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Pre l  irninary Report 

GEOLOGIC EVALUATION OF THE HERENDEEN BAY AREA, ALASKA PENINSULA 

l NTRODUCT l ON 

This  study was i n i t i a t e d  t o  evaluate the  o i l ,  gas and minera l  p o t e n t i a l  

o f  a p o r t i o n  o f  the Alaska Peninsula. Reconnaissance geo log ic  exp lo ra t i on  was 

c a r r i e d  ou t  i n  the Herendeen Bay area, Por t  Mo l l e r  quadrangle, and i n  the Bear 

Lake3 l a c k  Lake area o f  the  Chignik  quadrangle i n  1973. Th i s  repo r t  covers 

the r e s u l t s  o f  the 1973 work i n  the Herendeen Bay area.  The 1973 p o r t i o n  o f  

the p r o j e c t  was completed from an i n f l a t a b l e  r a f t  us ing  f i xed-wing ( ~ e s s n a  180 

on f l o a t s )  support f o r  camp moves. 

Reconnaissance work w i l l  be c a r r i e d  ou t  i n  the  Cold Bay-Morzhovoi Bay 

area and i n  the balance o f  t he  Herendeen Bay and Bear Lake-Black Lake area i n  

1974. 



CONCLUSIONS 

Due t o  the l i m i t e d  na ture  o f  the 1973 p ro jec t ,  the conclus ions should 

be viewed w i t h  caut ion u n t i l  t he  1974 work has been completed. The f o l l o w i n g  

anomalies were studied: Over 400 f e e t  o f  h i g h l y  p e t r o l i f e r o u s  sands were 

measured and described i n  the  Cretaceous-Jurassic Staniukovich fo rmat ion ,  and 

one lead and one z inc  geochemical anomaly were located i n  the  Herendeen Bay 

area. Add i t iona l  f i e l d  work w i l l  be completed i n  1974 t o  f u r t h e r  eva lua te  

these leads. 
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REGIONAL GEOLOGY 

Rocks as o l d  as Late Jurassic a re  widespread on the Alaska Peninsula. 

Older rocks occur i n  iso la ted exposures a t  Puale Bay and i n  the v i c i n i t y  o f  

Lake I1  iamna a t  the base o f  the peninsula (Burke, 1965, p. 17 ) .  

Marine Middle Permian f o s s i l s  have been documented i n  l imestone s t r a t a  

a t  Puale Bay. Post-Permian rocks a t  Puale Bay cons is t  o f  a f o s s i l i f e r o u s  

Upper T r i a s s i c  l imestone conformably o v e r l y i n g  mafic volcanic f lows,  breccias,  

and t u f f s  which a re  a l so  considered t o  be o f  T r i a s s i c  age. A sec t ion  o f  

Lower Jurass ic  sediments and volcanics o v e r l i e s  the T r i a s s i c  l imestone on the  

nor theast  Alaska Peninsula, and these i n  t u r n  o v e r l i e ,  l o c a l l y ,  quartzose gneiss 

and s c h i s t s  t h a t  have been considered by some t o  be o f  Precambrian age. Th is  

age i s  quest ionable,  as Burk (1065, p. 17) contends, and i s  more-probably Permian 

t o  Ear l y  Mesozoic ( ~ u r k ,  1965, p. 11). By Ear l y  Jurassic,  volcanism had subsided 

and i n t r u s i o n s  o f  the  hornb lende-b io t i te  g r a n i t e  o f  the Naknek Lake B a t h o l i t h  

began. U p l i f t ,  associated w i t h  the  i n t r u s i o n  o f  the b a t h o l i t h ,  caused the  Lower 

Jurass ic  and o l d e r  rocks t o  be eroded and redeposited as Middle Jurass ic .  

Upper Jurass ic  and e a r l y  Cretaceous sediments a r e  dominantly composed o f  these 

eroded rocks. The coarse arkoses o f  t h e  t h i c k  Naknek and Staniukovich format ions 

(Oxfordian t o  Valanginian age) record t h i s  pe r iod  o f  erosion (wisehart ,  1971, 

p. 15) on the  nor theastern Alaska Peninsula. Fine-grained sands and t h i n  pebble 

conglomerates a r e  dominant i n  these two u n i t s  i n  the Herendeen Bay area. The 

Middle and Upper Cretaceous i s  no t  represented on the Alaska Peninsula by 

sedimentary rocks and marks a per iod  o f  minor u p l i f t  and deformation. This 

per iod  i s  recorded by an unconformity between Campanian and Neocomian t o  

Kimmeridgian s t r a t a .  Thick f l y s c h  sequences n o r t h  o f  the peninsula i n  the  

Kuskokwim highlands and south on the  Shumagin-Kodiak Shelf  a re  o f  mid t o  upper 

Cretaceous age and more than l i k e l y  con ta in  debr i s  der ived from the  Peninsula 



du r i ng  t he  mid-Cretaceous h i a t u s .  The Campanian and M a e s t r i c h t i a n  rocks o f  

the Alaska Peninsula,  i d e n t i f i e d  as the  C h i g n i k  and Hoodoo fo rmat ions ,  

r e s p e c t i v e l y ,  represen t  a t ransgress ive  sequence o f  renewed sedimentat ion 

f o l l o w i n g  t h e  h i a t u s .  They a r e  cha rac te r i zed  by basal  non-marine s t r a t a  

grad ing upward th rough marine sandstone i n t o  b l a c k  mar ine s i l t s t o n e  and sha le  

(Wisehart, 1971, p. 15) .  

Cenozo i c Rocks 

The Mesozoic sequence i s  conformably o v e r l a i n  by 28-30,000 f e e t  o f  e a r l y  

t o  l a t e  T e r t i a r y  s t r a t a .  

The Paleocene-Oligocene Beaver Bay Group was named by Burk i n  1965. 

Th is  u n i t  can be d i v i d e d  i n t o  the u n d e r l y i n g  Paleocene-Eocene T o l s t o i  and 

o v e r l y i n g  Ol igocene Stepovak Formations. Only t he  T o l s t o i  i s  present  i n  t h e  

Herendeen area . 
The Miocene Bear Lake Formation ( ~ u r k ,  1965) i s  es t imated  t o  be f rom 

5,000 t o  p o s s i b l y  10,000 f e e t  t h i c k .  Non-marine sandstones, conglomerates, 

t h i n  coa l s ,  and marg ina l  marine conglomerate sandstones and c lays tones  make up 

t h i s  fo rmat ion .  

REG l ONAL STRUCTURE 

The dominant g r a i n  o f  t he  major f o l d s  and f a u l t s  t rends  sub-paral l e l  t o  

the long  a x i s  o f  t h e  Alaska Peninsula.  The nor theast -southwest  t r end ing  

Bru in  Bay f a u l t ,  a l t hough  n o t  documented southwest o f  Ugashik Lakes, i s  t h e  

l a r g e s t  s i n g l e  s t r u c t u r a l  f e a t u r e  on t h e  Alaska Peninsula.  I t  separates t h e  

Naknek Lake B a t h o l i t h  f rom the  ad jacen t  d e p o s i t i o n a l  s i n k  by a h i gh  ang le  

reverse movement (down thrown on the  southeast )  . Numerous o t h e r  sub-para 1 1 e l  

f a u l t s  w i t h  s i m i l a r  movements suggest t he  s t r u c t u r a l  h i s t o r y  o f  the  Alaska 



Peninsula as one o f  t he  d i f f e r e n t i a l  v e r t i c a l  movements assoc ia ted  w i t h  p l u t o n i c  

i n t r u s i o n s .  

F i v e  p r i n c i p a l  pe r i ods  o f  de fo rmat ion  a f f ec ted  t h e  geology o f  t h e  Alaska 

Peninsula.  They occur red  d u r i n g  E a r l y  Ju rass ic ,  E a r l y  T e r t i a r y  and Mid- 

T e r t i a r y  (assoc ia ted w i t h  p lu ton ism)  and d u r i n g  t h e  Mid-Cretaceous and Pl iocene 

(broad g e n t l e  deformat ions  u n r e l a t e d  t o  p l  u ton  i sm) . The P l  iocene deformat ion  

c rea ted  t he  topographic  and s t r u c t u r a l  g r a i n  o f  t h e  p resen t  Alaska Peninsula.  

HERENDEEN BAY PROJECT 

Reconnaissance g e o l o g i c  and geochemical e x p l o r a t i o n  was undertaken i n  the 

area o f  Herendeen Bay on t h e  Alaska Peninsula ( p l a t e  I ) .  F i v e  measured sec t  ions 

were sampled and desc r i bed  i n  d e t a i l  ( p l a t e  I l l ) .  Rocks o f  repor ted  T e r t i a r y  

age were a l s o  sampled. 

NAKNEK FORMAT l ON (UPPER JURASS I C)  

The o l d e s t  exposures i n  t h e  Herendeen Bay area a r e  t h e  J u r a s s i c  Naknek 

Format ion. The ou t c rops  a r e  composed o f  f o s s i l i f e r o u s ,  dominan t l y  marine, 

f i ne -g ra ined  sandstones w i t h  l o c a l  small pods o f  f o s s i l s  and pebble conglomerate. 

The sandstones a r e  ca lcareous  and e x h i b i t  poor t o  no e f f e c t i v e  p o r o s i t y  o r  

p e r m e a b i l i t y  i n  ou tc rops .  They a r e  dominant ly  f i n e  t o  v e r y  f i n e  gra ined w i t h  

l a r g e  g r a i n  s i zes  l i m i t e d  t o  t h e  l o c a l  f o s s i l  and conglomerate pods. 

STANIUKOVICH FORMATION (JURASS IC-CRETACEOUS) 

The exposures o f  t h e  S tan iukov ich  Formation a t  Herendeen Bay a r e  composed 

o f  l i g h t  gray t o  gray-green, f i n e  t o  very  f i n e  g ra ined  sandstone w i t h  low 

p o r o s i t y .  Th i s  u n i t  has l o c a l  small pods o f  conglomerate and f o s s i l  mol lusks.  

The u n i t  has a h i g h l y  p e t r o l i f e r o u s  odor throughout 400+ f e e t  o f  measured 

s e c t i o n  (see p l a t e  I I I ) .  



CH 1 GN I K FORMAT l ON (CRETACEOUS) 

The Chignik  Formation i s  a t  l e a s t  2500 f e e t  t h i c k  and composed o f  mudstone, 

c laystone,  s i l t s t o n e ,  sandstone, conglomerate, and coa l .  The u n i t  has massive 

pebble t o  cobble conglomerate l oca l  1 y .  The sandstones a re  gray t o  gray-brown 

i n  c o l o r  and range from a few inches t o  over  100 f e e t  t h i c k .  Th is  u n i t  i s  

p r i m a r i l y  non-marine stream channel, f l o o d  p l a i n ,  and coal  swamp depos i ts .  

The sandstones are  more f r i a b l e  than the  Jurassic  sandstones and have low 

p o r o s i t y  i n  outcrop. About 30 f e e t  o f  coal  was measured i n  t he  Ch ign ik  sec t ion  

( p l a t e  I I I ) .  

TACH 1 LN 1 FORMAT 1 ON (TERT IARY) 

Beds mapped as T e r t i a r y  ( ~ u r k ,  1956) were sampled and examined on the  

southwest s ide  of Herendeen Bay. They a r e  an a l t e r n a t i n g  sequence o f  sandstones, 

s i  1 ts tones,  and t h i n  coa ls .  The sands a r e  1 i g h t  gray,,. t o  gray-green and weather 

1 i g h t  tan t o  r u s t  c o l o r .  They a r e  f i n e  t o  coarse-grained, p o o r l y  so r ted  and 

have poor t o  f a i r  po ros i t y .  They a r e  f r i a b l e  i n  outcrop and appear s i m i l a r  t o  

the  Kenai Group o f  the Cook I n l e t .  High angle cross-bedding, coa l s ,  

channel-deposited sands and f l o o d  p l a i n  deposi ts  i nd i ca te  a non-marine envi ron-  

ment. 

TERT l ARY I NTRUS 1 VES 

The T e r t i a r y  i n t r u s i v e  rocks (see Table 1) were no t  examined i n  d e t a i l  i n  

t h i s  area and w i  1 1  be descr ibed and sampled dur ing  the 1974 f i e l d  season. 

Streams o r i g i n a t i n g  near one o f  the  i n t r u s i v e  u n i t s  i n  Portage Va l l ey  had 

h igh  geochemical values o f  copper (see Table 1) .  
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Value occurring at the boundary 100,200, etc.  are carried in the higher 
numeral bracket. Example: a 100 value is carried as 100-150 ppm. 

Parts per million Copper 

HISTOGRAM OF COPPER VALUES IN STREAM SEDIMENTS 

Figure 2 
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APPENDIX I 

FOSSIL IDENTIFICATION by D. L.  Jones & J. W. M i l l e r  

L-7-73 (USGS Mesozoic l oc .  ~ 6 2 4 7 ) .  Staniukovich Formation, Herendeen Bay 
BUCH l A RUGOSA (F i scher) 
Be1 emn i t e  

Age: Upper Jurass ic  (middle Kimmeridgian t o  e a r l y  ~ o r t l a n d i a n )  

L-36-73 (USGS Mesozoic loc.  ~ 6 2 4 8 )  . Herendeen Bay 
Nothing i d e n t i f i a b l e  

L-57-73 (USGS Mesozoic loc .  ~ 6 2 4 9 )  . Stan i ukovich Format ion, Herendeen Bay 
BUCHIA CRASS ICOLLl S SOL l DA  ahus us en) 
BUCH l A  SUBLAEV l S Keyserl i ng 

Age: Lower Cretaceous (Valangin ian) 



APPENDIX I I  

COAL EXAMINATION by W. McClintock 

On Herendeen Bay, 1-1/2 m i l es  east from the mount o f  Mine Harbor 
( p l a t e  3) 

SAMPLE 

L-20-73 Cretaceous - Chign i k Format ion 
Rank - h igh  v o l a t i l e  bi tuminous B 

The sample has a mean v i t r i n i t e  re f l ec tance  o f  .63. I t  should 
agglomerate w i t h  a p o t e n t i a l  f o r  coking, bu t  does no t ;  the  
labora tory  the re fo re  concludes tha t  the sample i s  ox id i zed .  
A sample 10 t o  20 f e e t  i n t o  the sec t ion  should have coking 
c h a r a c t e r i s t i c s .  The coal  i s  r e l a t i v e l y  c lean w i t h  minera l  
matter conf ined t o  the  g r a i n  boundaries. 

L-21-73 Cretaceous - C h i g n i k F o r m a t i o n  
Rank - h igh  v o l a t i l e  bi tuminous C 

The sample has a v i t r i n i t e  re f l ec tance  o f  .57. I t  i s ,  there fore ,  
c l a s s i f i e d  as a h igh  v o l a t i l e  C ,  probably ox id i zed .  There i s  
more mineral ma t te r  i n  L-21-73 than i n  L-20-73. The g r a i n  s i z e  
o f  the  minera l  f r e e  coal  i s  smal ler  than i n  sample L-20-73. 

L-170-73 Cretaceous - Chign i k Format ion 
Rank - h igh  v o l a t i l e  bi tuminous C 

The sample i s  f ine-gra ined,  w i t h  a great  deal o f  minera l  mat te r  
mixed i n  the g ra ins  o f  coa l .  I t  i s  est imated t h a t  coal  as small 
as 20 microns would s t i l l  con ta in  mineral  mat te r .  



A P P E N D I X  I l l  

SAMPLE DESCRIPTION AND THIN SECTION ANALYSES 

M. W. Henning and W. M. Ly le  

Calcareous sandstone, l i g h t  gray t o  gray green, very f i n e -  
grained, quartz,  angular  t o  sub-angular, s t ra ined and sheared 
p lagioc lase,  shows some embayments, s t ra ined  i n  many c r y s t a l s ,  
b i o t i t e  a l t e r i n g ,  l a r g e  l a t h s  o f  c a l c i t e ,  ma t r i x  cemented by 
c a l c i t e .  

Sandy l imestone, medium t o  f i ne -g ra ined  calcareous, qua r t z  
i s  angular t o  sub-angular, f e ldspa r  i s  p lag ioc lase and a  . - 

few gra ins  o f  m ic roc l i ne ,  m a t r i x  i s  c a l c i t e ,  composed between 
50-60% o f  the rock, some hornblende, a1 t e r i n g  t o  c h l o r i t e .  

Calcareous sandstone, l i g h t  gray green, very f ine-gra ined,  
quar tz ,  angular t o  sub-angular, p lag ioc lase  a l t e r i n g  t o  
s e r i c i t e ,  some b i o t i t e  a l t e r i n g  t o  c h l o r i t e ,  small g ra ins  
o f  epidote, l a rge  l a t h s  o f  c a l c i t e ,  m a t r i x  cement i s  c a l c i t e .  

Calcareous sandstone, 1 i g h t  gray green, very f ine-gra ined, 
quar tz  angular t o  sub-angular, s t ra ined ,  p lag ioc lase fe ldspa r  
predominates, b i o t i t e  i n  smal l  %, ep ido te  i n  small %, c a l c i t e  
i n  c r y s t a l s  and m a t r i x  cement. 

Sandy l imestone, quar tz  angular  t o  sub-angular, shows s t r a i n i n g ,  
fe ldspars  a re  p lag ioc lase,  some g laucon i te  gra ins,  a  few g ra ins  o f  
epidote,  ma t r i x  i s  c a l c i t e .  

Sandstone, l i g h t  gray, f ine-gra ined,  angular c a l c i t e  ma t r i x ,  
t i g h t ,  quartz,  p lag ioc lase  fe ldspa r ,  muscovite mica, m ic roc l i ne .  

Sandy l imestone and sandstone, l i g h t  gray green, very  calcareous, 
p e t r o l i f e r o u s ,  quar tz ,  p l a g i o c l a s e  fe ldspar ,  c a l c i t e  + 50%. 

Calcareous sandstone, l i g h t  gray t o  gray green, very  f ine-gra ined,  
qua r t z  angular t o  sub-angular, s t r a i n e d  and sheared p lag ioc lase,  
shows some embayments, s t r a i n e d  i n  many c r y s t a l s ,  b i o t i t e  a l t e r i n g ,  
l a r g e  l a ths  o f  c a l c i t e ,  m a t r i x  cement i s  c a l c i t e .  

Sandstone, l i g h t  gray, very  f ine-gra ined,  angular t o  sub-angular, 
p e t r o l  i fe rous  odor, c a l c i t e  cement, quartz,  p lag ioc lase  fe ldspa r ,  
hornblende. 



Sandstone, (quartzite), gray, medium grained, 90% or greater 
quartz, sub-angular to angular, cement appears to be clay, 
plagioclase present in small amounts, altering to sericite 
and clay. 

Calcareous sandstone, 1 ight gray to gray green, very-f i ne 
grained, quartz angular to sub-angular, strained and sheared 
plagioclase, shows-some embaymenti, st /a i ned in many crystals, 
biotite altering, large laths of calcite, matrix cemented by 
calcite. 

Sandstone, light gray, medium to fine-grained, quartz angular 
to sub-angular, some rounded grains, feldspar is plag ioclase, 
probably less than 30%, some small grains of epidote, matrix 
is calcite, aragonite, and clay, low permeabil ity and porosity. 

Sandstone, light gray green, medium to coarse-grained, clay, 
calcite cement, quartzite, no permeability and porosity, 
quartz, plagioclase feldspar, microcline, hornblende, basalt. 

Calcareous sandstone, quartz angular to sub-angular, shows 
some straining, some grains of quartzite, feldspars are 
plagioclase, some show straining and bending, small percentage 
of andesitic grains, small percentage of glauconite grains, 
matrix is calcite. 

Con lomerate, with a fine-grained matrix, matrix enti rely 
quartz extremely fine-grained). Larger quartz grains -7- 
sub-angular to sub-round, feldspar grains are large, mostly 
plagioclase and perthite with some microcline. 

Sandstone, gray, very-fine grain to fine grain, poorly sorted, 
quartz, plagioclase feldspar, microcline, and hornblende, 
(marine sandstone, composed of volcanic sediments) fossiliferous. 

Same as L-29, trace magnetite, and grains of basalt and magnetite. 

Sandstone, light gray green, fine-grained to coarse grains, 
poorly sorted, quartz, plagioclase feldspar, microcline. 

Sandstone, granite source, crystals are altering rather rapidly, 
quartz, plagioclase and hornblende predominate, cement in matrix 
appears to be clays. 

Sandstone, light gray, fine to medium, with some coarse grains, 
very angular, poorly sorted, calcareous matrix, (intra-formational 
slump), quartz, plagioclase feldspar, microcl ine, calcite, trace 
biotite. 

Sandstone, light gray, coarse and fine-grained, poorly sorted, 
arkosic, fine-grained sand is well sorted. No permeability and 
porosity, quartz, plagioclase feldspar, amphiboles (probable 
granitic source). 



Calcareous sandstone, l i g h t  gray green, v e r y  f i n e - g r a i n e d ,  
q u a r t z  angu la r  t o  sub-angular, some s t r a i n e d  p lag ioc lase ,  
f e l d s p a r ,  some a l t e r i n g  t o  s e r i c i t e ,  b i o t i t e  a l t e r i n g  t o  
c h l o r i t e ,  some ep ido te ,  c a l c i t e  c r y s t a l s  and m a t r i x  cement. 

L-39 Sandstone, l i g h t  gray,  quar tz ,  angu la r  t o  sub-angular,  s t r a i n e d  
and sha t t e red ,  some g ra ins  o f  q u a r t z i t e ,  f e l d s p a r s  a r e  
p l a g i o c l a s e  w i t h  p rogress ive  zoning, some g r a i n s  o f  m i c r o c l i n e ,  
f e l d s p a r s  a r e  a l t e r i n g  t o  s e r i c i t e ,  a  few i s o l a t e d  c r y s t a l s  o f  
ep ido te ,  g r a i n s  o f  andes i te  and b a s a l t ,  some g r a i n s  o f  v i t r i c  
t u f f ,  cement i s  probably  c l a y .  

L-40 Sandstone, q u a r t z  angu la r  t o  sub-angular,  g r a i n s  s t r a i ned ,  some 
g r a i n s  o f  q u a r t z i t e ,  p l ag ioc lase  s t r a i n e d ,  some a l t e r i n g  t o  
s e r i c i t e ,  some b i o t i t e ,  cement i n  m a t r i x  p robab ly  c l a y  and 
1 imoni t e .  

Sandstone, l i g h t  gray green, f i ne -g ra ined ,  q u a r t z ,  angu la r  t o  
sub-angular,  some g ra ins  s t r a i n e d  and sha t t e red ,  fe ldspars  a re  
p l a g i o c l a s e  w i t h  p rogress ive  zona t i on  and some m i c r o c l i n e ,  
some r u t i l a t e d  qua r t z ,  some small g r a i n s  o f  q u a r t z i t e ,  minute 
g r a i n s  o f  hornblende, g ra i ns  p robab ly  cemented w i t h  c l a y s .  

L-43 Calcareous sandstone, l i g h t  gray t o  g ray  green, ve ry  f ine -g ra ined ,  
q u a r t z  angu la r  t o  sub-angular, s t r a i n e d  and sheared p lag ioc lase ,  
shows some embayments, s t r a i n e d  i n  many c r y s t a l s ,  b i o t i t e  
a l t e r i n g ,  l a r g e  l a t h s  o f  c a l c i t e ,  m a t r i x  cemented by c a l c i t e .  

L-45 Sandstone, l i g h t  gray,  f i ne -g ra ined ,  q u a r t z  i s  angu la r  t o  
sub-angular,  some q u a r t z i t e  g ra i ns ,  shows some f o l i a t i o n ,  
m i c r o c l i n e  and p e r t h i t e ,  some a l b i t e  v e i n i n g  i n  p l ag ioc lase ,  
m a t r i x  i s  c a l c i t e ,  some fe l dspa rs  show good zoning, low 
p e r m e a b i l i t y  and p o r o s i t y ,  l a r g e  c l a s t s  o f  b a s a l t .  

L-46 Sandstone, l i g h t  gray green, v e r y - f i n e  g ra ined  t o  f i ne -g ra ined  
q u a r t z  angu la r  t o  sub-angular, s t r a i n e d  and embayed i n  some 
c r y s t a l s ,  some g r a i n s  o f  q u a r t z i t e ,  p l a g i o c l a s e ,  f e l dspa r ,  
a l t e r i n g  t o  s e r i c i t e ,  some b i o t i t e ,  a l t e r i n g  t o  c h l o r i t e ,  rock 
cemented w i t h  c l a y ,  no p e r m e a b i l i t y  and p o r o s i t y .  

L-50 Sandstone, q u a r t z  angu la r  t o  sub-angular,  s t r a i n e d  and sheared 
i n  p laces,  p l a g i o c l a s e  predominates w i t h  a  few g r a i n s  o f  m i c r o c l i n e ,  
b i o t i t e  p resen t ,  a l t e r i n g  t o  c h l o r i t e  and ph logop i t e ,  some g ra ins  
o f  ep ido te ,  cement i n  m a t r i x  p robab ly  c l a y ,  g r a n i t e  source rock. 

L-52 Sandstone, l i g h t  gray t o  gray green, q u a r t z  angu la r  t o  sub-angular, 
sheared and s t r a i n e d ,  many i n c l u s i o n s  i n  some g r a i n s ,  p l ag ioc lase  
f e l d s p a r ,  a l t e r i n g  t o  s e r i c i t e ,  many i n c l u s i o n s  i n  some g ra ins ,  
some c a l c i t e  cementing i n  ma t r i x ,  b u t  p redominan t l y  c l ays .  



Sandstone, light gray to gray green, quartz angular to sub- 
angular, quartzite grains present, feldspar, high temperature 
plagioclase with a few grains of microcline, rock composed 
mostly of volcanic fragments with calcite and limonite, some 
small grains of epidote. 

Sandstone, light gray, fine-grained, calcite and clay matrix, 
no permeability and porosity, quartz, plagioclase, feldspar, 
grains of basalt. 

Andesite, volcanic dike rock. 

Sandstone, light gray green, composed almost entirely of grains 
of basalt and andesite, some quartz grains, some calcite grains, 
chlorite in some of the interstitial voids. 

Calcareous sandstone, light gray to gray green, very fine-grained 
to f ine-gra ined, quartz angular to sub-angular, strained and 
shattered, some inclusions, plagioclase and perthite, many 
crystals show straining and shattering, small amount of biotite, 
large laths of calcite, matrix cemented by calcite. 

Sandstone, light gray green, coarse-grained, quartz angular to 
sub-angular some secondary growth represented by suture structures, 
less than 10% plagioclase feldspar, calcite occurs as secondary 
vein fillings and as matrix cement with clays, some magnetite, 
poorly sorted, low permeability and porosity. 

Sandstone, light gray, mostly quartz, angular to sub-angular, 
strained, plagioclase, some epidote, small amount of calcite 
crystals. 

Limestone, white calcite, probably preciptitated. 

Con lomerate, sandstone to boulders, very poorly sorted, sandstone 
matrix, sandstone is calcareous), granite, andesi te, chert. -7- 
Sandstone, gray green, medium to coarse-grained, angular to 
sub-angular quartz, many detrital grains of quartzite with 
extreme suturing, plagioclase feldspars altering to sericites, 
some crystals show veining of albite, detrital grains of 
amphibole altering to chlorite, some small crystals of epidote, 
some small grains of detrital basalt, cement probably clay, no 
permeabi 1 i ty and porosity. 

Conglomerate and sandstone, gray to gray green, angular to 
sub-angular quartz, plagioclase feldspar a1 tering to serici te, 
microcline present in small amounts, Cement is calcite and 
aragonite, the sandstone is poorly sorted. 



L-121 Conglomerate, w i t h  f i ne -g ra ined  m a t r i x ,  qua r t z  g r a i n s  a r e  
sub-angular t o  sub-round, some l a r g e  g ra ins  o f  q u a r t z i t e ,  

. w i t h  small ve in  q u a r t z  c u t t i n g  g ra ins ,  many g r a i n s  o f  b a s a l t  
and andesi te ,  some smal l  i n c l u s i o n s  o f  ep ido te ,  f e l d s p a r  i s  
p l ag ioc lase ,  many g r a i n s  show zonat ion ,  most l i k e l y  h i g h  
temperature p l ag ioc lase ,  cement i n  m a t r i x  appears t o  be 
a ragon i t e ,  fe ldspar  a1 t e r i n g  t o  s e r i c i t e .  

L-123 Calcareous sandstone, l i g h t  gray,  f i ne -g ra ined ,  q u a r t z  angu la r  
t o  sub-angular, smal l  percentage o f  q u a r t z i t e  g r a i n s  p resen t ,  
s u t u r i n g  i s  w e l l  developed, f e l d s p a r  composi t ion i s  p l a g i o c l a s e ,  
smal l  percentage o f  hornblende a l t e r i n g  t o  c h l o r i t e ,  g r a i n s  
cemented w i t h  c a l c i t e  and a r a g o n i t e .  

L-125 Graywacke, shows some l am ina t i on ,  sub-angular t o  angu la r  qua r t z ,  
m a t r i x  o f  s i l t  and c l a y .  

L-130 Sandstone, l i g h t  g ray ,  coarse-gra ined,  angular  t o  sub-angular,  
quar tz ,  g ra i ns  o f  q u a r t z i t e  t h a t  show l i n e a t i o n  and h i g h  
development o f  s u t u r i n g ,  g r a i n s  o f  b a s a l t  w e l l  rounded, p l a g i o c l a s e  
f e l dspa r  w i t h  a l b i t e  ve in i ng ,  m i c r o c l i n e  i s  a l s o  p resen t  b u t  
i n  small percentage, hornblende and ep ido te  i n  smal l  percentage, 
hornblende a l t e r i n g  t o  c h l o r i t e ,  cement probably  c l a y  and 
l i m o n i t e ,  low p e r m e a b i l i t y  and p o r o s i t y .  

L-131 Sandstone, 1 i g h t  gray green, v e r y  coarse g ra ined  t o  coarse  g ra ined ,  
conglomerat ic ,  b a s a l t ,  andes i t e ,  q u a r t z i t e ,  quar tz ,  p l a g i o c l a s e ,  
f e l dspa r ,  c a l c i t e  (?)  . 

L-139 Sandstone, gray t o  g ray  green, f i ne -g ra ined ,  q u a r t z  i s  angu la r  
t o  sub-angular, g r a i n s  o f  q u a r t z i t e  present ,  q u a r t z  i s  h i g h l y  
sutured,  f e l dspa r  c o n s i s t s  o f  zoned p lag ioc lase ,  smal l  percentage 
o f  hornblende and ep ido te ,  many g r a i n s  o f  b a s a l t ,  these  g r a i n s  
a r e  w e l l  rounded, m a t r i x  c o n s i s t s  o f  c a l c i t e ,  w i t h  secondary 
c a l c i t e  replacement o f  some fe l dspa rs  and quar tz .  

L-142 Sandstone, l i g h t  gray t o  g ray  green, angular  t o  sub-angular qua r t z ,  
p l ag ioc lase  f e l dspa r ,  m i c r o c l  i n e  K-spar, hornblende a1 t e r i n g  t o  
c h l o r i t e  g ra ins ,  cemented by c a l c i t e  m a t r i x .  

L-146 Sandstone, l i g h t  gray,  weathers r u s t  brown, q u a r t z  angu la r  t o  
sub-angular, g r a i n s  show s t r a i n i n g ,  some g r a i n s  o f  q u a r t z i t e ,  
p l a g i o c l a s e  f e l dspa rs ,  some v o l c a n i c  g ra i ns  w i t h  h i g h  temperature 
f e l dspa rs ,  some hornblende and e p i d o t e  a l t e r i n g  t o  c h l o r i t e ,  
cement probably  c l a y  and l i m o n i t e .  

L-150 Sandstone, f i n e  t o  medium-grained, ve ry  angu la r ,  l i m o n i t e ,  and 
c l a y  cement, quar tz ,  p l a g i o c l a s e  f e l dspa r ,  m i c r o c l i n e ,  t r a c e  
b i o t i t e ,  t r a c e  hornblende. 

L-151 Conglomerate, gray t o  g ray  green, angular  t o  sub-angular g ra  i n s  
of  quar tz ,  rounded g r a i n s  o f  q u a r t z i t e ,  these g r a i n s  show good 
s u t u r i n g  and l i n e a r  s t r u c t u r e ,  most l i k e l y  have been sub jec ted  t o  
low temperature metamorphism, smal l  g ra i ns  o f  hornblende, a l t e r i n g  
t o  c h l o r i t e ,  m a t r i x  i s  c a l c i t e  and l i m o n i t e .  



Sandy Limestone, very  f i ne -g ra ined ,  sand w e l l  sorted, smal l  
percentage o f  p l ag ioc lase ,  m a t r i x  i s  c a l c i t e ,  a ragon i t e  and 
1  imon i t e .  

Conglomerate, gray, qua r t z  sub-angular t o  round, l a r g e  pebbles 
o f  q u a r t z i t e ,  which have been f r a c t u r e d  and show secondary 
v e i n i n g ,  l a r g e  l a t h s  of  a l b i t e ,  g r a i n s  appear t o  be cemented 
by c l a y .  

Sandstone, l i g h t  gray t o  gray green, f i n e  t o  medium-grained 
ca lcareous ,  p l a n t  fragments, mudbal ls ,  qua r t z ,  f e l dspa r ,  
p l a g i o c l a s e ,  f a i r  t o  good p e r m e a b i l i t y  and p o r o s i t y .  

Sandstone, gray green, weathers r u s t  brown, qua r t z  angu la r  
t o  sub-angular,  rounded g r a i n s  o f  q u a r t z i t e ,  bo th  p l a g i o c l a s e  
and m i c r o c l i n e  a r e  present ,  w e l l  rounded g ra ins  o f  b a s a l t  and 
andes i te ,  cement appears t o  be c l a y s  produced by f e l d s p a r  
a1 t e r a t i o n .  

Sandstone, l i g h t  tan, coarse, angu la r ,  p o o r l y  so r ted  40-60% 
qua r t z ,  p l a g i o c l a s e  f e l dspa r ,  weathered m a t r i x ,  t races  o f  
b i o t i t e ,  c l a y  m a t r i x ,  no p e r m e a b i l i t y  and p o r o s i t y .  

Sandstone, l i g h t  gray green, f i n e - g r a i n e d ,  angular ,  c l a y  cement, 
t i g h t ,  qua r t z ,  p l a g i o c l a s e  f e l d s p a r  (zon ing) ,  hornblende. 

Sandstone, l i g h t  gray, f i n e - g r a i n e d ,  q u a r t z  i s  angular  t o  
sub-angular,  p l ag ioc lase  p resen t  i n  smal l  amounts, t he  g r a i n s  
appear t o  be cemented by l i m o n i t e ,  r ock  i s  ext remely  t i g h t ,  
no p e r m e a b i l i t y  and p o r o s i t y .  

Sandstone, l i g h t  gray, f i n e  g ra ined ,  predominant ly  composed o f  
v o l c a n i c  d e t r i t u s ,  qua r t z  angu la r  t o  sub-angular,  shows s t r a i n i n g  
and shear ing,  fe ldspars  a r e  h i g h  temperature p l ag ioc lase ,  some 
rounded g ra ins  o f  q u a r t z i t e ,  m a t r i x  cement i s  probably  c l a y .  

Calcareous sandstone, l i g h t  g ray ,  q u a r t z  angular  t o  sub-angular,  
some s t r a i n i n g ,  fe ldspars  a r e  p l a g i o c l a s e ,  some c r y s t a l s  show - .  

p rog ress i ve  zona t i on , ' bo th  brown and green hornblende occur ,  
some i n  good euhedral c r y s t a l s ,  some g r a i n s  o f  ep ido te ,  one o r  
two l a r g e  g ra ins  o f  b a s a l t ,  m a t r i x  i s  c a l c i t e .  


