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ALASKA DIVISION OF GEOLOGICAL & GEOPHYSICAL SURVEYS: 2012 ENERGY RESOURCES PROJECTS

BROOKS RANGE FOOTHILLS & NORTH SLOPE PROGRAM

GEOLOGIC MAPPING: 
NORTH SLOPE

COOK INLET PROGRAM—GEOLOGY & HYDROCARBON POTENTIAL

GEOLOGIC MAPPING: 
SOUTH-CENTRAL TYONEK QUADRANGLE

IN-STATE NATURAL GAS PROGRAM

ATIGUN: provides some of 
the only exposures of the 
orogenic wedge front, 
which is elsewhere buried 
by Cretaceous foreland 
basin strata

SIKSIKPUK: offered insight into the 
early synorogenic sedimentation 
and subsequent offlapping wed-
getop units

COBBLESTONE: unique ex-
posures paratochthonous 
rocks and associated 
synorogenic units that 
provide new insight into 
the burial history and po-
tential source rock matu-
ration

KAVIK: adjacent to prospective 
lands in ANWR and is one of the 
few regions that permit examina-
tion of all three major depositional 
megasequences in close associa-
tion

SAGAVANIRKTOK: mapping benefit-
ted from integration of select 2-D 
seismic data and nearby well control, 
allowing for robust interpretations of 
subcropping units

GILEAD: includes key expo-
sures of mid-Cretaceous 
basin floor fans from the 
bottom of the Colville fore-
land basin

The Energy Resources Section at DGGS conducts bedrock geologic mapping as an integral 
component of the Brooks Range Foothills and North Slope Program. Our long range objec-
tive is to eventually produce a contiguous series of detailed geologic maps along the 
entire foothills belt, thereby establishing a regional geologic framework necessary to un-
derstand the evolution of the petroleum system in support of resource management and 
industry exploration on State lands.  

Introduction
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Overview
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We integrate field-based sedimentologic and 
stratigraphic analyses with available seismic and 
well data to construct an increasingly robust se-
quence stratigraphic model for the depositional 
evolution of the Colville foreland basin.

Stratigraphy

Structure
We locally conduct detailed structural studies to better constrain the style and 
timing of deformation as it relates to the evolution of the petroleum system.

Reservoir Quality Studies

Source Rock & Hydrocarbon Characterization

Our reservoir characteriza-
tion studies are based on 
outcrop and core samples 
that are evaluated to de-
termine porosity, perme-
ability, composition, grain 
size, sorting, etc.  Where 
possible, these data are 
tied to measured sections 
with relevant sedimen-
tary facies data.

We regularly sample potential source rock facies to document distribution, 
quality, and thermal maturity.  We also analyze migrated hydrocarbons in an 
effort to correlate a seep or oil stain with its parent source.

Overview
The State of Alaska will face significant energy challenges in 
the future if it does not identify adequate sources to serve 
domestic needs at reasonable cost over the next few de-
cades. The Alaska Division of Geological & Geophysical Sur-
veys (DGGS), in collaboration with the Alaska Division of Oil 
& Gas (DOG) and the U.S. Geological Survey (USGS) has re-
sponded to these challenges by identifying the Susitna and 
Nenana basins as possibly having significant gas potential 
to help meet in-state needs. Basin analysis projects are un-
derway in each basin aimed at better understanding the 
possible presence of functioning petroleum systems. This 
program is being conducted in three phases, with phase I 
focusing on the Susitna basin, phase II on the Nenana basin, 
and phase III on finalizing work in both basins and genera-
tion of final reports.

Nenana Basin

Susitna Basin

DGGS intends to employ the same strategy for understand-
ing the Nenana basin as with the Susitna.  Considerable 
effort will be expended toward tying source rock potential, 

reservoir and seal 
quality to several 
detailed measured 
sections in units ex-
posed along the 
southern margin of 
the basin thought 
to be correlative 
with those near the 
basin center. Strate-
gically collected 
thermochronologic 
samples will also 

help constrain the sediment source area uplift along the 
northern and southern margins of the basin.

Upper Cook Inlet Cenozoic StratigraphyProgram Justification

Program Objectives

Program Organization

robert.gillis@alaska.gov

robert.gillis@alaska.gov

•  Projected gas deliverability shortfalls for the south-central Alaska market underscore the need for new exploration 
   investment in Cook Inlet basin
•  Increasing exploration interest in Cook Inlet basin serves to highlight the lack of relevant geological information
   on the basin in the public domain
•  New companies exploring for oil and gas in Cook Inlet basin face a steep learning curve due to the long and 
   complex geological history of the collisional forearc basin

•  Provide  high-quality relevant geological data to aid explorationists in the search for new oil and gas resources
   in the basin
•  Provided public policy makers with relevant geological data to aid in informed decision making
•  Provide geological data in a timely manner in the public domain literature

•  Phase 1 – 2006 through 2012, focused on the stratigraphic trap potential of Cenozoic strata, and
   structural style and basin history (subsidence and uplift) in upper Cook Inlet
•  Phase 2 – 2009 through 2013, and possibly beyond, focused on the reservoir potential and source 
   rock quality Mesozoic strata, and structural style and basin history (subsidence and uplift) in lower
   Cook Inlet

•  Reconstruction of Cenozoic depositional systems to better under
    stand sand body geometries and stratigraphic trap potential
•  Evaluation of reservoir quality within depositional systems context
•  Reconstruct uplift/subsidence history
•  Structural analysis of basin-bounding faults
•  1:63,360-scale geological mapping along the northwestern basin 
    margin, in the Tyonek Quadrangle, to  better understand the struc-
    tural style and work out complex stratigraphic relationships in the 
    Cenozoic stratigraphy

Block diagram of Cook Inlet depositional 
system depicting volcanic and mag-
matic arc sources from the west and 
recycled accretionary prism sources 

from the east, potentially 
interfingering with 

an axial-fluvial 
system.

Lower Cook Inlet Mesozoic Stratigraphy
•  Reconstruct Mesozoic depositional systems to understand sand body 
   geometries and reservoir potential
•  Evaluation of reservoir quality in depositional systems context
•  Evaluation of source rock characteristics of the Middle Jurassic Tuxedni Group
•  Evaluate the relative timing of source rock maturation and zeolitization of Ju-
   rassic sandstones
•  Structural analysis of basin-bounding faults
•  Reconstruct the exhumation history of the arc

The Susitna basin lies adjacent to, 
and shares stratigraphy with, the 
Cook Inlet basin; yet poor bedrock 
exposure within the basin has hin-
dered an adequate understanding 
of its resource potential and devel-
opmental history.
• Preliminary work in summer 2011 
focused on testing whether the 
Cook Inlet biogenic gas model is 
viable for the Susitna Basin.
• Methods included:
   • Detailed measured sections in
     Oligocene to Miocene age ter-
     restrial strata to constrain facies 
     relationships, sand body geometries, and interpret deposi-
     tional environments.
   • Reservoir and seal quality tied to measured sections. 
   • Sandstone provenance using petrology, detrital zircon and
     apatite fission-track analyses.
   • Age control using micropaleontology, and 40Ar/39Ar or zircon 
     U-Pb, where applicable.
   • Coal adsorption analyses to quantify the gas holding capacity
     of abundant interstratified coal beds.
   • Bedrock geochronology and apatite fission track and (U-Th)/He
     analyses help to constrain the timing of uplift and deformation
     along the basin margin.

• Interpretation of two or-
  thogonal seismic lines do-
  nated by Chevron to help
  delineate the structural style
  and magnitude of deforma-
  tion near the deepest region
  of the basin.

Results

•  Only region where nearly the entire Cook Inlet (CI) stratigraphy, including principal oil (Hemlock and Tyonek Fms) and gas (Tyonek, Beluga and Sterling Fms) reservoir
   rocks are represented at the surface.
•  Key area for understanding CI basin evolution with respect to major basin margin structures.

•  Integration of field mapping, publically- and privately-held airborne and seismic geophysi-
cal surveys, and well control to produce interpretive bedrock map in region of discontinu-
ous, often widely separated bedrock exposures.

•  Middle Eocene West Foreland Fm. strata can be subdivided into three mappable, SE-ward
    thinning units that record the upsection transition from proximal to medial fan facies and
    distal fan deposits interfingering with an axial-fluvial system.
•  Hemlock Fm. strata, the principal oil reservoir of the Cenozoic CI petroleum system, are
   recognized in outcrop for the first time in upper Cook Inlet.
•  Western CI basin margin was deformed by Paleocene-Eocene transtension, followed by
   Oligocene transpressive reactivation.

•  Bruin Bay fault is not mappable as a
   through-going fault at the surface in
   upper Cook Inlet and needs to be re-
   defined as a mostly pre-Cenozoic
   structure.
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Northern Alaska is a world 
class petroleum province that 
includes some of the most 
prospective onshore regions 
remaining in North America.  
Despite this potential, the 
North Slope remains under-
explored relative to other sedimentary basins around the world.  New exploration ven-
tures are hampered by the limited amount of published geologic data, much of it recon-
naissance in nature.  In an effort to stimulate exploration for hydrocarbons in northern 
Alaska, DGGS developed a program to acquire and publish high quality geologic data to 
improve our understanding of regional petroleum system and entice new exploration in-
vestment.  

KANAYUT: includes some of the 
better exposures of the Tertiary 
triangle zone and rocks associ-
ated with the passive roof

New chronostratigraphic 
chart derived from ob-
servations and results 
from this program.

Simplified geologic 
map of the Cook 

Inlet region 
(modified from 

Wilson, 2009).
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