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STATUS OF A RECONNAISSANCE FIELD STUDY
OF THE SUSITNA BASIN, 2011

by
Robert J. Gillis!, Richard G. Stanley? David L. LePain!, David J. Mauel!, Trystan M. Herriott!,
Kenneth P. Helmold?, C. Shaun Peterson®, Marwan A. Wartes', and Diane P. Shellenbaum?

INTRODUCTION

The Alaska Division of Geological & Geophysical Surveys (DGGS) and Alaska Division of Oil and Gas
(DOG), in collaboration with the U.S. Geological Survey (USGS) performed reconnaissance field studies for ten
days in late June 2011, in the Susitna basin, directly north of Cook Inlet, south-central Alaska (fig. 1). The purpose
of our investigation was to reconnoiter outcrops in the basin and along its periphery to gather new information
towards understanding the basin formation history and stratigraphy. This reconnaissance data represents the first
step toward better understanding the basin’s hydrocarbon potential, a key component of DGGS’s multi-year In-
State Gas Program. This program is focused on collecting baseline geologic information from potential frontier
gas basins to encourage new exploration to help, in part, reduce the high cost of energy in rural Alaska. Our work
represents the first season of this three-year project. Preliminary results from year two, a companion project within
the Nenana and Tanana basins in interior Alaska, are described by Wartes and others (2013). DGGS plans to return
to the Susitna basin for follow-up fieldwork during the third and final year of the program.

The motivation for developing a better understanding of the Susitna basin stems from the recognition that
the Susitna basin shares similar age coal-bearing strata with the adjacent, petroliferous Cook Inlet forearc basin
(Barnes, 1966; Reed and Nelson, 1980) and with exhumed strata in the Matanuska Valley forearc basin (Trop and
others, 2003) (figs. 1 and 2). Cook Inlet basin has eight producing oil fields, more than 25 producing gas fields,
and likely contains many additional undiscovered oil and gas accumulations (LePain and others, in press). Most
of the Cook Inlet gas is of microbial origin and apparently was sourced from abundant coalbeds of primarily
Miocene age in the Tyonek, Beluga, and Sterling Formations (Claypool and others, 1980; Magoon, 1994). If the
biogenic gas model for Cook Inlet is applicable to the Susitna basin, then the latter may be a viable source for
Alaska Railbelt and rural energy needs.

This brief overview report summarizes the reconnaissance field data collected in the Susitna basin during the
first summer of the program. As the data are developed, this report will be followed by interpretive technical reports
addressing the stratigraphy, reservoir quality, coal quality and gas potential, hydrocarbon seal integrity, subsurface
structure, and uplift history of the basin and sub-basin margins.

GEOLOGIC SETTING

The Susitna basin is a broad lowland (~13,000 km2) bordered by the Alaska Range on the west and north
and the Talkeetna Mountains on the east. On the south, the Susitna basin is separated from the Beluga and Cook
Inlet basins by the Castle Mountain fault (fig. 1). The Susitna basin can be subdivided into two sub-basins, the
Susitna and Yentna depocenters, which occur on either side of a southwest-trending basement high that crops out
in the Yenlo Hills and consists of Cretaceous metasedimentary rocks (fig. 1). The Susitna depocenter is southeast
of the basement high, deepens toward the southwest, and contains at least 3—4 km of siliciclastic sedimentary fill
(Hackett, 1977; Ehm, 1983; Kirschner, 1988; Meyer, 2005). The Yentna depocenter (Hackett, 1977), also known
as the Peters Hills basin (Haeussler, 2008; Haeussler and others, 2008), is northwest of the basement high and is
smaller and probably not as thick as the Susitna depocenter (Meyer, 2005).

The general lack of bedrock exposures and subsurface data has resulted in poor understanding of the stratigraphy
and structure of the Susitna basin. Few exposures of Cenozoic sedimentary rocks exist in the Susitna lowlands,
and basin-controlling structures are often covered or poorly expressed. The oldest Cenozoic strata mapped at the
surface are of Miocene age (Barnes, 1966; Reed and Nelson, 1980). Only 12 exploratory wells have been drilled
in the Susitna basin, and half of these are concentrated in a small area near Houston on the extreme southeastern
margin of the basin.

'Alaska Division of Geological & Geophysical Surveys, 3354 College Road, Fairbanks, AK99709-3707
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Figure 1. Generalized geologic map (adapted from Wilson and others, 2009) showing Susitna basin relative to
upper Cook Inlet basin, western Alaska Range, Talkeetna Mountains, and major known and inferred geologic
structures. The greater Susitna basin is shaded tan (Meyer, 2005), whereas the Susitna and Yentna depocenters
are shaded off-white (adapted from Meyer, 2005). Red stars with black numbers represent measured stratigraphic
sections mentioned in text (1 = Contact Creek, 2 = Lake Creek, 3 = Lake Creek, 4 = Spruce Creek, 5 = Big
Creek, 6 = Bunco Creek); red circles with black dots represent exploration wells; and yellow and white dots
represent locations of geochronologic and thermochronologic samples collected in 2011 and 2007. Also shown
are Beluga basin and Beluga Mountain fault (Hackett, 1977), Hayes Glacier fault (Solie and Layer, 1993),
Pass Creek fault (Capps, 1913, Barnes, 1966, Reed and Nelson, 1980), and Broad Pass fault (Haeussler, 2008;
Haeussler and others, 2008). Mat. Valley = Matanuska Valley, A = Anchorage, Wa = Wasilla, H = Houston,
Wi = Willow, T = Talkeetna, P = Petersville.
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The sparse available geologic exposures and data mean that little is known about the geologic history of the
Susitna basin and its relationship to the much larger and better studied Cook Inlet basin. For example, the timing
and cause of initial subsidence in the Susitna basin are uncertain because the age of the oldest basin fill is unknown.
Trop and Ridgway (2007) suggested that the oldest strata in the Susitna basin may be Paleocene in age, whereas
Meyer and Boggess (2003) implied that the oldest basin fill may be of Oligocene age or younger. The lack of
geologic information makes it difficult to evaluate the assertions of previous authors (Merritt, 1986; Rouse and
Houseknecht, 2012) that the Susitna basin is a northern continuation of the Cook Inlet basin.

We note that the region of subsidence defining the Susitna basin partially cuts across the early Cenozoic mag-
matic arc (fig. 1). Therefore, if the Cook Inlet and Susitna basins are contemporaneous (Paleocene and younger),
then the Susitna basin did not initiate in a forearc position and required a different mechanism for subsidence

early in its history. An additional complication
is that the Susitna and Cook Inlet basins are on
opposing blocks of the Castle Mountain fault,
which is an active, regional-scale, right-lateral
strike-slip and up-to-the-north fault (Grantz,
1966; fig. 1). The slip history of the Castle
Mountain fault is incompletely understood but
may have been underway by Late Cretaceous or
Paleocene time (Grantz, 1966; Trop and others
2003), prior to the development of the Cook
Inlet and Susitna basins. Thus, a genetic rela-
tionship between the Susitna and Cook basins
has not been determined.

Figure 2. Generalized stratigraphic columns for
the Cook Inlet forearc basin and exhumed
correlative strata along strike to the north-
east in the Matanuska Valley (adapted from
Trop and others, 2003). Cenozoic strata in
the Susitna basin are thought to be geneti-
cally related to coal-bearing rocks in the
forearc basin to the south and southeast
(Merritt, 1986) despite their separation by
the Castle Mountain fault (fig. 1), a major
structural element since latest Cretaceous
and Paleocene time (Grantz, 1966, Trop
and others, 2003).
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PRELIMINARY RESULTS, PENDING ANALYSES, AND FUTURE WORK

Reconnaissance fieldwork led by DGGS in 2011 focused on resolving the uncertainties related to the timing and
mode of Susitna basin development, as well as developing a better understanding of the stratigraphic architecture
and depositional setting of the basin fill where exposed at the surface. The rare exposures of Cenozoic strata in the
Susitna basin are found around the basin periphery and along creek incisions. Our initial stratigraphic studies in
2011 (red stars in fig. 1) focused on Cenozoic outcrops along Contact Creek (fig. 3), Lake Creek (figs. 4 and 5),
Spruce Creek, Big Creek, and Bunco Creek. Outcrops at these localities were mainly composed of fluvial trough
cross-stratified sandstone, siltstone, and conglomerate. Reservoir quality and hydrocarbon seal capacity samples
were collected from measured sections at each location to determine the reservoir potential of the strata. Thirty-
two palynological and 12 detrital zircon (DZ) analyses from six measured stratigraphic sections at these sites will
help to constrain depositional ages and provide new insights into sediment provenance.

Based on interpretations of regional gravity data by Hackett (1977) and Meyer (2005), and preliminary ex-
amination of proprietary seismic data during this study, the Susitna depocenter thickens southwestward toward
an inferred fault (the Beluga Mountain fault of Hackett, 1977; fig. 1). Displacement along this inferred fault may
partly control sediment accommodation in the basin, and has been interpreted variously as either a southwest-
dipping reverse fault (Saltus, and others, 2012; Hackett, 1977) or a northeast-dipping normal fault (Kirschner,
1988). Therefore, determining its existence and structural style is critical to developing a model for subsidence of
the Susitna basin. A reconnaissance traverse up a deeply incised drainage that crosses the northeast topographic
front of Beluga Mountain through Quaternary cover and into volcaniclastic and metavolcanic rocks believed to
be Cretaceous in age did not reveal a fault contact. Additional attempts to locate probable basin-bounding faults
in this area will be undertaken during the final year of the In-State Gas Program.

Forty-five apatite fission-track (AFT) and (U-Th)/He (AHe) samples from surrounding Mesozoic and Ceno-
zoic bedrock exposures (fig. 1) are currently being analyzed to ascertain their low-temperature cooling histories.
These data will help constrain when and how quickly basin margin sediment sources were eroded and exhumed.
Analyses of eight detrital AFT samples from Cenozoic basin fill tied to measured stratigraphic sections, nine DZ
samples from Mesozoic source terranes, and six DZ and detrital AFT samples from modern river sands will help
link sediment source areas to sinks (fig. 1).

Future field studies in the Susitna basin during year three of the In-State Gas Program will continue to focus on
examining discontinuous exposures of Cenozoic stratigraphy and structures mapped along the western periphery
of the basin by Barnes (1966) and Reed and Nelson (1980). The goal will be to better understand the rapid lateral
changes in sedimentary facies parallel to the basin margin (deduced from Reed and Nelson, 1980), and the struc-
tural controls on basin subsidence. This knowledge will enable us to better predict the distribution of reservoir and
seal lithologies in the subsurface, as well as the potential for structural and stratigraphic gas traps. Additionally,
DGGS has permission to publish two proprietary seismic lines oriented orthogonally to each other that image the
deepest region of the basin. Our field geologic and stratigraphic data will be combined with interpretations regard-
ing structural controls on basin subsidence from these seismic lines and proprietary well information to ultimately
develop a stratigraphic and structural model for the Susitna basin to better assess its potential as a conventional gas
province, though we recognize the challenges of working from such a sparse and widely scattered set of outcrop
and subsurface data. We will collect a suite of coal samples for laboratory analyses to determine their potential
as primary fuel sources, and coal cleat data to better understand the capacity of the coalbeds to produce and store
methane gas.
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Figure 3. Sedimentary rocks in this outcrop along Contact Creek about 100 km southwest of Talkeetna (fig. 1,
location 1) were deposited by ancient rivers and may be similar to strata that are deeply buried nearby in the
Susitna sedimentary basin. Analysis of fossil pollen in rock samples from this outcrop show that the strata are
of Oligocene or Miocene age. A dark-colored 4-m-thick layer of coal forms a prominent vertical cliff adjacent
to the creek. Above the coal is a gray-colored layer of claystone about 3 m thick, which in turn is overlain by
an orange- and tan-colored sequence of conglomerate and sandstone about 12 m thick. Similar horizons of
sandstone and conglomerate may serve as reservoir rocks for natural gas derived from coal source rocks in
the Susitna basin. Photo by Rick Stanley (USGS), 2011.
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Figure 4. Geologist Dave LePain (DGGS) collecting a sandstone sample to be to be analyzed for its oil and gas
reservoir potential. This outcrop is about 48 km southwest of Talkeetna along Lake Creek (fig. 1, location 3).
The sandstone was deposited by an ancient river, and analysis of fossil pollen from this locality indicates these
strata are of Oligocene or Miocene age. Similar beds of sandstone at depth in the Susitna basin may serve as
reservoir rocks for natural gas. Photo by Rick Stanley (USGS), 2011.

SUMMARY

The collaborative reconnaissance field studies in the Susitna basin by DGGS, DOG, and USGS described
in this report provide new outcrop-based stratigraphic data of Cenozoic basin-fill deposits within and along the
margin of the Susitna basin. Analyses of bedrock and basin-fill samples are in progress and expected to provide
information useful for assessing reservoir and hydrocarbon seal quality, sediment provenance, and source terrane
cooling histories. Our new data will be combined with existing seismic data and used to better understand the
basin formation history and stratigraphy of the Susitna basin. These data will be made available to the public in
a series of subsequent interpretive reports and raw data files focused on disseminating new geologic data related
to the basin’s hydrocarbon potential.
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Figure 5. Geologist Dave LePain (DGGS) examining an outcrop of conglomerate along Lake Creek about 50 km
southwest of Talkeetna (fig. 1, location 2). Analysis of fossil pollen from this outcrop suggests that the conglom-
erate is of Oligocene or younger age. Pebbles, cobbles, and boulders up to 1 m in diameter in the conglomerate
are consistent with deposition on an ancient alluvial fan and include abundant clasts of granitic and volcanic
rocks as well as black argillite. The uncommonly large clast sizes and locally pervasively fractured subvertical
beds at this location may suggest deposition near a contemporaneously growing structure. Similar conglom-
eratic horizons and age-equivalent sandstones nearby in the Susitna basin subsurface may be reservoirs for
accumulations of natural gas. Photo by Rick Stanley (USGS), 2011.
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