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ABSTRACT

Marine geophysical and geological data delineate the late Cenozoic
structure and tectonic history of the northern Gulf of Alaska continental
margin, and indicate that part of the margin, the Yakutat block, is an
allochthonous terrane that has moved with the Pacific plate for at least the
last 5 m,y. The block is currently colliding with and subducting beneath
southern Alaska. ‘

The Yakutat block is bounded onshore by the Fairweather Fault and the
Chugach-Saint Elias fault system, and offshore by the Queen Charlotte fault
system, by Kayak Island and its offshore structural extension, and by the
Transition fault at the base of the continental slope fram Cross Sound to
Kayak Island. Magnetic and structural data indicate that the block is
subducting at Kayak Island, and continues west of Kayak Island to at least the
Kenai Peninsula in the lower, subducted plate. A recently recognized Benioff
zone, the Wrangell Benioff zone, also indicates the block is subducting
beneath the Chugach and Saint Elias mountains.

Basement rocks of the block consist of Paleocene(?) and early Eocene,
probable oceanic basalt west of a basement high, the Dangerous River zone, and
a Mesozoic flysch and melange sequence to the east. The oceanic basement is
overlain by up to 5 km of Paleogene strata that onlap and are truncated along
the Dangerous River zone and at the continental slope. The Dangerous River
zone is probably a paleoslope that marks the Paleogene basin edge. The thick
Paleogene basin of the block indicates that it was adjacent to a large source
area, probably a continental margin, during the Paleogene. The Paleogene
strata, and basement rocks east of the Dangerous River zone are in turn
overlain by up by 5 km of late Miocene and younger glaciamarine strata.

Offshore strata of the Yakutat block are deformed by uplift of a
structural high underlying Fairweather Ground, and by numerous broad
anticlines and synclines between Icy Bay and Kayak Island. Otherwise, the
block is characterized by regional subsidence. The fold and thrust belt
within the Yakutat block reflects the seaward propagation of thrust faults
during Pliocene and Quaternary time within the sedimentary sequence covering
the block. This deformation is occurring in the region of maximun convergence
between the Yakutat block and southern Alaska.

The Transition fault is a major tectonic boundary that has been inactive
during Pliocene and Quaternary time. Strata of that age are undeformed over
the fault, and Pliocene and younger fans at the base of the slope have not
been offset fran their probable source areas. There is no connection between
the Transition fault and the Queen Charlotte fault of the adjacent transform
margin. Therefore, the Yakutat block has moved with the Pacific plate for at
least the last 5 m.y.

Prior to Pliocene time, the Transition fault was an active tectonic
boundary along which Oligocene oceanic basement was juxtaposed against
Mesozoic and Paleogene rocks of the Yakutat block, and which truncated the
Paleogene basin of the block. Tectonism caused no major deformation or
accretion along the margin, and did not disrupt or subduct a thick pre-
Pliocene sedimentary wedge at the base of the slope.



The Yakutat block collision with southern Alaska provides examples of
tectonic processes that can occur during microplate collision and accretion.
These include: the subduction of thick, low density crust of the block, with
only a narrow zone of deformation marking the subduction zone; a possible
correlation of mountain building with collision of continental crust; extreme
end manbers of accretion and subduction within a short distance along the
collision zone; and a possible latest Pleistocene to Holocene shift in the
subduction zone outboard of the Yakutat block. '

The identification of the Yakutat block as an allochthonous terrane
indicates that North America-Pacific plate motion has been accanodated by a
combination of crustal shortening and subduction of at least 300 km of ocean
plate or Yakutat block terrane beneath southern Alaska. Major faults or
subduction/collision sutures must be present onshore along which subduction
has occurred. Microfaunal assemblages and tectonic models suggest that the
Yakutat block may have moved with the Pacific plate for most of the late
Cenozoic.

INTRODUCTION

In the northern Gulf of Alaska, the Pacific-North America plate boundary
changes fram transform motion along the Queen Charlotte and Fairweather faults
to convergent motion at the Aleutian Trench. Also, a major orogeny has
uplifted the high (to 6098 m) Chugach and Saint Elias mountains that rim the
northern Gulf of Alaska margin. A recently recognized tectonostratigraphic
terrane, the Yakutat block (Fig. 1), is a central element in both of these
tectonic events. The block is currently moving with the Pacific plate and
colliding with southern Alaska, and the northern margin of the block forms the
current Pacific-North America plate boundary. Knowledge of the structure,
geology, and tectonic history of the Yakutat block is therefore important for
determining both the Cenozoic evolution of southern Alaska, and how Pacific-
North plate motion has been accomodated within the transform-to-convergent
margin transition.

The Yakutat block is in part defined by major faults of southern
Alaska. The present Pacific-North America plate boundary lies along the Queen
Charlotte-Fairweather and the Chugach-Saint Elias thrust fault systems (Fig.
1) as demonstrated by abundant seismicity on these fault systems (Tarr and
Martin, 1912; Sykes, 1971; Thatcher and Plafker, 1977; McCann and others,
1980; Davies and House, 1979; Lahr and others, 1979, 1980; Lahr and Plafker,
1980; Perez and Jacob, 1980) and by measured Holocene offsets and rates on the
Fairweather Fault (Plafker and others, 1977, 1978b). The segment of the
continental margin seaward of these faults, termed the Yakutat block by Rogers
(1977), is currently moving with the Pacific plate (Plafker and others, 1978b;
Perez and Jacob, 1980; Lahr and Plafker, 1980). However, currently recognized
offset on these faults, and on other major strike-slip faults of southern
Alaska including the Denali, Totschunda, and Duke River faults (Fig. 1), is
only about 10 km in post-Miocene time (Reed and Lanphere, 1974; Plafker and
others, 1977a, 1978b; Lanphere, 1978). This offset is only a small part of
the approximately 300 km of Pliocene and Quaternary Pacific-North America
convergence required by plate tectonic models (Minster and Jordan, 1978;
Chase, 1978; Engebretson, 1982).

Has this convergence been accamodated of fshore, possibly by transform



56°

NORTH
AMERICA
PLATE

EXPLANATION

Normal tauit

Thrust fault; sawteeth 60‘“”(

on ueper plate PACIFIC PLATE

Strike-slip fault

Slope magnetic anomaly

Fracture zone \\
100 200 KILOMETERS Dixon gntrance

Oceanic magnetic anomaly o
| I BU——

with anomaly number

(V]

2

135°

0 1
145 140°

Figure 1. Tectonic setting of northern Gulf of Alaska showing magnetic

anomalies and mejor structural features. Stippled area shows extent of
Yakutat block, Slope magnetic anamaly shows south edge of subducted part
of block. Small x's indicate where basalt has been dredged from the
continental slope; ages from Plafker et al. (1980)., Large arrow indicates
current Pacific-North America relative convergence vector (Minster and
Jordan, 1978). CS-Cross Sound; FG-Fairweather Ground; IB-lcy Bay; KI-
Kayak Island; PWS-Prince William Sound; YB-Yakutat Bay.

130°



faulting or oblique subduction along the Transition fault at the base of the
continental slope? Offshore studies have found little evidence that such
motion has occurred (Bruns, 1979; 1982, 1983a, 1983b; Von Huene and others,
1979; Bruns and Schwab, 1983). These studies and others (Schwab and others,
1980; Keller and others, 1983, 1984) have instead proposed that the Yakutat
block is an allochthonous terrane that has moved with the Pacific plate for
much of the late Cenozoic. These studies have differed greatly on the
definition of the offshore Yakutat block boundaries, the degree to which the
block is coupled to the Pacific plate, and the length of time that the block
has moved with the Pacific plate.

Marine geophysical and geological data presented in this paper are used
to delineate the offshore boundaries, structure, and tectonics of the Yakutat
block and the adjacent continental margin segments, and to provide constraints
on the motion history of the block. Interpretations of these data show that
the Yakutat block is bounded offshore by the extension of the Fairweather
Fault into the Queen Charlotte fault system, by Kayak Island and its sutmarine
structural extension, the Kayak zone, and by the Transition fault at the base
of the continental slope (Fig. 1). These data also indicate that the
Transition fault has been an inactive tectonic feature for at least the last 5
m.y. (Pliocene and Quaternary time). Therefore, the Yakutat block is an
allochthonous terrane that has moved with the Pacific plate for that time. At
least 300 km of Pliocene and Quaternary Pacific-North America convergence has
been accamodated by a combination of crustal shortening in the Chugach-Saint
Elias range, and by subduction of oceanic crust or Yakutat block terrane
beneath southern Alaska.

The goals of this paper are three-fold: first, to describe the structure,
geology, and geologic history of the northern Gulf of Alaska continental
margin in order to define the Yakutat block; second, to delineate the Pliocene
and Quaternary movement history of the Yakutat block; and third, to establish
constraints on the pre-Pliocene geologic and tectonic history of the block.

In this paper, most consideration is given to the Pliocene and Quaternary
tectonics of the block, since the marine geophysical data primarily provide
control on the structural development of the block during that time. 1 also
canpare the pre-Pliocene constraints with two speculative plate tectonic
models that have been proposed for the Cenozoic origin and movement history of
the Yakutat block.

REGIQNAL SETTING

The present tectonic regime in the northern Gulf of Alaska involves three
types of plate boundaries (Fig. 1; Atwater, 1970; Richter and Matson, 1971;
Gawthrop and others, 1973; Rogers, 1977; Plafker and others, 1978b; Von Huene
and others, 1979; Bruns, 1979; Perez and Jacob, 1980): (1) a transform margin
extending fram Dixon Entrance to about Cross Sound; (2) a convergent margin
extending fram about Kayak Island southwest along the Aleutian Trench, and (3)
a transition margin between the two, fram Cross Sound to Kayak Island.

The modern plate boundaries are defined moderately well, and isolate the
Yakutat block fram southern Alaska. The current transform margin is defined
by historical large earthquakes, offshore geophysical data, and onshore
geology as lying along the Queen Charlotte fault and the onshore Fairweather
Fault (Tobin and Sykes, 1968; Page, 1973; Kanimori, 1977; Von Huene and



others, 1979; Plafker and others, 1978b; Lahr and Plafker, 1980; Carlson and
others, 1979, 1981, and in press). Plafker and others (1978b) showed that the
Fairweather Fault has taken up the major portion of Pacific-North America
motion for at least the last 1000 years. Geoamorphic evidence fram of ‘set
stream drainages shows a total of 5.5 km of offset along the fault, and this
motion could have occurred within the last 100,000 years. The offshore
extension of the Fairweather fault has been traced across the continental
slope and upper shelf along southeast Alaska on the basis of offsets of the
seafloor and disruption of seismnic reflectors on marine seismic reflection
data (Von Huene and others, 1979; Carlson and others, 1979, 1981, in press;
Bruns, 1981).

The current convergent margin can be similarily well defined along the
Alaskan Peninsula-Kodiak Island regions. Along the western margin, the 1964
Great Alaska earthquake and a well defined Benioff zone indicate relative
convergence and subduction of the Pacific plate beneath the North America
plate along the Aleutians and the Alaska Peninsula about as far north as Kayak
Island (Plafker, 1969; Lahr, 1975; Davies and House, 1979; Perez and Jacob,
1980). The topographic expression of the Aleutian Trench (Atwood and others,
1981) and the associated, well defined Aleutian Benioff zone (Lahr, 1975; Lahr
and Plafker, 1980; Perez and Jacob, 1980) die out near Kayak Island.

The current connection between the transform and convergent plate
boundaries lies along the Chugach-Saint Elias thrust fault system (Lahr and
Plafker, 1980; Perez and Jacob, 1980) and crosses the continental shelf and
slope along Kayak Island and its offshore extension (Bruns, 1979, 1983b; Bruns
and Schwab, 1983; Lahr and Plafker, 1980). The north end of the Fairweather
fault merges with the Chugach-Saint Elias fault near Yakutat Bay, and the
fault extends westward to about Kayak island where it joins the Ragged
Mountain and Wingham Island faults (Fig. 1).

The Chugach-Saint Elias fault is a fundamental boundary separating mainly
Mesozoic and lower Tertiary metasediments, metavolcanics, crystalline rocks,
and younger intrusives on the north fran mostly middle and upper Cenozoic
sedimentary rocks on the south. The younger strata are thrust relatively
against and beneath the older, more campetant rocks north of the fault,
resulting in numerous, seismically active thrust and reverse faults between
Icy Bay and Kayak Island, and on Kayak Island (Stoneley, 1967; Plafker, 1967,
1971, 1974, Winkler and Plafker, 1981a).

The transition boundary is also associated with a recently recognized
Benioff zone, the Wrangell Benioff zone, that is nearly horizontal north of
the Chugach-Saint Elias fault and reaches a depth of at least 85 km beneath
the mainly Pleistocene Wrangell volcanic field of southern Alaska. The
Wrangell Benioff zone has not been previously identified, because it is
characterized by an order of magnitude less seismicity than is seen in the
Aleutian Benioff zone to the west (Stephens and others, 1983, 1984).

An understanding of how late Cenozoic Pacific-North America plate motion
has been accomodated in the northern Gulf of Alaska, and of the evolution of
the modern plate boundaries is in part dependant on delineating the tectonic
history of the Yakutat block. The Wrangell Benioff zone and the Wrangell
volecanic field could be due to subduction of the Pacific plate beneath the
Yakutat block along the continental margin. Alternatively, these features



could arise fram subduction of the northern part of the Yakutat block, or of
oceanic crust ahead of the Yakutat block, along the Chugach-Saint Elias fault
as the block advances northward with the Pacific plate.

Known offset on the Fairweather fault favors the first premise. Plafker
and others (1978b) find only about 5.5 km of offset along the Fairweather
fault based on geamorphic evidence of offset stream drainages. They assume
that the mountains into which these drainages have been incised have been in
place since about middle Miocene time, and therefore that the total post-
middle Miocene offset along the fault is 5.5 km. Known offset on other major
fault systems of southern Alaska, such as the Denali and Totschunda faults is
also small, less than about 10 km (Reed and Lanphere, 1974; Plafker and
others, 1977a, 1978b; Lanphere, 1978). Therefore, Plafker and others (1978b)
suggest that most of late Cenozoic Pacific-North America plate motion has been
accanodated along the Transition fault at the base of the continental slope
between Cross Sound and Kayak Island. In this case, the Yakutat block would
be underthrust by the Pacific plate.

An alternate pramise presented in this study is that the Yakutat block is
an allochthonous terrane that is moving with the Pacific plate, colliding
with, and subducting beneath southern Alaska. In the next several sections, I
utilize an extensive set of marine geophysical and geological data to define
the boundaries, structure, and tectonic history of the Yakutat block, and
canpare the block with the adjacent transform and convergent margins.

DATA

This study is based on interpretation of about 7000 km of multichannel
seismic reflection data collected by the U. S. Geological Survey since 1974
(Fig. 2). The multichannel data include 24- and 48-fold data acquired in 1975
fran the Geophysical Services Inc. vessel M/V Cecil H. Green under contract to
the U.S. Geological Survey (Bruns and Bayer, 1977), and 24-fold data acquired
in 1977 and 1978 fran the U. S. Geological Survey research vessel R/V S. P.
Lee.

The seismic system on the M/V Green consisted of a tuned array of 22
airguns with a total capacity of 19.6 liters (1200 cu. in.), a 2400 m, 48-
group streamer, and DSF IV digital recording instruments. These data were
processed by Petty-Ray Geophysical Division of Geosource Inc., Houston, Texas
(Bruns and Bayer, 1977). The seismic system on the R/V Lee consisted of a
tuned array of 5 airguns with a capacity of 21.7 liters (1326 cu. in.), a
2400 m, 24-group streamer, and GUS 4300 digital recording instruments. These
data were processed by the U.S. Geological Survey in Menlo Park, California.
In all surveys, navigation was by means of an integrated satellite, Loran C,
and doppler sonar navigation system.

Data coverage fram Dixon Entrance to Icy Bay is reconnaissance only, with
line spacings of about 25 to 50 km (Fig. 2). Line spacing west of Icy Bay is
around 10 km. Single channel seismic data (von Huene and others, 1975)
provide structural information in areas of camplex structure west of Icy Bay,
and between sane of the widely spaced multichannel lines to the east.

The interpretation of structure and geologic history fram the
mul tichannel seismic data is based on mapping of seismic horizons throughout
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the data grid. A curve giving time-to-depth conversion for sedimentary strata
on the seismic data is derived fran refraction data and stacking velocities
obtained during processing of the multichannel seismic reflection data. Thez
time-to-depth conversion is approximately given by the curve z = 0.7t + 0.3t
- 0.02t”, where z is the depth in kilameters and t is the two-way travel time
in seconds fram the water-bottam. Interpretation methods, derivation, and
error limits of the depth conversion function are discussed in Bruns (1979,
1982, 1983b) and Bruns and Schwab (1983).

Bathymetric, gravity, and magnetic data were acquired during these and
other cruises; these data were processed by the U.S. Geological Survey in
Menlo Park, California and are presented in Schwab and Bruns (1979), Schwab
and others, 1980), Burkhard and others (1980a, b), Atwood and others (1981),
and Bruns and others (198la, b). Three dredging cruises in 1977, 1978, and
1979 obtained rock samples fram the continental slope; geologic data and
interpretations fram the dredged rocks are presented by Plafker and others
(1978c, 1979c, and 1980), Rau (1979, 1981), and Keller and others (1983, 1984)

TRANSFORM MARGIN--THE SOUTHEAST AILASKA SBGVEENT

If the Yakutat block has moved with the Pacific plate during Pliocene and
Quaternary time, then the structure and tectonics of southeast Alaska are
important for two major reasons. First, where are faults along which this
motion could be accomodated? If only limited motion has occurred on the
currently active Queen Charlotte fault, as suggested by recognized motion on
the connecting Fairweather Fault, then there should be other areas, either
landward or seaward of the Queen Charlotte fault, along which motion can be
accanodated. Second, is there any connection between the active Queen
Charlotte fault and the Transition fault that could indicate Pliocene and
Quaternary motion along the Transition fault? If such a connection exists,
then there should be defonnatlon in the v1c1n1ty of Cross Sound and Yakobi
Valley related to the almost 45° change in fault trends. Alternatively, a
fault at the base of the continental slope could bypass this area and join
with the Transition fault west of Yakobi Valley.

Geology

The islands of southeast Alaska are underlain by a diverse assembledge of
Mesozoic and Paleozoic rocks that camprise parts or all of at least nine fault
bounded tectonostratigraphic terranes (Berg and others, 1978). Cenozoic
tectonic activity in the region includes Cenozoic intrusion, thermal
metamorphism, local deposition of volcanic and sedimentary rocks, and faulting
which has redistributed the Mesozoic and Paleozoic terranes along major fault
zones such as the Chatham Strait fault (Berg, 1979).

The offshore geology of the southeast Alaska continental margin is
largely unknown, and can be inferred only from limited geophysical data (Bruns
and Plafker, 1982). Seismic reflection data shows acoustic basement near the
seafloor over much of the continental shelf; rocks forming the acoustic
basement are likely to be the continuation of the Paleozoic and Mesozoic rocks
of the nearby islands. On seismic reflection records, a sedimentary section
up to 2 km thick, of probable late Cenozoic age, locally overlies acoustic
basement in the middle to outer shelf regions (von Huene and others, 1979;
T.R. Bruns, unpublished data).
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The southeast Alaska continental margin is a tectonically truncated
margin. The Mesozoic and Paleozoic rocks that are present on the islands and
beneath the continental shelf can extend no further seaward than the base of
the continental slope, since oceanic crust of about Miocene age underlies the
adjacent continental rise (Naugler and Wageman, 1973). Thus, the Queen
Charlotte fault marks the edge of crystalline continental crust and forms a
fundamental tectonic boundary along southeast Alaska.

The Queen Charlotte fault

The Queen Charlotte fault off southeast Alaska has been mapped by von
Huene and others (1979) and Carlson and others (1979, 1981, in press) on the
basis of offset reflectors and seafloor scarps in areas where detailed
bathymetry and single-channel seismic-reflection data are available. The
seismic data show evidence for two fault traces about 10 km apart between
Cross Sound on the north to Chatham Strait on the south (Fig. 3). Between
Chatham Strait and Cross Sound, the eastern fault trace is located on the
shelf; this trace cuts across the shelf beneath the Yakobi Valley and trends
into the onshore Fairweather Fault. The western trace is located along or
near the shelf break between Chatham Strait and Cross Sound, and trends across
the shelf into a fault, the Icy Point-Lituya Bay fault, that lies just
offshore of the coastline between Icy Point and Lituya Bay (Plafker, 1967; von
Huene and others, 1979; Carlson and others, 1979, 1981, in press; Bruns,
1983b).

Of the two traces, the western trace may be the more active. The western
fault trace is the best defined and shows the most evidence for Holocene
displacement, as indicated by seafloor scarps and disruption of well defined
seismic reflectors. The eastern trace is more discontinuous and sinuous. The
seismic reflection data thus suggest that the western trace is relatively more
active than the eastern trace, although the eastern trace is the one that
trends into the presently active onshore Fairweather Fault (Carlson and
others, 1979, 1981, in press).

Near Chatham Strait, the two fault traces merge, and the remaining trace,
as mapped on single channel records (von Huene and others, 1979) and on widely
spaced mul tichannel seismic lines, trends along the upper slope fram Chatham
Strait to Dixon Entrance (Fig. 3; Bruns, 1981; Bruns and others, 1981; Carlson
and others, 1981; Bruns and Plafker, 1982).

This camplex fault system is now accomodating the relative motion between
the Pacific and North America plates, based on observed seisnicity along the
fault (Page, 1969, 1975), on 5 to 6 ecm/yr of Holocene offset on the connecting
Fairweather fault (Plafker and others, 1978b), and on the structure observed
along the fault (Von Huene and others, 1979; Carlson and others, 1979, 1981,
in press; Bruns, 1981).

The amount and rate of displacement along these fault traces and the age
of rocks cut by the faults are unknown. However, there are several
indications of late Pleistocene and Holocene motion. Yakobi Valley is a
glacially carved seavalley seaward of Cross Sound and the Queen Charlotte
fault. The glacier carving the valley flowed through Cross Sound and across
the Queen Charlotte fault traces (Fig. 3; Carlson and others, 1982). Detailed
bathymetry of Yakobi Valley shows displacement of about 300 to 400 m of the
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southeast wall of the valley along the fault traces. This offset probably
reflects Holocene displacement along the fault that has occurred since retreat
of the glacier that carved the valley (Von Huene and others, 1979; Carlson and
others, 1979, 1981, 1982, in press; Atwood and others, 1981). Atwood ani
others (1981) and Carlson and others (1982) note that the boxlike shape of
Yakobi Valley may result fram a carbination of glacial erosion and
displacement along the Queen Charlotte fault, with the northwest wall of the
glacial valley systematically offset to the northwest.

Atwood and others (1981) also note a valley-like depression on the
continental shelf between Cross Sound and Lituya Bay that is similar in form
to Yakobi Valley. They suggest that this depression could be a
northwestwardly offset, ancestral Yakobi Valley.

If the morphology of both this depression and Yakobi Valley is fault
controlled, offset could be about 20 km for Yakobi Valley, and about 70 km for
the depression, largely during late Quaternary time (Carlson and others, in
press). At present, known post-late Miocene displacement on the connecting,
onshore Fairweather Fault is about 5.5 km (Plafker and others, 1978b). This
observation raises the possibility that most of Pliocene and Quaternary motion
along the Queen Charlotte fault has been taken up on the western mapped trace
and its probable northern extension along the Icy Point-Lituya Bay fault. The
Icy Point-Lituya Bay fault could be a major transform fault.

Faulting landward of the Queen Charlotte fault

Landward of the Queen Charlotte fault, late Cenozoic plate motion could
have been accomodated along several faults. Southeast Alaska contains
numerous faults with a camplicated, poorly known movement history. At least
two of these faults, the Chatham Strait and Peril Strait faults (Fig. 3), have
histories of post-Cretaceous movement. Right-lateral offset on the Chatham
Strait fault is about 150 km during post middle-Cretaceous and pre-Holocene
time, and about 100 km of this offset may have occurred during post-Oligocene
time, based on offset of an Oligocene volcanic sequence (Hudson and others,
1982). The Peril Strait fault has about 11 km of right-lateral separation
since the late Cretaceous (Plafker and others, 1976). These faults or fault
systems could therefore accamodate part, but only a small part, of Cenozoic
Pacific-North America plate motion.

Faulting seaward of the Queen Charlotte fault

Seaward of the Queen Charlotte fault, the age and structure of
sedimentary strata show that no major transform faulting has occurred during
at least Pliocene and younger time. Seismic reflection data (Fig. 3) show a
sedimentary section at least 3 to 5 km thick beneath the continental slope and
at the base of the slope. Gravity modeling and refraction data indicate this
section could be as much as 10 km thick (von Huene and others, 1979). This
sedimentary section is of late Cenozoic age, largely Pliocene and younger,
based on the Miocene age of adjacent oceanic magnetic anamalies (Naugler and
Wageman, 1973) and on a correlation of seismic reflectors on multichannel
seismic data to Deep Sea Drilling Project (DSDP) hole 178 (Von Huene and
others, 1979; Bruns, 1983b; and T.R. Bruns, unpublished data).

Deformation of these strata is probably due to wrench tectonics along the
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Queen Charlotte fault (Bruns, 1981; Bruns and others, 1981). Fran Dixon
Entrance to Chatham Strait, these strata are deformed into broad folds, lying
roughly in two zones, with eastward dipping thrust faults on the seaward side
(Fig. 3; also see Snavely and others, 1981). The western folds are young
features, affecting even the youngest sedimentary strata, and are likely
Quaternary features. The eastern folds are in part covered by up to 0.5 km of
undeformed strata, are therefore older than the western folds, and are perhaps
Pliocene or early Pleistocene in age. Limited bathymetric data (Chase and
others, 1970; Seeman and Tiffin, 1980) suggests that, within each structural
zone, individual structures form an en-echelon pattern; such a pattern is
typical of deformation in a strike-slip tectonic setting (Harding and Lowell,
1979), and primarily reflects wrench tectonics resulting fran motion along the
Queen Charlotte fault (Bruns, 1981; Bruns and others, 1981; Snavely and
others, 1981).

The degree of deformation in each of the structural zones decreases to
the north. Between Chatham Strait and Sitka, only minor deformation of the
slope section is seen on the seismic records (Fig. 3; line 957), and between
Sitka and Cross Sound, strata seaward of the Queen Charlotte fault trace are
undeformed (Fig. 3, line 959). Thus, north of Sitka, there is no evidence
seaward of the shelf break for any transform fault. Faulting could be present
in the very lowermost part of the section where the structure is obscured by
the water-bottam multiple. If faulting is present, it occurred prior to
Pliocene time, based on the probable age of the undeformed strata.

Tectonic implications

The southeast Alaska margin shows no deformation in the vicinity of
Yakobi Valley that might be associated with a Pliocene or Quaternary
connection between the Transition fault and the Queen Charlotte fault. There
is also no evidence for a throughgoing Pliocene or Quaternary strike-slip
fault along the slope or at the base of the slope that could connect with the
Transition fault west of Yakobi Valley, thus providing a seaward bypass to the
45° bend at Yakobi Valley. Pliocene and Quaternary offset between the Pacific
plate and southeast Alaska must be taken up largely on the mapped Queen
Charlotte fault traces, or on faults landward.

Much of this motion must have occurred on the Queen Charlotte fault.
Known offset on the Chatham Strait and Peril Strait faults indicates that
these faults can accamodate only part of Pliocene and Quaternary offset, about
100 km and 11 km maximun respectively, during post-Oligocene time. This
offset is still much less than the 300 km required by plate tectonic models
for Pliocene and Quaternary time. The remainder of this motion must be
accanodated either on unknown faults or on the Queen Charlotte fault system.

However, the Queen Charlotte fault also marks the edge of the crystalline
continental crust. Gravity models and refraction data (Von Huene and others,
1979) across the margin indicate the slope seaward of the Queen Charlotte
fault is underlain by a sedimentary sequence up to 10 km thick. The nearest
correlative age rocks to those truncated at the margin are in southern Alaska,
and possibly in the Yakutat block. Therefore, the truncation of the
continental crust and of the Chatham Strait fault indicates that substantial,
rather than limited, offset must have occurred along the Queen Charlotte
fault.
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The fault lying near the shoreline fram Icy Point to Lituya Bay might
have taken up at least part, and perhaps much of this motion. Definitive data
are lacking to prove this suggestion. However, at Icy Point, the Queen
Charlotte fault system connects with both the onshore Fairweather fault and
the Icy Point-Lituya Bay fault. Either greater late Cenozoic motion has
occurred along the Fairweather fault than is so far recognized, or motion must
be accomodated along the Icy Point-Lituya Bay fault. This fault could be both
a major late Cenozoic, but currently inactive, transform fault, and a major
tectonic boundary within the Yakutat block.

TRANSITION MARGIN-THE YAKUTAT BLOCK

This section describes structural interpretations of geologic and
geophysical data fran the Yakutat block that establish the offshore boundaries
of the block and define constraints on tectonic processes that have affected
the block during the Cenozoic. If late Cenozoic plate convergence has been
accanodated of fshore within or along the Yakutat block, then there should be
observable effects in the structure and geologic history of the block.

The tectonic history of the continental margin presented here indicates
oblique subduction or transform faulting has not occurred on the Transition
fault during Pliocene and Quaternary time. Instead, the Yakutat block has
moved with the Pacific plate for at least that time and has been colliding
with and subducting beneath southern Alaska. The structure of the block also
shows that deformation related to the collision of the block with southern
Alaska primarily happens along the northwestern margin of the block where the
maximum rate of convergence between the Yakutat block and southern Alaska
occurs.,

The structure of the Yakutat block (Fig. 4) divides it into two segments,
the Yakutat and Yakataga segments, that are characterized by markedly
differing structural styles (Bruns, 1983b; Bruns and Schwab, 1983). The
Yakutat segment includes that part of the margin seaward of the Fairweather-
Queen Charlotte fault fram about Cross Sound to Icy Bay. This segment has
undergone little deformation during the late Cenozoic, and is characterized
primarily by regional subsidence. The Yakataga segment is the margin segment
between lcy Bay and Kayak Island, and is characterized by broad folds and
associated thrust faults that trend northeast across the shelf and slope.
These folds were termed the Pamplona zone by Plafker and others (1978b).

In this section 1 first sumarize the geology and onshore structure, then
discuss the structure of the Yakutat and Yakataga segments as shown by
mul tichannel seismic reflection data. Finally, I present magnetic and gravity
data and models to further delineate the extent of the block and the character
of the Transition fault which forms the southern boundary of the block.

Onshore geology and structure

Rocks of Paleozoic through Cenozoic age underlie southern Alaska and form
faul t-bounded tectonostratigraphic terranes (Fig. 5; Jones and others, 1977,
1981; Coney and others, 1980). North of the Yakutat block, the upper
Paleozoic and lower Mesozoic Wrangellia terrane is separated fram upper
Cretaceous flysch and melange of the Chugach terrane along the Border Ranges
fault. The Chugach terrane is a Cretaceous accretionary wedge that is present
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Figure 5. Top: Terrane boundaries adjacent to the northern Gulf of Alaska; after Coney and

others (1980) and Jones and others (1981). YB-Yakutat block. Bottom: Generalized onshore
geology in the northern Gulf of Alaska showing distribution of Paleozoic, Mesozoic and
Cenozoic rocks. Geology after Beikman (1980). Pacific-North America relative convergence
vector (large arrow) fram Minster and Jordan (1978). CS-Cross Sound; DF-Denali fault; IRF-
Duke River fault; FF-Feirweather fault; FG-Fairweather Ground; IB-Icy Bay; Ki-Kayak Islang;
PZ-Pamplona zone; QC-FF-Queen Charlotte-Fairweather fault system; TF-Totschunda fault; YB-
Yakutat Bay; Wrangell Volcs-Wrangell volcanoes and volcanic field.
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in an arcuate belt throughout the Gulf of Alaska (Plafker and others, 1977;
Plafker and Campbell, 1979; Nilsen and Zuffa, 1982). In the area from Icy Bay
to Prince William Sound, the Chugach terrane is juxtaposed against Paleocene
and Eocene(?) Orca Group rocks of the Prince William terrane along the Contact
fault system (Winkler and Plafker, 1975, 1981a; Piafker and others, 1977).
Finally, the Orca Group rocks of the Prince William terrane, and the Chugach
terrane west of about Icy Bay are in turn juxtaposed against Mesozoic and
Cenozoic rocks of the Yakutat block along the Chugach-Saint Elias and
Fairweather fault systems. Thus, each of the major fault systems is a
fundamental tectonic boundary separating rocks of different ages and tectonic
enviromnents.

Geology

The geology and structure of the onshore rocks bordering the northern
Gulf of Alaska is described by Miller (1951, 1957, 1967a, b, ¢, d, e, 1971,
1975), Miller and others (1959), Plafker and Miller (1957), Stoneley (1967),
Plafker (1967, 1971, 1974), Plafker and Addicott (1976), Rau and others
(1977), Addicott and others (1978), and Winkler and Plafker (1981a). The
following summary is taken fram these reports.

Much of the onshore area is covered by glaciers and Quaternary alluvial,
lacustrine, and beach deposits, particularly between Lituya Bay and Yakutat
Bay, and in the areas of the Malaspina and Bering glaciers. The subsurface
geology in these covered areas is known only from exploratory wells, and is
reported in Rau and others (1977).

Pre-Cenozoic rocks of the Yakutat block outcrop adjacent to the
Fairweather and Chugach-Saint Elias faults fram Cross Sound to midway between
Yakutat Bay and Icy Bay (Figs. 4 and 5). These rocks consist of Mesozoic
flysch and melange of the Yakutat Group. The Yakutat Group rocks are also
present beneath much of the onshore area between Lituya Bay and Yakutat Bay,
as they were sampled in several coreholes and wells (Rau and others, 1977).
The Yakutat Group is highly deformed and typically forms faul t-bounded
slices. The deformed and faulted sequence is cut by early Eocene granitic
plutons, and in part overlain with marked unconformity by Eocene shallow
marine and continental strata (Plafker and others, 1977; Nilsen and others, in
press). Zuffa and others (1980) and Winkler and Plafker (1981b) found that
sandstones fram the Yakutat Group have a very different source area fram
coeval sandstones of the Chugach terrane. Winkler and Plafker (1981b) further
suggest that the Yakutat Group may have undergone substantial tectonic
transport with respect to the adjacent Chugach terrane rocks.

Cenozoic sedimentary rocks outcrop in an up to 10 km wide band along the
shoreline near Lituya Bay and have been sampled in exploratory wells near
Yakutat Bay and beneath the adjacent coastal plain (Figs. 4 and 5). These
strata also underlie an up to 70 km wide area of the coastal mountains and
foothills fram about Yakutat Bay to the Ragged Mountain fault. West of the
Ragged Mountain fault, lower Cenozoic rocks of the Orca Group (discussed
later) underlie Prince William Sound and the Copper River area. East of the
Ragged Mountain Fault, the Cenozoic rocks consist of Eocene and younger
continental and shelf facies strata of the Gulf of Alaska Tertiary Province
(Miller and others, 1959; Stoneley, 1967; Plafker, 1967, 1971). These rocks
are broadly divisible into three subdivisions corresponding to changes in the
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depositional enviromment and tectonics of the basin. These subdivisions are:

(1) A middle or late Eocene through early Oligocene clastic sequence
includes shallow to deep marine rocks of the Stillwater Formation, which grade
upward into continental and shallow marine rocks of the Kulthieth Formation.
The Kulthieth Formation is overlain by shallow marine rocks of the Tokun
Formation. The Kulthieth and Tokun formations were deposxted as thick,
interfingering lagoon, barrier beach, and delta camplexes in relatlvely warm
seas. The maximun thickness of the Stlllwater, Kulthieth, and Tokun
formations is about 1500 m, 2700 m, and 1000 m respectively.

(2) Middle Oligocene through Miocene age rocks include the Topsy
Formation and Cenotaph Volcanics near Lituya Bay and the Poul Creek Formation
west of Yakutat Bay. The Cenotaph Volcanies and the Topsy Formation are an up
to 750 m thick sequence of interfingering continental and marine volcanic and
sedimentary rocks. The Poul Creek Formation includes up to 1860 m of shallow
to deep water marine strata that are camposed of predominately shaley
sediment, in part organic rich, characteristically glauconitic, and
intercalated with basaltic tuff, breccia, and pillow lavas.

(3) A late Miocene and younger sequence up to 5 km thick camprises the
marine Yakataga Formation. The formation consists of interbedded siltstone,
muds tone, and sandstone, which predaminate in the lower part of the section,
and till-like diamictite, which becames the dominant rock type in the upper
part of the formation. Conglamerate is present throughout the formation.
Clasts, probably dropstones, are present in all lithologies. These clasts
have been dominantly derived from the bordering Chugach and Saint Elias
mountains, and include a few percent with preserved glacial striations.

The dropstones and diamictite are interpreted to represent glacicamarine
sedimentation and proximity to tidewater glaciers and ice rafting (Plafker and
Addicott, 1976). The deposition of the formation coincides with a marked drop
in species diversity of molluscan fauna, and the replacement of temperate
water fauna by cold water, high latitude species. The Yakataga Formation
deposition thus corresponds to a marked cooling of the marine enviromment, and
the onset of glaciation in the adjacent mountains.

The Yakataga Formation provides important constraints on the tectonics of
the Yakutat block. First, the Yakataga Formation overlies the older rocks
seaward of the Yakutat Group fram Lituya Bay to Icy Bay, and seaward of the
Hope Creek-Coal Glacier fault (Fig. 4) west of lIcy Bay. The formation thus
links onshore and offshore strata at the beginning of Yakataga time. Second,
deposition of the formation records initiation of a major late Cenozoic
orogeny that has uplifted the high Chugach and Saint Elias ranges. Third, the
Yakataga Formation requires that the Yakutat block be adjacent to these rising
mountains. If the Yakutat block is an allochthonous terrane, than the initial
Yakataga Formation deposition records the arrival and collision time of the
block with southern Alaska.

The age of the lowermost part of the Yakataga formation, at its contact
with the Poul Creek Formation, is therefore extremely important in dating the
timing of major tectonic events of southern Alaska. Plafker and Addicott
(1976) find that the oldest part of the section, on Kayak Island, is of early
Miocene age, and on the mainland, the base of the section is of about middle
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Miocene age. Their age assignments are primarily based on identification and
correlation of abundant molluscan fauna and sparse benthic foraminifera fram
the Yakataga Formation with fauna of Washington and Oregon.

Recent work on foraminiferal biostratigraphy of the upper Poul Creek and
lower Yakataga Formation on the mainland indicates, however, that the Poul
Creek/Yakataga Formation contact may be late Miocene (Lagoe, 1983; Armentrout,
1983; Ammentrout and others, 1978) instead of middle Miocene as suggested by
the molluscan biostratigraphy. The Poul Creek Formation at Yakataga Reef
(Cape Yakataga, Fig. 4) consists of Oligocene and early Miocene strata,
conformably overlain by late Miocene strata. The Poul Creek/Yakataga
Formation contact, also conformable, lies within the late Miocene
foraminiferal zone, and this zone extends upsection only about 100 m before
reaching the Miocene/Pliocene boundary. Thus, at Cape Yakataga, only the
lowermost 100 m of the Yakataga Formation is of late Miocene age, and the
formation is daminantly of Pliocene and Quaternary age. Studies of other
mainland sections indicate similar results for the Poul Creek/Yakataga
Formation contact (Armentrout and others, 1978; Areay, 1978; Lagoe, 1978,
1983), although greater thicknesses of the Yakataga formation may be of late
Miocene age, as for example in the Kulthieth Mountains (Plafker and Addicott,
1976).

A major control on the age of the lowermost Yakataga Formation is the
first occurrance of Neogloboguadrina Pachyderma (sinistrally coiled) just
below the Poul Creek/Yakataga Formation contact. This species indicates an
age no older than late Miocene, since this species first occurs at about 8
m.y. (G. Keller, personnel cammunication, 1983). Further, the morphology of
N. pachyderma suggests a latest Miocene or early Pliocene age, since the
sanpled species is a well developed form indicating an age of about 5.5 m.y.
(Lagoe, 1983; G. Keller, personnel cammunication, 1983). In addition,
Armentrout (1983) and Amentrout and others (1978) have obtained minimum K-Ar
age dates of 5.6 £ 0.5 m.y. and 6.4 t 0.4 m.y. on glauconites fram the upper
Poul Creek Formation at Yakataga Reef, in agreement with the plantonic
foraminiferal age. Lagoe (1983) and Armentrout (1983) conclude that the base
of the Yakataga Formation is about 6 m.y. old. Thus, the beginning of uplift
of the Chugach-Saint Elias mountains, and the collision of the Yaku<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>