





Stratigraphy and Depositional Environment
of the Dutch Harbor Member

of the Unalaska Formation,

Unalaska Island, Alaska

By STEPHEN M. LANKFORD and JAMES M. HILL

CONTRIBUTIONS TOSTRATIGRAPHY

GEOLOGICALSURVEYBULLETIN 1457-B

Sedimentological characteristics and regional
significance of a Miocene coarse clastic
turbidite on the Aleutian ridge

UNITED STATES GOVERNMENT PRINTING OFFICE, WASHINGTON: 1979



UNITED STATES DEPARTMENT OF THE INTERIOR

CECIL D. ANDRUS, Secretary

GEOLOGICAL SURVEY

H. William Menard, Director

Library of Congress Cataloging in Publication Data

Lankford, Stephen M.
Stratigraphy and depositional environment of the Dutch Harbor Member of the
Unalaska Formation, Unalaska Island, Alaska.

(Contributions to stratigraphy) (Geological Survey Bulletin 1457-B)
Bibliography: p. B14.
1. Geology, Stratigraphic-Miocene. 2. Turbidities—Alaska--Unalaska Island.

3. Geology-Alaska—Unalaska Island. I. Hill, James M., joint author. II. Title.
IIT. Series, IV. Series: United States. Geological Survey. Bulletin 1457-B
QE75.B9 no. 1457-B [QE694] 557.3°08s [551.7°8] 78-606176

For sale by the Superintendent of Documents, U. S. Government Printing Office
Washington, D. C. 20402
Stock Number 024-001-03141-8



CONTENTS

Page
Abstract _______ B1
Introduction ____ 1
Unalaska Formation _______________________ . 3
Dutch Harbor Member __________________________ 4
Exposure and areal extent ______________________________________________ 4
Lithology __________ e 4
Alteration ________ L 8
Sedimentary structures  ________________________________________________ 10
Age 11
Depositional environment ______________________________________________ 12
Speculations on the regional significance of the Unalaska Formation ________ 13
References cited _____ . 14
ILLUSTRATIONS

Page
FiGURE 1. Index map showing location of Unalaska Island ________________ B2
2. Generalized geologic map of Unalaska Island __________________ 9

3. Aerial photograph showing location and partial extent of the Un-
alaska Formation and the Dutch Harbor Member ____________ 3
4. Type section of the Dutch Harbor Member  ____________________ 6

5-9. Photographs showing:

5. Lenticular channel deposit ____.________________________________ 8
6. Clasts in sandstone matrix exhibiting diamictite texture ________ 9
7. Typical conglomerate with graded bedding ____________________ 10

8. Tabular planar cross-stratification in very fine grained sandstone
near top of the Dutch Harbor Member ______________________ 11
9. Possible convolute bedding in sandstone _______________________ 12

10. Schematic Miocene cross section across Aleutian arc showing possi-
ble site of deposition and stratigraphic extent of the Unalaska
Formation  ___________________ . 13

III






CONTRIBUTIONS TO STRATIGRAPHY

STRATIGRAPHY AND DEPOSITIONAL
ENVIRONMENT OF THE DUTCH HARBOR
MEMBER OF THE UNALASKA FORMATION,

UNALASKA ISLAND, ALASKA

By StEpHEN M. LANKFORD and JamMes M. HiLL

ABSTRACT

A part of the Unalaska Formation of Drewes, Fraser, Snyder, and Barnett was reex-
amined in 1976 and a new suite of fossils collected. This Tertiary formation is exposed
over about 70 percent of Unalaska Island and is 900-16,700 meters thick. It consists
mainly of volcanic breccia, flows, tuff, and intercalated sedimentary rocks 1 cm to
more than 100 m thick. A 126-m-thick sequence of early Miocene(?) sandstone and
conglomerate, all thermally altered, was measured and examined in detail. This se-
quence, herein designated the Dutch Harbor Member, shows evidence of deposition by
turbidity currents and debris flows.

The stratigraphic position of the Dutch Harbor Member within the Unalaska For-
mation is not well known, but it may be near the top of the formation. Fossils col-
lected within the member include the bivalves Chlamys and Pododesmus of Miocene
age.

INTRODUCTION

Unalaska Island, near the east end of the insular Aleutian arc, is
perched atop the mostly submerged Aleutian ridge. This ridge sepa-
rates the abyssal northern Pacific Ocean from the Bering Sea (fig. 1).
About 70 percent of the island is covered by Tertiary volcanic and
sedimentary rocks named the Unalaska Formation (Drewes and
others, 1961). The thickness of the Unalaska Formation has not
been determined, but on the basis of topographic data it is at least
900 m thick. From calculations on the regional dip, Drewes, Fraser,
Snyder, and Barnett (1961) figure that it could be as thick as 16,000
m; they suspect that the actual thickness is of the order of 5,000—
10,000 m.

During August 1976, we examined the Unalaska Formation and
collected a new suite of fossils in the vicinity of the original collec-
tion site reported by Drewes, Fraser, Snyder, and Barnett (1961).
The study area extends about 1-4 km southeast of the village of
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FiGURE 1.—Location of Unalaska Island near east end of Aleutian arc.

Unalaska on Unalaska Island (fig. 2), where a sequence of sedimen-
tary rocks 126 m thick occurs. This distinctive sequence of sedimen-
tary rock is here named the Dutch Harbor Member. A measured
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Ficure 2.—Generalized geologic map of Unalaska Island. Modified from Drewes,
Fraser, Snyder, and Barnett (1961).
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Ficure 10.—Miocene cross section across Aleutian arc showing possible site of deposi-
tion and stratigraphic extent of the Unalaska Formation.

were deposited partly as submarine ash flows. Turbidite and debris

flow deposition occurred on a slope, probably along the edge of a

rapidly filling submarine basin (Crowell, 1957; Stanley, 1969).

SPECULATIONS ON THE REGIONAL SIGNIFICANCE
OF THE UNALASKA FORMATION

Drewes, Fraser, Snyder, and Barnett (1961, p. 591) roughly di-
vided the Unalaska Formation into three main parts that are
lithologically distinct: “argillite south of Beaver Bay, graywacke and
conglomerate in the northern bulge area and south of Makushin
Bay, and coarse pyroclastic deposits in northeastern Unalaska Is-
land, separated by wide transition zones.” Interbedded coarse clastic
rocks occur within the argillite zone, and fine-grained material oc-
curs within the northern zone of sandstone and conglomerate beds.
The regional dip suggests that the argillite is stratigraphically
below the coarse-grained rock (Drewes and others, 1961). We specu-
late that the older part of the Unalaska Formation was deposited in
relatively deep water. The complete absence of fossils in the argillite
may be additional evidence of rapid and deep deposition (Drewes
and others, 1961). The Dutch Harbor Member and other young parts
of the Unalaska Formation contain fossils that are restricted to shal-
low water. These rocks and fossils suggest that the Unalaska For-
mation represents deposits in a rapidly filling basin that contained
fine-grained distal turbidites near the bottom of the basin. As the
basin filled, deposition became increasingly proximal. The Unalaska
Formation may have been deposited in a summit or interarc basin
(fig. 10) similar to present-day graben-controlled basins formed by
rifting of the Aleutian ridge, (Scholl and others, 1975, fig. 2).

The basal argillaceous part of the Unalaska Formation contains
most of the pillow structures on the island as well as numerous
dikes and sills that appear to have been intruded into unconsoli-
dated sediment (Drewes and others, 1961). Though the stratigraphi-
cally higher coarse sediments contain abundant volcanic flows and
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breccia, the dikes and sills seem to have been intruded later. This
relation can possibly be accounted for by a rapidly changing vertical
level of the volcanic source. Deep submarine fissures and vents may
have supplied the volcanic material found in the argillaceous rocks.
If the volcanic source was then building up faster than the basin was
being filled, a steepening slope would provide a site of deposition for
coarse-grained proximal turbidites and debris flows overlying older
argillaceous deposits.

The Unalaska Formation appears to have been deposited in a
basin adjacent to the submarine flanks of a middle Tertiary volcanic
arc south of the study area. The proximal turbidite units and debris
flows that make up the Dutch Harbor Member and other parts of the
Unalaska Formation were probably deposited in an interarc basin
perched on the summit of the Aleutian ridge.
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