GEOLOGIC AND TECTONIC EVOLUTION OF ANNETTE, GRAVINA, DUKE, AND

SOUTHERN PRINCE OF WALES ISLANDS, SOUTHEASTERN ALASKA

Thesis by

George Ellery Gehrels

In Partial Fulfillment of the Requirements

for the Degree of

Doctor of Philosophy

California Institute of Technology

Pasadena, California

1986

(Submitted September 24, 1985)



ii
ACKNOWLEDGMENTS

This study has been conducted under the supervision of Dr. Jason B.
Saleeby of the California Institute of Technology, who suggested the
project, arranged logistical and financial support through the U.S.
Geological Survey during early phases of the study, and provided
constant enthusiasm and encouragement during my Ph.D. program. His
assistance and friendship have been invaluable.

My field work in southeastern Alaska has been supported by the U.S.
Geological Survey, research grants from Caltech, the Geological Society
of America, and Sigma Xi, and a fellowship award from the Exxon
Education Foundation. I thank these organizations for their support.

Mapping conducted in conjunction with the U.S. Geological Survey
was supervised by Henry C. Berg (retired, U.S. Geological Survey) during
the summers of 1981 through 1983, and by Donald J. Grybeck during the
1984 field season. Henry Berg also shared freely his insights into the
geologic and tectonic evolution of southeastern Alaska and opened many
doors of opportunity for collaboration with other geologists.

Many individuals and organizations were involved in the logistical
aspects of my field work in Alaska. Foremost among these is Bill Block
of Noranda Exploration Co., who generously provided helicopter support
and aerial photographs for the work on southern Prince of Wales Island,
and shared freely his knowledge of the regional geology. Doug Oliver of
Houston 0il and Minerals Co. also provided helicopter support during the
work in the interior of southern Prince of Wales Island. Bud Bodding
and Gerry Gucker of Ketchikan and Mitchell Hudson of Metlakatla helped
with transportation to the various islands and taught me how to work and

live along the shorelines of southeastern Alaska. I thank Terrence



iii
Barr, Ryan Turner, and Karl Mueller for their able assistance in the
field during the summers of 1984, 1982, and 1981, respectively.

The geochronological aspects of this work were conducted at the
California Institute of Technology under the direction of, and in
collaboration with, Dr. Jason B. Saleeby. Drs. James Chen and Jason
Saleeby taught me the theory and practice of U-Pb geochronology and
helped prepare the isotopic standards used during the study. Dr. Leon
T. Silver prepared the isotopic tracers used during the study and made
available the mass spectrometer with which the isotopic analyses were
conducted. The computer programs used in reducing the isotopic data and
in calculating and drawing concordia diagrams were written and
generously provided by Dr. Kenneth R. Ludwig (U.S. Geological Survey).

Dr. Hugh P. Taylor, Jr. (California Institute of Technology)
supervised the oxygen isotope analyses conducted during my first year at
Caltech. I thank Dr. Taylor for supporting this aspect of my studies,
and also for teaching excellent courses in petrology and isotope
geochemistry. Dr. Norman M. Savage (University of Oregon) analyzed the
conodonts collected during this study and exposed me to the powerful
applications of conodont biostratigraphy. Dr. Fred Barker (U.S.
Geological Survey) supervised the major, minor, and trace element
analyses conducted by the U.S. Geological Survey and generously allowed
me to publish the data.

Finally, I would like to express my appreciation to my parents, Tom
and Liedeke Gehrels, for their constant support and enthusiasm during my

studies at Caltech and field work in Alaska.



iv
ABSTRACT

Annette, Gravina, Duke, and southern Prince of Wales Islands are
underlain primarily by Cambrian (and perhaps Proterozoic) through
Triassic volcanic, sedimentary, plutonic, and metamorphic rocks. These
rocks belong to the Alexander terrane, which is a coherent tectonic
fragment that underlies much of southeastern (SE) Alaska, the Saint
Elias Mountains of British Columbia, Yukon, and eastern Alaska, and
coastal regions of west-central British Columbia. Geologic mapping
combined with U-Pb (zircon) geochronologic studies have delineated the
major geologic units and features of these islands, and contribute to
our understanding of the geologic and tectonic evolution of the
Alexander terrane.

The oldest rocks recognized on Annette, Gravina, Duke, and southern
Prince of Wales Islands consist of greenschist— and amphibolite-facies
metavolcanic and metasedimentary rocks of the Wales metamorphic suite.
These rocks are locally intruded by dioritic and granodioritic
metaplutonic rocks which yield U-Pb apparent ages of approximately 540-
520 Ma (Middle and Late Cambrian). Rocks in the Wales suite were
therefore deposited, at least in part, prior to Late Cambrian time, but
their maximum depositional age is not known. The Wales suite and
associated metaplutonic rocks are intruded by large dioritic to granitic
plutons which yield U-Pb apparent ages in the 475-425 Ma (Middle
Ordovician-Early Silurian) range and are probably overlain by Lower
Ordovician-Lower Silurian volcanic and sedimentary rocks of the Descon
Formation. However, depositional contacts between the Descon Formation
and the older metamorphic rocks have not been demonstrated.

Deformation, metamorphism, and uplift of rocks in the Wales metamorphic
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suite occurred during a Middle Cambrian-Early Ordovician tectonic event
which I have referred to as the Wales "orogeny." The term orogeny is
used informally in this instance, as little is known about the regional
and tectonic significance of this event.

Ordovician-Early Silurian rocks on these islands are interpreted to
have formed in an oceanic volcanic arc environment based on similarities
with young or presently active volcanic arcs in the Circum—Pacific
region. Characteristics of the volcanic-plutonic complex in the
Alexander terrane which are similar to those in other magmatic belts
include: 1) predominance of basaltic to andesitic volcanic rocks and
dioritic to granodioritic and subordinate granitic plutonic rocks, 2)
calc—-alkaline affinity of the plutonic and volcanic rocks, as defined on
AFM, FeO*/Mg0 versus SiOz, and La versus Nb diagrams and by an alkali-
lime index of 56-62, 3) patterns of strong (50-100 times chondrites)
light REE enrichments, moderate (5 to 20 times chondrites) heavy REE
enrichments, and strong negative europium anomalies, 4) evolution of the
magmatic system over a period of approximately 50 m.y., and 5)
increasing potassium content with time in the plutonic rocks.

Facies relations in Ordovician—-Silurian strata in the southern part
of the terrane generally record northwesterly paleogeographic trends,
indicating that the interpreted arc trended oblique to the north-
northwesterly elongation of the terrane. Continuation of Ordovician-
Silurian shallow-marine strata for over 600 km to the north-northwest
indicates that the interpreted arc probably faced to the southwest and
that the strata to the north accumulated in a back—arc environment.
Protoliths of the Wales metamorphic suite may also have formed in a

volcanic arc environment, but the penetrative deformation and regional
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metamorphism of these rocks precludes detailed analyses of protolith
relations and composition.

During middle Silurian-earliest Devonian time the Early Silurian
and older rocks in the area were involved in a major tectonic event
which I refer to as the Klakas orogeny. Manifestations of this orogeny
on Annette, Gravina, Duke, and Prince of Wales Islands include: 1)
cessation of the Ordovician—-Early Silurian volcanism and plutonism, 2)
deposition of middle and Upper Silurian polymictic conglomerate on
northern Prince of Wales Island and regions to the north, 3) erosion or
non—-deposition of Silurian strata on Annette, Gravina, and Duke Islands
and on central and southern Prince of Wales Island, 4) southwest-—
directed movement on thrust faults on southern Prince of Wales Island
and perhaps on Annette Island, 5) deposition and deformation of a Lower
Devonian talus breccia and penetrative brecciation of Ordovician rocks
along thrust faults on southern Prince of Wales Island, 6) greenschist-
and local amphibolite—facies regional metamorphism and penetrative
deformation of Ordovician-Early Silurian rocks on Annette, Gravina, and
Duke Islands, 7) emplacement, and perhaps generation by anatexis, of
Late Silurian trondhjemite, sodic leucodiorite, and subordinate granite
plutons, 8) several kilometers (perhaps as much as 10 km) of uplift of
Late Silurian and older rocks prior to middle Early Devonian time, and
9) deposition of Lower Devonian conglomeratic red beds of the Karheen
Formation in topographically rugged subaerial environments in some
regions to the south, and in a northward tapering clastic wedge to the
north. Previous workers recognized the stratigraphic manifestations of
this orogenic event on central and northern Prince of Wales Island, but

most relations to the south were recognized initially during this study.
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On southern Prince of Wales Island, Lower Devonian conglomeratic
strata are overlain by shallow-marine limestone, mudstone, and siltstone
of middle Early Devonian age, which are in turn overlain by deeper-water
mudstone and graptolitic shale. Subsidence of the region below sea
level following the Klakas orogeny therefore occurred during middle
Early Devonian time and produced a marine transgression on a north-
facing paleoslope. Lower Devonian strata on Annette, Gravina, and Duke
Islands were deposited in shallow-marine environments, and only locally
include polymictic conglomerate and coarser clastic strata. Andesitic
volcanic rocks of probable Early Devonian age locally overlie the marine
clastic strata and are the youngest Paleozoic rocks in the study area.

Triassic strata herein referred to as the Hyd Group unconformably
overlie the Devonian and older rocks on Annette and Gravina Islands. At
the base of the section in most areas is a thick conglomerate or
sedimentary breccia with meter-size clasts of Devonian and older rock in
a poorly sorted matrix. These strata are overlain by a sequence, from
bottom to top, of rhyolite and rhyolitic tuff, shallow-marine limestone,
calcareous siltstone and limestone, and basalt flows and breccia. A U-
Pb apparent age of 225 %+ 3 on the rhyolite combined with megafossil and
conodont ages demonstrate that these strata were deposited during Late
Carnian to Late Norian time, and place a minimum age constraint of 225 %
3 Ma on the Carnian-Norian boundary. A large body of pyroxene gabbro on
Duke Island yields a U-Pb apparent age of 226 + 3 Ma, which demonstrates
that this gabbro is not genetically related to the zoned ("Alaskan-—
type”) ultramafic bodies on Duke Island (assuming that the ultramafic
bodies are indeed Cretaceous in age!). Rather, the pyroxene gabbro is

interpreted to be genetically related to the Triassic basaltic rocks.
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Intrusive relations indicate that hornblende gabbro on northeastern Duke
Island is pre-Late Silurian in age, and is therefore not genetically
related to the pyroxene gabbro or to the Cretaceous(?) ultramafic rocks.

The unconformity at the base of the Triassic section records a
major latest Paleozoic(?)-Triassic uplift and erosional event in the
Alexander terrane, but this event was not associated with regional
deformation or metamorphism. This lack of deformation combined with the
occurrence of Triassic strata along the eastern margin of the terrane in
SE Alaska and the bimodal (basalt-rhyolite) composition of the volcanic
rocks suggest that the Triassic strata and their subjacent unconformity
formed in an extensional environment. A major low—angle normal fault on
southern Prince of Wales Island (the Keete Inlet fault) may also have
moved during this interpreted extensional event.

Jurassic and younger rocks intrude and overlie rocks in various
terranes in western British Columbia and southern Alaska and demonstrate
that the Alexander terrane has been adjacent to Wrangellia since
Middle(?) Jurassic time, and to terranes to the east since Late
Cretaceous—early Tertiary time. Regional sub—greenschist- to
greenschist—facies metamorphism and moderate deformation of Cretaceous
and older rocks along the eastern margin of the terrane are interpreted
to have occurred during mid-Cretaceous-early Tertiary juxtaposition of
the Alexander terrane against terranes to the east.

North of Annette, Gravina, Duke, and southern Prince of Wales
Islands the Alexander terrane is underlain primarily by Paleozoic marine
clastic strata and limestone. Lower Paleozoic strata in some regions of
the Saint Elias Mountains include Cambrian volcanic rocks which may be

correlative with rocks in the Wales metamorphic suite, and a thick
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section of Ordovician-Devonian clastic strata and limestone. Upper
Paleozoic clastic strata are widespread in the Saint Elias Mountains
region but occur in only a few areas of southeastern Alaska, where they
were generally deposited in tectonically stable, shallow-marine
environments. Triassic strata to the north are generally similar to
rocks on Annette and Gravina Islands, and are interpreted by other
workers to have been deposited in a rift environment.

A variety of geologic, paleomagnetic, and paleobiogeographic
evidence suggests that the Alexander terrane occupied low paleolatitudes
during much of Paleozoic and Mesozoic time, and did not reach its
present latitude in the Cordillera until after Early Cretaceous time.
Previous hypotheses were that the Alexander terrane was originally
adjacent to rocks in the Sierra-Klamath region of California, and that
both assemblages formed and evolved adjacent to the California
continental margin. Comparison of the geologic and tectonic evolution
of the Alexander terrane with that in the Sierra-Klamath region
indicates, however, that the two assemblages have little in common and
probably were not closely associated during Paleozoic time.

Alternatively, I suggest that the early Paleozoic geologic and
tectonic evolution of the Alexander terrane is remarkably similar to
that in a dismembered orogenic belt which occurs in southeastern
Australia (Lachlan Fold Belt), New Zealand, the Transantarctic Mountains
and Byrd Land of Antarctica, and perhaps in tectonic fragments in
Asia. Similarities between the Alexander terrane and the Lachlan Fold
Belt include: 1) arc-type(?) volcanism and sedimentation during Cambrian
time (and perhaps Proterozoic time in the Alexander terrane), 2)

regional deformation and metamorphism of the Cambrian and older(?) rocks
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during Middle Cambrian-Early Ordovician time, 3) evolution of some
regions in a volcanic arc environment during Ordovician time (into Early
Silurian time in the Alexander terrane), 4) cessation of this volcanic
arc activity during the onset of a Silurian-earliest Devonian orogenic
event, which is manifest by regional uplift and erosion, deformation and
regional metamorphism, anatectic(?) plutonism (and volcanism in the
Lachlan Belt), 5) deposition of Lower Devonian and locally Silurian
conglomeratic red beds, and 6) evolution in relatively stable marine
environments from middle Early through Middle Devonian time.

Comparison of paleolatitudes of the Alexander terrane (determined
from paleomagnetic data) with paleolatitudes of eastern Australia
(interpreted from continental reconstructions) indicates that the two
regions occupied similar paleolatitudes from Ordovician to Late Devonian
time. A similar comparison of declination data from the Alexander
terrane indicates that both regions also rotated in a clockwise sense
during this period. There are also similarities in lower Paleozoic
fossils of the two regions, but some faunas from the Alexander terrane
apparently bear stronger affinities with North American or Asian
fossils.

Based on the geologic, paleomagnetic, and, to some degree the
paleobiogeographic similarities, I raise the possibility that the
Alexander terrane formed and evolved along the paleo-Pacific margin of
Gondwana, perhaps adjacent to rocks in eastern Australia, during early
Paleozoic time. The data are not sufficient to draw correlations
between the Alexander terrane and specific regions in this complex
orogen, although I note that similarities are strongest with the Molong

volcanic province in the Lachlan Belt of eastern Australia. The
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paleomagnetic data indicate that the terrane could have been associated
with these rocks or with potential northern correlatives in tectonic
fragments that now reside in Asia.

The geologic, paleomagnetic, and paleobiogeographic(?) similarities
between the Alexander terrane and the Lachlan Belt end in Middle
Devonian-Early Carboniferous time. During this time the Lachlan Belt
apparently underwent a major rifting episode, and the Alexander terrane
began to evolve in tectonically stable marine environments. The
paleolatitudes of the two regions also diverge at this time, with the
Alexander terrane migrating northward toward the paleo-equator and
eastern Australia continuing its southward movement. Carboniferous
fauna from the Alexander terrane are reported by some workers to have
"Tethyan" affinities, a fact that is consistent with the low
paleolatitudes determined from the paleomagnetic data. Triassic faunas
from the terrane are endemic to equatorial or perhaps more southerly
regions in the eastern part of the paleo—-Pacific basin, and
paleomagnetic data from the terrane are most consistent with a
paleolatitude of approximately 43° South. 1In concert with the
hypothesis that the terrane was adjacent to the paleo—Pacific margin of
Gondwana during early Paleozoic time, I raise the possibility that the
terrane was tectonically removed from the Gondwana margin, perhaps by
rifting, during Middle Devonian-Early Carboniferous time, and migrated
eastward across the paleo—Pacific basin during late Paleozoic time.
Northward displacement apparently began after Late Triassic time, and
ended during the mid-Cretaceous to early Tertiary juxtaposition of the

terrane against fragments previously accreted to western North America.
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CHAPTER 1

INTRODUCTION

Annette, Gravina, Duke, and southern Prince of Wales Islands are
underlain primarily by pre—-Ordovician through Triassic plutonic,
metamorphic, and stratified rocks that belong to the Alexander terrane
(Fig. 1-1). Rocks in this terrane are anomalous in the North American
Cordillera in that they occur outboard (west) of large regions in
British Columbia in which upper Paleozoic-lower Mesozoic strata are the
oldest rocks recognized. This led Schuchert (1923) to suggest that
Paleozoic rocks in the Alexander terrane formed in a geosynclinal system
(the "Alexandrian Embayment") which was separate from the main
Cordilleran geosyncline.

Wilson (1968) initially recognized that the Alexander terrane is a
discrete tectonic fragment in the Cordillera, and suggested that it was
not accreted to western North America until after early Mesozoic time.
The allochthonous nature of the terrane has since been demonstrated by
many lines of evidence, including: 1) the occurrence of Permian
fusulinid fauna of "Tethyan"” affinity in the Cache Creek terrane of
central British Columbia (Monger and Ross, 1971: Fig. 1-1), 2)
separation of the Alexander terrane from terranes to the east by an
assemblage of deep—marine strata of Late Jurassic-Early Cretaceous age
(Berg and others, 1972), 3) paleomagnetic data from Paleozoic rocks in
the terrane which indicate that it has been displaced northward relative
to North America by at least 18° since Pennsylvanian time (Van der Voo
and others, 1980), and 4) the equatorial affinity of Triassic bivalves

in the Alexander terrane (Tozer, 1982).
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Figure 1-1. Sketch map showing: (a) the distribution of rocks in
the Alexander terrane in the North American Cordillera and (b) the
locations of Annette, Gravina, Duke, and southern Prince of Wales
Islands in the Alexander terrane. Also shown are the Cache Creek
terrane in central British Columbia and the Sierra—-Klamath region of

California. Map of western North America is adapted from Coney (1981).
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The displacement history of the Alexander terrane has been a
subject of considerable controversey. Wilson (1968) originally
suggested that the terrane was derived from Asia, but did not cite
specific evidence to support this hypothesis. Following a general
scenario outlined by Monger and Ross (1971), Jones and others (1972)
reported that rocks in the Alexander terrane record a history which is
quite similar to that in the Sierra—-Klamath region of California, and
suggested that rocks in these two regions formed and evolved along the
California continental margin. This reported correlation of rocks in
the Alexander terrane and the Sierra—-Klamath region has influenced most
subsequent displacement scenarios (e.g., Schweikert and Snyder, 1981).
Comparison of the geology of the Alexander terrane and the Sierra-
Klamath region has been inhibited, however, by the scarcity of published
information about the geologic and tectonic evolution of the Alexander
terrane.

The primary objective of my work in southeastern Alaska has been to
reconstruct the geologic and tectonic evolution of the Alexander terrane
in an effort to learn about its displacement history. My approach in
reconstructing this evolution has centered on geologic mapping of
Annette, Gravina, Duke, and southern Prince of Wales Islands (Fig. 1-1)
and comparison of the geology of these areas to that in other parts of
the terrane. These islands were selected because a variety of lower
Paleozoic to Triassic rocks had been recognized by previous workers, and
long fjords and rugged shorelines on these islands offer excellent
exposures in an otherwise densely vegetated region. These geologic
studies have served as the framework for U-Pb geochronologic studies

[conducted with Jason Saleeby (Caltech)], analyses of conodonts [by
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Norman Savage (University of Oregon)], major, minor, and trace element
geochemical analyses [by the U.S. Geological Survey under the
supervision of Fred Barker], studies of the occurrence and origin of
massive sulfide deposits in the southern part of the terrane [with Henry
C. Berg (formerly of the U.S. Geological Survey)], and studies of oxygen
isotope variations in the terrane [with Hugh Taylor (Caltech)].
Comparison of the geology of these islands with other regions has been
accomplished through compilation of a geologic map of southeastern
Alaska under the supervision of Henry C. Berg.

This thesis is organized into three main chapters, which have been
written in the form of separate manuscripts, and three appendices —— two
of which are separate manuscripts. Each manuscript has a separate
abstract, introduction, and reference list. Chapter 2 describes the
geologic evolution of southern Prince of Wales Island, presents and
discusses the U-Pb geochronologic and the geochemical data, and
discusses the stratigraphic implications of the conodont ages. The
geologic units and major structures on southern Prince of Wales Island
are shown on Plate 1, and are described in detail in Appendix 1.

Chapter 3 provides a description of the Triassic and older rocks on
Annette, Gravina, and Duke Islands, presents the U-Pb geochronologic
data from these islands, and discusses the conodont ages. The
laboratory methods used in the geochronologic studies presented in
Chapters 2 and 3 are described in Appendix 2. Plate 2 is a geologic map
of southeastern Alaska -— the geologic units on this map are described
in Appendix 3. Chapter 4 summarizes the geology of Annette, Gravina,
Duke, and southern Prince of Wales Islands, integrates the geology of

these areas with relations in other parts of the terrane, and discusses
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the tectonic implications of the geologic relations. This serves as the

basis for a discussion of the displacement history of the terrane, which

is presented in the second part of Chapter 4.

The fundamental conclusion of my study, as outlined in Chapter 4,
is that rocks in the Alexander terrane record a history which is quite
different from that in the Sierra-Klamath region, but is remarkably
similar to that in parts of the Lachlan Fold Belt of southeastern
Australia. Geologic, paleomagnetic, and, to a lesser degree
paleobiogeographic data from the Alexander terrane support the
hypothesis that the Alexander terrane formed and evolved along the
paleo-Pacific margin of Gondwana during'early Paleozoic time, migrated
eastward across the paleo—Pacific basin during late Paleozoic time, and
was juxtaposed against terranes previously accreted to western North
America during mid-Cretaceous to early Tertiary time.
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CHAPTER 2

GEOLOGY OF SOUTHERN PRINCE OF WALES ISLAND

ABSTRACT

Geologic mapping combined with U-Pb geochronologic, geochemical,
and conodont studies of southern Prince of Wales Island yield new
information about the early Paleozoic geologic framework and evolution
of the southern Alexander terrane. The oldest rocks recognized on
southern Prince of Wales Island consist of late Proterozoic(?)-Cambrian
metavolcanic and metasedimentary rocks (Wales metamorphic suite), which
are interpreted to have been deposited in a volcanic arc environment.
These rocks were deformed and metamorphosed during a Middle Cambrian-
Early Ordovician tectonic event referred to informally as the Wales
"orogeny." Beginning soon after this orogenic event and continuing into
Early Silurian time, basaltic to rhyolitic rocks and subordinate clastic
strata (Descon Formation) were deposited and large dioritic to granitic
plutons were emplaced. Regional stratigraphic and intrusive relations
and the calc-alkaline affinity of the plutonic and volcanic rocks
suggest that they formed in an ensimatic volcanic arc along a convergent
plate margine.

Volcanic arc activity ceased during Early Silurian time with the
onset of a major middle Silurian-earliest Devonian tectonic event
referred to as the Klakas orogeny. This orogeny is manifest on southern
Prince of Wales Island as a change in style of magmatism, southwest-—
vergent movement on thrust faults, penetrative brecciation and pervasive
hydrothermal alteration of pre-Devonian rocks in some areas, and several

kilometers of structural uplift of Silurian and older rocks. Lower
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Devonian strata assigned to the Karheen Formation record the waning
stages of this event: conglomeratic redbeds low in the section were
deposited in topographically rugged, subaerial to shallow-marine
environments, whereas middle Lower Devonian strata high in the section
were deposited in marine environments after most of the region had
subsided below sea level.

Post-Devonian rocks on southern Prince of Wales Island include the
Bokan Mountain Granite (Jurassic) and mid-Cretaceous granodiorite and
diorite bodies. Prior to emplacement of the mid-Cretaceous plutons, the
Devonian and older rocks were offset along several sets of strike-slip
faults, and Ordovician and younger rocks were juxtaposed over rocks of
the Wales metamorphic suite along the Keete Inlet fault. The regional
juxtaposition of younger rocks over older rocks combined with the
sinuosity of its trace suggests that the Keete inlet fault is a low—
angle normal fault.

INTRODUCTION

Southern Prince of Wales Island is underlain by a variety of
sedimentary, volcanic, intrusive, and metamorphic rocks that range in
age from late Proterozoic(?)-Cambrian to mid-Cretaceous. These rocks
belong to the Alexander terrane, which underlies much of southeastern
Alaska, coastal regions of west-central British Columbia, and the Saint
Elias Mountains of British Columbia, southwestern Yukon, and eastern
Alaska (Fig. 2-1: Berg and others, 1972). Ordovician—-Silurian marine
clastic strata and limestone underlie much of the Alexander terrane and
are in many areas the oldest rocks exposed (Gehrels and Berg, 1984). On
southern and central Prince of Wales Island, however, these strata grade

into an Ordovician—-Early Silurian volcanic-plutonic complex and intrude
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Figure 2-1. Sketch map showing the location of the study area and
the distribution of rocks belonging to the Alexander terrane (adapted

from Monger and Berg, 1984). POWI = Prince of Wales Island.
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and overlie(?) pre-Ordovician metamorphic rocks. Long inlets and
excellent shoreline exposures on southern Prince of Wales Island provide
an opportunity to study these lower Paleozoic rocks in detail and
reconstruct the early geologic history of the southern Alexander
terrane.

During the summers of 1982 and 1983, I mapped the shorelines of
southern Prince of Wales Island (south of lat. 55° N) in detail and the
interior of the island in reconnaissance fashion (Fig. 2-2). 1In
conjunction with this mapping, I determined U-Pb (zircon) apparent ages
of the main plutonic suites, Fred Barker (U.S. Geological Survey)
arranged for major, minor, and trace element geochemical analyses to be
conducted through the U.S. Geological Survey, and Norman Savage (Univ.
of Oregon) studied conodonts from the area. In this report I outline
the geologic framework and evolution of southern Prince of Wales Island
and present my geochronologic and geochemical data. Conodonts from the
area have been described by Savage and Gehrels (1984), and Gehrels and
others (1983a) describe several small sulfide-rich deposits discovered
during the mapping. A 1:63,360 geologic map of southern Prince of Wales
Island with detailed unit descriptions is presented in Gehrels and
Saleeby (in review a), and Gehrels and Saleeby (in review b) outline the
tectonic implications of my studies.

Radiometric ages cited herein have been calculated or recalculated
with revised decay constants (Steiger and Jager, 1977), and their
uncertainties are reported at the 95% level unless otherwise
indicated. My U-Pb data are reported in the text and in Tables 2-1 and
2-2, and complexities of the data are discussed following the

description of geologic relations. I adopt the DNAG Time Scale (Palmer,
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Figure 2-2. Geologic sketch map of southern Prince of Wales Island
(Dixon Entrance D-1, D-2, and C-1 and parts of adjacent 1:63,360
quadrangles). The map is compiled from my field studies during 1982 and
1983 and from mapping by MacKevett (1963) between South Arm (Moira
Sound), Kendrick Bay, and Stone Rock Bay; by Thompson and others (1983)
of the Bokan Mountain Granite; and by Herreid and others (1978) in the
northern part of Kassa Inlet. The trace of the Keete Inlet fault in the
inset map is in part from Redman (1981). On the inset map: GI = Gravina

Island, AI = Annette Island, DI = Duke Island, and HI = Hotspur Island.



13

132030’

\ GRANODIORITE & DIORITE (Cretaceous)

V] BOKAN MOUNTAIN GRANITE (Jurassic)

ARHEEN FORMATION (Lower Devonian)
il Volcanic & hypabyssal rocks
Mudstone & shale

Sandstone, siltstone & limestone

. Conglomerate & breccia

W R @

KASSA INLET,

LEUCODIORITE (Late Silurian: 418 +5 Ma) o
MIDDLE ORDOVICIAN-EARLY SILURIAN PLUTONIC ROCKS ‘S"";"_‘..%;'-.' (;
Quartz syenite (438+ 5 Ma) ’%&_‘0%.
. Granite (438+5 Ma) i e‘aa‘
(% Quartz monzonite (438+4 Ma) e

B3] quartz diorite (44515 and 446+5 Ma)
I:|] Diorite (462 +15 and ~ 480-460 Ma)

(=~ Granodiorite (472+5 and 468+~I5 Ma)
DESCON FORMATION (Ordovician-Lower Silurian)

B Aciliite S

¢ BARRIER
Mudstone & siltstone ISLANDS

Rhyolitic volcanic rocks

l47 Basaltic to andesitic volcanic rocks

3 ORDOVICIAN METAPLUTONIC ROCKS
S (465+ 7 Ma)

\?& WALES METAMORPHIC SUITE
A\ (pre- Ordovician)

_Z~ strike-slip fault " Contact

/ Normal fault
eochronology

® G
/ Thrust fault ‘ samples

2 PRINCE _ a5
i OF WALES™ Y

|SLAND \ KETCHIKAN




14

T

55°00' 4

132°10'
. MOIRA SOUND

54°55'+

CLARENCE

54°50'4

IR

:
oy rgyye o 8 A
& .

‘e

54°45'

STRAIT

DIXON ENTRANCE

KILOMETERS




15
1983) in relating radiometric ages to geologic time, and note for
reference that the Ordovician-Silurian and the Silurian-Devonian
boundaries are assigned ages of 438 + 12 and 408 £ 12 Ma, respectively,
on this time scale. Plutonic rocks in the area are classified according
to the guidelines recommended by the IUGS Subcommission on Systematics
of Igneous Rocks (Streckeisen, 1976).
Previous work

Buddington and Chapin (1929) originally divided the rocks of
southern Prince of Wales Island into three main units: pre-Ordovician to
Devonian metamorphic rocks of the Wales Group, Devonian sedimentary and
volcanic rocks, and Upper Jurassic or Lower Cretaceous intrusive
rocks. W. H. Condon, I. L. Tailleur, G. D. Eberlein, and C. D. Reynolds
(all currently or formerly with the U.S. Geological Survey) remapped
parts of the area in reconnaissance and refined the distribution of
these units (Condon and Tailleur, unpub. U.S.G.S. report, 1960). In an
effort to determine the geologic setting of U~Th mineralization near
Bokan Mountain, MacKevett (1963) mapped the area between South Arm
(Moira Sound), northeastern Kendrick Bay, and southern Stone Rock Bay
(see Fig. 2-2) and subdivided the intrusive rocks into various
compositional units. These intrusive rocks were interpreted to be of
Cretaceous age until Lanphere and others (1964) determined Jurassic K-Ar
apparent ages on the Bokan Mountain Granite and Paleozoic K-Ar apparent
ages on the surrounding quartz monzonite and quartz diorite. The
petrography and geochemistry of the Bokan Mountain Granite has been
studied subsequently by Thompson and others (1982) and by B. Collot (in
Saint-André and others, 1983).

The general stratigraphic framework of Buddington and Chapin (1929)
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was revised by G. D. Eberlein, M. Churkin Jr., and W. Vennum (unpub.
U.S.G.S. mapping) and Herreid and others (1978) during studies of the
south—central Prince of Wales Island region. These workers determined
that rocks mapped previously as Devonian were in part of Ordovician age,
and that rocks mapped as the Wales Group by Buddington and Chapin (1929)
are pre-Middle Ordovician in age. My detailed mapping extends this
general stratigraphic framework to southern Prince of Wales Island,
confirms the Paleozoic age of most intrusive rocks, and provides more
detailed information on the nature, age, distribution, and regional
significance of these units.
GEOLOGIC FRAMEWORK
Overview
The oldest rocks in the study area consist of pre-Ordovician
metavolcanic and metasedimentary rocks referred to herein as the Wales
metamorphic suite. These rocks are juxtaposed against an Ordovician
metaplutonic complex along the Bird Rocks fault, and against Ordovician-
Early Silurian strata (assigned to the Descon Formation) and intrusive
rocks along the Keete Inlet fault (Fig. 2-2). Ordovician-Early Silurian
rocks east of the Keete Inlet fault are overlain by Lower Devonian
strata assigned herein to the Karheen Formation, and are intruded by the
Jurassic Bokan Mountain Granite. Granodioritic to dioritic plutons of
mid-Cretaceous age intrude the Devonian and older rocks and constitute
the youngest regional geologic unit on southern Prince of Wales
Island. Faults in the area include the Keete Inlet fault, several
thrust faults, and three sets of strike-slip faults.
The nature and age of the geologic units mentioned above are

described below and their regional distribution is shown schematically
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on Figure 2-2. Faults in the area are described in a separate section
on structural geology. I discuss complexities of the U-Pb
geochronologic data following the geologic descriptions, and conclude
with an outline of the geologic and tectonic history recorded by the
rocks and structures in the area.
Wales metamorphic suite

The Wales metamorphic suite consists of greenschist— and locally
amphibolite-facies schist and gneiss derived from basic to intermediate
(basaltic to andesitic?) volcanic rocks and volcaniclastic strata. The
dominant rock type in the suite is a fine-grained chlorite-—albite-
epidote schist in which protolith features are highly flattened and
moderately elongated. Where preserved, protolith features include
pyroclastic fragments (Fig. 2-3) and pillows in metavolcanic rocks, and
rhythmic and locally graded bedding in metagraywacke. Marble and
metarhyolite occur locally in the study area and form thick layers in
the suite to the north (Herreid and others, 1978; Eberlein and others,
1983). These rocks have been referred to as the Wales Group by
Buddington and Chapin (1929) and most subsequent workers. I suggest
that these rocks be renamed the "Wales metamorphic suite,” however,
because deformation and metamorphism have modified their primary
stratigraphic relations to a degree that the rocks no longer conform to
the Law of Superposition (in accordance with the North American
Commission on Stratigraphic Nomenclature, 1983).

Rocks in the Wales metamorphic suite north of Kassa Inlet and in
most areas of south—central Prince of Wales Island have been
metamorphosed to greenschist facies. South of Kassa Inlet the

metamorphic grade increases eastward from greenschist to amphibolite
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Figure 2-3. Photograph of highly flattened fragments in a

greenschist—-facies metavolcanic rock of the Wales metamorphic suite.
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facies, and higher—grade rocks are juxtaposed over lower-grade rocks
along the east-dipping Shipwreck Point fault (Figures 2-2).
Amphibolite—-facies rocks to the east consist of hornblende-biotite-
garnet-plagioclase gneiss in which protolith features are only locally
preserved. These rocks are in turn overthrust along the Bird Rocks
fault by metaplutonic rocks of Ordovician age (described below). The
age of movement on the Shipwreck Point and Bird Rocks faults is
constrained by brecciation of Middle Ordovician metaplutonic rocks along
the Bird Rocks fault, and by a cross—cutting leucodiorite body of Late
Silurian age (described below) in Kassa Inlet (Fig. 2-2).

The orientation of the metamorphic foliation in the suite is quite
variable in and north of the study area (Gehrels and Saleeby, in review
a; Herreid and others, 1978). My preliminary structural analyses
suggest that these variations define kilometer-scale upright folds that
have apparently been refolded around kilometer-scale folds with steeply
plunging axes. At outcrop scale, the metamorphic foliation has been
folded around shallow-plunging, asymmetric folds (Fig. 2-4) which are
coaxial with the upright folds. Where I have studied these rocks in
detail, the outcrop—scale folds are overturned in a sense consistent
with their having formed as parasitic structures on the limbs of the
upright folds, and do not record a regionally consistent sense of
asymmetry. These outcrop-scale folds do not have an axial planar
foliation and are accordingly interpreted to have formed during the
waning stages of, or after, the main phase of deformation and
metamorphism. The lack of such folds in late Early and Middle
Ordovician strata of the Descon Formation indicates that they formed

prior to Middle Ordovician time, and therefore prior to movement on the
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Photograph of asymmetric folds in the metamorphic

Figure 2-4.

foliation of the Wales metamorphic suite.
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thrust faults in the area (Fig. 2-5).

The minimum age of rocks in the Wales suite is constrained by
interlayered bodies of Middle and Late Cambrian metadiorite north of the
study area (J. Saleeby, unpub. data) and on southern Gravina Island
(Gehrels and others, in review). Turner and others (1977) suggest that
regional metamorphism of these rocks occurred during Early Ordovician

40K/[“OAr isochron apparent age of approximately 483

time based on a
Ma. Their interpretation is supported by observations that: (1)
metaplutonic rocks of Middle and Late Cambrian age have experienced the
metamorphism and deformation, (2) late Early Ordovician and younger
rocks of the Descon Formation (described bel;w) have not been regionally
deformed and metamorphosed, and (3) relatively nondeformed plutons of
Ordovician-Early Silurian age intrude the Wales suite on east-central
Prince of Wales Island (Saleeby and Gehrels, unpub. mapping). Based on
these relations and my interpretation that the Middle and Late Cambrian
intrusive rocks are at least in part cogenetic with volcanic rocks in
the Wales metamorphic suite, I assign a late Proterozoic(?)-Cambrian age
to the Wales suite. We note, however, that the age of these rocks has
not yet been documented through geochronologic data or stratigraphic
relations.

The tectonic event recorded by metamorphism and deformation of
rocks in the Wales suite has been referred to informally as the Wales
"orogeny"” (Gehrels and Saleeby, 1984 and in review b). Other
manifestations of this event include uplift of the metamorphic rocks
prior to deposition of strata in the Descon Formation, and accumulation
of a thick section of conglomeratic graywacke at the base(?) of the

Descon Formation several kilometers north of the area (Herreid and
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Figure 2-5. Cross section across southern Klakas Inlet showing
relations between faults and geologic units. Unit symbols are the same

as on Figure 2-2.
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others, 1978). I use the term orogeny informally in this instance
because little is known about the regional and tectonic significance of
this event.

The tectonic environment in which protoliths of the Wales
metamorphic suite accumulated is difficult to determine due to the
regional metamorphism and penetrative deformation. The scarcity of
metapelite and the abundance of pillow flows and coarse andesitic
breccia suggest that most rocks were deposited in a proximal volcanic
setting. Comparison of the composition and stratigraphic relations of
rocks in the Wales suite with rocks in the Descon Formation and other
Circum—Pacific magmatic belts suggests that the Wales suite formed in an
ensimatic volcanic arc environment along a convergent margine.

Descon Formation

Much of southern Prince of Wales Island is underlain by basaltic to
rhyolitic volcanic rocks, subordinate argillite, mudstone, siltstone,
and graywacke, and minor limestone which are referred to herein and by
Herreid and others (1978) as the Descon Formation. North of the
Frederick Cove fault (Fig. 2-2), the dominant rock types are interbedded
argillite and banded mudstone and siltstone. South of the fault,
basaltic to andesitic pillow flows (Fig. 2-6), pillow breccia, and tuff
breccia predominate, rhyolitic pyroclastic breccia, tuff, and extrusive
domes are subordinate, and argillite, mudstone, and limestone are minor
constituents. Reconnaissance mapping along the north shore of Moira
Sound north of the study area (Fig. 2-2) indicates that the clastic
strata north of the Frederick Cove fault overlie basaltic-andesitic
volcanic rocks which are interpreted to be correlative with those south

of the fault. The clastic strata north of the fault are therefore
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Figure 2-6. Well-preserved pillows in a basalt belonging to the

Descon Formation.




25
interpreted to be younger than the volcanic rocks to the south.

The degree of deformation and metamorphism of rocks in the Descon
Formation is quite variable, but is nowhere as high as in rocks of the
Wales suite. North of the Frederick Cove fault, the marine clastic
strata dip and face to the southwest and are only locally folded. South
of the fault, northwest-trending, shallow-plunging folds with several-
meter—scale wavelengths are common, and larger—scale folds with this
orientation apparently control the outcrop pattern of strata in the
Descon Formation in most of the area. Protolith features are slightly
deformed in most rocks, and the mafic— to intermediate-—composition rocks
are commonly recrystallized to microcrystalline chlorite, epidote, and
albite. Even where deformed and recrystallized, however, rocks in the
Descon Formation are readily distinguished from those in the Wales
metamorphic suite by the higher grade of metamorphism, stronger
flattening and elongation of protolith features, and asymmetric folds in
the older rocks.

Rocks belonging to the Descon Formation on central and northern
Prince of Wales Island consist of volcanic and volcaniclastic strata
which range in age from Early Ordovician to Early Silurian (Eberlein and
others, 1983). Fossils recovered from similar strata on southern Prince
of wales Island (Klakas Inlet and Moira Sound) include Middle Ordovician
conodonts and latest Early and Middle Ordovician graptolites (Eberlein
and others, 1983; Gehrels and Saleeby, in review a). I herein correlate
the rocks on southern Prince of Wales Island with those to the north and
assign the strata in the study area to the Descon Formation based on
their similarity in rock types, stratigraphic position, and, at least in

part, age. I note, however, that Upper Ordovician-Lower Silurian
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fossils have not been recovered from strata in the study area.

Depositional relations between rocks of the Descon Formation and
the Wales suite have not been documented in the Prince of Wales Island
region. Churkin and Eberlein (1977) and Eberlein and others (1983)
report that Ordovician strata along the shores of Klakas Inlet belong to
a continuous, southward-younging section which overlies rocks of the
Wales suite at the north end of the inlet. Because late Early and
Middle Ordovician fossils have been recovered from the Descon Formation
in southern Klakas Inlet, they argue that strata to the north are
probably Cambrian in age, and that rocks in the Wales suite are likely
Precambrian in age. In contrast, my mapping has shown that the
Ordovician strata along Klakas Inlet are cut by several major thrust and
high—angle faults, including the Frederick Cove fault, and are folded at
both outcrop and regional scale. Mapping along the north shore of Moira
Sound suggests also that clastic strata north of the Frederick Cove
fault are younger than the fossil-bearing Ordovician strata to the
south. These relations indicate that strata along the shores of Klakas
Inlet are structurally complex and are at least in part younger than the
late Early and Middle Ordovician strata at the south end of the inlet.
In addition, Herreid and others (1978) report that the Wales suite and
Descon Formation are separated by the Keete Inlet fault at the head of
Klakas Inlet. My reconnaissance mapping north of the Klakas Inlet
region indicates that the contact between the Descon Formation and Wales
suite is everywhere a fault along the east side of Prince of Wales
Island.

Intrusive relations and age and petrographic similarities suggest

that rocks in the Descon Formation are genetically related to large
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plutons of Ordovician diorite and granodiorite (described below) which
underlie much of southern Prince of Wales Island. Because similar
plutonic rocks intrude the Wales suite to the north, it is likely that
strata of the Descon Formation were originally in depositional contact
with rocks in the Wales suite. Thus, I concur with Churkin and Eberlein
(1977) and Eberlein and others (1983) that the Wales suite is probably
basement to the younger volcanic-plutonic complex, but note that I have
not been able to demonstrate depositional relations between ghe two
units on southern or eastern Prince of Wales Island.
Middle Ordovician-Early Silurian plutonic rocks

Overview

Plutonic rocks of Middle Ordovician-Early Silurian age on southern
Prince of Wales Island constitute the largest exposure of lower
Paleozoic intrusive rocks in the Alexander terrane. Crosscutting
relations and my geochronologic data indicate that the oldest intrusive
bodies in this suite consist of Middle Ordovician diorite and
granodiorite. Large bodies of quartz diorite were emplaced during Late
Ordovician time, and latest Ordovician—earliest Silurian quartz
monzonite, granite, and quartz syenite are the youngest members of the
plutonic suite. The petrographic characteristics, intrusive relations,
and age constraints of these plutonic rocks are described below. My
geochronologic data are presented in the text and in Tables 2-1 and 2-2,
and are discussed in a following geochronology section. The major,
minor, and trace element data from samples of the intrusive rocks and
two samples of Descon volcanic rocks are listed in Table 2-3.

Diorite and granodiorite

Large intrusive bodies of diorite, quartz-porphyritic granodiorite,
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* radiogenic lead.

% Uncertainty of age is reported at the 95% level.

B Apparent age is interpreted from the upper intercept on Pb*/U
concordia diagrams and uncertainty is estimated graphically (Fig. 2-7).

¥ Age is probably within range cited, but data are not sufficient to
determine a reliable apparent age (Fig. 2-8)

Notes: Additional sample information is provided in Table 2-2.

Size of zircon fractions: A = 120-160u; B = 80-120u; C = 45-80u; D =
< 45u; s = smaller part of fraction, 1 = larger part of fraction, d =
darker part of fraction.

Constants used: A238y = 1.55125 x 10710; A23%y = 9.8485 x 10710;

238U/235U (atomic) = 137.88 (from Steiger and Jager, 1977).

and

Uncertainty in concentrations, isotopic composition, and apparent
dates is in last two figures cited.

Isotopic compositions cited above have not been adjusted. In
calculating concentrations and apparent dates the isotopic data have
been adjusted as follows:

1) Mass-dependent correction factors of .09% + .04% (per AMU) and
0.12 £ .04% (per AMU) have been applied to lead and uranium ratios,
respectively. These factors have been determined by replicate analyses
of NBS SRM 981, 982, and 983 for Pb, and U-500 and U-930 for U.

207Pb/206

2) The Pb of the spiked aliquot has been adjusted for the

206 207

Pb and Pb added with the spike.

3) Isotopic composition of the unspiked aliquot has been adjusted for
0.04 +.02 ng blank lead with a composition of: 200pb/20%pp = 18.78 +
0.30; 207pyp/20%pp = 15.61 £ 0.22; and 298pb/20%p = 38.5 + .60. The

amount of blank Pb has been determined by isotope dilution analysis of a
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typical dissolution and chemical separation procedure conducted without
zircon. The blank composition has been determined through isotopic
analysis of acids and dust particles in the laboratory.

4) Isotopic composition of U in the spiked aliquot has been adjusted
for .07 = .05 ng blank U, which has been determined by the same
procedure as the Pb blank.

5) Isotopic composition of the spiked aliquot has been adjusted for

blank Pb by balancing the 200pp/207

Pb of the spiked and unspiked
aliquots. Blank Pb in the spiked aliquot is assigned the composition
cited above.

6) Common Pb remaining after correction for blank Pb is interpreted
to be initial Pb and is assigned a composition of: 206Pb/204Pb = 18.0 %

207pp/20%pb = 15.59 + 0.45 and 298pp/20%pp

1.5; Pb/ = 37.8 £+ 2.0. (Values
interpreted from Doe and Zartman, 1979).

The U and Pb concentrations and apparent dates cited above and the
Pb*/U ratios, uncertainties, and error correlations shown in Figs. 7 and
8 have been calculated with a computer program writteu by Ken Ludwig

(1983).
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Table 2-2. U-Pb geochronologic sample information.

Smpl Station  Latitude Longitude Magnetic
No. No. (N) (W) Character
1 82GP702  54°48'41" 132°15'37" NM 10°/20°

Rock: Moderately altered, coarse-grained, quartz-porphyritic

granodiorite.

Zircon: Sb>An=Eu, morphologically heterogeneous population ranging from
2:1 (euhedral) to l:1 (anhedral), most have inclusions, light pink
in color.

2 79AE215 54°53'41" 132°24'54™ NM 5°/20°

Rock: Highly altered, medium—grained, hornblende=biotite diorite.

Zircon: light pinkish-tan in color.

3 82GP48 54°56'03" 132°21'45" NM 10°/20°

Rock: Highly altered hornblende(?) leucogranodiorite.

Zircon: Eu>Sb>>An, 1:1 to 2:1, most grains have inclusions, very light
pinkish color.

4 82GP40 54°55'44" 132°22'10" NM 2°/20°

Rock: moderately altered, medium—- to fine-grained, hornblende diorite.

Zircon: Eu>Sb=An, 2:1 to 4:1 with most grains terminated by fractures,
inclusions common, medium to deep pink.

5 79AE114 54°53'53" 132°26'00" M 5°/20°

Rock: Strongly foliated, fine—-grained, biotite granodiorite.

Zircou: An=Sb>Eu, 1l:1 to 2:1 elongation with very irregular and angular
shapes; almost all grains have inclusions, light pinkish-tan.

6 82GpP28 54°53'42" 132°03'00" NM 10°/20°

Rock: Highly altered, medium—-grained, hornblende quartz diorite.

Zircon: Eu>>Sb=An, 2:1 to 3:1, inclusiouns in most grains, light-medium
pink.

7 82GP346 54°50'20" 132°17'08" NM 2°/20°

Rock: Highly altered, medium—grained, hornblende quartz diorite.

Zircon: Eu=Sb>An, 2:1 to 3:1 elongation, small inclusions in most
grains, variable in color from light pink to dark brown with
slight maroon tint.

8 83GP255 54°56'57" 131°58'32™ NM 2°/20°

Rock: Moderately altered, medium-grained, hornblende=biotite quartz
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monzonite.

Zircon: Sb=An>Eu, 1:1 to 2:1 elongated, inclusions are rare, medium to
deep pink with slight maroon tint to some grains.

9 83GP335 54°52'14" 131°58'28" NM 2°/20°

Rock: Moderately altered, coarse-grained, biotite leucogranite.

Zircon: Sb>Eu>An, Sb are 1:1, Eu are 2:1, inclusions are common, pink
with brownish tint.

10 83GP364 54°45'08" 131°59'56" NM 5°/15°

Rock: Highly altered, fine— to medium-grained, quartz syenite.

Zircon: Sb>Eu>An, Sb are elongate to 2:1 and Eu reach 3:1; inclusions
are rare, medium pink with some brownish grains.

11 82GP626 54°56'26" 132°30'07" NM 2°/10°

Rock: Moderately altered, medium—-grained, arfvedsonite garnet

leucodiorite.

Zircon: An>>Sb>Eu, very angular and irrgular with no elongation, few
inclusions, low U-conc. fraction is medium pink with brownish

tint; higher U-conc. fraction is a mottled dark brown.

Notes: Magnetic characteristics; NM = Non-magnetic split; M =
Magnetic split; first angle is side slope on Frantz Isodynamic
Separator; second angle is forward slope. All samples were processed
1.7 amps current.

Eu = Euhedral, Sb = subhedral, An = Anhedral

2:1 signifies length:width of grains.

Color determined under reflected light.

Inclusions consist of.clear and colorless rods and tiny dark brown

specks.

at
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Notes: Major element data in weight %, minor and trace elements in
ppm.

FeTO3 = total iron expressed as Fe203.

Major and minor elements by XRF; rare earth elements by INAA.

Sample numbers are the same as the geochronologic samples except for
12, which is an Ordovician leucogranodiorite; 13, which is a basaltic to
andesitic volcanic rock belonging to the Descon Formation; and 14, which

is a rhyolitic volcanic rock belonging to the Descon Formation.
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and leucogranodiorite underlie much of the western and southern parts of
the study area (Fig. 2-2). Diorite occurs as massive and homogeneous
bodies and as heterogenous complexes of layered and foliated diorite,
diorite-basite-granodiorite agmatite, and dikes and small intrusive
bodies of diorite, microdiorite, and basalt. Most diorites have a color
index between 30 and 50 and consist of medium—grained hornblende,
andesine, and subordinate biotite and quartz. Quartz-porphyritic
granodiorite generally occurs in massive, medium—- to coarse-—grained,
homogeneous bodies that consist primarily of large bluish quartz grains,
hornblende, oligoclase, and interstitial microperthite. Color indices
range from 5 to 20 in these rocks. The leucogranodiorite (not
distinguished from quartz-porphyritic granodiorite on Fig. 2-2) is a
distinctive rock that consists of myrmekitic quartz and plagioclase and
a variable proportion of interstitial microperthite. Ferromagnesian
minerals constitute less than 5% of the leucogranodiorite and occur as
small clusters of chlorite presumably derived from hornblende.

The available age constraints indicate that the dioritic and
granodioritic rocks are primarily Middle Ordovician in age. Quartz-—
porphyritic granodiorite (sample 1) yields an apparent age of 472 * 5
Ma, and diorite from west of Klakas Inlet yields an apparent age of 462
+ 15 Ma (sample 2). Leucogranodiorite (sample 3) from east of Klakas
Inlet yields discordant apparent dates, where discordance is recognized
on Pb*/U concordia diagrams by a lack of overlap (at the 95% level) of
individual zircon fractions and concordia. As shown on Figure 2-7,
three zircon fractions from sample 3 yield an upper intercept of 468 %
~15 Ma and a poorly constrained lower intercept of less than 100 Ma.

Discordance of the zircon populations is attributed to isotopic



37
Figure 2-7. Concordia diagram of zircon fractions from
leucogranodiorite at sample locality 3. Error ellipses are at the 95%
level. The concordia diagram was generated with computer programs

written by Ken Ludwig (1983; written commun., 1984).
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disturbance of Paleozoic zircons rather than entrainment of older U-
bearing phases in Mesozoic or Cenozoic zircons because the
leucograndiorite is overlain by Lower Devonian clastic strata. I
accordingly interpret the upper intercept with concordia (468 * ~15 Ma;
Fig. 2-7) as the apparent age for sample 3. Because the process by
which the zircon populations from this sample have been isotopically
disturbed is not well known (as discussed in the geochronology section
below), the uncertainty cited for the age of sample 3 is an estimate and
has not been determined statistically.

Diorite from just west of sample locality 3 also yields slightly
discordant apparent dates (sample 4: Fig. 2-8). 1In this case, however,
the isotopic data indicate that the rock is older than 460 Ma but are
not sufficient to determine a precise apparent age. I note, however,
that the zircon fractions from sample 4 plot on the same regression line
as fractions from sample 3 (Fig. 2-8). This suggests that zircons in
the two rocks formed at approximately the same time and have undergone a
similar isotopic disturbance. I accordingly interpret the apparent age
of sample 4 to be in the 480-460 Ma range but do not report a specific
age.

Turner and others (1977) report a K-Ar (hornblende) date of 428 %
13 Ma (one-sigma uncertainty) on a small granodiorite body adjacent to
the leucogranodiorite at sample locality 3. They interpret this date to
be a minimum age based on the penetrative alteration of the rock, and I
suggest that the rock is significantly older than 428 Ma because it is
intruded by the 468 * ~15 Ma leucogranodiorite at sample locality 3.
Disturbance of the K-Ar system in their sample and of the U-Pb systems

in samples 3 and 4 is discussed in the geochronology section below.
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Figure 2-8. Concordia diagram of zircon fractions from hornblende
diorite at sample locality 4. Regression line shown is that determined
from sample 3 and shows that samples 3 and 4 may be approximately coeval
and may have a similar history of isotopic disturbance. Error ellipses
are at the 95% level. The concordia diagram was generated with programs

written by Ken Ludwig (1983, written commun., 1984).
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Churkin and Eberlein (1977, pp. 777) report an age of at least 730
Ma on a trondhjemite body along the west side of Klakas Inlet (Ruth
Bay), which they interpret to intrude rocks of the Wales suite. The
date they cite is an incorrect interpretation of preliminary discordant
Pb/Pb and Pb/U dates provided informally by J. Saleeby and has no
bearing on the age of intrusive rocks in the area. In addition, my
mapping has shown that these intrusive rocks (which are actually
leucogranodiorite in composition) are separated from rocks in the Wales
suite by both the Keete Inlet fault and the suite of Ordovician
metaplutonic rocks (Fig. 2-2).

Middle Ordovician dioritic and granodioritic rocks on southern
Prince of Wales Island are interpreted to be genetically related to
volcanic rocks in the Descon Formation based on: (1) their similar
composition, (2) a gradation in the southwestern part of the area from
massive diorite and granodiorite, through a kilometer—-thick zone of
hypabyssal dioritic and granodioritic dikes and small intrusive bodies,
into interlayered basaltic to andesitic and rhyolitic volcanic rocks of
the Descon Formation, (3) the petrographic and compositional similarity
of leucogranodiorite bodies and nearby silicic volcanic layers in the
Descon Formation along Klakas Inlet, and (4) their similarity in age.

Quartz diorite

Large bodies of massive, fine— to medium-grained quartz diorite and
subordinate diorite underlie the east-central part of the study area.
These rocks have color indices of approximately 25 and consist of
andesine, green hornblende, and subordinate biotite and interstitial
quartz and K-feldspar. Rocks in this unit are intruded by quartz

monzonite and granite plutons, but intrusive relations with the large
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diorite and granodiorite bodies to the west have not been determined.
Lanphere and others (1964) report a K—-Ar (hornblende) apparent age of
439 + 21 Ma (one-sigma uncertainty) from quartz diorite in Kendrick Bay,
and I have determined a single-fraction apparent age of 445 + 5 Ma
(sample 6) from what appears to be the same intrusive body.

A suite of interlayered dikes and small intrusive bodies of
foliated quartz diorite and diorite in the west-central part of the area
yields an apparent age of 446 + 5 Ma (sample 7). Intrusive relations
suggest that the layering and foliation in this suite result from syn-—
plutonic flow rather than a regional deformational event, and
similarities in mineralogy, composition, and age suggest that these
rocks are genetically related to the quartz dioritic rocks to the
east. Thus, my age data indicate that the quartz dioritic rocks are
predominantly Late Ordovician in age and significantly younger than the
large dioritic and granodioritic bodies to the west.

Quartz monzonite, granite, and quartz syenite

The youngest members of the Ordovician—-Early Silurian plutonic
suite have a greater abundance of K-feldspar than earlier members, and
have been divided into quartz monzonite, granite, and quartz syenite
units on Figure 2-2. Also associated with these units, but not shown on
Figure 2-2, are small intrusive bodies of hornblendite and pyroxenite
that locally display gradational relations with quartz syenite. The
quartz monzonite unit comprises large bodies of homogeneous and massive
quartz monzonite, granite, and quartz monzodiorite that underlie much of
the eastern part of the study area. These rocks consist primarily of
medium-grained K-feldspar, andesine-oligoclase, quartz, and

glomerocrysts of biotite and hornblende. They intrude Late Ordovician
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quartz diorite and are intruded by both granite and quartz syenite.
Lanphere and others (1964) report K—Ar apparent ages of 454 + 22 Ma on
hornblende and 379 %+ 18 Ma on biotite from these rocks (one-sigma
uncertainties), and I have determined an apparent age of 438 £+ 4 Ma on a
medium—- to coarse—grained biotite quartz monzonite from sample locality
8.

A body of distinctive granite with large microperthite phenocrysts
and up to 107 biotite intrudes quartz monzonite along the easternmost
shore of the island near Kendrick Bay. Two zircon fractions from
granite at sample locality 9 yield an apparent age of 438 + 5 Ma. This
rock may be genetically related to a large body of grayish, reddish, and
locally maroon quartz syenite that intrudes quartz monzonite along the
east shore of the island. The quartz syenitic rocks consist of fine- to
medium-grained microperthite, quartz, oligoclase-andesine, and up to 207%
glomerocrysts of hornblende and biotite. I have determined an apparent
age of 438 £ 5 Ma on a sample of quartz syenite from sample locality
10.

Interpretation of the Ordovician-Early Silurian plutonic rocks

Middle Ordovician—-Early Silurian plutonic rocks and coeval volcanic
rocks of the Descon Formation are similar in many respects to modern-—day
volcanic-plutonic complexes in the Circum-Pacific region.
Characteristics of rocks on southern Prince of Wales Island that are
shared by other convergent-margin assemblages include: (1) evolution of
the magmatic suite during a period of approximately 40 m.y., (2)
predominance of dioritic to granitic intrusive rocks and basaltic to
rhyolitic volcanic rocks, (3) a general trend toward increasing

potassium content with time in the intrusive rocks, (4) the calc-
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alkaline affinity of the intrusive rocks, as defined by an alkali-lime
index of between 56 and 62, and on AFM (Fig. 2-9), FeO*/MgO versus SiO,
(Fig. 2-10), and a variety of other petrochemical diagrams, (5) the
similarity to orogenic andesites as defined on a La versus Nb diagram
(Fig. 2-11), and (6) strong (30 to 100 times) enrichment of light REE,
moderate (5 to 20 times) enrichment of heavy REE, and a negative Eu
anomaly (compared to chondritic abundances: Fig. 2-12). Based on these
similarities and a lack of conflicting geological or geochemical
evidence, I suggest that the Ordovician—-Early Silurian volcanic-plutonic
complex on southern Prince of Wales Island formed in an ensimatic
volcanic arc environment along a convergent margine.
Ordovician metaplutonic complex

A complex of foliated and layered metaplutonic and minor
metavolcanic and metasedimentary rocks is juxtaposed against rocks of
the Wales metamorphic suite along the Bird Rocks fault, and against
Ordovician-Early Silurian rocks along the Keete Inlet fault (Figs. 2 and
6). Foliated and slightly layered gabbroic rocks constitute
approximately 60% of the complex and consist predominantly of elongate
and aligned green hornblende and andesine. These rocks are intruded by
sills of strongly foliated granodiorite that are generally 10 to 50 cm
thick and at least several meters long. The granodioritic rocks
generally have a color index of less than 15 and consist of strongly
aligned quartz, plagioclase (oligoclase-andesine), brown biotite, and
subordinate hornblende. 1In spite of the penetrative deformation, an
igneous texture is apparent in most rocks.

The gabbroic and granodioritic rocks intrude screens of

metavolcanic and subordinate metasedimentary rocks which constitute less
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Figure 2-9. AFM diagram showing my samples of Ordovician—-Early
Silurian plutonic and volcanic rocks and the tholeiitic and calc-
alkaline fields of Irvine and Baragar (1971). (A = Nazo + KZO’ F = FeO

+ .9xFe,04, and M = Mg0, all in weight percent)
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Figure 2-10. (FeO + .9xFe203)/MgO versus Si0, diagram for my
samples of Ordovician—Early Silurian plutonic and volcanic rocks (all in
weight percent). Calc-alkaline and tholeiitic fields from Miyashiro

(1974).
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Figure 2-11. La versus Nb (in ppm) for my samples of Ordovician-
Early Silurian plutonic and volcanic rocks. Field of orogenic andesites

from Gill (1981).
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Figure 2-12. REE abundances relative to chondrites for my samples
of Ordovician-Early Silurian plutonic and volcanic rocks. Sample
numbers correspond to geochronologic samples except for 12 (Ordovician
leucogranodiorite), 13 (basaltic-andesitic volcanic rock belonging to
the Descon Formation), and 14 (rhyolitic volcanic rock belonging to the

Descon Formation). Chondrite abundances from Nakamura (1974).
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than 5% of the complex. These rocks generally have a hornblende-
plagioclase mineralogy similar to the gabbroic rocks, which suggests
that they have been metamorphosed to amphibolite facies. A lack of
strong flattening and elongation of protolith features in the
metavolcanic rocks indicates that these screens were derived from rocks
in the Descon Formation rather than the Wales suite.

Contacts between the granodioritic and gabbroic rocks are generally
parallel to the regional north-northwest-striking foliation contained by
the intrusive bodies. In some outcrops, however, granodiorite dikes cut
across the foliation in older gabbro yet contain the regional foliation
(Fig. 2-13). These relations indicate that the granodioritic rocks were
emplaced during the deformation. I have determined an apparent age of
465 £ 7 Ma on a granodiorite sill at sample locality 5, which indicates
that the granodioritic rocks were emplaced and the complex was deformed
during Middle Ordovician time. The rare occurrence of foliated gabbro
dikes cutting granodioritic rocks indicates that the gabbroic rocks are
probably of Middle Ordovician age as well.

The tectonic significance of the layering, foliation, and
metamorphism of rocks in this complex is not well constrained. As
described above, intrusive rocks above the Keete Inlet fault are
somewhat similar in composition and are of approximately the same age,
but do not display the layering, ductile deformational fabrics, or
higher grade of metamorphism of rocks below the fault. This indicates
that either these aspects of the metaplutonic complex were imparted
during a local rather than regional tectonic event, or the Keete Inlet
fault represents a major tectonic boundary separating rocks with

dissimilar Middle Ordovician histories.
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Figure 2-13. Photograph of foliated diorite and cross cutting but
foliated granodiorite. A similar granodiorite from sample locality 7

yields a U-Pb apparent age of 465 + 7 Ma.
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In accord with: (1) my conclusion that the layering and foliation
in the complex were imparted during emplacement of the intrusive rocks,
(2) the lack of Middle Ordovician tectonism in rocks elsewhere in the
region, and (3) my interpretation (described below) that the Keete Inlet
fault is a normal fault and not a major tectonic boundary, I hypothesize
that the layering and foliation formed through magmatic processes at
depths where rocks in the Descon Formation were undergoing amphibolite-
facies metamorphism. In this scenario, the metaplutonic rocks are
interpreted to be deeper-level equivalents of the dioritic and
granodioritic rocks that occur above the Keete Inlet fault. Layering in
the complex is attributed to preferential alignment of intrusive sheets
during emplacement (perhaps in a regime of extension) and reorientation
of the bodies into parallelism during flattening. Amphibolite-facies
metamorphism of rocks in the Wales suite west of and beneath the Bird
Rocks fault may have occurred: (1) during intrusion and metamorphism of
rocks in the Ordovician metaplutonic complex, (2) during Silurian time,
in response to their being overthrust by deeper-level rocks in the
metaplutonic complex, or (3) in response to regional metamorphism
associated with the Middle Cambrian—-Early Ordovician Wales "orogeny."
The lack of a strong linear fabric in both these rocks and the
metaplutonic rocks to the east favor the interpretation that the
amphibolite-facies metamorphism of rocks in the Wales suite occurred
during emplacement and metamorphism of the Middle Ordovician
metaplutonic rockse.

Silurian leucodiorite
Leucodiorite bodies near Kassa Inlet are quite different from other

Paleozoic intrusive rocks in the study area, and are apparently unique
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in the Alexander terrane. These rocks have a color index of less than
15 and consist primarily of medium— to coarse—grained oligoclase,
arfvedsonite with cores of aegirine-augite, subordinate dark-—brown
(melanite?) garnet, and large grains of euhedral sphene. Two zircon
size fractions from the leucodiorite yield an apparent age of 418 + 5 Ma
(sample 11).

The large leucodiorite body in Kassa Inlet is tectonically
significant because it cuts across the Bird Rocks and Shipwreck Point
faults (Fig. 2-2), which indicates that the faults moved prior to the
end of Silurian time. Plutons belonging to this suite are additionally
significant because they record a change from calc-alkaline plutonism
during Middle Ordovician-Early Silurian time to generation of sodic
magmas during Late Silurian time. As described below, this change in
magmatic evolution and pre-latest Silurian movement on the Bird Rocks
and Shipwreck Point faults are manifestation of a major middle Silurian-
earliest Devonian tectonic event which I have referred to as the Klakas
orogeny (Gehrels and others, 1983b).

Karheen Formation

Lower Devonian strata on southern Prince of Wales Island consist of
sedimentary and subordinate volcanic rocks which exhibit lateral and
vertical facies changes over short distances. In general, the
sedimentary sequence comprises conglomeratic strata at the base,
sandstone, siltstone, and limestone in the middle, and, in the northern
part of the area, laminated mudstone and black shale at the top. I
assign these strata to the Karheen Formation based on their similarities
in rock-type, stratigraphic position, and age with strata near the type

section of the Karheen Formation on west-central Prince of Wales Island
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(Eberlein and Churkin, 1970; Eberlein and others, 1983). 1In the
southern part of the study area, plagioclase-porphyritic dacite and
microporphyritic andesite are interbedded with the conglomeratic strata
and occur as hypabyssal intrusive bodies. These volcanic and hypabyssal
rocks and strata in the lower, middle, and upper parts of the sequence
are described below. Relations between the various rock types are shown
schematically on Figure 2-14 and are discussed in a following section on
regional stratigraphic variations.

Conglomeratic strata (lower part of section)

The lower part of the Karheen Formation in the study area consists
of reddish-brown cobble to boulder conglomerate, pebbly sandstone, and
poorly sorted sedimentary breccia. The thickness of this part of the
section varies from several meters at the north end of the area to over
a kilometer along the south shore of the island (Fig. 2-14). 1In the
northern part of the area, clasts in the conglomerate are moderately
well rounded, generally less than 40 cm in diameter, and éonsist
primarily of Ordovician volcanic and plutonic rocks. Along the south
shore of the island, plagioclase-porphyritic dacitic flows and breccia
are interbedded with the conglomeratic strata. Conglomeratic strata
near these volcanic layers consist of porphyritic dacite clasts in an
arkosic matrix. Clasts in the southern part of the area are in general
larger and more angular than those to the north and locally reach over a
meter in diameter (Fig. 2-15). 1In some areas the conglomeratic strata
display high—-angle cross-beds, channels, ripple marks, and other
sedimentary structures which indicate deposition in subaerial
environments. These relations combined with the thickness of strata in

the southern part of the area and the size of clasts suggest that the
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Figure 2-14. Schematic stratigraphic sections and available
conodont ages along the north-northwest—trending belt of Lower Devonian
strata on southern Prince of Wales Island. Data from north of the study
area are adapted from Herreid and others (1978). The upper section (a)
shows the presently exposed thickness of units above and below the layer
of limestone which occurs along most of the length of the section.
Conodont ages are shown in part b with a solid vertical line where fauna
indicate a well-constrained age, and with a dotted vertical line where
they indicate a range in age. These fauna have been described by Savage
and Gehrels (1984). The age—diagnostic fauna from localities 3, 6, and
10 apparently indicate that the limestone is younger to the south. The
lower section (c) is a schematic reconstruction of the first-order

facies variations during deposition of the strata.
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Figure 2-15. Large clast in the basal conglomerate of the Karheen

Formation (Lower Devonian) on southernmost Prince of Wales Island.
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region had significant subaerial topographic relief during deposition of
the lower part of the section.

Near the south end of Klakas Inlet, the conglomeratic strata grade
into a coarse sedimentary breccia that overlies and contains clasts of
brecciated Ordovician volcanic and plutonic rocks (Fig. 2-16). This
breccia places an important constraint on the age of deformation in the
area because underlying Ordovician rocks are penetratively deformed, the
breccia itself is moderately deformed, and unconformably overlying
mudstone and shale are only slightly deformed. These relations, the
poorly sorted and angular nature of the clasts and matrix, and regional
structural relations described below, suggest that the breccia was
deposited within or adjacent to an active fault system. Movement on
this inferred fault system and deposition of the coarse conglomeratic
strata are interpreted to be manifestations of the Klakas orogeny.

Sandstone, siltstone, and limestone (middle part of section)

Conglomeratic strata generally grade upsection into a sequence of
reddish-brown, well-bedded sandstone, siltstone, and mudstone,
subordinate gray fossiliferous limestone, and minor chert-pebble
conglomerate and interbedded maroon and green shale. The limestone can
be traced nearly continuously across the area and occurs as a single
layer up to several meters in thickness or as a pair of thin layers that
occur near the top of the middle part of the section. Shelly fauna are
abundant in the limestone and age-diagnostic conodonts have been
recovered from several localities (Fig. 2-14: Savage and Gehrels,
1984). According to the conodont ages, the limestone was deposited
during a brief interval in the middle Early Devonian, and appears to be

slightly younger to the south (Fig. 2-14). Strata in this part of the
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Figure 2-16. Sedimentary breccia that overlies and contains clasts
of highly deformed Ordovician volcanic and plutonic rocks, and is
overlain by relatively nondeformed middle Lower Devonian mudstone and
shale. The breccia is interpreted to have been deposited and deformed

within a regime of active faulting during Early Devonian time.
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section are interpreted to have been deposited in shallow-marine to
intertidal environments based on the occurrence of cross beds and small
channels in the siltstone, interbedded maroon and green shale, and
shallow-marine shelly fauna in the limestone.

Mudstone and black shale (upper part of section)

Tan to gray mudstone and overlying graptolitic black shale
constitute the upper part of the sedimentary sequence in the northern
part of the study area. These strata are laminated, layered, and
locally show size-grading, and are interpreted to have been deposited in
distal regions of a submarine fan. Tectonic activity within or adjacent
to the basin during deposition of the strata is recorded by several-
centimeter—thick layers of leucogranodiorite—clast conglomerate in the
shale and by the subjacent sedimentary breccia in southern Klakas
Inlet. Churkin and others (1970) report that graptolites in black shale
near the top of the section are probably late Pragian (middle Early
Devonian) in age.

Volcanic and hypabyssal rocks

Two types of volcanic rocks are interbedded with Lower Devonian
clastic strata on southern Prince of Wales Island. In the southwestern
part of the area, layers of plagioclase—porphyritic dacite(?) up to
several hundred meters in thickness are interbedded with conglomeratic
and arkosic rocks low in the section. Hypabyssal bodies of this
plagioclase (and diopsidic augite) porphyry occur along the length of
the belt of Devonian strata in the study area (Gehrels and Saleeby, in
review a) and are also widespread in Lower Devonian strata just north of
the area (Herreid and others, 1978). Northern Kuiu Island (central

southeastern Alaska: Muffler, 1967) is the only other region in the
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Alexander terrane where similar volcanic, hypabyssal, and arkosic rocks
have been reported. The strong similarity of rocks in these two regions
suggests that the arkosic and related rocks on Kuiu Island are Early
Devonian in age rather than Late Silurian as inferred by Muffler (1967).

In the west—central part of the area, plagioclase-microporphyritic
basalt or andesite pillow flows, volcanic breccia, and hypabyssal rocks
occur beneath limestone in the middle part of the section. These
volcanic rocks resemble andesitic breccia and pillow flows that overlie
Lower Devonian clastic strata just north of the area (Herreid and
others, 1978) and to the east on Hotspur Island (Gehrels and others, in
review). A thin sequence of pillow flows along the south shore of the
island near the base of the sequence may also be correlative with these
basaltic to andesitic rocks.

Regional variations in the Devonian strata

The Lower Devonian strata on southern Prince of Wales Island
generally define a fining-upward clastic sequence, but, as shown on
Figure 2-14, there are significant regional variations in the facies
relations and thickness of these strata. The upper cross section of
Figure 2-14 (part a) displays the first—order north-south variations
using the limestone as a horizontal reference, but does not accurately
depict the age relations of different units. As shown in part b of this
figure, age—diagnostic conodonts from the limestone are younger to the
south, indicating that at least the middle and upper units in the
sequence are time-transgressive. Southward-younging of the sequence is
also indicated by observations that: (1) plagioclase-porphyritic rocks
occur as hypabyssal bodies in the northern part of the area and as

porphyritic volcanic flows and breccia low in the section to the south,
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and (2) basaltic to andesitic pillow flows and breccia occur at the top
of the section to the north, beneath limestone in the middle part of the
section in the central part of the area, and near the base of the
section along the south shore of the island (Fig. 2-14). Assuming that
the volcanic rocks correlated above are coeval, these relations indicate
that shale at the north end of the area is coeval with or slightly older
than much of the conglomeratic strata along the south shore of the
island! If this assumption is correct, the age constraints provided by
the conodonts indicate that the marine clastic strata above the
limestone to the north and most of the conglomeratic strata below the
limestone to the south were both deposited during a brief interval
between late pesavis and the end of kindlei time (see conodont zones of
Fig. 2-14, part b).

The time-transgressive nature of the limestone combined with the
change from subaerial, through shallow-marine, to more distal marine
environments recorded by the clastic strata indicate that these rocks
were deposited during a marine transgression on a generally north-facing
paleoslope. This transgression may have occurred in response to
regional subsidence following the Klakas orogeny and (or) may reflect a
global rise in sea level during middle Early Devonian (sulcatus-kindlei)
time (Johnson and others, 1985). A speculative reconstruction of the
first-order facies variations during deposition of the strata is shown
in the lower cross section of Figure 2-14 (part c).

On central and northern Prince of Wales Island (northwest of Craig
on the inset map of Figure 2-2), strata in the Karheen Formation grade
northwestward from a >1800-m-thick section of conglomerate to a thinner

section of fine-grained clastic strata (Ovenshine, 1975; Ovenshine and
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others, 1969). Studies by these workers of sedimentary structures and
facies relations indicate that the conglomeratic rocks were deposited in
shallow-marine to subaerial environments and belong to a clastic wedge
that was shed from a source area to the south or southeast. The
evidence for middle Silurian-earliest Devonian deformation, faulting,
and uplift in the study area suggests that: (1) the source area
postulated by Ovenshine and others (1969) extended into the southern
Prince of Wales Island region (Gehrels and others, 1983b), and 2)
conglomeratic strata on southern Prince of Wales Island belong to a
proximal facies of this clastic wedge. The evidence for a northward
transition from subaerial to shallow-marine depositional environments
both in the study area and on central Prince of Wales Island suggests,
however, that the Early Devonian paleotopography was considerably more
complex than a uniform north—-facing paleoslope. These relations also
suggest that the area uplifted during the Klakas orogeny extended
considerably south or southeast of southern Prince of Wales Island.

Bokan Mountain Granite (Jurassic)

The Bokan Mountain Granite has received considerable research
attention because of its U-Th mineralization and anomalous peralkaline
composition. Thompson and others (1982) describe the intrusive body as
a peralkaline ring-dike complex that consists of aegirine- and
riebekite-bearing granite aplite, porphyry, and pegmatite. B. Collot
(in Saint-André and others, 1983) reports that the granite is generally
zoned from albitic aegirine granite at the center, through albitic
arfvedsonite granite, to fine-grained albitic arfvedsonite-aegirine
granite around the margin. I have not studied the granite in detail,

but examination of several thin sections suggests that the amphibole in
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the rock is indeed arfvedsonite rather than riebekite.

The Bokan Mountain Granite has been dated by a variety of methods,
all of which yield Jurassic dates. Lanphere and others (1964) report K-
Ar apparent ages of 185 + 8 Ma and 190 + 8 Ma (one-sigma uncertainties)
on riebekite (arfvedsonite?) from the granite. Saint—André and others
(1983) have analyzed several zircon fractions from two samples near the
margin of the body and report an upper—-intercept U-Pb apparent age of
171 £ 5 Ma (one-sigma uncertainty?). I consider this date suspect,

206Pb/zoan is so low that a

however, because: (1) their measured
reasonable error in the assigned common lead composition would
significantly change the apparent age, and (2) two of their zircon
fractions plot above concordia and the other fractions define a chord
with a lower intercept of 0O * 15 Ma. This indicates that either their
zircon populations were not completely dissolved, their sample and
spike(s) were not equilibrated, or the natural Pb*/U of the zircon
fractions has been altered during dissolution or chemical separation
procedures. Rb/Sr analyses of 10 whole-rock samples from the granite
yield a minimum isochron apparent age of 156 Ma (Armstrong, in press).
The available geochronologic data therefore suggest that the Bokan
Mountain Granite is Jurassic in age, but, recognizing the possibility
that excess radiogenic argon has affected the K-Ar dates, the
geochronometric age of the body has apparently not yet been reliably
determined.
Cretaceous diorite and granodiorite

Several large bodies of diorite and granodiorite intrude the

Paleozoic rocks on southern Prince of Wales Island. The mineralogy of

these intrusive bodies is quite different from rocks in the Paleozoic
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suite in that large euhedral sphene and anhedral magnetite grains are
ubiquitous, augite occurs in most rocks, and plagioclase forms tabular,
strongly zoned, and relatively unaltered grains. The similarity in
mineralogy and composition between these rocks and granodiorite and
diorite of known mid-Cretaceous age north of the study area (Herreid and
others, 1978) suggests that these plutons are mid-Cretaceous in age.
One such pluton cuts across the Keete Inlet fault north of the study
area (Herreid and others, 1978) and another may intrude across a strand
of the Keete Inlet fault between Kassa and Klakas Inlets (Fig. 2-2).
STRUCTURAL GEOLOGY

The dominant regional structures on southern Prince of Wales Island
include several thrust faults, the Keete Inlet fault, and strike-slip
faults belonging to three sets (Fig. 2-2). These faults are described
below.

Thrust faults

Thrust faults in the area include the Frederick Cove fault, the
Bird Rocks and Shipwreck Point faults, and the Anchor Island fault and
its inferred northern continuation in Klakas Inlet. The Frederick Cove
fault dips southward at moderate angles and juxtaposes volcanic rocks of
the Descon Formation over younger marine clastic strata. This fault is
overlain by Lower Devonian strata along the west shore of Klakas Inlet
just north of the study area (Herreid and others, 1978), which suggests
that it moved priqg to middle Early Devonian time.

Thrust faults west of the Keete Inlet fault dip at moderate angles
to the east and juxtapose Ordovician metaplutonic rocks over
amphibolite—facies rocks of the Wales suite (Bird Rocks fault), and

higher—-grade metamorphic rocks of the Wales suite over lower—-grade rocks
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(Shipwreck Point fault: Figs. 2 and 5). Striae on these and associated
minor faults indicate a slip-line of N65E-S65W (£ 20 degrees) (Fig. 2-
17). A southwestward sense of movement is indicated by an overturned
antiform in the foliation and layering of metaplutonic rocks above the
Bird Rocks fault (Fig. 2-5), and by juxtaposition of higher-grade over
lower—grade rocks (assuming that the higher-grade roéks were at deeper
levels prior to movement on the faults). The timing of movement is
constrained by the Middle Ordovician age of metaplutonic rocks cut by
the Bird Rocks fault, and by cross—cutting Late Silurian leucodiorite in
Kassa Inlet.

The Anchor Island fault is recognized as wide zones of brecciation
in Ordovician volcanic rocks east of the Barrier Islands and of
brecciation and alteration in Ordovician volcanic and plutonic rocks in
southern Klakas Inlet. In these two regions, Ordovician
leucogranodiorite is penetratively brecciated into angular, centimeter-—
scale fragments surrounded by finely comminuted quartz and feldspar
grains and rock fragments (Fig. 2-18). Ordovician volcanic and dioritic
rocks are moderately brecciated and have been recrystallized to
chloritic semischist. Throughout the zone in Klakas Inlet these rocks
also have a pervasive, orange—weathering dolomitic alteration. The
minimum age of deformation along this fault zone is constrained by
overlying sedimentary breccia which contains clasts of the highly
deformed Ordovician rocks, is itself moderately deformed, and is
overlain by relatively nondeformed middle Lower Devonian mudstone and
shale. Based on the occurrence of thrust faults with pre-Devonian
displacement nearby and projection of the Anchor Island fault toward

Klakas Inlet, I suggest that the deformational fabrics and alteration
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Figure 2-17. Stereoplot (equal—-area) showing the trend and plunge
of slickenside striae on thrust faults and associated minor faults west
of the Keete Inlet fault. The average slip-line is N65°E-S65°W +

200 .
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Figure 2-18. Penetratively brecciated Ordovician leucogranodiorite
in southern Klakas Inlet. Deformation is known to be pre-middle Early

Devonian in age, and is interpreted to have been caused by movement on

the Anchor Island and related thrust faults.
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are related to movement on the Anchor Island or closely associated
thrust faults. The superjacent sedimentary breccia is interpreted to
have been deposited as a talus breccia during movement on faults in this
thrust system. Toward the north the thrust system and associated zone
of deformation are truncated by the Keete Inlet fault.
Keete Inlet fault

The Keete Inlet fault is a major stratigraphic boundary in the
southern Alexander terrane (Fig. 2-2). 1In the study area it dips
moderately eastward and juxtaposes Ordovician stratified and intrusive
rocks over the Wales metamorphic suite and Ordovician metaplutonic
rocks. North of the area the fault juxtaposes Devonian strata against
the Wales metamorphic suite and is cut by a mid-Cretaceous pluton
(Herreid and others, 1978; Redman, 1981). These relations demonstrate
that the fault moved after deposition of the Lower Devonian strata —-
much later than movement on the thrust faults in the area. 1In the
northeastern corner of Kassa Inlet, and north and east ofithe study
area, rocks immediately adjacent to the fault are only moderately
deformed, and the degree of deformation decreases rapidly away from the
fault. Toward the south the fault cuts across deformational fabrics in
the upper plate that are presumably related to the Anchor Island and
related thrust faults. South of Kassa Inlet the fault strikes north-
northwesterly and is parallel to the trace of the older thrust faults,
suggesting that the thrust faults may‘have been reactivated by movement
on the Keete Inlet fault. South of Klakas Inlet the fault swings
westward into Cordova Bay and is not seen again.

Based on its curviplanar trace and regional juxtaposition of

younger rocks over older rocks, I raise the possibility that the Keete
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Inlet fault is a low—angle normal fault, rather than a thrust fault as
interpreted by Herreid and others (1978) and Redman (1981). This sense
of movement is consistent with my interpretation that the Ordovician
metaplutonic rocks below the Keete Inlet fault are deeper-level
equivalents of the large plutons of Middle Ordovician diorite and
granodiorite above the fault. The direction of movement on this fault
has not been determined, and its age of movement is constrained only as
post—-middle Early Devonian and pre-mid-Cretaceous. Movement on the
fault may have occurred, however, during a latest Paleozoic(?)-Triassic
rifting event in the southern Alexander terrane (Gehrels and others, in
review).
Strike-slip faults

Strike—slip faults on southern Prince of Wales Island belong to
three sets, including: north-northeast-striking right-lateral faults, a
complex set of curviplanar northwest-striking faults with left-lateral
displacement, and a north-striking right-lateral fault. North-
northeast—striking faults along the southern shore of the island have
shallow-plunging slickenside striae and separate Devonian strata up to
several kilometers in a dextral sense (Fig. 2-2). These faults are cut
by the Nichols Bay fault, which offsets stratigraphic and intrusive
units and their contacts by several kilometers in a left-lateral sense
and has shallow-plunging slickenside striae. Several curviplanar faults
structurally connect the Nichols Bay fault to the Max Cove fault, which
has approximately a kilometer of left-lateral offset.

The Max Cove fault and the two northwestern strands of the Nichols
Bay fault continue northwestward across Klakas Inlet, but do not offset

the Keete Inlet fault. Because the Keete Inlet fault is intruded by a
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mid-Cretaceous pluton north of the study area, the northwest-striking
faults and older north-northeast-striking faults must also have moved
prior to mid-Cretaceous time. The youngest strike-slip fault recognized
in the area strikes north-south along the southeastern corner of the
island (near Cape Chacon) and apparently offsets the Max Cove fault by
approximately a kilometer in a right—-lateral sense.

Summary of movement on faults

Based on a series of stratigraphic, intrusive, and structural
relations, I have been able to establish a chronology for movement on
the major sets of faults in the area. Thrust faults clearly offset or
deform rocks of Middle Ordovician age and are either overlain by Lower
Devonian strata or are intruded by a Late Silurian pluton. If uplift
and erosion of the Ordovician-Early Silurian rocks is interpreted to
have occurred at the same time as movement on the thrust faults, the
occurrence of latest Ordovician—earliest Silurian intrusive rocks
beneath Lower Devonian strata indicates that the faults moved during
Silurian time. This interpretation is supported by stratigraphic and
intrusive relations on Annette, Gravina, and Duke Islands and
stratigraphic relations on central Prince of Wales Island which indicate
that deformation and uplift associated with the Klakas orogeny began
during middle Silurian time (Gehrels and others, in review; Gehrels and
Saleeby, in review b).

Devonian strata are offset by nqrth—northeast—striking right-
lateral faults, which are cut by northwest-striking left-lateral faults,
which in turn are cut by the Keete Inlet fault and by a north-striking,
right-lateral fault. The observation that a mid-Cretaceous pluton

intrudes the Keete Inlet fault north of the study area demonstrates that
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all of these faults (except, perhaps, for the north-striking fault)
moved prior to mid-Cretaceous time.
DISCUSSION OF U-Pb GEOCHRONOLOGIC DATA

Most samples analyzed from southern Prince of Wales Island yield
concordant U-Pb (zircon) apparent ages, where concordance is recognized
on Pb*/U diagrams by overlap (at the 95% level) of individual zircon
fractions with concordia. Samples which yield discordant dates (lack of
overlap of individual zircon fractions and concordia) include the
leucogranodiorite from sample locality 3 and the diorite from locality 4
(Figs. 7 and 8). The degree of discordance of all three zircon
fractions from sample 3 indicate that the isotopic systems of the zircon
have been strongly disturbed, and the discordance pattern suggests that
disturbance occurred through loss of Pb relative to U (Fig. 2-7).

Sample 4 yields isotopic data which are consistent with a similar
isotopic evolution (Fig. 2-8).

Post-Devonian Pb*/U dates and the young (<100 Ma) lower intercept
of sample 3 indicate that the isotopic systems of samples 3 and probably
4 were disturbed primarily during Mesozoic-Cenozoic time. This young
disturbance is interpreted to have occurred during a regional Late
Cretaceous—early Tertiary hydrothermal event, which is recorded by the
non—equilibrium oxygen isotope composition of quartz and feldspar pairs
in lower Paleozoic and Cretaceous-Tertiary intrusive rocks (Gehrels and
Taylor, 1984). Hydrothermal fluids probably reached 300°C during this
event, which is the temperature recorded by the color alteration index
of Lower Devonian conodonts in the area (Savage and Gehrels, 1984).

Most K-Ar (hornblende) dates from southern Prince of Wales Island

are consistent with the available geologic and geochronologic
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constraints. The K-Ar (hornblende) apparent date of 428 % 13 Ma from
granodioritic rocks near localities 3 and 4 (Turner and others, 1977) is
known to be significantly reset, however, because this rock is intruded
by the 468 £ ~15 Ma leucogranodiorite at locality 3.

Paleozoic age samples which have been isotopically disturbed are
therefore apparently restricted to the Klakas Inlet region, which is
also the region in which rocks were strongly deformed and highly altered
during the Klakas orogeny. I suggest that the spatial association of
samples with isotopically disturbed zircon populations, the sample with
a reset K-Ar (hornblende) date, and rocks that have been regionally
deformed and altered is not coincidental, and that disturbance of these
samples occurred at least in part due to processes operating during the
Klakas orogeny. Such processes might include deformation and
recrystallization of zircon grains (recorded by fractured and contorted
grains), hydrothermal alteration (evidenced by the penetrative dolomitic
alteration throughout the zone of deformation), and uplift and
weathering of the rocks (indicated by proximity of the sample localities
to the basal contact of overlying Lower Devonian strata). The isotopic
systems may also have been disturbed by hydrothermal alteration and
uplift during a latest Paleozoic(?)-Triassic rifting event (Gehrels and
others, in review), which may be manifest on southern Prince of Wales
Island by swarms of mafic dikes and normal-slip displacement on the
Keete Inlet fault.

Although a unique explanation of the discordance of samples 3 and 4
is not possible with my limited data, the relations described above
suggest that their isotopic systems were disturbed initially during

deformation, alteration, and uplift associated with the Klakas orogeny,
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and finally during a Late Cretaceous—early Tertiary hydrothermal
event. Latest Paleozoic(?)-Triassic uplift and hydrothermal activity,
as well as other mechanisms or episodes of disturbance may have also
played a role in the complex isotopic evolution of these samples.
GEOLOGIC AND TECTONIC HISTORY

The recorded geologic history of southern Prince of Wales Island
begins in late Proterozoic(?)-Cambrian time with the deposition of
basaltic to andesitic volcanic rocks, volcaniclastic graywacke, and
subordinate limestone and rhyolitic volcanic rocks that are protoliths
of rocks in the Wales metamorphic suite. Similarities between these
strata and volcanic and sedimentary rocks in modern-day volcanic arcs
indicate that rocks in this suite may have accumulated in a volcanic arc
environment along a convergent margin. The Wales suite may thus
represent the oldest intact arc assemblage in the Cordillera. During
Middle Cambrian—-Early Ordovician time these rocks were metamorphosed to
greenschist and locally amphibolite facies and were penetratively
deformed. Shallow-plunging upright folds with kilometer—scale
wavelengths formed during the waning stages of, or after, the main phase
of deformation and metamorphism, and prior to the end of Early
Ordovician time. Asymmetric outcrop—-scale folds probably formed as
parasitic folds on the limbs of these regional structures. I have
referred informally to the tectonic event manifest by deformation,
metamorphism, and uplift of these rocks as the Wales "orogeny" (Gehrels
and Saleeby, 1984 and in review b).

Beginning soon after this orogenic event, basaltic to andesitic
pillow flows, pillow breccia, and tuff breccia, and subordinate

rhyolitic volcanic rocks and marine clastic strata of the Descon
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Formation were deposited. These rocks accumulated during late Early and
Middle Ordovician time, although deposition of a thick section of
argillite, mudstone, and graywacke that extends north of the area may
have continued into Late Ordovician-EFarly Silurian time. Large bodies
of Middle Ordovician diorite and granodiorite are interpreted to be
subvolcanic to the basaltic to rhyolitic rocks in the Descon
Formation. In the eastern part of the area, quartz diorite bodies were
emplaced during Late Ordovician time, and quartz monzonite, granite, and
quartz syenite plutons were emplaced during latest Ordovician-earliest
Silurian time. Comparison of the composition, geochemical
characteristics, and regional relations of these Ordovician-Early
Silurian plutonic, volcanic, and sedimentary rocks with those in modern-
day convergent margin assemblages indicate that they formed in an
ensimatic volcanic arc environment.

After Middle Ordovician time, and probably following emplacement of
the latest Ordovician-earliest Silurian intrusive rocks, rocks in the
Wales suite, Descon Formation, and Ordovician—-Early Silurian plutonic
suite were imbricated on southwest-vergent thrust faults, and rocks in
the southern Klakas Inlet area were penetratively brecciated and highly
altered. Movement on the Bird Rocks and Shipwreck Point faults occurred
prior to the end of Silurian time, but the Anchor Island thrust fault
remained active into earliest Devonian time.

Lower Devonian conglomeratic strata were deposited as part of a
regional clastic wedge soon after and in part during the waning stages
of movement on these thrust faults (Ovenshine and others, 1969; Gehrels
and others, 1983b). 1In the southern part of the study area, these

strata accumulated in subaerial environments which had considerable
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topographic relief. Toward the north they graded into sandstone,
siltstone, and shallow—marine limestone, and into laminated mudstone and
graptolitic black shale at the north end of the study area. Southward
younging of the limestone combined with facies relations in strata high
in the section indicate that the finer-grained clastic strata were
deposited during a marine transgression on a north—-facing paleoslope.
The occurrence of a similar northward transition from subaerial to
marine depositional environments on central Prince of Wales Island
indicates that the paleotopography during Early Devonian time was more
complex than a uniform north—facing paleoslope. A significant amount of
structural uplift prior to or during depositioun of these strata is
recorded by the occurrence of latest Ordovician-earliest Silurian
intrusive rocks beneath the Lower Devonian rocks.

The Klakas orogeny is recorded on southern Prince of Wales Island
by: (1) a change from calc-alkaline plutonism and volcanism to
emplacement of sodic plutons, (2) southwest—directed movement on thrust
faults, (3) penetrative deformation and alteration of Ordovician rocks
in the southern Klakas Inlet region, (4) at least several kilometers of
structural uplift of latest Ordovician—earliest Silurian and older
rocks, and (5) deposition of coarse conglomeratic strata as part of a
regional clastic wedge. Available age constraints from southern Prince
of Wales Island indicate that this event began between 438 + 4 Ma and
418 + 5 Ma, continued into earliest Devonian time, and ceased pripr to
the middle Early Devonian. Relations on central Prince of Wales Island
and on Annette, Gravina, and Duke Islands demonstrate that the event
began after middle Early Silurian time (Gehrels and Saleeby, in review

b; Gehrels and others, in review). Cessation of the Klakas orogeny is
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recorded by middle Lower Devonian strata which were deposited in
tectonically stable marine environments.

Several fault systems became active after deposition of the Lower
Devonian strata. North—northeast-striking faults along the south shore
of the island moved first with up to several kilometers of right-lateral
displacement. Movement on these faults was followed by left-slip
displacement of up to several kilometers on northwest-striking faults,
and then the Keete Inlet fault moved —- apparently as a low—angle normal
fault. Post-Devonian rocks include the Bokan Mountain Granite
(Jurassic) and large bodies of mid-Cretaceous granodiorite and
diorite. The tectonic environment in which the Bokan Mountain Granite
was emplaced is poorly known, as Jurassic intrusive bodies are rare in
the southern Alexander terrane. The mid-Cretaceous plutons in the area
belong to a belt of Early and mid-Cretaceous intrusive bodies that
presumably formed in response to plate convergence along the western
margin of the Alexander terrane (Berg and others, 1972). One of these
intrusive bodies cuts the Keete Inlet fault north of the study area
(Herreid and others, 1978), demonstrating a pre-mid-Cretaceous age for
movement on the Keete Inlet fault and the north-northeast-striking and
northwest—striking faults.
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CHAPTER 3

GEOLOGY OF ANNETTE, GRAVINA, AND DUKE ISLANDS

ABSTRACT

Geologic mapping, U-Pb (zircon) geochronometry, and analyses of
conodonts demonstrate that the major pre-Jurassic assemblages on
Annette, Gravina, Duke, and adjacent smaller islands include: pre-
Ordovician metavolcanic and metasedimentary rocks (Wales metamorphic
suite), metaplutonic rocks of Cambrian age, arc-type(?) dioritic rocks
and coeval volcanic rocks (Descon Formation) of Ordovician-Early
Silurian age, large trondhjemitic plutons of Silurian age, Lower
Devonian strata (Karheen Formation), Upper Triassic sedimentary and
volcanic rocks (Hyd Group), and a large body of Late Triassic pyroxene
gabbro. Stratigraphic, structural, and intrusive relations record
episodes of regional deformation, metamorphism, and uplift during Middle
Cambrian-Early Ordovician time (Wales "orogeny") and middle Silurian-
earliest Devonian time (Klakas orogeny). Upper Triassic strata were
apparently deposited during a latest Paleozoic(?)-Triassic rifting
event. Comparison with the geology of southern Prince of Wales Island
indicates that the Annette and Craig subterranes of the Alexander
terrane belong to the same tectonic fragment, and that the Clarence
Strait fault has approximately 15 km of right-lateral displacement at
this latitude. My geochronologic data also indicate that the pyroxene
gabbro on Duke Island is Triassic in age (and therefore not genetically
related to the zoned ultramafic bodies) and place a minimum age

constraint of 225 + 3 Ma on the Carnian-Norian boundary.
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INTRODUCTION

Triassic and older rocks on Annette, Gravina, and Duke Islands
belong to the Alexander terrane, which is a coherent tectonic fragment
that underlies much of southeastern (SE) Alaska and parts of western
British Columbia, southwestern Yukon, and eastern Alaska (Fig. 3-1: Berg
and others, 1972). 1In most regions, the Alexander terrane is underlain
by marine clastic strata and shallow—marine limestone that range in age
from early Paleozoic through Triassic. The rocks on Annette, Gravina,
and Duke Islands record a somewhat different history, however, in that
lower Paleozoic rocks consist predominantly of regionally metamorphosed
and deformed volcanic and plutonic rocks, and that upper Paleozoic
strata are not present. Based on these differences, Berg and others
(1978) subdivided the Alexander terrane into the Annette subterrane,
which includes Annette, Gravina, and Duke Islands, and the Craig
subterrane, to which rocks in most other areas of the terrane belong.

My studies have focused on the lower Paleozoic rocks on Annette,
Gravina, and Duke Islands in an effort to learn about the early
Paleozoic evolution of the southern Alexander terrane and evaluate the
differences between the Craig and Annette subterranes. I have mapped
these rocks in detail along shorelines of the islands, conducted U-Pb
(zircon) geochronologic studies of the intrusive rocks, and collected
limestone samples for conodont studies. In this report I describe the
geologic framework and evolution of Annette, Gravina, Duke, and adjacent
smaller islands, and present my U-Pb geochronologic data (Tables 3-1 and
3-2). The regional implications of my work on these islands are
reported by Gehrels and Saleeby (in review a), and conodonts from the

area are described by Savage and Gehrels (in press).
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Fig. 3-1. Location map of the study area and of rocks belonging to
the Alexander terrane [derived from Berg and others (1978); Monger and

Berg (1984)]. (POW I = Prince of Wales Island).
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I adopt the DNAG Time Scale (Palmer, 1983) in relating radiometric
ages to geologic time and note, for reference, that the Ordovician-
Silurian and Silurian-Devonian boundaries have been assigned ages of 438
+ 12 Ma and 408 £ 12 Ma on this time scale. Plutonic rocks in the area
are classified according to guidelines recommended by the IUGS
Subcommission on Systematics of Igneous Rocks (Streckeisen, 1976).

Previous work

Buddington and Chapin (1929) originally divided the rocks on
Annette, Gravina, and Duke Islands into: metamorphic rocks of Ordovician
to Jurassic age; Devonian limestone and clastic strata; Triassic
sedimentary and volcanic rocks; and Jurassic or Cretaceous sedimentary,
volcanic, and intrusive rocks. Berg (1972a and 1973) mapped the geology
of Annette and Gravina Islands in more detail and determined that the
granitic intrusive rocks are predominantly pre-Devonian in age, rather
than Jura-Cretaceous, and that the metamorphic rocks mapped previously
as Ordovician to Jurassic consist of Devonian strata and pre—Devonian
metaplutonic and metastratified rocks. Irvine (1974) studied the
petrology and field setting of Cretaceous(?) ultramafic rocks on Duke
Island in detail and determined the general nature and distribution of
pre—Cretaceous rocks on the island.

GEOLOGIC FRAMEWORK
Overview

Annette, Gravina, and Duke Islands are underlain by a variety of
sedimentary, volcanic, and intrusive rocks, and their metamorphosed and
(or) deformed equivalents, that range in age from Cambrian (and perhaps
late Proterozoic) through Cretaceous. These rocks are herein subdivided

into geologic units based on their predominant rock type and age. The
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primary units recognized include: Wales metamorphic suite (pre-
Ordovician), Cambrian metaplutonic rocks, Descon Formation (Ordovician-
Lower Silurian) and coeval intrusive rocks, Late Silurian trondhjemite
to granite, Karheen Formation (Lower Devonian) and associated volcanic
rocks, Hyd Group (Upper Triassic) and a coeval gabbro body, Jurassic-—
Lower Cretaceous strata, and Cretaceous(?) intrusive rocks. Several
regional tectonic events are recorded by stratigraphic and structural
relations on these islands, including the Wales "orogeny" (Middle
Cambrian-Early Ordovician), the Klakas orogeny (middle Silurian-earliest
Devonian), an uplift and erosional event during latest Paleozoic(?)-
Triassic time, and a major deformational and metamorphic event during
Late Cretaceous—early Tertiary time.

Each of the geologic units and tectonic events mentioned above is
described in the following sections and the distribution of the main
units and structures is shown on Figures 3-2, 3-3, and 3-4. Because my
studies focused on the Devonian and older rocks, the reader is referred
to Berg (1972a and 1973) and Irvine (1974) for more information on the
Mesozoic rocks. My geochronologic data are presented in the text and in
Tables 3-1 and 3-2, and complexities of the data are discussed in a
separate section on U-Pb geochronology. In the final two sections, I
summarize the geologic history recorded by rocks on these islands and
outline the main conclusions of my study.

Wales metamorphic suite (pre-Ordovician)

Greenschist— and locally amphibolite-facies metavolcanic and
metasedimentary rocks and subordinate marble occur on small islands near
the south tip of Gravina Island (Fig. 3-2). These rocks are strongly

foliated and layered, and protolith features, where recognizable, are
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Fig. 3-2. Geologic sketch map of western Gravina Island and legend

for Figures 3-2, 3-3, and 3-4 [in part modified from Berg (1973)].
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Figo 3-3.

Geologic sketch map of southern Annette Island [in part
modified from Berg (1972a)].

Legend is on Figure 3-2.
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Fig. 3-4. Geologic sketch map of northern Duke Island, Hotspur
Island, and southern Annette Island [in part modified from Irvine

(1974)]. Legend is on Figure 3-2.
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highly flattened and moderately elongated. Their foliation generally
strikes west—northwesterly and dips steeply to the south, and the
elongation lineation plunges to the west at shallow angles. Meter—scale
asymmetric folds in the metamorphic foliation occur locally. These
folds do not have an axial planar foliation and are interpreted to have
formed during the waning stages of, or after, the metamorphism and
deformation. Protolith features include centimeter—scale graded beds in
metasedimentary rocks and pyroclastic fragments in metavolcanic rocks.
The general composition of these rocks indicates that the protoliths
were basic to intermediate (probably basaltic to andesitic) in
composition. Most rocks consist primarily of chlorite, actinolite,
biotite, epidote, albite-oligoclase, quartz, opaque minerals, and
secondary calcite and white mica. The marble is coarsely
recrystallized, white to grayish-tan in color, and occurs in highly
deformed lenses and layers up to several meters in thickness.

Contact relations between rocks in the Wales metamorphic suite and
other units are not exposed on these small islands. On adjacent
islands, however, metaplutonic rocks of Middle to Late Cambrian age
(described below) have deformational fabrics which are similar in style
and orientation to those in the Wales suite. These fabrics are locally
cut by dikes of Ordovician-Early Silurian diorite (described below).
The deformation and metamorphism of rocks in the Wales suite are
accordingly interpreted to have occurred after (or perhaps during)
emplacement of the metaplutonic rocks, and prior to emplacement of the
Ordovician-Early Silurian diorite.

Pre-Ordovician metavolcanic and metasedimentary rocks on Prince of

Wales Island were originally referred to as the Wales Group (Buddington
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and Chapin, 1929) but have since been renamed the Wales metamorphic
suite (Gehrels and Saleeby, in review b). On south-central Prince of
Wales Island, these rocks are interlayered with dikes and small
intrusive bodies of Middle and Late Cambrian metadiorite (J. Saleeby,
unpub. data) and deformational fabrics in both suites are intruded by
Ordovician-Early Silurian diorite. Relations on both Gravina and Prince
of Wales Islands therefore indicate that rocks in the Wales suite were
deposited prior to Late Cambrian time and were metamorphosed and
deformed during Middle Cambrian-Early Ordovician time. I refer
informally to this phase of deformation, metamorphism, and perhaps
uplift as the Wales "orogeny" (Gehrels and Saleeby, 1984, in review
a). More complete descriptions of the nature, age, and regional
significance of this tectonic event await detailed structural studies of
rocks in the Wales suite.
Cambrian metaplutonic rocks

Southernmost Gravina Island and adjacent smaller islands are
underlain in part by an intrusive suite consisting predominantly of
foliated and slightly layered diorite, elongate meter—scale inclusions
of foliated gabbro and hornblendite, and dikes and sills of foliated
quartz diorite, microdiorite, and microgabbro (Figures 3-2 and 3-5).
Contacts between most intrusive bodies are parallel to the regional
west-northwest-striking, steeply-dipping foliation developed within the
bodies. Locally, however, quartz dioritic and subordinate dioritic
dikes intrude at oblique angles to the foliation in their country
rocks. Foliation in the cross—cutting dikes is locally parallel to the
dike margins, but is more commonly parallel to the foliation in the

country rocks. These intrusive relations indicate that deformational
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Fig. 3-5. Photograph of layered and foliated diorite and quartz
diorite on small islands south of Gravina Island. Age sample 1 is from
the foliated quartz diorite member of this outcrop and yields U-Pb data

consistent with an age in the 540-510 Ma range. Approximately 10 m of

section are shown on this photograph.
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fabrics in the suite were imparted during emplacement of the various
members. The minimum age of this deformation is constrained by cross-
cutting dikes of Ordovician-Early Silurian diorite (described below)
which are less deformed.

A sample of foliated quartz diorite from this intrusive suite
yields U-Pb data which are consistent with an apparent age in the 540-
510 Ma (Middle-Late Cambrian) range (sample 1). This approximate age is
interpreted to represent the time of formation of the suite, as the
quartz diorite body sampled intrudes foliated diorite, and is in turn
intruded by a folded dike of foliated diorite (Fig. 3-5).

Similar layered and foliated metaplutonic rocks on Prince of Wales
Island yield U-Pb isotopic data similar to that of sample 1 and are
sufficient to demonstrate Middle and Late Cambrian apparent ages (J.
Saleeby, unpub. data). These metaplutonic rocks are intruded by large
bodies of less—deformed diorite of Ordovician-Early Silur?an age, which
demonstrates that they were deformed and metamorphosed during Middle
Cambrian—-Early Ordovician time. As described above, the structural and
intrusive relations on southern Gravina Island are consistent with this
timing.

The regional distribution, structural trends, and contact relations
of Upper Triassic sedimentary breccia, Ordovician-Early Silurian
diorite, Cambrian metaplutonic rocks, and rocks in the Wales suite are
quite similar on southern Gravina Island and on eastern Prince of Wales
Island (Fig. 3-6). These similarities demonstrate that Prince of Wales
Island (Craig subterrane) and Gravina Island (Annette subterrane) belong
to the same tectonic fragment and that the Clarence Strait fault has

approximately 15 km of right-lateral offset at this latitude (Fig. 3-6).
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* radiogenic lead.

% Uncertainty of age is reported at the 95% level.

B Apparent age is interpreted from the upper intercept on Pb*/U
concordia diagrams and uncertainty is estimated graphically (Fig.
3-8a-c and e).

v Age is probably within range cited, but data are not sufficient to
determine a reliable apparent age (Fig. 3-8d)

Notes: Additional sample information is provided in Table 3-2.

Size of zircon fractions: A = 120-165u; B = 80-120u; C = 45-80u; D = <
45u.,

Constants used: A%38y = 1.55125 x 10710; 2235y = 9.8485 x 10710;
and 238U/235U (atomic) = 137.88 (from Steiger and Jager, 1977).

95%-level uncertainty in concentrations, isotopic composition, and
apparent dates is in last two figures cited.

Isotopic compositions cited above have not been adjusted. 1In
calculating concentrations and apparent dates the iséfopic data
have been adjusted as follows:

1) Mass—dependent correction factors of .09% % .04% (per AMU) and 0.12 %
.047% (per AMU) have been applied to lead and uranium ratios,

respectively. These factors have been determined by replicate

analyses of NBS SRM 981, 982, 983 for Pb and U-500 and U-930 for U.

207Pb/206 206

2) The Pb of the spiked aliquot has been adjusted for the Pb

and 297pb added with the spike.
3) Isotopic composition of the unspiked aliquot has been adjusted for
0.04 +.02 ng blank lead with a composition of: 206Pb/ZOQPb = 18.78

207Pb/204

+ 0.30; Pb = 15.61 + 0.22; and 298pb/2%%pp = 38.5 + .60.

The amount of blank Pb has been determined by isotope dilution
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analysis of a typical dissolution and chemical separation procedure
conducted without zircon. The blank composition has been
determined through isotopic analysis of acids and dust particles in
the laboratory.

4) Isotopic composition of U in the spiked aliquot has been adjusted for
.07 £ .05 ng blank U, which has been determined by the same
procedure as the Pb blank.

5) Isotopic composition of the spiked aliquot has been adjusted for

blank Pb by balancing the 206Pb/207

Pb of the spiked and unspiked
aliquots. Blank Pb in the spiked aliquot is assigned the
composition cited above.

206py,/204py, = 18,0 + 1.5;

6) Initial lead is assigned a composition of:
207pp/20%pp = 15,59 + 0.4; and 298pp/20%pp = 37.8 + 2.0 for
Paleozoic samples, and 18.2, 15.57, and 38.0 (with the same
uncertainties) for Triassic samples. (Values interpreted from Doe
and Zartman, 1979).

The concentrations and apparent dates cited above and the Pb*/U ratios,

uncertainties, and error correlations shown in Figure 3-8 have been

calculated with a computer program written by Ken Ludwig (1983).
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Table 3-2. U-Pb geochronologic sample information.

Smpl Station Latitude Longitude Magnetic
No. No. (N) (W) Character
1 84GG49 55°07'10" 131°42'21" NM 2°/20°

Rock: Strongly foliated, medium— to coarse—-grained hornblende quartz

diorite.

Zircon: Eu=Sb>An, 2:1 to 3:1, well-rounded forms, inclusions in some
grains, medium to dark pink in color.

2 81GD20 54°56'49" 131°29'20" M 0°/15°

Rock: Strongly foliated medium—grained biotite>hornblende diorite.

Zircon: Sb=Eu>An, 1.5:1 to 2.5:1, tiny inclusions in most grains.

3 81GA3 55°00'55" 131°27'21" NM 3°/15°

Rock: Extremely altered, medium-grained, hornblende(?) diorite.

Zircon: Sb>Eu>An, 1:1 to 2:1, most grains have many inclusions, light
medium pinkish lavender.

4 79JD975  55°10'56" 131°30'57" NM 10°/20°

Rock: Moderately altered, coarse-grained, hornblende quartz diorite.

Zircon: An>Sb>>Eu, l:1 with very irregular shapes, inclusions in most
grains, light pinkish lavender.

5 80JA3 55°02'52" 131°30'27" NM 10°/20°

to

Rock: Slightly altered, coarse-—grained, hornblende(?) leucotrondhjemite.

Zircon: Eu>Sb>An, 1.5:1 to 2.5:1, generally rounded, lots of inclusions,

light lavender in color.

6 80JAll 55°04'40" 131°33'37" NM 10°/20°

Rock: Foliated, moderately altered, medium-grained biotite trondhjemite.

Zircon: Eu=Sb=An, 1:1 to 2:1, very heterogeneous population, most grains

have inclusions, slight yellowish tint.
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7 80JG6 55°10'20" 131°43"15" NM 10°/20°

Rock: Moderately altered, coarse-grained, leucotrondhjemite.

Zircon: Eu>Sb>>An, 2:1 average, small inclusions in about half the
grains, light pink with slight lavender tint.

8 81GG6 55°11'49" 131°42'51" NM 10°/20°

Rock: Moderately altered aphyric rhyolite.

Zircon: Sb>Eu>>An, 1l:1 and generally tetrahedral, few inclusions,

colorless.

9 81GD38 54°58'11" 131°18'22" NM 2°/10°

Rock: Unaltered, medium-grained, hypersthene—augite-biotite gabbro.

Zircon: An>Sb>>Eu, 1:1, very irregular shapes, colorless.

Notes: Magnetic characteristics; NM = Non-magnetic split; M = Magnetic
split; first angle is side slope on Frantz Isodynamic Separator;
second angle is forward slope. All samples were processed at 1.7
amps currente.

Eu = Euhedral, Sb = Subhedral, An = Anhedral.

2:1 = length:width of grains.

Color determined under reflected light.

Inclusions generally consist of colorless narrow rods and tiny dark-

brown grains.
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Fig. 3-6. Sketch map showing the correlation of rocks on southern
Gravina Island and on eastern Prince of Wales Island. Based on this
correlation the Clarence Strait fault is interpreted to have
approximately 15 km of right-lateral offset. Geologic relations on
eastern Prince of Wales Island are from Gehrels and Saleeby (unpub.
mapping, 1984), Eberlein and others (1983), and Buddington and Chapin

(1929, pp. 313).
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Descon Formation (Ordovician-Early Silurian)

Western Annette and Duke Islands are underlain in part by
moderately deformed and metamorphosed dacitic to rhyolitic tuff and tuff
breccia, basaltic to andesitic pillow flows, pillow breccia, and tuff
breccia, and subordinate volcaniclastic graywacke, black argillite, and
limestone (Figures 3-3 and 3-4). Although fossils have not been
recovered from these rocks, their minimum age is constrained by cross-
cutting bodies of Ordovician—-Early Silurian diorite, and their maximum
age by the lack of Middle Cambrian-Early Ordovician deformational
fabrics characteristic of rocks in the Wales metamorphic suite. Similar
volcanic and sedimentary rocks on Prince of Wales Island range in age
from Early Ordovician to Early Silurian and have been assigned in most
areas to the Descon Formation (Eberlein and others, 1983; Herreid and
others, 1978; Gehrels and Saleeby, in review b). Based on their
similarity in constituent rock types, stratigraphic position, and age, 1
herein assign the pre-Late Silurian, post-Cambrian volcanic and
sedimentary rocks on Annette and Duke Islands to the Descon Formation.

On Annette Island the Descon Formation consists primarily of
dacitic to rhyolitic tuff and tuff breccia with well-preserved
pyroclastic fragments and tuffaceous lamination and layering. Basaltic
to andesitic pillow flows and tuff breccia are interbedded with the
silicic volcanic rocks in most areas and are the predominant member near
Metlakatla (Fig. 3-3). These rocks rarely preserve protolith features
and are generally recrystallized to semi-schistose chlorite, albite, and
epidote. On small islands north of Metlakatla (Fig. 3-3), however,
well-preserved basaltic to andesitic tuff and tuff breccia are

interbedded with black argillite and layered and finely laminated
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mudstone. These rocks are only slightly deformed and have clearly not
experienced the metamorphism and deformation of nearby rocks in the
Wales metamorphic suite. The metamorphic grade of rocks in the Descon
Formation increases southward from Metlakatla to amphibolite facies
(Berg, 1972a).

The dominant rock type in the Descon Formation on Duke Island is
moderately silicic, finely laminated tuff with layers of tuff breccia.
Individual fragments in the breccia range up to 20 cm in length and are
in most rocks only moderately flattened. Rocks along the western shore
of the island are slightly schistose, cut by many faults, and are
commonly folded at outcrop scale. A 50-meter-thick layer of quartz-
porphyritic dacite can be traced along this shoreline for over 4 km,
however, which demonstrates that the rocks belong to a stratigraphic
sequence which has not been highly folded or disrupted. Interbedded
with the dacitic to rhyolitic volcanic rocks, particularly along the
north shore of the island, are basaltic to andesitic pillow flows and
breccia, volcaniclastic graywacke and mudstone turbidites, and several
lenses of silicic breccia that may have been extrusive domes. Thin
sulfide-rich layers occur locally in the silicic rocks.

Ordovician—-Early Silurian diorite

Dioritic rocks on Annette, Gravina, and Duke Islands are quite
variable in their style and degree of deformation and metamorphism and
occur in homogeneous bodies and in heterogenous intrusive suites. Where
protolith relations are preserved, the rocks commonly consist of:
massive and homogeneous diorite; agmatite with several-centimeter— to
several-meter—scale inclusions of hornblendite, gabbro, and microgabbro;

or heterogeneous complexes of diorite, quartz diorite, and gabbro dikes
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and small intrusive bodies. Hornblende, andesine, quartz, K-feldspar,
and biotite are the dominant minerals in the rocks, and secondary
epidote, chlorite, calcite, and white mica are widespread. In most
areas the dioritic rocks have a moderate foliation defined by flattening
of protolith features and alignment and elongation of ferromagnesian |
minerals. Some rocks have a compositional layering parallel to the
foliation. In contrast to the regionally consistent foliation in the
pre-Ordovician rocks, the foliation in the dioritic rocks is variable in
orientation, both regionally and at outcrop scale.

On Gravina Island, dioritic dikes with a slight foliation cut
across deformational fabrics in the Cambrian metaplutonic rocks, and the
dioritic rocks are in turn cut by nondeformed dikes of Late Silurian
trondhjemite (Fig. 3-7). Dioritic rocks on Duke Island are in most
areas foliated and layered —— locally to the degree that primary igneous
textures have been obliterated. Irvine (1974) mapped the strongly
layered diorite on parts of Duke Island as metasedimentary and
metavolcanic rock, but more detailed mapping demonstrates that these
rocks grade with decreasing deformation into foliated diorite. A sample
of foliated and layered diorite from northwestern Duke Island yields a
U-Pb apparent age of 429 + ~20 Ma (Fig. 3-8a: sample 2).

On Annette Island the dioritic rocks ére quite variable in
composition and in style and degree of deformation. The large diorite
body south of Metlakatla is foliated and layered and resembles the
diorite on northwestern Duke Island. Dioritic rocks along the south
shore of the main part of the island are schistose and highly altered,
and most of the primary igneous minerals have been recrystallized to

chlorite, white mica, epidote, calcite, and quartz. Age sample 3 is
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Fig. 3-7. Photograph of a Late Silurian trondhjemite dike cutting
across the foliation in diorite of probable Ordovician-Early Silurian
age on southern Gravina Island. Trondhjemite nearby yields a U-Pb

apparent age of 410 * ~20 Ma (sample 7).
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206Pb*/238U versus 207Pb*/238U concordia diagrams for

Fig. 3-8.
age samples 2(a), 3(b), 4(c), 6(d), and 7(e). The error ellipses are at
the 95% level and incorporate all known significant errors. The error
ellipses have been calculated and the concordia diagrams have been drawn
with programs written by Ken Ludwig (1983 and written commun., 1984).
Apparent ages cited in 8a, b, ¢, and e are interpreted from the upper
intercepts of concordia and the regression line, which has been
calculated using the equations of York (1969) and a program written by
Ken Ludwig (written commun., 1984). The associated errors have been
estimated graphically by passing a family of lines through the error
ellipses: these approximate errors are generally similar to
statistically determined errors at the 95% level. The data from sample
6 (Fig. 3-8d) are insufficient to determine a reliable apparent age, but
are consistent with the interpretation that these trondhjemitic rocks

are generally coeval with samples 4, 5, and 7. I accordingly suggest

that their age is in the 430-390 Ma range.
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from a moderately schistose diorite within this zone and yields a U-Pb
apparent age of 426 + ~15 Ma (Fig. 3-8b). These rocks are overlain by
Lower Devonian strata of the Karheen Formation (described below) and are
intruded by dikes of nondeformed Late Silurian trondhjemite.

The age data and intrusive relations on Annette, Gravina, and Duke
Islands indicate that the dioritic rocks were emplaced between Cambrian
and Late Silurian time, and that in some (most?) areas the diorite is
Early Silurian in age. I assign an Ordovician-Early Silurian age to the
dioritic rocks on these islands based on the Early Silurian apparent
ages and the occurrence of similar dioritic rocks on southern Prince of
Wales Island with Ordovician U-Pb apparent ages (Gehrels and Saleeby, in
review b).

Ordovician-Early Silurian hornblende gabbro

Hornblende gabbro occurs locally on Duke Island (Fig. 3-4) and
consists predominantly of green hornblende, brown biotite, and highly
altered plagioclase. On northeastern Duke Island the gabbroic rocks
have a moderate foliation which is cut by a trondhjemitic body that
resembles the Late Silurian trondhjemite on Annette Island (described
below). Textural and mineralogical similarities between the hornblende
gabbro in this region and dioritic rocks that occur nearby, combined
with the cross—cutting Late Silurian(?) trondhjemite, indicate that this
hornblende gabbro is probably Ordovician-Early Silurian in age. 1In
contrast, Irvine (1974) reports that hornblende gabbro on central and
southern Duke Island was derived from the adjacent pyroxene gabbro (now
known to be Triassic in age) during metamorphism associated with
emplacement of the Cretaceous(?) ultramafic rocks. The hornblende

gabbro unit shown on Figure 3-4 may therefore include rocks of both
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Ordovician-Early Silurian and Mesozoic age.
Trondhjemite to granite (Late Silurian)

Much of Annette Island is underlain by a composite stock of
leucotrondhjemite and subordinate trondhjemite, quartz diorite, diorite,
and leucocratic granite, quartz monzonite, and granodiorite (Berg,
1972a). These rocks consist of varying proportions of plagioclase
(albite to oligoclase), large bluish quartz grains, microperthite, green
hornblende, brown biotite, and chlorite. M.A. Lanphere has determined a
K-Ar (hornblende) apparent age of 424 + 12 Ma (one-sigma uncertainty) on
a leucocratic quartz diorite member of the pluton (cited in Berg, 1972a)
and I have determined a U-Pb apparent age of 409 £+ ~30 Ma (Fig. 3-8c) on
the same leucocratic quartz diorite (sample 4). A trondhjemite dike
(sample 5) near the southwestern margin of the stock (Fig. 3-3) yields
an apparent age of 415 * 5 Ma. This dike is also significant because it
cuts across the foliation in the adjacent diorite. In most areas the
trondhjemitic to granitic rocks are moderately brecciated, and along the
Metlakatla fault the rocks are moderately to strongly foliated.

Trondhjemitic to quartz dioritic rocks south of Metlakatla are
quite similar to rocks in the large stock to the east (Berg, 1972a) and
yield U-Pb data consistent with an age in the 430-390 Ma range (sample
6: Fig. 3-8d). Trondhjemitic rocks on Gravina Island are also similar
(Berg, 1973) and yield an apparent age of 410 + ~20 Ma (sample 7: Fig.
3-8e). Dikes of trondhjemite near the western margin of the body on
southern Gravina Island clearly cut across the deformational fabrics in
adjacent Ordovician—Early Silurian diorite (Fig. 3-7). On Duke Island,
rocks in this unit range from granite to trondhjemite and resemble

members of the large stock on Annette Island. They consist of medium—
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to coarse—-grained microperthite, plagioclase, bluish quartz, and minor
biotite and hornblende. A foliation is present in some rocks, but most
are massive and homogeneous. Dikes of trondhjemite on northeastern Duke
Island cut across deformational fabrics in the adjacent hornblende
gabbro and demonstrate, as on Annette and Gravina islands, that the
trondhjemitic to granitic rocks were emplaced after the Ordovician-Early
Silurian diorite and subordinate gabbro were deformed.

Klakas orogeny (middle Silurian—-earliest Devonian)

Early Silurian and older rocks on Annette, Gravina, and Duke
Islands were moderately deformed, metamorphosed to greenschist and
locally amphibolite facies, and uplifted prior to emplacement of Late
Silurian trondhjemitic rocks. The age of this deformation and
metamorphism is tightly constrained by relations on southern Annette
Island, where a 415 + 5 Ma trondhjemite dike (sample 5) cuts the semi-
schistose foliation in a metadiorite which is similar to and probably
continuous with the 426 + ~15 Ma diorite at locality 3. Deformation and
uplift are known to have continued into latest Silurian-earliest
Devonian time, however, as rocks in the large trondhjemitic stock on
Annette Island are regionally brecciated and locally foliated, and large
trondhjemite clasts occur in superjacent Lower Devonian strata of the
Karheen Formation (described below).

Tectonic activity during middle Silurian-earliest Devonian time on
southern Prince of Wales Island is recorded by southwest-vergent
movement on thrust faults, penetrative deformation of Ordovician-Early
Silurian(?) rocks, regional uplift and erosion of Early Silurian and
older rocks, and deposition of a Lower Devonian clastic wedge (Ovenshine

and others, 1969; Gehrels and Saleeby, in review b). This tectonic
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event has been referred to as the Klakas orogeny because thrust faults,
deformational fabrics, and Lower Devonian conglomeratic strata are well
exposed in the Klakas Inlet region of southern Prince of Wales Island
(Gehrels and others, 1983; Gehrels and Saleeby, in review a, b).

The Metlakatla fault on western Annette Island (Fig. 3-3) may also
have moved as a southwest-vergent thrust fault during the Klakas
orogeny. Berg (1972b) described this fault as an east-dipping thrust
that moved initially during late Mesozoic or Tertiary time and was later
reactivated by movement on high-angle faults. Structural analyses along
the fault zone during this study indicate that older, east-dipping
slickensides have predominantly east-plunging striae, and younger, high-
angle slickensides have both shallow— and steeply plunging striae.

North of the area shown on Figure 3-3, Ordovician-Early Silurian rocks
are penetratively brecciated, whereas Late Silurian trondhjemite and
Upper Triassic strata are only moderately deformed. These relations are
consistent with the interpretation that the Metlakatla fault moved
initially during the Klakas orogeny as an east—dipping thrust fault.
Dip-slip and (or) strike-slip movement along the trace shown on Figure
3-3 and on a fault south of Annette Island (Fig. 3-4) apparently
occurred during or after Late Triassic time.

Karheen Formation and associated volcanic rocks (Lower Devonian)
Lower Devonian sedimentary and volcanic rocks underlie Hotspur
Island (Fig. 3-4) and occur on northwestern Gravina and southern Annette
Islands. The basal contact of these rocks is exposed on southern
Annette Island, where a meter—thick layer of pebbly sandstone and

siltstone unconformably overlies highly deformed Early Silurian

diorite. This basal clastic layer is overlain by ~50 m of interbedded
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dark-gray siltstone, mudstone, and limestone, which are juxtaposed
against a sequence of interbedded dark-gray mudstone and siltstone, gray
limestone, conglomerate, and approximately 20 m of andesitic breccia at
the top of the section. Clasts in the conglomerate consist primarily of
schistose diorite derived from the subjacent Early Silurian metadiorite
and of nondeformed Late Silurian trondhjemite. Lower Devonian strata on
southern Annette Island are generally deformed around open, shallow-
plunging, outcrop-scale folds, and have been recrystallized to phyllite
during sub-greenschist— to greenschist—facies metamorphism.
Stratigraphic and structural relations indicate that these strata occur
in the trough of a regional east-southeast-plunging syncline of probable
Late Cretaceous age (Fig. 3-3).

Hotspur Island is underlain by a thick section of Lower Devonian
sedimentary and volcanic rocks which, in contrast to the strata on
southern Annette Island, are only slightly deformed and metamorphosed.
As shown on Figure 3-9, the lowest rocks exposed consist of interbedded
gray siltstone and mudstone, brownish-gray sandstone with cross beds and
small channels, brown to gray limestone with abundant shallow-marine
megafossils (Berg, 1972a), and gray tuffaceous mudstone. The clastic
strata grade upsection into a several-hundred-meter—thick olistostromal
layer that consists of meter-scale olistoliths enclosed in a matrix of
chaotic sandstone, siltstone, and mudstone (Fig. 3-10). Olistoliths
consist primarily of intraformational limestone, siltstone, and
sandstone: exotic blocks have not been recognized. Many of the
olistoliths show evidence of soft-sediment deformation, which suggests
that they were incorporated into the olistostrome prior to

lithification. The olistostromal unit grades upsection into interbedded
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Fig. 3-9. Schematic stratigraphic section of the Lower Devonian

rocks on Hotspur Island (Fig. 3-4).
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Fig. 3-10. Photograph of limestone and sandstone olistoliths in
the olistostromal layer on northwestern Hotspur Island (see Figures 3-4
and 3-9). Olistoliths range up to several meters in diameter and show
evidence of soft-sediment deformation along the eastern shore of the

island.
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mudstone, tuff, and brownish-weathering siltstone, which in turn grades
into a thick section of andesitic pillow flows, tuff breccia, tuff,
massive flows, hypabyssal intrusive rocks, and subordinate clastic
strata (Fig. 3-9).

Interbedded gray limestone and dark-gray siltstone occur on the
northwestern tip of Gravina Island (Fig. 3-2). These strata are
moderately deformed and metamorphosed, but primary sedimentary
structures and megafossils are well preserved. Triassic sedimentary and
volcanic rocks apparently surround the limestone and siltstone (Berg,
1973), which suggests that these strata may belong to a large slide(?)
block in the Triassic section.

Fossils recovered from strata in this unit have been assigned to
the Early or Middle Devonian, although the ages of some fossils range
into the Silurian (Berg, 1972a, 1973). I collected conodont samples
from limestones throughout the area, but the only age-diagnostic fauna
were recovered from a limestone olistolith on eastern Hotspur Island.
As described by Savage and Gehrels (in press), these fauna are
representative of the middle Early Devonian and demonstrate that the
olistostrome and overlying strata were deposited during or after middle
Early Devonian time. Because the olistoliths are similar to the
underlying and overlying strata, and at least in some cases were
incorporated into the olistostrome prior to lithification, I suggest
that most of the clastic strata on Hotspur Island are of middle Early
Devonian age. The overlying volcanic rocks are gradational with these
strata and are accordingly also interpreted to be Lower Devonian.

Lower Devonian strata of the Karheen Formation on Prince of Wales

Island (Eberlein and Churkin, 1970; Eberlein and others, 1983; Gehrels
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and Saleeby, in review b) are similar to the Lower Devonian strata on
Annette and Hotspur Islands. At the type locality on northwestern
Prince of Wales Island, the Karheen Formation consists of graywacke and
subordinate siltstone, shale, limestone, and conglomerate (Eberlein and
Churkin, 1970) which yield middle Early Devonian conodonts (Savage,
1977). Toward the south these strata grade into a thick clastic wedge
of conglomeratic strata which Ovenshine and others (1969) suggest was
shed from uplifted regions to the south. On southern Prince of Wales
Island the formation consists of a highly variable section of
conglomerate, sandstone, siltstone, mudstone, graptolitic shale, and
middle Lower Devonian limestone (Gehrels and Saleeby, in review b;
Savage and Gehrels, 1984; Herreid and others, 1978). These strata
overlie locally deformed Ordovician—-Silurian volcanic, sedimentary, and
plutonic rocks, and are overlain by and locally interbedded with
andesitic flows and breccia (Gehrels and Saleeby, in review b; Herreid
and others, 1978). Structural and stratigraphic relations indicate that
the strata on southern Prince of Wales Island were deposited within or
adjacent to regions uplifted during the Klakas orogeny and that the
strata described by Ovenshine and others (1969) were deposited along the
northern flank of the uplifted orogen (Gehrels and others, 1983; Gehrels
and Saleeby, in review a).

I assign the Lower Devonian strata on Annette and Hotspur Islands
to the Karheen Formation based on similarities in rock type,
stratigraphic position, and age with strata near the type section of the
Karheen Formation on Prince of Wales Island. The strata on these
islands are also similar in that their basal unconformity and

superjacent conglomeratic strata record uplift and erosion of Silurian
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and older rocks during the Klakas orogeny. The amount of uplift in the
Annette—Gravina-Duke region is interpreted to be approximately 5-10 km
based on the occurrence of greenschist— and locally amphibolite—facies
rocks beneath the Devonian strata on southern Annette Island. The
occurrence of Late Silurian(?) trondhjemite boulders in the lower part
of the section on Annette Island demonstrates that the uplift continued
into latest Silurian—earliest Devonian time.

Hyd Group (Upper Triassic)

Upper Triassic strata on Annette and Gravina Islands consist of
volcanic and clastic sedimentary rocks and limestone that overlie
Devonian and older rocks on a major unconformity (Berg, 1972a and
1973). As shown on Figure 3-11, the stratigraphic section generally
consists, from bottom to top, of: coarse polymictic conglomerate and
sedimentary breccia; rhyolite flows, breccia, and tuff; massive bluish-
gray limestone and minor dolomite; interbedded gray to brown limestone,
siltstone, and sandstone; and basaltic pillow flows, breccia, and
tuff. On Gravina Island the rhyolitic rocks are referred to as the
Puppets Formation; most basaltic rocks belong to the Chapin Peak
Formation; and the sequence of interbedded siltstone and limestone is
assigned to the Nehenta Formation (Berg, 1973; Berg, 1982, pp. 5-7).
Similar sedimentary and volcanic rocks on northern Kuiu Island (Fig. 3-
1) belong to the Hyd Group, although rhyolitic rocks in the section on
Kuiu Island have been excluded from the group and assigned to the Keku
Volcanics (Muffler, 1967). Based on similarities in rock types,
stratigraphic position, and age, I assign the Upper Triassic strata on
Annette and Gravina Islands to the Hyd Group. I note, however, that

rhyolite similar to the Keku Volcanics is included in the group on
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Fig. 3-11. Schematic stratigraphic section of Upper Triassic
strata on Annette and Gravina Islands. Megafossil ages (mf) are from
Berg (1973) and Berg and Cruz (1982), and conodont ages (con) are from

Savage and Gehrels (in press).
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Annette and Gravina Islandse.

The age of these strata is tightly constrained by megafossils
(Berg, 1972a and 1973; Berg and Cruz, 1982), conodonts (Savage and
Gehrels, in press), and by my U-Pb apparent age of 225 + 3 Ma (sample 8)
on rhyolite of the Puppets Formation (Fig. 3-11). The apparent age of
the Puppets rhyolite is additionally significant because it places a
minimum age of 225 + 3 Ma on the Carnian—-Norian boundary (the boundary
is assigned an age of 225 + 8 Ma on the DNAG Time Scale: Palmer, 1983).

A variety of stratigraphic relations suggest that these Upper
Triassic strata were deposited during a phase of uplift, erosion, and
faulting in the southern Alexander terrane. In most areas the base of
the section is a massive to thick-bedded sedimentary breccia or
conglomerate that locally reaches several hundred meters in thickness.
Clasts are generally angular, poorly sorted, and 50 cm to 1 meter in
diameter (Fig. 3-12), although clasts greater than two meters across
have been recognized locally. Ordovician-Early Silurian diorite and
trondhjemite constitute most of the clasts, but Devonian and Triassic
stratified rocks also occur. This basal unit is interpreted to have
been deposited as a talus breccia in a regime of active faulting based
on the: 1) great thickness of breccia and conglomerate in some areas, 2)
abrupt lateral variations in thickness of the section, 3) size,
angularity, and lack of sorting of clasts, and 4) massive to thick-
bedded nature of the strata. Similar breccia of probable Triassic age
occurs in the Clover Bay area of east—central Prince of Wales Island
(Fig. 3-6: Buddington and Chapin, 1929, pp. 313; Eberlein and others,
1983).

Uplift and erosion during and prior to deposition of the strata is
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Fig. 3-12. Large angular clasts of Ordovician-Silurian plutonic
rocks in Upper Triassic sedimentary breccia on southwestern Gravina
Island. The largest boulder in the photograph is approximately 80 cm

acCrosse.
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recorded by: 1) the regional unconformity at the base of the Upper
Triassic section, 2) a lack of Upper Permian to Middle Triassic rocks
anywhere in the Alexander terrane, and 3) occurrence of rocks ranging in
age from Ordovician—Early Silurian (Annette and Gravina Islands) through
Early Permian (Kuiu and Admiralty Islands) beneath the unconformity.
This uplift and erosion does not appear to be associated with regional
deformation or metamorphism, however, as Devonian strata on Annette
Island are not more highly deformed than Triassic strata, and the color
alteration indices of Devonian and Triassic conodonts are similar
(Savage and Gehrels, in press). I alternatively suggest that this
tectonism is related to a latest Paleozoic(?)-Triassic rifting event
based on the relations described above, the bimodal (basalt-rhyolite)
composition of the volcanic rocks, and occurrence of the Upper Triassic
strata in a fairly narrow belt along the eastern margin of the Alexander
terrane (Gehrels and Berg, 1984). Steeply dipping mafic dikes of
probable Mesozoic age that occur throughout the southern Alexander
terrane (Gehrels and Saleeby, in review b, and unpub. mapping) may also
have been emplaced during this interpreted rifting event.
Late Triassic pyroxene gabbro

Much of central and eastern Duke Island is underlain by a large
body of pyroxene gabbro which consists of varying proportions of
olivine, hypersthene, augite, plagioclase, hornblende, and minor opaque
minerals (Irvine, 1974). The gabbro has traditionally been regarded as
Jurassic in age based on a K-Ar (biotite) date of 177 * 5.3 Ma (one-
sigma uncertainty: Irvine, 1974; Smith and Diggles, 1981). Murray
(1972) and James (1971) argue that this pyroxene gabbro is genetically

related to Cretaceous(?) ultramafic rocks on Duke Island based on their
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close proximity and approximately similar age. Taylor (1967) and Irvine
(1967) report, however, that the petrologic and geochemical
characteristics of the two suites are quite different and conclude that
they are unrelated.

Age sample 9 is a pyroxene gabbro which consists of medium—grained
hypersthene, labradorite, and subordinate reddish biotite, light-brown
augite, and minor opaque minerals. This sample yields a U-Pb apparent
age of 226 + 3 Ma, which demonstrates that the pyroxene gabbro is
considerably older than the interpreted age of the zoned ultramafic
hodies. Assuming that the ultramafic rocks are indeed Cretaceous in
age, this Late Triassic apparent age for the gabbro demonstrates that
the two suites are not genetically related.

Jurassic-Lower Cretaceous sedimentary gnd volcanic rocks

Jurassic-Lower Cretaceous strata overlie Triassic strata on
northeastern Gravina and Annette Islands disconformably (locally
unconformably) and generally consist of sub-greenschist— to greenschist-
facies andesitic to basaltic tuff and breccia, slate, conglomerate,
sandstone, and siltstone (Berg, 1972a and 1973). These strata belong to
the Gravina-Nutzotin belt, which overlies the eastern margin of the
Alexander terrane in much of southeastern Alaska (Berg and others,
1972

Cretaceous(?) ultramafic rocks

Ultramafic rocks on Annette and Duke Islands consist of pyroxenite,
peridotite, dunite, and hornblendite that have been studied and
described by Taylor (1967), Berg (1972a), and Irvine (1974). K-Ar
apparent dates of the ultramafic rocks range from 100 to 135 Ma

(Lanphere and Eberlein, 1966; Smith and Diggles, 1981) but these dates
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may have been at least in part reset during Late Cretaceous—early
Tertiary metamorphism.
DISCUSSION OF THE U-Pb GEOCHRONOLOGIC DATA

Nearly all of the zircon fractions from Paleozoic samples yield
discordant U-Pb and Pb-Pb dates, where discordance is recognized on
Pb*/U concordia diagrams by a lack of overlap of individual zircon
fractions (with 95%-level uncertainties) and concordia (Figures 3-8a-
e). As shown on Figure 3-8, samples 2, 3, 4, and 7 are discordant, with
upper intercepts in the 450-400 Ma range and lower intercepts of less
than 200 Ma (except for sample 7, the data from which are not sufficient
to define a meaningful lower intercept). Because these samples belong
to units that are either intruded by Late Silurian trondhjemite or
overlain by Lower Devonian strata, their discordance is attributed to
isotopic disturbance of Paleozoic zircon populations rather than
incorporation of older uranium-bearing phases in Mesozoic or Cenozoic
zircons. This interpretation is consistent with the: 1) clustering of
most fractions near the upper intercept with concordia, 2) correlation
in most samples between the degree of discordance and the size range and
uranium concentration of individual zircon fractions, and 3) lack of
optically distinguishable cores or compositional zoning in the
zircons. A likely explanation of this discordance is that lead has been
lost relative to uranium from the zircon populations during Mesozoic—
Cenozoic time. As described below, however, isotopic disturbance of the
zircon populations may have been considerably more complex than a
single-stage lead-loss event.

K-Ar dates from Paleozoic rocks on these islands are in almost all

cases significantly younger than their geologically constrained ages.
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As reported by Smith and Diggles (1981), dioritic rocks yield dates of
182 + 5.5 Ma (biotite) and 205 + 16 Ma (hornblende) on Annette Island,
and 315 + 9.4 Ma (biotite), 117 + 3.5 Ma (muscovite), and 259 + 7.8 Ma
(hornblende) on Duke Island. Also reported by these workers are dates
of 306 + 9.2 Ma (biotite) from a trondhjemitic body and 79.3 £ 1.6 Ma
(hornblende) on quartz-biotite schist (derived from metavolcanic rocks
of the Descon Formation) south of Metlakatla. (Uncertainties in the K-
Ar dates cited above are reported at the one-sigma level.)

Late Cretaceous—early Tertiary metamorphism and hydrothermal
alteration have apparently played a major role in disturbance of the K-
Ar and U-Pb isotopic systems. Metamorphism during this time is
indicated by greenschist-facies mineral assemblages in Cretaceous and
older rocks along the eastern side of the islands, and sub-greenschist-
facies assemblages to the west. Pervasive interaction with hot
hydrothermal fluids during this time is recorded by the oxygen isotopic
composition of quartz and feldspar pairs in Ordovician-Silurian and
Cretaceous—Tertiary intrusive rocks (Gehrels and Taylor, 1984). The
color alteration indices of conodonts in Devonian and Triassic strata on
Hotspur and western Annette Islands suggest that temperatures of
approximately 300°C were reached during this event (Savage and Gehrels,
in press). Resetting of the K-Ar apparent dates to as young as 79 Ma
and isotopic disturbance of the U-Pb systems after 200 Ma are likely
manifestations of this regional metamorphic-hydrothermal event.

The lack of discordance in U-Pb apparent ages of Triassic rocks
(samples 8 and 9; Table 3-1) indicates that the isotopic systems of
Paleozoic zircon populations may have been disturbed initially prior to

or during Late Triassic time. This early isotopic disturbance could
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have occurred initially during metamorphism, deformation, and uplift
related to the Klakas orogeny, and again during hydrothermal activity
and uplift related to the latest Paleozoic(?)-Triassic rifting(?)
event. It is also possible that lead has diffused continuously from the
zircon populations following the speculated Silurian—Early Devonian
disturbance. Although my isotopic data are not sufficient to discern
between these various mechanisms and episodes of disturbance, the
relations described above suggest that the Paleozoic zircon populations
have undergone a complex isotopic evolution. In light of this probable
complexity, the uncertainties cited for apparent ages of samples 2, 3,
4, 6, and 7 are estimates and have not been determined statistically.
GEOLOGIC HISTORY

The recorded geologic history on Annette, Gravina, and Duke Islands
begins with deposition of volcanic and sedimentary rocks of the Wales
metamorphic suite prior to Late Cambrian time. Dioritic and subordinate
quartz dioritic rocks were emplaced during Middle-Late Cambrian time,
and both suites of rocks were metamorphosed, deformed, and subsequently
uplifted(?) during the Middle Cambrian-Early Ordovician Wales "orogeny"
(Gehrels and Saleeby, 1984; Gehrels and Saleeby, in review a). Soon
after this "orogenic" event, basaltic to rhyolitic flows, breccia, and
tuff of the Descon Formation were deposited and large bodies of diorite
and subordinate gabbro were emplaced. Similar rocks on southern Prince
of Wales Island have calc-alkaline affinities and are interpreted to
have formed in an ensimatic volcanic arc (Gehrels and Saleeby, in review
b). Preliminary studies of the geochemistry of these rocks on Annette,
Gravina, and Duke Islands (Berg, unpub. data) and their modal mineralogy

and composition are consistent with the interpretation that they also
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formed in a volcanic arc environment.

Stratigraphic and structural relations on Annette, Gravina, and
Duke Islands record a major middle Silurian—earliest Devonian tectonic
event, referred to as the Klakas orogeny, which has been recognized
throughout the southern Alexander terrane (Gehrels and others, 1983;
Gehrels and Saleeby, in review a). On Annette, Gravina, and Duke
Islands this orogeny is manifest by 1) cessation of the Ordovician-Early
Silurian arc-type(?) plutonism and volcanism, 2) regional metamorphism
and deformation after 426 + ~15 Ma and prior to 415 * 5 Ma, 3) probable
west-vergent movement along the Metlakatla fault zone on western Annette
Island, and 4) uplift (probably 5-10 km) and erosion of Silurian and
older rocks prior to middle Early Devonian time. Lower Devonian clastic
strata of the Karheen Formation were deposited unconformably over the
Late Silurian and older rocks and record a period of relative tectonic
stability after the Klakas orogeny.

Relations between the Klakas orogeny and the generation and
emplacement of Late Silurian trondhjemitic rocks on Annette, Gravina,
and Duke Islands remain uncertain. It is possible that these rocks were
generated by partial melting of rocks at greater depth during regional
metamorphism, but this has not been demonstrated through petrochemical
or isotopic studies. I note, however, that zircon populations from the
trondhjemitic rocks generally have lower Pb*/Pb than fractions from the
older arc-type(?) diorites (Table 3-1), which supports the
interpretation that the trondhjemitic rocks belong to a different
petrogenetic suite.

Upper Triassic strata of the Hyd Group were deposited during the

waning stages of a major uplift and erosional event along the eastern
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margin of the Alexander terrane. The thick section of sedimentary
breccia and conglomerate at the base of the section indicates that
tectonic activity continued into Late Triassic time, and the occurrence
of Lower Permian strata unconformably beneath Upper Triassic strata on
Kuiu (Muffler, 1967) and Admiralty (Lathram and others, 1965) Islands
indicates that uplift began after Early Permian time. Although
regionally significant, this uplift and erosional event does not appear
to have been associated with deformation or metamorphism of the pre-Late
Triassic rocks. Rather, I suggest that this uplift and erosion are
manifestations of a latest Paleozoic(?)-Triassic rifting event based on
the stratigraphic relations described above, occurrence of the strata in
a fairly narrow belt along the eastern margin of the terrane, and the
bimodal (basalt-rhyolite) composition of the volcanic rocks. Jurassic-—
Lower Cretaceous strata of the Gravina-Nutzotin belt were apparently
deposited in the marine basin formed during this rifting(?) event.

During Late Cretaceous—early Tertiary time the pre-Tertiary rocks
on Annette, Gravina, and Duke Islands were regionally metamorphosed as
high as greenschist facies, moderately deformed, and subjected to
hydrothermal fluids of at least 300°C (Gehrels and Taylor, 1984; Savage
and Gehrels, in press). Reset K-Ar dates and discordant U-Pb dates with
lower intercepts of less than 200 Ma indicate that the K-Ar and U-Pb
isotopic systems in most rocks were also disturbed during this event.
However, the lack of discordance in U-Pb apparent ages of Triassic rocks
suggests that the Paleozoic zircon populations have undergone a more
complex isotopic evolution. Disturbance may have begun during
metamorphism, deformation, and uplift associated with the Klakas

orogeny, recurred during latest Paleozoic(?)-Triassic uplift and
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hydrothermal alteration, and culminated with Late Cretaceous-early
Tertiary metamorphism, hydrothermal alteration, and uplift. My isotopic
data do not, however, preclude the existence of other mechanisms or
episodes of isotopic disturbance.
CONCLUSIONS

My studies of the pre-Jurassic rocks of Annette, Gravina, and Duke
Islands yield several regionally significant conclusions regarding the
tectonic evolution of the southern Alexander terrane:

1) The Devonian and older rocks on these islands are quite similar to
rocks on southern Prince of Wales Island, indicating that the Annette
and Craig subterranes have similar early Paleozoic geologic histories
and belong to the same tectonic fragment.

2) Intrusive and structural relations on southern Gravina Island and
eastern Prince of Wales Island demonstrate that the Clarence Strait
fault has approximately 15 km of right—lateral displacement at this
latitude.

3) The age of the Klakas orogeny has been tightly constrained: the
main phase of deformation and metamorphism occurred between 426 + ~15 Ma
and 415 * 5 Ma; uplift of the pre-Devonian rocks occurred after 426 %
~15 Ma, at least in part after 415 + 5 Ma, and prior to middle Early
Devonian time and; by middle Early Devonian time shallow-marine
sediments were being deposited in a tectonically stable environment.

4) 1 suggest that the Upper Triassic strata and their subjacent
unconformity record a latest Paleozoic(?)-Triassic rifting event based
on the: a) evidence for uplift and erosion but not deformation or
metamorphism between Early Permian and Late Triassic time, b)

stratigraphic relations which record syn-depositional faulting, c)
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occurrence of the Upper Triassic strata in a fairly narrow belt along
the eastern margin of the terrane in SE Alaska, and d) bimodal
composition of Upper Triassic volcanic rockse.

5) Gabbroic rocks on Duke Island consist primarily of Late Triassic
pyroxene gabbro and subordinate Ordovician-Early Silurian hornblende
gabbro. This indicates that these rocks are not genetically related to
the zoned ultramafic bodies on Duke Island (assuming that the ultramafic
rocks are indeed Cretaceous in age).

6) My apparent age of 225 + 3 Ma for the Puppets rhyolite combined
with the age of megafossils and conodonts from adjacent strata confirm a
Late Triassic age for the Puppets Formation, as suggested by Berg
(1982). These relations also place a minimum age constraint of 225 %+ 3
Ma on the Carnian-Norian boundary, which is currently assigned an age of
225 £+ 8 Ma on the DNAG Time Scale (Palmer, 1983).
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CHAPTER 4
GEOLOGIC AND TECTONIC EVOLUTION OF THE ALEXANDER TERRANE

IN SOUTHERN SOUTHEASTERN ALASKA

ABSTRACT

The Alexander terrane consists of Paleozoic, Triassic, and perhaps
Proterozoic rocks that underlie much of southeastern (SE) Alaska and
parts of eastern Alaska, western British Columbia, and southwestern
Yukon. Regional relations indicate that these rocks have been displaced
considerable distances from their sites of origin, and were not accreted
to their present position in the North American Cordillera until after
Early Cretaceous time.

My geologic and U-Pb geochronologic studies in southern SE Alaska
and the work of others to the north indicate that the geologic and
tectonic evolution of the terrane can be subdivided into three distinct
phases. During the initial phase, from Cambrian (Proterozoic?) through
Early Silurian time, the terrane evolved in a volcanic arc environment
along a convergent plate margin. This magmatic activity was interrupted
during a Middle Cambrian-Early Ordovician tectonic disturbance (Wales
"orogeny") and ceased during the middle Silurian-earliest Devonian
Klakas orogeny. The second phase is marked by Middle Devonian through
Lower Permian strata that accumulated in tectonically stable marine
environments. Devonian and Lower Permian volcanic rocks and late
Pennsylvanian-Early Permian syenitic to dioritic intrusive bodies occur
locally but do not appear to represent major magmatic systems. The
third phase in the evolution of the terrane is marked by Triassic

volcanic and sedimentary rocks and by a sub-Triassic unconformity, which
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are interpreted to have formed in a rift environment.

Previous syntheses of the displacement history of the terrane
emphasize apparent similarities with rocks in the Sierra-Klamath region
and suggest that the Alexander terrane formed in proximity to the
California continental margin. My studies indicate, however, that the
geologic and tectonic evolution of the Alexander terrane is quite
different from that in the Sierra-Klamath region, and I conclude that
the two regions were probably not closely associated during Paleozoic
time. The available geologic, paleomagnetic, and paleontologic data
suggest that a more likely scenario involves: 1) origin and evolution of
the Alexander terrane along the paleo-Pacific margin of Australia or
adjacent fragments of Gondwana during early Paleozoic time, 2) rifting
of the terrane from this margin during Middle Devonian-Early
Carboniferous time, 3) migration of the terrane across the paleo-Pacific
basin in low southerly paleolatitudes during late Paleozoic time, and 4)
location of the terrane south of the equator in the eastern part of the
paleo—Pacific basin, perhaps in proximity with rocks now in Peru, during
Triassic time. Northward displacement apparently began after Late
Triassic time and continued until mid-Cretaceous time, when the
Alexander terrane was juxtaposed against terranes previously accreted to
the western margin of North America.

INTRODUCTION

The Alexander terrane is a coherent tectonic fragment that
underlies much of southeastern (SE) Alaska, the Saint Elias Mountains of
eastern Alaska, Yukon, and British Columbia, and part of the coastal
region of west-central British Columbia (Fig. 4—-1). This terrane is

anomalous in the North American Cordillera in that its Phanerozoic
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Figure 4-1. Location map of the Alexander terrane and regions
referred to in the text. Adapted from Monger and Berg (1984), Tipper
and others (1981), MacKevett (1978), Campbell and Dodds (1982a-c, 1983a-
c), and Gehrels and Berg (1984).
TF = Totschunda fault; HF = Hubbard fault; BRF = Border Ranges fault; FF
= Fairweather fault, DRF = Duke River fault. GB = Glacier Bay; C =
Chichagof Island, AD = Admiralty Island; KU = Kuiu Island; KP =
Kupreanof Island; POW = Prince of Wales Island; G = Gravina Island; A =
Annette Island; D = Duke Island; QC = Queen Charlotte Islands. Inset

Map: AT = Alexander terrane; S-K = Sierra-Klamath region.
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geologic record is suprisingly long and complete: rocks are known from
every epoch of the Paleozoic except the Late Permian and Early
Cambrian. In addition to these Paleozoic rocks, the Alexander terrane
also includes rocks of Early Cambrian and (or) Proterozoic and of Late
Triassic age. Jurassic and younger rocks overlie and intrude these
Triassic and older rocks, but are not included in the Alexander terrane
because they also overlie and intrude adjacent terranes.

The anomalous nature of rocks rocks belonging to the Alexander
terrane was initially recognized by Schuchert (1923), who suggested that
they formed in a geosynclinal system (the "Alexandrian embayment") which
was separatelfrom the main Cordilleran geosyncline. Wilson (1968)
recognized that these rocks constitute a distinct tectonic fragment and,
based on their occurrence outboard of coeval rocks in the Cordilleran
miogeocline, suggested that they were exotic to North America. Berg and
others (1972) named this tectonic fragment the Alexander terrane,
delineated the boundaries of the terrane, and described its main
geologic components.

I have conducted detailed field and U-Pb geochronologic studies in
the southern part of the Alexander terrane (Annette, Gravina, Duke, and
southern Prince of Wales Islands) and have reviewed the work of others
to the north (Figure 1) in an effort to reconstruct the geologic and
tectonic evolution of the Alexander terrane. In this report I begin
with an outline of the geology of Annette, Gravina, Duke, and southern
Prince of Wales Islands, review the regional geologic framework of the
Alexander terrane, and discuss the tectonic evolution of the terrane. I
then compare the geologic and tectonic history of the terrane to that in

other orogenic belts, and evaluate various scenarios for its
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displacement history. The DNAG Time Scale (Palmer, 1983) is used in
this report.
GEOLOGY OF ANNETTE, GRAVINA, DUKE, AND SOUTHERN
PRINCE OF WALES ISLANDS
Overview
In this sectiog I describe the geology of Annette, Gravina, Duke,
and southern Prince of Wales Islands and discuss the tectonic
implications of the geologic relations. The geology of these islands is
summarized in Figure 4-2 and is depicted on the geologic map of Gehrels
and Berg (1984). More detailed decriptions are provided by Gehrels and
others (in review: Annette, Gravina, and Duke Islands) and Gehrels and
Saleeby (in review a, b: southern Prince of Wales Island).
Pre-Ordovician metamorphic complex
The oldest rocks recognized in the southern Alexander terrane
consist of metavolcanic, metasedimentary, and metaplutonic rocks that
occur on south—central Prince of Wales Island (Herreid and others, 1978;
Eberlein and others, 1983; Gehrels and Saleeby, in review a, b) and on
small islands near the south tip of Gravina Island (Gehrels and others,
in review; Gehrels and Berg, 1984). Protoliths of the metavolcanic
rocks include basaltic to andesitic pillow flows, breccia, and tuff, and
subordinate rhyolitic breccia and tuff. Metasedimentary rocks were
derived from banded graywacke and mudstone turbidites and from thick
layers of limestone (now marble). In most areas protolith features are
highly flattened and are moderately elongated along a penetrative
metamorphic foliation. This foliation is in turn commonly folded around
shallow-plunging, asymmetric folds that do not have an axial-planar

foliation. These rocks were originally referred to as the Wales Group
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Figure 4-2. Schematic columns depicting the geologic and tectonic
evolution of the Alexander terrane in southern SE Alaska. Adapted from
Eberlein and others (1983), Brew and others (1984), Gehrels and Saleeby
(in review a, b), and Gehrels and others (in review). NW Column depicts
relations in the central Prince of Wales-Kuiu Islands region, and SE
column summarizes relations on Annette, Gravina, Duke, and southern

Prince of Wales Islands. The geologic time scale is from Palmer (1983).
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(Buddington and Chapin, 1929) and have since been renamed the "Wales
metamorphic suite” (Gehrels and Saleeby, in review b).

Interlayered with the metasedimentary and metavolcanic rocks are
dioritic to granodioritic metaplutonic rocks that have been regionally
metamorphosed and deformed along with rocks in the Wales suite. These
metaplutonic rocks yield U-Pb (zircon) apparent ages of approximately
540 to 520 Ma (Middle and Late Cambrian: Gehrels and others, in review;
J. Saleeby, unpub. data), which demonstrates that rocks in the Wales
suite were deposited prior to Late Cambrian time. The protolith age of
rocks in the suite has not yet been determined. Intrusive relations
indicate that the metaplutonic rocks were emplaced during and perhaps
slightly after the main phase of deformation and metamorphism in the
Wales suite. Cross—cutting bodies of non—-deformed Middle Ordovician-
Early Silurian dioritic to granitic intrusive rocks (described below)
constrain the age of deformation and metamorphism to pre-Middle
Ordovician.

Relatively undeformed Lower Ordovician-Lower Silurian volcanic and
sedimentary rocks of the Descon Formation (described below) occur near
rocks in the Wales metamorphic suite, but depositional relations between
the two units have not been demonstrated. Their close association
suggests, however, that metamorphism and deformation of rocks in the
Wales suite occurred prior to the end of Early Ordovician time. This
interpretation is consistent with the intrusive relations described
above and with a K-Ar isochron apparent age of 483 Ma (Early Ordovician)
determined from metamorphic minerals in the Wales suite (Turner and
others, 1977). The available data therefore indicate that metamorphism

and deformation of rocks in the Wales metamorphic suite occurred during
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Middle Cambrian-Early Ordovician time. I have referred to this event
informally as the Wales "orogeny" (Gehrels and Saleeby, 1984), but I
note that little is known about the tectonic and regional significance
of this deformational and metamorphic event.

The tectonic environment in which these pre-Ordovician rocks formed
is difficult to determine because of the penetrative deformation and
regional metamorphism. The general basalt-andesite-rhyolite composition
of the volcanic rocks and the presence of interlayered graywacke and
thick layers of limestone are consistent with the interpretation that
these rocks formed in a marine volcanic arc environment, but this
interpretation has not been tested through geochemical or petrologic
studies. The Wales "orogeny" apparently marks the end of this early
volcanic-plutonic phase in the evolution of the southern part of the
terrane.

Ordovician-Early Silurian rocks

Basaltic to rhyolitic volcanic rocks, volcaniclastic and fine-
grained marine strata, and subordinate limestone of the Descon Formation
were deposited in much of the southern Alexander terrane during
Ordovician—-Early Silurian time (Eberlein and others, 1983; Herreid and
others, 1978; Gehrels and Saleeby, in review b; Gehrels and others, in
review). The volcanic rocks consist of basaltic to andesitic pillow
flows, pillow breccia, tuff breccia, and tuff, and subordinate rhyolitic
to dacitic tuff, tuff breccia, and extrusive domes. The more silicic
rocks increase in abundance southward on Prince of Wales Island and
constitute most of the formation on Annette and Duke Islands. Small
sulfide-rich deposits are locally present in the silicic volcanic rocks

(Gehrels and others, 1983b) and these rocks may also be the host for
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larger mineral deposits at Niblack Anchorage (southeast—central Prince
of Wales Island) (Herreid, 1964). Thin-bedded to massive mudstone and
graywacke turbidites and subordinate argillite and conglomerate are
regionally interlayered with the volcanic rocks. Fossils in the Descon
Formation range from Early Ordovician to middle Early Silurian in age
(Eberlein and others, 1983).

Intrusive bodies of predominantly dioritic to granodioritic
composition were emplaced during deposition of volcanic rocks belonging
to the Descon Formation. Rock types in the intrusive suite consist of
hornblende diorite and quartz diorite, biotite—hornblende granodiorite
and leucogranodiorite, hornblende-biotite quartz monzonite, subordinate
gabbro, trondhjemite, granite, and quartz syenite, and minor
hornblendite and pyroxenite. Intrusive relations and my U-Pb
geochronologic data indicate that the dioritic, granodioritic, and
quartz dioritic rocks are Middle and Late Ordovician in age (475-440 Ma)
on Prince of Wales Island and Early Silurian (approximately 430 Ma) on
Annette, Gravina, and Duke Islands. The more potassic rocks occur on
southern Prince of Wales Island and are latest Ordovician-earliest
Silurian in age (440-435 Ma). Major, minor, and trace element
geochemical data (provided by Fred Barker of the U.S. Geological Survey)
from intrusive and volcanic rocks on southern Prince of Wales Island
indicate that they have have calc-alkaline affinities (Gehrels and
Saleeby, in review b).

Volcanic rocks of the Descon Formation were apparently deposited in
a marine environment near basaltic to rhyolitic volcanic centers;
volcaniclastic graywacke and mudstone were probably deposited in small

basins adjacent to the volcanic centers; and limestone layers may have
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accumulated on volcanic highs between eruptive periods. On southern
Prince of Wales Island the volcanic rocks locally grade downsection into
swarms of diorite, quartz diorite, and granodiorite dikes and hypabyssal
bodies, which in turn grade into the large diorite and granodiorite
plutons that underlie much of southern Prince of Wales Island (Gehrels
and Saleeby, in review a). These gradational relations combined with
similarities in composition and age indicate that the dioritic to
granodioritic rocks are genetically related to volcanic rocks in the
Descon Formation. Comparison of this Ordovician—-Early Silurian
sedimentary-volcanic—plutonic complex with modern—-day tectonic
environments suggests that these rocks formed in a marine volcanic arc
along a convergent plate margin.

Depositional relations between Ordovician-Lower Silurian strata and
the deformed and metamorphosed pre-Ordovician rocks have not been
demonstrated, but Middle Ordovician—-Early Silurian diorite and quartz
diorite locally intrude the older rocks (Gehrels and others, in
review). This critical intrusive relationship demonstrates that the
pre-Ordovician metamorphic complex forms the basement to Ordovician and
younger rocks in the terrane, and that the Wales "orogeny" occurred
prior to formation of the Ordovician—-Early Silurian volcanic-plutonic
complex. The Wales "orogeny" was therefore not a result of deformation
and metamorphism at deep structural levels within the Ordovician-Early
Silurian magmatic system. Conglomeratic strata that occur at the
base(?) of the Descon Formation on southern Prince of Wales Island
(conglomeratic graywacke of Herreid and others, 1978) may have been shed
from regions uplifted during this Middle Cambrian-Early Ordovician

tectonic evente.
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Silurian rocks and the Klakas orogeny

A variety of stratigraphic, intrusive, and structural relations in
the southern Alexander terrane record a major middle Silurian-earliest
Devonian orogenic event. Buddington and Chapin (1929, pp. 281-289)
originally recognized this disturbance as a regional unconformity that
separates Devonian strata from Silurian and older rocks. Brew and
others (1966) recognized that Silurian—Devonian conglomeratic strata on
Prince of Wales, Kuiu, and Chichagof Islands were related to this
disturbance and suggested that they were shed from source areas uplifted
at the time of the Cariboo orogeny, which affected rocks in British
Columbia (White, 1959).

More detailed studies of Lower Devonian conglomeratic strata on
central Prince of Wales Island led Ovenshine and others (1969) to
suggest that they were a "basinward manifestation of Late Silurian to
pre—Middle Devonian diastrophism in southern southeastern Alaska."”
Loney and others (1975, pp. 92) report that similar conglomeratic strata
on northeastern Chichagof Island were shed from a source area to the
southwest, and note that uplift of the source area and perhaps folding
of the pre-Late Silurian rocks began earlier in Silurian time. Monger
and others (1972) suggest that the stratigraphic relations mentioned
above, metamorphism of pre-Silurian rocks, and Ordovician-Silurian
plutonism were evidence of an early to mid-Paleozoic "orogeny." My
studies of the Devonian and older rocks on Annette, Gravina, Duke, and
southern Prince of Wales Islands indicate that the unconformities and
conglomeratic strata recognized by previous workers are stratigraphic
manifestations of a major middle Silurian-earliest Devonian orogenic

event in the southern part of the terrane, which I refer to as the



149
Klakas orogeny (Gehrels and others, 1983a). This event is referred to
as the Klakas orogeny because the thrust faults, deformational fabrics,
and Lower Devonian talus breccia and conglomerate are well exposed in
the Klakas Inlet region of southern Prince of Wales Island (Gehrels and
others, 1983a).

On southern Prince of Wales Island this orogenic event is manifest
as: 1) cessation of Ordovician-Early Silurian arc-type volcanism and
plutonism, 2) imbrication of Silurian and older rocks on southwest—
vergent thrust faults, 3) emplacement of Late Silurian leucodiorite
bodies after movement on some thrust faults but during or prior to
movement on others, 4) penetrative brecciation of Ordovician volcanic
and intrusive rocks in some areas, 5) at least several kilometers of
uplift of Ordovician—earliest Silurian rocks, 6) deposition and
deformation of a Lower Devonian talus breccia in a regime of active
faulting, and 7) deposition of Lower Devonian conglomeratic strata
(described below) in topographically rugged, subaerial environments
(Gehrels and Saleeby, in review b).

The minimum age of movement on the thrust faults is constrained by
a 418 £ 5 Ma leucodiorite pluton which intrudes two faults, and by
middle Lower Devonian strata that unconformably overlie a third fault
and rocks containing the deformational fabrics mentioned above. The
occurrence along one of the faults of deformed Lower Devonian talus
breccia overlain by undeformed middle Lower Devonian mudstone and shale
indicates that movement on some faults continued into earliest Devonian
time. The maximum age of movement is constrained by the Middle and
Late(?) Ordovician age of rocks cut by the faults. Assuming that uplift

of the pre-Devonian rocks occurred during movement on the thrust faults,
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the presence of intrusive rocks as young as 438 + 4 Ma overlain by Lower
Devonian strata indicates that the faults moved after earliest Silurian
time.

On Annette, Gravina, and Duke Islands the Klakas orogeny is
associated with: 1) cessation of Ordovician—-Early Silurian volcanic-
plutonic activity, 2) regional greenschist- and locally amphibolite-
facies metamorphism and deformation of Ordovician-Early Silurian rocks,
3) emplacement of large bodies of Late Silurian trondhjemite and
subordinate granite, and 4) uplift and erosion of Late Silurian and
older rocks prior to deposition of middle Lower Devonian clastic strata
(Gehrels and others, in review). The occurrence of rocks of greenschist
and perhaps amphibolite facies beneath Devonian strata on southern
Annette Island indicates that the amount of structural uplift was
approximately 5 to 10 km.

The age of deformation and metamorphism on Annette, Gravina, and
Duke Islands is constrained by 426 £ 15 and 429 * 20 Ma apparent ages on
dioritic rocks that are penetratively deformed, by 415 £ 5 Ma, 409 %+ 20
Ma, and 410 + 20 Ma ages on trondhjemitic rocks that cut the
deformational fabrics, and by clasts of metadiorite in superjacent
middle(?) Lower Devonian conglomerate. The occurrence of Late Silurian
trondhjemite boulders in the Devonian conglomerate indicates that uplift
of the pre-Devonian rocks continued into latest Silurian-earliest
Devonian time.

Relations between the Klakas orogeny and the generation and
emplacement of Late Silurian trondhjemitic to granitic bodies on
Annette, Gravina, and Duke Islands and of Late Silurian leucodiorite

bodies on southern Prince of Wales Island are uncertain. Trondhjemitic
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rocks consist almost entirely of quartz and sodic plagioclase (Berg,
1972) and clearly cut across deformational fabrics in the Early Silurian
rocks. The undeformed leucodiorite on southern Prince of Wales Island
consists of oligoclase and a few percent aegirine-—augite, arfvedsonite,
and garnet, but differs from the trondhjemite in that quartz is not
present. These intrusive rocks are clearly different compositionally
and mineralogically from the earlier arc-type(?) intrusive rocks, and
they were emplaced approximately 20 m.y. after the youngest known member
of the older suite. I speculate that these sodic intrusive rocks may
have been generated by partial melting of rocks at greater depth during
middle to Late Silurian metamorphism, but this has not been demonstrated
by petrochemical or isotopic studies.

On central and northern Prince of Wales Island the Klakas orogeny
is recorded by stratigraphic relations. On northern Prince of Wales
Island and on smaller islands to the west and southwest, Ordovician-—
Lower Silurian strata of the Descon Formation are conformably overlain
by or grade into a sequence of interbedded turbidites and shallow marine
limestone of Silurian age (Eberlein and others, 1983; Brew and others,
1984), which are in turn conformably overlain by Lower Devonian fine-
grained clastic strata of the Karheen Formation (Ovenshine, 1975).
Initiation of the Klakas orogeny is recorded in these regions by layers
and lenses of polymictic conglomerate which are interbedded with the
Silurian strata. Clasts in the conglomerate consist of limestone,
chert, graywacke, volcanic rock, and gabbroic, dioritic, granitic, and
syenitic intrusive rocks (Eberlein and Churkin, 1970; Ovenshine and
Webster, 1970; Brew and others, 1984). The available paleontologic data

indicate that the conglomeratic strata were deposited during latest
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Early and Late Silurian time (Eberlein and others, 1983).

Toward the south the Silurian limestone and clastic strata pinch
out and Lower Devonian strata of the Karheen Formation unconformably
overlie rocks of the Descon Formation (Eberlein and others, 1983;
Ovenshine and others, 1969). According to Ovenshine and others (1969)
and Ovenshine (1975), the Karheen Formation thickens and becomes more
conglomeratic southward, and was deposited on a northwest-dipping
paleoslope. These stratigraphic relations combined with the evidence of
Silurian—earliest Devonian faulting and uplift to the south indicate
that the Lower Devonian conglomeratic strata were probably derived from
an uplifted source area in the Annette-Gravina-Duke—southern Prince of
Wales Islands region. The southward disappearance of Silurian strata
may be a result of post—-depositional erosion from the uplifted region,
or the strata may never have been deposited to the south. The
occurrence of conglomerate with volcanic and plutonic clasts in Silurian
strata to the north indicates that uplift of the source area may have
begun in late Early Silurian time, in which case Silurian strata were
probably never deposited to the south. This argument is supported by
the close timing between the initiation of conglomerate deposition on
northern and central Prince of Wales Island and the onset of
metamorphism, deformation, and uplift of the Early Silurian and older
rocks to the south.

Alternatively, the conglomeratic strata to the north could have
been derived from northeastern Chichagof Island, where Loney and others
(1975) report that rocks of Ordovician-Silurian(?) age were uplifted
prior to Late Silurian time. Restoration of approximately 150 km of

dextral displacement on the Chatham Strait fault (Hudson and others,
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1981) indicates that northeastern Chichagof Island was probably west of
northern Prince of Wales Island during Silurian time. Occurrence of
uplifted regions on southern Prince of Wales Island and west of northern
Prince of Wales Island indicates that the Silurian paleogeography may
have had a general northwesterly trend. This trend is also recorded in
Silurian-Devonian facies relations in the area (Eberlein and others,
1983; Loney and others, 1975).

Lower Devonian strata

Lower Devonian strata on southern Prince of Wales Island generally
belong to a fining—upward section of conglomeratic red beds at the base,
siltstone, mudstone, and limestone in the middle, and laminated mudstone
and black shale at the top (Gehrels and Saleeby, in review a, b).
Sedimentary structures and stratigraphic relations indicate that the
conglomeratic strata low in the section were deposited in subaerial to
intertidal environments during or soon after the Klakas orogenye.
Subsidence of the region below sea level after the Klakas orogeny is
recorded by middle Early Devonian conodonts in superjacent shallow—
marine limestone (Savage and Gehrels, 1984).

On Annette and Hotspur Islands Lower Devonian clastic strata
consist of interbedded mudstone, shale, limestone, siltsone, and
subordinate sandstone, olistostromal layers, conglomerate, and
tuffaceous mudstone (Gehrels and others, in review). Reefoidal fossils
in the limestone record deposition in shallow—-marine environments, and
conodonts indicate that the strata were deposited during middle(?) Early
Devonian time (Savage and Gehrels, in review). Latest Silurian—earliest
Devonian uplift and erosion of the Late Silurian and older rocks are

recorded by clasts of metadiorite and nondeformed trondhjemite in a
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conglomerate layer on southern Annette Island. The clastic strata on
Hotspur Island and locally on Annette and southern Prince of Wales
Islands are conformably overlain by andesitic breccia and pillow flows
(Gehrels and others, in review; Herreid and others, 1978; Gehrels and
Saleeby, in review b).

Lower Devonian strata on central Prince of Wales Island include
clastic strata of the Karheen Formation, and, in restricted areas,
basaltic and rhyolitic volcanic rocks, sedimentary breccia, and
limestone (Eberlein and others, 1983). As described by Ovenshine and
others (1969), strata in the Karheen Formation to the north belong to a
regional clastic wedge that was derived from uplifted regions to the
south. The coarse clastic strata on southern Prince of Wales Island
probably belong to a more proximal facies of this clastic wedge, as they
were apparently deposited within the topographically rugged source
region. Strata on Annette and Hotspur Islands only locally record
deposition in such high-energy environments, and probably accumulated
after much of the area had subsided below sea level. The tectonic
significance of the superjacent andesitic rocks is not known.

Upper Triassic rocks

Upper Triassic volcanic and sedimentary rocks of the Hyd Group
overlie Devonian and older rocks on Annette and Gravina Islands on a
regional unconformity (Gehrels and others, in review). The base of the
section is in most areas a polymictic conglomerate or breccia which
contains large clasts of Devonian and older rocks. These conglomeratic
strata grade upsection into several hundred meters of rhyolite and
rhyolitic tuff, which is conformably overlain by up to 100 m of thick-

bedded to massive limestone. A thick section of calcareous siltstone
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and thin-bedded limestone overlies the massive limestone, and grades
upsection into a thick sequence of basaltic flows and breccia. The
unconformity at the base of the section records regional uplift and
erosion, but is apparently not the result of a major deformational event
as underlying Devonian strata in the region are not more highly deformed
and metamorphosed than superjacent Triassic strata.

Occurrence of the Upper Triassic strata in SE Alaska in a fairly
narrow belt along the eastern margin of the terrane (Gehrels and Berg,
1984) combined with the bimodal (basalt-rhyolite) composition of the
volcanic rocks indicate that the strata may have been deposited in a
rift environment (Gehrels and others, in review). Movement on a
regional low—angle fault (Keete Inlet fault) on southern Prince of Wales
Island, and emplacement of steeply dipping mafic dikes in much of the
southern part of the terrane may have been related to this interpreted
rifting event (Gehrels and others, in review; Gehrels and Saleeby, in
review b).

A large body of pyroxene gabbro was emplaced on Duke Island
during deposition of the Upper Triassic strata on Annette and Gravina
Islands. This gabbro was originally assigned a Jurassic age based on a
K-Ar date of 177 + 3 Ma by M.A. Lanphere (in Smith and Diggles, 1981).
Based in large part on the proximity of this gabbro to the Cretaceous
zoned ultramafic bodies on Duke Island, Murray (1972) and James (1971)
argued that the gabbro and the ultramafic rocks were genetically
related. A U-Pb (zircon) apparent age of 226 * 3 Ma on the gabbro
demonstrates, however, that the two suites cannot be genetically related
(assuming that the ultramafic rocks are indeed Cretaceous in age!), as

Taylor (1967) argued based on petrologic and geochemical differences. I
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suggest instead that the gabbro may be subvolcanic to basaltic rocks in
the Hyd Group.
Bokan Mountain Granite (Jurassic)

The Bokan Mountain Granite is a peralkaline ring-dike complex on
southern Prince of Wales Island that consists of aegirine- and
arfvedsonite-bearing granite, aplite, porphyry, and pegmatite (Thompson
and others, 1982; Saint—-André and others, 1983). This body has recieved
considerable research attention because of its anomalous composition and
significant U-Th mineralization, and has not been mapped during my
study. K-Ar, Rb-Sr, and U-Pb (zircon) geochronologic analyses indicate
that the body is probably Jurassic in age, but dates range from 190 * 8
Ma to a minimum age of 156 Ma (Saint—André and others, 1983; Lanphere
and others, 1964; Armstrong, in press). The regional and tectonic
significance of the Bokan Mountain Granite is unknown; as it is the only
such intrusive body known in the Alexander or adjacent terranes. The
alkalic composition of the pluton is consistent, however, with the
interpretation that it was generated in response to the hypothesized
latest Paleozoic-Triassic rifting event.

Jurassic-Lower Cretaceous strata

Jurassic-Lower Cretaceous strata consist of andesitic flows,
breccia, and tuff, volcaniclastic strata, and fine—-grained marine
clastic strata that overlie the Upper Triassic strata on eastern Annette
and Gravina Islands. These strata belong to a belt of upper Mesozoic
sedimentary and volcanic rocks that occurs along the eastern margin of
the Alexander and adjacent terranes and has been referred to as the
Gravina-Nutzotin belt (Berg and others, 1972). The regional and

tectonic significance of these strata is discussed by Gehrels and
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Saleeby (1985, in review c).

Late Cretaceous—early Tertiary metamorphism and deformation

Rocks on Annette, Gravina, and Duke Islands were involved‘in a
regional metamorphic and deformational event during Late Cretaceous-
early Tertiary time. This event resulted in greenschist-facies
metamorphism of rocks along the eastern sides of the islands and sub-
greenschist—facies metamorphism to the west. A regional sub-
greenschist-facies overprint of rocks on southern Prince of Wales Island
may also be related to this event. As described by Gehrels and Saleeby
(1985; in review c), this deformation and metamorphism are interpreted
to have occurred in response to juxtaposition of the Alexander terrane
against terranes to the east, which began in mid-Cretaceous time and
continued into early Tertiary time.

GEOLOGY OF THE ALEXANDER TERRANE IN THE SAINT ELIAS MOUNTAINS

AND IN CENTRAL AND NORTHERN SE ALASKA
Overview

The Alexander terrane has been subdivided by Berg and others (1978)
and Monger and Berg (1984) into the Craig, Annette, and Admiralty
subterranes based on apparent differences in their geologic history.
The Craig subterrane consists of Cambrian (and perhaps Proterozoic) to
Triassic rocks that underlie Prince of Wales Island, much of SE Alaska
to the north, and all of the terrane in the Saint Elias Mountains.
Annette, Gravina, and Duke Islands and part of the mainland to the
southeast have been assigned to the Annette subterrane, which is
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