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Figure 1. Simplified geologic map of the Holitna region in southwestern Alaska. The gravity-defined Holitna basin is the 
yellow tear-drop-shaped feature straddling the Denali-Farewell fault. Modified from Wilson and others (1998).

INTRODUCTION

The	Cenozoic	Holitna	basin	is	a	gravity-defined	feature	
that	sits	astride	the	Denali–Farewell	fault	zone	in	southwest-
ern	Alaska	(fig.	1).	The	basin	corresponds	to	a	gravity	low	
in	excess	of	-40	milligals	(mGals)	(Kirschner,	1994;	Meyer	
and	Krouskop,	1984).	No	outcrops	exist	within	the	footprint	
of	the	gravity	low	and	no	subsurface	data	are	available;	con-
sequently,	the	stratigraphy	and	age	of	its	fill	are	unknown.	
The	Alaska	Division	of	Geological	&	Geophysical	Surveys	
(DGGS)	investigated	the	shallow	gas	potential	of	the	basin	
during	the	summer	of	2000	by	studying	Tertiary	coal-bearing	
rocks	exposed	along	the	Denali–Farewell	fault	zone	to	the	
northeast	of	the	basin	in	the	southern	McGrath	Quadrangle	
as	an	outcrop	analog	to	 the	subsurface	stratigraphy	of	 the	
basin	(LePain	and	others,	2003).	This	initial	work	included	

a	limited	suite	of	samples	collected	from	carbonaceous	mud-
stones	and	high-ash	coals	for	Rock-Eval	pyrolysis	and,	not	
surprisingly,	the	results	suggest	they	were	potential	source	
rocks	for	gas.	Results	for	two	samples	in	this	suite,	collected	
along	the	Middle	Fork	of	the	Kuskokwim	River,	indicate	the	
potential	 to	 generate	 liquid	 hydrocarbons.	Three	 samples	
were	collected	for	the	same	purpose	from	carbonaceous	clay-
stones	near	the	top	of	a	long	exposure	along	the	west	bank	
of	the	Windy	Fork	of	the	Middle	Fork	(Kuskokwim	River),	
and	are	thought	to	be	correlative	to	the	section	sampled	along	
the	Middle	Fork.	Results	 for	 two	of	 the	 samples	 indicate	
moderate	 potential	 as	 gas	 source	 rocks.	The	 third	 sample	
contained	very	 little	 organic	material	 and	 results	 indicate	
poor	gas	source-rock	potential.

Results	for	samples	collected	during	the	2000	field	sea-
son	raise	two	fundamental	questions.	(1)	Are	carbonaceous	

mailto:david.lepain@alaska.gov
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Figure 2. Portion of the McGrath B-3 Quadrangle, showing the location of the base of the measured stratigraphic section 
(Base 02DL53) and the location of grab samples (02DL54) discussed in this report. The trace of the Farewell fault and 
synclinal axis shown on this map are from Gilbert and others (1982).

mudstones	and	coals	capable	of	generating	liquid	hydrocar-
bons	common	in	the	Middle	Fork	and	Windy	Fork	exposures?	
(2)	What	is	 the	hydrocarbon	potential	of	coals	from	these	
outcrops?	Only	a	few	high-ash	coals	were	sampled	in	2000	
for	Rock-Eval	 pyrolysis,	 so	 the	 hydrocarbon	 source-rock	
characteristics	of	low-ash	coals	in	these	exposures	were	un-
known.	To	help	answer	these	questions,	in	2002	we	revisited	
the	same	exposures	along	Middle	Fork	and	Windy	Fork	to	
collect	additional	samples	for	source-rock	characterization,	
including	Rock-Eval	pyrolysis,	vitrinite	reflectance	measure-
ments,	and	visual	kerogen	analysis	(figs.	1	and	2).	During	
the	2002	field	season	the	Middle	Fork	exposure	was	inac-
cessible	due	to	changes	in	the	location	of	the	active	stream	
channel,	while	 the	north	end	of	 the	Windy	Fork	exposure	
was	relatively	well	exposed	and	easily	accessible	(locality	
02DL53	on	fig.	2).	For	these	reasons	a	stratigraphic	section	
was	measured	at	locality	02DL53	and	an	extensive	suite	of	
samples	suitable	for	Rock-Eval	pyrolysis	were	collected	from	
mudstones,	carbonaceous	mudstones,	and	coals	(fig.	3,	on	
sheet).	Grab	samples	for	Rock-Eval	were	collected	south	of	
locality	02DL53,	a	short	distance	north	of	the	mapped	trace	
of	the	Farewell	fault,	at	locality	02DL54	(fig.	2).	This	report	
summarizes	the	results	of	the	2002	dataset.

GEOLOGIC SETTING

Discontinuous	 exposures	 of	Tertiary	 nonmarine	 sedi-
mentary	rocks	are	present	northeast	of	the	gravity-defined	
Holitna	basin	 in	 fault-bounded	slivers	associated	with	 the	
Denali–Farewell	 fault	 zone	 (fig.	 1;	Bundtzen	 and	 others,	
1997;	Dickey,	1982;	Gilbert	and	others,	1982).	Exposures	
extend	from	the	White	Mountains	area	northeastward	to	the	

Little	Tonzona	River	(fig.	1)	and	consist	of	thick	packages	
of	conglomerate,	sandstone,	and	mudstone	(Dickey,	1982,	
1984;	LePain	and	others,	2003;	Ridgway	and	others,	2000).	

Dickey	(1982)	recognized	 three	Tertiary	map	units,	of	
which	only	unit	Tqa	includes	appreciable	fine-grained	rocks	
and	coal.	Dickey	(1982)	measured	a	thickness	of	1,700	m	
and	650	m	along	Windy	Fork	and	Middle	Fork,	respectively,	
in	his	map	unit	Tqa,	 and	noted	 it	 included	conglomerate,	
sandstone,	siltstone,	shale,	carbonaceous	shale,	and	coal.	He	
was	unable	to	measure	a	complete	section	through	this	unit	
due	to	structural	complications,	but	noted	the	exposures	had	
an	overall	fining-upward	trend	and	were	capped	by	a	thick	
succession	of	 coal-bearing	 siltstones	 and	 shales.	DGGS’s	
work	 in	2000	 and	2002	 focused	on	Dickey’s	 (1982)	map	
unit	Tqa.	Solie	 and	Dickey	 (1982)	 classified	 the	 coals	 in	
the	Windy	Fork	section	as	subbituminous	A	to	high	volatile	
C	bituminous	using	vitrinite	reflectance	data.	Coal-bearing	
strata	are	absent	in	outcrop	between	the	Big	River	and	White	
Mountain,	and	coal	was	seen	only	in	float	along	the	Cheen-
eetnuk	River	 (LePain	 and	 others,	 2003).	The	 age	 of	 unit	
Tqa	is	early	to	middle	Miocene	on	the	basis	of	plant	fossils,	
including	megafossils	and	palynomorphs	(LePain	and	oth-
ers,	2003).	These	rocks	were	deposited	in	a	basin,	or	basins,	
associated	with	the	Denali–Farewell	fault	system	(Ridgway	
and	others,	2000).

METHODS

Forty-two	samples	were	collected	from	exposures	along	
Windy	Fork.	A	northeast-trending	syncline	was	mapped	by	
Dickey	(1982)	along	Windy	Fork	in	his	map	unit	Tqa.	A	thick	
succession	of	mudstone,	carbonaceous	mudstone,	coal,	and	
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minor	sandstone	was	well	exposed	in	2002	on	the	northwest	
limb	of	this	structure.	The	succession	on	the	southeast	limb	
of	the	syncline	was	poorly	exposed.	Thirty-seven	samples	
for	 organic	 geochemical	 analysis	were	 collected	 from	 a	
92-m-thick	measured	 section	 (locality	 02DL53)	 on	 the	
northwest	limb	of	the	syncline,	near	the	stratigraphic	top	of	
the	Windy	Fork	exposure	of	map	unit	Tqa	(figs.	2	and	3).	
A	Garmin	handheld	GPS	unit	(datum	NAD27	Alaska)	was	
used	to	determine	the	latitude	and	longitude	of	the	base	of	
the	section	and	the	section	was	measured	using	a	Jacob	staff.	
All	sample	locations	associated	with	our	measured	section	
are	relative	to	the	coordinates	of	the	base	of	the	section	and	
the	position	 in	 the	 section	measured	 in	meters	 above	 the	
base	in	the	dip	direction.	Southeast	of	the	syncline,	a	short	
distance	north	 of	 the	mapped	 trace	 of	 the	Farewell	 fault	
(Gilbert,	 1982),	five	grab	 samples	 for	 organic	geochemi-
cal	 analyses	were	 collected	 from	a	 recessive	weathering	
succession	 between	 two	 thick	 sandstone	 bodies	 (locality	
02DL54),	 including	 three	 from	 carbonaceous	mudstone	
and	one	each	from	mudstone	and	coal	(fig.	2).	This	locality	
is	also	in	Dickey’s	unit	Tqa,	but	in	a	succession	with	abun-
dant	interbedded	sandstone	and	conglomerate.	All	samples	
were	submitted	to	Baseline-DGSI	in	The	Woodlands,	TX,	
for	Rock-Eval	pyrolysis	and	measurement	of	total	organic	
carbon	(TOC).	The	same	laboratory	analyzed	splits	of	19	
samples	for	visual	kerogen	and	vitrinite	reflectance	(percent	
Ro).	Solvent	extract	and	whole	extract	chromatography	was	
done	on	splits	from	eight	of	the	samples.	A	report	submitted	
to	DGGS	from	the	laboratory	includes	a	brief	summary	of	
the	analytical	methods	used	and	an	 interpretive	summary	
of	the	sample	results	by	Dr.	Wallace	G.	Dow.	This	report	is	
included	in	the	appendix.

Rock-Eval	data	are	used	to	assess	the	generative	potential	
and	thermal	maturity	of	rocks	(Peters,	1986).	The	follow-
ing	description	of	the	method	is	taken	from	Peters	(1986),	
Peters	and	Cassa	(1994),	and	Dow	(appendix	of	this	report).	
The	 technique	 requires	 approximately	100	mg	of	 sample	
material,	which	 is	heated	 in	a	pyrolysis	crucible	attached	
to	a	flame	ionization	detector.	The	method	provides	several	
measurements,	including	S1,	S2,	S3,	and	Tmax.	S1,	reported	
in	mg/g	rock,	measures	the	amount	of	hydrocarbons	volatil-
ized	from	the	sample	by	heating	to	300oC	and	represents	the	
hydrocarbons	in	the	sample	at	the	start	of	the	procedure—
that	is,	hydrocarbons	that	have	already	been	generated.	S2,	
reported	in	mg/g	rock,	measures	the	hydrocarbons	generated	
by	pyrolytic	degradation	of	kerogen	(cracking)	by	heating	
from	300oC	to	550oC in 25oC per minute increments. S2 
represents	the	generative	potential	remaining	in	the	sample.	
S3	measures	the	carbon	dioxide	generated	during	S2	heat-
ing	up	 to	390oC	and	 is	 reported	 in	mg	CO2/g	 rock.	Tmax 
is	an	indicator	of	thermal	maturity	and	corresponds	to	the	
temperature	of	maximum	S2	generation.	When	combined	
with	TOC	measurements,	S2	and	S3	are	used	to	calculate	the	
hydrogen	and	oxygen	indices,	respectively	(HI	=	S2/TOC	
and	OI	=	S3/TOC).	The	HI	and	OI	are	typically	plotted	on	a	
modified	van	Krevelen	diagram	and	used	to	indicate	the	type	

of	kerogen	present	in	a	sample	(Type	1	–	highly	oil-prone,	
Type	2	–	oil-prone,	and	Type	3	–	gas-prone;	Peters,	1986).	
TOC,	mean	vitrinite	reflectance,	and	Rock-Eval	results	are	
summarized	in	table	1.	

We	use	Potter	and	others’	(2005)	terminology	for	fine-
grained	sedimentary	rocks	and	in	this	report	we	use	TOC	in	
weight	percent	 to	help	classify	sample	 lithology.	Samples	
with	TOC	values	50	weight	percent	or	greater	are	classified	
as	coal;	samples	with	TOC	values	greater	than	or	equal	to	
2	weight	percent	and	less	than	50	weight	percent	are	clas-
sified	 as	 carbonaceous	mudstones;	 and	 samples	with	 less	
than	2	weight	percent	organic	carbon	are	classified	as	mud-
stones.	The	high	TOC	content	in	many	of	our	carbonaceous	
mudstone	samples	is	likely	due	to	the	fact	that	most	sample	
locations	included	thinly	interbedded	organic-rich	mudstone	
and	stringers	of	coal.	

RESULTS

MEASURED SECTION
The	stratigraphic	section	measured	along	the	west	side	

of	Windy	Fork	at	locality	02DL53	(figs.	2	and	3)	consists	
of	 a	 92-m-thick	 succession	 of	 interbedded	 carbonaceous	
claystone,	carbonaceous	siltstone,	siltstone,	coal,	and	minor	
fine-grained	sandstone.	This	section	is	located	at	the	top	of	a	
thick	succession	of	dominantly	sandstone	and	conglomerate	
(Dickey,	1982).	Most	claystone	and	carbonaceous	siltstone	
is	dark	gray	to	nearly	black	weathering.	Coal	is	present	as	
seams	up	to	4	m	thick	and	as	thin,	discontinuous	stringers	
ranging	from	0.1	cm	to	several	centimeters	thick,	and	includes	
alternating	 dull	 and	bright	 bands,	 each	 a	 few	millimeters	
thick.	Megascopic	plant	material	is	very	abundant	throughout	
the	section	and	includes	variably	preserved	broad-leaf	fos-
sils	and	coalified	woody	branch	material	and	logs.	Brown,	
orange-brown	and	orange	mottling	are	present	locally	and	
rhizoliths	 are	 abundant	 in	 siltstones	 and	 sandstones.	Car-
bonaceous	 lithologies	 display	 thin	 parting	 character	 (few	
millimeters	to	centimeters	thick),	which	may	correspond	to	
bedding.	Bedding	in	siltstones	and	sandstones	ranges	from	
a	few	centimeters	to	a	few	decimeters	thick	and	bounding	
surfaces	 are	 typically	wavy	 and	non-parallel.	Small-scale	
trough	cross-bedding	is	present	locally	but	most	sandstones	
and	siltstones	appear	structureless.

The	 features	 described	 in	 the	 previous	 paragraph	 are	
consistent	with	deposition	in	a	poorly	drained	overbank	set-
ting	located	away	from	active	fluvial	channel	tracts.	Thinly	
interbedded	carbonaceous	claystone	and	coal	stringers	ap-
pear	undisturbed	and	are	interpreted	as	lacustrine	deposits.	
The	 thinner	 sandstone	beds	 are	 interpreted	 as	 splay	 sheet	
sands	(sand	at	71.4	m),	whereas	the	thicker	bed	sets	could	
represent	channel	levees	or	crevasse	splay	sand	bodies	(sand	
body	from	2.8	m	to	5.6	m	and	at	top	of	measured	section).	
Brown,	 orange-brown	and	orange	mottling	 and	 rhizoliths	
indicate	the	depositional	surface	was	locally	elevated	above	
standing	water	 level	 and	was	modified	by	vegetation	 and	
soil	development.	



4 Report of Investigations 2015-3
Ta

bl
e 

1.
 S

um
m

ar
y 

of
 m

ea
n 

vi
tr

in
ite

 re
fle

ct
an

ce
, t

ot
al

 o
rg

an
ic

 c
ar

bo
n 

(T
O

C)
, a

nd
 R

oc
k-

Ev
al

 p
yr

ol
ys

is
 d

at
a 

fr
om

 o
ut

cr
op

 s
am

pl
es

 c
ol

le
ct

ed
 fr

om
 M

io
ce

ne
 c

oa
l-b

ea
ri

ng
 

st
ra

ta
 a

lo
ng

 th
e 

M
id

dl
e 

an
d 

W
in

dy
 F

or
ks

 o
f t

he
 K

us
ko

kw
im

 R
iv

er
, M

cG
ra

th
 B

-3
 Q

ua
dr

an
gl

e,
 A

la
sk

a.
 S

ta
tio

n 
02

D
L5

3 
is

 lo
ca

te
d 

on
 W

in
dy

 F
or

k 
an

d 
02

D
L5

4 
is

 o
n 

M
id

dl
e 

Fo
rk

. S
up

po
rti

ng
 la

bo
ra

to
ry

 d
at

a 
ar

e 
in

cl
ud

ed
 in

 a
pp

en
di

x 
A

. T
he

 c
ol

um
n 

la
be

le
d 

Cl
ie

nt
 ID

 in
cl

ud
es

 s
am

pl
e 

nu
m

be
rs

 a
ss

ig
ne

d 
in

 t
he

 fi
el

d.
 T

he
 d

ig
its

 to
 t

he
 r

ig
ht

 o
f 

hy
ph

en
 in

 th
e 

sa
m

pl
e 

nu
m

be
r 

in
di

ca
te

 s
am

pl
e 

po
si

tio
n,

 in
 m

et
er

s 
m

ea
su

re
d 

pe
rp

en
di

cu
la

r 
to

 b
ed

di
ng

, a
bo

ve
 th

e 
ba

se
 o

f t
he

 m
ea

su
re

d 
se

cti
on

.
Ta

bl
e 

1.
 W

in
dy

 F
or

k 
of

 K
us

ko
kw

im
 R

iv
er

, M
cG

ra
th

 Q
ua

dr
an

gl
e

Cl
ie

nt
 ID

Sa
m

pl
e 

Ty
pe

Fi
el

d 
Li

th
ol

og
y

TO
C-

Ba
se

d 
Li

th
ol

og
y 

M
ea

n 
V

R
TO

C 
W

t.
%

S1
 m

g/
g

S2
 m

g/
g

S3
 m

g/
g

Tm
ax

H
I

O
I

S1
/T

O
C

PI
S2

/S
3

N
ot

es
02

D
L5

3-
0.

5
O

ut
cr

op
Ca

rb
on

ac
eo

us
 c

la
ys

to
ne

Ca
rb

on
ac

eo
us

 c
la

ys
to

ne
0.

44
42

.0
4

1.
26

99
.2

6
4.

84
40

7
23

6
12

3
0.

01
20

.5
M

an
y 

co
al

 s
tr

in
ge

rs
 - 

co
al

y 
cl

ay
st

on
e

02
D

L5
3-

2
O

ut
cr

op
Co

al
Co

al
55

.9
5

0.
98

79
.9

10
.6

8
42

1
14

3
19

2
0.

01
7.

5
Sh

ea
re

d
02

D
L5

3-
2.

6
O

ut
cr

op
Ca

rb
on

ac
eo

us
 c

la
ys

to
ne

 o
r 

hi
gh

-a
sh

 c
oa

l
Co

al
0.

49
60

.8
2

2.
18

12
0.

68
8.

54
41

0
19

8
14

4
0.

02
14

.1

02
D

L5
3-

6.
3

O
ut

cr
op

Si
lts

to
ne

Ca
rb

on
ac

eo
us

 s
ilt

st
on

e
8.

98
0.

14
8.

22
3.

31
43

2
92

37
2

0.
02

2.
5

02
D

L5
3-

6.
45

O
ut

cr
op

Ca
rb

on
ac

eo
us

 c
la

ys
to

ne
Ca

rb
on

ac
eo

us
 c

la
ys

to
ne

6.
63

0.
03

11
.3

7
1.

07
41

8
17

1
16

0
0.

00
10

.6
02

D
L5

3-
11

.8
O

ut
cr

op
Ca

rb
on

ac
eo

us
 c

la
ys

to
ne

Ca
rb

on
ac

eo
us

 c
la

ys
to

ne
0.

46
33

.1
9

1.
22

10
3.

39
2.

85
41

3
31

2
9

4
0.

01
36

.3
M

an
y 

co
al

 s
tr

in
ge

rs
 - 

co
al

y 
cl

ay
st

on
e

02
D

L5
3-

14
O

ut
cr

op
Ca

rb
on

ac
eo

us
 c

la
ys

to
ne

Ca
rb

on
ac

eo
us

 c
la

ys
to

ne
22

.9
8

0.
75

54
.9

7
4.

47
42

0
23

9
19

3
0.

01
12

.3
M

an
y 

co
al

 s
tr

in
ge

rs
 - 

co
al

y 
cl

ay
st

on
e

02
D

L5
3-

27
.0

O
ut

cr
op

Co
al

Co
al

51
.7

8
1.

67
13

1.
36

6.
58

41
6

25
4

13
3

0.
01

20
.0

H
ig

hl
y 

fr
ac

tu
re

d,
 lo

ca
lly

 s
he

ar
ed

02
D

L5
3-

28
.0

5
O

ut
cr

op
Ca

rb
on

ac
eo

us
 c

la
ys

to
ne

Ca
rb

on
ac

eo
us

 c
la

ys
to

ne
0.

46
37

1.
39

10
3.

3
5.

27
41

9
27

9
14

4
0.

01
19

.6
02

D
L5

3-
30

O
ut

cr
op

Si
lts

to
ne

Ca
rb

on
ac

eo
us

 s
ilt

st
on

e
12

.5
8

0.
65

29
.7

4
1.

69
41

8
23

6
13

5
0.

02
17

.6
02

D
L5

3-
31

.5
O

ut
cr

op
Si

lts
to

ne
Ca

rb
on

ac
eo

us
 s

ilt
st

on
e

5.
09

0.
22

9.
85

0.
92

42
6

19
4

18
4

0.
02

10
.7

Ch
ip

py
 w

ea
th

er
in

g,
 im

m
at

ur
e 

pa
le

os
ol

?
02

D
L5

3-
34

O
ut

cr
op

H
et

er
ol

ith
ic

 - 
si

lts
to

ne
, c

ar
bo

na
ce

ou
s 

cl
ay

st
on

e,
 c

oa
l s

tr
in

ge
rs

Ca
rb

on
ac

eo
us

 
si

lts
to

ne
/c

la
ys

to
ne

0.
44

48
.7

3
0.

96
10

7.
04

5.
4

41
1

22
0

11
2

0.
01

19
.8

Th
in

ly
 in

te
rb

ed
de

d 
lit

ho
lo

gi
es

02
D

L5
3-

36
O

ut
cr

op
Co

al
 w

ith
 c

ar
bo

na
ce

ou
s 

cl
ay

st
on

e 
pa

rt
in

gs
Ca

rb
on

ac
eo

us
 c

la
ys

to
ne

19
.3

5
0.

73
46

.6
5

2.
42

41
6

24
1

13
4

0.
02

19
.3

02
D

L5
3-

36
.7

5
O

ut
cr

op
Ca

rb
on

ac
eo

us
 c

la
ys

to
ne

Co
al

50
.8

3
2.

57
13

7.
56

5.
35

41
3

27
1

11
5

0.
02

25
.7

02
D

L5
3-

38
O

ut
cr

op
Co

al
 w

ith
 c

ar
bo

na
ce

ou
s 

cl
ay

st
on

e 
pa

rt
in

gs
Ca

rb
on

ac
eo

us
 m

ud
st

on
e

0.
48

31
.9

1
1.

26
82

.4
1

4.
09

41
4

25
8

13
4

0.
02

20
.1

02
D

L5
3-

40
O

ut
cr

op
Co

al
 w

ith
 in

te
rb

ed
de

d 
ca

rb
on

ac
eo

us
 

cl
ay

st
on

e 
sp

lit
s

Ca
rb

on
ac

eo
us

 m
ud

st
on

e
34

.8
3

1.
4

94
.9

1
4.

72
41

2
27

2
14

4
0.

01
20

.1
Co

al
 h

as
 d

ul
l l

us
te

r o
n 

fr
es

h 
su

rf
ac

es
. 

Cl
ay

st
on

e 
sp

lit
s 

up
 to

 5
 c

m
 th

ic
k

02
D

L5
3-

42
O

ut
cr

op
Co

al
Co

al
0.

44
55

.8
4

2.
27

14
4.

42
6.

05
40

6
25

9
11

4
0.

02
23

.9
Th

in
 c

ar
bo

na
ce

ou
s 

cl
ay

st
on

e 
pa

rt
in

gs
02

D
L5

3-
44

O
ut

cr
op

Co
al

Co
al

0.
51

74
.3

5
1.

54
12

8.
65

8.
41

40
9

17
3

11
2

0.
01

15
.3

Co
al

 h
as

 b
rig

ht
 lu

st
er

 o
n 

fr
es

h 
su

rf
ac

es
02

D
L5

3-
46

O
ut

cr
op

H
et

er
ol

ith
ic

 - 
si

lts
to

ne
 a

nd
 c

ar
bo

na
ce

ou
s 

cl
ay

st
on

e
Ca

rb
on

ac
eo

us
 m

ud
st

on
e

4.
5

0.
41

7.
17

1.
01

42
6

15
9

22
9

0.
05

7.
1

02
D

L5
3-

48
O

ut
cr

op
N

o 
fie

ld
 a

ss
ig

ne
d 

lit
ho

lo
gy

Ca
rb

on
ac

eo
us

 m
ud

st
on

e
0.

49
44

.8
5

1.
44

10
7.

44
4.

4
41

0
24

0
10

3
0.

01
24

.4
02

D
L5

3-
50

O
ut

cr
op

Co
al

 w
ith

 c
ar

bo
na

ce
ou

s 
cl

ay
st

on
e 

pa
rt

in
gs

Ca
rb

on
ac

eo
us

 c
la

ys
to

ne
41

.9
7

1.
58

99
7.

99
41

6
23

6
19

4
0.

02
12

.4
Co

al
 h

as
 d

ul
l l

us
te

r o
n 

fr
es

h 
su

rf
ac

es

02
D

L5
3-

52
O

ut
cr

op
Ca

rb
on

ac
eo

us
 c

la
ys

to
ne

 a
nd

 s
ilt

st
on

e
Ca

rb
on

ac
eo

us
 m

ud
st

on
e

33
.5

0.
75

61
.5

3
6.

53
41

8
18

4
19

2
0.

01
9.

4
Th

in
ly

 in
te

rb
ed

de
d 

lit
ho

lo
gi

es
02

D
L5

3-
54

O
ut

cr
op

H
et

er
ol

ith
ic

 - 
si

lts
to

ne
, c

ar
bo

na
ce

ou
s 

cl
ay

st
on

e,
 a

nd
 c

oa
l

Ca
rb

on
ac

eo
us

 m
ud

st
on

e
0.

47
26

.8
8

0.
91

67
.9

3
5.

43
41

9
25

3
20

3
0.

01
12

.5
Co

al
s 

ar
e 

th
in

02
D

L5
3-

56
O

ut
cr

op
H

et
er

ol
ith

ic
 - 

cl
ay

ey
 s

ilt
st

on
e 

an
d 

ca
rb

on
ac

eo
us

 c
la

ys
to

ne
Ca

rb
on

ac
eo

us
 m

ud
st

on
e

8.
99

0.
39

19
.0

9
1.

68
42

0
21

2
19

4
0.

02
11

.4

02
D

L5
3-

58
O

ut
cr

op
Si

lts
to

ne
Ca

rb
on

ac
eo

us
 m

ud
st

on
e

0.
42

7.
45

0.
3

15
.7

2
1.

37
42

3
21

1
18

4
0.

02
11

.5
N

od
ul

ar
 s

ilt
st

on
e 

im
m

ed
ia

te
ly

 a
bo

ve
 

sa
m

pl
e 

po
si

tio
n

02
D

L5
3-

60
O

ut
cr

op
N

od
ul

ar
 s

ilt
st

on
e

M
ud

st
on

e
1.

71
0.

06
0.

85
1.

21
43

9
50

71
4

0.
07

0.
7

Sp
ar

se
ly

 ro
ot

ed
, p

al
eo

so
l

02
D

L5
3-

62
O

ut
cr

op
Si

lts
to

ne
Ca

rb
on

ac
eo

us
 m

ud
st

on
e

0.
45

3.
18

0.
12

3.
47

0.
62

42
7

10
9

19
4

0.
03

5.
6

G
ra

y,
 c

hi
pp

y 
w

ea
th

er
in

g
02

D
L5

3-
67

O
ut

cr
op

H
et

er
ol

ith
ic

 - 
si

lts
to

ne
, c

ar
bo

na
ce

ou
s 

cl
ay

st
on

e,
 c

oa
l s

tr
in

ge
rs

Ca
rb

on
ac

eo
us

 m
ud

st
on

e
36

.7
5

0.
92

90
.5

7
7.

41
42

2
24

6
20

3
0.

01
12

.2

02
D

L5
3-

71
O

ut
cr

op
H

et
er

ol
ith

ic
 - 

si
lts

to
ne

 a
nd

 c
ar

bo
na

ce
ou

s 
cl

ay
st

on
e

Co
al

0.
43

70
.2

4
1.

75
15

2.
22

12
.8

1
42

0
21

7
18

2
0.

01
11

.9

02
D

L5
3-

74
O

ut
cr

op
Si

lts
to

ne
Ca

rb
on

ac
eo

us
 m

ud
st

on
e

18
.9

3
0.

56
36

.6
5

3.
79

42
2

19
4

20
3

0.
02

9.
7

Lo
ca

lly
 n

od
ul

ar
. S

te
ad

y,
 h

ar
d 

ra
in

 m
ad

e 
it 

di
ff

ic
ul

t t
o 

w
rit

e 
in

 fi
el

d 
no

te
bo

ok
02

D
L5

3-
76

O
ut

cr
op

Si
lts

to
ne

 
Ca

rb
on

ac
eo

us
 m

ud
st

on
e

0.
47

42
.8

8
0.

99
10

9.
58

5.
98

41
8

25
6

14
2

0.
01

18
.3

Ca
rb

on
ac

eo
us

 c
la

ys
to

ne
 p

ar
tin

gs
02

D
L5

3-
78

O
ut

cr
op

Si
lts

to
ne

 w
ith

 c
oa

l s
tr

in
ge

rs
Ca

rb
on

ac
eo

us
 m

ud
st

on
e

16
.1

4
0.

54
36

.3
5

4.
01

42
4

22
5

25
3

0.
01

9.
1

H
ar

d 
ra

in
02

D
L5

3-
80

O
ut

cr
op

Co
al

Ca
rb

on
ac

eo
us

 m
ud

st
on

e
0.

46
33

.8
7

1.
65

93
.9

5.
21

41
7

27
7

15
5

0.
02

18
.0

H
ar

d 
ra

in
02

D
L5

3-
82

O
ut

cr
op

Co
al

Co
al

56
.4

3
0.

89
88

.4
5

9.
2

41
8

15
7

16
2

0.
01

9.
6

Si
lts

to
ne

 in
te

rb
ed

s 
up

 to
 7

 c
m

 th
ic

k;
 h

ar
d 

ra
in

02
D

L5
3-

84
O

ut
cr

op
Ca

rb
on

ac
eo

us
 c

la
ys

to
ne

Ca
rb

on
ac

eo
us

 m
ud

st
on

e
8.

29
0.

35
13

.9
7

1.
28

42
4

16
9

15
4

0.
02

10
.9

H
ar

d 
ra

in
02

D
L5

3-
85

.5
O

ut
cr

op
H

et
er

ol
ith

ic
 - 

si
lts

to
ne

, c
ar

bo
na

ce
ou

s 
cl

ay
st

on
e,

 c
oa

l
Ca

rb
on

ac
eo

us
 m

ud
st

on
e

0.
47

12
.7

8
0.

3
24

.8
2

2.
72

42
4

19
4

21
2

0.
01

9.
1

H
ar

d 
ra

in

02
D

L5
3-

90
.1

O
ut

cr
op

Si
lts

to
ne

M
ud

st
on

e
1.

86
0.

06
1.

47
0.

51
43

1
79

27
3

0.
04

2.
9

Th
in

 c
ar

bo
na

ce
ou

s 
cl

ay
st

on
e 

in
te

rb
ed

s;
 

ha
rd

 ra
in

02
D

L5
4A

O
ut

cr
op

Ca
rb

on
ac

eo
us

 c
la

ys
to

ne
Ca

rb
on

ac
eo

us
 m

ud
st

on
e

0.
53

4.
84

0.
16

7.
4

0.
82

42
9

15
3

17
3

0.
02

9.
0

02
D

L5
4B

O
ut

cr
op

Si
lts

to
ne

M
ud

st
on

e
1.

11
0.

06
0.

49
0.

91
43

4
44

82
5

0.
11

0.
5

02
D

L5
4D

O
ut

cr
op

Si
lts

to
ne

Ca
rb

on
ac

eo
us

 m
ud

st
on

e
0.

51
2.

52
0.

15
4.

79
0.

55
42

5
19

0
22

6
0.

03
8.

7
02

D
L5

4E
O

ut
cr

op
Si

lts
to

ne
 a

nd
 c

ar
bo

na
ce

ou
s 

cl
ay

st
on

e
Ca

rb
on

ac
eo

us
 m

ud
st

on
e

3.
47

0.
09

2.
39

1.
27

43
2

69
37

3
0.

04
1.

9
02

D
L5

4F
O

ut
cr

op
Ca

rb
on

ac
eo

us
 c

la
ys

to
ne

Co
al

0.
59

60
.9

4
3.

05
15

6.
89

4.
43

41
8

25
7

7
5

0.
02

35
.4

Lo
ca

tio
n 

of
 b

as
e 

of
 m

ea
su

re
d 

se
ct

io
n 

- L
at

itu
de

 6
2.

41
90

  L
on

gi
tu

de
 -1

54
.1

71
8 

(d
at

um
 - 

N
AD

27
 A

la
sk

a)
Lo

ca
tio

n 
of

 g
ra

b 
sa

m
pl

es
 a

t s
ta

tio
n 

02
D

L0
54

 - 
La

tit
ud

e 
62

.4
07

06
 L

on
gi

tu
de

 -1
54

.1
35

48
 (d

at
um

 - 
N

AD
27

 A
la

sk
a)



 Rock-eval pyrolysis results from Miocene carbonaceous mudstones and coals in outcrop, McGrath Quadrangle, Alaska 5

0

50

100

150

200

250

300

350

0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0

Type III - Gas

Type II and III - Mixed oil and gas

Type IV – No source potential

Coal

Carbonaceous mudstone

Mudstone

Hy
dr

og
en

 In
de

x

S2/S3

Figure 4.

Type II - Oil

Figure 4. Plot of hydrogen index (HI) versus S2/S3. Rock-Eval pyrolysis data are summarized in table 1. Supporting labora-
tory data are included in appendix A.

ANALYTICAL RESULTS
Total	organic	carbon	(TOC)	and	hydrogen	index	(HI)	are	

measures	of	the	amount	of	organic	carbon	in	a	rock	and	the	
fraction	of	that	carbon	that	is	convertible	to	hydrocarbons	by	
pyrolysis	(Peters,	1986).	This	information	provides	a	general	
indication	of	a	rock’s	hydrocarbon-generating	potential	under	
favorable	 subsurface	 conditions.	The	TOC	values	 for	 the	
samples	collected	 from	the	Windy	Fork	measured	section	
range	from	1.71	to	74.3	percent	and	the	TOC	values	in	grab	
samples	from	the	southeast	end	of	the	Windy	Fork	exposure	
range	 from	1.11	 to	60.94	weight	percent.	As	noted	previ-
ously,	coal	typically	has	a	TOC	value	equal	to	or	greater	than	
50	weight	percent.	For	most	samples,	the	TOC	results	are	
consistent	with	the	lithology	assigned	to	the	sample	when	it	
was	collected	in	the	field.	

The	vitrinite	 reflectance	 and	Tmax	 values	 indicate	 that	
samples	from	both	locations	are	immature	with	respect	 to	
the	onset	of	hydrocarbon	generation,	with	the	exception	of	
sample	02DL53-60	which	has	a	Tmax	of	439.	Vitrinite	re-
flectance	and	Tmax	values	of	0.6	percent	Ro	and	greater	than	
435,	 respectively,	mark	 the	onset	of	oil	generation.	Mean	
vitrinite	 reflectance	of	 the	 samples	 from	our	Windy	Fork	
measured	section	range	from	0.42	to	0.51	percent	Ro,	with	a	
mean	value	(mean	of	the	mean)	of	0.46	percent	Ro.	The	mean	
vitrinite	reflectance	of	grab	samples	from	the	Windy	Fork	
exposure	ranges	from	0.51	to	0.59	percent	Ro,	with	a	mean	
value	of	0.54	percent	Ro. Tmax	ranges	from	406	to	439	for	the	
Windy	Fork	measured	section	samples	and	418	to	434	for	the	
Windy	Fork	grab	samples.	Kerogen	microscopy	on	splits	of	
19	samples	indicate	that	most	contain	very	high	percentages	

of	lipid-rich	(fluorescent)	vitrinite	and	only	minor	amounts	
of	structured	and	unstructured	lipid	material	(see	laboratory	
report	in	appendix).	Dow	states	that	our	samples	are	in	the	
late	pre-oil	generation	stage	(see	appendix	a).

S1	and	S2	results	are	consistent	with	the	thermal	matu-
rity	of	the	samples.	Low	S1	values	indicate	that	few	to	no	
hydrocarbons	were	present	in	the	samples	at	the	start	of	the	
Rock-Eval	analysis,	which	is	to	be	expected	for	thermally	
immature	rocks.	S2	results	indicate	that	significant	volumes	
of	organic	carbon	were	converted	to	hydrocarbons	by	pyroly-
sis.	The	S2	yield	ranges	from	about	55	mg/g	to	157	mg/g	for	
coals	(mean	S2	=	105	mg/g),	from	about	2	mg/g	to	47	mg/g	
for	carbonaceous	mudstones	(mean	S2	=	17	mg/g),	and	0.5	
mg/g	to	1.5	mg/g	for	siltstones	(mean	S2	=	1	mg/g).	Based	
on	criteria	outlined	 in	Peters	and	Cassa	 (1994,	 table	5.1),	
the	S2	yields	suggest	that	our	coal	samples	and	most	of	our	
carbonaceous	mudstone	samples	have	excellent	hydrocarbon	
potential,	and	that	our	siltstone	samples	have	poor	petroleum	
potential.	Figure	4	is	a	plot	of	hydrogen	index	(HI)	versus	S2/
S3.	Samples	with	HI	values	between	50	and	200	correspond	
to	Type	III	kerogen	that	would	be	expected	to	expel	mainly	
gas	at	peak	maturity	and	those	with	HI	values	between	200	
and	300	correspond	to	a	mixture	of	Type	II	and	III	kerogen	
and	would	be	expected	to	expel	a	mix	of	oil	and	gas	at	peak	
maturity	 (Peters	 and	Cassa,	1994).	Most	of	 the	 coals	 and	
some	carbonaceous	mudstones	in	our	sample	suite	plot	 in	
the	“mixed	oil	and	gas”	field	and	some	coals	and	most	car-
bonaceous	mudstones	plot	in	the	“gas”	field	on	figure	4.	One	
sample	from	the	Windy	Fork	measured	section	(collected	at	
11.8	m	above	the	base)	has	an	HI	greater	than	300	and	S2/S3	
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value	greater	than	35,	suggesting	it	is	oil-prone.	Low	produc-
tion	index	(PI)	values,	the	ratio	of	generated	hydrocarbons	
to	potential	 hydrocarbons,	 (PI	=	S2/(S1+S2);	 table	1)	 are	
consistent	with	immature	coals.

Assessing	the	liquid	hydrocarbon	generative	potential	of	
coals	presents	some	challenges.	Peters	(1986)	cautions	that	
pyrolysis,	for	reasons	not	fully	understood,	tends	to	overes-
timate	the	liquid	hydrocarbon	potential	of	coaly	rocks.	Most	
of	the	samples	in	our	suite	are	coaly,	including	many	of	the	
carbonaceous	mudstones	that	commonly	include	thin,	coaly	
stringers,	 so	 the	 liquid	hydrocarbon	potential	may	be	 less	
than	suggested	by	the	Rock-Eval	results	(table	1	and	fig.	4).	
Stanley	and	others	(2014)	evaluated	the	petroleum	potential	
of	coals	and	carbonaceous	mudstones	 in	 the	Sheep	Creek	
1	well	 in	 the	Susitna	basin	 in	 south-central	Alaska.	Their	
results	suggest	that	most	of	the	coals	in	their	suite	contain	
mixed	 oil-	 and	 gas-prone	 kerogen.	 Sykes	 and	 Snowdon	
(2002)	and	Petersen	(2006)	demonstrate	 that	coals	have	a	
unique	characteristic	in	that	the	HI	increases	with	increasing	
thermal	maturity	up	to	the	threshold	of	oil	expulsion	and	that	
proper	evaluation	of	the	petroleum	potential	of	coals	should	
account	for	this	increase.	Petersen	(2006)	states	that	the	HI	
of	immature	humic	coals	should	be	adjusted	upward	by	up	
to	90	mg	hydrocarbons/g	rock.	Shifting	our	coal	samples	by	
this	amount	would	result	in	all	of	them	plotting	in	the	oil-
prone	field	on	figure	4.

Another	aspect	of	coals	as	source	rocks	is	that	they	tend	
to	act	as	a	“sponge”	for	liquid	hydrocarbons	in	that	oil	gener-
ated	from	them	is	stored	initially	in	the	coal	matrix.	Petersen	
(2006)	states	that	the	effective	oil	window	for	Cenozoic	coals	
ranges	from	0.85	to	2.0	percent	Ro.	At	0.85	percent	Ro	the	
coal	matrix	is	thought	to	be	saturated	with	hydrocarbons,	and	
continued	oil	generation	results	in	oil	expulsion.	

Given	that	our	samples	were	collected	from	outcrops,	the	
organic	material	they	contain	has	been	altered	by	surface-
weathering	processes.	Stanley	(1987)	found	that	S2	values	
in	weathered	coals	are	lower	than	in	fresh	coals.	Due	to	ef-
fects	of	weathering,	the	results	presented	in	this	report	may	
underestimate	 the	hydrocarbon	generative	potential	of	 the	
sampled	rocks.	Despite	Peters’	(1986)	cautionary	statement	
regarding	the	tendency	of	Rock-Eval	data	to	overestimate	
the	liquid	hydrocarbon	potential	of	coaly	rocks,	in	light	of	
Petersen’s	(2006)	work	our	sample	results	suggest	that	if	a	
comparable	carbonaceous	mudstone-	and	coal-bearing	suc-
cession	is	present	in	the	subsurface	of	the	Holitna	basin	at	
depths	within	the	oil	window,	its	liquid	hydrocarbon	potential	
may	be	greater	than	indicated	by	our	data.	

The	depth	to	the	top	of	the	oil	window	in	the	Holitna	basin	
can	be	calculated	using	an	estimate	of	the	temperature	for	
the	onset	of	effective	oil	generation	in	coaly	rocks	and	the	
geothermal	gradient.	Petersen	(2006)	states	that	generation	
of	liquid	petroleum	in	humic	coals	is	a	complex,	three-phase	
process	 that	 includes	 the	 onset	 of	 petroleum	generation,	
petroleum	build-up	in	the	coal,	and	initial	petroleum	expul-
sion	followed	by	efficient	expulsion.	He	defines	the	effective	
oil	window	as	the	onset	of	liquid	petroleum	expulsion	from	
coaly	source	materials	and	states	that	this	corresponds	to	a	
vitrinite	reflectance	range	of	0.85	to	1.05	percent	Ro	and	the	

termination	of	liquid	petroleum	generation	corresponds	to	a	
vitrinite	reflectance	range	of	1.5	to	2.0	percent	Ro.	For	our	cal-
culation	we	assume	the	onset	of	liquid	petroleum	expulsion	
occurs	 at	 0.85	 percent	 Ro.	Using	 the	 linear	 regression	
equation	in	Barker	and	Pawlewicz	(1986)	that	relates	mean	
vitrinite	reflectance	and	maximum	temperature	(ln	[Ro mean] 
=	0.0096	–	1.4)	and	using	a	mean	vitrinite	reflectance	value	to	
0.85	percent	Ro	yields	a	maximum	temperature	for	the	start	
of	the	effective	oil	window	of	129oC.	Assuming	a	geothermal	
gradient	of	25oC/km	in	the	gravity-defined	Holitna	basin	and	
mean	annual	temperature	at	the	surface	of	0.0oC,	the	depth	to	
the	top	of	the	effective	oil	window	is	estimated	to	be	5.2	km	
(17,056	ft).	Assuming	a	geothermal	gradient	of	30oC/km,	the	
depth	to	the	top	of	the	effective	window	is	estimated	to	be	4.3	
km	(14,104	ft).	The	coal-bearing	succession	summarized	in	
this	report	has	experienced	maximum	temperatures	ranging	
from	56oC	to	91oC.	These	temperatures	indicate	a	maximum	
burial	depth	ranging	from	1.9	to	3.6	km	(6,100–11,808	ft).	
This	calculation	applies	to	a	conventional	liquid	petroleum	
system	in	which	hydrocarbons	generated	from	coaly	source	
rocks	are	expelled	from	the	source	material	and	migrate	to	a	
porous	and	permeable	reservoir.	As	noted	earlier,	the	Holitna	
basin	is	defined	by	a	gravity	low	of	-40	mGals,	which	Smith	
and	 others	 (1985)	 interpreted	 to	 represent	 a	 sedimentary	
succession	up	to	4.5	km	(14,800	ft)	thick.	If	their	estimate	is	
close	to	the	true	thickness	of	Cenozoic	strata	in	the	basin,	it	
is	possible	that	coal-bearing	strata	are	present	in	the	basin	at	
depths	in	the	oil	window.

The	onset	of	petroleum	generation	in	most	source	rocks	
is	generally	agreed	to	occur	at	a	vitrinite	reflectance	of	0.6	
percent Ro.	This	 correspond	 to	 a	 temperature	of	 approxi-
mately	93oC.	Using	the	same	range	of	geothermal	gradients	
(25oC	and	30oC),	the	onset	of	liquid	hydrocarbon	generation	
would	occur	at	depths	of	approximately	3.7	km	(12,200	ft)	
and	3.1	km	(10,200	ft),	respectively.	The	depth	range	between	
the	onset	of	liquid	hydrocarbon	generation	and	the	onset	of	
efficient	expulsion	(top	of	the	effective	oil	window)	can	be	
regarded	as	the	depth	range	where	the	coal	and	coaly	mud-
stone	 function	 as	both	 source	 and	 reservoir	 for	 generated	
hydrocarbons.	Coals	are	mechanically	weak	and	it	is	unclear	
if	they	have	the	requisite	mechanical	properties	to	serve	as	
reservoir	rocks	at	these	depths.

CONCLUSIONS

Rock-Eval	pyrolysis	results	from	carbonaceous	mudstone	
and	coal	samples	along	Windy	Fork	indicate	the	presence	
of	Type	II	and	Type	III	kerogen,	which	are	expected	to	be	
excellent	sources	of	oil	and	gas	under	favorable	subsurface	
conditions.	Available	thermal	maturity	data	for	the	samples	
indicate	they	are	immature	for	oil	and	gas,	but	are	in	the	late	
pre-oil	phase	of	maturity.

If	a	coal-	and	carbonaceous-mudstone-bearing	succes-
sion	similar	 to	 the	rocks	discussed	 in	 this	 report	 from	the	
McGrath	Quadrangle	 are	present	 in	 the	 subsurface	of	 the	
gravity-defined	Holitna	basin	at	favorable	depths,	they	can	
be	expected	to	have	significant	thermogenic	oil	and	gas	gen-
erative	potential.	The	depth	in	the	basin	to	the	top	of	the	oil	
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(and	gas)	window	will	depend	on	the	geothermal	gradient.	
In	addition,	if	coal	and	carbonaceous	mudstone	are	present	
in	the	subsurface	they	might	serve	as	substrates	for	microbial	
generation	of	methane,	as	in	Cook	Inlet.
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