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ABSTRACT
New inch-to-mile geologic mapping of approximately 875 square miles in the south-
central Tyonek Quadrangle along the northwestern margin of the Cook Inlet basin
include parts of the exhumed Cretaceous and Cenozoic magmatic arcs and the 
principal structures that de�ne the Cenozoic arc-forearc boundary. Major results
include subdivision of the earliest Cenozoic basin strata (West Foreland Formation) into 
three mappable subunits, and newly-recognized stratigraphic and structural
relationships that de�ne the margin as an inverted pull-apart basin. A more nuanced 
depositional model and better constraints on the timing of arc magmatism were guided 
by companion detailed descriptions of 37 measured stratigraphic sections, 84 U-Pb and 
40Ar/39Ar geochronologic analyses of intrusive, extrusive, and sedimentary rocks, and 
143 palynologic analyses from throughout the Cenozoic succession. 

Over 1000 shear plane measurements including more than 400 slip lineation directions, 
numerous uni-directional kinematic indicators, and �eld cross cutting relationships 
have helped constrain the structural style, the timing of onset of deformation, and the 
principal stress directions during early basin formation. In regions approaching the 
Cook Inlet coast where exposures are relatively rare due to a sur�cial glacial mantle and 
dense vegetation, publically- and privately-held subsurface data
informed the mapping of stratigraphic contacts and major structures, rede�ning what 
has classically been called the Bruin Bay fault as a complex system of en echelon faults 
referred to here as the Moquawkie-Beluga River fault system (M-BRFS), adhering more 
closely to industry subsurface nomenclature.

Collectively, the new mapping, �eld observations, and supplemental data de�ne the 
northwestern margin of the Cook Inlet forearc basin as a dextral, right-stepping trans-
tensional pull-apart system initiating at 57 Ma, linking the Capps Glacier fault to the 
northwest with the Castle Mountain fault to the southeast. Deposition of proximal West 
Foreland Formation strata was syntectonic from before 47.9 to after 38.7 Ma, when the 
principal extension direction ranged between 189 to 215 degrees azimuth. Seismic and 
well log interpretation tentatively suggest local normal slip along the M-BRFS during 
Paleocene-Eocene time prior to regional structural inversion that likely began after
Oligocene time. Dextral transtension occurred locally after middle Miocene time along 
the SE-dipping Lake Clark fault, which may not link directly to the Castle Mountain fault 
as originally mapped.

Middle Eocene
deposition in a 
tectonically-active 
basin

Growth strata and a 
prominent overlap suc-
cession indicate that 
West Foreland Fm. 
strata were deposited 
in a tectonically active 
basin from before 47.9 
Ma to after 38.7 Ma. 
NW-striking faults cut 
older NE-striking faults 
in the Capps Glacier 
fault hanging-wall,
potentially indicating a 
~37° clockwise rotation 
of the stress field de-
forming the Capps 
pull-apart basin after 
~45 Ma.

Linking structures between the Capps Glacier and Castle Mtn. faults are poorly 
exposed in the map area. However, a large, inaccessible north-dipping fault 
plane with chloritic slickensides suggest principally dip-slip motion on one such 
candidate. The fault faces the southeast-dipping Capps Glacier fault and a 
narrow basin wedge where over 1,000 m of West Foreland conglomerate has 
been drilled in the subsurface, suggesting faults at this location are normal slip 
and help to accommodate significant basin subsidence.

A wide, southeast-dipping fault zone sub-parallel to, and due northwest of the 
Lake Clark fault has prominent, well-developed subsidiary fracture sets that 
are consistent with Riedel shears in a dextral-normal slip system that is
interpreted to be synthetic to the LCF.

A well exposed, highly-weathered south-dipping fault plane locally preserves 
proximal Tyonek Fm. conglomerate directly juxtaposed against >72.5 Ma 
granodiorite and kinematic indicators that define dextral-normal slip. The 
fault’s sense of slip and shallow oblique strike to the Lake Clark fault (LCF) is 
consistent with it being a synthetic Riedel shear to the LCF. Kinematic analysis 
of the fault plane data produce a SSW-striking mean extension axis and
subvertical shortening axis.

Linking structures between the
Capps Glacier and Castle
Mountain faultsCook Inlet Cenozoic stratigraphy

and new age constraints

Subsidiary faults to the Lake Clark fault

Re-interpretation
of Lake Clark fault as 
a dextral-normal  
fault system

The Lake Clark fault (LCF) is 
not exposed in the map 
area, but exposed faults 
subsidiary to the LCF are 
either inferred or demon-
strated to be southward 
dipping and transten-
sional. Thus, the simplest 
interpretation for the LCF 
is that it is also a south-
ward dipping dextral-
normal fault.

Comparison of former and 
new geologic map

interpretations

(left) Previous workers have inter-
preted all of the geologic structures 
on the west side of upper Cook Inlet 
as transpressional, with the Lake Clark 
and Castle Mountain faults as linked.

(right) An alternate interpretation 
from mapping presented here is that 
the margin has an important transten-
sional component, with the Capps 
Glacier and Castle Mountain faults as 
the principal linked structures.

The Capps Glacier fault (CGF) is a 
SE-dipping dextral-normal
transtensional fault that linked with 
the Castle Mtn. fault to produce a 
pull-apart basin chiefly  during 
middle Eocene time. The age of the 
Capps granite and systematic dike 
emplacement along a trend of 
transtensional Riedel shears to the 
fault, combined with well-dated 
syn-tectonic basin fill constrain the 
age of its motion, and thus
transtension along the NW margin 
of the Cook Inlet forearc basin at 
~57 Ma to <39 Ma.

The significance of E-W dikes 
intruding the Capps granite

An E-W-trending dike swarm intrud-
ing the non-foliated Capps granite 
overlaps in age, but post-dates its 
emplacement. They are sub-parallel 
to a prominent set of transtensional 
Riedel shears to the Capps Glacier 
fault and yield a SSW extension
direction that is compatible with
extension directions derived from 
kinematics associated with the fault. 
Thus their ages are interpreted to 
represent onset of transtension im-
mediately after emplacement of the 
Capps granite at 57 Ma.

Capps Glacier fault

Geologic map legend and schematic cross section through the Capps pull-apart basin

Moderately N-dipping West Foreland Formation is in fault contact with gently 
SW-dipping Hemlock Fm. strata. Both are unconformably overlain by gently 
tilted, thick Tyonek Fm. coals that occur at similar elevations.  The coal
locations are separated by a fault-bounded, elevated wedge of Hemlock
Fm. strata that requires the fault separating it from West Foreland Fm. rocks 
to have had opposing senses of slip. The structures are tentatively inter-
preted to have initially accommodated normal slip, and were subsequently 
reversely inverted after early-middle Miocene Tyonek deposition.

Potential record of
structural inversion

at Beluga rapids

Preliminary seismic interpretation of post-Oligocene inversion of
Paleocene-Eocene extensional structures in the SE region of the map

Data flattened on the top of the West 
Foreland Fm. (middle Eocene
configuration)

Thickening of West Foreland Fm. and un-named 
Paleocene strata (Tc) toward the Moquawkie-
Beluga River fault system suggests deposition in a 
 SE-tilting half graben during Paleocene through
 middle Eocene times. The timing and structural
 style is consistent Middle Eocene basin
development NW of the Castle Mountain fault, 
and suggests that trantension and extension 
were not restricted to the Capps pull-apart basin.

Data showing present geometry (with 
vertical exaggeration)

The thick sedimentary wedge positioned in the 
proximal hangingwall of the Moquawkie-Beluga 
River fault system suggests structural inversion of 
a local Paleocene-Eocene depocenter. The
relatively uniform thickness of the overlying
Hemlock Fm. based on well control suggests that 
inversion took place after principally Oligocene 
deposition of the unit.

Location map

Schematic diagram of transtensional basin development
at the NW periphery of the Cook Inlet forearc basin

Mechanical-kinematic model for regional
Paleocene-Eocene extensional forearc depocenters

Footwall granite AFT cooling

The Capps granite was emplaced shallowly and com-
monly produces AFT ages that overlap with the
crystallization age. However exhumation ages from 
both margins of the Capps basin overlap with trans-
tension and basin deposition from ~50-40 Ma.

SUMMARY
The northwestern periphery of the Cook Inlet forearc 
basin has experienced a hitherto poorly documented 
episode of transtension (see Hackett, 1976) that
controlled deposition in the area from as early as late 
Paleocene time to before Oligocene time. Many of the 
extensional structures were inverted as reverse faults 
after Oligocene time, and may core hydrocarbon-
producing structures in the Cook Inlet basin. If so, then 
 thickened packages of West Foreland Fm. strata in the
 hanging-walls of basement-involved faults might
 occur as under-recognized play types, given su�cient
 reservoir quality is present.

Acknowlegements
Funding for this project was provided by The U.S. Geological Survey’s STATEMAP Program (2009 & 2010), and by the State of Alaska. Cook Inlet Regional 
Corporation, Inc., Tyonek Native Corporation, Path�nder Aviation, Anadarko and CBNC are thanked for land access, logistical support, and valuable data.


