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ABSTRACT 

T h i s  r e p o r t  r e p r e s e n t s  t he  f i r s t  major s tudy  of the c o a l  r e s o u r c e s  of t h e  
Kenai Pen insu la  i n  nea r ly  30 y r .  I t  focuses  on the  Homer d i s t r i c t ,  an 
1,100 m i 2  a r e a  of t h e  southern  Kenai c o a l  f i e l d .  Coal d e p o s i t s  of t h e  reg ion  
a r e  con ta ined  i n  t h e  Beluga Formation ( l a t e  Miocene) and S t e r l i n g  Formation 
( l a t e  Miocene t o  P l iocene)  of t he  Kenai Group. 

Continuous,  over lapping ,  low-angle 35-mm photographs were made of t h e  
coa l -bear ing  rocks exposed i n  s e a c l i f f s  a long  Cook I n l e t  and Kachemak Bay. 
The photographs were used e f f e c t i v e l y  f o r  p lanning  f i e l d  work, a s  a  base  f o r  
l o c a t i n g  and p l o t t i n g  sample l o c a t i o n s  i n  t h e  f i e l d ,  f o r  s tudying  bedding and 
s t r u c t u r a l  f e a t u r e s ,  and f o r  r e s o l v i n g  c o r r e l a t i o n  problems. New c o a l  maps of 
t h e  r e g i o n  were compiled a t  s c a l e s  of 1:63,360 and 1: 125,000. Over 140 
channel  samples of c o a l  beds were c o l l e c t e d  and analyzed f o r  p e t r o l o g y ,  
q u a l i t y ,  and geochemistry.  P l a n t - f o s s i l ,  palynology, sands tone ,  overburden,  
and volcanic-ash  samples were a l s o  taken  a t  s e l e c t e d  s i t e s .  Volcanic-ash 
p a r t i n g s ,  g r o s s  l i t h o l o g i c  c h a r a c t e r i s t i c s ,  and c o a l  pe t ro logy  s e r v e  a s  a i d s  
t o  coal-seam c o r r e l a t i o n .  High i n e r t i n i t e  bands p re sen t  i n  S t e r l i n g  Formation 
c o a l s  on Cook I n l e t  and Kachemak Bay s i d e s  of t h e  peninsula  i n d i c a t e  t h a t  they  
may be  age -co r re l a t ive .  

Coals  of t h e  reg ion  have been d iv ided  i n t o  t h r e e  u n i t s  f o r  s i m p l i f i c a t i o n  
and d i s p l a y  of a n a l y t i c a l  data---(1) Cook I n l e t  (west s i d e )  S t e r l i n g  Formation 
c o a l s ;  (2)  Kachemak Bay (south  s i d e )  Beluga Formation coa l s ;  and (3)  Kachemak 
Bay ( e a s t  s i d e )  S t e r l i n g  Formation c o a l s .  P e t r o l o g i c  s t u d i e s  of c o a l s  i nc lude  
macera l ,  m i c r o l i t h o t y p e ,  and v i t r i n i t e  r e f l e c t a n c e  ana lyses .  The o l d e r ,  
higher-rank c o a l s  of t he  Beluga Formation show higher  v i t r i n i t e  r e f l e c t a n c e  
v a l u e s  (average r e f l e c t a n c e  of 0.37 p e r c e n t ) ,  lower mois ture  and v o l a t i l e  
m a t t e r  c o n t e n t s ,  and h igher  f i x e d  carbon c o n t e n t s  and h e a t i n g  v a l u e s  than  
S t e r l i n g  Formation c o a l s .  A l l  c o a l s  e x h i b i t  low trace-element c o n t e n t s  and 
ve ry  low s u l f u r  con ten t s .  

Areas w i t h  coal-development p o t e n t i a l  on t h e  southern  Kenai Pen insu la  
have been d iv ided  i n t o  11 resource  b locks  (arranged i n  o r d e r  of h i g h e s t  t o  
lowes t  e s t ima ted  amounts of resources)---Homer, Canyons, Kachemak Bay, Lower 
Deep Creek, N i n i l c h i k ,  P l a t eau ,  Happy Creek, Anchor P o i n t ,  C l a m  Gulch, Upper 
Deep Creek, and Cape S ta r i chkof .  The Homer d i s t r i c t  of t h e  Kenai c o a l  f i e l d  
c o n t a i n s  c a l c u l a t e d  measured, i d e n t i f i e d ,  and h y p o t h e t i c a l  c o a l  r e s o u r c e s  of 
57.6, 347.2, and 41,550 m i l l i o n  s h o r t  t o n s ,  r e s p e c t i v e l y .  
1 

lAlaska D i v i s i o n  of Geological  and Geophysical  Surveys, 794 U n i v e r s i t y  Avenue, 
S u i t e  200, Fa i rbanks ,  Alaska 99709. 
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INTRODUCTION TO PROJECT AREA 

Locat ion and Extent  

The sou the rn  Kenai Peninsula  ( sou th  of Tustumena Lake and t h e  Kas i lof  
R ive r ) ,  sou the rn  Kenai lowland, and Homer d i s t r i c t  of t h e  Kenai c o a l  f i e l d  a l l  
d e s c r i b e  t h e  p r o j e c t  s tudy a r e a  a s  de f ined  i n  t h i s  r e p o r t ,  and hence w i l l  be 
used synonymously throughout the  t e x t .  The Kenai c o a l  f i e l d  i s  e s s e n t i a l l y  
c o r r e l a t i v e  i n  a r e a  w i t h  the  Kenai lowland, a  r e g i o n  occupying about  3,600 m i 2  
( f i g .  1 )  The Kenai lowland i s  p a r t  of t h e  Cook I n l e t  T e r t i a r y  b a s i n ,  a  
t rough over  300 km long and 100 km wide and up t o  8,000 m deep. The n o r t h e r n  
p a r t  of t h e  Kenai lowland and Kenai c o a l  f i e l d ,  which is r e f e r r e d  t o  a s  t h e  
Kenai d i s t r i c t  (Barnes and Cobb, 1959), w i l l  n o t  be d iscussed  i n  t h i s  r e p o r t .  
The sou the rn  p a r t  of t h e  Kenai lowland and Kenai c o a l  f i e l d  ( f i g .  2 ) ,  which i s  
r e f e r r e d  t o  a s  t h e  Homer d i s t r i c t  (Barnes and Cobb, 1959),  i nc ludes  an 
1,100 m i 2  a r e a  on t h e  southwest s i d e  of t h e  Kenai Peninsula  between t h e  Kenai 
Mountains and Cook I n l e t .  The Homer d i s t r i c t  i s  about  100 m i  southwest  of 
Anchorage. 

Access and S e t t l e m e n t s  

P r i n c i p a l  towns on the  southern  Kenai Pen insu la  inc lude  Clam Gulch, 
N in i l ch ik ,  Anchor P o i n t ,  and the r e g i o n a l  c e n t e r ,  Homer ( f i g .  2 ) .  Transpor ta -  
t i o n  depends l a r g e l y  on the  two-lane S t e r l i n g  Highway connect ing w i t h  t h e  
Alaska highway system and extending a long  t h e  west  c o a s t  of the  pen insu la  from 
Soldotna t o  Homer, l anding  s t r i p s  a t  s e v e r a l  towns, an  a i r p o r t  a t  Homer, and 
sh ipping  i n  and o u t  of t h e  p o r t  on Homer S p i t .  Homer is  loca t ed  nea r  t h e  base  
of t h e  5-mi-long Homer S p i t ,  which ex tends  n e a r l y  halfway ac ros s  t h e  mouth of 
Kachemak Bay (Barnes,  1951). Smaller  r e s i d e n t i a l  and o t h e r  roads provide  
acces s  t o  some of  t h e  i n t e r i o r  r eg ion  of t h e  lowland, mostly around Homer. 

Physiography 

E l e v a t i o n s  a r e  around 2,700 f t  i n  t h e  Caribou H i l l s  and up t o  about  
2,000 f t  on t h e  r i d g e  a t  t h e  n o r t h  shore  of Kachemak Bay and elsewhere i n  t h e  
i n t e r i o r ,  1000 f t  a t  Bluff P o i n t ,  b u t  much of  t h e  sou the rn  Kenai lowland i s  
500 f t  o r  l e s s  above s e a  l e v e l ,  wi th  l o c a l  r e l i e f  up t o  250 f t  (Mart in ,  1915a; 
Barnes and Cobb, 1959). The s o u t h e a s t e r n  h a l f  of t h e  Homer d i s t r i c t  southwest  
of Tustumena Lake i s  a  broad r o l l i n g  upland w i t h  summits t o  1,300 f t  t h a t  



Figure 1 .  General location o f  study area--the Homer d i s tr i c t  of the Kenai 
coal f i e l d ,  southern Kenai lowland, Kenai Peninsula. 
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Figure 2. Generalized geologic map of the Homer d i s t r i c t ,  Kenai coal  f i e l d  
showing approximate outcrop extent of the Beluga and Sterl ing Formations. 
Modified from Sisson,  1985. 



g e n e r a l l y  dec reases  i n  e l e v a t i o n  southwestward. The western h a l f  of t h e  Homer 
d i s t r i c t  is  r e l a t i v e l y  f l a t  and poor ly  d ra ined  (Barnes and Cobb, 1959). 
The Kas i lo f  R ive r ,  the  second l a r g e s t  i n  volume on the  Kenai Pen insu la ,  flows 
15 m i  t o  Cook I n l e t  from i t s  sou rce  i n  Tustumena Lake (Mart in ,  1915a).  
Su r face  d ra inage  is  not  w e l l  i n t e g r a t e d  over  most of the  lowland, r e f l e c t i n g  a  
h i s t o r y  of l a t e  P l e i s tocene  g l a c i a t i o n  (Reger,  1985). The lowland c o n t a i n s  a  
v a r i e t y  of g l a c i a l  and f l u v i o g l a c i a l  forms inc lud ing  moraines,  outwash p l a i n s ,  
kames and e s k e r s  (Karlstrom, 1955).  Most of t he  coas t  of Cook I n l e t  and 
Kachemak Bay i s  bounded by s t e e p  wavecut c l i f f s  form t ens  t o  hundreds of f e e t  
h igh  broken i n t e r m i t t e n t l y  by s t reams and g u l l i e s .  Topography is  l o c a l l y  
modif ied by s u r f a c e  creep o r  slumping of s o f t  sediments on s t e e p  s l o p e s  and by 
l a n d s l i d e s  (Barnes,  1951). 

Important  physiographic f e a t u r e s  ( f i g .  2 )  inc lude  t h e  b l u f f  n o r t h  of 
Homer t h a t  Barnes and Cobb (1959) c a l l e d  t h e  Homer Escarpment and t h e  s h o r t ,  
rugged canyons t h a t  erode i t ;  t a l l  s e a c l i f f s  carved i n  l i g h t  co lo red  
sands tones  and s h a l e s  j u s t  west of Homer a t  Bluff Poin t ;  deeply i n c i s e d  s t ream 
v a l l e y s  and canyons near the  head of Kachemak Bay; and s e v e r a l  o t h e r  l a r g e  
s t ream v a l l e y s ,  such a s  those  of t h e  N i n i l c h i k  River and Deep Creek a long  Cook 
I n l e t ,  Diamond Creek and Bidark i  Creek west of Homer, and F r i t z  Creek and 
McNeil Creek along Kachemak Bay. Because most of t h e  sou the rn  Kenai lowland 
i s  covered by Quaternary t i l l  and o t h e r  s u r f i c i a l  d e p o s i t s ,  t h e  s t ream canyon 
and s e a c l i f f  exposures a r e  t he  only p l a c e s  where c o a l  beds can be s t u d i e d  and 
sampled. 

Previous  I n v e s t i g a t i o n s  

Barnes and Cobb (1959) recounted d e t a i l s  of e a r l y  i n v e s t i g a t i o n s  on t h e  
Kenai Peninsula .  The f i r s t  geo log ic  i n v e s t i g a t i o n s  were made by D a l l  i n  1880. 
D a l l  and Harris (1892) began sampling and measuring coal-bearing s e c t i o n s  on 
t h e  Kenai Peninsula ;  they desc r ibed  beds a long  t h e  northwest sho re  of Kachemak 
Bay and as f a r  n o r t h  a s  Cape Nin i l ch ik .  I n  1895, D a l l  reexamined and sampled 
s e v e r a l  p rospec t s  and developments on Kachemak Bay (Dal l ,  1896). Another 
d e t a i l e d  s tudy  of t h e  c o a l  d e p o s i t s  of t h e  Homer d i s t r i c t  was made by Kirsopp 
around 1900 (Kirsopp, 1903).  G .C .  Mar t in  headed a  geologic  f i e l d  e x p e d i t i o n  
which s t u d i e d  the  coal-bearing rocks  a t  Kachemak Bay i n  1904 (S tone ,  1906).  
Atwood s t u d i e d  the  rocks i n  t he  same a r e a  i n  1906 (Atwood, 1909).  Mar t in  re- 
t u rned  t o  t h e  Homer d i s t r i c t  i n  1911 and l a t e r  prepared a  r e p o r t  summarizing 
a l l  p r ev ious  i n v e s t i g a t i o n s  (Mart in ,  1915b). 

Barnes and Cobb (1959) i s  t h e  most r e c e n t  d e t a i l e d  s tudy  on t h e  T e r t i a r y  
coa l -bear ing  rocks  of the  sou the rn  Kenai lowland. This  e x c e l l e n t  b a s i c  s tudy  
summarizes t h e  r e s u l t s  of t h e i r  f i e l d  i n v e s t i g a t i o n s  i n  t h e  Homer d i s t r i c t .  
The r e p o r t  i nc ludes  d e t a i l e d  d e s c r i p t i o n s  of t h e  Cook I n l e t  ou tc rops  and many 
of t h e  t h i c k e r  c o a l  beds; p a r t i a l  s t r a t i g r a p h i c  columns of cont inuous  bedrock 
exposures;  and proximate a n a l y s e s ,  r ank  and h e a t i n g  va lues  of 18 c o a l  samples.  
Barnes and Cobb (1959) d i d  t h e i r  work be fo re  c u r r e n t  s t r a t i g r a p h i c  u n i t s  had 
been de f ined  f o r  t h e  a r e a ,  and thus  t h e i r  maps show only u n d i f f e r e n t i a t e d  
T e r t i a r y  Kenai Group ( 'Kenai  Formation ' )  coal-bearing s t r a t a .  They omi t ted  
d e t a i l e d  s t r a t i g r a p h y  between t h e i r  c o a l  beds,  which r e s u l t a n t l y  makes some of 
t h e i r  l o c a t i o n s  suspec t .  I n  a d d i t i o n ,  t h e i r  s t r a t i g r a p h i c  columns a r e  
sometimes uncor re l a t ed  o r  c o r r e l a t e d  w i t h  q u e r i e s .  



Calderwood and Fackler  (1972) d iv ided  t h e  Kenai Group i n t o  f i v e  formal  
format ions ,  whose names have been widely accepted .  The o l d e s t  of t h e s e  u n i t s ,  
t he  West Foreland Formatio?, was l a t e r  removed from t h e  group because i t  is 
not  coa l -bear ing  (F i she r  and Hagoon, 1978).  The upper two formations---the 
Beluga and S t e r l i n g  Formations---crop ou t  i n  t h e  southern  Kenai lowland. 

Adkison and o t h e r s  (1975) measured an  incomplete  s e c t i o n  of t h e  Beluga 
Formation ove r  3,000 f t  t h i c k  where w e l l  exposed nea r  Homer. Rawlinson (1984) 
d id  a d e t a i l e d  s t u d y  of t h e  Beluga and S t e r l i n g  Formations on t h e  Kachemak Bay 
s i d e  of t h e  Kenai lowland. S isson  (1985) summarized many a s p e c t s  of t h e  
geology i n  t h e  s tudy  a r e a ;  a po r t ion  of p l a t e  I from h i s  guidebook has  been 
modified a s  f i g u r e  2 and used a s  a g e n e r a l i z e d  geology map i n  t h e  p r e s e n t  
r e p o r t .  

His tory  of Coal Development 

Archeo log ica l  evidence i n d i c a t e s  t h a t  t h e  e a r l i e s t  Eskimo c u l t u r e s  of t h e  
Kachemak Bay r eg ion  used coa l  f o r  f u e l  (Barry ,  1973). Captain Na than ie l  
Po r t lock ,  a n  Eng l i sh  t r a d e r ,  s a i l e d  t o  t h e  Cook I n l e t  and Kenai Pen insu la  i n  
1786 from t h e  Hawaiian I s l ands  and d iscovered  c o a l  d e p o s i t s  a t  Coal Cove on 
the n o r t h  s i d e  of P o r t  Graham below Dangerous Cape. Early Russian s e t t l e r s  
e x t r a c t e d  minor q u a n t i t i e s  of coa l  f o r  u se  i n  t h e i r  sh ipyards  and s teamers .  
Some c o a l  was r e p o r t e d l y  used by Aleksandr Baranov of t he  Shelikhov-Golikov 
Company i n  1798 t o  sme l t  i r o n  a t  Kodiak, b u t  because the  c o a l  burned too  h o t ,  
the  r e s u l t i n g  i r o n  w a s  impure (Barry,  1973). 

I n  1849-1850 t h e  Russian exp lo re r  and mining engineer  P e t e r  Doroshin came 
t o  t h e  s o u t h e r n  Kenai Peninsula  a r e a  and explored  the  c o a l  beds a t  Coal Cove 
and sur rounding  r e g i o n s  f o r  t he  Russian Trading Company. In  1855 t h e  
Russian-American Company was formed and opened t h e  f i r s t  c o a l  mine i n  Alaska 
a t  Coal Cove, P o r t  Graham (Martin,  1915b) ; t h i s  mine was probably a l s o  t h e  
o l d e s t  on t h e  P a c i f i c  Coast of North America. Rapid development i n  C a l i f o r n i a  
a f t e r  t h e  gold  r u s h  c r e a t e d  a demand f o r  c o a l ,  and a 500-ton shipment was s e n t  
t o  San F ranc i sco  i n  1856 but  so ld  f o r  l e s s  t han  t h e  c o s t  of mining. Although 
t h e  P o r t  Graham mine was a f i n a n c i a l  f a i l u r e ,  i t  cont inued t o  produce c o a l  
u n t i l  1867 when t h e  United S t a t e s  assumed posses s ion  of Alaska. 

Coal  h a s  been mined i n  t he  Homer d i s t r i c t  of t h e  Kenai c o a l  f i e l d  s i n c e  
1888 when t h e  Alaska Coal Company began o p e r a t i o n s  on t h e  n o r t h  s i d e  of 
Kachemak Bay and drove a t unne l  i n t o  t h e  Bradley Seam a t  F r i t z  Creek about  
1 m i  s o u t h  of  M i l l e r s  Landing. I n  1891 L t .  R.P. Schwerin of t h e  U.S. Navy 
mined 200 t o n s  of  c o a l  i n  McNeil Canyon west  of Coal Po in t  (Homer S p i t )  f o r  
t e s t i n g  i n  San Franc isco .  I n  1894 t h e  North P a c i f i c  Mining and T r a n s p o r t a t i o n  
Company began e x p l o r a t i o n  i n  East land and McNeil Canyons, 14 m i  n o r t h e a s t  of 
Homer. Between 1894 and 1897, t he  company cont inued  prospec t ing  and made 
e x t e n s i v e  p r e p a r a t i o n s  f o r  coa l  development, b u t  u l t i m a t e l y  produced 650 tons .  
Extensive p rospec t ing  and tunnel ing  occurred  i n  t h e  C u r t i s  Seam around t h e  
turn-of-the-century ( f i g .  3 ) .  I n  1899 t h e  Cook I n l e t  Coal F i e l d s  Company took  
over  c o n t r o l l i n g  i n t e r e s t  i n  t h e  n o r t h  Kachemak Bay c o a l  f i e l d  on B i d a r k i  
Creek west of Homer ( f i g .  4 ) .  In  1901-1902, t h e  company 2roduced a few 
hundred t o n s  of c o a l  f o r  t he  mail s teamer Discovery and o the r  v e s s e l s .  I n  
1902 a r a i l r o a d  was b u i l t  t o  t he  end of Homer S p i t .  



F i g u r e  3 .  Ouccrop o f  t h e  C u r t i s  seam wes t  of  Homer, s o u t h e r n  Kenai Peninsula, 
w i t h  t h e  r u i n s  o f  t h e  wharf and bunker .  Reproduced f rom S t o n e ,  1906. 



Figure  4. Beluga Formation d e p o s i t s  a t  B ida rk i  Creek. Second c o a l  bed from 
t h e  bottom i s  t h e  1.8-m t h i c k  Cooper Bed (Barnes and Cobb, 19591, which 
w a s  readied  f o r  p roduc t ion  n e a r  he re  from 1899 t o  1902; l i t t l e  c o a l  was 
produced. Photograph by S.E. Rawlinson, June 1986. 



Between 1902 and 1915 t h e  c o a l  f i e l d s  near  Homer were dormant. About 100 
tons  of  c o a l  pe r  day ( seasona l )  were produced i n  1915 on a  65-acre l e a s e  t r a c t  
a t  Bluf f  Po in t  (Wharf Mine),  2.4 km west  of Homer f o r  use  by t h e  f i s h  canne- 
r i e s  of Cook I n l e t .  The mine produced between 20,000-25,000 t o n s  of c o a l  
b e f o r e  c l o s i n g  i n  1924 (Barnes,  1951).  I n  1946 the  Homer Coal Corpora t ion  
developed a  mine i n  t he  Cooper Bed ( f r o n t i s p i e c e )  near t h e  s i t e  of t h e  o l d  
Bluff  P o i n t  mine; development, t e s t i n g ,  and small-scale  mining cont inued  a t  
t h e  s i t e  u n t i l  1951. I n  1959, two s t r i p  mines operated i n t e r m i t t e n t l y  a t  
Homer. S ince  then ,  no f u r t h e r  a c t i v i t y  has  taken p lace  i n  t h e  Homer a r e a  
(Barry,  1973),  a l though l o c a l  r e s i d e n t s  have continued t o - p i c k  up c o a l  from 
t h e  beach and elsewhere f o r  home use .  H i s t o r i c  c o a l  mining i n  t h e  Homer 
d i s t r i c t  w a s  always modest (Barnes and Cobb, 1959). 

GENERAL GEOLOGY OF PROJECT AREA 

D i s t r i b u t i o n  of Coal-bearing Rocks 

Kenai Group coal-bearing rocks  a r e  be l i eved  t o  u n d e r l i e  t h e  e n t i r e  Kenai 
lowland. They were o r i g i n a l l y  i n f e r r e d  t o  u n d e r l i e  t h i s  r e g i o n  because 
s i m i l a r  rocks  were exposed t o  t he  n o r t h  and west ac ros s  Cook I n l e t .  This  was 
l a t e r  confirmed when s e v e r a l  thousand f e e t  of coal-bearing rocks  were pene- 
t r a t e d  i n  o i l  w e l l s  of the  Swanson River  f i e l d  (Barnes,  1967).  They comprise 
t h e  on ly  pre-Quaternary bedrocks exposed, i n  t h i s  broad r eg ion .  Barnes and 
Cobb (1959) measured and c o r r e l a t e d  d e t a i l e d  s t r a t i g r a p h i c  s e c t i o n s  of t h e  
beach b l u f f s  a long the  sho res  of Cook I n l e t  and Kachemak Bay. 

Coal-bearing rocks a r e  exposed a t  many p o i n t s  i n  t h e  Homer d i s t r i c t ,  a n  
1100 m i 2  a r e a ,  bu t  a r e  l a r g e l y  l i m i t e d  t o  c o a s t a l  b l u f f s  and t h e  banks of 
l a r g e r  s t reams (Barnes, 1967).  The exposures  a r e  not  cont inuous  b u t  i nc lude  
a t  l e a s t  50 m i  of beachcrop. Typica l  beach outcrops a r e  100 t o  300 f t  h igh  
and s teep-s ided .  Since c o a l  beds of t h e  r eg ion  a r e  most r e s i s t a n t  t o  e r o s i o n ,  
they  form cappings on sediments ,  and r e s u l t  i n  w a t e r f a l l s  i n  s t r eam bottoms 
and canyons (Toenges and J o l l e y ,  1949). 

The best-known of t he  outcrop  a r e a s  on t h e  south  shore  of Kachemak Bay is  
t h e  one on t h e  e a s t e r n  shore  of P o r t  Graham (Martin,  1915b), which c o n t a i n s  
t h e  c o a l  beds discovered by P o r t l o c k  i n  1786. Coal-bearing ou tc rops  a r e  a l -  
most cont inuous  along t h e  northwest  sho re  of Kachemak Bay ( f i g .  5 ) .  They ex- 
t end  f o r  s e v e r a l  mi les  n o r t h e a s t  of t h e  head of Kachemak Bay i n  t h e  c l i f f s  on 
t h e  w e s t e r n  w a l l  of t h e  v a l l e y  of Fox River .  Coal exposures  a r e  found exten- 
s i v e l y  on s t e e p  b l u f f s  a long  t h e  e a s t  sho re  of Cook I n l e t  and a r e  found i n t e r -  
m i t t e n t l y  a long  t h e  coas t  between Kas i lof  and Homer, i nc lud ing  d e p o s i t s  i n  t h e  
v i c i n i t y  of N in i l ch ik ,  Happy Val ley  and t h e  Homer Escarpment. 

Most of t h e  Homer d i s t r i c t  is  covered by a  r e l a t i v e l y  t h i n  mantle  ( t o  
s e v e r a l  t e n s  of f e e t ,  l o c a l l y  t o  s e v e r a l  hundred f e e t )  of unqonsol ida ted  
g l a c i a l  and a l l u v i a l  d e p o s i t s  of Quaternary age (Barnes and Cobb, 1959). 
K r i n s l e y  (1953) r epor t ed  d e p o s i t s  of l o e s s ,  o r  wind-blown s i l t ,  t o  2-ft  t h i c k  
i n  t h e  Homer-Anchor Poin t  a r e a .  Barnes and Cobb (1959) noted  t h e  l a n d s l i d e  
d e b r i s  l o c a l l y  a t  t he  f o o t  of beach b l u f f s ,  e s p e c i a l l y  s o u t h e a s t  of 
Bluff  P o i n t .  Reger (1979) desc r ibed  i n  d e t a i l  t h e  Bluff P o i n t  l a n d s l i d e .  



~ i ~ u r e '  5. Coal-bearing S t e r l i n g  Formation d e p o s i t s  northwest  of McNeil Creek 
on Kachemak Bay. Fau l t  d i s p l a c e s  s e c t i o n  upward on t h e  r i g h t  s i d e  of t h e  
r i g h t  g u l l y .  Major c o a l  beds on t h e  l e f t  s i d e  of t h e  f a u l t  i nc lude  from 
bottom t o  t o p ,  t h e  E ,  F, G ,  H, and I beds  of  Barnes and Cobb (1959); t h e  
bottom c o a l  bed on the  r i g h t  s i d e  of t h e  f a u l t  is  bed D .  Photograph by 
S.E. Rawlinson, J u l y  1977.  



I n  t he  Kenai d i s t r i c t  t o  t he  no r th ,  no t  inc luded  i n  t h i s  s tudy ,  bedrock 
i s  completely concealed by g l a c i a l  and a l l u v i a l  d e p o s i t s .  Barnes (1967) 
s t a t e s  t h a t  t h e s e  d e p o s i t s  were a t  l e a s t  s e v e r a l  hundred f e e t  t h i c k  throughout 
t he  Kenai d i s t r i c t  p rec lud ing  the  economic r e c o v e r a b i l i t y  of the  c o a l  d e p o s i t s  
under p re sen t  c o n d i t i o n s .  

S t r u c t u r a l  Geology 

The Shel ikof  t rough ,  of which the sou the rn  Kenai lowland forms a  p a r t ,  
developed a s  a f o r e a r c  b a s i n  of the Alaska - Aleu t i an  Range (Kelley,  1985). 
Exposures of Kenai Group coal-bearing s t r a t a  a long  t h e  sho res  of Cook I n l e t  
and Kachemak Bay o u t l i n e  a  broad s t r u c t u r a l  bas in .  The s imple Bouguer g r a v i t y  
map of f i g u r e  6  shows t h a t  t he  T e r t i a r y  sedimentary rocks  of the  Kenai lowland 
c o r r e l a t e  wi th  g r a v i t y  lows t o  150 m i l l i g a l s .  Bas ina l  rocks have been 
modified by g e n t l e  f o l d s  and high-angle f a u l t s  w i t h  d isp lacements  ranging from 
inches  t o  80 f t  (Barnes,  1967).  Deposi ts  a t  P o r t  Graham on the  south s i d e  of 
Kachemak Bay a r e  l i m i t e d  by the  Border Ranges f a u l t  t o  a r e a s  w i th in  a  narrow 
s t r i p  along t h e  c o a s t  (Magoon and o t h e r s ,  1976).  

S t r u c t u r e  of Kenai Group coal-bearing rocks  of t h e  Homer d i s t r i c t ,  
southern  Kenai lowland i s  r e l a t i v e l y  simple w i t h  l o c a l  minor warping. Dips 
a r e  g e n e r a l l y  l e s s  5", b u t  range up t o  12' (Barnes,  1951). Fold axes t r end  
n o r t h e a s t ,  d i p s  haye a  n o r t h  component, and a t  most l o c a t i o n s  a r e  t o  t h e  
northwest .  Small ,  n e a r - v e r t i c a l  f a u l t s  ( f i g s .  7  and 8) a l s o  gene ra l ly  s t r i k e  
northwest  (Barnes and Cobb, 1959). Hor i zon ta l  beds a r e  found i n  many 
exposures.  

L i t h o s t r a t i g r a p h y  and C o r r e l a t i o n  

Dal l  and Harris (1892) c l a s sed  T e r t i a r y  coa l -bear ing  s t r a t a  on Kenai 
Peninsula  and elsewhere a s  'Kenai Formation. '  Calderwood and Fackler  (1972) 
ass igned  group s t a t u s  t o  t h e  'Kenai Formation'  and e s t a b l i s h e d  the  
s t r a t i g r a p h i c  nomenclature f o r  i nd iv idua l  format ions .  One of the format ions ,  
t he  West Foreland Formation,  was l a t e r  excluded from t h e  group (F i she r  and 
Magoon, 1978). 

The Kenai Group (Oligocene-Pliocene) c o n s i s t s  of f o u r  formations ( o l d e s t  
t o  youngest) :  t h e  Hemlock Conglomerate and t h e  Tyonek, Beluga, and S t e r l i n g  
Formations. The Kenai Group c o n s i s t s  of over  26,000 f  t of e l a s t i c  s ed i -  
ments---sandstone, s i l t s t o n e ,  conglomerate---and c o a l  (H i t e ,  1976; F i she r  and 
Magoon, 1978).  The t o t a l  t h i ckness  of t h e  Kenai Group was determined i n  o i l  
we l l s  and from s e i s m i c  work. Sediments i n  t h e  Cook I n l e t  b a s i n  a r e  t h i c k e s t  
near Nikishka, E a s t  Fore land ,  which is a  few t e n s  of m i l e s  n o r t h  of our  pro- 
j e c t  a r e a ,  t h e  Homer d i s t r i c t .  They g r a d u a l l y  t h i n  northeastward and south- 
westward a long  t h e  b a s i n  a x i s ,  eastward where they  l a p  onto  rocks of t h e  
a n c e s t r a l  Kenai and Chugach Mountain Ranges, and westward toward t h e  Alaska 
Range (Calderwood and F a c k l e r ,  1972). 

Kenai Group coa l -bear ing  rocks r e p r e s e n t  t h e  on ly  exposed bedrock on t h e  
Kenai lowland, w i t h  only  t h e  Beluga and S t e r l i n g  Formations exposed i n  t h e  
Homer d i s t r i c t ,  sou the rn  Kenai Peninsula .  Exposures of c o a l  i n  beachcrops 
occur along t h e  n o r t h  s h o r e  of Kachemak Bay and a d j o i n i n g  e a s t e r n  shore  of 
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Figure 6. Generalized Bouguer gravity map of Kenai Peninsula. From Barnes, 
1977.  Gravity contours indicate simple Bouguer anomalies in milligals. 
Contour interval 10 milligals. 



Figure 7. Normal fault in Beluga Formation along Kachemak Bay that truncates 
coal bed A of Barnes and Cobb (1959). Coal bed is about 1.3 m thick; 
note all-terrain vehicle for scale. Photograph by S.E. Rawlinson, June 
1986. 



Figure 8 .  Normal f a u l t  with apparent v e r t i c a l  o f f s e t  of about 8 m; note person 
for  s c a l e .  Fault displaces coal  bed B i n  Beluga Formation southwest of 
McNeil Creek on Kachemak Bay. The coa l  bed burned a f t e r  displacement. 
Photograph by S . E .  Rawlinson, July 1977.  
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Cook Inlet. The upper few hundred meters of the Beluga Formation are exposed 
in seacliffs in upper Kachemak Bay and west of Homer (Hayes and others, 1976). 
Northward from Cape Starickkof toward Ninilchik along Cook Inlet, progressive- 
ly younger Sterling Formation beds are exposed in seacliffs (Barnes and Cobb, 
1959) . 

Type sections of the Beluga and Sterling Formations are defined only in 
the subsurface based on various oil well logs (for example, resistivity, 
radioactivity, and sound-wave velocity). The Beluga Formation was named and 
its type section designated from the discovery well of the-Sterling gas field 
which was drilled by Union Oil Company in 1961. 

The Kenai Group unconformably overlies the Eocene West Foreland Forma- 
tion. The Beluga Formation disconformably overlies the Tyonek Formation, and 
the Sterling Formation disconformably overlies the Beluga Formation 
(Calderwood and Fackler, 1972). The Beluga Formation is over 5,000 ft thick 
(fig. 9) and the Sterling Formation is over 7,000 ft thick (fig. 10). 

The stratigraphically lowest beds in the project area are assigned to the 
Beluga Formation and occur in the coastal bluffs southeast of Anchor Point. 
The stratigraphically highest coal-bearing beds are assigned to the Sterling 
Formation and occur at the heads of Fox and Swift Creeks and north of Clam 
Gulch (Barnes and Cobb, 1959). Except for a few local reversals due to minor 
folding, progressively younger beds are exposed northward along the coast from 
Cape Starichkof. 

The upper Beluga Formation is composed of alternating thin conglomerate, 
gray to dark gray, conglomeratic to fine-grained sandstone, gray siltstone and 
mudstone, and coal (Calderwood and Fackler, 1972). Although characterized by 
a lower proportion of sandstone than the Sterling Formation, some of the 
sandstone beds near the top are fairly thick, and these are composed mainly of 
metasedimentary rock fragments (Hayes and others, 1976). 

The Sterling Formation is composed primarily of thick-bedded (30- to 
90-f r )  , coarse- to medium-grained sandstones (fig . 11) separated by thinner 
beds of siltstone, claystone, and coal; it displays well-defined upward-fining 
sequences. Clastics are made up of quartz, plagioclase, and volcanic rock 
fragments (Hayes and others, 1976). 

Approximately 5 percent of the Tertiary Kenai Group strata is composed of 
subbituminous and lignitic coal beds. These coal beds exhibit marked 
lenticularity (Barnes, 1967). Coal beds of the Beluga Formation are thicker 
than those in the Sterling Formation. The coal beds decrease both in number 
and thickness northward. This change was noted by Barnes and Cobb (1959) 
north of Clam Gulch and at their locality 177 northeast of Fox Creek Canyon. 

The Beluga and Sterling Formations differ in ways that can be identified 
without borehole logs. Figure 12 summarizes differences in degree of indura- 
tion, provenance, clay mineralogy, heavy-mineral suites, thickness and number 
of coal beds, and age between the two fcrmations. In addition, each formation 
exhibits distinct lithologic successions, sedimentary structures, and bedding 
characteristics. Lithologic sequence and sedimentary structures are poorly 



Figure  9.  Isopach map of t h e  Beluga Formation, sou the rn  Kenai Peninsula .  From 
Hartman and o t h e r s ,  1 9 7 2 .  Contour i n t e r v a l  i s  1,000 f t .  



Figure  10. Isopach map o f  t he  S t e r l i n g  Formation p l u s  Quaternary d e p o s i t s ,  
sou the rn  Kenai Peninsula .  From Hartman and o t h e r s ,  1972. Contour 
i n t e r v a l  is 1,000 f t. 



Figure  11. Large channel  sand t h a t  has  eroded a s i l t s t o n e  bed ove r ly ing  t h e  
bottom c o a l ,  t h e  ' G I  bed, i n  t h e  S t e r l i n g  Formation n o r t h e a s t  of F a l l s  
Creek on Kachemak Bay. Bottom c o a l  bed is about  1 m t h i c k ;  n o t e  person  
f o r  s c a l e .  Deformation a t  t he  top  of t h e  channel  sand is  probably from 
s h e a r i n g  of s o f t  sediments fo l lowing  d e p o s i t i o n .  Photograph by D.M. 
T r ip l ehorn ,  J u l y  1977.  



Figure 12.  Tertiary stratigraphy of the Cook In le t  basin. Compiled from 
Calderwood and Fackler (1972), Hayes and others (1976), Fisher and Magoon 
(1978), and Krenler and Stadnicky ( 1985). 
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ordered in the Beluga Formation and well ordered in the Sterling Formation 
(Hayes and others, 1976). Although the contact between the two formations in 
their type sections is unconformable (fig. 12), it may be gradational else- 
where. 

In the far northwest part of the project area, in the Homer Escarpment, 
and northeast of McNeil Canyon, the Tertiary strata change northward by 
decreasing in induration and in quality and rank of coal, and increasing in 
the proportion of sandstone. Some of these sandstones become very thick 
toward the north (on the order of tens of meters) and the coal is often dull 
brown and lignitic rather than shiny black and subbituminous as it generally 
is in other parts of the section. 

Abrupt color changes also relieve the uniformity of the coal-bearing 
rocks. A change from gray to light brown upsection occurs in the bluffs north 
of Homer near McNeil Canyon on Kachemak Bay. This color change occurs at coal 
bed B of Barnes and Cobb (1959; fig. 13), the boundary defined between the 
Homerian and Clamgulchian floral stages by Wolfe and others (1966). This 
boundary also approximately marks the contact between the Beluga and Sterling 
Format ions. 

Another distinct color change occurs far upsection along the eastern 
border of the district where the prevailing light-brown rocks of the Sterling 
Formation give way upward to bluish-gray rocks with similar lithologic texture 
but they are noticeably deficient in coal. Barnes and Cobb (1950) noted this 
change in Fox Creek Canyon and thought that it probably occurs along a bedding 
plane, but could not locate the contact exactly nor confidently tie the 
bluish-gray beds in Fox Creek Canyon with beds further upsection to the north. 
This change from light-brown to bluish-gray probably has to do with differ- 
ences in clay or mafic mineral contents or both caused by a shift in 
provenance. Figure 14 shows an X-ray diffraction pattern of a typical 
bluish-gray rock from Fox Creek Canyon. This bluish unit may desenre formal 
stratigraphic-member status within the Sterling Formation. 

Other than the color changes, field observations disclose no obvious 
interruption in deposition that might mark the Beluga Formation-Sterling . 
Formation contact. However, scouring by overlying sediments shows that coal 
beds in many cases mark hiatuses (Triplehorn, 1982). 

Wolfe and others (1966) defined three new provincial time-stratigraphic 
rock units based on outcrops along Kachemak Bay and Cook Inlet (fig. 15). 
The Seldovian, Homerian, and Clamgulchian stages were identified from 
paleobotanical and palynological evidence along with age determinations. 
The type and reference sections of two provincial paleobotanical stages are 
exposed in wave-cut bluffs along the western side of the Kenai Peninsula and 
the third from the Seldovia Point flora in the Port Graham area. The Beluga 
Formation generally correlates with the Homerian Stage type section along 
Kachemak Bay. The Sterling Formation is generally correlative with the 
Clamgulchian Stage along Kachemak Bay and Cook Inlet. 

Wolfe and Tanai (1980) illustrated approximately 60 species of megafossil 
plants assigned to 45 genera from the Miocene Seldovia Point flora collected 



Figure 13. Coal bed B of Barnes and Cobb (1959) at beach level and in mid- 
section in the distance, northeast of McNeil Creek on Kachemak Bay. The 
top of this bed was defined by Wolfe (1966) as the boundary between the 
Homerian (bottom) and Clamgulchian (top) floral stages. Note the sedi- 
ment color change from gray to light brown at this bed. Photograph by 
S.E. Rawlinson, June 1986. 
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Figure 15. Locations of provincial time-stratigraphic rock units of Wolfe 
and others (1966), southern Kenai Peninsula. 



near Port Graham (fig. 16). Paleobotanical evidence indicates that these 
plant-bearing beds of late Seldovian age are equivalent to part of the Tyonek 
Formation. The upper part of the Seldovian Stage correlates with a late early 
to early middle Miocene age. They conclude that the beds probably represent 
deposits which filled a valley to the south of the main part of the Kenai ba- 
sin. They furthermore state that paleoclimatic conditions inferred from the 
Seldovia Point assemblage strongly indicate that since the middle Miocene 
there has been a moderate decline in mean annual temperature and a major 
decrease in mean annual range of temperature. 

- 
Triplehorn and others (1977) established the age of the Homerian 

Stage-Clamgulchian Stage boundary at about 8 m.y. (late Miocene). Turner and 
others (1980) found that new K-Ar and fission-track ages from volcanic ash 
partings in coal beds of the Kenai Peninsula substantiated an 8-m.y. age for 
the Homerian Stage-Clamgulchian Stage boundary. They furthermore stated that 
the Clamgulchian Stage spans an interval of at least 3.3 m.y. Triplehorn and 
Turner (1980) suggested an age for the Homerian Stage-Seldovian Stage boundary 
between 11 and 16 m.y. Wolfe and Tanai (1980) estimate an age of 13-14 m.y. 
for this boundary. 

Because of rapid lateral facies changes and lack of marine fossils and 
other tools, widespread correlation has not been feasible in Kenai Group 
coal-bearing rocks of the Homer district, southern Kenai lowland. Gross 
lithologic characteristics, such as the relatively thick coals in the Beluga 
Formation, are the only guide (Hite, 1976). The stratigraphy of Adkison and 
others (1975) needs to be better correlated with the rocks along the eastern 
shore of Cook Inlet and Kachemak Bay. Rawlinson (1984) did not definitely 
correlate his measured section with the southwestern and northeastern 
stratigraphic sections of Barnes and Cobb (1959) or with the stratigraphy of 
Adkison and others (1975). One objective of stratigraphic correlation studies 
in the district has been the identification of possible time lines tying rock 
packages across the southern Kenai lowland from the west side to east side 
Sterling Formation. Figure 17 shows approximate correlations of stratigraphic 
sections form southern Kenai Peninsula outcrops. 

Each formation of the Kenai Group has a distinctive heavy mineral suite 
that may be used for correlation purposes (Hite, 1976). The Beluga Formation 
heavy mineral assemblage is dominated by garnet, zircon, apatite, rutile, and 
tourmaline (Hayes and others, 1976). The Sterling Formation heavy mineral 
assemblage is dominated by hornblende and hypersthene (Hayes and others, 
1976). 

Both in the canyons at the head of Kachemak Bay and north of Clam Gulch, 
the bluish-gray beds contain laterally continuous volcanic-ash partings, some 
of which can be traced for several miles. These distinctive ash layers and 
other marker beds were used in the field to make tentative correlations 
between stratigraphic sections measured by Barnes and Cobb (1959) in Fox Creek 
Canyon. 

Provenance and Depositional Environments 

The Beluga Formation was derived from the metasedimentary terrane of the 
Kenai-Chugach Mountains east of Cook Inlet basin with transport directions 



Figure 16.  Map of Seldovia area showing the general locat ions  of Tyonek Forma- 
t i o n ,  Kenai Group outcrops (s t ippled)  and Port Graham, s i t e  of the f i r s t  
coa l  mine developed i n  Alaska. Hodified from Wolfe and Tanai, 1980. 
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Figure 17. Current conceptual interpretation of how various coal-bearing 
sections of the Beluga and Sterling Formarions on the southern Kenai 
Peninsula may correlate with one another based on recent field work and 
previous stratigraphic investigations. These tentative correlations will 
require further refinement in future studies. 



dominantly southwest to south (Hayes and others, 1976). Erosion of these 
uplifted mountains supplied conglomeratic sediments to a developing basin in 
the Deep Creek and Sterling areas (Hartman and others, 1972). 

The Sterling Formation was derived from the volcanic-plutonic terrane of 
Aleutian-Alaska Ranges west and north of Cook Inlet with dominant transport 
directions south and southeast (Hayes and others, 1976). These mountains were 
uplifted strongly in the late Tertiary becoming major sources of sediment 
(Hartman and others, 1972). - 

Rocks of the Beluga and Sterling Formations were deposited near sea level 
by fluvial processes. Their nonmarine, continental-fluvial origin is based on 
the nature of beds, absence of marine fossils, presence of abundant coals, and 
the coarse nature of the clastic assemblage (Hite, 1976). 

The Beluga Formation was deposited by relatively small, high-gradient, 
shallow, braided streams on broad alluvial fans and plains (fig. 18). The 
braided streams produced lenticular, braid-bar sandstones only a few meters 
thick (Hayes and others, 1976). 

The Sterling Formation was deposited by moderately large, meandering 
streams which produced 10- to 15-m thick point-bar sandstones (fig. 19). 
These meandering streams were in belts several kilometers wide on broad plains 
(Hayes and others, 1976). 

CURRENT INVESTIGATION OF PROJECT AREA 

Project Description 

A coal-assessment project on the southern lowland of the Kenai Peninsula 
was initiated in the spring of 1986 by the Alaska Division of Geological and 
Geophysical Surveys (DGGS) in cooperation with the U.S. Geological Survey 
(USGS). The project was administered through COGEOMAP, a program designed to 
share USGS funds with state geological surveys to assist with geological 
mapping and related investigations. DGGS received funding from the USGS for 
field work, analysis of coal and rock samples, and report production, as well 
as assistance in the field by two USGS geologists. Five DGGS geologists and 
two University of Alaska geology graduate students participated in the study. 
This report summarizes the final results of the project. 

Previous investigations have left enough unanswered questions about the 
stratigraphy and structure of the coal-bearing rocks in the southern Kenai 
lowland to warrant further work at the scale of a COGEOMAP project. In addi- 
tion, few coal analyses have been reported for this large area. The main pur- 
pose of the project has been to fill important data gaps. 

Field investigation and laboratory research phases included: 1) measuring 
and describing the coals and other sedimentary rocks to refine and complete 
previous attempts at correlation; 2) collecting valuable baseline data on 
coals and overburdens; 3) determining and improving surface contacts between 
the late Miocene Beluga Formation and the late Miocene to Pliocene Sterling 
Formation, the two defined stratigraphic bedrock units in the project area; 



Figure 18. Typical Beluga Formation lithologies, sedimentary structures, and 
depositional environments. From Hayes and others, 1976. 
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Figure 19. Typical Sterling Formation ordered vertical sequence of lithologies 
and sedimentary structures. From Hayes and others, 1976. 
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4) collecting paleontological and lithological samples to help distinguish 
units; 5) studying volcanic-ash partings in the area in hopes of establishing 
some distinctive, widespread marker beds; 6) collecting and integrating unpub- 
lished borehole data with previously reported information and our own results; 
and 7) planning diamond-drill coring, with electric logs, in critical areas in 
anticipation of possible future funding. The results of this work follow and 
have produced an improved synthesis of the geology of the southern Kenai 
lowland. 

Field Work - 
In June 1986, three teams of two geologists worked for sixteen days to 

measure, describe and sample rocks and coals in the project area. One team 
measured and sampled a continuous section from about 2 mi north of Clam Gulch 
southward to Cape Starichkof, where a mostly covered interval about 6 mi long 
begins. The other two teams started with better stratigraphic information and 
mainly addressed gaps in correlation and sampling southeastward from Anchor 
Point and north and northeastward from Homer. 

In addition to measuring thousands of feet of section, especially on the 
Cook Inlet coast, we collected numerous leaf fossils, overburden (carbonaceous 
shale, claystone, and siltstone) samples that we expect contain Tertiary pol- 
len, lithologic samples for clay and heavy-mineral analysis, and samples of 
volcanic-ash partings. We anticipate that a combination of various 
distinguishing criteria, when applied to all of our stratigraphic and sample 
data, will help to refine the Beluga Formation-Sterling Formation contact in 
outcrop. 

Continuous, overlapping, low-angle 35-mm photographs of the bedrock 
exposed in the seacliffs along Cook Inlet and Kachemak Bay were made in late 
May 1986 (fig. 20). Low-altitude, oblique photographs were made using heli- 
copter-supported, hand-held camera equipment. The photographs, done simulta- 
neously in black and white prints and color slides, provide a nearly complete 
pictoral record of the formations along more than 50 mi of coast and can be 
assembled into a continuous mosaic for any desired stretch. Approximately 
seven frames were taken per mile of beachcrop, representing a horizontal scale 
of about 750 ft per photograph. 

The photos were used effectively for planning field work, as a base for 
locating and plotting sample locations in the field, for studying bedding and 
structural features, and for resolving correlation problems. The negatives 
and slides have been permanently stored for public use as an Alaska Division 
of Geological and Geophysical Surveys (Fairbanks) Public-data File report. 

Sampling 

Over 140 channel samples were collected from exposed coal beds in the 
southern Kenai lowland (table Al, appendix A). These include at least one 
sample from every coal bed 2-ft or greater in thickness, numerous thinner beds 
in relatively barren stretches, and several multiple samples across faults and 
covered intervals. 



Figure 20. Example of low-altitude, oblique photograph of Kachemak Bay 
Sterling Formation coal-bearing beachcrop. High-angle normal fault 
displaces coal beds B, C, and D at left. Horizontal scale is 
approximately 750 ft. 



Projec t -a rea  Subdiv is ions  

The p r o j e c t  a r e a  has  been d iv ided  i n t o  t h r e e  p r o v i s i o n a l  zones t o  group 
and s i m p l i f y  t h e  a n a l y t i c a l  d a t a  f o r  d i sp l ay  ( f i g .  21) .  These zones a r e :  
1) Cook I n l e t  (west s i d e )  S t e r l i n g  Formation c o a l s ;  2) Kachemak Bay (south  
s i d e )  Beluga Formation c o a l s ;  and 3 )  Kachemak Bay ( e a s t  s i d e )  S t e r l i n g  Forma- 
t i o n  coa l s .  Discuss ion  of r e s u l t s  of coa l  p e t r o l o g i c  and q u a l i t y  i nves t iga -  
t i o n s  i n  l a t e r  s e c t i o n s  of t h i s  r e p o r t  w i l l  be  based on d i v i s i o n  of samples 
i n t o  groups a s s igned  t o  t h e s e  zones. 

- 
Sheet Maps 

This  r e p o r t  is accompanied by 14 s h e e t s  ( i n  pocke t s ) .  Sheet 1  
i l l u s t r a t e s  t h e  r e g i o n a l  geology of the  Homer d i s t r i c t ,  inc luding  major 
s t r u c t u r a l  f e a t u r e s .  I n  a d d i t i o n ,  inch: mi l e  (1:63,360) quadrangle 
subd iv i s ions  of Kenai and Seldovia 1:250,000 quadrangles  a r e  shown i n  a  
gene ra l i zed  index. O i l  and gas we l l s  a r e  i n d i c a t e d  f o r  l o c a t i o n  purposes.  

The d e t a i l e d  geology and s t r u c t u r e  of each of t h e  inch:  mi le  quadrangles  
a r e  dep ic t ed  on s h e e t s  2 through 10. Kenai 1: 63,360-scale quadrangle maps 
inc lude  B-4 ( shee t  2 ) ,  A-4 ( s h e e t  3 ) ,  and A-5 . ( shee t  4) .  Seldovia 1:63,360 
quadrangle maps inc lude  D-5 ( shee t  5 ) ,  D-4 ( s h e e t  6 ) ,  D-3 ( shee t  7 ) ,  C-4 
( shee t  8 ) ,  C-5 ( s h e e t  9 ) ,  and p a r t s  of B-5 and B-6 ( s h e e t  10).  In  o rde r  t o  
e f f e c t i v e l y  show d e t a i l s  a long  c o a s t a l  beachcrops,  i n s e t s  were prepared f o r  
Kenai A-5 ( s h e e t  4) and Se ldovia  C-4 ( shee t  8) Quadrangles.  The d e t a i l e d  
inch:  mi le  maps show t h e  l o c a t i o n s  of a l l  samples---coal, overburden, sand- 
s tone ,  palynology, and p l a n t  f o s s i l s .  Loca t ions  of a l l  measured s e c t i o n s  and 
boreholes  ( f o r  c o a l ,  o i l  o r  gas)  a r e  a l s o  d isp layed .  

Three c o r r e l a t e d  s t r a t i g r a p h i c  s e c t i o n s  r e p r e s e n t i n g  the  Kachemak Bay 
S t e r l i n g  Formation ( s h e e t  l l ) ,  Kachemak Bay Beluga Formation ( shee t  12 ) ,  and 
Cook I n l e t  S t e r l i n g  Formation ( shee t  13) summmarize r e g i o n a l  s t r a t i g r a p h y .  
Ind iv idua l  samples a r e  annota ted  on t h e  columns. Explana t ion  and symbol 
informat ion  f o r  a l l  maps a r e  l i s t e d  on shee t  14. 

RESULTS OF PROJECT AREA INVESTIGATION 

Sandstone Mineralogy 

The most obvious d i f f e r e n c e  between Beluga Formation and S t e r l i n g  
Formation sands tones  i s  t h e  percentage of v o l c a n i c  vs .  l i t h i c  g r a i n s  ( t a b l e  1; 
t a b l e  C 1 ,  app. C). The S t e r l i n g  Formation has  a  much h ighe r  percentage of 
v o l c a n i c  rock  fragments  and p l a g i o c l a s e  than  t h e  Beluga Formation, which 
con ta ins  predominantly l i t h i c  fragments.  

The abundance of v o l c a n i c  rock fragments and p l a g i o c l a s e  i n  t he  S t e r l i n g  
Formation i n d i c a t e s  a  v o l c a n i c  o r  hypabyssal o r i g i n .  The S t e r l i n g  Formation 
sands were probably de r ived  mainly from the  wes t e rn  s i d e  of Cook I n l e t  where 
P l iocene  vo lcan ic  a c t i v i t y  was occurr ing .  The untwinned p l a g i o c l a s e  i s  almost  
exc lus ive ly  zoned i n  t h e  sands tones ,  and i s  ano the r  i n d i c a t i o n  of vo lcan ic  o r  
hypabyssal o r i g i n .  The heavy mine ra l s  hornblende and hypers thene  a l s o  show an 
increased  abundance i n  S t e r l i n g  Formation sands.  



Figure 21. Provisional zones used for grouping and simplification of analyti- 
cal data for display. Zone 1 is Cook Inlet (west slde) Sterling Forma- 
tion coals; zone 2 is Kachemak Bay (south side) Beluga Formation coals; 
and zone 3 is Kachemak Bay (east side) Sterling Formation coals. 



Table 1. Average modal analysis (%) of southern Kenai Peninsula sandstone 
samples. The number of samples analyzed is indicated in parentheses. 

Detrital grains 

Undulose quartz 
Non-undulose quartz 
Polycrystalline quartz 
Potassium feldspar 
Altered feldspar 
Plutonic rock fragment (K-spar) 
Plutonic rock fragment (quartz) 
Twinned or zoned plagioclase 
Untwinned plagioclase 
Quartz-mica schist/gneiss 
Quartz-mica phyllite 
Chert 
Cherty argillite 
Argillite 
Siltstone 
Slate/shale 
Sandstone 
Volcanic rock fragment or glass 
Biotite 
Hornblende 
Clinopyroxene 
Epidote 
White-mica sericite 
Coal/organics 
Zircon 
Rutile 
Chlorite 
Carbonate 

Total 

Cook Inlet 
Sterling 
Format ion 

(8) 

17.6 
4.7 
9.3 
5 . 8  
4.5 
1.7 
1.9 
4.2 

11.4 
1.0 
1.7 
1.3 
4.7 
1.5 
1.3 
1.2 
2.4 

16.3 
1.0 
3.1 
1.5 
0.5 
0.2 
0.6 
0.2 
0.04 
0.9 
0.0 

- 
Kachemak Bay 

Beluga 
Formation 

( 6 )  

Kachemak Bay 
Sterling 
Formation 



The lithic character of the Beluga Formation is evident due to the 
increase in lithic grains---polycrystalline quartz, schist and phyllite 
fragments, chert, cherty argillite, argillite, siltstone and sandstone 
fragments. The high lithic content of the Beluga Formation indicates a 
metamorphic provenance most likely from rocks of the Chugach Range east of the 
Kenai coal field. Volcanic grains and heavy minerals like hornblende and 
hypersthene show depleted percentages. Epidote, typically of metamorphic 
genesis, shows a slight increase in the Beluga Formation. 

The volcanic character of the Sterling Formation decrsases upsection. In 
areas with abundant woody coal as near Ninilchik and in the uppermost reaches 
of Fox Creek Canyon immediately below the bluish-gray beds, volcanic fragments 
are greatly reduced. Samples of sands low in volcanic fragments include 
86JL18-2, 86JL44-1, 86SM09-14, and 86SM12-2. The bluish-gray sandstones at 
the extreme top of the Sterling Formation are lithic-rich like Beluga Forma- 
tion sands. Volcanic grains are almost nonexistent here, but chlorite content 
is increased. The combination of the chlorite and lithic grains may be the 
reason for the bluish-gray color of the beds. A change in provenance is 
probably indicated in these sandstones. 

The potassium feldspar content of the Kenai Peninsula sandstones 
decreases eastward in the Homer district. Samples of sands taken near the 
Sterling Formation/Beluga Formation contact on the Cook Inlet (samples 
86JL35-1 and 86SM13-2) and Kachemak Bay (sample 86SM06-4) sides of the 
peninsula are gradational and show intermediate percentages of detrital 
grains. Homer Escarpment sands are more similar to those of the Sterling 
Formation even though the contact is nearby. 

Palynological Analysis 

Rock samples from the Beluga and Sterling Formations of the southern 
Kenai Peninsula were collected for palynological analysis. These samples are 
listed in table A3 of appendix A. Examinations of the fossil pollen and spore 
assemblages in the samples are currently in progress by Thomas Ager, geologist 
with the U.S. Geological Survey, Reston, Virginia. Results of the analysis 
will be made available in the future as part of an encompassing study of 
Alaska Tertiary floras. 

Volcanic Ash Partings 

Abundance and Composition 

Altered volcanic ash partings are more common than detrital partings in 
Tertiary coal seams along the shores of the southern Kenai Peninsula (figs. 22 
and 23). (Partings are non-organic layers in coal generally from 1-10 cm 
thick.) Volcanic ash partings are distinguished in the field from detrital 
partings mainly by their pinkish hues, homogeneous appearance, and white 
weathering. Detrital partings have a grayish color and a heterogeneous 
appearance. 



Figure 22. Gully (right) in Fox Creek where about 209 m of exposed Sterling 
Formation strata was measured; light colored bed in the approximate 
middle of the section is predominantly volcanic ash (va). Photograph by 
S.E. Rawlinson, June 1986. 



Figure  23 .  Close-up view of 2.3-m t h i c k  vo lcan ic  a sh  (va) bed i n  t h e  S t e r l i n g  
Formation of Fox Creek Canyon. Coal bed t h a t  c rops  o u t  i n  t h e  gap 
between the  t r e e s  on t h e  ho r i zon  a l s o  inc ludes  an  a s h  p a r t i n g .  
Photograph by S.E. Rawlinson, J u l y  1977.  



One hundred p a r t i n g s  have been sampled and analyzed by X-ray, chemical ,  
and pe t rog raph ic  methods. From t h e  l e s s  2 micron c l ay  f r a c t i o n ,  i t  has been 
determined t h a t  t h e  vo lcan ic  ash  p a r t i n g s  always con ta in  s m e c t i t e  and f r e -  
q u e n t l y  k a o l i n i t e .  Bulk and X-ray powder d i f f rac tograms show the  presence of 
s i d e r i t e ,  r a r e  plumbogurnmite mine ra l s  a s  w e l l  a s  common q u a r t z  and f e l d s p a r .  
The Fox Creek, McNeil Canyon and Ninilchik-Clam Gulch a r e a s  a r e  c h a r a c t e r i z e d  
by t h e  presence  of vo lcan ic  g l a s s ,  minor h a l l o y s i t e ,  and qua r t z  and f e l d s p a r ,  
r e s p e c t i v e l y .  Most p a r t i n g s  des igna ted  a s  vo lcan ic  con ta in  one o r  more 
m i n e r a l s  c h a r a c t e r i s t i c  of v o l c a n i c  o r i g i n ,  a s  w e l l  a s  v o l c a n i c  g l a s s  i n  
v a r i o u s  s t a g e s  of d e v i t r i f i c a t i o n  and t r a n s i t i o n  t o  c l a y . '  The a l t e r e d  g l a s s  
can  be recognized by i t s  morphological  f e a t u r e s .  D e t r i t a l  p a r t i n g s ,  on t h e  
o t h e r  hand, c o n t a i n  i l l i t e ,  c h l o r i t e ,  k a o l i n i t e ,  and phys i ca l  mix tu re s  of 
i l l i t e - s m e c t i t e .  

S i 0 2  concen t r a t ions  a r e  h i g h e s t  i n  t he  younger p a r t i n g s  and lowest  i n  t he  
o l d e r  p a r t i n g s .  A 1  0 shows an  o p p o s i t e  t r e n d .  D e t r i t a l  p a r t i n g s  a r e  charac-  
t e r i z e d  by a  h igh  F?e2a3 c o n t e n t ,  which can  be a t t r i b u t e d  t o  common s i d e r i t e .  
Low titanium/aluminum r a t i o s  of 0.03-0.04 a r e  i n d i c a t i v e  of r h y o l i t i c  source  
v o l c a n i c s  f o r  t h e  a sh  p a r t i n g s .  Trace-element concen t r a t ions  of t h e  younger 
p a r t i n g s  a r e  nea r  t h e i r  o r i g i n a l  c o n t e n t ,  bu t  some d e p l e t i o n  and some 
enrichment  has  occurred i n  t he  o l d e r  p a r t i n g s .  

C l u s t e r  a n a l y s i s  us ing  major ox ide  and t r a c e  element d a t a  show t h a t  
v o l c a n i c  a sh  p a r t i n g s  from McNeil Canyon and Fox Creek may c o r r e l a t e  w i t h  
p a r t i n g s  from Nin i l ch ik  and Clam Gulch a r e a s .  

S i g n i f i c a n c e  

Evidence from the  Angoonian pe r iod  i n  t h e  Cook I n l e t  r e g i o n  shows t h a t  
t h e  v o l c a n i c  a shes ,  f o r  the  most p a r t ,  were destroyed by be ing  d e p o s i t e d  i n  a  
marine environment.  The frequency of v o l c a n i c  e rup t ions  (now p a r t i n g s )  
appea r s  t o  have been low. The p a r t i n g s  a r e  f a i r l y  t h i n  bu t  n o t  n e c e s s a r i l y  
f ine-gra ined .  E i t h e r  the  vo lcan ic  v e n t s  were not  i n  near  proximi ty  o r  t h e  
v o l c a n i c  e r u p t i o n s  were s h o r t  l i v e d .  

By t h e  Homerian per iod ,  v o l c a n i c  a c t i v i t y  appears  t o  have inc reased  
d r a m a t i c a l l y  i n  t he  Cook I n l e t  reg ion .  Although i t  appears  t h a t  volcanism was 
sometimes weak, it was n e v e r t h e l e s s  cont inuous .  The t e c t o n i c  s e t t i n g  was 
r e l a t i v e l y  u n s t a b l e  wi th  cons t an t  smal l - sca le  base l e v e l  changes r e s u l t i n g  
from i n c r e a s e d  subsidence of t h e  r eg ion .  The c o a l  seams a r e  f a i r l y  t h i n  and 
c o n t a i n  a s  many c l a s t i c  a s  vo lcan ic  p a r t i n g s .  The ash p a r t i n g s  a r e  t h i n  
(10 cm maximum th i ckness )  bu t  numerous. Upon c l o s e  examination of t h e  c o a l ,  
v i s i b l e  pumice fragments can be seen  disseni inated throughout i t .  Some of t h e  
p a r t i n g s  a r e  coarse-grained,  bu t  t h e  m a j o r i t y  a r e  f ine-gra ined  and a l t e r e d .  

With t h e  Clamgulchian pe r iod ,  volcanism had eased i n  t h e  Cook I n l e t  
r e g i o n  and s e p a r a t e  vo lcan ic  even t s  can be  recognized a s  i n d i v i d u a l  p u l s e s  of 
a c t i v i t y .  Volcanic e rup t ions  appear  t o  have been spaced over  l onge r  p e r i o d s  
of t i m e ,  perhaps i n d i c a t i n g  sou rces  i n  c l o s e  proximity t o  d e p o s i t i o n a l  s i t e s .  
Coal seams formed a t  t h i s  t ime a r e  t h i c k e r  than  those  formed du r ing  the  
Homerian per iod .  Ash p a r t i n g s  a r e  fewer i n  number bu t  t h i c k e r ,  e s p e c i a l l y  i n  
t h e  l a t e  P l iocene .  P a r t i n g s  a r e  g e n e r a l l y  well-defined and c o a l s  a r e  c l e a n e r  
o v e r a l l .  



Coal Petrology 

Methods of Analysis 

Maceral Analysis 

For analyzing the petrology of Kenai Peninsula coals, a Leitz orthoplan 
microscope was used. For maceral determinations, 500 counts were made of 
vitrinitic and inertinitic macerals under normal incident light. Liptinitic 
macerals, carbomineralites, and epoxy were omitted during' this quantitative 
analysis phase. Subsequently, the liptinitic macerals were counted using 
blue-light excitation. In total, 100 samples were analyzed for petrology. 

Microlithotype Analysis 

Microlithotypes are groupings of macerals in a microscopic field of view. 
Macerals rarely occur singly but are usually associated with macerals of the 
same or the other two maceral groups in microlithotypes that are classed as 
mono-, bi-, or trimaceralic. Xicrolithotype analysis has proven to be useful 
in determining environments of deposition and can be valuable in seam corre- 
lation. 

Microlithotypes were analyzed and point-counted in the polished coal 
pellets using a 20-point graticule; 500 counts were made on each pellet under 
normal incident light. Difficult identifications were cross-checked for accu- 
racy under fluorescent light. In total, 100 coal-pellet samples were read for 
mlcrolithotype analysis. 

Vitrinite Reflectance Analysis 

Maximum reflectance measurements were made in oil on 100 coal-pellet 
samples with 50 readings made on each. The polished pellets were dried in a 
desiccator prior to examination. A filter was used to give peak transmittance 
at 546 nanometers wavelength. Bausch and Lomb optical glasses were used as 
reflectance standards. 

Results of Petrologic Analysis 

mceral Analysis , 

Coals of the Beluga Formation on the southern Kenai Peninsula are blocky 
in appearance, similar to Nenana basin coals. They are mostly dull with 
vitrain bands scattered throughout. A substantial amount of macroscopic amber 
can be observed in hand-specimens, blocks, and polished sections of Beluga 
Formation coals in the Homer and Anchor Point areas. Coals in the Sterling 
Formation become more woody upsection. These woody coals are most common in 
the vicinity of Ninilchik and Clam Gulch, where younger rocks of synclinal 
structures are exposed. 



Vitrinite content, representing the woody parts of trees, is relatively 
constant in both the Beluga and Sterling Formations (table 2). Pseudovitrinite 
is relatively rare in the low-rank coals of the southern Kenai Peninsula. 
Phlobaphinites and porigelinites are slightly more common in the Sterling 
Formation than in the Beluga Formation, whereas pseudophlobaphinites are 
marginally more common in the Beluga Formation. The vitrinites in Beluga 
Formation coals are mainly ulminite with remanent pore structure relatively 
rare. However, remanent pore structure increases upsection, and this is 
evidenced in the Sterling Formation by higher contents of texto-ulminite and 
textinite. - 

The older, higher-quality coals of the Beluga Formation are richer in 
liptinites (the maceral group including spores, waxes, fats, and oils of 
precursor coal-f orming plants) than the younger, lower-quality coals of the 
Sterling Formation (table 2). Although possibly random, this could indicate a 
different type of vegetation, perhaps with a higher proportion of gymnosperms 
than is present in younger Sterling Formation coals. The liptinites in Beluga 
Formation coals mostly occur as sporinite and resinite. Alginite is extremely 
rare in these coals. Exsudatinite was observed in Beluga Formation coals but 
was of only minor occurrence. This indicates that the coals had reached a 
level of coalification wherein the resinites had just started to migrate. The 
Sterling Formation contains more suberinite than the Beluga Formation. 

Beluga Formation coals are very low in inertinites (table 2). Sterling 
Formation coals have the highest inertinite contents, including greater abun- 
dances of each individual inertinite maceral. Of the inertinites, semi- 
fusinite and inertodetrinite are the most common with sclerotinite, fusinite, 
and macrinite occurring in decreasing abundance. The fact that semifusinite, 
inertodetrinite, and sclerotinite occur in greater abundance than the other 
inertinites indicates that low-water levels and associated peat degradation 
from oxidation were chiefly responsible for their formation. A fluctuating 
water table may have produced oxidizing conditions or a drier climate may have 
produced forest fires. 

Two relative prominent bands with increased levels of inertinites occur 
in the Kachemak Bay Sterling Formation coals and one in the Cook Inlet side 
Sterling Formation coals. The latter is repeated several times due to fold- 
ing. Although one coal on the Cook Inlet side revealed a maximum 23 percent 
inertinite content, the bands average only about 10 percent inertinite. These 
high inertinite bands evidently represent dry periods during the deposition of 
Sterling Formation coals. It is at least possible that the upper band present 
in Swift Creek and lower Fox Creek is age-correlative to the one on the Cook 
Inlet side. In addition, vitrinite reflectances for these coals are similarly 
low. 

Microlithotype Analysis 

The five most common microlithotype varieties in southern Kenai Peninsula 
coals (table 3) are vitrite (100 percent vitrinite), clarite (vitrinite + 
liptinite), vitrinertite (vitrinite + inertinite), duroclarite (a trimacerite 
with all three major groups) , and carbomineralites (mineral grains, predomi- 
nantly carbargilite; table 4). Minor inertite (100 percent inertinites) 



Table 2. S-ry of maceral analysis for coals of the Beluga and Sterling Formations, southern Kenai Peninsula. For comparison, Sterling Formation coals have been divided into two groups---those 
on Kachemak Bay and Cook Inlet sides of the peninsula. 

A. bcerals and maceral types 

Srml- 
Ulminite/ Pseudo- Phloba- Paeudophlo- Porlgrli- Spori- Resi- Cuti- Algi- Exsuda- Suberi- Lipto- thcrl- Fusi- fusi- Scleroti- Inerto- 

Sample vitrinite vitrinite phinite baphinite nite nite nite nice tinite nite detrinite nite nice nite - - nite detrinftr nite - - - - - - - - - - - 
Sterling 81.7 0.0 1.7 1.0 0.9 2.2 2.2 0.6 0.0 0.0 1.3 3.3 0.3 0.7 2.2 0.6 1.3 
Fornation, 
Cook Inlet 

Sterling 82.0 0.0 1.9 0.9 . 1.0 1.7 2.2 0.6 0.0 0.0 1.8 3.1 0.1 0.6 2.2 0.7 1.2 
Format ion. 
Kachemak Bay 

Beluga Formation, 82.1 0.0 1.5 1.1 0.8 2 . 3  3 . 3  0.7 0.0 0. I 1.1 3 . 5  0.1 0.4 1.7 0 . 5  0.8 

Kachemak Bay 

B. Haceral group proportions 

Samp 1 e s 

Sterling Formation, 
Cook Inlet 

Sterling Formation, 
Kachemak Bay 

thceral group 
Iluminite Liptlnite Inertinite 

85.3 9.6 5.1 

Beluga Formation, 
Kachemak Bay 

e 
l-' 



Table 3. Sumnrsry of mlcrolltt~otype nnnlysia for coals of the Beluga and Sterling t'orucione, southeni k ~ u l  Pel~llrriula. Fur comparltiun, Sterling Forurion coals hdve teen divided 111tu two 
groups---those on Knchruak Bay and Cook Ii~let side8 of the yrnlr~suls. 

Lhl ro - Claro- Cdr bu- 
Smylrs Vltrlte Liptlte lnrrtite - Uurlte ClariLr Vltrlnrrtlte duritr (:drbdrgillce Cdrbuyyritr Cartdllkrrt tr billcitr clarlrr - 

Sterling Formation. 61.6 0.0 0.2 0.0 14.9 6.5 
Cook Inlet 

Sterling Formation, 64.9 0.0 0.2 0.0 13.4 6.4 
K a c h m k  Bay 

Beluga Pormatlon, 60.5 0.0 0.2 0.0 16.9 4.6 
bchemak Bay 

8. Hlcrollthotype groupe 

Samples Vicritrs Claritrs Vitrinertites Trlmacrrltes Carbomlnrralicea: Othrr -- a 

Sterling Fonnntlon, 61.6 14.9 6.5 3.6 13.2 0.2 
Cook Inlet 

Sterling Formation, 64.9 13.4 6.4 
Knchrmak Bay 

Br111ga Pormacion, 60.5 16.9 4.6 3.1 14.7 0.2 
Kachemak Bay 



Table 4. Common carbomineralites or coal-mineral associations. Modified from 
Stach and others, 1982. 

Coal intergrown with a certain 
mineral or a mineral group Composition 

Carbargilit e Coal + 20-60% by volume of clay minerals 

Carbopyrite Coal + 5-20,? by volume of sulfide minerals 

Carbankerite Coal + 20-60% by volume of carbonate 
minerals 

Carbosilicite Coal + 20-60% by volume of quartz 



occurs in the high inertinite bands of southern Kenai Peninsula coals, but it 
is statistically insignificant. 

The Beluga Formation coals have less vitrite than Sterling Formation 
coals (table 3). The higher percentage of vitrites in the upper Sterling 
Formation coals of the Canyons area, Kachemak Bay, is attributed to the abun- 
dant woody beds. The more woody the coal, the higher the vitrite content, and 
the lower the content of other microlithotypes. The Beluga Formation also 
contains the most clarite, because liptinites--especially resinite and 
sporinite---are relatively abundant in this formation. Clarite contains at 
least one liptinite maceral with the other vitrinite macerals, or a minimum of 
5 percent liptinite. Since the Beluga Formation contains little inertinite, 
it is resultantly also low in vitrinertite. The Sterling Formation has a 
larger percentage of vitrinertite as a result of the high inertinite bands. 

Trimacerite contents increase westward from the Kachemak Bay Sterling 
Formation coals and Beluga Formation coals to the Cook Inlet side Sterling 
Formation coals (table 3). The higher trimacerite (predominantly duroclarite) 
content on the Cook Inlet side is due to the increase in inertinite found in 
bands. These bands are repeated as the rocks are folded in recurring synclines 
and anticlines. 

Of the carbomineralites, carbargilite (coal + clay minerals) is by far 
the most common with carbankerite (coal + carbonate minerals) of secondary 
occurrence (table 3). Carbopyrite (coal + sulfide minerals) and carbsilicite 
(coal + quartz) are relatively minor. Carbargilite percentages are greater in 
the higher-quality Beluga Formation coals for two reasons: 1) these coals are 
more fissile and contain an inordinate amount of partings; and 2) volcanic ash 
beds, volcaniclastic laminae, and disseminated volcaniclastic material are 
more abundant. Carbankerite percentages are higher in Sterling Formation 
coals than Beluga Formation coals. In addition, the types of carbankerite 
vary in each unit. The Sterling Formation has more calcite and altered 
carbonate grains, whereas the Beluga Formation contains a higher percentage of 
siderite/dolomite intergrowths. Carbosilicites or detrital quartz grains are 
of minor occurrence in both Beluga and Sterling Formation coals. Carbopyrites 
are also minor but show a slight increase in the Cook Inlet Sterling Formation 
coals. A one-ft coal bed in the Beluga Formation at Whiskey Gulch on Cook 
Inlet contains 2.94 percent total sulfur, a large proportion of which occurs 
in the framboidal form as seen petrographically. 

The carbomineralite content of southern Kenai lowland coals clearly 
increases upsection and is prevalent on both coasts of the peninsula, but 
especially on the west coast. The elevated carbomineralite content may be 
indicative of increased volcanism in the Alaska Range during deposition of the 
Sterling Formation. 

Vitrinite Reflectance Analysis 

Vitrinite reflectance values (Eom) increase downsection with increased 
rank and hence are relatively greater in the older, higher-quality coals of 
the Beluga Formation. Figure 24 shows the variation in vitrinite reflectance 
for the three major coal zones of southern Kenai Peninsula. Beluga Formation 



Figure 24. Variation plot of vitrinite reflectance ( Z  ion=) for the three 

major provisional coal zones of the southern Kenai Peninsula. 
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c o a l s  e x h i b i t  an average v i t r i n i t e  r e f l e c t a n c e  of 0.37 pe rcen t  whereas t he  
S t e r l i n g  Formation coa l s  average 0.32 pe rcen t  ( t a b l e  5 ) .  C o r r e l a t i o n  between 
rank and v i t r i n i t e  r e f l e c t a n c e  i s  t y p i c a l l y  poor i n  low-rank c o a l s  such a s  
t hose  of t h e  S t e r l i n g  and Beluga Formations of t h e  sou the rn  Kenai lowland. 

Summary of Previous  Coal -qua l i ty  I n v e s t i g a t i o n s  

Coals  of t he  Homer d i s t r i c t ,  sou the rn  Kenai lowland, a r e  l e s s  mature than  
Tyonek Formation c o a l s  of t he  Beluga f i e l d ;  they con ta in  h ighe r  a sh  and vola-  
t i l e s  and l e s s  f i x e d  carbon (Sanders ,  1981).  Barnes and Cobb (1959) noted t h e  
l e n t i c u l a r  n a t u r e  of t h e  c o a l  beds and t h e i r  gene ra l  northward dec rease  i n  
t h i c k n e s s ,  q u a l i t y ,  and rank. The c o a l s  a r e  d u l l ,  p l a t y ,  and c l e a t e d  i n  
appearance w i t h  cons iderable  evidence of woody and bark  t i s s u e s  (Sanders ,  
1981); t h e s e  woody, l i g n i t i c  c o a l s  have c o l l o q u i a l l y  been r e f e r r e d  t o  a s  
' p l i a n i t e . '  

Barnes (1962) found t h a t  i n  comparing v a r i o u s  Ter t ia ry-age  c o a l s  of t h e  
Cook I n l e t  b a s i n  t h a t  c o a l s  i n  ou tc rops  of t h e  Kenai f i e l d  were t h e  lowest  i n  
rank. I n  core  samples from the  Kenai f i e l d ,  he found t h a t  t h e  c o a l s  show a 
g e n e r a l  i n c r e a s e  i n  rank wi th  depth  ( r ang ing  from subbituminous t o  high- 
v o l a t i l e  bi tuminous) .  He concluded t h a t  load metamorphism w a s  c h i e f l y  
r e s p o n s i b l e  f o r  i nc reas ing  t h e  rank  of t h e  deeper  Kenai f i e l d  c o a l s .  

Coals  from outcrops  of t h e  Homer d i s t r i c t  range i n  rank  from l i g n i t e  t o  
subbituminous B ,  bu t  t y p i c a l l y  a r e  subbituminous C (Barnes,  1967).  The aver-  
age h e a t i n g  va lue  i s  7,700 B t u l l b  as - rece ived  and 8,900 B t u / l b  a i r  d r i e d  
(Barnes and Cobb, 1959). They a r e  h igh  i n  mois ture ,  low i n  s u l f u r  (0.2- 
0.4 p e r c e n t ) ,  and ash content  ranges  from 3.2 t o  22.6 pe rcen t  (as-received 
b a s i s ) .  Rao and Wolff (1981) p re sen ted  d e t a i l e d  ana lyses  of t h e  6- f t  t h i c k  
Cabin bed ( l o c a l i t y  117 of Barnes and Cobb, 1959). The a n a l y s i s  r evea l ed  
23 p e r c e n t  mo i s tu re ,  8.65 percent  a s h ,  0.23 percent  t o t a l  s u l f u r ,  and 8028 
B t u / l b  ( a l l  equ i l i b r ium bed moi s tu re  b a s i s ) .  Abernethy and Cochrane (1960) 
l i s t e d  v a l u e s  f o r  ash  f u s i b i l i t y  of r e p r e s e n t a t i v e  mine samples ( t a b l e  6 ) .  

Rao and Wolff (1982) found t h a t  c o a l  beds from N i n i l c h i k  and Happy Creek 
i n  t h e  Kenai f i e l d  could be washed t o  g ive  low s u l f u r  products  w i t h  accep tab le  
ash .  The 1.40 s p e c i f i c  g r a v i t y  f l o a t  product from N i n i l c h i k  ana lyzed  
8.16 p e r c e n t  a sh  whereas t h e  product  from Happy Creek analyzed 9.03 pe rcen t  
ash .  T o t a l  s u l f u r  averaged l e s s  t han  0.40 percent  f o r  each c o a l .  

Comparison of 10 Kenai Quadrangle c o a l s  w i th  33 c o a l  samples from t h e  
Powder River  r eg ion  ( A f f o l t e r  and o t h e r s ,  1981) show t h a t  t h e  Kenai Quadrangle 
c o a l s  a r e  s i g n i f i c a n t l y  h igher  i n  v o l a t i l e  ma t t e r  and a s h ,  b u t  s i g n i f i c a n t l y  
lower i n  f i x e d  carbon, carbon,  t o t a l  s u l f u r  and p y r i t i c  s u l f u r ,  and h e a t s  of 
combustion. Moisture,  hydrogen, n i t r o g e n ,  oxygen, and o r g a n i c  s u l f u r  c o n t e n t s  
a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t .  

Comparison of six Seldovia  Quadrangle c o a l s  wi th  33 c o a l  samples from t h e  
Powder River  r eg ion  ( A f f o l t e r  and o t h e r s ,  1981) show t h a t  t h e  Se ldovia  
Quadrangle c o a l s  a r e  s i g n i f i c a n t l y  h ighe r  i n  v o l a t i l e  ma t t e r  and a sh ,  and a r e  
s i g n i f i c a n t l y  lower i n  mois ture ,  f i x e d  carbon,  t o t a l  s u l f u r ,  s u l f a t e  and 
p y r i t i c  s u l f u r  conten ts .  The hydrogen, carbon, n i t r o g e n ,  and oxygen c o n t e n t s ,  
and t h e  h e a t s  of combustion a r e  no t  s i g n i f i c a n t l y  d i f f e r e n t .  



Table 5. Average vitrinite reflectance values for coals of the southern Kenai 
Peninsula. 

No. of Average 
Coals samples reflectance (Z )  

Cook Inlet Sterling Formation 
Kachemak Bay Beluga Formation 
Kachemak Bay Sterling Formation 
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Comparison of 10 Kenai Quadrangle coals with 410 Powder River region 
coal samples (Affolter and others, 1981) shows that the Kenai ~uadran~le- coals 
are significantly higher in ash, and that the ash is significantly higher in 
SiO , MgO, Na20, and K 0 contents, and significantly lower in CaO and SO 

3 conzents. Contents of A1203, Fe203 and Ti0 are not significantly different. 2 

Comparison of 34 Seldovia Quadrangle coals with 410 Powder River region 
coal samples (Affolter and others, 1981) shows that the Seldovia Quadrangle 
coals are significantly higher in ash, and that the ash is significantly 
higher in Si02, A1203, K 0 and Ti02 contents and significantly lower in CaO, 
MgO, and SO contents. Eontents of Na20 and Fe 0 are not significantly 
different. 3 2 3 

Comparison of geometric mean contents of 35 elements in 10 Kenai Quad- 
rangle coal samples with 410 Powder River region coal samples (Affolter and 
others, 1981) shows that the Kenai Quadrangle coals are significantly higher 
in Si, Al, Mg, Na, K, Ti, Ba, Co, Cr, Cu, Ga, Mn, No, Nb, Ni, Sc, V, Y, and 
Yb, and significantly lower in Ca, By and Se. The contents of Fe, As, Be, F, 
Hg, Li, Sb, Sr, U, Zn, and Zr are not significantly different. 

Comparison of geometric mean contents of 35 elements in 34 Seldovia 
Quadrangle coal samples with 410 Powder River region coal samples (Affolter 
and others, 1981) show that the Seldovia Quadrangle coals are significantly 
higher in Si, Al, Ca, Na, K, Fe, Ti, As, Ba, Co, Cr, Cu, F, Ga, Mn, Ni, Sb, 
Sc, Sr, V, Y, and Yb, and significantly lower in Mg, B, Be, Pb, Se, Th, and 
Zr. The contents of Hg, Li, Mo, Nb,  U, and Zr are not significantly dif- 
ferent. 

Current Coal-quality Investigations 

Methods of Proximate Analysis 

Proximate analysis, including moisture, ash, volatile matter and fixed 
carbon (by difference), was completed on 145 coal samples from the southern 
Kenai lowland (table B1, appendix B). ASTM standards for laboratory analysis 
of coal apply only to fresh, unweathered samples. However, ASTM procedures 
were followed in analyzing Kenai outcrop coal samples so that results are as 
close as possible to values obtained by analysis of fresh samples from the 
same beds. 

All the coal samples were initially dried at 30°C for 24 hr to measure 
the air dried loss (ADL) or percent overall weight loss. Subsequently, 
as-determined moisture (Mad) values were measured after further drying of the 
ADL samples in an oven at about 105OC for 60 minutes. As-received moisture 
(Mar) values were mathematically derived from the ADL and Mad values, and 
represent an approximation of in-place moisture contents of the coals. 
Equilibrium bed moisture (EBM) was performed on all the coals for which suf- 
ficient sample was available. EBM values were determined on separate sample 
splits that were not air dried and were meant to approximate the moisture con- 
tent the coal would have if it had nor been weathered. 



For relatively highly-weathered outcrop samples of low-rank coals as 
those of the Kenai lowland, the as-received moisture is probably a closer 
approximation of the 'real' moisture than the equilibrium bed moisture (P.D. 
Rao, personal commun., 1987). Because of the breakdown of the functional 
groups in the coals, all of the original moisture could not be readmitted to 
the coal structure in the equilibrium bed moisture procedure. Generally, 
as-received moisture was greater than equilibrium moisture in the coals. In 
cases where it was much greater, the coals were sampled in a waterfall or 
creek bed which increased their surface moisture. - 

Heating values (Btu/lb) were determined with an adiabatic calorimeter. 
Total sulfur was determined using a Fisher sulfur analyzer in which the coals 
were burned and the resulting gases automatically titrated to obtain the 
sulfur content. Duplicate samples were analyzed in each case. 

Proximate Analysis Results 

Figures 25 through 27 compare average proximate analysis, total sulfur 
and heating value results on different bases for coals of the southern Kenai 
Peninsula. Among the conclusions that can be drawn from the analytical data 
are: 1) older, higher-ranked Beluga Formation coals are generally lower in 
moisture content; 2) ash content is variable depending on random, local 
conditions of deposition; 3) volatile matter increases in the younger, lower- 
ranked Sterling Formation coals; 4) fixed carbon increases with depth, age, 
and increasing rank, and hence, is highest in Beluga Formation coals; 
5) heating values increase downsection with increased rank; and 6) all the 
Kenai lowland coals exhibit very low sulfur contents. 

Major-Oxide and Trace Element Geochemistry 

Methods for Elemental Analyses of Coal Ash 

The inorganic fraction of coal, on the average, is about 15 percent by 
weight. The elemental analysis of coals refers to the characterization of 
this fraction. Characterization is necessary if the coal is to be used 
effectively in industrial processes because the inorganics are not easily 
separated out, and often play an important role by causing abrasion, fouling 
and pollution. Figure 28 indicates the general analytical scheme for 
inorganic constituents in coal. The first step in elemental analyses is to 
remove the organic fraction. This is necessary because current analytical 
techniques are not capable of routinely determining many inorganic elements in 
a predominantly organic matrix. The organic fraction is usually removed by 
ashing techniques which combust the organics leaving behind inorganic residues 
or 'ashes.' 

High-temperature ashing is usually done in a muffle furnace open to the 
atmosphere. About 10 grams of the as-received sample (-60 mesh) are weighed 
into a ceramic crucible, slowly heated to a temperature of 750°C and held 
there overnight. The slow heating minimizes any interactions which may occur 
between phases breaking down at different temperztures. The resulting high- 
temperature ash (HTA), which is composed mainly of elemental oxides, silicates 
and some sulfates, is ground to -200 mesh, reheated to 750°C for 3 hr to drive 
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Figure 25. Comparison of range and mean values for various coal-quality para- 
meters in 64 zone-1 coals of Cook Inlet (west side) Sterling Formation. 
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Figure 26. Comparison of range and mean values for various coal-quality 
parameters in 44 zone-2 coals of Kachemak Bay (south side) Beluga 
Formation. 
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Figure 27 .  Comparison of range and mean values for  various coal-quality 
parameters i n  35 zone-3 coa l s  of Kachemak Bay (east  s ide)  Sterl ing 
Formation. 
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Figure 28. Analytical scheme for inorganic constituents in coal. 
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off any moisture which it may have acquired during the grinding process, and 
analyzed. 

The high-temperature ash (HTA) is analyzed by a combination of plasma 
emission and atomic absorption spectrometry. Both of these methods require 
solutions for elemental analysis. The HTA is dissolved using a modified 
version of the lithium metaborate fusion technique of Medlin and others (1969) 
as follows: 

(1) Reagents required: Lithium metaborate, anhydrous-LiB02; nitric acid, 
HN03, reagent grade; lithium carbonate, Li CO high purity. 

2 3' 

(2) Dissolving solution: 4 percent nitric acid solution with 0.1 percent 
H202 (v/v). 

(3) Sample solution preparation: Mix 0.2000 gram of -200 mesh HTA with 
1.000 gram of lithium metaborate, transfer to a high-purity graphite 
fusion crucible and place in muffle furnace at l,OOO°C for 10 min. 
Transfer 100 mls of the dissolving solution to a teflon beaker and 
add a stirring bar. Remove the crucible from the furnace, swirl and 
pour the melt into the beaker. Cover and stir without heating until 
the melt has dissolved (5 to 10 min). Concentration of  the sample 
in this solution is 2,000 ppm. 

(4) Solution for the determination of Be, Co, Cr, Cu, Ni, P, Pb, V, Zn, 
Zr, and Cd: The prepared solution is to be used directly, without 
dilution, for the determination of these elements. 

(5) Dilute solution for the determination of Al, Ba, Ca, Fe, K, Mg, Mn, 
Na, Si, Ti, and Sr: Dilute 4.0 mls of the prepared solution with 
60 mls of the diluting solution. Concentration of the solution is 
125 ppm. 

Upon the completion of the HTA dissolution, the solutions are run for 
major, minor and trace elements using a Spectometric Spectraspan IV plasma 
emission spectrometer. The analyte is nebulized and carried by argon gas into 
an ICP or a DCP argon plasma which excites the sample causing radiation to be 
emitted. The radiation is dispersed into a spectrum by a prism and an echelle 
grating. Specific wavelength portions of the spectrum are monitored by a 
series of twenty photomultiplier tubes, each corresponding to a particular 
element. Each sample is monitored for 12 to 15 sec, while ten elements are 
determined simultaneously. The instrument is calibrated using certified NBS 
and Canmet reference materials for major elements---Si, Al, Fe, Mg, Ca, Na, K, 
Ti, and Mn. These are analyzed simultaneously using the DC plasma. The trace 
elements---Ba, Sr, Cr, Ni, Co, P, V, Cu, and Zr--are analyzed using the Spex 
standards in an LiBO matrix for calibration. Although all ten grace elements 
could be theoret icaliy analyzed simultaneously they are determined in three 
sets. 

The samples are run in groups of 10 followed by a high standard so any 
necessary adjustments can be made allowing for drift. This is done using a 
prepared program that makes these adjustments with respect to the position of 
each sample during the run, and the instrument is restandardized at the end of 
each run. 



Although most of the elements listed under 'plasma emission' in figure 28 
could be determined equally well with atomic absorption spectrometry, the 
plasma spectrometer provides a greater advantage in the time it saves because 
it is capable of rapidly and precisely determining five to ten elements 
simultaneously. The higher temperatures (5,000-6,000°C) attainable in the 
plasma spectrometer also gives much lower detection limits for the refractory 
elements such as titanium and zirconium. Currently, Co, Cd, Pb and Zn are 
done by atomic absorption. 

Results of Elemental Analyses of Coal Ash - 
Tables B2 and B3 of appendix B list detailed results of elemental 

analyses of southern Kenai Peninsula coals. Coal ashes of the Beluga 
Formation are richer in CaO and Na 0, whereas ashes of Sterling Formation 
coals are richer in Si02 (table 7). Coals of the Sterling Formation from Cook 
Inlet and Kachemak Bay sides of the peninsula show very similar compositions 
of major oxides. The ranges in the composition of major oxides in southern 
Kenai Peninsula coals are very similar to those in other coals (table 8). 
Some Kenai Peninsula coals may show higher contents of silica, magnesia, and 
calcium oxide than other coals. 

Older Beluga Formation coals are significantly higher in barium and 
strontium than Sterling Formation coals (table 9). Coals of the Sterling 
Formation on the Kachemak Bay side of the peninsula are typically higher in 
most trace elements compared to coal ashes of the Sterling Formation on the 
Cook Inlet side of the peninsula. 

Coals of the southern Kenai Peninsula show significantly higher contents 
of barium, cadmium, chromium, cobalt, copper, lead, nickel, strontium, 
vanadium, and zirconium than other U.S. coals (table 10). They show similar 
or relatively lower contents of beryllium and zinc. 

Coal Resources and Development Potential 

Barnes and Cobb (1959) cited at least 30 coal beds over 2-ft thick and 
many thinner beds in the Homer district. Conwell (1977) stated that there 
were over 37 coal beds in Sterling Formation strata along the southwest coast 
of the Kenai Peninsula. Although the maximum coal-bed thickness is about 
20-ft , the typical range is from 3-7 f t thick (Barnes and Cobb, 1959) . 

Most coal beds in the Homer district are lenticular; individual beds 
generally change markedly in thickness within short distances (Barnes and 
Cobb, 1959). They may be interbedded with other sediments throughout the 
lowland in roughly the same proportions observed in the cliffs, but the like- 
lihood of lateral facies changes makes extrapolation highly uncertain beyond 
distances of 0.5 mi. 

Little is known about the actual areal extent of most coal beds. The 
number and thickness of coal beds decreases northward on the Kenai Peninsula 
(Barnes and Cobb, 1959). Coal beds are present throughout the Kenai Group 
rocks on the southern Kenai Peninsula. The thickest and most abundant coal 
beds are in the Beluga Formation strata at the south end of the Homer dis- 



Table 7. Comparison of major-oxide composition of coals from the three major zones of the 
southern Kenai Peninsula. The average composition of all Kenai field coals analyzed 
is also listed. 

Major Sterling Formation, Sterling Formation, Beluga Formation, All Kenai 
oxide Cook Inlet ( 14) Kachernak Bay (10) Kachemak Bay (7)  field coals 

CaO 10.48 11.15 15.49 11.83 



Table 8. Typica l  limits of major-oxide a sh  composition of s o u t h e r n  Kenai 
Pen insu la  c o a l s  compared t o  o t h e r  c o a l s .  Ranges i n  o t h e r  c o a l s  from 
McClung and Geer, 1979. 

Southern Kenai United West 
Cons t i t uen t  Peninsula  S t a r e s  England Germany 

Ac id i c  oxides :  
S i l i c a  (Si02)  

T i t a n i a  (Ti02) 

Basic ox ides  : 
F e r r i c  ox ide  (Fe203) 

Calcium oxide (CaO) 

Magnesia (MgO) 

A l k a l i e s  (Na20 + K20) 

Other  oxides :  
S u l f u r  t r i o x i d e  (SO3) 

Phosphorous pentoxide (P205) 



Table 9. Comparison of the trace-element contents of coals from the three major zones 
of the southern Kenai Peninsula, The average contents of trace elements in all 
Kenai field coals analyzed are also listed. 

Trace Sterling Formation, Sterling Formation, Beluga Formation All Kenai 
element Cook Inlet ( 1 4 )  Kachemak Bay ( 10 )  Kachemak Bay (7) field coals 



T a b l e  10. Comparison o f  a r i t h m e t i c  mean. minimum, and maximum v a l u e s  f o r  c e r t a i n  t r a c e - e l e m e n t  con t r r r t r ;  i n  b ~ u t h e r n  Krna i  P e n i n s u l a  coalti w i t h  
l l l i n o i s  b a e i n ,  e a s t e r n  U n i t e d  S t a t e s ,  and  w e s t e r n  U n i t e d  S t a t e n  c o a l s .  Va lues  i n  o t h e r  c o a l s  froru C l u n k o t e r  and o t t t e r s .  1977. C o n t e n t s  
r e p o r t e d  i n  ppm. 1  = a r i t h m e t i c  mean; 2  - minimum v a l u e ;  3  - maximum v a l u e ;  and  4  - number of s a m p l e s .  

Element  

Barium (Ila) 
B e r y l l i u m  (Be) 
Cadmium (Cd) 
Chromium (Cr)  
C o b a l t  (Co) 
Copper (Cu) 
Lead (Pb) 
N i c k e l  (N i )  
S t r o n t i u m  (Sr) 
Vanadium (V)  
Z i n c  (Zn) 
Z i r con ium ( Z r )  

I l l i n o i s  B a s i n  
2 - 3 - 

5 ' 750 
0.5 4 .0  
0 .1  6 5  
4.0 6 0  
2.0 34 
5 .0  44 
0 .8  220 
7.6 6 8  

1 0  130  
I  I  9 0  
1 0  5300  
12 130 

A p p a l a c h i a n  c o a l  f i e l d s  
1 - 2 3 4 - - -  

Weste rn  Un i t ed  S t a t e s  
1 2 3 - - -  4 - 

S o u t h e r n  Kena i  P e n i n s u l a  
1  2  3  4  - - - - 

3198  1030 7785 (31)  
2 . 3  1  .O 4.1 (31 )  
< l o  < 1 0  < I 0  (31 )  
416 118 1214 ( 3 1 )  

94 2 7  254 (31 )  
204 78 333 (31 )  
<61 <SO 8 3  (31)  
166  6  7 493 (31)  

1472 1 9 0  6045 (31)  
3 8 5  230 707 ( 3 1 )  

5 8  2 3  I 1 8  (31)  
216 9  1  501 (31 )  



t r i c t ;  i t  con ta ins  numerous p e r s i s t e n t  c o a l  beds t o  1-m thick,.  The S t e r l i n g  
Formation con ta ins  l e s s  numerous and th inne r  beds than  i n  t h e  Beluga Forma- 
t i o n ;  i t  does c o n t a i n  one 2-m t h i c k  bed (Hayes and o t h e r s ,  1976).  Coal beds 
a r e  very  l i m i t e d  on t h e  sou th  sho re  of Kachemak Bay; t h i n  s t r e a k s  of coa l  
occur  i n  Kenai Group s t r a t a  a long  the  coas t  between Barbara Poin t  and Seldovia 
Po in t .  A t  Po r t  Graham, c o a l  i s  exposed i n  Tyonek Formation s t r a t a  f o r  about 
0.25 m i  a long t h e  c o a s t .  

McFarland (1978) e s t ima ted  a  65-million-ton r ecove rab le  r e se rve  of 
subbituminous c o a l  i n  t h e  Homer f i e l d .  He added t h a t  communication wi th  a  
p r i v a t e  l ea seho lde r  sugges ted  t h e  p o s s i b i l i t y  of s e v e r a l  hundred m i l l i o n  tons  
a t  an approximate 5: 1  s t r i p p i n g  r a t i o .  Conwell (1977) s t a t e d  t h a t  i n  some 
a r e a s  such a s  Deep Creek t h e  overburden i s  shal low and t h e  s t r i p p i n g  r a t i o  
should be l e s s  t han  10 : l .  

Barnes and Cobb (1959) e s t ima ted  i d e n t i f i e d  c o a l  r e sou rces  i n  t he  Homer 
d i s t r i c t  w i th in  0.5 m i  of t h e  sho res  of Cook I n l e t  and Kachemak Bay t o  be 
about  50 m i l l i o n  tons  i n  beds 5-f t  o r  more i n  t h i c k n e s s ,  and 500 m i l l i o n  tons  
i n  beds 2-ft  o r  more i n  t h i c k n e s s .  Barnes (1967) c i t e d  an  i n d i c a t e d  o r  demon- 
s t r a t e d  resource  of 318 m i l l i o n  tons  on the Kenai Pen insu la  i n  2.5-10.0 f t  
beds. McGee and O1Connor (1974) c i t e d  a s i m i l a r  e s t i m a t e  of 320 m i l l i o n  s h o r t  
t ons  of i d e n t i f i e d  r e s o u r c e s  (onshore on ly ) .  An i sopach  map prepared by McGee 
and OIConnor shows t h a t  t o t a l  c o a l  t h i ckness  from s u r f a c e  t o  2,000 f t  depth 
ranges  up t o  75 f t  on t h e  sou the rn  Kenai Peninsula  ( f i g .  29).  

Barnes and Cobb (1959) made no e s t ima te  a s  t o  t o t a l  h y p o t h e t i c a l  c o a l  
r e sou rces .  McGee and O'Connor (1974),  however, e s t ima ted  t o t a l  h y p o t h e t i c a l  
c o a l  r e sou rces  (onshore on ly )  a t  35 b i l l i o n  s h o r t  tons .  They es t imated  o f f -  
sho re  h y p o t h e t i c a l  r e sou rces  t o  2,000-ft  depth benea th  Cook I n l e t  a t  
150 b i l l i o n  tons .  They e s t ima ted  o f f sho re  h y p o t h e t i c a l  and s p e c u l a t i v e  re- 
sou rces  of l i g n i t e  and subbituminous c o a l  t o  10,000-ft dep th  under Cook I n l e t  
a t  1.3 t r i l l i o n  tons .  Over 50 b i l l i o n  tons  of t h i s  was i n  beds over  20-ft 
t h i c k .  In  1973, t h e  Alaska Department of Natura l  Resources r ece ived  r eques t s  
f o r  coa l -prospec t ing  p e r m i t s  under Cook I n l e t  n e a r  producing o i l  w e l l s .  The 
request 's  may have been r e l a t e d  t o  i n  s i t u  o r  s o l u t i o n  mining (Conwell, 1977). -- 

Consol ida t ion  Coal Company completed a subsu r face  c o a l  e x p l o r a t i o n  pro- 
j e c t  i n  t he  Cape N i n i l c h i k  a r e a ,  Kenai Peninsula  i n  1976. A t  t h a t  time they 
h e l d  seireral  S t a t e  c o a l  l e a s e  t r a c t s  i n  t h a t  a r e a .  Only 12 of t h e  o r i g i n a l  22 
proposed ho le s  were completed because of d r i l l i n g  problems. They concluded 
t h a t  t h e  s i g n i f i c a n t  t h i c k n e s s e s  of unconsol idated overburden sediments t h a t  
hampered d r i l l i n g  and c o r i n g  o p e r a t i o n s  would p r e s e n t  cha l l eng ing  problems f o r  
mining. 

Conwell (1977) s t a t e d  t h a t  t h e  inhe ren t  advantages of S t e r l i n g  Formation 
c o a l s  a r e  r e l a t i v e l y  f l a t  beds i n  a  low-rel ief  t e r r a i n  s u i t a b l e  f o r  s t r i p  
mining and t h e i r  p roximi ty  t o  t i dewa te r  f o r  expor t .  The complicated land 
s t a t u s  on t h e  Kenai Pen insu la  w i l l  preclude mining i n  many a r e a s  and slow 
development o r  reduce t h e  s i z e  of p o t e n t i a l  l e a s e  t r a c t s  i n  o t h e r  a r e a s  
( f i g .  30) .  I n  a d d i t i o n  t o  some p r i v a t e  land ho ld ings ,  S t a t e  and Federa l  
governments and n a t i v e  c o r p o r a t i o n s  hold t i t l e s  t o  v a r i o u s  a r e a s .  The Kenai 
Nat iona l  Wi ld l i f e  Refuge i s  f e d e r a l  l and  mostly o u t s i d e  of  t h e  Homer d i s t r i c t .  
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Figure 29. Cumulative coal thickness inap of southern Kenai Peninsula, surface 
to 2,000 it depth. From McGee and OIConnor, 1975. For control points 
shown, numerator indicates cumulative coal thickness and the denominator 
indicates percentage of coal in measured section. Contour interval is 
25 ft. 





The S t a t e  of Alaska has  t i t l e  to most of t he  Kenai c o a l  f i e l d ,  and some s t a t e  
land s e l e c t i o n s  a r e  s t i l l  pending. I n t e n s i v e  r e c r e a t i o n a l ,  p r i v a t e  and munici- 
p a l  s u r f a c e  u s e  may prevent  su r f ace  mining i n  t h e  Homer d i s t r i c t ,  Kenai c o a l  
f i e l d .  There may be p o t e n t i a l  f o r  underground recovery ,  however (Sanders ,  
1981). 

Based on r e c e n t  i n v e s t i g a t i o n s  of t he  c o a l  r e sou rces  of the southern  
Kenai Peninsula ,  11 coa l - resource  blocks have been d e l i n e a t e d  ( f i g .  31). 
New e s t i m a t e s  of measured, i d e n t i f i e d ,  and h y p o t h e t i c a l  resources  have been 
computed f o r  each of t h e s e  blocks (a r ranged  from l a r g e s t  tg s m a l l e s t ) .  
A s  shown, t he  Homer d i s t r i c t  of the Kenai f i e l d  con ta ins  t o t a l  c a l c u l a t e d  
measured, i d e n t i f i e d ,  and hypo the t i ca l  c o a l  r e sou rces  of 57.6, 347.2, and 
41,550 m i l l i o n  s h o r t  t o n s ,  r e s p e c t i v e l y  ( t a b l e  11) .  

O r i g i n a l l y ,  one o r  two boreholes  were scheduled t o  be d r i l l e d  i n  t h e  
Homer d i s t r i c t  a s  a  p a r t  of t h i s  p r o j e c t .  However, f i n a l  funding w a s  no t  
s u f f i c i e n t  t o  a l l o w  t h i s .  But s e v e r a l  proposed d r i l l  ho l e s  (PDHl-PDH10) have 
been l o c a t e d  f o r  f u t u r e  cons ide ra t ion  should  a d d i t i o n a l  funding become 
a v a i l a b l e  ( t a b l e  1 2 ) .  Two types of ho le s  have been proposed---those f o r  
c o l l e c t i n g  mainly geo log ic  information and those  f o r  c o l l e c t i n g  mainly 
resource  informat ion .  PDHl and PDH2 were t h e  two h o l e s  t h a t  were o r i g i n a l l y  
l oca t ed  and eva lua t ed  f o r  d r i l l i n g  dur ing  t h e  course  of t h i s  p r o j e c t ,  and 
hence should be g iven  a  somewhat h igher  p r i o r i t y  f o r  f u t u r e  d r i l l i n g  than  t h e  
o t h e r  proposed h o l e s .  

Overburden Character  and Reclamation P o t e n t i a l  

T h i r t y  overburden samples from t h e  Homer d i s t r i c t  of t h e  Kenai c o a l  f i e l d  
were analyzed f o r  t h e i r  geochemical and p h y s i c a l  c h a r a c t e r i s t i c s .  Loca t ions  
f o r  samples a r e  i d e n t i f i e d  i n  appendix A. Resu l t i ng  d a t a  a r e  summarized i n  
t a b l e  13 and l i s t e d  i n  d e t a i l  i n  t a b l e  C2 of appendix C .  

The average t e x t u r e  of the rock samples is  20 percent  sand, 30 pe rcen t  
c l a y ,  and 50 pe rcen t  s i l t ;  a s  a  mine s o i l ,  t h e  m a t e r i a l  would be c l a s s i f i e d  
g e n e r a l l y  a s  a c l a y  loam. The samples ana lyzed  were r e l a t i v e l y  h igh  i n  
carbonaceous m a t t e r ,  r evea l ing  an average t o t a l  o rgan ic  mat te r  con ten t  of 
7.75 pe rcen t .  

Based on t h e  a n a l y s i s  r e s u l t s ,  t h e  overburden samples show no t endenc ie s  
f o r  t h e  development of a c i d i c  o r  s a l i n e  c o n d i t i o n s  i n  mine s o i l s  formed from 
them. T o t a l  s u l f u r  v a l u e s  a r e  very low and p a s t e  pHs a r e  near  normal. 
Although a c i d  base  p o t e n t i a l s  f o r  i n d i v i d u a l  samples show a  s l i g h t  d e f i c i e n c y  
i n  a v a i l a b l e  n e u t r a l i z i n g  agents  of l e s s  than  1 t o n  CaCOj equiva len t /1 ,000  
tons  of m a t e r i a l ,  o v e r a l l  amel iora t ing  c a p a c i t y  is thought t o  be adequate .  
Should minor a c i d i c  c o n d i t i o n s  develop l o c a l l y  i n  mine s o i l s ,  t he  amounts of 
n e u t r a l i z i n g  a g e n t s  t h a t  would have t o  be added a r e  f e a s i b l e  and p r a c t i c a l  
from an  agronomic s t a n d p o i n t .  Exchangeable sodium percentages  and sodium 
adso rp t ion  r a t i o s  suppor t  t h e  con ten t ion  t h a t  salt: accumulation and h i g h  
sodium subs t r a tum m a t e r i a l s  a r e  u n l i k e l y  t o  develop.  
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Figure 31. Coal-resource blocks of the Homer district, southern Kenai 
Peninsula. 



Table 11. Calculated measured, i d e n t i f i e d ,  and h y p o t h e t i c a l  c o a l  r e sou rces  ( a s  
based on USGS c r i t e r i a ,  Wood and o t h e r s ,  1983) i n  m i l l i o n s  of  s h o r t  tons  
f o r  def ined  resource  b locks  i n  t he  Homer d i s t r i c t  of t h e  Kenai c o a l  f i e l d .  

Resource block 

Homer 
Canyons 
Kachemak Bay 
Lower Deep Creek 
N i n i l c h i k  
P l a t e a u  
Happy Creek 
Anchor Po in t  
C l a m  Gulch 
Upper Deep Creek 
Cape S ta t i chkof  

Measured I d e n t i f i e d  Hypo t h e t i c a l  

TOTAL 57.6 347.2 41,550 



Table 12. Proposed drill holes for gathering geologic and resource information in the Homer district, Kenai 
coal field based on recent investigations. Little consideration was given to land status during hole location. 

Proposed 
drill hole Area 

Latitude 
Type (N) 

Longitude 
(W) Justification 

Geologic information 5g043'37" PDH 1 Fritz Creek Tie in and correlate Sterling 
Formation and Beluga 
Formation coals; cheek the 
extent of coals. 

Resource information 60°00'40" A 15-it thick coal bed 
reported by Consolidation 
Coal Co. 

PDH 2 Deep Creek 

Resource information 59"49'09" 

Geologic information 59"40t27" 

Thick N through U beds close 
to surface. 

PDH3 Swift Creek 

m 
4 PDH4 Homer Escarpment Tie in and correlate Sterling 

Formation and Beluga 
Formation coals; determine 
the extent of Cabin and 
Cooper beds. 

McNeil Canyon 

Bluff Point 

Resource information 59"43'308' 

Resource information 59°39'54" 

Thick B, C, D, E, and F beds 
close to surface. 

Many thick Beluga Formation 
coals, including from Cooper 
bed 'down. 

Resource information 60°03'29" Seven coals greater than 3-ft 
each and four coals greater 
than 5-ft each. 

Geologic in£ ormat ion 59O50'52" Whiskey Gulch Determine the Sterling 
Formation/Beluga Formation 
contact in long covered 
interval. 



9) hQ-4 > M C  x 
a o u  

- - 
0 r'l 
ul hl 
0 0 



Table 13. Summary geochemical and phys ica l  c h a r a c t e r i s t i c s  of analyzed coal-  
overburden samples f rom the  southern  Kenai Peninsula .  

Overburden parameter  

p a s t e  pH 
E l e c t r i c a l  conduc t iv i ty  
S a t u r a t i o n  percentage 
Water so lub le  c a t i o n s  

Calcium (Ca) 
Magnesium (Mg) 
Sodium (Na) 

Sodium adso rp t ion  r a t i o  
Exchangeable sodium percentage  
P a r t i c l e  size 

Sand 
S i l t  
Clay 

Texture c l a s s  
Organic ma t t e r  
E x t r a c t a b l e  n u t r i e n t s  

N i t r a t e  n i t rogen  (NO3) 
Phosphoroun (PO4) 
Potasaium (K) 

Cation exchange c a p a c i t y  
T o t a l  s u l f u r  
P y r i t i c  s u l f u r  
Organic s u l f u r  
S u l f a t e  s u l f u r  
Calcium carbonate  
Acid base p o t e n t i a l  

(based on t o t a l  s u l f u r )  

Acid basa potent . ia l  
(based on p y r i t i c  s u l f u r )  

Trace elements 
Boron 
Copper 
Molybdenum 
Lead 
Selenium 

Range Me an - - 

1-50 20 
21-73 5 0 
10- 7 7 3 0 
S i L ,  S I C ,  SiCL, C ,  CL, CLC CL 
0.87-46.5 7.75 

Units 

r a t i o  
z 
X 

meq/100 gms 
I 
X 
X 
X 
X 
tons  CaCO, 
equivalen6/  
1,000 tons  
tons  CaCO 
equivalen 2 / 
1,000 tons  



Trace element contents show that it is unlikely that problems with metal 
phytotoxicity will develop as a result of the accumulation of metals in plant 
tissue that might be toxic to wildlife. A positive growth response may result 
from the addition of one or more of the extractable macronutrients (NO 3~ Po4' 
or K) during mine-spoil revege tation. 

CONCLUSIONS 

Compilation of new maps (scales of 1:63,360 and 1:125,000) of the Homer 
district of the Kenai coal field has aided in the resolution of remaining 
questions relating to the stratigraphy and structure of the Tertiary Beluga 
and Sterling Formations of the Kenai Group, and has permitted revision of 
current interpretations as to the potential economic minability of the coals. 
The study has proven that the use of mosaics constructed from low-altitude, 
oblique 35-mm photographs can be effectively used for planning field work, as 
a base for locating and plotting sample locations in the field, for studying 
bedding and structural features, and for resolving correlation problems. This 
study in general supports the conclusion that coal bed B of Barnes and Cobb 
(1959) marks the boundary between the Homerian and Clamgulchian floral stages 
of Wolfe and others (1966) and the approximate contact between the Beluga and 
Sterling Formations. 

Vitrinite content of Beluga Formation and Sterling Formation coals is 
high and relatively constant. The older, higher-quality coals of the Beluga 
Formation are richer in liptinites , whereas Sterling Formation coals have 
higher inertinite contents. The most common microlithotypes present in south- 
ern Kenai Peninsula coals are vitrite, clarite, vitrinertite, duroclarite, and 
carbonmineralites. Carbargilite and carbankerite are the most common carbo- 
mineralites. Carbopyrite and carbsilicite are relatively minor. The relati- 
vely high carbomineralite content may be indicative of increased Pliocene 
volcanism in the Alaska Range during deposition of the Sterling Formation. 
Major oxide and trace-element data of volcanic ash partings and high 
inertinite bands indicate that coal beds of the Sterling Formation on Cook 
Inlet and Kachemak Bay sides of the peninsula may be age-correlative. 

Beluga Formation coals exhibit an average vitrinite reflectance of 
0.37 percent, whereas Sterling Formation coals average 0.32 percent. Beluga 
Formation coals are lower in moisture and volatile matter contents, higher in 
fixed carbon and heating value. 

Areas with coal-development potential on the southern Kenai Peninsula 
have been divided into 11 resource blocks (arranged in order of highest to 
lowest estimated amounts of resources)---Homer, Canyons, Kachemak Bay, Lower 
Deep Creek, Ninilchik, Plateau, Happy Creek, Anchor Point, Clam Gulch, Upper 
Deep Creek, and Cape Starichkof. The Homer district of the Kenai coal field 
contains calculated measured, identified, and hypothetical coal resources of 
57.6, 347.2, and 41,550 million short tons, respectively. 

Although the cover of Quaternary deposits is thinner in the Homer dis- 
trict than in the Kenai district to the north, it may still be locally 
restrictive for coal development. Some areas of the Homer district show 
significant thicknesses of unconsolidated overburden sediments that will 



hamper exp lo ra t ion  d r i l l i n g  and c o r i n g  ope ra t ions  and present  cha l lenging  
problems f o r  mining. Other a r e a s ,  such a s  lower Deep Creek, have shal low 
overburden,  and s t r i p p i n g  r a t i o s  should be l e s s  than 10: l .  Although i n t e n s i v e  
r e c r e a t i o n a l ,  p r i v a t e  and municipal  s u r f a c e  use  may prevent s u r f a c e  mining i n  
a r e a s  of t h e  Homer d i s t r i c t ,  p o t e n t i a l  f o r  underground recovery e x i s t s  t h e r e .  
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APPENDIX A - SAMPLE INFORMATION. 
Table  A l .  Loca t ions  of coal-sampling s i t e s ,  sou the rn  Kenai Peninsu la .  

Id .  Resource 
code block - Samples Quadrangle Township Range Sec t ion  L a t i t u d e  (N) 

12-1 Seldovia  D-3 4 S. 10 W. 7 59O50'33" 

Longitude (W) 

SM12 Canyons 

SMll Canyons 11-1 Seldovia  D-3 4 S. 10 W. 20 59'48'38" 
11-2,ll-5 Seldovia  D-3  4 S. 10 W. 7 5g050' 15" 

10-1,lO-2,lO-3 Seldovia  D-3 4 S. 10 W.  18 59"50103" 
10-5.10-6,lO-7, Seldovia  D - 3  4 S. 10 W.  18 59'50'08" 
10-9 

SMlO Canyons 

SM9 Canyons 9- 1 Seldovia  D-3 4 S. 10 W .  25 59O47'39" 
9-2 Seldovia  D-3 4 S. 10 W. 2 5 59'48' 13" 
9-3,9-5,9-7,9-8 Seldovia  D-3 4 S. 10 W. 2 3 59'48'48" 
9-9,9-10,9-11, Seldovia  D-3 4 S. 10 W. 23 59'49'02" 

9-13 

SM8 Por t  
Graham 8- 1 Se ldovia  B-6 9 S. 15 W. 13 

8-4 Seldovia  B-6 9 S. 15 W .  7 

SM7 Kachemak 
Bay 

7-1,7-3,7-4,7-6 Seldovia  D-3 4 S. 10 W. 3 

7-7,7-8,7-9 Seldovia  D-3 4 S. 10 W. 36 
7-10.7-11,7-13 

SM6 Kachemak 
Bay 

6- 1,6-3 Se ldovia  C-4 5 S. 12 W. 26 

6-5,6-7 Se ldovia  C-4 5 S. 12 W.  25 

6-9 Seldovia  C-4 5 S. 12 W. 24 

6-1 1,6-12 Seldovia  C-4 5 S. 11 W. 19 



Table  A1 (con . )  

Id .  Resource 
code b l o c k  - Samples 

5- 1 

Quadrangle  Township Range 

S e l d o v i a  C-4 5 S. 12 W. 

S e c t  i o n  

4 

L a t i t u d e  (N) 

59 "4 1 ' 05" 

Longi tude (W) 

151"15'1011 SM5 Kachemak 

Bay 
S e l d o v i a  C-4 5 S. 12 W. 

S e l d o v i a  C-4 6 S. 12 W. 

S e l d o v i a  C-4 6 S. 12 W. 

Seldov ia  C-4 6 S. 12 W. 

S e l d o v i a  C-4 6 S. 13 W .  

4 
SM3 Homer 

m 
S e l d o v i a  C-4 6 S.  13 W. 

SM2 Homer S e l d o v i a  C-5 6 S. 14 W. 
S e l d o v i a  C-5 6 S. 14 W. 

SMl Homer S e l d o v i a  C-4 6 S. 13 W. 
S e l d o v i a  C-4 6 S. 13 W. 

S e l d o v i a  C-5 6 S. 14 W. SM15 Homer 

KL Homer S e l d o v i a  C-5 6 S. 14 W. 
S e l d o v i a  C-5 6 S. 14 W. 
S e l d o v i a  C-6 6 S. 14 W. 



Table  A1 (con.)  

Id .  Resource 
code b l o c k  Samples 

KL Anchor 0007 
Po l n t  

0008 

0009 
0010 

001 1 

00 12 

00 13 

0014 

0016 

001 7 

0018 

0019 

0020 

SM14 Anchor 14-04 
P o i n t  

14-03 

14-02 

14-01 

Quadrangle 

S e l d o v i a  C-5 

S e l d o v i a  C-5 

S e l d o v i a  C-5 
S e l d o v i a  C-5 

S e l d o v i a  C-5 

S e l d o v i a  C-5 

S e l d o v i a  C-5 

S e l d o v i a  C-5 

S e l d o v i a  C-5 

S e l d o v i a  C-5 

S e l d o v i a  C-5 

S e l d o v i a  C-5 

S e l d o v i a  C-5 

S e l d o v i a  C-5 

S e l d o v i a  C-5 

S e l d o v i a  C-5 

S e l d o v i a  C-5 

Township 

6 S. 

6 S. 

6 S. 
6 S. 

6 S. 

6 S. 

6 S.  

5 S. 

5 S. 

5 S. 

5 S. 

5 S. 

5 S. 

5 S. 

5 S. 

5 S. 

5 S. 

Range 

14 W. 

14 W. 

14 W. 
14 W. 

14 W. 

14 W .  

15 W .  

15 W.  

15 W .  

15 W.  

15 W .  

15 W. 

15 W. 

15 W. 

15 W. 

15 W. 

15 W. 

S e c t  i o n  

6 

6 

8 
8 

7 

6 

6 

35 

35 

35 

3 5 

3 5 

35 

2 7 

2 7 

2 7 

2 7 

L a t i t u d e  (N)  

59"40154" 

59"40153" 

59"40126" 
59"401 30" 

59"401 37" 

59"40148" 

59"41 '01" 

59"41 '55" 

59"42'011' 

59"42'02" 

59"42' 10" 

59"42' 10" 

59"42' 18" 
4 

59"42'54" 

59'42'55" 

59"43'04" 

59"43'04" 

Longi tude (W) 

151°43'45" 
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Table  A 2  (con.) 

Id .  
code 

Resource 
b l o c k  Samples 

1 
Quadrangle T o w n s h l ~  Range 

S e l d o v i a  C-4 5 S. 12 W .  

L a t i t u d e  (N) Longi tude (W) S e c t  i o n  

6-2 ( a )  Kachemak Bay 

S e l d o v i a  C-4 5 S. 12 W. 

S e l d o v i a  C-4 5 S. 12 W. 

Kachemak Bay 5-2 ( P ) *  
5-6 ( a )  
5-9 (PI*,  
5-10 ( f )  
5-12 (s)  

S e l d o v i a  C-4 5 S. 12 W. 
S e l d o v i a  C-4 6 S. 12 W .  
Se ldov ia  C-4 6 S .  12 W .  

S e l d o v i a  C-4 6 S .  12 W .  

Homer 

Homer 

Se ldov ia  C-4 6 S.  13 W .  

S e l d o v i a  C-4 6 S. 13 W. 

2-2 (s) S e l d o v i a  C-5 6 S. 14 W .  Homer 

Homer 

Homer 

Anchor P o i n t  

S e l d o v i a  C-4 6 S. 13 W .  

S e l d o v i a  C-5 6 S. 1 4  W. 
S e l d o v i a  C-5 6 S. 14 W .  
S e l d o v i a  C-5 6 S.  1 4  W. 
S e l d o v i a  C-5 5 S. 15 W .  
S e l d o v i a  C-5 5 S. 15 W .  
S e l d o v i a  C-5 6 S. 14 W .  
S e l d o v i a  C-5 5 S. 15 W .  
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Table  A2 (con.)  

I d .  
code 

Resource 
b l o c k  Samples 

1 

03-02 (s) 

Quadrangle 

Kenai A-5 

Kenai A-5 

Kenai A-5 

Kenai A-5 

Kenai A-5 

Kenai A-5 

Kenai A-5 

Kenai A-5 

Kenai A-5 

Township 

1 S.  

1 S.  

Range 

14 W. 

14 W. 

S e c t  i o n  L a t i t u d e  (N) 

60°03'43" 

60°03'47" 

60°04'07" 

60°04'41" 

60°05'49" 

60'07 '05" 

60'07'08" 

60°07'33" 

60°07'37" 

Longi tude (W) 

151 "39' 10" 

151°39'08" 

N i n i l c h i k  

N i n i l c h i k  

N i n i l c h i k  

N i n i l c h i k  

N i n i l c h i k  

N i n i l c h i k  

N i n i l c h i k  

N i n i l c h i k  

N i n i l c h i k  .20-01 (s) , 
20-02 ( s )  

JL22 N i n i l c h i k  

JL24 N i n i l c h i k  

JL25 Clam Gulch 

Kenai A-5 

Kenai A-4 

Kenai A-4 

JL28 C l a m  Gulch 28-01 ( a ) ,  
28-02 (0 )  

Kenai A-4 

JL29 Clam Gulch 

JL31 Clam Gulch 

Kenai A-4 

Kenai A-4 
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Table  A3.  Pa lyno logy  samples .  

Sample Q u a r t e r l q u a r t e r  L a t i t u d e  Longi tude 
no. l o c a t i o n  S e c t i o n  Townshie Range (N) (w) Comments 

6 NU$, NWk, NE$ 10 6 S. 13  W. 59"40141" 151°28'08" S i l t y  ca rbonaceous  c l a y s t o n e  
d i r e c t l y  above a 1.3-m t h i c k  
c o a l  (86SM03-5) n e a r  t h e  t o p  
o f  t h e  measured Bear Creek 
Canyon s e c t i o n  i n  Homer 
Escarpment.  

6 S.  12 W. 5g041 '05" 151" 15'19" A 0.1-m t h i c k  ca rbonaceous  
s h a l e  above a 0.1-m cs rbona-  
ceous  s i l t s t o n e  and a 0.35-m 
c o a l  (86SM05-1). Sample 
t a k e n  n e a r  t h e  base  o f  t h e  
beaclicrop 1.6 km e a s t  of  
F r i t z  Creek on Kachenlak Bay. 

5 S. 12 W. 59"4lC42" 151°18'20" Sampled s t r a t u m  of v a r i a b l e  
t h i c k n e s s ,  b u t  0.12-111 t h i c k  
a t  sample  s i t e .  I t  is  a 
ca rbonaceous  s i l t s t o n e  
p a r t i n g  i n  a 1.0-m t h i c k  
c o a l  (86SM05-8). Sample 
t a k e n  i n  beachcrop  3.6 km 
e a s t  of  F r i t z  Creek j u s t  
w e s t  of  a covered  i n t e r v a l  
o n  Kachemak Bay. 

5 S. 12 W. 59O42'58" 151°14'54" S i l t s t o n e  r o o f r o c k  above 
c o a l  bed B (86SM06-5, which 
is 1.35-111 t h i c k ) .  Sample 
t a k e n  a t  beach l e v e l  j u s t  
wes t  of  McNeil Canyon on 
Kachemak Bay. B bed i s  t h e  
l i k e l y  boundary between t h e  
Homerian and Clamgulchian 
f l o r a l  s t a g e s .  



Table A3.  (con. ) 

Sample Qua r t e r /qua r t e r  L a t i t u d e  
no. l o c a t i o n  Sec t ion  Township Range (N) 

Longitude 
(W) Comments 

151°13'52" A 0.20-m t h i c k  s i l t s t o n e  
s e a t r o c k  beneath a  1.35-m 
c o a l  bed (bed D---86SM06-9). 
Sample t aken  near  base of 
beachcrop 0.8 km e a s t  of 
McNeil Canyon on Kachemak 
Bay. 

151°07'20" A s i l t s t o n e  s ea t rock  beneath 
a  0.66-m t h i c k  coa l  (bed 
H---86SM07-3). Sample taken  
near  t h e  base  o f  a  l a r g e  
beachcrop approximately 
120 m h igh ,  j u s t  west of 
F a l l s  Creek near  t h e  upper 
r eaches  of Kachemak Bay. 

151°05'40" A s i l t s t o n e  s e a t r o c k  beneath 
a 1.5-m c o a l  bed (bed 
M---86SM07-13). Sample 
t aken  i n  a  sma l l  canyon 
d i r e c t l y  west  of Swif t  Creek 
nea r  t h e  upper p a r t  of 
Kachemak Bay. 



Table  A3. (con.  ) 

Sample Q u a r t e r l q u a r t e r  L a t i t u d e  Longi tude 
no. l o c a t  i o n  S e c t i o n  Township Range (N) (w) Comments 

86SM08-2 NW*, NW%, SE$ 13  9 S. 15 W. 5g023'45" 152O53'45" Gray s i l t s t o n e  j u s t  wes t  of  
a t a l u s  s l o p e  c o n t a i n i n g  
p i l i n g s  f rom t h e  o l d  P o r t  
Graham Mine ( c i r c a  1855).  
Coal f l o a t  f rom v i c i n i t y  
a l s o  sampled (86SM08-1). 
Sample t a k e n  j u s t  above t h e  
beach n e a r  t h e  p i l i n g s  a t  
Coal Cove, s o u t h e r n  Kenai 
P e n i n s u l a .  

7 9 S.  15 W .  5!1°25'04" 152"53'00" A b a s a l  c l a y  below a 0.98-m 
c o a l  bed (86SM)8-4) approx i -  
ma te ly  20 m above beach.  
Sample t a k e n  from t h e  o n l y  
T e r t i a r y  e x p o s u r e  s o u t h  of  
P t .  P o g i b s h i  and n o r t h  o f  
Dangerous Cape on t h e  Cook 
I n l e t  s i d e  of  t h e  s o u t h e r n  
Kenai P e n i n s u l a .  

86SM09-4 NE*, NEk, SE* 2 3 4 S. 10 W.  59O48'48" 151°00'48" S i l t s t o n e  s e a t r o c k  abou t  
10-m t h i c k  below N bed 
(86SM09-5). Coal  bed ap- 
proximactely 2-m t h i c k  b u t  
c o n t a i n s  numerous s i l t s t o n e  
p a r t i n g s .  Sample t a k e n  
d i r e c t l y  below c o a l  bed i n  
S w i f t  Creek Canyon, upper  
Kacheniak Bay. 



T a b l e  A3. (con. ) 

Sample Q u a r t e r / q u a r t e r  L a t i t u d e  
no. l o c a t i o n  S e c t i o n  Townshi2 Range (N) 

Longi tude 
(W) Comments 

151°06'38" A 0.5-m t h i c k ,  medium-gray, 
ca rbonaceous  s i l t s t o n e  t h a t  
u n d e r l i e s  a 1.7-m t h i c k  c o a l  
bed (bed U---86SM09-13). 
Sample t a k e n  n e a r  t h e  t o p  of  
t h e  T e r t i a r y  s e c t i o n  i n  
upper  S w i f t  Creek Canyon 
a r e a ,  Kachemak Bay. 

151°03'25" Dark-colored ca rbonaceous  
s i l t s t o n e  r o o f r o c k  of a 
1.1-m t h i c k  c o a l  bed 
(86SM10-5). Sample t a k e n  i n  
Fox Creek Canyon 4.8 km 
ups t ream from i ts  mouth a t  
t h e  head o f  Kachemak Bay. 

151°03'33" A 0.15-111 t h i c k  ca rbonaceous  
s h a l e  r o o f r o c k  of a 0.66-m 
t h i c k  c o a l  bed (86SM11-2). 
Sample t a k e n  i n  exposure  
d i r e c t l y  wes t  and upcanyon 
from where 86SM10-6 was 
t a k e n .  Also  i n  Fox Creek 
Canyon a b o u t  4 .8  km up from 
i ts  mouth. 

151°04120" A t h i n  (0.012-m t h i c k )  
ca rbonaceous  s h a l e  d i r e c t l y  
above a 0.38-m t h i c k  c o a l .  
Sample t a k e n  n e a r  t h e  t o p  o f  
t h e  Fox Creek s e c t i o n  a b o u t  
6.4 km up from t h e  mouth o f  
t h e  canyon. Thin  c o a l s  h e r e  
mark t h e  end of  o r g a n i c  
d e p o s i t i o n  a f t e r  which t h e  
S t e r l i n g  Format ion t u r n s  
a lmos t  t o t a l l y  sarldy. 



T a b l e  A3.  (con.) 

Sample Q u a r t e r / q u a r t e r  L a t i t u d e  Long i tude  
no. l o c a t  i o n  S e c t i o n  Township Range (N) (W) Comments 

86JL54-02 SW*, SEk, NW* 25 3 S. 15  W. 5g053'19" 151°47'10" A 1.5-m t h i c k  c l a y s t o n e  from 
between two t h i n  (one  0.05-m 
t h i c k  and one 0.4-0.5 m 
t h i c k )  c o a l s  beds .  Sample 
t a k e n  a t  t h e  mouth o f  
S t a r i s k i  Creek n o r t h  o f  Cape 
S t a r i c h k o f .  

3 S. 14 W. 59O56'09" 151°44'43" A 0.3-m t h i c k ,  v e r y  l i g h t  
g r a y  c l a y s t o n e  between c o a l  
beds  34-02 and 34-01 ( e a c h  
a b o u t  0.4-111 t h i c k ) .  Sample 
from j u s t  n o r t h  o f  Happy 
Creek.  

2 S.  14 W. 59O58'05" 151°43'50" A 0.2-m t h i c k ,  brown, s i l t y  
c l a y s t o n e  f rom between a 
0.3-m t h i c k  c o a l  (above)  and  
a 0.5-m t h i c k  c o a l  (be low) .  
Sample t a k e n  a b o u t  4 km 
n o r t h  o f  Happy Creek and 
0 .8  km s o u t h  o f  a n  unnamed 
c r e e k .  

2 S. 14 W. 59"59'38" 151°43'20" A v e r y  L i g h t  g r a y  s i l t y  
c l a y s t o n e .  Sample t a k e n  
n e a r  t h e  bot tom o f  a 3.8-m 
t h i c k  s t r a t u m  t h a t  s e p a r a t e s  
a 2-cm t h i c k  c o a l  l e n s e  
(above) and 0.95-111 t h i c k  
c o a l  (be low) .  Loca ted  a b o u t  
6.4 km n o r t h  o f  Happy Creek.  



Table  A3. (con.)  

Sample Q u a r t e r l q u a r t e r  L a t i t u d e  Longi tude 
no. l o c a t  i o n  S e c t i o n  Township Range (N) (w) Comments 

86JL49-02 Sk, SW*, SW* 4 2  S. 14 W. 60°01'32" 151°42'19" A 3 - m t h i c k l i g h t  g r a y  c l a y -  
s t o n e  w i t h  2-cm t h i c k  c o a l  
l e n s e s .  Sample t a k e n  n e a r  
t h e  t o p  o f  t h e  c l a y s t o n e  
u n i t  j u s t  below a 0.4-m 
t h i c k  c o a l  bed (49-01) and 
above a  0.15-m t h i c k  v i t r e o u s  
c o a l  l e n s e .  Located abou t  
0 .8  km s o u t h  of  Deep Creek 
n e a r  Cape N i n i l c h i k .  

2  S .  14 W. 60°02'12" 151°41'34" A 4.5-m t h i c k  l i g t i t  g r a y  
ca rbonaceous  c l a y s t o n e  w i t h  
abundan t  woody f ragments  up 
t o  1-cm d i a m e t e r .  Sample 
t a k e n  above a  1.7-m t h i c k  
ca rbonaceous  s h a l e  w i t h  
c o a l y  p a r t i n g s  t o  1-cm 
t h i c k ,  below a  3-m t h i c k  
s i l t s t o n e - s a n d y  s i l t s t o n e  
u n i t ,  and abou t  11 m down 
from t h e  t o p  o f  t h e  expo- 
s u r e .  Located between t h e  
N i n i l c h i k  R i v e r  and Deep 
Creek.  , 



Table A3. (con.) 

Sample Qua r t e r /qua r t e r  La t i t ude  Longitude 
no. l o c a t  i on  S e c t i o n  Township Range (N) (w) Comments 

86JL04-01 E$, SE%, NEk 2 7 1 S. 14 W. 60°03'49" 151°39'08" A 1.6-m t h i c k ,  purpl ish-gray 
s i l t s t o n e .  Sample taken  1-m 
down i n  t h e  bed between 
0.2-m t h i c k  l i g n i t e  (above) 
and 0.1-m t h i c k  boney c o a l  
(below). Located about  
300 m n o r t h  of N in i l ch ik .  

1 S .  14 W .  60°04'11" 151°38'42" A 0.9-m very  l i g h t  gray 
c l ays tone .  Sample taken  
below a 3.6 rn t h i c k  sand- 
s tone  wi th  c o a l i f i e d  l o g s  
and  branches and above a 
4 . 1 - m  a l t e r n a t i n g  c l ays tone  
and sandstone.  Located 
about 2.4 km n o r t h  of 
Nin i lch ik .  

1 S. 14W. 60°05'50" 151°36'40" A0.9-m t h i c k c l a y s t o n e  and 
s i l t s t o n e  sampled between 
two c o a l  beds ( a  0.1-m t h i c k  
bed above and an 0.8 km 
t h i c k  bed below). Located 
j u s t  n o r t h  of a c c e s s  t o  
beach. 8 

1 S. 13 W. 60°07'34" 151°33'01" A 0.4-m t h i c k ,  ve ry  l i g h t  
g ray  c l ays tone .  Sampled 
between two c o a l  l a y e r s  (a 
0.05-m t h i c k  c o a l  and a 
0.35-m t h i c k  c o a l ) .  Located 
about 2.4 km s o u t h  of f i s h  
house acces s .  



Table A3. (con.) 

Sample Q u a r t e r l q u a r t e r  L a t i t u d e  Longitude 
no. l o c a t i o n  Sec t ion  Township Range (N) (w) Comments 

86JL25-02 E&, SW4, SEk 14 1 N.  13 W. 60°10'23" 151°28'49" A 6.3-m t h i c k ,  very  l i g h t  
gray c l ays tone  w i t h  minor 
sandstone.  Sampled from 
above a s e r i e s  of  t h i n  c o a l  
beds and below a 1.3-m t h i c k  
c o a l  (25-01). Located 
ad j acen t  t o  a f a u l t  about  
0.8 km no r th  of Corra  Creek. 

1 N .  12 W .  60°12'35" 151°25'36" Very l i g h t  gray c l ays tone  
'boudins '  from j u s t  n o r t h  of 
a f a u l t  about 0.5 m i  n o r t h  
of F a l l s  Creek. Sampled 
between a 1.2-m t h i c k  c o a l  
bed (31-01) and a 0.5-m 
t h i c k  c o a l  bed (31-02). 

2 N.  12 W. 60°15'21" 151°23'27" Sample from base of a 6.3-m 
t h i c k  bed of a l t e r n a t i n g  
s i l t s t o n e  and sands tone ,  and 
d i r e c t l y  above a 0.7-m t h i c k  
boney c o a l  (52-01). Located 
about 1.6 km n o r t h  of Clam 
Gulch. 

8 

6 S. 14 W. 59O40'49" 151°43'35" A 0.1-m t h i c k  p a r t i n g  of 
dark-gray carbonaceous 
s h a l e .  Sample taken  about  
0 .1  m below t h e  t op  of a 
1.4-m t h i c k  c o a l .  Located a 
l i t t l e  over  1.7 km northwest  
of Diamond Creek nea r  Homer 
i n  beachcrop. 
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AF'PENDIX B. 
Coal quality, petrologic, and geochemical data. 

Table B1. Proximate analysis of Homer district, Kenai coal field samples. 

Heat Total 
Sample Moisture Ash VM FC value sulfur 

no. Basis* ( 2 )  (%I (2 )  (X) Btu/lb (2) - 

SM03-01 1 23.84 21.36 29.16 25.64 6551. 0.46 
2 ISS ISS ISS ISS ISS ISS 
3 51.25 48.75 8568. 

SM04-0 1 1 29.93 19.58 27.73 22.76 5835. 0.27 
2 ISS ISS ISS ISS ISS ISS 
3 53.06 46.94 7439. 



Table B1 (con.)  

Heat T o t a l  
Sample 
no. 

Mois tu re  
(2)  

Ash 
(%I  

value sulfur 
B t u l l b  (%) Basis* 



Table  B1 (con.)  

Heat T o t a l  
Sample 

no. 
Moisture 

(XI 
Ash 
(XI 

v a l u e  s u l f u r  
Btu / lb  ( 2 )  Basis* 



Table B1 (con.) 

Heat 
v a l u e  
Btullb 

T o t a l  
s u l f u r  

(2)  
Sample 

no. 
Mois tu re  

(X) 
Ash 
(2) Basis* 



Table B 1  ( con . )  

Heat T o t a l  
value s u l f u r  
B t u / l b  (XI 

Sample 
no. 

Mois tu re  
( % )  

Ash 
( X I  Basis* 



Table  B1 (con . )  

Heat 
v a l u e  
B t u / l b  

T o t a l  
s u l f u r  

( X I  
Sample 

no. 
M o i s t u r e  

(2)  
Ash 
(2)  Basis* 



Table B1 (con.) 

Heat Total 
value sulfur 
Btu/lb (2) 

Sample 
no. 

Moisture 
(2)  

Ash VM 
(2) (XI 

KLOO 11 

KLOO 13 

KLOO 16 

KLOO 17 



Table B1 (con.)  

Heat 
value 
Btu l lb  

8374. 
8436. 

10637. 

8276. 
8332. 
9673. 

6886. 
6827. 
9375. 

8443. 
8500. 
9016. 

6443. 
6381. 
8456. 

7744. 
7 7 1 7 .  
8811. 

7346. 
7578. 
8050. 

7 284. 
7368. 
8847. 

4664. 
4751. 
7101. 

7215. 
7092. 
7351. 

8060. 
8106. 
8639. 

T o t a l  
s u l f u r  

(2 )  

0.45 
0.46 

0.53 
0.54 

0.41 
0.40 

0.37 
0.37 

0.39 
0.39 

0.33 
0.32 

0.29 
0.30 

0.29 
0.30 

0.38 
0.39 

0.45 
0.45 

0.26 
0.26 

Sample 
no. 

Moisture 
( X I  

Ash 
( 2 )  

GLO 1-0 1 



Table B1 (con.)  

Sample 
no. 

JL05-01 

JLO5-02 

JLO6-01 

JLO7-0 1 

JL08-0 1 

JL09-0 1 

JL13-01 

JL13-02 

JL14-01 

JL15-01 

JL16-01 

Basis* 

1 
2 
3 

1 
2 
3 

1 
2 
3 

1 
2 
3 

1 
2 
3 

1 
2 
3 

1 
2 
3 

1 
2 
3 

1 
2 
3 

1 
2 
3 

1 
2 
3 

Mois ture  
(2 )  

25.15 
24.70 

28.65 
27.30 

18.94 
17.75 

25.99 
25.68 

25.60 
24.43 

24.58 
20.04 

25.71 
23.20 

28.67 
25.87 

26.24 
ISS 

26.61 
23.57 

22.39 
20.93 

Ash 
( 2 )  

6.06 
6.10 

9 .38  
9 .55 

14.76 
14.97 

10.09 
10.13 

13.03 
13.24 

30.89 
32.75 

28.99 
29.97 

23.07 
23.98 

29.52 
ISS 

16.62 
17.31 

41.60 
42.38 

VM 
(XI 

36.37 
36.59 
52.42 

33.70 
34.34 
53.65 

35.33 
35.85 
52.20 

35.06 
35.21 
54.09 

32.54 
33.05 
51.97 

26.15 
27.73 
55.60 

24.26 
25.08 
50.32 

26.12 
27.14 
51.75 

26.16 
ISS 
56.13 

30.43 
3 1.70 
52.17 

20.85 
21.24 
52.33 

FC 
(2)  

32.42 
32.61 
47.58- 

28.27 
28.80 
46.35 

30.97 
31.43 
47.80 

28.86 
28.98 
45.91 

28.83 
29.28 
48.03 

18.38 
19.49 
44.40 

21.04 
21.75 
49.68 

22.14 
23.01 
48.25 

18.08 
ISS 
43.87 

26.34 
27.43 
47.83 

15.16 
15.44 
47.67 

Heat 
v a l u e  
B tu / l b  

8079. 
8127. 
8659. 

7 188. 
7324. 
8018. 

8633. 
8759. 

10309. 

7555. 
7587. 
8502. 

7377. 
7493. 
8615. 

7762. 
8230. 

11763. 

5197. 
5373. 
7635. 

5657. 
5879. 
7585. 

5417. 
ISS 

8028. 

6984. 
7273. 
8549. 

7391. 
7530. 

13636. 

T o t a l  
s u l f u r  

( 2 )  

0.27 
0.27 

0.32 
0.32 

0.27 
0.27 

0.33 
0 .33 

0 .28 
0.29 

0.32 
0.34 

0.40 
0.42 

0.36 
0.38 

0.48 
ISS 

0.33 
0 .34 

0.34 
0.35 



Table  B 1  (con.) 

Heat 
value 
B t u l l b  

T o t a l  
s u l f u r  

(2)  
Sample 
no. 

Mois tu re  
( % I  

Ash 
(XI Basis* 



Table  B 1  (con.)  

Heat T o t a l  
v a l u e  s u l f u r  
B t u l l b  (%) 

Sample 
no. 

JL3  1-0 1 

Mois tu re  
(2 )  

Ash 
(2 )  Bas i s*  



Table  B 1  (con.)  

Heat 
v a l u e  
B t u /  l b  

T o t a l  
s u l f u r  

(2) 
Sample 

no. 
Mois tu re  

( X I  
Ash 
(%I  

29.87 
ISS 

17.51  
ISS 

28.87 
ISS 
53.27 

23.75 
ISS 
46.73 

6032.  
ISS 

7474 .  

31.16 
ISS 
55.77 

23.24 
ISS 
46.73  

27.55 
ISS 

18.05 
ISS 

6231.  
ISS 

7474 .  

0 .39 
ISS 



Table B 1  (con.) 

Heat Total 
Sample Moisture Ash VM FC value sulfur 
no. Basis* ( 2  > (2) ( 2 )  (%> - Btu/lb (%) 

*1 - As received 
2 - Equilibrium bed moisture 
3 - VM, FC are dry mineral matter free, Btu/lb is moist mineral matter free. 

ISS indicates insufficient sample to do analysis. 



Table B2. Detailed Iiating of coal petrologic result* for amplea f r ~  the southern k n a i  Peninsula. 

A. Sterling Formation, Gmk Iolec 

no. 

86JL54-01 
86Jl-57-01 
86JL59-01 
86JLU-01 
86JL34-02 
86JL38-01 
86JL41-01 
86JU2-01 
86JL45-01 
86JU7-01 
86JL48-01 
86JL49-01 
8-03-01 
86x02-01 
86x03-01 
86JLOS-01 
86JL06-01 
86Jl.07-01 
86JL08-01 
86JL0941 
86JLl4-01 
86JLlS-01 
86JL16-01 
8hJLl8-01 
86JL19-01 
86JL21-01 
86Jl.22-01 
86JL23-01 
,86JL2S-01 
86JL2S-03 
86JL26-01 
86Jl.27-01 
86JL29-01 
86JL30-01 
86JL31-01 
863133-01 
861151-01 
86JL52-01 

Ulrinite/ 
v i tr in l te  

83.8 
80.4 
85.8 
81.8 
82.4 
86.6 
81.8 
83.2 
79.4 
85.8 
82.0 
84.6 
86.2 
89.6 
88.2 
84.2 
86.2 
80.8 
83.4 
74.4 
70.8 
57.C 
86.0 
83.2 
72.8 
82.2 
81.0 
82.4 
86.4 
80.2 
85.0 
78.0 
81.8 
79.4 
83.4 
89.8 
76.2 
83.4 

Paeudo- 
v i tr in i te  

0.0 
0.0 
0 . 0  
0.0 
0.0 
0 .0  
0.0 
0.0 
0 .0  
0.0 
0.0 
0 . 0  
0.0 
0.0 
0 . 0  
0.2 
0.0 
0 . 0  
0.0 
0 .0  
0 . 0  
0 .0  
0 .0  
0.0 
0 .0  
0.2 
0.0 
0.0 
0.0 
0 . 0  
0 . 0  
0.0 
0 .0  
0.0 
0 .0  
0 .0  
0.0 
0 .0  

Pseudo- 
phloba- 
phlnite 

Yori - 
pel in i te  

0.6 
1.2 
1.6 
1.8 
3.4 
0 .6  
0.2 
0.6 
0 .6  
0.6 
0 .2  
1.0 
1.0 
0.2 
0.6 
0.8 
0 . 4  
0.7 
0 .2  
0.4 
0.6 
1.0 
1.2 
0.4 
1.4 
0.0 
0.4 
0.6 
0.8 
2.0 
1.0 
1.0 
2.0 
0 .0  
1.4 
0.8 
0.8 
3.2 

Sporl- Resi- 
nita nite --  
1.2 3.6 
2.2 2.2 
1.6 1.0 
1.2 1.8 
1.4 1.2 
1.4 1.8 
2.8 2.0 
2.2 2.0 
1.0 2.2 
1.8 2.0 
1.2 1.4 
0.8 1.6 
0.8 2.0 
1.8 1.4 
1.0 1.2 
1.8 1.6 
2.0 1.0 
4 .2  3.0 
2.6 2.0 
6.0 3.4 
6.0 5.2 
4 .0  3.6 
0.8 2.0 
2.8 3.4 
3.8 3.8 
2.0 2.4 
3.8 2.8 
2.0 2.6 
0.8 2.4 
3.2 1.8 
1.6 1.6 
2.2 2.6 
1.4 1.6 
2.8 3.2 
0.8 1.4 
1.2 0.4 
3.2 4.2 
1.2 1.2 

Cuti- Algi- 
nite nlte - -  

Lxrudu t l -  
nite 

0.0 
0 . 2  
0.0 
0.0 
0.0 
0 . 0  
0.0 
0 . 0  
0 .0  
0.0 
0 .0  
0.0 
0 .0  
0.0 
0.0 
0.0 
0 .0  
0 .0  
0 .0  
0.0 
0.0 
0 .0  
0 .0  
0 .0  
0 .0  
0 .2  
0.0 
0 .0  
0.0 
0.0 
0.0 
0 .0  
0 .0  
0.2 
0.0 
0.0 
0.0 
0 .0  

Ll yco- 
detri-  
nite 

Semi- 
Iiacri- Fuel- fuai- 
n l te  nite nlte ---  
0.0  1.0 1.8 
0.2 0.0 1.4 
0.0 0 . 0  1.6 
0 .0  0 . 0  1.2 
0.0 0 . 0  0.4 
0.0 0.0 2.2 
0.4 1.2 2.2 
0.4 0.2 2.4 
0.2 7.2 3.4 
0 .0  0 .4  1.0 
0 .6  0.8 3.2 
0.4 0 . 0  1.6 
0 . 0  0 .4  2.6 
0 .0  0 .0  1.4 
0.0 0 .0  0.6 
0.0 0 .2  2.0 
0.6 0.6 5 .0  
0.4 0.2 1.6 
0.4 0.6 3.4 
0.0 0 . 0  2.0 
0 .0  1.2 3.8 
2.4 6.4 7.4 
0 .0  0.2 2.0 
0 .6  2.0 
0.4 1:; 2.4 
0.0 1.2 3.2 
0.2 0.8 2.0 
0.6 0.4 1.8 
0.2 0.4 1.4 
0 .0  1.0 2.0 
0.2 0.2 1 .0  
0.4 2.0 1 . 0  
0.8 0.4 3.0 
0.4 0.8 1.2 
0.4 0 .4  1.6 
0.2 0 .0  1.2 
0 .0  0.2 3.0 
0.0 0.2 0.8 

Sclerot i -  
nite 

0 .0  
1.2 
0.6 
1 .0  
0.6 
0.4 
0 .4  
0.0 
1.0 
0.4 
1 . 2. 
0.6 
0.4 
0.2 
0.6 
1.2 
0.4 
0.2 
0.2 
0.4 
0.8 
1.2 
0.0 
0.2 
1 .0  
0 . 6  
0 .2  
1.0 
0.8 
0.4 
0.4 
0.2 
0 .4  
0.4 
0.2 
0.4 
1.6 
1.2 

lnrrto- 
drtrlnltr 

0.6 
1.0 
0 .4  
1.0 
0.0 
0.8 
1.4 
0.8 
3.8 
1 .0  
1.6 
0.8 
1.4 
0.4 
0.4 
0.8 
1 .8  
0.8 
2.2 
1.0 
2.6 
1.0 
0.6 
0.8 
2.2 
1.4 
1.6 
0.4 
1 .0  
1 .8  
1 .0  
2.8 
1.2 
1.6 
1.2 
0.4 
1.2 
0.4 
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G b l e  83. (con.) 

sPsle 
no. 

YL0008 

no010 

no012 

no014 

W 1 6  

KI.0017 

no018 

86SUl4-Q* 

86W4-01 

86SHl3-01 

Lipt i t e  

0.2 
0.2 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

Vitriner- Duro- Claro- 
Cite c lar ire  durire --- Orbarpi-  

l i t e  

5.8 

13.4 

8.8 

6.8 

6.8 

11.4 

11.0 

5.2 

2.8 

4.6 

Carbo- 
r i l i c i t e  

0 . 8  

0.2 

0.4 

1.0 

0 .0  

1.2 

0.8 

0. 4 

0.2 

0.0 



Table 84.  Detailed listing o f  vitrinite reflectance values (gomax) for coals 
of the southern Kenai Peninsula. 

Sample 

JL52-01 
JL5  1-0 1 
JL33-0 1 
J L 3  1-0 1 
JL30-01 
JL29-01 
JL27-01 
JL26-0 1 
JL25-03 
JL25-0 1 
5223-0 1 
JL22-01 
JL2  1-0 1 
JL19-01 
JL18-01 
JL16-01 
JL15-01 
JL14-01 

' JLO9-01 
JLO8-0 1 
JL07-0 1 
JLO6-01 
JL05-0 1 
5203-0 1 
JL02-01 
GR03-0 1 
JL49-0 1 
JL48-01 
JL4 7-0 1 
JL45-01 
JL42-01 
J L 4  1-01 
JL38-0 1 
JL34-02 
JL34-01 
JL54-01 
JL5  7-0 1 
JL59-0 1 
SM13- 1 
SM14-1 
SM14-4 
KLOO 1 8  
KL0017 
KLOO 16  
KL0014 
KL0012 

Point-count frequency distribution 
v 1 v 2 v 3 v 4 v5 - - - - - iio (%) max 



Table  B4 (con.)  

Sample 

KLOO 10 
KL0008 
KL0007 
SM15- 1 
KL0002 
SM02- 1 
SM02-3 
SMO 1- 1 
SM01-3 
SM03 - 1 
SM03-2 
SM03-5 
SM04- 1 
SM04-2 
SM04-3 
SM04-4 
SM04-5 
SM05-5 
SM0 5-8 
SM06- 1 
SM06-3 
SM06-5 
SM0 6- 7 
SM06-9 
SM06- 11 
SM06- 12 
SM07- 1 
SM07-3 
SM07-4 
SM07-6 
SM07-9 
SM07- 10 
SM07-11 
SM07-13 
SM09- 1 
SM09-2 
SM09-3 
SM09-5 
SM0 9- 7 
SM09 - 8 
SM09-9 
SM09- 10 
SM09- 1 1 
SM09-13 
SM10-1 
SM10-2 
SM10-3 

Po in t -coun t  f requency  d i s t r i b u t i o n  
v 1 v 2 v3 v 4 v5 



Table  B 4  ( c o n . )  

Sample 
P o i n t - c o u n t  f r e q u e n c y  d i s t r i b u t i o n  

v 1 v2  v3 v 4 v5 iio ( 2 )  
max 



Table B5. Major-oxide geochemical data for ash samples of 
southern Kenai Peninsula coals. * 

S a m p l e  SLO2 A 1 2 0 3  Fe203 MgO CaO Na20 K20 T i 0 2  MnO 2'5 ---------- 



Table 06. Trace-element geochemical data for ash samples of southern 
Ksnai Peninsula coals. 

Sample 
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Sample 

no. 

Table C2. Geochemical and phyeical characterlzatlon data for coal-overburden sample8 of the southern Alaska Peninsula. 

PH EC OH CEC Silt Sand Clay Ca Na Hi! N03 P04 K CaCO3 
unite mmho/cm 2 meq/100gm X - - --- X X Claes meq/L mqq/L meq/L ~ P I  

70 I5 15 SIL 
4 3 2 3 34 CL 
36 16 48 C 
5 2 14 34 SiCL 
35 3 5 30 CL 
50 6 44 SIC 
4 4 18 38 SICL 
6 1 20 19 SIL 
43 10 47 SIC 
54 36 10 SIL 
64 15 21 SiL 
32 40 28 CL 
3 7 50 13 L 
5 8 26 16 SIL 
25 24 51 C 
28 32 40 CLC 
2 1 40 39 CL 
72 12 16 SIL 
73 16 I1  SIL 
7 1 17 12 SIL 
57 8 35 SICL 
72 18 10 SIL 
6 5 22 13 SIL 
5 3 1 1  36 SICL 
3 5 30 35 CL 
58 20 22 SIL 
69 11  20 SIL 
4 2 17 41 SIC 
2 2 I 77 C 
52 15 33 SICL 
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