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INTRODUCTION

Detrital zircon geochronology studies have been 
used to determine the provenance and deposi-
tional history of a number of sedimentary forma-
tions along the northern Cordilleran margin (e.g. 
DeGraaff-Surpless et al., 2003).  In this study, I use 
U-Pb detrital zircon geochronology data and pe-
trographic modal analysis of sandstones from the 
Paleocene-Miocene Kootznahoo Formation to con-
strain the exhumation history of the Coast Moun-
tains batholith in Southeast Alaska.

GEOLOGIC/TECTONIC SETTING

The Cretaceous to recent geologic history of the 
Western Cordilleran margin is marked by a number 
of changes in the tectonic regime, beginning with a 
shift to a compressive regime in the mid-Cretaceous 
that caused the collapse and partial subduction of 
the sediments of the Gravina Basin by approximate-
ly 90 Ma (Gehrels et al., 2009).  During the 30-35 
million years that this compressive regime persisted, 
regional metamorphism and crustal thickening 
occurred along the margin (Crawford et al., 1999; 
McClelland and Mattinson; 2000).  These processes 
were accompanied by eastward-migrating trend of 
high-flux magmatism, comprised of subduction-
generated plutons of the Coast Mountains batholith 
(CMB, also known as the Coast Plutonic Complex) 
that sutured the Wrangella Composite Terrane 
(WCT) to the margin (Gehrels et al., 2009).  

By 65 Ma, crustal instability and changes in the 
degree of tectonic convergence created an exten-
sional regime in the CMB and its margin-related 

host rocks.  During the Paleocene, the Coast Shear 
Zone (CSZ) developed as a major structure to ac-
commodate exhumation in the overthickened crust 
of the CMB (Klepeis et al., 1998; McClelland and 
Mattinson, 2000).  Extensive foliated tonalite plu-
tons aged 65-50 Ma emplaced along the eastern 
margin of the CSZ served to “lubricate” uplift along 
the structure (Ingram and Hutton, 1994).  Further 
uplift and exhumation of the CMB and CSZ-related 
magmatic bodies and host rocks occurred via brittle 
structures in a transtensional tectonic setting after 
45 Ma (Hyndman and Hamilton, 1993; Davidson et 
al., 2003).

THE KOOTZNAHOO FORMATION

The Kootznahoo Formation is composed of con-
glomerate, sandstone, and shale deposited in a 
fluviodeltaic to marginal marine environment, in a 
basin that was elongated approximately parallel to 
the strike of the Coast Shear Zone between 56°50’N 
and 57°50’N, approximately 50 km to the east 
(Dickinson and Pierson, 1988).  The depositional 
age of the Kootznahoo Formation is reported to be 
Paleocene to Oligocene on Kupreanof Island, and 
Paleocene to Eocene in Little Pybus Bay on Admi-
ralty Island (Lathram et al., 1965; Fig. 2, Davidson et 
al., this volume). 

Petrographic Analysis of Kootznahoo 
Sandstones

Ten thin sections of sandstones from upper the up-
per half of the Kootznahoo stratigraphy in the Keku 
Strait area and Little Pybus Bay were subjected to 

U-PB DETRITAL ZIRCON GEOCHRONOLOGY AND 
PROVENANCE OF THE TERTIARY KOOTZNAHOO 

FORMATION, SOUTHEASTERN ALASKA: A SEDIMENTARY 
RECORD OF COAST MOUNTAINS EXHUMATION

NATHAN S. EVENSON
Carleton College
Research Advisor: Cameron Davidson
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optical framework modal analysis after the methods 
of Dickinson (1970).  Sections were stained with 
sodium cobaltinitrate to facilitate feldspar identifi-
cation.  At least 350 framework grains were identi-
fied in each sample, with less than 10% of analyzed 
grains classified as matrix or unknown material.

Kootznahoo Formation sandstones are texturally 
submature feldspathic arenites; most samples con-
sist of poorly sorted, angular to sub-rounded grains 
of feldspar and quartz with little silt/clay matrix.  
Framework compositions of upper Kootznahoo For-
mation sandstones are plotted on ternary diagrams 
in Figure 1.  Most compositions plot in the basement 
uplift or dissected arc fields on a QFL diagram (Fig. 
1a), suggesting that these sandstones were sourced 
from the erosion of cratonic basement or the denud-
ed plutonic roots of a magmatic arc.  The volcanic-
lithic rich sample 09NE12, the only composition to 
plot in the undissected arc field, was taken from the 
volcaniclastic sediments in the uppermost portions 
of the Keku Strait section (Fig. 3, Davidson et al., 
this volume).

Two samples from upper Little Pybus Bay (filled 
circles on Fig. 1) form a group that is separated 
from the cluster of lower Keku Strait samples (open 
circles).  These samples are distinguished from other 
arkosic samples on the basis of their low K-feldspar 
content (a difference most easily seen in Fig. 1b).  
There is little textural petrographic evidence for 
the loss of K-feldspar during transport or diagen-
esis, suggesting that this difference is primary, and 
reflects differences in source regions.

U/PB DETRITAL ZIRCON 
GEOCHRONOLOGY

Zircon grains were mounted and subjected to 
single-grain LA-ICPMS U-Th-Pb isotopic analysis at 
the University of Arizona.  Analyses were conducted 
using a beam diameter of ~30 um, generating a pit 
depth of ~12 um. Interpreted ages are based on 
206Pb/238Pb age for <960 Ma grains and 206Pb/
207Pb age for >960 Ma grains.

A total of 1169 U-Pb isotopic ages of zircon grains 

Figure 1.  Ternary diagrams of modal petrographic analyses from the Upper Kootznahoo Formation.  Plots drafted after Dickinson 
(1970).  A.) QFL plot of modal analysis data.  End members are total quartz (Q), total feldspar (F), and total lithic fragments (L).  
Polygon with triangle at center represents the region enclosed by one standard deviation of the average components of analyses 
from samples from Kupreanof Island (excepting 09NE12, which plots in the undissected arc field.  Note that most samples from in 
the basement uplift field.  B.)  QPK plot of modal analysis data.  End members are total quartz (Q), plagioclase (P) and K-feldspar 
(K).  Analyses from Little Pybus Bay (closed circles) are located on or near the Q-P axis of this plot, reflecting their K-poor composi-
tion. Dashed lines trace compositions with given relative P-Qm content.
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from twelve Kootznahoo Formation sandstone 
samples were obtained for this study.  All <500 Ma 
analyses are concordant to slightly discordant.  1158 
(99%) of all analyzed grains are of Paleozoic age or 
younger, and 1108 (95%) are younger than 200 Ma.  
All ages younger than 200 Ma are plotted in Figure 
2.  Pronounced peaks in this portion of the cumula-
tive dataset include a very narrow peak at 30-24 Ma, 
moderately narrow peaks at 65-50 Ma and 93-85 
Ma, and a broad peak at 190-160 Ma.  No popula-
tions older than 200 Ma form comparable peaks.  
Grains of Proterozoic age and older (n=12), are 
generally moderately to highly discordant.

Several changes in the distribution of DZ age peaks 
can be observed as we move from the base to the top 
of the Keku Strait stratigraphy (Fig. 2, Davidson et 
al., this volume).  The sample at the base of Hamil-
ton Bay (09TH01, Fig. 3) is the only sample in this 
study that does not display a major age peak at 72-
50 Ma.  This sample also lacks the 190-160 Ma peak 
present in most other samples.  09TH01, along with 
the other basal sample in the Keku Strait, 09TH10 

(Fig 3), and 09LA05, are the only samples from the 
Keku Strait area that have a pronounced 95-85 Ma 
peak – a trait shared with both samples from Little 
Pybus Bay (09LA01, 09LA14).  Approximately half 
of the zircons aged 95-80 Ma in samples 09TH01 
and 09TH10 display U/Th ratios that suggest that 
they crystallized in a metamorphic environment 
(Williams, 2001).  Such grains are found only in 

Figure 2.  Probability plot showing all Kootznahoo Formation 
detrital zircon ages younger than 200 Ma.  Zircons in this age 
range compose 95% of all analyzed grains.  Note the pro-
nounced peaks at 30-24 Ma, 65-52 Ma, 93-85 Ma, and 190-160 
Ma.  Each of these populations, with the exception of the 30-24 
Ma peak, corresponds to magmatic “flare-ups” described by 
Gehrels et al. (2009).  This suggests that the Kootznahoo Forma-
tion is derived primarily from the exhumation and erosion of 
the CMB.

Figure 3.  Stacked probability plot of selected Kootznahoo DZ 
age distributions. The uppermost two plots are samples from 
Little Pybus Bay on Admiralty Island; all other plots represent 
samples from the Keku Strait area on Kupreanof Island.  The ar-
rangement of samples from each locality reflects stratigraphic 
relations - lowest stratigraphic samples are on the bottom.  In 
the Keku Strait samples, note differences between the bottom 
sample, 09TH01, and 09TH10.  The observed decline of the 
90-80 Ma peak and the abrupt appearance of zircons younger 
than 80 Ma represent the initial unroofing of the CMB east of 
the Coast Shear Zone.
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trace amounts in all other samples.  
Detrital zircon age distributions of the samples from 
Dakaneek, Davidson, and Big John bays (Fig. 2, 
Davidson et al., this volume) are relatively homog-
enous in age distribution (e.g. 09NE08, Fig. 3).  This 
homogeneity is reflected in the maximum deposi-
tional ages determined from youngest grains and 
populations in these samples (Table 1).  Two grains  
<40 Ma in age first appear in the sample from Point 
Camden (09LA10), and the proportion of young 
ages increases abruptly in 09NE14 (Fig. 3).

Detrital zircon samples from Little Pybus Bay (Fig. 
2, Davidson et al., this volume) have a similar dis-
tribution of age peaks  and have similar maximum 
depositional ages (Table 1) as those samples from 

Kupreanof Island (Fig. 3).  I use the Kolgomorov-
Smirnov (K-S) test, a non-parametric goodness-
of-fit test, to compare the DZ age distributions of 
Admiralty Island samples with those from Kupre-
anof Island (Guynn, 2006).  K-S results (Table 2) 
suggest that sample 09LA14 (base of the Little Pybus 
Bay section) is relatively dissimilar to all Keku Strait 
samples, with the exception of 09TH10.  Sample 
09LA14, from the uppermost beds of arkosic Kootz-
nahoo sandstone in Little Pybus Bay, displays a 
nearly equal level of similarity with 09NE14 (from 
the upper portions of the Keku Strait section) as it 
does with three samples from near the base of the 
Keku Strait section.  Results suggest that the two 
samples from Little Pybus Bay are significantly dis-
similar from each other.

                                                               Table 1.  U/Pb Maximum Depositional Ages of the Kootznahoo Formation
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DISCUSSION

Results of petrographic analysis and the U/Th ratios 
of detrital zircon grains suggest that Kootznahoo 
Formation sediments were drawn from a local, pri-
marily plutonic source.  During the inferred period 
of Kootznahoo Formation deposition, portions of 
the CMB were experiencing rapid exhumation (Rus-
more et al., 2005; Butler et al., 2002). 

Gehrels et al. (2009) propose three periods of high 
magmatic flux in the past 200 Ma (at 160-140 Ma, 
~120-80 Ma, and 55-48 Ma), and regional metamor-
phic events that facilitated zircon growth at 88-76 
Ma and 62-52 Ma.   Gehrels et al. (2009) separate 
magmatic activity into three spatiotemporal groups.  
The eastern magmatic belt, located east of the CSZ 
was stationary during the emplacement of its con-
stituent plutons 225-100 Ma, while after 110 Ma, 
plutons of the western magmatic belt (located west 
of the CSZ), and the <100 Ma magmatic belt define 
a trend of eastward magmatic migration that crossed 
the CSZ at ~80 Ma.  

Comparisons of these plutonic age distributions 
with our DZ age distributions suggest that all of the 
major <200 Ma zircon populations are likely sourced 
from the CMB.  Accessory populations older than 
200 Ma can be accounted for with zircons derived 
from CMB host rocks, including the Gravina belt, 
and the Alexander, Taku, Yukon-Tanana, and Stikine 
terranes.

Changes in the DZ age peak distribution suggest 
that the unroofing of the Paleocene-age portions of 
the CMB is recorded in the lower portions of the 
Keku Strait stratigraphy.  McClelland and Mattinson 

(2000) suggest that partial subduction of the Wran-
gellia composite terrane (WCT) caused delamination 
and rapid rebound of crustal material west of the 
nascent CSZ at 85-65 Ma.  This crustal rebound was 
manifested as west-side up exhumation, bringing late 
Cretaceous-age plutons emplaced in the WCT and 
metamorphosed Gravina belt rocks to the surface.  
Zircons of sample 09TH01 appear to be sourced 
entirely from material west of the CSZ – note that 
the 65-50 Ma and 190-160 Ma populations associ-
ated with plutons emplaced east of the CSZ and the 
magmatic Eastern belt (Gehrels et al., 2009) are not 
present in 09TH01.  This result suggests that these 
strata are the oldest encountered in the Kootznahoo 
Formation in this study.  After 65 Ma, collapse of the 
overthickened crust east of the CSZ accompanied 
a shift to east side-up motion across the CSZ (Kle-
peis et al., 1998; Crawford et al., 1999), bringing to 
the surface plutonic material emplaced during the 
Paleocene.

Based on consideration of DZ peak and maxi-
mum depositional age (MDA) differences between 
09TH01 and 09TH10, I suggest that 09TH01 was 
deposited 65-60 Ma.  09TH10, the other basal sample 
and inferred second-oldest sample in the Keku Strait 
stratigraphy, was deposited no earlier than 60 Ma 
(Table 1).  The presence of a 53.5 ± 0.6 Ma tuff date 
(Fig. 2, Davidson et al., this volume) located approxi-
mately 300 meters upsection of 09TH10 suggests 
that a period of rapid subsidence and sedimentation 
occurred in the Keku Strait area of the Kootznahoo 
basin between 60 and 54 Ma. The MDAs and sta-
tistical similarity of 09LA14 and 09TH10 suggest 
that deposition may have been continuous between 
the Little Pybus Bay and Keku Strait portions of the 
basin during this period.  The differences in total 

                                                    Table 2. K-S Comparisons of DZ age distributions from Little  Pybus Bay and Keku Strait
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stratigraphic thickness in these localities may point 
to erosional removal of sediment, or a slower aver-
age sedimentation rate in Little Pybus Bay.

All samples located above the 54 Ma tuff in the 
Keku Strait stratigraphy contain grains aged <35 
Ma.  These younger grains, which are the primary 
components of DZ age distributions above 09NE14, 
are likely derived from nearby Oligocene-age vol-
canic rocks such as the Admiralty Island Volcanics 
(Ford et al., 1996), or perhaps from the outboard 
Chugach-Prince William terrane (Ancuta, this 
volume).  A relatively short stratigraphic distance of 
approximately 50-60 meters separates these samples.  
As the correlation between the top of Big John Bay 
South and the base of the Port Camden composite is 
indirect, it is possible that section is missing at this 
point in the stratigraphy.  If no section is missing 
due to faulting, then the difference in MDA of these 
strata suggests that the 50-60 m of section between 
samples 09LA10 and 09NE14 represents at least 
20 Ma.  This suggests that a regionally important 
unconformity may exist between the top of the Keku 
Strait and bottom of the Port Camden sections and 
could be present in Little Pybus Bay (Fig. 2, David-
son et al., this volume). I suggest that the statistical 
similarity between 09LA01 and 09NE14 indicates 
a depositional link, and that both were deposited 
above the unconformity.  The unique, K-feldspar 
poor petrographic character of upper Little Pybus 
Bay samples, suggests that this correlation should be 
considered with caution.

The basin-wide subsidence that facilitated continued 
sedimentation in Keku Strait and Little Pybus Bay, 
as well as the eruption of volcanic rocks from which 
these sediments were derived, likely occurred as a 
result of a shift to a transtensional tectonic regime 
at 45-40 Ma (Hyndman and Hamilton; 1993).  The 
episode of slow subsidence or uplift that preceded 
this shift is attributed to the subduction of an oce-
anic ridge (e.g. Bradley et al, 2003; Madsen et al., 
2006).  The model proposed by Madsen et al. (2006) 
suggests that a migrating oceanic ridge related to 
the Resurrection microplate (Haeussler et al., 2003) 
passed the region of Kootznahoo Formation depo-
sition at ~53 Ma, a timing that matches well with 

the timing of inferred uplift that is observed in the 
Kootznahoo stratigraphy.

CONCLUSIONS

U/Pb detrital zircon age distributions and modal 
petrographic analyses of sediments from the Kootz-
nahoo Formation suggest that its arkosic sediments 
were sourced from the uplift and exhumation of the 
Coast Mountains batholith during the Paleogene.  
Changes in the detrital zircon age distributions of 
the lower portions of the Kootznahoo stratigraphy 
on Kupreanof Island suggest that the Kootznahoo 
Formation records the unroofing of the Paleocene 
plutonic belt emplaced east of the Coast Shear Zone.  
A regionally important erosional unconformity is 
inferred from maximum depositional ages and an 
Ar/Ar date suggesting a ~20 Ma period of non de-
position which may be related to uplift and erosion 
associated with the subduction of an oceanic ridge.
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