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RECONNAISSANCE STUDY OF UPPER CRETACEOUS TO MIOCENE
STRATIGRAPHIC UNITS AND SEDIMENTARY FACIES,
KODIAK AND ADJACENT ISLANDS, ALASKA

By TOR H. NILSEN and GEORGE W. MOORE

ABSTRACT

The sedimentary structures and facies, paleocurrents, and
stratigraphic relations of five formations exposed on Kodiak and
adjacent islands were studied in reconnaissance fashion at
several localities during the summer of 1976. The Upper Cretaceous
Kodiak Formation, in fault contact with both younger and older
formations, consists of turbidites deposited primarily in slope
and basin-plain environments; paleocurrents indicate sediment
transport to the southwest. The Paleocene and Eocene Ghost
Rocks Formation, in fault contact with both younger and older
formations, consists of at leastin part syndepositionally deformed
hemipelagic argillite and turbidites interbedded with pillow
basalt; paleocurrents have an irregular orientation, possibly as a
result of extensive post-depositional deformation that has dis-
rupted the sedimentary characteristics of the formation.

The Eocene and Oligocene Sitkalidak Formation consists of
middle- and outer-fan turbidites that locally include some basin-
plain deposits; paleocurrents indicate general transport of sedi-
ments toward the south-southeast, although directions are variable,
suggesting prominent southwestward transport southwest of
Sitkalidak Island and northeastward transport northeast of
Sitkalidak Island. The Oligocene Sitkinak Formation, where
examined, consists of two distinctive facies: (1) on Sitkalidak
Island, where it rests conformably on and interfingers in part
with the Sitkalidak Formation, southward-transported turbidites
deposited in inner-fan channel and slope environments; and
(2) at its type locality on Sitkinak Island, where it essentially
conformably underlies the Narrow Cape Formation and is in fault
contact with the Sitkalidak Formation, eastward-transported
marginal-marine strata deposited in fan-delta and lagoonal
environments. The upper Oligocene? and Miocene Narrow Cape
Formation consists of mollusk-rich, bioturbated siltstone and
silty fine-grained sandstone deposited in shelf environments,
probably derived from source areas to the northwest.

The Upper Cretaceous through Miocene sandstones on Kodiak
and adjacent islands, which are primarily feldspatholithic, indi-
cate a predominantly volcanic provenance. About 95-percent of
the Kodiak and Ghost Rocks lithic detritus is composed of volcanic
and plutonic rock fragments; in younger formations, the com-
position of rock fragments is more diverse. The sandstone modes
indicate a general increase through geologic time in the total
amount of quartzose grains (especially chert) and a decrease in
the total amount of feldspar grains.

The Kodiak Formation forms part of the extensive Chugach
terrane, thick Upper Cretaceous flyschlike strata in southern
Alaska, apparently deposited in a major southwest-trending
linear basin, possibly a southwest-sloping trench floor developed
adjacent to the Alaskan continental margin. The highly deformed

Ghost Rocks Formation, though possibly a distantly derived
fragment rafted into southern Alaska along a convergent margin
by sea-floor spreading processes, was most likely also deposited
at the continental margin and derived from a southern Alaskan
provenance, as indicated by its sedimentary petrography.

The Eocene to Miocene sequence—Sitkalidak, Sitkinak, and
Narrow Cape Formations—represents a major first-order pro-
gradational cycle of shelf, slope, and deep-sea fan deposits that
filled a northeast-trending sedimentary basin. These deposits
filled either an inactive trench or major trench-slope basin
developed during episodes of plate convergence.

INTRODUCTION

During the summer of 1976, we examined in recon-
naissance fashion outcrops of the Kodiak, Ghost
Rocks, Sitkalidak, Sitkinak, and Narrow Cape For-
mations of Kodiak and adjacent islands, which had
earlier been mapped and named by Moore (1967,
1969). Moore had described the lithologies, type
localities, approximate thicknesses, fossils, strati-
graphic relations, and distribution of seven newly
named Mesozoic and Cenozoic formations on Kodiak
and adjacent islands. Earlier studies of the geology
of Kodiak Island had been published by Martin
(1912) and Capps (1937). In this report, we describe
the outcrops, facies, sedimentology, petrography,
and inferred paleogeography and depositional en-
vironments of the five formations, which range in
age from Late Cretaceous to Miocene.

Strata on Kodiak Island are part of a widespread
sequence of similar Mesozoic and Cenozoic rocks
that form an arclike outcrop belt in southern Alaska
extending from near Sitka in the southeast to the
Shumagin and Sanak Islands in the southwest
(fig. 1). This belt consists of five different terranes,
separated by faults or unconformities. The interior
terrane consists of metamorphic rocks of possible
Paleozoic and Mesozoic age that crop out north of
the Border Ranges fault (MacKevett and Plafker,
1974); these unnamed schists are present in north-
eastern Kodiak Island, from which they extend
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TURBIDITE FACIES AND FACIES ASSOCIATIONS 3

northeastward to the Kenai Peninsula, where similar
schists crop out near Seldovia (fig. 1). The second
terrane consists of melange that crops out between
the Border Ranges fault and the Eagle River fault;
this melange on Kodiak Island has been named the
Uyak Formation by Moore (1969) and on the Kenai
Peninsula to the northeast the McHugh Complex
by Clark (1972, 1973). The third terrane, named the
Chugach terrane by Berg, Jones, and Richter (1972),
consists of Upper Cretaceous flyschlike strata that
crop out between the Eagle River fault and the
Contact fault (Plafker and others, 1977a, b). On
Kodiak Island, this terrane is represented by the
Kodiak Formation (fig. 2); on the Shumagin and
Sanak Islands, by the Shumagin Formation (Moore,
1974b, c); on the Kenai Peninsula, by the Valdez
Group (Clark, 1972, 1973); near Yakutat, by part of
the Yakutat Group (Plafker and others, 1976); and
near Sitka, by the Sitka Graywacke (Loney and
others, 1975). The fourth terrane crops out south of
the Contact fault and consists of folded and faulted
Paleogene turbidites and related mafic volcanic
rocks; on Kodiak and adjacent islands it consists of
the Ghost Rocks, Sitkalidak, and Sitkinak Forma-
tions, which resemble in part the Orca Group of the
Prince William Sound area (Winkler, 1976). The fifth
and most oceanward terrane consists of less-deformed
upper Paleogene and Neogene shallow-marine de-
posits, which on Kodiak and adjacent islands consist
of the Narrow Cape and Tugidak Formations.

Kodiak Island lies in the western Gulf of Alaska
and is about 100 km wide by 160 km long. Northeast-
trending folded and faulted rocks underlie Kodiak
and adjacent islands and extend southwestward
from similarly trending rocks of the Kenai Peninsula
(fig. 2). Metamorphic rocks that include quartz-mica
schist, greenschist, blueschist, and epidote amphibo-
lite form a northwesterly and older terrane on
Kodiak Island (Carden and Forbes, 1976; Connelly
and Moore, 1977). Potassium-argon dates from
crossite and white mica in the schists yield ages of
approximately 140-190 m.y. (Carden and others,
1977), the ages of metamorphism and possibly em-
placement of the schist terrane. An age of 190 m.y.
was determined from similar schist near Seldovia
(Forbes and Lanphere, 1973). Less metamorphosed
Upper Triassic volcaniclastic rocks crop out in small
areas northwest of the schist along the coasts of
Kodiak, Afognak, and Shuyak Islands (Connelly
and Moore, 1977).

The Uyak Formation to the southeast of the schist
terrane is at least in part a complexly deformed
melange thought to be thrust southeastward over
the Upper Cretaceous Kodiak Formation. It contains
blocks or knockers of layered gabbro, clinopyroxenite,
dunite, greenstone, chert, argillite, and wacke (Con-

nelly and others, 1976, 1977). Various blocks contain
Late Triassic fossils, and a distinctive unit of red
chert underlain by pillow basalt contains radiolarians
dated by E. A. Pessagno (written commun., 1976) as
Early Cretaceous (Valanginian or Hauterivian). The
Uyak Formation is thought to have been formed as
part of a subduction complex of Mesozoic age
(Connelly and Moore, 1975, Moore and Wheeler,
1975; Connelly and others, 1976, 1977; Connelly,
1976; Moore and Connelly, 1976, 1977). A subduction-
slip vector of N. 38° W. +11° was determined for this
complex by Moore and Connelly (1976).

Granitic batholiths intrude the Upper Cretaceous
Kodiak Formation and Paleocene and Eocene Ghost
Rocks Formations at many localities on Kodiak and
adjacent islands (Moore, 1967; fig. 2). The batholithic
rocks on Kodiak Island have been dated by the potas-
sium-argon method in part as 58+2.5 m.y. old
(Karlstrom, 1969, p. 28); they form part of a belt of
granitic intrusions in Cretaceous and Paleogene
turbidites along the Gulf of Alaska margin (Kienle
and Turner, 1976). The batholiths to the northeast
in the Chugach Mountains have been dated by the
potassium-argon method at 47-52 m.y. (Hudson and
others 1977), to the southwest in the Shumagin
Islands, at 56 to 64 m.y. (Burk, 1965; Moore, 1973b;
Kienle and Turner, 1976), and in the Sanak Islands
at 59.9 m.y. (Moore, 1973b; Kienle and Turner, 1976).

The Pliocene and Pleistocene Tugidak Formation
consists of shallow-marine siltstone and sandstone
containing ice-rafted dropstones. It crops out only
on Tugidak Island, which is southwest of Kodiak
Island (fig. 2), and at the north end of ChirikofIsland
(fig. 1). The schists, Uyak Formation, batholiths,
and Tugidak Formation will not be further discussed
herein.

The physical characteristics of all the Tertiary
formations, in particular their porosity and perme-
ability, are summarized by Lyle and others (1978).
Additional fieldwork by us and other workers during
the summer of 1977 focused in detail on the sedimen-
tology of the Sitkalidak and Sitkinak Formations
(Bouma and others, 1977); the results of this study
will be reported in other publications.

TURBIDITE FACIES AND FACIES ASSOCIATIONS

The turbidite facies and facies associations described
here in general follow the classification systems
presented by Mutti and Ricci Lucchi (1972, 1975)
and Nelson and Nilsen (1974), as summarized by
Nilsen (1977). According to these systems, marine
turbidites generally can be referred to three distinc-
tive facies associations: slope, fan, and basin-plain
(fig. 3). '

The slope facies association is characterized by
deposition of hemipelagic argillaceous mud and
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F1GurE 2.—Simplified geologic map of Kodiak and adjacent islands, Alaska. Geology modified from Moore (1967).

thinly interstratified fine-grained turbidites, cut in | Upper-slope deposits typically slump and slide down-
places by coarser grained submarine-canyon deposits. | slope, resulting in accumulation of imbricated slices
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Figure 3.—Characteristic vertical cycles or megasequences of various deep-sea turbidite facies associations (modified from Mutti
and Ricci Lucchi, 1972, fig. 14, and Nilsen, 1977, fig. 3-7). Larger cycles shown by bars to right of column.

of this material on the lower slope and base-of-slope.

The deep-sea fan facies association can be divided
into: (1) inner-fan facies association, generally
characterized by deposition of argillaceous channel-
margin and interchannel mudstone and thick,
noncyclically arranged beds of conglomerate and
sandstone in one or several major channels; (2)
middle-fan facies association, generally characterized
by channelized, cyclically arranged thinning-upward
and fining-upward megasequences of sandstone beds
deposited in numerous distributary channels and
channel-margin and interchannel mudstones with
associated thinly bedded and fine-grained turbidites;
and (3) outer-fan facies association, generally char-
acterized by cyclically arranged thickening-upward
and coarsening-upward megasequences of sandstone
beds deposited as nonchannelized depositional lobes
of considerable lateral extent downfan from the
middle-fan distributaries. The thinning-upward

middle-fan cycles generally result from gradual
abandonment of channels, whereas the thickening-
upward outer-fan cycles generally result from pro-
gradation, including progradation of feeding channel
systems over depositional lobes.

The basin-plain facies association is generally
characterized by noncyclically arranged, nonchannel-
ized beds of sandstone and shale of wide lateral ex-
tent. This facies association in general has a lower
sandstone:shale ratio than the deep-sea fan facies
association and contains abundant hemipelagic
shale. Bed thickness is nonsystematic because
individual turbidites are derived randomly from
numerous distributaries and multiple sources.

The classification of Mutti and Ricci Lucchi (1972,
1975) introduces a set of seven facies designated by
letters—facies A to G—to refer to individual
bedding types in turbidite sequences. Assemblages
of beds of these lettered facies are characteristic of
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and comprise the slope, fan, and basin-plain facies
associations. This system, ideally suited to recon-
naissance study of turbidite sequences, will be used
throughout this report. The facies, in brief, are: facies
A-—thick to massive, lenticular, graded and non-
graded beds of conglomerate or sandstone generally
lacking conspicuous sedimentary structures; facies
B-—thick to massively bedded, medium- to coarse-
grained sandstone characterized by irregular plane-
parallel, wavy, or inclined laminae and fluid-escape
structures; facies C—graded beds of sandstone orga-
nized into Bouma (1962) sequences that start with
the basal a division; facies D—thinner bedded and
finer grained graded sandstone beds organized into
Bouma sequences that lack the basal a division;
facies E—thin- to medium-bedded, coarse- to fine
grained sandstone characterized by dune-shaped
tops, wedging of adjacent beds, and cross-stratifica-
tion; facies F—chaotic deposits retransported by-
slumping and sliding; and facies G—hemipelagic
pelites.

KODIAK FORMATION

BACKGROUND

The Kodiak Formation, of Late Cretaceous (Mae-
strichtian) age (Moore, 1969; Jones and Clark,
1973), crops out in a broad, general northwest-
dipping faulted and folded tract over most of the
central part of Kodiak Island. It is in fault contact
with the probably older Uyak Formation to the
northwest and the younger Ghost Rocks Formation
to the southeast (Moore, 1967, 1969). The Kodiak
Formation was examined in roadcuts and coastal
outcrops along Ugak Bay and Uyak Bay (fig. 2).
Originally considered to be about 30,000 m thick
(Moore, 1969, 1975), the Kodiak Formation is now
thought to be of the order of 5,000 m thick and to be
repeated structurally by numerous folds and faults.
Stratigraphic correlation is extremely difficult
because of structural repetition of beds and recur-
rence of similar facies.

BASIN-PLAIN FACIES ASSOCIATION

Almost all the Kodiak Formation is of the basin-
plain or slope facies associations. Deep-sea fan facies
are only locally developed, probably where they fill
relatively small intraslope basins.

The basin-plain facies association, structurally the
lowest part of the formation, is characteristic of most
of the Kodiak Formation on the southeast side of
Kodiak Island. Here the basin-plain facies association
consists of repetitively interstratified graded sand-
stone beds and hemipelagic shales, typically 30 cm

thick, without any ordering or development of mega-
sequences (fig. 4A, B). Some calcite-cemented tur-
bidites are present. Sandstone:shale ratios range
in general from 1:1 to 1:5. The interstratified hemi-
pelagic shale is generally bioturbated; trace fossils
typically are those of the surface-grazing deep-marine
Nereites facies and include Helminthoida and Hel-
minthopsis as well as larger trace fossils possibly
formed by moving gastropods. The sandstone beds
are plane-parallel, extend over long distances with
out noticeable changes in thickness or grain size,
are not channelized, and generally range in thick-
ness from 1 to 35 cm, although single thicker beds
are present in some areas. The beds are most com-
monly fine- to medium-grained facies D sandstone
turbidites probably deposited by low-density tur-
bidity currents of variable volume that havetraveled
long distances from source areas. Sedimentary
structures include sole markings, parallel and wavy
lamination, convolute lamination, current-ripple
markings, and, rarely, ripple-drift lamination.

Thicker, coarser grained beds with rip-up clasts
of siltstone or mudstone are occasionally found
within the basin-plain facies association, generally
along the northwest edge or stratigraphically upper
part of the outcrops of the basin-plain facies associa-
tion. These isolated beds, in places groups of beds
that may possibly be locally tuffaceous, represent
slumps or debris flows that traveled from marginal
slopes out onto the basin-plain floor, forming thick,
contorted wildflysch-like strata. Beds of this type
were observed along the southeast shore of Hidden
Basin in Ugak Bay (fig. 2).

Locally within the basin-plain facies, as at Mill
Bay, Anton Larsen Bay and in quarries south of the
city of Kodiak, thin lobelike outer-fan sequences are
developed (fig. 4C). These occurrences are isolated,
however; the preserved lobes are thin, generally only
about 5 m thick. The strata consist primarily of facies
C and D turbidites.

SLOPE FACIES ASSOCIATION

The slope facies association of the Kodiak Forma-
tion crops out on the northwest side of Kodiak Island;
there it consists primarily of thick mudstone sequences
that may form imbricate slices juxtaposed during
multiple phases of synsedimentary slumping (fig. 4D).
These rocks, which are primarily facies G and F
deposits, contain chaotically oriented blocks, slabs,
and disordered fragments of hemipelagic mudstone
that probably slid from upper slope depositional
sites to the lower slope or base of slope under the
influence of gravity. The blocks are composed mainly
of mudstone with thin interbeds of noncyclically
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FIGURE 11.—Paleocurrent map for the Sitkinak Formation, Sitkalidak and Sitkinak Islands.

channelized fluvial braided-stream complexes. The
conglomerates, which weather either reddish brown

or gray, contain well-rounded clasts ot volcanic rocks,
vein quartz, argillite, graywacke, red chert, and granite;
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the clasts are locally as long as 40-50 ¢cm, generally
5-10 cm. Paleocurrents measured from pebble or
cobble imbrication and primary current lineation
in flat-stratified sandstone indicate sediment trans-
port toward the southeast, with a vector mean of
114° and a standard deviation of 23°.

The siltstone and coal units consist of irregularly
stratified carbonaceous siltstone to fine-grained
sandstone that is thoroughly bioturbated and very
poorly sorted (fig. 9G). The coal forms impure layers
1-75 cm thick and locally contains coalified logs in
vertical and horizontal positions (fig. 9H). The silt-
stone and fine-grained sandstone strata contain
abundant plant fragments and fossil leaves. J. A.
Wolfe (written commun., January 1977) identified
specimens of Metasequoia cf. M. glyptostroboides
Hu and Cheng and Alnus evidens (Holl.) Wolfe from
collections taken in 1976. Well-stratified tongues
of fine- to medium-grained sandstone, locally de-
formed by synsedimentary processes, extend into
the siltstones (fig. 91).

The siltstone-coal units probably represent inter-
channel, lagoonal, and interdistributary bay deposits
that probably form lens-shaped bodies enclosed
within the conglomerate-sandstone units. As the
channelized conglomerate-sandstone units migrated
laterally, they cut into and eroded thelaterally equiv-
alent siltstone intervals. There are no marine fossils
in the type section of the Sitkinak Formation; how-
ever, the fact that the mollusk-bearing Narrow Cape
Formation is essentially conformable on the Sitkinak
may suggest marginal marine sedimentation. Dur-
ing the summer of 1977, fine-grained beds of sand-
stone with marine trace fossils were observed in the
southeasternmost exposure of the Sitkinak Formation
within its central outcrop belt on Sitkinak Island.

At the main quarry directly west of and adjacent
to the landing strip on Sitkinak Island, a sequence
is exposed that demonstrates the stratigraphic
relations between the conglomerate-sandstone and
siltstone-coal units (fig. 12). Here the section consists
of thin vertical cycles of red-weathering conglom-
erate overlain by gray-weathering conglomerate
and, at places in the section, carbonaceous siltstone
(fig. 9J). The basal contacts of the conglomerate-
sandstone units are erosional and indicate some
channelization. The red-weathering conglomerate
is imbricated (as is conglomerate on the south coast
of the island) toward the southeast, with a vector
mean of 111°, the presumed offshore direction. The
gray-weathering conglomerate is imbricated toward
the northwest, with a vector mean 278°, the presumed
onshore direction. Within one thin sandstone bed,
the long axes of scattered elongate pebbles are

THICK-
NESS, IN LITHOLOGY
METERS
40 —
Conglomerate, gray-weathering
303 T T
Conglomerate, red-weathering
20 - Bituminous shale and coal, inter-
stratified siltstone, and fine-
grained sandstone
Sandstone, coarse-grained
Conglomerate, red-weathering
Coal
Sandstone, coarse-grained
. 7. . ; Congiomerate, gray-weathering
104790
Conglomerate, red-weathering
Shale, gray
Sandstone, coarse-grained
Coal
Shale bituminous

EXPLANATION

Sandstone

Siltstone Covered interval

FI1GURE 12.—Measured section of part of the Sitkinak Formation
at quarry west of landing strip, Sitkinak Island.

orientated northeasterly (62°), a direction parallel
to the approximate shoreline orientation. These
fining-upward cycles suggest southeastward out-
building of a major fan-delta complex in a marginal-
marine setting, reworking by onshore currents, and
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