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Regional Paleocene-Eocene Exhumation of the North American Forearc Basin Margin, South-Central Alaska, Recorded by Apatite Fission-Track Thermochronology
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Detrital AFT - this study
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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 a related slab window, or changes in obliq-
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.

Figure 2
DEM showing new and published thermochrono-
logic age ranges and generalized sample loca-
tions for south central Alaska with respect to re-
gional geologic structures and surface exposures 
of the Late Jurassic Naknek Formation (green 
shade), Paleocene-Eocene basin deposits (lt. 
brown shade), and Oligocene and younger basin 
deposits (mustard shade). Large yellow circles 
and periphery panels represent DGGS sample 
locations and recent thermochronologic results 

Bruin
Bay
fault

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

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.

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 40Ar/39Ar 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

AFT modeling 
shows initial 
rapid emplace-
ment cooling 
followed by 
slower Late 
J-Early K cool-
ing of up-thrown 
granite. down-
thrown Naknek 
Fm. apatite was 
reset then 
exhumed during 
Early-mid K.

Bimodal distri-
bution of AFT 
track lengths 
suggest partial 
Paleogene 
reheating of 
up-thrown block 
sample and 
subsequent 
cooling during 
Late Eocene-
Oligocene time

AFT results from the Capps Glacier fault reveal Middle Eocene and pre-
Eocene cooling. Mid-Eocene cooling occurs only in up-thrown block granitic 
samples. Paleocene ages are interpreted to represent emplacement cool-
ing. One Jur.-Cret. metavolcanic sample cooled during latest Cret. time 

Granitic samples collected from the up-thrown block 
of the Castle Mountain fault yield AFT cooling ages 
from 51 to 45 Ma. The thermal models often exhibit 
rapid initial cooling followed by slower cooling near 
the top of the AFT partial annealing zone, suggest-
ing that most of the rapid cooling was completed 
prior to ~40 Ma

rocks of the Border 
Ranges fault produce 
AFT cooling ages with 
moderately high 
uncertainties ranging 
from 55 Ma, and 
mostly 48 to 38 Ma. 
Many of the thermal 
models are poorly 
constrained and show 
rapid cooling between 
~60 and 40 Ma. The 
oldest (E. Cret.) cool-
ing age along the 
transect was sampled 
from Peninsular Ter-
rane up-thrown rocks, 
suggesting a major 
thermal discontinuity 
between this sample 
and accretionary 
complex rocks
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 of the cooling mechanism(s).

Bedrock cooling
Thirty-six bedrock AFT cooling ages were derived from Middle Jurassic, 
Cretaceous-Tertiary, and early Tertiary intrusive arc rocks, and Permian-Triassic and 
Late Cretaceous metasedimentary Peninsular terrane and accretionary complex 
rocks from the perimeter of the CIFB. Sampling was carried out across regional 
basin-bounding faults along the northwestern and southeastern basin margins to il-
lucidate the timing, kinematics, and significance  of structural controls on basin de-
velopment. 

• Cooling ages range from 137 ±34 (Peninsular terrane) to 25.0 ±1.6 Ma (Aleutian-
Alaska Tertiary arc).
• Interpretation of cooling ages is complicated by partial to complete resetting, and 
presumed emplacement of sampled igneous bodies near the top of the AFT partial 
annealing zone in some locations.
• Cooling ages not related to intrusive cooling or reheating range between 56 and 
38 Ma and occur basin-wide.
• Cooling ages do not vary significantly with structural position or tectonic setting, 
suggesting a regional control on cooling 

Detrital AFT thermochronology
Nine reconnaissance detrital AFT cooling ages from Early Oligocene? to Late Middle Miocene basin fill 
deposits were collected on the northwestern and southeastern margins of the CIFB. Detrital zircons 
were analyzed from six of the samples, whereas the remaining three are compared with detrital zircon 
results from different samples collected from the same stratigraphic unit to differentiate between pri-
mary igneous cooling and exhumation cooling. Vitrinite reflectance analyses of carbonaceous material 
often collected from within meters of the AFT samples help to quantify peak reburial temperatures and 
assess potential AFT resetting.

• Most detrital zircon grain ages predate Tertiary cooling ages, implying that Cenozoic cooling re-
corded in CIFB strata are largely the product of exhumation of sediment source areas  
• Cenozoic strata on both margins of the CIFB have experienced peak reheating temperatures up to 
~80°C, resulting in minor partial resetting and apparent younging of grains less resistant to annealing.     
• Early Oligocene? to late Middle Miocene western margin strata exhibit mostly Eocene cooling ages 
derived predominantly from the proximal basin margin.
•  Late Middle Miocene eastern margin strata yield a mix of Eocene to late Early Miocene cooling ages 
likely derived from local and distal sources.

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). 

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 
basin 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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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.

COOK INLET MARGIN BEDROCK THERMO/GEOCHRONOLOGY
EASTERN BASIN MARGIN DETRITAL APATITE FISSION-TRACK

AND DETRITAL ZIRCON U-PB
Uppermost Beluga Fm.

(transitional into Sterling 
Formation)

SE Kenai Peninsula

The DAFT grain age cluster 
between ~24 and 32 Ma 
corresponds with a dearth of 
DZ ages at this time suggest-
ing latest Eocene-Oligocene 
exhumation of the source 
area or post-deposition partial 
resetting of less resistant 
grains. 

The Oligocene ages do not 
overlap with strong cooling of 
the proximal basin margin 
and may indicate more distal 
sources.

Upper(?) Beluga Fm.
near Bluff point, S Kenai 

Peninsula

Middle Eocene to Early Mio-
cene DAFT ages have no DZ 
equivelants and likely reflect 
source area exhumation or 
post-deposition reheating.

The Eocene ages likely 
reflect derivation from local 
sources, whereas the Oligo-
cene to Miocene ages may 
indicate more distal sediment 
contributions.

Upper(?) Beluga Fm.
near Bluff point, S Kenai 

Peninsula

The coexisting DAFT and DZ 
ages between ~50 and 70 Ma 
span the range of K-T and T 
intrusive bodies found along 
the western and eastern 
margins of the basin and the 
Alaska Range, suggesting 
that the large proportion of 
the DAFT ages represent 
igneous cooling.

However, there is a general 
dearth of Middle to Late 
Eocene cooling ages that are 
common along the basin 
margins, possibly implying a 
more distal source of these 
sediments.

Upper Beluga Formation
SE Kenai Peninsula

The lack of detrital zircons 
grains younger than ~60 Ma 
suggests that the strong rep-
resentation of ~ 20-40 Ma 
DAFT grains  in sample 
07JRM008-27.2 reflects 
source area exhumation 
cooling  during Middle 
Eocene-Early Oligocene time, 
with possibly post-deposition 
partial resetting of less resis-
tant grains.

Younger grains may be 
derived from sources distal to 
the proximal basin margin.
. 

Beluga Formation
Chuitna River, SE of Bruin Bay 

fault

Grains with ages clustered 
around ~40 Ma strongly overlap 
with exhumation cooling ages of 
nearby arc granitoids and are 
likely proximally sourced.

Tyonek Formation
Chuitna River, SE of Lake Clark 

fault

The ~58-70 Ma DAFT grain age 
peak almost certainly reflects 
rapid post-emplacement cooling 
and derivation from local K-T 
granitic bodies. However the K-T 
signiture is not reflected in the 
accompanying detrital zircon age 
distribution collected from a differ-
ent sample from the same unit.

The  disparity between the DAFT 
and DZ distributions thus under-
scores the potential for high  prov-
enance variability within terrestrial 
deposystems and the  need for 
caution when comparing datasets 
from different samples. 

Hemlock? Formation
Chuitna River, NW of Lake 

Clark fault

Eocene-age detrital AFT grains 
compare favorably with timing of 
exhumation cooling of adjacent 
arc rocks and lack detrital zircon 
age equivelants (albeit from a 
different, but stratigraphically 
similar, sample).

These ages likely reflect deriva-
tion from a proximal margin 
source, with possible minor Late 
Oligocene contribution from a 
more distal source

~72-58 Ma intrusive arc granit-
oids, Tyonek area

Individual AFT grain ages inte-
grated from seventeen samples 
collected near Blockade Glacier, 
Capps Glacier, and Mt. Susitna 
reflect grains that were cooled 
during shallow emplacement of 
granitic bodies and a prominent 
grouping of ages between ~40 
and 45 Ma that are interpreted as 
recording widespread exhumation 
during Middle Eocene time. 
Grains younger than ~30 Ma 
represent a minor contribution to 
the overall distribution of ages

lower Upper Beluga Forma-
tion

SE Kenai Peninsula

The lack of detrital zircons 
grains younger than 60 Ma, 
as with the sample above, 
suggests that the prominent 
cluster of ~30-50 Ma  detrital 
AFT grains in sample 
06PM003-18.9 reflects Eo-
Oligocene source area cool-
ing, with possibly post-
deposition reheating.

Younger grains may be 
derived from sources distal to 
the proximal basin margin.

lower Upper Beluga Forma-
tion

SE Kenai Peninsula

Detrital zircon grains entirely 
older than 50 Ma implies that 
the prominent cluster of 
~20-32 Ma  DAFT grains 
reflect Oligocene source area 
exhumation, or perhaps par-
tial resetting of less resistant 
grains.

The relatively small number 
of Oligocene and younger 
grain ages from accretionary 
complex rocks directly adja-
cent to the basin may suggest 
sediment contributions from 
more distal sources. 

McHugh Formation accre-
tionary prism rocks, Kenai 

Mountains

Individual AFT grain ages 
integrated from seven bed-
rock samples collected near 
Eagle River and along Kache-
mak Bay show a wide distri-
bution of grain ages likely 
reflecting the mixed prov-
enance of Cretaceous age 
melange deposits and various 
degrees of thermal resetting. 
Oligocene and younger grain 
ages are a minor component 
to the distribution 

Age peaks from ~39-44 Ma 
reflect exhumation of Creta-
ceous age rocks directly SE 
of the Border Ranges fault 
during Middle Eocene time.

COOK INLET BASIN DETRITAL THERMO/GEOCHRONOLOGY

Eastern basin margin

Western basin margin

REHEATING OF BASIN DEPOSITS

WESTERN BASIN MARGIN DETRITAL APATITE FISSION-TRACK
AND DETRITAL ZIRCON U-PB

LEGEND: detrital AFT and zircon U-Pb
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Detrital AFT age distribution histogram
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