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New stratigraphic revelations in the subsurface Susitna basin, south-central Alaska, from geochronology and biostratigraphy
  
By Richard G. Stanley, Peter J. Haeussler, Jeffrey A. Benowitz, David K. Goodman, Robert L. Ravn, Diane P. Shellenbaum, Richard W. Saltus, Kristen A. Lewis, and Christopher J. Potter 

Abstract

New geochronologic and palynologic data from wells in the 
Susitna basin of south-central Alaska indicate the presence of 
Paleogene and Neogene nonmarine sedimentary and volcanic 
strata that provide a record of the tectonic history of the area. 
The Susitna basin is located north of the Castle Mountain fault 
and the petroliferous Cook Inlet basin. Seven exploratory wells 
drilled in the Susitna basin during 1964-2005 found no commer-
cial amounts of oil or gas.

The deepest wells in the Susitna basin are the Trail Ridge Unit 1 
(latitude 61.843˚, longitude -151.084˚) and Pure Kahiltna Unit 1 
(62.041˚, -150.756˚), which reached measured total depths of 
13,708 ft (4,178 m) and 7,265 ft (2,214 m), respectively, and are 
about 17 miles (27 km) apart. Both wells bottomed in a package 
of interstratified sedimentary and volcanic rocks of late Paleo-
cene to early Eocene age. The ages are based on late Paleo-
cene palynomorphs and 40Ar/39Ar step-heating ages on andesite 
and basalt of 57.3 ± 0.2 Ma (cuttings), 56.9 ± 0.4 Ma (core), and 
54.3 ± 0.4 Ma (core). This package is about the same age as the 
Arkose Ridge Formation in the Talkeetna Mountains and volcanic 
rocks on the eastern flank of the Tordrillo Mountains.

The volcanic-bearing package is overlain by a nonmarine se-
quence of sandstone, siltstone, and coal that has an apparent 
thickness of about 4,296-4,442 ft (1,309-1,354 m) and contains 
early to middle Eocene terrestrial palynomorphs. This sequence, 
in turn, is unconformably overlain by a nonmarine interval of pri-
marily conglomerate and sandstone with apparent thicknesses of 
about 8,200 ft (2,500) m in the Trail Ridge well and 490 ft (150 
m) in the Pure Kahiltna well; this interval contains early to middle 
Miocene terrestrial palynomorphs in its lower part and Quater-
nary terrestrial palynomorphs in the upper part. Nonmarine de-
position is indicated by the presence of coal and terrestrial paly-
nomorphs and the absence of marine fossils. 

We infer that late Paleocene and Eocene strata in the Susitna 
basin record volcanism, subsidence, and sedimentation that ac-
companied eastward passage of a slab window related to sub-
duction of the hypothesized Resurrection-Kula spreading ridge. 
The Miocene-on-Eocene unconformity is not precisely dated but 
may represent uplift and erosion that accompanied the initiation 
of Yakutat microplate subduction beneath south-central Alaska. 
The mechanisms of subsidence that accommodated the thick 
Miocene to Quaternary deposits are unclear but may have in-
cluded sediment loading, faulting, and lithospheric flexure asso-
ciated with subduction of the Yakutat microplate.
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Stratigraphy of Trail Ridge Unit 1 well

Susitna basin surface geology (modified from 
Wilson and others, 2012)

Susitna basin location map Residual aeromagnetic anomaly map, inferred
faults (dotted), and seismic lines (solid)

Seismic reflection lines (see locations 
on geologic and aeromagnetic maps)

Correlation of  Susitna basin wellsStratigraphy of Pure Kahiltna Unit 1 well
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Andesitic(?) tuff with near-vertical flow banding, from core in unit 
F in the Pure Kahiltna 1 well at 7,243-7,265 ft (2,208-2,214 m) 
depth, dated at 54.3 ± 0.4 Ma. Volcanic rocks of similar age occur 
in the Trail Ridge Unit 1 and Sheep Creek 1 wells, and in out-
crops of the Arkose Ridge Formation in the Talkeetna Mountains. 

Outcrop of Miocene conglomerate, sandstone, claystone, and 
coal along Contact Creek, about 100 km southwest of Talkeetna. 
The gray claystone horizon is about 3 meters thick (Gillis and 
others, 2013). Strata of similar lithology and age are present in 
unit C in the Trail Ridge Unit 1 and Pure Kahiltna Unit 1 wells.

Outcrop located along Lake Creek about 50 km southwest of Talkeetna 
(Gillis and others, 2013) showing steeply-dipping layers of conglomerate 
with clasts of granitic rock up to 1 meter in diameter that were derived 
from an unknown source. Strata of similar lithology and stratigraphic posi-
tion are present in units B1 and B2 in the Trail Ridge Unit 1 well.
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Line A (partial)
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EXPLANATION OF WELL SYMBOLS

Vertical hole

Deviated hole; plain circle 
  shows surface location

Tectonic model of Ridgway and others (2012)

Quaternary deposits

Tertiary sedimentary rocks, undivided
 
Arkose Ridge Formation (Paleocene 

& Eocene)

Tertiary volcanic rocks, undivided

Tertiary intrusive rocks

Tertiary & Cretaceous intrusive rocks

Cretaceous intrusive rocks

Cretaceous pelitic schist

Cretaceous metavolcanic rocks

Kahiltna assemblage (Cretaceous & 
Jurassic)

Mesozoic & Paleozoic sedimentary & 
volcanic rocks, undivided

Q

Ts

Ts

Ts

Ts

Ts

Ts

Ts

Tar

Tar

Tar

Tar

Tv

Tv

Ti

Ti

Ti

Ti

Ti

Ti

Ti

TKi

TKi

TKi

TKi

TKi

TKi

TKi

Ki

Ki

Ki

Ki

Ki

Kps

Kps

Kmv

Kmv

Kmv

Kmv

KJk

KJk

KJk

KJk

KJk

KJkKJk

KJk

KJk

KJk

KJk

KJk

KJk

KJk

MzPz

MzPz

PL
IO

-
C

EN
E

M
IO

C
EN

E
EO

C
EN

E
PA

LE
O

C
EN

E

MATANUSKA
FORMATION

(Km) 0–4500 m 

ARKOSE 
RIDGE FM.
(Tar, 1600 m)

Turonian

Santonian

0

10

20

40

50

60

70

80

O
LI

G
O

C
EN

E

AG
E 

(M
a)

PE
R

IO
D

EP
O

C
H

TSADAKA FM.
(Tsd, 0-200 m)

Strike-Slip 
Events5

Forearc Basin
Deposition and
Deformation3

regional uplift 
and erosion

north-south 
folding 

Cenomanian

MATANUSKA 
FORMATION

(Km) 0–2600 m 

Cook Inlet
Stratigraphy1

North South

TYONEK FM.
(1200–2300 m)

BELUGA FM.
(0–1800 m)

STERLING FM.
(0–3400 m)

HEMLOCK CG
(100–300 m)

surficial deposits

LA
TE

Inferred Relative
Plate Motions6

EXPLANATION
        natural gas production
        petroleum production 
        

Generalized Lithostratigraphy 
of the Matanuska Valley-
Talkeetna Mountains basin2

A
T

TA

regional uplift 
and erosion

submarine 
fan deposition

alluvial fan
deposition

Regional 
Magmatism4

alluvial-fluvial
deposition;
syndepositional
displacement  
along BRF
and CMF

su
bd

uc
tio

n 
m

ag
m

at
is

m
(A

la
sk

a 
R

an
ge

-
Ta

lk
ee

tn
a 

M
tn

s.
 B

el
t)

"n
ea

r-t
re

nc
h"

 
pl

ut
on

is
m

su
bd

uc
tio

n 
m

ag
m

at
is

m
 (a

nc
es

tra
l t

o 
m

od
er

n 
Al

eu
tia

n 
m

ag
m

at
ic

 b
el

t)

rig
ht

-la
te

ra
l d

is
pl

ac
em

en
t o

n 
m

aj
or

 fa
ul

ts
 in

 s
ou

th
er

n 
Al

as
ka

in
cr

ea
se

d 
ve

lo
ci

ty
 &

 
N

W
 s

hi
ft 

in
 K

ul
a 

m
ot

io
n

Ku
la

-P
ac

ifi
c 

rid
ge

 
su

bd
uc

te
d

co
un

te
r-c

lo
ck

w
is

e 
ro

ta
tio

n 
of

 
w

es
te

rn
 A

la
sk

a 
(o

ro
cl

in
al

 b
en

d)

no
rth

-n
or

th
ea

st
 s

ub
du

ct
io

n 
of

 K
ul

a
pl

at
e 

be
ne

at
h 

so
ut

he
rn

 A
la

sk
a

TE
R

TI
AR

Y
C

R
ET

AC
EO

U
S

30

mudstone

conglomerate
sandstone

fault motion towards
fault motion away

BRF=Border Ranges fault
CMF=Castle Mountain fault

surficial deposits

WEST FORELAND
FM. (90–400 m) 

CHICKALOON 
FM. (Tc, 0-1500 m) 

?
?
WISHBONE FM.
(Tw, 0-1100 m)

N
W

 s
ub

du
ct

io
n 

of
 th

e 
Pa

ci
fic

 p
la

te
 b

en
ea

th
 s

ou
th

er
n 

Al
as

ka
 

up
 to

 7
00

+ 
km

 d
ex

tra
l 

di
sp

la
ce

m
en

t o
n 

BR
F

CM
F

"in
tra

-fo
re

ar
c 

ba
si

n"
 p

lu
to

ni
sm

Ta
lk

ee
tn

a 
M

ou
nt

ai
ns

 
m

ag
m

at
is

m

coal
lava flows and 
tuff

Stratigraphic units in Trail Ridge 
Unit 1 and Pure Kahiltna unit 1 
wells, subsurface Susitna basin

A, Gravel, sand, silt, & clay; Quater-
nary (59-364 m thick)

B, Conglomerate, sandstone, & 
minor claystone; late Pliocene 
to middle or early Miocene 
(0-1511 m thick)

C, Sandstone, siltstone, claystone, 
& coal; middle and/or early Mio-
cene (90-608 m thick)

D, Sandstone, siltstone, claystone, 
& coal; middle Eocene (375-683 
m thick)

E, Sandstone, siltstone, coal, & clay- 
stone; early Eocene (626-979 m)

F, Basalt/andesite, conglomerate, 
sandstone, siltstone, claystone, 
& coal; early Eocene to late 
Paleocene (>500 m thick)

Cook Inlet stratigraphy, Matanuska Valley-
Talkeetna Mountains stratigraphy, and geo-
logic history from Trop and others (2003)
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B1, Sandstone, conglomerate, siltstone, & claystone; late Pliocene to late 

Miocene or middle Miocene (0-497 m thick)
B2, Conglomerate, sandstone, siltstone, & claystone; middle Miocene to 

early Miocene (0-1,014 m thick)
C, Sandstone, siltstone, claystone, & coal; middle Miocene to early Miocene 

(90-608 m thick)
D, Sandstone, siltstone, claystone, & coal; middle Eocene (375-683 m thick)
E, Sandstone, siltstone, coal, & claystone; early Eocene (626-979 m thick)
F, Basalt/andesite, conglomerate, sandstone, siltstone, claystone, & coal; 

early Eocene to late Paleocene (>500 m thick)
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Measured total depth (MD), 13,708 feet
True vertical depth (TVD), 12,626 feet 

Boundary between Quaternary and Tertiary at about 
1,200 feet is based on palynology and is nearly 
coincident with lithologic change from gravel above 
to sandstone below.

Age from palynology
(sloped lines 

show uncertainty)

Environment &
climate from 
palynology

Lithology &
tentative strati-
graphic units

Measured
depth, feet

1,200

2,970

6,800

8,940

11,315

13,490
13,708

0

Fluvial plain with
lakes, climate
transitioning to

cooler conditions

Quaternary
(120/210 ft to 
1,200/1,290 ft)

Late Pliocene
(1,200/1,290 to
1,560/1,650 ft)

No paly data 0 to 120 ft

Late Miocene to middle 
Miocene (2,010/2,100 ft 
to 2,730/2,820 ft)

Middle Miocene to 
early Miocene
(2,730/2,820 ft to
8,940/9,030 ft)

Middle Eocene
(8,940/9,030 ft to
11,280/11,370 ft)

Unconformity 

Unconformity(?)

Unconformity(?)

Early Eocene
(11,280/11,370 ft to
12,720 ft)

No palynology data below 12,720 ft

Middle Pliocene to late 
Miocene (1,560/1,650 ft to
2,010/2,100 ft)

Core, 12,370-12,400:
Claystone, siltstone, sandstone, and minor coal

Fluvial plain with
lakes, temperate 

climate

A, Boulder gravel and 
coarse sand with 
subordinate claystone

(0-1,200 feet)

C, Sandstone with 
subordinate siltstone 
and claystone, and 
minor thin coal part-
ings

(6,800-8,940 feet)

D, Sandstone with 
subordinate siltstone 
and claystone, and 
minor coal
 
(8,940-11,315 feet)

F, Siltstone, claystone, tuff, 
and basalt (13,490-13,708 ft) 

40Ar/39Ar age of 57.3 ± 0.2 Ma (Paleocene), 
step-heating on basalt fragments in cut-
tings, 13,680-13,708 ft.

E, Sandstone, 
siltstone, coal, and 
claystone

(11,315-13,490 feet)

B1, Sandstone and 
conglomerate with 
subordinate siltstone 
and claystone 

(1,200-2,970 feet)

B2, Conglomerate and 
sandstone with subor-
dinate siltstone and 
claystone

(2,970-6,800 feet)

Fluvial plain with
lakes, cool climate
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Changes in log character at 6,270 and 6,400 feet 
correspond to top and bottom of thick volcanic 
conglomerate on lithologic log.

Change in log character at 4,932 feet corresponds
to change on lithologic log from 
interstratified claystone & coal above to 
interstratified basalt & conglomerate below 

Change in log character at about 4000 feet; no 
obvious corresponding change on lithologic log.

Change in log character at about 1,720-1,750 feet
corresponds to a 30-ft-thick claystone interval on 
the lithologic log, and is close to the palynological
boundary between middle Eocene and early 
Eocene.

Change in log character at 490 feet corresponds to 
change on lithologic log from mostly sandstone 
above to mostly claystone below, and appears to be
coincident with the Miocene/Eocene palynological
boundary.

Lithologic log shows change at about 195 feet from 
gravel and sand above to claystone and sand below.

C, Sand with subordinate 
siltstone, claystone, and thin, 
peaty coal (195-490 ft)

No paly data 0 to 109 ft

Environment &
climate from
palynology

Lithology &
tentative strati-
graphic units

Measured
depth, feet

490

1,170

1,720

4,932

7,265

195

0

Middle Miocene to 
early Miocene 
(109/200 ft to 
      470/830 ft)

No palynology data below 7,230 ft.

Core 1: 6,675-6,689 feet: 40Ar/39Ar age of 
56.9 ± 0.4 Ma (Paleocene) on basalt.
Fault at 6,695-6,795 feet inferred from anomalous 
log response, thick claystone interval (gouge?) on 
lithologic log, and upside-down isotopic ages. 

Cores 2 & 3: 7,243-7,265 feet: 40Ar/39Ar age of 
54.3 ± 0.4 Ma (Eocene) on flow-banded andesite.

Fluvial plain with
lakes

Measured depth (and true vertical depth) 7,265 feet.

Middle Eocene
(470/830 ft to
1,650/1,750 ft)

Early Eocene
(1,650/1,750 ft to
4,610/4,700 ft)

Late Paleocene
(4,610/4,700 ft to
7,230 ft)

Claystone—fault gouge??

A, Boulder gravel & sand with 
subordinate claystone & siltstone

D1, Claystone and pumi-
ceous tuff with subordi-
nate coal and sandstone

(490-1,170 ft)

D2, Sandstone and minor 
claystone
 
(1,170-1,720 ft)

E, Sandstone, claystone, 
and coal with subordi-
nate conglomerate, 
siltstone, and volcanic 
rocks
 
(1,720-4,932 ft)

F, Basalt/andesite, volca-
nic conglomerate, and 
claystone with subordi-
nate coal and sandstone
 
(4,932-7,265 ft)

Unconformity

Unconformity

Age from palynology
(sloped lines 

show uncertainty)

A possible stratigraphic boundary 
at at about 2,970 feet is suggested 
by changes in log character, a 
prominent seismic reflector, and 
palynological data that indicate a 
Miocene-on-Eocene unconformity  
in the Sheep Creek 1 well.

Change in log character at about 6,800 feet coin-
cides with a change on lithologic logs from conglom-
erate and sandstone above to sandstone, siltstone, 
& claystone below; and a change in detrital grain 
composition from abundant volcanic rock fragments 
above to igneous and metamorphic rock fragments 
and much epidote below.

Change in log character at about 8,915-8,940 feet is 
coincident with the Miocene/Eocene palynological 
boundary and marked by abrupt changes in bulk 
density and interval transit time that are consistent 
with an unconformity or fault. However, no striking 
changes in lithology were noted on the lithologic 
logs.

Change in log character at about 11,315 feet 
coincides with top of highest coal bed in 
coal-bearing interval, as shown on lithologic logs.

No borehole geophysical logs were run from 
12,028 feet to total depth at 13,708 feet because of 
drilling problems.


