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EXECUTIVE SUMMARY

The Alaska Division of Geological & Geophysical Surveys (DGGS) and Division of Oil &
Gas (DOG) propose an integrated program of research in Cook Inlet basin for 2010. The research
is focused on the potential for stratigraphic traps and gas production from tight reservoirs in
Tertiary strata in the upper Cook Inlet sub-basin and the reservoir potential of Mesozoic strata
throughout the basin. Seven topical projects are outlined, including: (1) reconstruction of
Tertiary depositional systems in the Homer—Kachemak Bay area and in the Capps Glacier—
Beluga Lake area; (2) investigation of depositional controls on sandstone reservoir quality;

(3) evaluation of temporal and spatial variations in sandstone composition across the basin and
compositional controls on diagenetic history and reservoir quality; (4) reconstruction of the
subsidence and uplift history of upper Cook Inlet basin; (5) construction of a Mesozoic subcrop
map for upper Cook Inlet basin; (6) evaluation of the role of trans-current faulting along the
western and northern margins of Cook Inlet; and (7) conducting of a scoping study to address
whether fluid inclusions are present in the zeolite minerals laumontite and heulandite.

The following section is a brief summary of key findings from the 2008 and 2009 field
seasons and a description of the proposed topical projects listed above for 2010-11 (FY11). The
cost of this program for 2010 (state FY11) is $303,076. We hope that your organization will
support our program at the requested level of $40,000, and we welcome your input into the
planning of the program. If your support cannot be at the $40,000 level, we will accept
participation at a reduced level.

If funding is insufficient for the full program as proposed, we will scale back our plans and
concentrate on fewer objectives. If sufficient funding is received we will consider running a day-
long tour following field work in July—August 2011, highlighting stratigraphic relations along
the northwestern side of the basin in the Capps Glacier-Beluga River area. The decision to offer
the proposed tour will be made by the end of May 2011 to allow sufficient time for travel

arrangements.



INTRODUCTION

Rising commodity prices for oil and gas have contributed to increased interest in Cook Inlet
basin. As a result of the discovery of oil in the giant Prudhoe Bay field, exploration activity in
the basin declined precipitously in the late 1960s—early 1970s as the focus shifted to northern
Alaska. Oil production continued from existing fields, and exploration for new oil fields
continued at a much-diminished pace. Most gas fields in the basin were discovered accidentally
during this early exploration cycle and the lack of a market for Cook Inlet gas effectively
discouraged exploration specifically for this commodity. Markets were created through local use
of gas for power generation, home heating, and fertilizer manufacture, and an export market was
created through construction of an LNG plant. Current estimates by Federal agencies suggest the
basin may hold between 30 and 3,480 bcf of gas and 60 and 2,850 million bbls of oil
(http://energy.usgs.gov/alaska/; http://www.mms.gov/alaska/re/reports/2006 Asmt/).

Much of this remaining resource is likely reservoired in stratigraphic traps and tight formations
(low porosity and permeability). A recent study by the Alaska Division of Oil & Gas involving
decline curve analysis concluded that 863 bcf of proven gas reserves remain to be produced in
existing gas fields assuming sufficient investment to maintain existing wells, and an additional
279 bcf of probable reserves are recoverable by increasing investment in existing fields (Hartz
and others, 2009). Hartz and others (2009) also concluded that 996 bcf of additional reserves
may be present that are probably not in communication with existing well bores. Accessing these
reserves will include greater risk and require significant additional investment.

Minor effort has been directed toward searching for oil or gas in stratigraphic traps in
Tertiary nonmarine reservoirs in the basin. In a nonmarine basin like the Tertiary of Cook Inlet,
stratigraphic traps should be common (figs. 1 and 2 at end of document). Lateral discontinuity of
channel sand bodies, channel belts, crevasse splay sand bodies, and alluvial fan sand bodies, and
their encasement in fine-grained overbank lithologies capable of serving as reservoir seals, are
well documented in the literature from basins around the world. Lateral discontinuity and
lithologic heterogeneity are inherent in most alluvial depositional systems—the rule rather than
the exception.

Two questions arise when considering the exploration history of Cook Inlet basin.

e Why have stratigraphic traps not been pursued and documented?


http://energy.usgs.gov/alaska/
http://www.mms.gov/alaska/re/reports/2006Asmt/

e Why has gas production from tight formations not been pursued?

The answers to both questions include the fact that structural traps involving porous and
permeable reservoirs were relatively easy to find and produce—they represented the “low-
hanging fruit” that was picked early in the basin’s commercial history. Stratigraphic traps are far
more subtle and difficult to recognize on exploration seismic data, and gas production from tight
reservoirs is particularly challenging from a geological and engineering perspective. The search
for stratigraphic traps and effectively producing gas from tight formations both require detailed
knowledge of depositional systems in space and through time, knowledge of which depositional
settings are more prone to low porosity and permeability sands at the time of deposition, and
compositional and textural parameters influencing reservoir quality in the subsurface
environment.

Other important questions should be considered when exploring for stratigraphic traps and
trying to produce from tight formations, including:

e Does the depositional architecture of stratigraphic traps in Cook Inlet skew them toward
low-volume reservoirs?

e What depositional systems present in the Cook Inlet Tertiary section are most likely to
include stratigraphic traps and in which facies associations? and Can we recognize these
depositional systems on available wireline logs and two-dimensional seismic data and, if
we can, how?

e What depositional systems and facies associations are prone toward low porosity and
permeability at the time of deposition, and are these associations more prone to porosity
and permeability destruction through compaction and diagenetic modifications?

e What clay minerals are present in fluvial sand bodies, what are their origins, and how do
they affect reservoir performance?

Exploration specifically targeting Mesozoic reservoirs has been limited to a few wells in the
Outer Continental Shelf (OCS) area south of Kalgin Island (figs. 1 and 2 at end of document),
yet all oil produced from Tertiary strata in upper Cook Inlet was derived from marine source
rocks of Middle Jurassic age. In addition to mature source rocks, the Mesozoic succession is
endowed with many thick marine and marginal-marine sand bodies that, at the time of
deposition, possessed textures characteristic of good reservoirs. Despite favorable depositional
textures, limited well penetrations of Mesozoic rocks throughout the basin present a mixed



picture. Penetrations of pre-Cretaceous strata encountered rocks with low porosity and
permeability—the result of pervasive diagenetic modifications, whereas wells penetrating
Cretaceous strata encountered rocks with significant preserved porosity and permeability.
These findings raise several questions regarding the prospectivity of Mesozoic rocks:
e Why are pre-Cretaceous Mesozoic sandstones with good reservoir potential so scarce?
e Are there areas, or stratigraphic intervals, in the basin where pre-Cretaceous Mesozoic
sandstones have escaped extensive diagenetic modification and porosity destruction, or
where diagenetic processes have resulted in creation of significant effective secondary
porosity?
e Why does the reservoir potential of some Cretaceous units appear better than in Jurassic
sandstones?
e What depositional systems are recorded in Cretaceous strata and what reservoir
geometries can be expected?
These and other related questions will be addressed in the DNR Cook Inlet basin analysis
program. This program is designed to provide relevant geologic data in the public domain to

catalyze hydrocarbon exploration in the basin.

SUMMARY OF 2008 and 2009 FIELD SEASONS

Field studies were conducted by DGGS and DOG during the 2008 and 2009 seasons on the
Kenai Lowland between Homer and Clam Gulch (fig. 3a at end of document), in the Capps
Glacier—Beluga River region in the Tyonek Quadrangle (fig. 3b at end of document), and in the
Iniskin Peninsula—Tuxedni Bay region in lower Cook Inlet (figs. 1 and 2 at end of document). A

brief summary of this work is presented below.

Homer—Clam Gulch Region

Work on the Kenai Lowland was a continuation of work done in 2006 and 2007 and included
measurement of eight short stratigraphic sections in the Beluga Formation northwest of Bishop’s
Beach (Homer) and in the Sterling Formation at Clam Guich (fig. 3a at end of document). This

work continues our focus of trying to better understand fluvial styles responsible for depositing



sand bodies included in these formations, their three-dimensional geometries, and compositional
parameters contributing to reservoir quality.

Of particular note is a sand body in the upper Beluga Formation that is exposed near beach
level approximately 2 km west—northwest of the entrance to Bishop’s Beach. Owing to an
abundance of fine-grained material (clay, silt, and argillaceous rock fragments) the weathering
characteristics of Beluga sands tends to obscure internal sedimentary features. Weather
conditions immediately prior to our visit in May 2008 left the outcrop face clean and free of the
slope wash. The net result was that sedimentary structures and soft sediment deformation
features were clearly visible throughout the vertical and lateral extent of the outcrop. A key
relationship that we were able to document was a lateral change from relatively undeformed
trough-cross-stratified sandstone to deformed trough—cross-stratified sandstone. This type of
lateral change has been observed in many outcrops of the Sterling Formation, but is less
commonly seen in the Beluga Formation.

Of greater potential significance is the observation that these deformed cross beds were
abruptly truncated by irregular vertical surfaces that bound irregularly shaped masses of
structureless sandstone. Locally these surfaces are discontinuously covered with a thin veneer of
clay and/or finely divided organic particles. These surfaces and the massive sandstone they
bound are interpreted as sediment-filled fluid escape pipes. The structureless sandstone
represents sand that was liquefied and transported upward through pipes to the paleo sediment—
water interface. The internally massive appearance suggests sand was transported in a fluidized
state and came to rest in the pipes in a process that involved abrupt “freezing.” Soft sediment
deformation is common in some fluvial deposits and is likely the result of normal processes
operating in the fluvial realm (such as frictional coupling at the sediment-water interface and
subsequent deformation of rapidly deposited, loosely packed sand grains). Liquefaction features
are less commonly observed elements in fluvial deposits. The association of convoluted bedding
and liquefaction features suggests a common origin. We hypothesize that these features are the
result of cyclic loading from large earthquakes. Additional work is required to test this
hypothesis.

Convolute bedding is ubiquitous in the Sterling Formation at Clam Gulch. Possible
liquefaction features were observed in 2008, but are not as well developed (or exposed) as the
example described above in the Beluga Formation. Of note in the Clam Gulch exposures is the



presence of vertical to high-angle clay-filled dikes that cut through some thick tabular sand
bodies. Dikes are a few millimeters to 2 cm thick and appear to end abruptly at the contact
between bounding overbank mudstone packages. The origin of these dikes is unclear, but is
probably related to tectonic deformation of the Tertiary section, such as development of nearby
folds and associated faults. At a minimum, these dikes represent baffles to fluid flow in a

reservoir setting.

Capps Glacier—-Beluga River Region

Stratigraphic Studies

DGGS/DOG field studies to date in the Capps Glacier area have improved understanding of
depositional processes near the present-day western basin margin. Inch-to-the-mile (1:63,360-
scale) geologic mapping and detailed stratigraphic work have resulted in recognition of three
previously undocumented mappable units in the West Foreland Formation. The lower unit
consists of 300 to 450 m of clast-supported pebble—cobble—boulder conglomerate and minor
coarse-grained lenticular sandstones that rest unconformably on Mesozoic, highly deformed,
altered mafic volcanic rock (lava flows) and associated volcaniclastic rocks (unit KJu on
Magoon and others, 1976). Clasts consist of dominantly mafic volcanic rocks similar in
megascopic appearance to lithologies present in the underlying Mesozoic volcanic unit. Clasts of
granitoids are less abundant but represent a conspicuous population. This unit is interpreted as
the product of deposition on wet (streamflow-dominated?) alluvial fans that developed on the
downthrown side of the basin-bounding Capps Glacier fault zone. Sediment comprising these
fans was derived from the underlying Mesozoic mafic volcanic unit and Late Cretaceous—early
Paleocene arc-related plutons on the upthrown side of the Capps Glacier fault zone. Motion on
the Capps Glacier fault and associated northeast-trending structures in the area was likely
syndepositional with the lower unit.

The middle unit gradationally overlies the lower unit and is a conspicuous volcanogenic
package that includes interbedded brown and red-brown-weathering, clast-supported pebble—
cobble conglomerate, dark brown weathering poorly sorted coarse-grained sandstone to granule
conglomerate, and light yellow, white, and green-weathering tuffaceous deposits. The total
thickness of this unit is poorly constrained but probably varies from 0 to 200 m. The latter

consists of altered lapilli-size pumice fragments set in a matrix of altered volcanic ash and minor



dark gray and black lithic fragments. Pebble and cobble conglomerates are interpreted as the
record of high-gradient fluvial deposition, probably in low-sinuosity braided streams. The
brown-weathering sandstone and granule conglomerate is very poorly sorted and includes both
massive beds up to 4 m thick and thick horizontal laminae (1-2 cm) to thin horizontal beds with
outsized clasts up to 30 cm in apparent diameter. Cross-bedded sandstone is present locally.
Laminae and beds locally include thin, discontinuous pumice trains (one pumice fragment thick).
These textural characteristics suggest deposition from hyperconcentrated flood flows (for
example, Smith, 1986) possibly associated with lahar events related to a nearby active volcanic
center. The origin of the tuffaceous material is less clear. These deposits either represent primary
or reworked pyroclastic flow deposits. Cross-bedded sandstones record traction transported and
bedform migration as stream flows reworked previously deposited material. Clearly, deposition
of the middle unit was significantly influenced by contemporaneous explosive volcanism, which
supplied abundant lapilli- and ash-sized material to depositional systems. It is unclear if the
middle unit represents deposition associated with alluvial fans or braided fluvial systems.

The upper unit gradationally overlies the middle unit and appears similar in weathering
characteristics and gross lithology, with the exception that conglomerates are finer grained
(granule and pebble) and less abundant than in the middle unit, and that the dark brown coarse-
grained sandstones commonly include massive, horizontally bedded, and cross-bedded facies.
Tuffaceous deposits appear similar to those in the middle unit. The thickness of the upper unit is
estimated to be greater than 200 m. Finer-grained conglomerates and traction-generated
structures in sandstones suggest deposition in alluvial-fluvial settings with lower gradients than
recorded in the lower and middle units, but deposition in settings significantly influenced by
contemporaneous volcanism and resulting in high sediment supply.

Many tuffaceous beds in the middle and upper units have been sampled for U/Pb dating
of zircon grains and all have yielded dates in the 45 to 41 Ma range (middle Eocene). These
dates are in general agreement with micropaleontologic data (pollen), which also indicate an
Eocene age.

The West Foreland Formation described above differs from the subsurface type section
described by Calderwood and Fackler (1972) in the abundance of coarse-grained detritus in the
former. These authors described abundant volcanic material, which is consistent with our

observations in the Capps Glacier area. The greater volume of coarse-grained sediment is likely



the result of deposition in a basin margin proximal position, with the lower unit likely recording
deposition at the basin margin.

Geologic Mapping and Structural Studies

More than 400 square miles of 1:63,360-scale geologic mapping of an area north of the Lake
Clark fault was completed during the 2009 field season. This work includes detailed mapping of
surficial geology, a poorly understood Quaternary—Tertiary volcanic unit south of Capps Glacier,
detailed mapping of the West Foreland Formation in the Capps Glacier area, and mapping of
possible Hemlock Conglomerate in the headwaters of Chuit and Wolverine creeks. Possible
Hemlock strata was included in the West Foreland Formation on the compilation map by
Magoon and others (1976). Our work clearly demonstrates that the composition of these rocks is
intermediate between the West Foreland in the Capps Glacier area and Tyonek Formation
exposed along the Chuitna and Beluga rivers, but more closely resembles the latter. Additional
work is needed to confirm the Hemlock assignment—it is possible that this unit represents a
conglomeratic package in the lowermost Tyonek Formation. More than 400 square miles south
of the Lake Clark fault will be mapped in detail during the 2010 field season.

Structural work is focused on developing a better understanding of the Capps Glacier fault
and related structures deforming Tertiary-age basin fill deposits immediately southeast of the
fault. Observations and structural data gathered to date suggest that the Capps Glacier fault is a
significant steeply-northwest-dipping transtensional structure that may have accommodated
several kilometers of dextral motion. The fault truncates gently to moderately deformed proximal
strata of the West Foreland Formation (described above). Southeast-striking transtensional faults
in the Tertiary deposits truncate fold limbs at an oblique angle to their axes, implying extensional
faulting was concurrent with, or more likely postdated, transtensional motion on the Capps
Glacier fault and folding. Near Capps Glacier, conglomeratic Tertiary strata unconformably
overlie a highly deformed and altered Cretaceous greenstone unit that is cut by the Capps Glacier
fault (unit KJu of Magoon and others, 1976).

Iniskin Peninsula—Tuxedni Bay Area
Key exposures of the Middle and Upper Jurassic sedimentary rocks are located along the
coast from Tuxedni Bay and extending southward to Katmai National Monument. Due to snow



cover, only a small portion of the lower half of the type section of the Red Glacier Formation at
Red Glacier in Lake Clark National Park and Preserve was examined and sampled for Rock-Eval
analysis. In addition, the type section for the Tuxedni Group on the south shore of Tuxedni Bay
was examined for facies and sandstone compositions. The former formation is thought to have
sourced most of the oil in upper Cook Inlet fields. The part of the Red Glacier Formation
examined consists of dark brown to black, sooty, clayey siltstone and silty claystone with locally
abundant ovoid-shaped calcareous concretions. Shelly macrofossils are rare—a single belemnite
was found in more than 12 m of section. No visible trace fossils were noted. This facies is
interpreted to record deposition in a low-energy marine setting characterized by low dissolved
oxygen concentrations in the water column and below the sediment—water interface. Water
depths are poorly constrained, but deposition likely occurred well below storm wave base. Rock-
Eval results demonstrate the sampled intervals are overmature and represent spent source rocks.

The upper part of the Red Glacier Formation and overlying formations in the Tuxedni Group
are discontinuously exposed at Tuxedni Bay. Several short measured sections were obtained to
document facies and their stacking patterns to better understand the depositional settings and
provide some constraints on sand body geometries and reservoir quality. Our work indicates that
much of the Tuxedni Group at this location consists of stacked coarsening- and shallowing-
upward successions, with each many tens of meters thick. Each successively higher succession is
capped by progressively shallower water facies and the uppermost exposures consist of stacked,
coarse-grained delta front and richly fossiliferous proximal prodeltaic deposits. Sandstones are
composed almost exclusively of volcanogenic grains derived from the underlying Talkeetna
Formation, but minor granitoid clasts begin to appear roughly in the middle of the Cynthia Falls
Formation (Detterman and Hartsock, 1966; LePain, unpublished field notes).

Coastal exposures of the Naknek Formation were also examined below the mean high tide
mark on the Iniskin Peninsula. We measured detailed sections of parts of the Naknek Formation
in the Oil Bay and Iniskin Bay areas, specifically the Chisik Conglomerate and Lower Sandstone
members. This work highlighted problems with existing regional mapping (Detterman and
Hartsock, 1966), specifically the incorrect distribution of the coarse-grained Chisik member in
the Oil Bay area. Our work demonstrates that this proximal facies is confined to Iniskin Bay
exposures where it is dominated by approximately 100 m of poorly organized pebble, cobble and
boulder conglomerate, interpreted as fan delta deposits. In sharp contrast, this conglomeratic
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package is not present in the age-equivalent rocks of the Lower Sandstone member in Oil Bay,
but are instead replaced by a bioturbated, storm-influenced shelfal assemblage that is more than
230 m thick. The thickening and marked fining from west to east likely reflects the facing
direction of this part of the basin margin and strongly suggests deposition was driven by activity
on the nearby Bruin Bay Fault. Clast composition and detrital zircon ages indicate the hanging
wall was composed of the Talkeetna Arc. Similar observations from the Pomeroy member
(locally youngest member of Naknek) indicate a similar pattern of deposition persisted into the
latest Jurassic.

Preliminary results from our reconnaissance work during August 2007 through 2009 field
seasons will be released as a DGGS digital Preliminary Interpretive Report in Winter/Spring
2011,

PROPOSED 2010 RESEARCH AND PRODUCTS

We propose an integrated program of field and subsurface studies designed to address
questions raised in the introduction to this proposal. The topical projects outlined below are
ongoing projects we are actively pursuing. Each project description begins with a specific
question the research addresses and is followed by the methodology the basin analysis team

intends to use in pursuing answers.

1. Do depositional systems in Tertiary strata in upper Cook Inlet vary in a predictable way
with position in the forearc basin or relative to the basin margins? We hypothesize that
depositional systems characterized by steep alluvial gradients and relatively coarse and
immature textures characterize depositional systems near the basin margins, and lower
gradient systems characterize the basin interior. To test this hypothesis we plan to carry
out detailed facies analyses along the eastern and western basin margins and near the
basin interior using all available outcrop and core, wireline log, and seismic data to
reconstruct depositional systems basin wide. An important part of this project is to
evaluate sand body geometries and, where possible, to quantify apparent sand body
dimensions in outcrop. An extensive suite of samples tied to facies through measured
stratigraphic sections will be collected for reservoir quality (P&P, thin sections, XRD,
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and SEM), seal integrity (MICP), age control (palynology and geochronology),
chemostratigraphy, and U-Pb dating of detrital zircons.

How does depositional environment affect sandstone reservoir quality? It is well
established in many depositional systems in other basins around the world that original
depositional texture (grain size, sorting, roundness, stratification, etc.) strongly influences
the ultimate reservoir quality of many sandstones. Point-count and P&P data from
samples tied to measured stratigraphic sections and core logs will be integrated with
facies data to examine reservoir quality parameters and the influence of depositional

Processes on reservoir parameters.

Are there temporal and spatial variations in sandstone composition across the basin, and
how do they affect diagenetic history and, ultimately, the reservoir quality of the
sandstones? We hypothesize that there are temporal and spatial variations in sandstone
composition within the basin and that these variations influence the diagenetic history of
the sandstones. Previous work by industry geologists suggests that Tertiary sands derived
from the accretionary prism contain elevated percentages of sedimentary rock fragments,
that sediments derived from the volcanic arc are enriched in plutonic rock fragments and
associated grains (Hayes and others, 1976), and that sands toward the basin axis have
mixed provenance due to contributions from both sides of the basin. It is well established
that the framework composition of sandstones can dictate the style and extent of
diagenetic modification. For example, quartz arenites are commonly cemented by quartz
overgrowths on detrital grains, plagioclase-rich arkoses are susceptible to laumontite
replacement and cementation, and volcanogenic sandstones are readily cemented by
chlorite, chlorite—smectite, and heulandite. To test this hypothesis we will obtain point-
count data from a suite of sandstones from outcrops near the western and eastern basin
margins and from wells located away from the basin margins. This suite of thin sections
will then be studied to develop a paragenetic sequence of diagenetic events. Samples for
detrital zircon dating will be collected from suitable outcrop around the basin margins.
Detrital zircon dates may be instrumental in differentiating relative contributions from
different source terranes. A limited number of samples may be collected from the
subsurface if sufficient extra material can be located that will not destroy the only record
of a core.
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Pending the outcome of a pilot project started in 2007 designed to test the applicability of
chemostratigraphic techniques in differentiating lithostratigraphic units, we may collect a
limited number of outcrop and subsurface samples for chemostratigraphic analysis.
Chemostratigraphy presents a promising tool for use in subsurface correlation and

provenance studies.

How does subsidence history in upper Cook Inlet basin vary in space and time, and what
mechanism(s) controlled these variations? Our approach to answering these questions
will incorporate traditional wireline-log-based methods and licensed two-dimensional
seismic data. Estimates of Tertiary uplift and erosion can be obtained from shale
compaction curves derived from sonic and SP wireline logs. These curves are sonic
transit time—depth (DT—depth) plots constructed specifically for clay-rich lithologies as
determined from the SP log. Vertical offset (depth axis) between any two trend lines
indicates the relative difference in uplift the two wells have experienced. If a well with
little or no Tertiary uplift can be identified and used for comparison, estimates of absolute
uplift can be determined. Otherwise, uplift estimates represent minimum values. If uplift
estimates can be obtained from a sufficient number of wells, a regional map of Tertiary
uplift can be produced. DNR is in the process of purchasing a license to use a palynology
database for Cook Inlet. These data will be used in conjunction with licensed seismic data
to map selected surfaces throughout the basin and, ultimately, to construct isopach maps
of selected stratigraphic units/intervals. The resulting maps will provide information on
subsidence and uplift in space and time and, in combination with wireline-log-based
analyses, will provide insights to basin evolution through time and its influence on source
rock maturation and migration and timing of diagenetic processes affecting reservoir
quality. The base Tertiary unconformity surface map and Mesozoic subcrop map

(described below) will be utilized in this project.

. What Mesozoic stratigraphic units subcrop the basal Tertiary unconformity surface in
upper Cook Inlet basin? Constructing a Mesozoic subcrop map will provide a picture of
source and reservoir rock juxtapositions across this unconformity. This map will also
help in understanding the basin paleogeographic and structural configuration at the start
of Tertiary deposition. This project involves creation of a subsurface geologic map using
a structure contour map of the basal Tertiary unconformity as the base map. The first part
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of this project is to produce a depth map of the base Tertiary unconformity throughout the
upper Cook Inlet basin. We will incorporate all available public well and outcrop data, as
well as licensed 2D marine seismic data. Well synthetics and public velocity information
will be used to establish seismic horizons and to convert time to depth. Where seismic
data are not available, public formation tops and structural information for fields obtained
from public records at the Alaska Oil & Gas Conservation Commission (AOGCC) will
be used to estimate the shape of the basal Tertiary unconformity. The base Tertiary

unconformity map is complete and an accompanying report is in final review at DGGS.

The second part of this project is to map Mesozoic units that subcrop the basal Tertiary
unconformity. Wireline log formation tops interpreted by DNR and other public sources
(Petroleum Institute, Alaska Geological Society, U.S. Geological Survey) will be
compiled with tops interpreted from seismic data by DNR and with AMSTRAT
lithologic log tops. This detailed process will provide quality control of Cook Inlet top
picks from the extensive AOGCC public well database. In addition, a purchased
palynology study will be incorporated as the license permits. Faults mapped at the surface
will be extended to depth and included on the subcrop map only where other evidence
supports such an interpretation. The attitudes of Mesozoic formations subcropping the
unconformity will be inferred from seismic data where possible and, along with any
public dipmeter data, incorporated into the subcrop trends. The map will eventually
integrate new DNR interpretations of existing core at the Alaska Geologic Materials

Center. This map is in preparation and we anticipate release in 2011.

. What role have major transcurrent faults along the western and northern margins of the
Cook Inlet basin played in sediment source area exhumation during Tertiary time? We
hypothesize that up to several kilometers of throw along the Castle Mountain, Lake
Clark, Bruin Bay, and perhaps the Capps Glacier faults has resulted in substantial
denudation of upthrown blocks, and that motion has been partitioned between individual
faults over time. To test this hypothesis, we are integrating new geologic mapping of
regional structures in the Tyonek area with new thermochronologic analyses of samples
collected across major faults to compare cooling histories of upthrown and downthrown
fault blocks. Thermochronometry records the amount of time that’s passed since a sample

cooled below a known temperature (closure temperature) and is a proven method for
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assessing tectonic controls on exhumation in a wide range of temperatures. When a suite
of samples is collected and their cooling histories interpreted within the framework of the
regional structural geology, a regional kinematic model of fault-controlled source area
exhumation is achievable. We have mapped more than 400 square miles north of the
Lake Clark fault in 2009 and will map a comparably sized area south of the fault during
the 2010 season (all at 1:63,360 scale). This mapping is centered on Tertiary outcrops
along the Beluga and Chuitna rivers in the Tyonek Quadrangle. We are in the process of
analyzing samples from upthrown and downthrown blocks of mapped faults using apatite
fission-track analysis and selected “°Ar/**Ar and (U-Th)/He thermochronologic
techniques to assess tectonic controls on exhumation in this region. This area
encompasses surface exposures and/or subsurface projections of the Castle Mountain,
Lake Clark, and Bruin Bay faults. Our mapping covers the area with the largest and best
exposures of Tertiary basin-fill deposits along the entire northwestern Cook Inlet margin,
with a clear relationship to the Capps Glacier fault, which our work to date suggests is a
major structural element of possible regional significance. The structural style readily
observed in these strata should provide an analog for Tertiary deposits deformed by the
Castle Mountain, Lake Clark, and Bruin Bay faults that are poorly exposed in drainages
to the southeast. New mapping and thermochronologic results will be integrated with
results of our ongoing and proposed stratigraphic and provenance studies in this area to
produce a kinematic model of Tertiary-age exhumation along the northwestern margin of
the Cook Inlet basin.

. Are fluid inclusions present in laumontite? Addressing this question represents a modest
start toward addressing the petroleum potential of Mesozoic strata in Cook Inlet. The
ultimate question to be addressed here is, ‘Does the generation of laumontite in the
Mesozoic section precede hydrocarbon generation and migration, thereby condemning
prospectivity?” Work in several circum-Pacific basins shows that laumontite
(CaAl,Si,012:4H,0) is present as a direct replacement of plagioclase and a pervasive
cement that typically occludes all residual porosity. Previous examinations of outcrop and
subsurface samples from OCS wells in lower Cook Inlet by industry geologists show
laumontite is regionally extensive in the Mesozoic section, particularly the Pomeroy
Arkose Member of the Naknek Formation, where it is assumed to be economic basement.
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The timing of laumontite genesis relative to hydrocarbon migration is critical to
evaluating the petroleum potential of the basin. If regional cementation postdates
hydrocarbon migration, the potential exists for reservoirs in Mesozoic strata. It may be
possible to estimate the temperature of laumontite formation through fluid inclusion
analysis. The temperature of formation can then be related to the thermal history of the
basin to estimate the time of cementation. Thermal history can also be used to estimate
the timing of hydrocarbon migration. This work depends on the presence of fluid
inclusions in laumontite, the assumption of no fluid leakage from them, and the ability to
differentiate primary and secondary inclusions. No literature exists on fluid inclusions in
zeolite minerals. This scoping study will involve examination of an existing suite of
sandstone thin sections from Cook Inlet basin, the Yukon-Koyukuk flysch belt, the San
Joaquin basin, and Santa Ynez basin to answer two fundamental questions: ‘Are fluid
inclusions present and, if present, can primary and secondary inclusions be
differentiated?’

A preliminary interpretive report, or series of reports, summarizing our outcrop observations
and associated data from the 2008, 2009, and 2010 field seasons, will be released in late winter—
early spring 2011. As research results from other projects in this program become available, they
will be published as more formal DGGS digital reports. The following publications have already
been released. Those shown in red are available from DGGS’s website (publication links

available at end of each citation).
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Finzel, E.S., Gillis, R.J., Ridgway, K.D., and LePain, D.L., 2009, Preliminary evaluation of basin
margin exhumation and provenance of Cenozoic strata, Chuitna and Beluga rivers area, Cook
Inlet forearc basin, Alaska: Alaska Division of Geological & Geophysical Surveys
Preliminary Interpretive Report 2009-4, 16 p.,
http://dggs.alaska.gov/pubs/pubs?reqtype=citation&ID=19641

Gillis, R.J., LePain, D.L., Ridgway, K.D., and Finzel, E.S., 2009, A reconnaissance view of an
unnamed fault near Capps Glacier, northwestern Cook Inlet basin, and its potential as a
regional-scale, basin-controlling structure: Alaska Division of Geological & Geophysical

Surveys Preliminary Interpretive Report 2009-3, 9 p.,
http://dggs.alaska.gov/pubs/pubs?reqtype=citation&ID=19503

LePain, D.L. editor, 2009, Preliminary results of recent geologic investigations in the Homer-
Kachemak Bay area, Cook Inlet Basin: Progress during the 2006-2007 field seasons: includes
four separately authored chapters: Alaska Division of Geological & Geophysical Surveys
Preliminary Interpretive Report 2009-8,
http://dggs.alaska.gov/pubs/pubs?regtype=citation&ID=20161

Loveland, Andrea, 2009, Mercury injection capillary pressure results from outcrop samples in
the Homer area of Cook Inlet, in LePain, D.L., Preliminary results of recent geologic
investigations in the Homer-Kachemak Bay area, Cook Inlet Basin: Progress during the
2006-2007 field season: Alaska Division of Geological & Geophysical Surveys Preliminary

Interpretive Report 2009-8D, p. 117-187,
http://dggs.alaska.gov/pubs/pubs?reqtype=citation&ID=20161

Loveland, A.M., 2010, Results of mercury-injection capillary pressure tests on outrcrop samples
in the Tyonek area of Cook Inlet: Alaska Division of Geological & Geophysical Surveys
Raw Data File 2010-1, 102 p., http://dggs.alaska.gov/pubs/pubs?regtype=citation&ID=20481

Reger, R.D., 2009, Reinterpretation of the Kaloa deposits near Granite Point, northwestern Cook
Inlet, Alaska: Alaska Division of Geological & Geophysical Surveys Preliminary Interpretive
Report 2009-2, 8 p., http://dggs.alaska.gov/pubs/pubs?regtype=citation&ID=18241

Gillis, R.J., LePain, D.L., Reifenstuhl, R.R., and Decker, P.L., in press, Implications for timing
and continuity of sediment source-rock exhumation along the upper Alaska Peninsula—Cook
Inlet forearc basin corridor, Alaska, from apatite and zircon fission-track thermochronology:
American Association of Petroleum Geologists Annual Convention, Denver, CO.

LePain, D.L., Wartes, M.A., Stanley, R.G., McCarthy, P.J., Silliphant, L.J., Helmold, K.P.,
Shellenbaum, D.P., Peterson, S., Mongrain, J.R., Gillis, R.J., and Decker, P.L., 2009, Tertiary
depositional systems in upper Cook Inlet, Alaska; Influence of fluvial style on reservoir
geometries and stratigraphic trap potential: American Association of Petroleum Geologists
Annual Convention, San Antonio, TX.

Peterson, C. Shaun, Helmold, Kenneth P., Shellenbaum, Diane P., and LePain, David L., 2009,
Estimating relative intrabasinal Tertiary erosion using geophysical logs in upper Cook Inlet
basin, Alaska: American Association of Petroleum Geologist Annual Convention, Denver,
CoO.
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FIELD LOGISTICS, BUDGET, STAFF

Tyonek—Capps Glacier

DGGS will have a field party working in the Capps Glacier-Beluga River area from July 17
through August 22, 2010 (figs. 1 and 3b at end of document). The network of roads in this area is
limited and helicopter support will be needed for this work. Field accommodations will be

provided by a commercial camp near the Beluga airstrip.

Project Budget
A detailed budget for the proposed work is included as Table 1 (at end of document). The
project, as proposed, will cost $303,076.

Project Staff
This program is managed by DGGS with research carried out by geoscientists at DGGS,
DOG, the University of Alaska Fairbanks, and Purdue University. Each geoscientist listed below

is expected to contribute to, or lead, some aspect of the research covered in this proposal.

David LePain (DGGS)—Clastic sedimentology, sequence stratigraphy, and basin analysis

Marwan Wartes (DGGS)—Clastic sedimentology and basin analysis

Robert Gillis (DGGS)—Structural geology and thermochronology

Trystan Herriott (DGGS)—Bedrock geologic mapping and volcanic processes

David Mauel (DGGS)—Bedrock geologic mapping and clastic sedimentology

Robert Swenson (DGGS)—~Program advisor

Jacob Mongrain (UAF and DGGS) —Nonmarine clastic sedimentology and paleosols

Diane Shellenbaum (DOG)—Seismic data acquisition and licensing, seismic interpretation,
and time—depth conversion

Laura Gregerson (DOG)—Wireline-log analysis, subsurface correlations, and petroleum
geology

Ken Helmold (DOG)—Reservoir quality and basin modeling

Shaun Peterson (DOG)—Wireline-log analysis, subsurface correlations, and basin modeling

Meg Kremer (DOG)—Program advisor
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Emily Finzel (Purdue)—Clastic sedimentology and tectonics
Ken Ridgway (Purdue)—Sedimentology and tectonics

In addition, we anticipate informal collaboration with Dr. Richard Stanley (USGS, Menlo Park,
CA).
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Fig. 1 - Landsat image showing oil and gas wells, selected 2006 and 2007 field locations, Homer-Kachemak Bay
area and Capps Glacier-Beluga River area.
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