0 18 .O 12.0  4.3 29.2 4 .0  10.6  6.6 3 .3  2.0 
section * 17 42.0  23.0 19.0  2.7 36.6 6 . 0  20.0 10.6 1 .3  0.0 

" 20-1 34.1 22.7 11.4 6 .0  29.7 4.6 1 8 . 4  6 .7  2.7 0.0 
n-19 2 1  39.0 27.3 11.7  1.7 35.6  9.0 16.3  10.3  1. 0 0 . 0  

" 23 30.0 12.7 17 .3  2.7 38.0 13.0  19.3  5;7 1.7 1.7 
* 25 41.0 24 .0  17.0  2 .0  41.7  10 .3  21.7 9.7 4.7 0.0 
rn 30 26.0 15.0 11.0  1 . 3  33.4 6 .0  25.4 2.0 0 . 7  0.3 
" 35-1 34.6 15.B 1 8 . 6  2.6 33.1  5.3 22.8 5.0 0 .7  0 . 3  
* 37-ln 4 3 . 9  25.3 18.6 3.2 24.9 4 .8  17.9  2.2 0 .3  0 . 0  
" 3U-1 5 1 . 5  3 3 . 1  1 8 . 4  0.3 3 3 . 7  6.8  13.3  13.6  2 .0  0 .0  
" 313-u 58.7 36.7 22.0 1.3 27.6 5 .7  12.2  9.7 2.8 0 . 0  
" 39-1 57.3 35.2 1 6 . 1  3 .2  24 .3  0 . 1  10.6 586 1.0 2.3 

39-11 51.2 28.7 2 2 . 5  0 .7  35.4 13.3  12.4 9.7 2.9 0.0 
" 43-u 59.0 33.0 26.0  1 .0  26.0 6.6 12.0  7.4 1.7 0 0 
* 45-1 42.1  28.7 13.4 1 . 0  28.0 7.6 14.7  5.7 . 2.7 0 . 0  

49-u 50.3 34.3 16.0 2 .7  24.6 5.6 13.0  6.0 1 .3  0.0 
" 49-1 53.6 17.3  36.3  0 .3  36.7 10 .3  14.0 1 . 4  2.7 0.0 

Range 26.0-59.0 12.7-36.7 11.0-36.3 0.3-6.0 24.3-11.7 3.0-18.3 10.6-25.4 2.0-13.6 - 0 . 3 - 5 . 3  0.0-2.3 
Average 42.0  24 .5  17.5 2.4 31 .1  7.5 16.6 '1.1 2.1 0 .5  



TABLE 4 .  [ Cont f nued 1 

Textural Data 

Maximum grain Modal g r a i n  Grain contact Percent Percent 
Suite Sample Number  s i z e  (mm) size (mm) Sorting type Matrix Ccmen t 

Arc 78AAh6 .4  0 . 1 5  M S, C I  L 25.3 3 .3  
Eiountain * 16 .30 . 2 0  W SI CI L 19.7 2.2 
Syncline 17 .8 0 . 1 8  W s, C I  L 2 3 . 0  1.6 
measured la 2 .30  1.20 w S, c, L 5.3 1.0 
sect ion 19  1.20 .40 H s, ct L 10.0 1.6 

" 20 .60 .40 H s, CI L 7 . 3  0 . 6  
n=16 " 22 .40 . 1 5  H SI CI 18.7 4.7 

" 2 5  . 6 0  . 2 5  W s, c ,  L 16.4 0.6 
" 26 .BO .30 W s, CI L 12.0 0.3 
" 27 1.20 .60 W S, C, 2.7 2.0 
* 30 . 4 5  .30 M c, L 2 2 . 0  0 .7  
" 31 1.20 .60 W se c, L 6.3  4 .4  
" 3 2  .BO . 3 0  H s, C I  L 10.7 0.6 
' 41-1 1.08 .40 W sr  c 9.0  1.0 
" 41-m 1.20 ,611 W SI C I  L 12.3 1 . 6  
" 41-u 1.20 .6O W s, c, L 12.7 0.3 

Range M-w 2-7-25, j 0 . 3 - 4 . 7  
Average W 13 .3  1 .7  

Marmot 7 B A C h 1 4  
Syncline " 16 
measured 18 
section " 20 

24 
n-24 " 2 5  

26 
" 28 
" 29 
" 30 

31 
" 32 
" 34 
" 35 
" 37 

38 
* 4 3  
" 4 4  
" 4 5  

4 6  
5 2  

' 53 
" 5 4  

5 6  
Range 
Average 

W 
W 
W 
W 
W 
W 
W ' 

M-P --- 
n 
W 
W 
P 
W 
W 
H 
W 
W 
W 
H-P 
P 
W 
'H 
W 



Cornpoaitional Data (percent of total composition) 

S u i t e  Sample I Q Qm QP F L 1.v Lsl Ls Lac Lcc 

Arc 7BAAh6 3 8 . 7  2 5 . 7  1 3 . 0  3 . 0  1 7 . 4  2 . 0  8 . 4  7 . 0  4 . 7  0 . 3  
Mountain " 16 3 6 . 9  2 1 . 0  1 5 . 9  1 . 9  2 1 . 3  6 . 1  11.1 1 . 1  0 . 0  0 . 0  
S y n c l i n e  17 3 9 . 4  2 6 . 0  1 3 . 4  2 . 3  2 3 . 3  5 . 0  1 2 . 0  6 . 3  1 . 7  0 . 3  
measured " 16 6 2 . 9  4 2 . 7  20 .2  0 . 0  3 1 . 5  1 0 . 9  9 . 3  1 1 . 3  9 . 6  0 . 0  
s e c t i o n  " 1 9  6 2 . 6  4 2 . 3  2 0 . 3  1 . 0  2 6 . 0  7 . 0  8 . 6  1 0 . 4  5 7  0 . 0  

20 6 3 . 0  4 3 . 3  2 0 . 0  0 . 3  2 9 . 3  6 . 3  1 2 . 7  1 0 . 3  5 . 0  0 . 0  
n=16 " 2 2  3 8 . 3  2 3 . 3  1 5 . 0  3 . 7  1 8 . 7  6 . 0  1 0 . 0  2 . 7  1 . 7  0 . 0  

" 25 5 5 . 1  4 0 . 7  1 4 . 4  2 . 3  2 4 . 8  6 . 7  12 .4  5 . 7  1 . 7  0 . 0  
" 26 5 6 . 3  3 1 . 3  2 5 . 0  2 . 3  2 6 . 6  3 . 6  16 .O 7 . 0  1 . 0  0 . 0  
a 27 6 2 . 3  4 5 . 0  1 7 . 3  0 . 7  2 8 . 7  0.7  a .  o 1 2 . 0  7 . 3  0 . 0  
* 30 3 4 . 3  1 9 . 7  1 1 . 6  2 . 0  2 6 . 7  8 . 0  11 .0  4 . 7  0 .7  0 . 0  
" 31 6 1 . 6  1 2 . 3  1 9 . 3  0 . 7  2 5 . 2  1 1 . 3  7 . 6  6  3  1 .3  0 . 0  
* 32  6 4 . 7  4 7 . 3  1 7 . 4  0 . 7  2 1 . 1  6 . 1  8 . 4  6 . 0  ' 1 . 3  0 . 0  

41-1 5 9 . 9  4 1 . 2  18.7 1. 0 20.6 6 . 6  1 1 . 7  1 0 . 3  1 . 7  0  0  
" 41-m 58 .7  3 2 . 3  26 .4  0 . 3  2 8 . 4  4 . 3  14.7 9 . 4  4 . 7  0 . 0  
" 41-u 5 8 . 6  3 3 . 0  2 5 . 6  0 . 3  2 9 . 3  3 . 3  16.0 1 0 . 0  1 . 3  0 . 7  

Range 31 .3 -64 .7  1 9 . 7 - 4 7 . 3  1 3 . 0 - 2 6 . 4  0 . 0 - 3 . 7  1 7 . 4 - 2 9 . 3  2 .0 -11 .3  7 . 6 - 1 6 . 0  2 . 7 - 1 2 . 0  0 . 0 - 9 . 6  0 .0 -0 .7  
Average 5 3 . 4  3 4 . 8  1 8 . 5  1 . 4  2 5 .4  6 . 4  1 1 . 3  7 . 1  3 . 1  0 . 1  

0\ 
0 

Marmot 78ACh14 5 1 . 4  3 1 . 0  20 .4  1 . 7  3 1 . 3  7 . 3  1 7 . 4  6 . 6  1 . 3  0 .0  
S y n c l l n e  " 1 6  5 2 . 9  3 0 . 3  22 .6  3 . 3  3 2 . 0  6 . 0  2 3 . 0  3 .0  1.0 0 . 0  
measured 18 4 8 . 0  2 6 . 7  2 1 . 3  2 . 0  2 9 . 3  6 . 3  1 8 . 7  4 . 3  1 . 3  0 . 0  
sect ion " 20 5 2 . 3  2 3 . 3  2 9 . 3  0 . 0  4 5 . 4  9 . 0  2 6 . 7  9 . 7  3 . 7  0 . 0  

24 5 9 . 3  2 5 . 3  31 .0  0 . 0  3 3 . 3  1 5 . 0  8 . 0  1 0 . 3  5 . 3  0 . 0  
n-24 25  5 8 . 3  4 1 . 0  1 7 . 3  0 . 0  24 . 4  6 . 4  1 6 . 3  1 1 . 7  2 . 0  0 . 0  

" 26 6 2 . 7  3 7 . 0  25 .7  0 . 0  2 2 . 1  4 . 4  1 1 . 0  6 . 7  2.0 0 0  
28 49.0 3 1 . 0  1 8 . 0  0 . 7  2 1 . 7  6 . 4  10 .3  5 . 0  0 . 7  0 . 0  
29 5 4 . 7  2 7 . 0  2 7 . 7  0 .0  3 9 . 7  1 2 . 0  1 5 . 4  1 2 . 3  5 . 3  0 . 0  

" 30 5 9 . 3  4 1 . 0  1 8 . 3  0 . 3  2 7 . 0  4 . 7  1 5 . 3  7 . 0  1 . 0  0 . 0  
* 31 5 9 . 0  2 5 . 3  2 3 . 7  0 . 7  3 4 . 4  8 . 3  1 8 . 7  7 . 4  3 . 7  0 . 0  
" 32  55 .6  2 7 . 3  2 8 . 3  1.0 30 .6  8 . 0  1 4 . 3  8 . 3  4 . 3  0.0  
" 34 5 2 . 4  3 2 . 7  1 9 . 7  1 . 7  2 4 . 8  5 . 0  1 4 . 4  5 .4  1 . 7  0 .0  

' 3 5  5B.O 3 5 . 7  2 2 . 3  0 . 0  2 4 . 3  7 . 0  1 1 . 0  6 . 3  2 . 3  0 . 0  
37 6 0 . 9  2  1 . 3  3 9 . 6  0 . 3  3 3 . 3  1 5 . 7  9 . 3  8 . 3  7 . 0  0 . 0  

" 38 5 3 . 3  3 9 . 0  1 4 . 3  1 . 3  3 1 . 0  1 3 . 4  1 0 . 3  7 . 3  3 . 7  1 . 3  
" 43 5 4 . 0  3 3 . 2  20.8 1 . 5  3 1 . 1  8 . 8  1 0 . 4  1 1 . 0  7 . 0  0 . 0  
* 44 6 3 . 0  3 7 . 0  2 6 . 0  0 . 0  3 1 . 4  7 . 0  1 2 . 7  11 .7  5 . 7  0 . 0  

45 6 2 . 0  4 1 . 7  2 0 . 3  0 . 3  2 3 . 3  7 . 4  9 . 3  6 . 6  0 . 3  0 . 0  
" 46 5 3 . 3  3 5 . 7  1 7 . 6  2 . 3  3 0 . 0  9 . 7  1 5 . 0  5 . 3  1 . 0  0 . 0  
" 52 6 2 . 7  3 2 . 7  3 0 . 0  0 . 0  3 5 . 0  9 . 7  1 5 . 0  1 0 . 3  5 . 0  0 . 0  

53 6 7 . 7  4 9 . 7  1 8 . 0  1 . 3  21.0 8 . 3  6 . 3  6 . 4  0 . 7  0.0 - 54 4 7 . 3  31 .3  1 6 . 0  2 . 3  2 3 . 3  7 . 0  9.0 7 . 3  1.3 0 .  a 
" 56  4 0 . 4  2 8 . 7  11 .7  2 . 7  2 1 . 0  1 2 . 3  5 .7  3 . 0  0 . 3  0 . 0  

Range 40 .4 -67 .7  2 1 . 3 - 4 9 . 7  11 .7 -39 .6  0 . 0 - 3 . 3  2 1 . 0 - 4 5 . 4  4 . 4 - 1 5 . 7  5 .7-26.7  3 . 0 - 1 2 . 3  0 .3 -7 .0  0.0-1.3 
Average 5 5 . 7  3 3 . 1  22.6 1 . 0  2 9 . 6  8 . 5  13 .5  7 . 6  2 .8  0 .  1 



TAIII.E 4. (Continued 

Textural Data - 
Maximum grain Modal grain Grain contact Percent 

Suite- Sample Number size (m) size (mm) type Matrix Sorting 

Central Knifeblade 2A 1 1 7 2 )  .45 .30 H CI L 3.0 
Subsurface II 1 7 9 2 1  .77 

I (1557) .38 

n=35 Titaluk 1 (5391 .23 

27 II (3306) .36 

Torok-8 I (34311 . 2 3  

Wolf Creek 1 ( 8 6 7 1  .58 
Wolf Creek 3 ( 1 5 5 3 1  .58 

( 2 0 5 0 )  . 4 5  
M I ( 2 5 3 2 )  . 4 6  

Dalton (3524) .30 * ( 4687.5) .60 
l n i q a k  ( 2662 ) .77 
Square Lake (1916) .48 

I ( 3036) .45 
a " 134001 .16 

*Seabee (5393) .23 
I I (53961 17 
* I (5410)  - 2 7  

" (12,011) .4s  
F i s h  Creek (5530) .30 
Grandstand (364-369) .90 

I (862-8B2 ) .38 

Gubik 2 [ 3 5 2 9 )  .45 
a (3822) .38 

Simpaon (829)  .23 
E. Simpson (2406) .la 

12410) .29 
I *  L6083) . 1 6  

• i6495-6496j .40 
Range .16-. 90 
Average . 4  1 
Nanushuk Average .4 3 
Torok Average . 3 3  

P 
W 
M 
Eil 
P 
P 
M 
VP 
W 
P 
P 
w- M 
M-P 
W-M 
P 
M 
P 
M 
M-P 
H 
M-e 
M 
W 
VP 
P 
W 
P 
M 
P 
pr 
M 
N 
M-P 
P 

W-VP 
n 
H 
M 

Percent 
Cement 



Cornpoeitional Data ( p e r c e n t  of total compo~itfon1 

S u i t e  Sample I Q 

Central Knifeblade 2A (172) 48.7 
S u b s u r f a c e  I (792)  38.4 

( 1 5 5 7 )  38 .2  
11-35 Titaluk 1 ( 5 3 9 1  47.3 

m 12675)  59.4 
Manuehuk= s (3004)  49.0 

2 7 M (3306)  40.0 
Torok-6 " (3431)  37.1 

Wolf C r e e k  1 (867) 43.7 
Wolf Creek 3 (15531 69.0 
I ¤ ( 2 0 S O )  52.3 
M a 12532)  43.0 

Dal ton ( 3 5 2 4 )  32.4 
* m  14687.5) 37.0 

In igak  (2662)  43.3 
Square Lake  (19161 39 4 

I " ( 3 0 3 6 )  54.3 
¤ ( 3 4 8 0 )  4 1 . 3  

*Seabee ( 539 3 ) 34.4 
I n (5396)  39.9 
II Y ( 5 4 1 0 )  27.4 

' (12 .011)  36.7 
F i s h  Creek (5530) 32.4 
Grandstand (364-369) 58.3 

I (862-882)  5 4 . 3  
Gubik 2 (3529)  33.3 

I (3822) 58.1 
Simpson ( 0 2 9 )  34.3 
E. Simpson ( 2 4 0 6 )  35.6 
• " (2410) 31.4 

t m  * (60831 33.7 
Topagoruk 1 ( 6 0 3 )  29 .0  

(1204) 33.9 
(5970-5971) 35.0 

t m  (6495-6496) 34.3 
Range 27.4-59.4 
Average 41.6 

.Nanushuk Average 43.6 
Torok Average 34.8 

La 

7.3 
23.0  
8.6 

15.0 
7.0 

12.3 
6.4  
7.7 
10.4 

9.6 
8.6 

LO. 3 
5.0 
4.7 
6.7 

10 .7  
6 .3  
4 . 0  
2.0 
3 . 0  
5 . 0  
2.7 
2.0 

12 .6  
10.3 
12.7 

9.7 
4.3 
6.0 
3 .7  
2.0 
9.0 
9.6 

Lac k c  

6.7 1 .3  
5 .3  0.3 
3.7 12.3 
2.3 0.0 
3.0 0 .0  
5 .3  1 . 3  
5 . 7  6.0 
7.0 7.3 
2.7 1.0 
1-3 0.0 
3.0 1.3 
4.0 2.0 

I f  -3 0.7 
6 . 3  2.0 
1.0 0.3 
6.7 8.0 
3.1 0.3 
4.3 0.0 
4 . 7  7.3 
1.7 7.0 
9.7 3.3 
4.0 5.0 
3.0 2.0. 
4.7 0 . 0  
5 . 0  0 . 0  
7 . 3  12.0 
3 . 3  0.0 

15.3 2.7 
1.8 4.6 
5.7 5 . 0 
5 . 3  2 .*o 
7.0 11.3 
6 . 0  10.5 


