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ABSTRACT 

Six samples collected from pre-, syn-, and post-Talkeetna arc units in south- 
central Alaska were dated using single-grain zircon LA-MC-ICP-MS geochronology 
to assess the age of arc volcanism and the presence and age of any inherited compo- 
nents in the arc. The oldest dated sample comes from a volcanic breccia at  the base of 
the Talkeetna Formation on the Alaska Peninsula and indicates that initial arc volcan- 
ism began by 207 ? 5 Ma. A sedimentary rock overlying the volcanic section in the 
Talkeetna Mountains has a maximum depositional age of 467 Ma. This is in agree- 
ment with biochronologic ages for the top of the Talkeetna Formation, suggesting that 
the Talkeetna arc was active for ca. 40 m.y. 
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Three samples from interplutonic screens and roof pendants in the Jurassic 
batholith on the Alaska Peninsula provide information about the tectonic setting of 
Talkeetna arc magmatism. All three samples contain Paleozoic to Proterozoic zircons 
and require that arc magmas on the Alaska Peninsula intruded into detritus that con- 
tained older continental zircons. This finding is distinct from observations from east- 
ern exposures of the arc in the Chugach and Talkeetna Mountains, where there is only 
limited evidence for pre-Paleozoic zircons, and it suggests that there were along-strike 
variations in the tectonic setting of the arc. 

Keywords: detrital zircons, Talkeetna Formation, Alaska, magmatism, sedimentation. 

INTRODUCTION 

The Peninsular Terrane of southern Alaska consists of the 
Jurassic Talkeetna arc, prearc oceanic rocks, and overlying sedirnen- 
tary sequences (Jones et al., 1987; Plafker et al., 1989). It accreted 
to westem North America during Mesozoic time (Trop et al., 2002; 
Chft et al., 2005b). The exposed arc rocks include ultramafic to 
mafic cumulates, mafic plutonic rocks, intermediate to felsic plu- 
tonic rocks, and the Jurassic Talkeetna Formation. These units are 
interpreted to represent a rare cross section from the subarc mantle 
to subaerial volcanic rocks of an intraoceanic arc, and as a result the 
Talkeetna arc is considered a type section of intraoceanic arc crust 
(Bums, 1985; DeBari and Coleman, 1989; Rioux et al., 2007). 

We used laser-ablation multicollector inductively coupled 
plasma mass spectrometry (LA-MC-ICP-MS) to date zircons 
from pre-, syn-, and postarc rocks in southern Alaska (Fig. 1). The 
goals of this study were to address these questions: (1) do the pre- 
and synarc rocks of the Peninsular Terrane contain evidence for 
older terrestrially derived clastic material that could be a possible 
contaminant for arc magmas passing through these rocks, and 
(2) can the ages of zircons in pre-, syn-, and postarc sedimentary 
rocks be used to constrain the timing of Talkeetna arc volcanism? 

The advent of LA-MC-ICP-MS has facilitated the analysis 
of U-Pb ages from detrital zircons, allowing for rapid deterrnina- 
tion of 100 ages from a sample in less than five hours. Applica- 
tion of this geochronologc tool can be used to quickly assess 
the presence of contamination, the ages of source rocks, and the 
maximum depositional ages of sedimentary rocks. 

We focused on six metasedmentary, igneous, and sedimentary 
samples from the Katrnai, Iliarnna, Kenai, Anchorage, and Tal- 
keetna Mountains 1 :250,000 quadrangles of southern Alaska. Five 
of these are quartz-rich sedimentary or low-grade metamorphic 
rocks from volcanic sources. The sixth sample is from a green- 
schist-facies metabasalt in the western Chugach Mountains. This 
study complements an ongoing comprehensive investigation of the 
age, geochemistry, and evolution of the Talkeetna island arc (e.g., 
Clift et al., 2005a; 2005b; Rioux et al., 2007; Greene et al., 2006). 

REGIONAL SETTING 

graphic unit that accreted to North America in the latest Jurassic or 
early Cretaceous (Trop et al., 2005; Clift et al., 2005b). The Penin- 
sular Terrane is tectonically juxtaposed with the Chugach and 
Wrangellia Terranes and is separated from the Chugach Terrane by 
the Border Ranges Fault system (e.g., Pavlis, 1982, 1983), which 
is interpreted to be a paleosubduction-thrust that was reactivated 

Map Units 

0 Pre- and post-Mesozoic rocks unrelated to this study 

Kahiltna Assemblage 

Chugach Terrane 

Peninsular Terrane 

0 Wrangellia Terrane 

...,........ .. fault 
inhusive/depositionaI 
contact 

Figure 1. Tectonic map of southern Alaska showing the Wrangellia, 
The rocks in this study were c~llected from various units Peninsular, Kahiltna, and Chugach Terranes and the locations of Fig- 

within the Peninsular Terrane (Fig. I), an allochthonous lithostrati- ures 2 and 3. Modified after Silberling et al. (1994). 



Implications for the age of magmatism ! and inheritance in the Talkeetna arc 255 

as a right-lateral strike-slip fault during the Cenozoic (Clift et al., 
2005b). The Peninsular Terrane includes Triassic prearc oceanic 
basement, the Jurassic Talkeema island arc, and overlying sedi- 
mentary successions. No Precambrian crust is known to be part of 
this terrane, and the Talkeetna arc is a typical example of an intra- 
oceanic arc. Subduction during arc magrnatism is considered to 
have been north-dipping (present coordinates) based on the pres- 
ence of back-arc volcanic rocks to the north of the main part of the 
arc and Early Jurassic blueschists to the south of the arc (Sisson 
and Onstott, 1986; Roeske et al., 1989; Clift et al., 2005a, 2005b). 
The exposed arc section now dips northward, exposing ultramafic 
arc basement to the south and the upper crustal volcanic rocks to 
the north. Significant right-lateral strike-slip faulting has obscured 
many original relationships between these terranes. 

The rocks of the Peninsular terrane can be broadly grouped 
into pre-, syn-, and post-Talkeetna arc units. Prearc successions in 
southwest Alaska include the Kakhonak Complex, Cottonwood 
Bay Greenstone, and Kamishak Formation mainly exposed in the 
lliarnna quadrangle (Detterman and Reed, 1980), the Tlikakila 
Complex in the Lake Clark region (Wallace et al., 1989; Amato 
et al., this volume, chapter lo), and metamorphic rocks of the Knik 
River Terrane that were intruded by Jurassic plutons in the west- 
em Chugach Mountains (Pavlis et al., 1988). Synarc rocks are rep- 
resented by the volcanic and volcaniclastic Talkeetna Formation 
(Newberry et al., 1986; Clift et al., 2005a) and Jurassic arc plutonic 
rocks, including intermediate to felsic-composition intrusions, 
gabbro (norites), and ultramafic arc lower crust (Reed and Lan- 
phere, 1973; Burns, 1985; DeBari and Coleman, 1989). Postarc 
sedimentary rocks include the Tuxedni Group and other Middle 
Jurassic sedimentary rocks such as the Chinitina (or Chinitna) For- 
mation (Detterman and Reed, 1980; Trop et al., 2005). 

Prearc Succession 

The Kakhonak Complex petterman and Reed, 1980) includes 
a diverse suite of Triassic-Jurassic (and possibly Permian) green- 
schist facies sedimentary and igneous rocks. Qpical rock types are 
metamorphosed argillite, marble, quartzite, and quartz-mica schist 
(Detterman and Reed, 1980). These rocks are generally found as 
roof pendants in the Jurassic and younger granitic plutons in the 
eastern Iliamna and western Kenai quadrangles. Detterman and 
Reed (1980) suggested that unmetamorphosed equivalents to 
these rocks may include both prearc sequences such as the Cotton- 
wood Bay Greenstone and Kamishak Formation and synarc 
sequences such as the Talkeetna Formation. 

The Cottonwood Bay Greenstone is a 600-m-thick sequence 
of metamorphosed mafic volcanic rocks. The volcanic sequence 
has been correlated with both Middle Norian (221-210 Ma; Wal- 
lace et al., 1989; R. Blodgett, 2004, personal cornmun.) rocks of 
the Tlikakila Complex (Wallace et al., 1989; Amato et al., this 
volume, chapter 10) and the Chilikadrotna Greenstone in the 
Lake Clark quadrangle (Nelson et al., 1983). The Cottonwood 
Bay basalts may be a western extension of the Nikolai Greenstone 
(Hillhouse, 1977; Nokleberg et al., 1994), an extensive Triassic 

flood basalt that is exposed throughout the Wrangellia terrane in 
southern Alaska. 

The Kamishak Formation overlies the Cottonwood Bay Green- 
stone and includes chert and limestone. The lower limestone units 
are interpreted as shallow marine sediments, and the chert is inter- 
preted as having been deposited in a deep basin petterman and 
Reed, 1980). The rapid transition from shallow- to deep-water 
sedimentary rocks in exposures of the Kamishak Formation on 
the Alaska Peninsula is an example of a "drowning" event inter- 
preted to be the result of a combination of sea level rise and tec- 
tonically driven subsidence (Wang et al., 1988). A multifraction 
zircon age of 200 5 3 Ma from a tuff unit at the top of the section 
(Phlfy et al., 1999) and Norian fossils in limestones from the mid- 
dle part of the Kamishak Formation (Detterman and Reed, 1980) 
are consistent with Late Triassic-Early Jurassic deposition. 

The Tlikakila Complex in the Lake Clark quadrangle (Amato 
et al., this volume, chapter 10) includes greenschist facies meta- 
morphic rocks with protoliths that include basalt, gabbro, ultra- 
mafic rocks, chert, mudstone, chert-pebble conglomerate, and minor 
quartz sandstone. These protoliths are inferred to be Triassic in 
age based on Norian fossils in limestone within the Chilikadrotna 
Greenstone in the Lake Clark region (Wallace et al., 1989). The 
metasedimentary rocks are likely correlative to the Kamishak 
Formation and the metasedimentary rocks in the Kakhonak Com- 
plex. The metabasic rocks in the Tlikakila Complex are likely 
correlative to the prearc Chilikadrotna Greenstone, Cottonwood 
Bay Greenstone, and Nikolai Greenstone. The volcanic rocks 
of the Tlikakila Complex are interpreted to have formed as a 
suprasubduction-zone ophiolite that was emplaced during the 
earliest part of the Talkeetna arc subduction system (Amato et al., 
this volume, chapter 10). Biotite 40Ar/39Ar ages from metasedi- 
mentary lithologies within the Tlikakila Complex record meta- 
morphic cooling ages of 177 + l Ma. 

The Knik River Terrane (Pavlis, 1983; Pavlis et al., 1988) is a 
thin crustal sliver sandwiched between the Peninsular Terrane and 
the Chugach Terrane north of the Border Ranges fault (Pavlis, 1982; 
Little and Naeser, 1989). The terrane is divisible into two distinct 
assemblages based on lithology and cooling ages: a southern, meta- 
morphic subterrane dominated by Cretaceous metamorphism and 
deformation, and a northern plutonic subterrane characterized by a 
predominance of Jurassic plutonic rocks with only scattered meta- 
morphic screens. The metamorphic subterrane probably contains 
younger protoliths that postdate the Talkeetna arc (Pavlis et al., 
1988), and thus, this assemblage has questionable affinities with the 
arc. Metamorphic screens within the plutonic subterrane, however, 
do contain direct information on the Takeetna arc basement. These 
rocks consist of variably faulted greenschist-amphibolite facies 
metamorphic rocks. The assemblages are dominated by variably 
foliated greenschist and amphibolite derived from mafic protoliths 
interlayered quartzite, semipelitic schist, marble, and calc-schist 
(Pavlis, 1983). The protoliths are likely basalt flows with interbed- 
ded sedimentary rocks that were then deformed and metamorphosed 
together. These rocks are interpreted to be Triassic prearc basement 
to the Talkeetna arc (Pavlis, 1983; Pavlis et al., 1988). 
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Syn-Talkeetna Arc Volcanic and Plutonic Rocks 

The Talkeetna Formation volcanic rocks petterman and Reed, 
1980; Newbeny et al., 1986; Clift et al., 2005a) preserve the volcanic 
carapace of the Talkeetna island arc (Burns, 1985; DeBari and Cole- 
man, 1989). Fossils from within the Talkeetna Formation range from 
early Sinemurian to late Toarcian (202 + 8 to 180 r 8 Ma; 1999 
GSA time scale; e.g., Grantz et al., 1963; Detterman and Hartsock, 
1966; Gradstein and Ogg, 1996; PAlfy et al., 1999; Bang and Blod- 
gett, 2006). The Talkeetna Formation is bounded by Late Triassic 
and Bajocian units, providing a maximum period of arc volcanism 
from 206 + 8 to 169 + 8 Ma (1999 GSA time scale; e.g., Detterman 
and Hartsock, 1966; Detterman and Reed, 1980; P W  et al., 1999). 
These ages are consistent with three U-Pb zircon ages from the 
Alaska Peninsula that place the basal contact of the Talkeetna For- 
mation between a200.8 +2.7/-2.8 Ma tufffromthe KamishakFor- 
mation and 197.8 + 1.U-0.4 Ma and 197.8 + 1.0 Ma tuffs from the 
lowest layers of the Talkeetna volcanic pile (PAlfy et al., 1999). 

The Talkeetna arc plutonic rocks are in intrusive and faulted 
contact with the overlying Talkeetna Formation. Extensive U-Pb 
zircon dating indicates that these units show systematic age vari- 
ations throughout the Peninsular Terrane (Roeske et al., 1989; 
Pfilfy et al., 1999; Rioux et al., 2005,2007). The oldest identified 
arc plutons are exposed north of the Border Ranges fault on 
Kodiak Island and yielded complex zircon U-Pb data suggest- 
ing an age of 217 2 10 Ma (Roeske et al., 1989). Along strike to 
the east, more extensive exposures of plutonic rocks in the north- 
ern Chugach Mountains record crystallization ages from 202 to 
181 Ma (Rioux et al., 2007). The locus of arc magmatism shifted 
northward at ca. 180 Ma, generating the large plutonic suites in 
the Talkeetna Mountains (177-154 Ma) and along the Alaska 
Peninsula (1 83-164 Ma). Evidence of inherited Paleozoic zircon 
in Early Jurassic plutons in the northwestern Talkeetna Mountains 
is consistent with assimilation of adjacent Wrangellia terrane 
crust into Wrangellian or Talkeetna arc plutons. 

Isotopic analyses from Peninsular terrane rocks mirror the 
U-Pb systematics. Samarium-Nd and Rb-Sr isotopic analyses 
from Kodiak Island, the Chugach Mountains and the eastern Tal- 
keetna Mountains yield a restricted range of isotopic ratios that 
are similar to modem intraoceanic settings (Rioux et al., 2007). In 
contrast, isotopic data from the western Talkeetna Mountains 
have more evolved ratios, consistent with the U-Pb zircon evidence 
for assimilation of Wrangellia crust. Isotopic ratios from the Alaska 
Peninsula overlap but are slightly more evolved than the arc-like 
ratios in the Chugach and eastern Talkeetna Mountains. 

Postarc Assemblages 

The Tuxedni Group (Detterman and Reed, 1980) directly 
overlies the Talkeetna Formation volcanic section along both 
faulted and unconformable contacts. The Tuxedni Group consists 
of marine units including graywacke, volcanic clast conglomerate, 
sandstone, and shale. Bajocian (ca. 176-169 Ma) ammonites from 
the Iliarnna quadrangle are consistent with Middle Jurassic depo- 
sition (Detterman and Reed, 1980). The Chinitina (or Chinitna) 

Formation overlies the Tuxedni Group and is a unit with marine 
siltstone and sandstone of Callovian age (164-159 Ma: Gradstein 
and Ogg, 1996; Detterman and Reed, 1980; Trop et al., 2005). 

PETROLOGY OF THE DATED SAMPLES 

Samples for dating were collected from the following forma- 
tions: (1) low-grade metamorphosed sandstone and metavolcanic 
rocks from the Kakhonak Complex, (2) sandstones from the 
Talkeetna Formation in the Katrnai and Iliamna quadrangles, 
(3) greenschist-facies metabasalt from the Chugach Mountains, 
and (4) Middle Jurassic sandstones overlying the Talkeetna For- 
mation in the Little Oshetna Valley of the Talkeetna Mountains. 
Brief petrologic descriptions of these samples follow. 

Kakhonak Complex 

Three samples were collected from the Kakhonak Complex. 
Sample 2728-M06 (Fig. 2) is a low-grade, medium- to coarse- 
grained metasandstone from exposures of metamorphic rocks near 
Naknek Lake in the Iliamna quadrangle. The sample contains 
-50% quartz, 30% plagioclase, and 20% chlorite + recrystallized 
volcanic lithic grains. No foliation was observed. Quartz grains are 
rounded and up to 3 mm in diameter. Lithic grains are 5-10 mm 
in diameter. Plagioclase grains are 1-3 mm in diameter. 

Sample 2728-M05 (Fig. 2) is from an island in Naknek Lake 
in the Iliamna quadrangle. The sample is a metamorphosed vol- 
canic or volcaniclastic rock with a foliation defined by quartz, pla- 
gioclase, and varying proportions of Fe-Ti oxides. The rock is very 
fine-grained and contains -70% quartz, 25% plagioclase, and 5% 
Fe-Ti oxides. White mica, titanite, tourmaline, and zircon are pres- 
ent in trace amounts. Quartz and plagioclase are equant and -50 pn 
in diameter, although coarser grains of plagioclase and quartz 
(- 1 mm across) are also present as less than 5% of the total vol- 
ume of the rock. There are no lithic grains present. A c1-cm-thick 
granitic dikelet cuts this rock and is concordant to the foliation. 

Sample 2731-PO2 (Fig. 2) was collected from a thin exposure 
of the Kakhonak Complex east of Chinitna Bay in the northwest 
Iliamna quadrangle. It consists of cryptocrystalline quartz with relict 
grain boundaries surrounding optically continuous aggregates of 
small grains. The protolith is unknown but likely sedimentary. 

Western Chugach Mountainsffiik River Terrane 

A single sample of greenschist facies metabasalt was col- 
lected fiom the western Chugach Mountains just north of the 
Border Ranges fault zone. Sample 2709-B08 (Fig. 3) has a strong 
foliation and consists of pleochroic green amphibole, probably 
tremolite-actinolite, chlorite, plagioclase, and quartz. The sample 
is cut by quartz veins with grains flattened parallel to the foliation. 

Talkeetna Formation 

One sample was collected from within the Talkeetna Forma- 
tion in the Johnson River drainage of the westernmost Kenai 
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Figure 2. Simplified geologic map of the 
Alaska Peninsula region showing sample 
locations. Ages in small boxes are from 
Rioux et al. (2005). Ages in large boxes 
are from this study. Modified from Det- 
terman et al. (1976; Kenai), Connelly 
and Moore (1979; Kodiak), Detterman 
and Reed (1980; Iliamna), Nelson et al. 
(1983; Lake Clark), Riehle et al. (1993; 
Katmai), Bradley et al. (1999; Seldovia). 

rhak Bay 

quadrangle. Sample 2730-M03a (Fig. 2) is a volcanic breccia 
with basalt lithic clasts, plagioclase and resorbed quartz phe- 
nocrysts, angular glass shards, and a glassy matrix. It was col- 
lected from the base of a fossiliferous limestone sequence at the 
base of the Talkeetna Formation. 

Thxedni GroupIChinitna Formation 

A sample of volcaniclastic sandstone, 3626-C01 (Fig. 3), was 
collected from the base of the Chinitna Formation immediately 
overlying the uppermost lavas of the Talkeetna Formation in the 
Little Oshetna Valley (see Figure 5 in Clift et al., 2005a). In this 
area, the Talkeetna Formation is unconformably overlain by the 
Chinitna Formation and Tuxedni Group (Trop et al., 2005), 
whereas correlative rocks on the Alaska Peninsula are simply 
assigned to the Tuxedni Group (Detterman and Reed, 1980). 

U-Pb GEOCHRONOLOGY 

Analytical Techniques 

Approximately 2-5 kg of sample were crushed, sieved to 
<300 pm, and processed for mineral separations. Zircons were 

concentrated using lithium metatungstate, magnetic separation, 
and lastly methylene iodide (MEI). All material that sank in ME1 
was put on 2.5 cm epoxy mounts for analysis. Zircon yields were 
generally low owing to relatively small sample sizes, and in most 
cases all available zircons were analyzed. 

Uranium-lead zircon analyses were conducted by laser- 
ablation multicollector inductively coupled plasma mass spec- 
trometry (LA-MC-ICP-MS) at the University of Arizona. Samples 
were analyzed in two sessions in May (2728-M05, 2728-M06, 
2730-M03a, and 2731-P02) and November (2709-B08 and 3626- 
C01) 2003. Individual spot analyses were canied out using a New 
Wave DUV193 Excimer laser (operating at a wavelength of 
193 nm) with spot diameters of 25 pn (Samples 2728-M06 
and 2731 -P02), 35 pm (Samples 2730-M03a and 2728-M05) and 
50 pm (Samples 3626-C01 and 2709-B08). If the location of the 
analysis is not specified in the text or table, the core of the grain 
was analyzed. 

The ablated material was transported in an Ar-He carrier gas 
into the plasma source of a Micromass Isoprobe, which is equipped 
with a flight tube of sufficient width to allow simultaneous analy- 
sis of U, Th, and Pb isotopes. All measurements were made in sta- 
tic mode, using Faraday detectors for 238U, 232Th, 208-206Pb and an 
ion-counting channel for 204Pb. Ion yields were - 1 mv per ppm. 
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a Formation (Jtk) 
intermediate to felsic plutonic rocks 
mafic to ultramafic plutonic 

Sample Locations 
0 EN&) > 5.5 (Chugach Mtns) 

& ~ d ( t )  > 5.5 (Eastern Talkeetna Mtns) 
s ~ d ( t )  ? 5.5 (Western Talkeetna Mtns) 

0 U-Pb zircon age with no Nd data 
174 U-Pb zircon age in Ma - ........... ... fault 

Chugach Mountains 
0 10 20 3 0 b  

Figure 3. Simplified geologic map of the Chugach~Talkeetna Mountains area showing sample locations. Ages in small boxes are from Rioux et al. 
(2007). Ages in large boxes are from this study. BRF is the Border Ranges fault. Geology modified after Csejtey et al. (1978), W i d e r  et al. (1981), 
Winkler (1992), and Wilson et al. (1998). 

Each analysis consisted of an integrated 20-second background 
measurement on the peak positions, 20 1 -second integrations with 
the laser firing, and a 30-second delay to purge the previous 
sample and prepare for the next analysis. The ablation pits were 
-20 ptn in depth. 

Common Pb corrections were made using measured 204Pb con- 
centrations and assuming an initial Pb composition from Stacey and 
Krarners (1975) with uncertainties of 1.0 for "PbPPb and 0.3 for 
207PbP04Pb. Prior analyses have demonstrated that the Ar-He carrier 
gas contains negligible 204Hg, and we corrected for isobaric 204Hg 
interferences on 2WPb as part of the background measurements. 

Element and isotopic fractionation for LA-ICP-MS vary 
with pit depth, and the accepted isotope ratios were determined 
by least-squares projection through the measured values back to 
the initial determination. Interelement fractionation of PbN was 
generally <20%, whereas fractionation of Pb isotopes was gener- 
ally <5%. Each analysis was normalized to the University of Ari- 
zona "SL" zircon standard with an age of 564 + 4 Ma (G. Gehrels, 
2005, personal commun.), which was analyzed after every fifth 
sample analysis. The uncertainty resulting from the calibration 
correction (together with the uncertainty from decay constants 
and common Pb composition) is generally 3% (20) for 206PbP38U 
and 207PbP06Pb ages of >1.2 Ga. 

The measured isotopic ratios and ages are reported in Table 1. 
Errors from the measurement of 206PbP38U, 206PbP07Pb, and 
206PbPPb are reported at the I-sigma level. Additional errors 
that affect all ages include uncertainties from (1) U decay con- 
stants; (2) the composition of common Pb; and (3) calibration cor- 
rection. These systematic errors are not included in Table 1 and 
add an additional 1.8%-2% (20) uncertainty to 206PbP38U and 
older 207PbP06Pb ages. Interpreted ages incorporate the systematic 
errors and are cited at the 20 level. 

Ages used for interpretation are 206PbP38U ages for grains 
4300 Ma and 2MpbP6Pb ages for grains >800 Ma. Analyses with 
>lo% lo uncertainty, >30% normal discordance, or >5% reverse 
discordance are excluded from the plots and interpretations. Rela- 
tive probability diagrams and weighted mean calculations were 
created using the Isoplot program (Ludwig, 2002). For other 
details of analytical methods see Barbeau et al. (2005). 

Geochronology Results 

Kakhonak Complex 
Forty-six zircons were analyzed from sample 2728-M06 

(Fig. 4). Zircon grain lengths range from 50 to 200 pn. Most 
grains were subhedral to euhedral and ranged from small equant 



TABLE 1. U-Pb ZIRCON GEOCHRONOLOGIC ANALYSES BY LASER-ABLATION MULTICOLLECTOR ICP MASS SPECTROMETRY 

Isotopic ratios 

207Pb' 
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(continued) 



TABLE 1. U-Pb ZIRCON GEOCHRONOLOGIC ANALYSES BY LASER-ABLATION MULTICOLLECTOR ICP MASS SPECTROMETRY (continued) 

Isotopic ratios Apparent ages (Ma) 
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(continued) 



TABLE 1. U-Pb ZIRCON GEOCHRONOLOGIC ANALYSES BY LASER-ABLATION MULTICOLLECTOR ICP MASS SPECTROMETRY (continued) 

Isotopic ratios Apparent ages (Ma) 

mPb, Urrh 207Pb' 2mP b* 206Pb* 207pb* mPb* 
U - -  - -I ("A) - + (%) error - ?(Ma) - 2 (Ma) - 2 (Ma) Age r (Ma) 
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(continued) 
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Isotopic ratios Apparent ages (Ma) 

206Pb, U/Th 207Pb* 206pb* "Pb* m7P b* 206Pb* 
U - -  - 2 ("A) - 5 (%) error - % (Ma) - 2 (Ma) - 2 (Ma) Age +- (Ma) 

( P P ~ )  204Pb BSU 2381) corr. =U 235U 207Pb* 10 

(continued) 



TABLE 1. U-Pb ZIRCON GEOCHRONOLOGIC ANALYSES BY LASER-ABLATION MULTICOLLECTOR ICP MASS SPECTROMETRY (continued) 

Isotopic ratios Apparent ages (Ma) 

Urrh 
'' ("Yo) r(%) error 

corr. 

1.96 0.03' 
1.89 0.07 
1.94 0.04 
1.62 0.04 
2.54 0.06 
3.07 0.06 
2.40 0.31 
2.52 0.06 
1.92 0.13 
2.22 0.06 
2.39 0.07 
3.07 0.20 
1.46 0.08 
1.78 0.06 
1.85 0.07 
1.82 0.04 
3.48 0.15 
1.55 0.07 
2.62 0.13 
2.69 0.14 
1.71 0.03 
2.72 0.30 
1.86 0.04 
1.53 0.22 
2.84 0.08 
1.71 0.09 
2.47 0.05 
2.31 0.08 
1.86 0.12 
2.40 0.02 
3.27 0.05 
3.84 0.07 
1.45 0.09 
2.60 0.06 
2.12 0.09 
3.10 0.04 

*06P b* 207Pba '06P b' 
- %(Ma) - t (Ma) - ? (Ma) Age -+ (Ma) 
2381) 2351) 207P b* 1 a 

(continued) 



TABLE 1. U-Pb ZIRCON GEOCHRONOLOGIC ANALYSES BY LASER-ABLATION MULTICOLLECTOR ICP MASS SPECTROMETRY (continued) 

Isotopic ratios Apparent ages (Ma) 

2wPb, Urrh 207Pb* 206pb* mPb* 207pbR 206pb* u - -  - 2 ("A) - 2 (%) error - ?(Ma) - 2 (Ma) - 2 (Ma) Age 2 (Ma) 
( P P ~ )  204Pb 235U 23"' corr. M U  235U 207P b* 1 a 

3626-CO1-1 c 85 828 1.7 0.19587 20.0 0.02673 1.9 0.10 170.0 3.3 181.6 39.0 170.0 3.3 
3626401 -2c 37 208 2.0 0.22444 33.6 0.02829 2.4 0.07 179.8 4.4 205.6 73.9 179.8 4.4 
3626-CO1-4c 39 408 1.9 0.86352 76.2 0.02811 3.8 0.05 178.7 6.9 632.0 513.4 178.7 6.9 
3626401 -5c 96 924 1.6 0.12939 35.7 0.02778 1.7 0.05 176.6 3.0 123.6 45.8 176.6 3.0 
3626-CO1-6c 44 364 2.4 0.11012 47.9 0.02766 3.0 0.06 175.9 5.3 106.1 52.2 175.9 5.3 
3626-CO1-7~ 33 332 2.2 0.13648 113.0 0.02610 2.8 0.02 166.1 4.7 129.9 145.7 166.1 4.7 
3626-CO1-9c 79 884 2.4 0.15824 26.7 0.02724 2.6 0.10 173.2 4.6 149.2 42.0 173.2 4.6 
3626-CO1-1 OC 78 876 2.2 0.11808 49.2 0.02776 1.4 0.03 176.5 2.6 11 3.3 57.4 176.5 2.6 
3626-CO1-11 c 25 512 2.4 0.24614 1000.2 0.02743 3.7 0.00 174.4 6.6 223.4 1260.9 174.4 6.6, 
3626-CO1-12c 48 600 1.7 0.21316 330.9 0.02545 3.1 0.01 162.0 5.1 196.2 541.9 162.0 5.1 
3626-CO1-13c 30 500 2.2 5.36196 470.5 0.02489 5.4 0.01 158.5 8.7 1878.8 3317.0 158.5 8.7 
3626-COl-15~ 70 2076 1.5 0.21518 428.1 0.02625 1.4 0.00 167.0 2.3 197.9 663.0 167.0 2.3 
3626-CO1-16~ 80 1976 2.2 0.51371 77.2 0.02857 2.3 0.03 181.6 4.1 420.9 339.3 181.6 4.1 
3626-CO1-17~ 84 2076 1.9 0.21500 39.6 0.02894 3.3 0.08 183.9 6.1 197.7 83.0 183.9 6.1 
3626-C01-18~ 28 536 2.3 0.59538 69.7 0.02582 6.8 0.10 164.3 11.3 474.3 352.4 164.3 11.3 
3626-CO1-19~ 209 4020 1.0 0.17112 9.7 0.02582 1.5 0.16 164.3 2.6 160.4 16.8 164.3 2.6 
3626-CO1-20~ 42 1328 3.6 0.26032 70.9 0.02522 3.2 0.05 160.6 5.2 234.9 171.9 160.6 5.2 
3626-C01-21 r 36 660 2.5 0.53107 52.2 0.02764 5.3 0.10 175.8 9.4 432.5 248.3 175.8 9.4 
3626-C01-22r 72 1284 2.3 0.11638 69.8 0.02655 1.4 0.02 168.9 2.3 111.8 79.3 168.9 2.3 
3626-C01-23r 51 760 1.7 0.59747 16.5 0.02849 2.4 0.15 181.1 4.4 475.6 95.7 181.1 4.4 
3626-C01-24r 51 1220 3.2 0.40554 36.0 0.02572 2.1 0.06 163.7 3.4 345.7 138.4 163.7 3.4 
3626-C01-25r 43 976 2.2 0.40783 43.1 0.02868 2.7 0.06 182.3 5.0 347.3 164.3 182.3 5.0 
3626-C01-26r 93 1788 2.4 0.22095 15.3 0.02706 2.0 0.13 172.1 3.5 202.7 33.7 172.1 3.5 
3626-C01-27r 55 1304 1.8 1.17253 163.1 0.02834 1.3 0.01 180.2 2.4 787.8 1085.3 180.2 2.4 
3626-C01-28r 79 1996 1.6 0.15466 16.1 0.02598 1.6 0.10 165.3 2.6 146.0 24.9 165.3 2.6 
3626-C01-29r 34 568 3.0 0.16675 125.0 0.02583 4.3 0.03 164.4 7.1 156.6 192.3 164.4 7.1 
3626-C01-30r 36 644 2.3 1.81769 491.6 0.02507 3.9 0.01 159.6 6.3 1051.9 2331.4 159.6 6.3 
3626-C01-31r 63 1148 2.6 0.21837 66.2 0.02642 1.8 0.03 168.1 3.1 200.6 137.2 168.1 3.1 
3626-C01-33r 62 1224 2.5 0.28318 21.7 0.02770 1.7 0.08 176.1 3.0 253.2 60.5 176.1 3.0 
3626401 -35r 44 972 1.8 0.19991 92.0 0.02654 2.5 0.03 168.8 4.3 185.0 171.5 168.8 4.3 

Notes: r and c refer to rim and core analyses. Age column refers to interpreted age of grain, using 206Pbl238U age if the 206Pbl238U age is c800 Ma and the 207Pbl206Pb age 
for grains >800 Ma. 
*indicates corrected ratio or age. 
See Analytical Techniques section for more details. 
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Figure 4. U-Pb data from sample 2728-M06 (n = 46). (A) Relative 
probability plot, (B) concordia diagram, (C) weighted mean age. 
Locality: UTM Zone 5,6468850E, 337399N. 

and rounded grains to larger angular fragments. The data include 
seven young zircon ages (100-80 Ma) that were from euhedral zir- 
cons. The most significant peak on a probability distribution dia- 
gram (Fig. 4) includes 16 grains and has a weighted mean 
206PbF38U age of 188 t 4 Ma (MSWD = 1.7). There are 14 zir- 
cons with 2wPbP38U ages ranging from 193 to 218 Ma. All of the 
grains in this sample with ages 4 5 0  Ma are concordant. Eight 
grains have ages between 258 and 1563 Ma, and the four concor- 
dant zircons in this group have ages of 411 Ma, ca. 650 Ma, and 
1512 Ma. 

A total of 25 zircons were dated from sample 2728-M05 
(Fig. 5). One zircon had a young 206PbP38U age of 84 Ma. A 
weighted mean of the zircons comprising the most significant 
peak on the probability distribution plot (14 grains) is 181 2 6 Ma 
(MSWD = 1.7). This is the same age within error of the youngest 
peak from sample 2728M-06. Ten older grains yielded concor- 
dant or near concordant ages between 215 Ma and 2637 Ma. 

lbenty-nine zircons were analyzed from sample 2731-PO2 
(Fig. 6). The youngest grain has a206PbP38U age of 145 f. 12 Ma. 
The highest peak on the relative probability diagram is at ca. 
169 Ma. Another prominent peak based on data from seven zir- 
cons is at 208 Ma. Ten older grains have concordant ages from 
617 to 224 Ma. 

Western Chugach Mountains/Knik Terrane 
Thirty-seven zircons were analyzed from sample 2709-B08. 

Grains range in length from 100 to 250 pn and have aspect ratios 
of 3:2-2: 1 and are generally euhedral or subhedral. Both cores 
and rims were analyzed; rim analyses were generally younger and 
high in U (10-20X the values for the cores). The analyses yield 
a range of 206PbP38U ages from 214 to 185 Ma (Fig. 7). The 
three ages younger than 190 Ma all have high U concentrations 
(>lo00 ppm), suggesting Pb loss may have occurred. The analy- 
ses are concordant within the uncertainties in the data. 

Talkeetna Formation 
We analyzed 50 zircons from sample 2730-M03a (Fig. 8). 

All of the zircons analyzed have low U concentrations. All analy- 
ses were concordant and represent a broad population with a 
weighted mean 206PbF38U age of 207 2 5 Ma (MSWD = 3.1). 

Tuxedni Group/Chinitna Formation 
A combination of cores and rims from 30 zircons in sample 

3626-C01 were analyzed (Fig. 9). All zircons are euhedral and 
range in length from 200 to 300 p with aspect ratios ranging 
from 2:l to 5: 1. There were four grains that yielded both core and 
rim ages. In each of these grains, the core and rim ages were indis- 
tinguishable within 20 uncertainty. The weighted mean of all of 
the core ages is the same as the mean of the rim ages. The data 
have a weighted mean 206PbP8U age of 17 1 t 4 Ma (MSWD = 
3.1), but the hlgh MSWD suggests that there may be a combina- 
tion of two or more zircon populations. The ages are not corre- 
lated to U concentrations. When the data were evaluated as two 
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Figure 5. U-Pb data from sample 2728-M05 (n = 25). (A) Rela- 
tive probability plot, (B) concordia diagram, (C) weighted mean 
age. Locality: UTM Zone 5,6501019E, 349879N. 

Zircon age (Ma) 

Figure 6. U-Pb data from sample 273 1-PO2 (n = 29). (A) Relative proba- 
bility plot, (El) concordia diagram. Locality: UTM Zone 5, 6635343E, 
479633N. 

separate populations using the "unmix" routine of Isoplot (Lud- 
wig, 2002), a younger population of 167 2 4 Ma (MSWD = 
0.75) and an older population of 178 + 4 Ma (MSWD = 0.49) 
were discriminated. 

DISCUSSION 

The new U-Pb analyses provide important constraints on the 
timing of Talkeetna arc magmatism and the role of older (Archean- 
Triassic) material in the development of the Jurassic Talkeetna 
arc. In the following section we discuss the interpretation of the 
U-Pb data and its implications. All of the samples in this study 
except the volcanic rock from the base of the Talkeetna Forma- 
tion (sample 2730-M03a) have multiple statistically sigmficant 
zircon U-Pb age populations. In interpreting these age spectra 
we note that (1) insufficient zircons were analyzed to fully char- 
acterize the entire zircon population, and (2) Archean to Triassic 



Implications for the age of magmatism and inheritance in the Talkeetna arc 267 

180 185 190 195 2W 205 210 215 220 225 

Zircon age (Ma) 

Figure 7. U-Pb data from sample 2709-B08 (n = 37). (A) Relative proba- 
bility plot, (B) concordia diagram. Locality: UTM Zone 6, 6833731E, 
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components are generally too poorly represented to identify the 
source area. 

U-Pb Age Determinations 

Prearc Samples 
The Kakhonak Complex of Detterman and Reed (1980) con- 

sists of metamorphosed equivalents of other mapped units in the 
Iliamna quadrangle. Because of metamorphism and deformation, 
the original nature of the protoliths is obscured. Despite being 

Figure 8. U-Pb data from sample 2730-M03a (n = 50). (A) Relative 
as consisting prearc rocks. Det- probability plot, (B) concordia diagam, (C) weighted age. Local- 

terman and Reed (1980) recognized that the Kakhonak Complex ity: UTM zone s, 6667712E, 503136N. 
probably contained rocks of diverse ages and tectonic signifi- 
cance, including prearc successions such as Triassic (Norian?) 
greenstone, synarc rocks such as the Early Jurassic Talkeetna For- 
mation, and possibly some metamorphosed postarc sequences. 
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Figure 9. U-Pb data from sample 3626-C01 (n = 30). (A) Relative probability plot; (B) concordia diagram; analyses with 207PbP35U ratio uncertain- 
ties of >40% were not plotted; (C) weighted mean age of young population; (D) weighted mean age of older population. Locality: UTM Zone 6, 
68943 11E, 465049N. 

Our new U-Pb zircon ages provide constraints on the true aff~n- 
ity of different parts of the Kakhonak Complex. The detrital zir- 
con signatures of Kakhonak Complex samples are particularly 
interesting because the dated samples come from mapped plu- 
tonic screens and roof pendants from the Jurassic batholith and 
therefore can provide information of the tectonic setting of the 
Talkeetna arc during active magmatism 

The three samples from the Kakhonak Complex have zir- 
cons ranging from Archean and Proterozoic to Cretaceous ages. 
The youngest zircons from sample 2728-M06 range from 100 to 
80 Ma. These were likely derived from small Cretaceous dikes, 
similar to the dke  seen in sample 2728-M05, although these fea- 
tures were not observed in the hand samples prior to sample pro- 
cessing. The largest population in sample 2728-M06 has an age 
of 188 + 4 Ma, and older components record Proterozoic to Paleo- 
zoic ages. The distribution of ages within the sample is consis- 
tent with a volcaniclastic or sedimentary origin with a maximum 

depositional age of 188 Ma. The oldest dated Jurassic pluton in 
this part of the Alaska Peninsula has an age of 183.3 + 0.1 Ma 
(Rioux et al., 2005) and U-Pb analyses from the base of the 
Talkeetna Formation indicate that active arc volcanism started 
between 207 Ma (this study) and 198 Ma (PAlfy et al., 1999). 
Sedimentary units are common in the Talkeetna Formation (Clift 
et al., 2005a), and this sample may represent either a sedimen- 
tary or volcaniclastic layer within the arc volcanic sequence, 
which was metamorphosed during Mid-Jurassic plutonism. The 
oldest grains in sample 2728-M06 are Proterozoic to Paleozoic 
and the range of ages suggests that the protolith is likely a vol- 
caniclastic or sedimentary rock with a maximum depositional 
age of 188 Ma. 

The youngest Jurassic zircon population in sample 2728- 
M05 is 18 1 + 6 Ma, again suggesting a maximum depositional 
age that is synchronous with Talkeetna arc volcanism. The texture 
and mineralogy (quartz + plagioclase) suggests that this rock 
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may be a metamorphosed and deformed intermediate to felsic 
volcanic rock and is consistent with it being part of the upper Tal- 
keetna Formation. It is located near a pluton dated at 178.7 + 0.3 
Ma (M. Rioux, 2006, personal comrnun.), and thus it is clear that 
magmatism was active at this time. The ten grains with Archean- 
Triassic ages require the assimilation of inherited older components. 
The single 84 Ma age is attributed to the cross-cutting dike in this 
sample. 

Sample 2731-PO2 contained a range of zircons with Jurassic 
to Proterozoic ages. The youngest population in the sample sug- 
gests a maximum depositional age of ca. 169 Ma. Fossil succes- 
sions bracket the top of the Talkeetna Formation between the late 
Toarcian and middle Bajocian (180.1 + 4.0 to 169.2 + 4.0 Ma; 
Grantz et al., 1963; May,  1984; Gradstein et al., 1995). Thls sam- 
ple therefore represents a sedimentary layer from either the top 
of the Talkeetna Formation or the overlying Tuxedni Group. The 
range of Early Jurassic to LateTriassic (ca. 208 Ma) ages in the sam- 
ple may reflect incorporation of detritus from the oldest Talkeetna 
Formation rocks during deposition, including a young population 
at ca. 169 Ma that is younger than most of the Triassic protoliths 
of the Kakhonak Complex and is near the age of the youngest Tal- 
keetna Formation rocks (typically Toarcian or younger). 

Synarc Samples 
Sample 2730-M03a was collected from a unit at the base 

of the Talkeetna Formation and yielded a single population of 
50 zircons with a weighted mean age of 207 -+ 5 Ma. The high 
MSWD (3.1) for the analyses and asymmetric shape of the dis- 
tribution are consistent with Pb loss in some grains. The data 
suggest a Late Triassic initiation of Talkeetna arc volcanism in 
this area compared to the Early Jurassic age determined by P a y  
et al. (1999) at Puale bay. The abundance of zircons within a 
single age population argues against the rock's being a younger 
volcanic rock with Triassic inheritance but does not rule out this 
possibility. 

The greenschist-facies metabasalt from the western Chugach 
Mountains (2709-B08) yielded zircons with a range of ages from 
214 to 185 Ma. The complex age systematics in a metabasaltic 
composition may reflect Pb loss from some grains, inheritance 
of xenocrystic older zircon, or both. The data are consistent with 
the zircons' being derived from the Talkeetna Formation or Juras- 
sic plutons. These results constrain the age of the protolith to 
4 8 5  Ma and are consistent with the sample's representing a meta- 
morphosed Talkeetna Formation mafic volcanic rock. 

Postarc Sample 
Sample 3626-C01, the volcaniclastic sandstone from the 

Middle Jurassic sedimentary rocks overlying the Talkeetna For- 
mation recorded ages from 183.9 to 158.5 Ma. As discussed 
above, the data appear to reflect mixing of two populations with 
ages of 178 + 4 Ma and 167 + 4 Ma. These data constrain the 
depositional age of the sedimentary rocks to 4 6 7  Ma and reflect 
the local cessation of Talkeetna arc volcanism. The age is consis- 

tent with the faunal evidence that brackets the termination of arc 
volcanism between the late Toarcian and middle Bajocian (as pre- 
viously discussed). 

The Duration of Talkeetna Arc Volcanism 

The samples analyzed in this study bracket the full extent of 
the Talkeetna Formation and constrain the timing of Takeetna 
arc volcanism. Sample 2730-M03a was collected from the base 
of the volcanic section of the Alaska Peninsula and suggests 
that initial arc volcanism began by 207 + 5 Ma in this area. In 
a separate section in the Takeetna Mountains, a volcaniclastic 
sandstone (sample 3626-C01) overlying the Talkeetna Forma- 
tion volcanic rocks records a depositional age of el67 Ma. This 
age does not directly constrain the termination of arc volcanism 
but is consistent with existing faunal evidence that indicate that 
the Talkeetna Formation is overlain by middle Bajocian sedi- 
ments. Taken together, the data suggest that the arc was active 
for ca. 40 m.y. Uranium-Pb ages from arc plutonic rocks range 
from 217 t 10 Ma on Kodiak Island (Roeske et al., 1989) to 
153 Ma in the Talkeetna Mountains (Rioux et al., 2007) in agree- 
ment with the timespan of arc volcanism. 

Inheritance in Talkeetna Arc Magmatism 

A significant finding of this study is the identification of 
Paleozoic to Proterozoic zircons in metavolcanic and metasedi- 
mentary plutonic screens or roof pendants along the Alaska 
Peninsula. Pdfy et al. (1999) also noted the presence of Pro- 
terozoic inherited zircons in their U-Pb dating of Talkeetna 
Formation tuffs in the Puale Bay area. The presence of older 
material suggests that the volcanic and plutonic section on the 
Alaska Peninsula formed in close proximity to older continental 
material. 

In contrast, data from the eastern exposures of the arc in the 
Chugach and Talkeetna Mountains record little evidence for pre- 
existing continental detritus. Existing U-Pb data from arc plutons 
in the Chugach and eastern Talkeetna Mountain record concordant 
or near concordant ages between 201-169 Ma. Only a single sam- 
ple from the western Chugach Mountains, within the Knik River 
terrane, generated discordant data that indicate inheritance of Pre- 
cambrian xenocrysts. Discordant analyses in the western Takeetna 
Mountains are consistent with assimilation of Paleozoic Wrangel- 
lian crust into Jurassic arc magmas. Existing isotopic data from the 
Talkeetna arc further constrain the role of crustal assimilation in arc 
magrnatism (R~oux et al., 2007; Greene et al., 2006; Clift et al., 
2005a). Data from the Chugach and Thkeetna Mountains follow 
the trends of the U-Pb zircon analyses. In the Chugach Mountains 
and eastern Talkeetna Mountains, initial Nd and Sr ratios are sirni- 
lar to those from typical juvenile intraoceanic arc crust. In contrast, 
data fi-om plutons in the central and western Talkeetna Mountains, 
closer to the Wrangellia Terrane margin (Fig. I), record Nd and Sr 
isotopic values indicating assimilation of older Wrangellian crust 
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