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GEOLOGIC SETTING

The Alsea Formation occurs in the upper part of a Tertiary sequence
of marine sedimentary and volcanic rocks more than 6,000 m thick
that crops out in the central part of the Oregon Coast Range. The Alsea
Formation forms a narrow arcuate belt near the coast from near
Yachats northward about 65 km to Siletz Bay (fig. 1).

Contacts between the Alsea Formation and underlying and overly-
ing strata are well exposed in the reference section along the Yaquina
River (fig. 3). Here, and throughout most of its area of outcrop, the
massive to thick-bedded tuffaceous siltstone and sandstone of the
Alsea Formation conformably overlies thin-bedded siltstone, the Nes-
tucca Formation of late Eocene age. The contact is usuaily gradational
over a few metres but in places is sharply defined. Glauconitic sand-
stone is locally present at the base of the Alsea Formation. In the
northern part of its outcrop area, near Siletz Bay, the Alsea Formation
rests on alkaline volcanic rocks that are interbedded in the upper part
of the Nestucca Formation. In the southernmost area of outcrop, the
Alsea Formation conformably overlies an unnamed basaltic sandstone
unit of latest Eocene age that was derived from the underlying
Yachats Basalt (Snavely and MacLeod, 1974).The Alsea Formation is
overlain conformably by a predominantly sandstone sequence, the
Yaquina Formation of late Oligocene and early Miocene age (fig. 1). In
most places the tuffaceous siltstone of the Alsea Formation interbeds
upward with coarse-grained sandstone of the Yaquina Formation;
locally, however, a sharp contact is present between the two units.

The Alsea Formation ranges in thickness from 50 m to 1,100 m and
shows an inverse thickness relation to the overlying Yaquina Forma-
tion. Where the broad, lenslike body of Yaquina sandstone is thickest
near lat 44°45’, the Alsea Formation is only 50-100 m thick; con-
versely, where the Yaquina Formation thins north and south of this
area, the Alsea Formation increases in thickness to as much as 1,100
m. This inverse thickness variation of the two formations results in
part from a lateral gradation of the moderately deep water siltstone of
the upper part of the Alsea Formation with coarse-grained clastic
deltaic sedimentary rocks of the lower part of the Yaquina Formation.
A thinning of the lower part of the Alsea Formation and of the underly-
ing Nestucca Formation near lat 44°45’ probably resulted from a slow
rate of sedimentation over a broad bathymetric high that occupied this
area in late Eocene to middle Oligocene time. Westward, on the Conti-
nental Shelf, the Yaquina Formation must also grade laterally into
siltstone, as it was not encountered in the Standard-Union Nautilus
test well, drilled about 18 km off Depoe Bay (Braislin and others, 1971,
fig. 4). In this well more than 1,800 m of siltstone correlative with the
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Alsea Formation occupies the entire Oligocene sequence and is over-
lain by the lower Miocene Nye Mudstone.

PHYSICAL CHARACTERISTICS

The Alsea Formation typically consists of fossiliferous massive to
medium-bedded tuffaceous siltstone and very fine grained sandstone
(fig. 4). A few beds of massive mudstone are present in the sequence.
The siltstone is ubiquitously tuffaceous, and beds of essentially pure
fine-grained tuff 2 cm to 1 m thick are present. Interbeds of pumiceous
lapilli tuff and glauconitic sandstone occur locally. Calcareous concre-
tions and nodules, commonly alined parallel to bedding, occur in many
outcrops. These concretions, typically 4-10 cm in diameter, commonly
contain mollusks or fossil crabs in their cores. Clastic dikes were noted
in only one outerop near the east city limits of Waldport, whereas they
are abundant in the underlying Nestucca Formation.

Where freshly exposed, the tuffaceous siltstone and sandstone is
dark to medium greenish gray and weathers spheroidally to a mottled
light gray and light orange brown. The rock has a hackly to conchoidal
fracture and is broken by numerous small irregular joints, commonly
stained by hydrous iron cxides and sulfates. The tuffaceous siltstone
contains scattered lithic and glauconite grains; Foraminifera and fish
scales are present in many samples.

The sandstone commonly contains fine mica, carbonaceous mate-
rial, and pumice fragments. Thin beds of pebble conglomerate com-
posed of pumice and andesitic volcanic rocks occur locally. Although
most of the sandstone is massive to thick bedded, a unit of thin-bedded
tuffaceous sandstone and siltstone occurs in the lower part of the Alsea
Formation on the north side of Alsea Bay (SW'%, sec. 8, T. 13 S., R. 11
W.). A lenslike unit of glauconitic and arkosic sandstone, as much as
60 m thick, isinterbedded in siltstone of the Alsea Formation along the
east of Siletz Bay in the northernmost part of its area of outcrop (fig. 1).
Fossiliferous micaceous arkosic sandstone occurs in the Alsea Forma-
tion near the southern limit of its area of outcrop, 5 km northeast of
Yachats.

A distinctive siltstone unit occurs in the uppermost part of the
sequence along the southwest side of Alsea Bay. It consists of more
than 350 m of particularly well indurated massive dark-gray iron-
stained tuffaceous glauconitic siltstone containing scattered calcare-
ous nodules and numercus resistant tuff interbeds 2-20 cm thick.

Beds of medium- to dark-greenish-gray medium-grained glauconitic
sandstone %-8 m thick are common in the Alsea Formation. They are
generally massive and weather to a mottled bluish green and orange
brown. In places they contain mollusks stained by iron oxide. The
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Buccella mansfieldi oregonensis are rarely found below the Zemorrian
Stage in Pacific coast Tertiary sequences. In the Alsea Bay section, the
lowest occurrence of these species (S, fig. 2) is approximately 15 m
below the base of the 25-m-thick sandstone bed exposed on the north
side of the bay. Most of the foraminiferal species known to be charac-
teristic of the Refugian Stage are not found above this horizon. A
molluscan fauna characteristic of the Refugian Stage, however, occcurs
approximately 90 m stratigraphically higher than the position of the
Refugian- Zemorrian boundary indicated by Foraminifera.

Neither the base of the Refugian Stage nor the top of the Zemorrian
Stage is represented in the Alsea Formation in either the Alsea Bay
section or the Yaquina River section. Locally, however, the formation
may extend down into the lower part of the Refugian Stage, for a few
species commonly known in that part of the stage, such as Uvigerina
cocoaensis and Vaginulinopsis saundersi, do occur in the lower part of
the formation at Alsea Bay. Only a few poorly preserved and nondiag-
nostic foraminiferal assemblages have been found in the lower 400 m
of the formation exposed in the Alsea Bay section.

The lower 650 m of the Alsea Formation in the Alsea Bay section is
referred to the Refugian Stage, whereas only about the lower 60 m of
the formation exposed in the Yaquina River section is placed in the
Refugian Stage. Thinning of the lower (Refugian) part of the Alsea
Formation in the Yaquina River section is interpreted as resulting
from a slower sedimentation rate across a broad high that existed in
this area in late Eocene to middle Oligocene time (Snavely and others,
1972b). The Nestucca Formation, which conformably underlies the
Alsea Formation, also is thinner in the Yaquina River area than in
adjacent areas.

The uppermost part of the Zemorrian Stage is represented in the
superjacent Yaquina Formation. The occurrence of such forms as
Virgulina cf. V. bramlettei, Cassidulinoides cf. C. californiensis, and
Nonion cf. N. incisum kernensis in the Alsea Formation at Alsea Bay
suggests that the Alsea may also extend up into the upper part of the
Zemorrian Stage.

Most workers now place the lower part of the Refugian Stage in the
uppermost part of the Pacific coast Eocene sequence and the upper part
of the Refugian Stage and all of the Zemorrian Stage in the Oligocene
(Kleinpell and Weaver, 1963). On this basis, the Alsea Formation is
Oligocene. The lowest part of the type Alsea, however, contains a few
foraminiferal species that suggest a latest Eocene age.

Foraminiferal assemblages of the Alsea Formation compare very
well with, and therefore suggest correlation with, those known in a
number of other areas of the Pacific Northwest. Faunas of the Lincoln
Creek Formation of southwest Washington, particularly those of the
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local Cassidulina galvinensis zone and Pseudoglandulina aff. P.
inflata zone (Beikman and others, 1967), are very similar to the
Foraminifera of the Alsea Formation. Foraminiferal faunas from the
lower part of Weaver’s (1912) type Blakeley Formation of the Puget
Sound area, the middle and upper parts of the Twin River Formation of
the northern Olympic Peninsula (Rau, 1964), and an Oligocene se-
quence exposed on the southwestern part of Vancouver Island between
Port San Juan and Carmanah Point are very similar to the faunas of
the Alsea Formation.

Moderate water depths are suggested by the faunas of the lower
(Refugian) part of the formation at Alsea Bay (S to B, fig. 2), where
abundant Gyroidina orbicularis planata, Cassidulina galvinensis,
Ceratobulimina washburnei, costate Uvigerina, and other relatively
deepwater forms occur. Although upper bathyal depths may have
existed for a short time, faunas of the lower part of the formation
mostly represent an outer-shelf environment. The characteristic
robust size of the Foraminifera in this part of the formation suggest
optimum conditions for their development and an abundance of nu-
trients. Unusually large Foraminifera are typical of many of the
faunas of the Refugian Stage in the Pacific Northwest from west-
central Oregon to as far north as southern Vancouver Island, sug-
gesting that a similar shelf environment extended throughout these
areas.

Water depths became progressively shallower in the early part of
the Zemorrian Stage, as inner sublittoral conditions are indicated by
the occurrence of Elphidum aff. E. californicum and Nonion cf. N.
incisum kernensis in the middle part of the formation (A to S, fig. 2).
The upper part of the Alsea Formation on Alsea Bay (C to D, fig. 2) was
deposited in an outer sublittoral or possibly an upper bathyal envi-
ronment, as indicated by the occurrence of Gyroidina orbicularis
planata and Cassidulina crassipunctata; in contrast, the uppermost
part of the Alsea Formation on the Yaquina River (fig. 3) contains
Foraminifera typical of an inner sublittoral environment. This differ-
ence suggests that the basin deepened southward from the Yaquina
River at the time the sediments of the upper part of the Alsea Forma-
tion were being deposited. Deepening in this direction is also consis-
tent with the interpretation that shallow water deltaic sands in the
lower part of the Yaquina Formation are equivalent to the deeper
water siltstone of the upper part of the type Alsea Formation.

In summary, the Refugian and Zemorrian foraminiferal assem-
blages of the Alsea Formation generally suggest an offshore shelf-type
environment which became nearly littoral at times, especially during
the deposition of the middle part of the formation on Alsea Bay and
uppermost part of the formation on the Yaquina River. Water temper-
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atures were cool, considering the shallow depths represented by parts
of the formation.

REGIONAL CORRELATIONS AND PALEOGEOLOGY

The Alsea Formation represents part of a continental shelf facies of
Oligocene age that was widespread in western Oregon and Washing-
ton (fig. 7). Marine sequences that correlate with the Alsea Formation
in the Oregon Coast Range include the Eugene Formation (Smith,
1924) on the southeast flank and the Pittsburgh Bluff Formation
(Schenck, 1927) and the upper part of the Keasey Formation (Schenck,
1927; Moore and Vokes, 1953) in the northern part. In Washington,
correlative units include the Lincoln Creek Formation (Weaver, 1937;
Beikman and others, 1967) in the southwestern part, the lower part of
the Blakeley Formation (Weaver, 1912) in northern Puget Sound, and
the middle and upper members of the Twin River Formation (Arnold
and Hannibal, 1913; Brown and Gower, 1958) of the northeastern
Olympic Peninsula. Neritic sedimentary rocks of Oligocene age also
crop out along the south side of Vancouver Island, British Columbia,
between Port San Juan and Carmanah Point.

Deepwater Oligocene strata are exposed in the northwestern Olym-
pic Peninsula, across the Straits of Juan de Fuca from correlative
shallow-water marine sedimentary rocks of Vancouver Island. These
include the middle and upper members of the Twin River Formation
between Port Angeles and Clallam Bay (Brown and others, 1960;
Gower, 1960) and unnamed strata exposed farther west between Clal-
lam Bay and Cape Flattery, where about 3,000 m of Oligocene siltstone
with interbedded units of turbidite sandstone contain a foraminiferal
fauna indicative of bathyal depths. A steep Oligocene continental
slope that separated deep marginal basin deposits of the northwestern
Olympic Peninsula from shelf deposits of Vancouver Island probably
lay along the western part of the Straits of Juan de Fuca and swung
southward near Port Angeles (fig. 7) Sparse subsurface information
suggests that deepwater deposits of Oligocene age probably formed in
the area of the present Continental Shelf of Oregon and Washington as
shown in the paleogeologic map, figure 7.

The abundant volcanic detritus in the Alsea Formation differs
chemically and petrographically from Eocene volcanic rocks of the
Coast Range but is similar to some of the Oligocene volcanic rocks from
the western Cascades described by Peck, Griggs, Schlicker, Wells, and
Dole (1964). It is therefore likely that vigorous pyroclastic volcanism
occurred in an ancestral Cascade Range along the east margin of the
shelf in Oligocene time. Great quantities of volcanic ash fell directly
into the sea or was carried by streams to the marine environment.
Some volcanic debris carried by streams to the margin of the basin was
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