Regional Paleocene-Eocene Exhumation of the North American Forearc Basin Margin, South-Central Alaska, Recorded by Apatite Fission-Track Thermochronology
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Abstract

Thirty-six bedrock apatite fission-track (AFT) ages
from the margins of the Cook Inlet forearc basin
(CIFB), and 9 reconnaissance detrital AFT ages from
Cenozoic age strata filling the basin define
Paleocene-Eocene cooling of proximal source ter-
ranes rimming the CIFB. The timing of this cooling Is
strikingly similar at the arc-forearc margin along the
upper Alaska Peninsula (=56 to 42 Ma) and north-
western upper Cook Inlet (~52 to 40 Ma), and the ac-
cretionary complex-forearc margin along north-
eastern upper Cook Inlet (~55 to 38 Ma) despite the
region’s different tectonic settings and separation by
up to 450 km. The cooling events are coeval with
widespread Cenozoic clastic sedimentation through-
out the upper Alaska Peninsula and Cook Inlet regions
(Copper River, West Foreland, Wishbone, Arkose
Ridge, and Chickaloon formations), suggesting that
the cooling interval may reflect a regional exhumation
event during latest Paleocene to Middle Eocene time
that simultaneously involved the intrusive arc and
western-most accretionary prism. Preliminary inter-
pretation of detrital AFT and detrital zircon ages sug-
gests Early Oligocene to Early Miocene exhumation of
sediment source terranes distal to the CIFB margins.
Disparate cooling ages across some fault boundaries
(e.g. Bruin Bay and Lake Clark faults) may reflect ex-
humation of the CIFB margin along those regional-
scale structures, but the datasets are either compli-
cated by subsequent structural and thermal over-
prints, or are too small for robust interpretation. Alter-
natively, regional Eocene exhumation indicated
throughout the forearc region may be related to pro-
posed lithospheric events occurring along the conti-
nental margin during Paleocene and Eocene times,
such as the subduction of the Kula-Farallon ridge,
passing of arelated slab window, or changes in obliqg-
uity and rate of slab subduction. Conspicuously
absent in bedrock samples is evidence for substantial
cooling after ~30 Ma recording collision of the Yakutat
block with southern Alaska, suggesting relatively low
exhumation of the upper CIFB margin in response to
Yakutat underplating. However, detrital samples from
Middle Miocene and younger Cook Inlet strata exhibit
a broadly younging-upsection trend in major age
populations from ~25 to 19 Ma, perhaps indicating ex-
humation related to Yakutat collision or more distal
source terranes.

Magmatism
N (Lithospheric Melts)

63 - 45 Ma Alluvial Fan System
25 - 45 Ma
Arc Platform

Castle Mountain \

Border
Interlobe Accretionary

Sediments  ajjuvial Fan Zomene . Ranges

Floodplain Paleocene
Sediments
Sediments Unconformity fau l t

Magmatic Arc

Sealevel

McGowen, et. al., 1994

Figure 1

Schematic representation of the modern Alaska forearc basin
(McGowen, et. al., 1994) showing the relationship of basin-
controlling structures to forearc deposition and plate conver-
gence

Lake Clark fault intrusive up-thrown and
down-thrown block samples cooled below
~110 °C during Middle Eocene time. One
66 Ma sample is interpreted to represent
emplacement cooling based on an unpub-
lished “°Ar/*Ar hornblende age of 68 Ma
from a nearby sample. Down-thrown block
samples show cooling between ~53 and 51
Ma. Up-thrown block cooling occurred later
between 51 and 45 Ma. The age distribu-
tions of this small sample set suggests
motion along the Lake Clark fault at or after
about 45 Ma. Up-thrown block cooling
coincided with deposition of nearby granitic
conglomeratic strata of the West Foreland
Formation. Probable shallow emplacement
of the granitoids complicate interpretation
C of the cooling mechanism(s).

ZFT and AFT analyses of up-thrown intrusive
rocks and granitic clasts sampled from Naknek
Fm. down-thrown rocks reveal different cooling
histories across the Bruin Bay fault.

Latest Jurassic and Early to Middle Eocene
cooling of the up-thrown block was coincident
with deposition of adjacent Naknek and nearby
Copper River formations, respectively.

Middle Eocene cooling of some down-thrown
block samples reflects igneous resetting at ~41
Ma by circulation of hydrothermal fluids
through heavily fractured Naknek Fm. rocks,
possibly related to Meshik volcanic activity. A
second resetting event at 36 Ma by a nearby
intrusive reset or partially reset additional
samples.
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likely derived from local and distal sources.

2 Alaska Division of Oil & Gas, 550 W. 7th Avenue, Suite 800, Anchorage, AK 99501-3560, Kenneth.Helmold@alaska.gov NATURAL

RESOURCES

DIVISION OF OIL & GAS

Alaska Peninsula Cook Inlet Matanuska Valley Exhumation and Tectonism
y

Stratigraph :
Modified from Cooli ng .
Detterman et.al., 1996 StraUgraphy

Currey et.al., 1993;

S ,2001
Lower Upper Katmai area e Wé'g‘rl:g’é(a W. Cook Inlet E. Cook Inlet
Pliocene “I.I.I..l..l —
Bear Lk. ’ I
Miocene IIIIII'III|
NTIE )

Cooling

Matanuska S.Talkeetna

Cooling Stratigraphy

Trop and Ridgway, 2007

Unga

IIIIIIIIIIIW

Meshi.k
Stepovak Volcanics
Eocene

Paleocene
pesceodryevepe [

Figure 4

Stratigraphic column of the Alaska Peninsula and Cook Inlet regions highlighting units containing significant conglomeratic facies of granitic and volcanic composition presented
with respect to major tectonic events and available cooling information from this and other studies.

Conclusions

Thirty-six bedrock AFT, and 9 detrital AFT samples widely collected from source terranes to the Cook Inlet forearc basin and Cook
Inlet strata help define a regional episode of cooling along the North American plate margin in south central Alaska during latest Pa-
leocene to Middle Eocene times. The cooling episode from ~56 to 38 Ma is coeval with widespread deposition of proximal arc-derived
detritus discontinuously cropping out from the upper Alaska Peninsula northwestward ~450 km to the Matanuska Valley (Figures 2
and 4). Ongoing detailed stratigraphic studies by the Alaska Division of Geological and Geophysical Surveys strongly support proxi-
mal margin sources for Middle Eocene West Foreland Formation strata southeast of the Tordrillo Mountains, including new U-Pb
zircon ages of granitic clasts that are similar to U-Pb ages from nearby granitoids, linking basin margin exhumation to CIFB deposi-
tion during Middle Eocene cooling. A similar relationship has been reported between sediment source areas in the Talkeetna Moun-
tains and late Paleocene to Middle Eocene basin fill in the Matanuska Valley (Bleick et. al., 2009; Trop et. al., 2003).
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Proximal margin source terranes continue to be a major contributor of detritus into the basin until at least Late Miocene time based
on detrital AFT and zircon U-Pb results from Tyonek and Beluga formation strata exposed along the northwestern and southeastern
margins of the basin. A middle to late Oligocene detrital cooling signal observed in many of the sedimentary samples can only be
partially explained by thermal resetting of less resistant apatite grains and likely indicates sediments that are being sourced from
more distal, unidentified regions. A broadly younging-upward of detrital cooling ages in samples from the southeastern side of the
pbasin indicate sediment contributions sourced from rocks cooled during late Miocene time. Possible candidates include axial
sources In the Matanuska Valley to the northeast and Tordrillo Mountains to the northwest. Additional analyses are required to make
more robust interpretations of detrital cooling trends observed in the Cook Inlet basin fill and their potential sources.

Approximately 56-38 Ma unroofing does not appear to be dependent on deformation focused along major basin-bounding faults,
suggesting a more regional-scale cause for the widespread exhumation observed throughout the Cook Inlet region. Potential mecha-
nisms for accelerated exhumation along the Alaska continental margin during this time interval include surface uplift of the overrid-
Ing continental lithosphere by subducting young, buoyant oceanic lithosphere during Kula-Farallon ridge subduction (~58-52 Ma In
this region, Bradley et. al., 2000) and/or associated passing of a slab window (Thorkelson and Taylor, 1989) from ~55-40 Ma (Wallace
and Engebretson, 1984), or changes in subduction rate and obliquity of the subducting oceanic lithosphere at ~50 Ma (Engebretson,
et al., 1985). An intriguing, unexplored potential mechanism for accelerated exhumation is the effect the Paleocene-Eocene thermal
maximum (PETM) had on denudation rates along the continental margin starting at ~55 Ma.
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