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THE OLIGOCENE MARINE
MOLLUSCAN FAUNA
OF THE
EUGENE FORMATION IN OREGON

by

CAROLE JEAN STENTZ HiICKMAN

ABSTRACT

Tuffaceous marine sandstone and siltstone of the Oligocene Eugene Formation occur in the southern por-
tion of the Willamette Valley in Oregon from Cottage Grove northward along the margin of the Coburg
Hills to Brownsville and Lebanon and into the Salem and Eola Hills west of Salem.

The faunal assemblages and associated rocks indicate that the Eugene Formation was deposited in
shallow water, 0-40 fathoms. The fauna contains a mixture of subtropical and temperate forms which co-
existed in what is interpreted as a gradually cooling environment. Relatively undisturbed assemblages of
infaunal pelecypods and scaphopods are common along with concentrated layers of reworked infaunal as-
semblages containing a variety of epifaunal species.

The age of the fauna is believed to span portions of the lower and middle Oligocene. The fauna is partly
intermediate between the faunas of the Keasey and Pittsburg Bluff Formations in northwestern Oregon and
is considered the partial time equivalent of these formations and the missing interval between them.

The author collected several thousand fossil specimens from localities throughout the formation and
incorporated them into the collections at the University of Oregon. In addition, previous collections housed
at the University of California, California Academy of Sciences, Stanford University, and the U.S. Geologi-
cal Survey at Menlo Park, California, were examined.

Sixty-seven species, representing 48 genera and 31 families, are discussed and figured; and their affini-
ties and stratigraphic ranges are analyzed. Supplementary descriptions are given for previously described
species. In addition, nine new taxa are proposed and described: Nemocardium formosum, Tellina adunca-
nasa, Semele willamettensis, Martesia turnerae, Pandora laevis, Dentalium laneensis, Neverita thomsonae,
Bruclarkia vokesi, and Acila nehalemensis subsp. minima.

INTRODUCTION

Many of the marine Oligocene formations of
Oregon contain molluscan faunas which al-
though recognized for many years have never
been systematically described. Isolated speci-
mens have been described from all these forma-
tions and species lists have appeared, but com-
prehensive studies have yet to be published on
the invertebrate faunas of the marine Oligocene
of Oregon.

Present trends in paleontology away from
the systematic description of faunas in the di-
rection of paleoecological or interpretive
studies are unfortunate in view of such large
gaps in our basic knowledge of the fossil rec-
ord. The following study of the Eugene mollus-
can fauna is an attempt to close one of these
gaps. The purpose of this report is to describe
and illustrate the mollusks of the Eugene For-
mation and to evaluate the affinities of the
species and lineages present in the fauna. The
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stratigraphic implications of the fauna are con-
sidered with respect to the Oligocene faunas of
California and Washington as well as the un-
described faunas of Oregon. Some effort has
been made to discuss and figure comparative
material from other Oligocene formations in
Oregon, particularly from the undescribed
faunas of the Keasey and Pittsburg Bluff For-
mations, since many species from these forma-
tions are also present in the Eugene fauna.

Although the Eugene fauna has never been
treated systematically, interest in fossils from
the Eugene area dates back to the middle of the
19th century. Various early exploring expedi-
tions recorded the occurrence of marine inver-
tebrate fossils, and several collections were
sent to specialists in the east for identification.
Since the Pacific Coast Tertiary was originally
defined on a three-fold basis of Eocene, Mio-
cene, and Pliocene, these fossils were assigned
a Miocene age. In 1898 Dall suggested that
Oligocene might be a valid term in West Coast
stratigraphy, and a controversy soon arose be-
tween workers who chose to recognize the Oligo-
cene and those who continued to accept a broad
faunal definition of the Miocene. Since direct
correlation of the so-called Oligocene of the
Pacific Coast with the type Oligocene of Ger-
many is impossible on a megafaunal basis, the
whole Oligocene-Miocene controversy soon be-
came circular in its reasoning. Much of this
circularity enters into early arguments over the
age of the Eugene Formation.

Dutton (1889) was the first of the early ex-
plorers to note the presence of fossils in the Eu-
gene area, which he characterized as a Miocene
basin (p. 190). Dall and Harris (1892) briefly
described two fossiliferous exposures in this
area and listed eight characteristic genera from
the layers at Smith’s quarry in Eugene. Dall
and Harris also considered the fossils to be
Miocene. A more complete report on the geol-
ogy of northwestern Oregon was issued by
Diller (1896) who did not specifically consider
the beds at Eugene, but did suggest that the Wil-
lamette Valley contained beds of Oligocene
age.
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Dall (1909) did not discuss the Eugene For-
mation in his systematic consideration of the
Miocene faunas of Astoria and Coos Bay, but
he included descriptions of four new Miocene
mollusks from the Eugene area: Thracia con-
doni, Tellina eugenia, Epitonium condoni, and
Epitonium condoni var. oregonense.

During the summers of 1909 to 1913 Arnold
and Hannibal made a number of collections in
the marine Tertiary of Washington and Oregon.
In 1913 they presented a discussion of the
Oligocene problem and included the beds at
Eugene in their “San Lorenzo Horizon of the
Astoria Series” which they defined as middle
Oligocene.

Washburne (1914) made the first extensive
collections in the Eugene area and published a
list of 27 species which were identified by Dall.
Since Dall included the Eugene Formation in
the Miocene it is not surprising that 18 of his
broadly defined species are cited both from the
beds at Eugene and from the Miocene of Coos
Bay. Three years later Smith (1917) published
a very different list of species based on identifi-
cations made by Bruce Clark. Clark, who be-
came one of the foremost champions of the
Oligocene on the Pacific Coast, described hun-
dreds of species from the Tertiary of Califor-
nia, defined them as Oligocene, and subse-
quently (Clark, 1918; Clark and Arnold,
1918) argued for the existence of the Oligocene
in Oregon on the basis of the presence of Oligo-
cene species.

In a master’s thesis at the University of Ore-
gon, Schenck (1923) proposed the name “Eu-
gene Formation” and listed 33 species which he
identified primarily from the California litera-
ture and with the help of Clark. His thesis is pri-
marily a review of the status of the marine
Oligocene of the West Coast. Schenck main-
tained his interest in the Oligocene of Oregon,
and although he never returned to a systematic
account of the Eugene fauna, specimens from
the Eugene Formation were studied in conjunc-

tion with his monographs of Aturia (1931) and
Acila (1936).
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Several isolated elements of the Eugene
fauna received attention in the years following
Schenck’s 1923 list. Clark (1925) described
and illustrated four pelecypods from the Eu-
gene Formation: Mulinia eugenensis, Solen eu-
genensis, Cardium eugenensis, and Modiolus
eugenensis. In 1926 Rathbun described 12 dec-
apods which were sent to her from the Eugene
area. Durham (1937) discussed and figured a
number of specimens in the Epitonium condoni
complex from the Eugene Formation in con-
junction with a study of the West Coast Epito-
niidae. Individual specimens from the Eugene
Formation are mentioned but not figured in a
number of other papers, such as Bentson’s sys-
tematic study of the gastropod Exilia (1940, p.
218) and Reinhart’s consideration of Anadara
(1943, p. 83).

The most recent list of species from the Eu-
gene Formation is based on collections made in
the course of mapping the southern portion of
the Willamette Valley (Vokes, Snavely, and
Myers, 1951). Vokes’ list is different from
earlier lists, primarily because he recognized
the similarities between the Eugene fauna and
the Oligocene faunas of Washington. These
similarities had not been appreciated at the
time of Schenck’s studies.

Many of the early collections from the Eu-
gene Formation are still intact. During the
course of this study, collections at the Univer-
sity of Oregon, University of California, Cali-
fornia Academy of Sciences, and Stanford Uni-
versity were reexamined. The collections of
Vokes, Snavley, and Myers (1951) at the U.S.
Geological Survey at Menlo Park, California,
were examined also, and extensive collections
of new material were made by the writer. Since
many localities in the Eugene Formation are
temporary excavations and since fresh cuts are
subject to rapid and deep weathering, the
earlier collections have provided valuable in-
formation about localities which are no longer
accessible.
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Textfigure 1. Distribution of the Eugene Formation and marine fossil localities in the Eugene area, Oregon.
After Vokes, Snavely, and Myers (1951).
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plaints, and provided an invaluable source of
perspective on all aspects of the problem.

The cost of 12 thin sections from representa-
tive horizons of the Eugene Formation was met

through funds made available by Humble Oil
Company.

EUGENE FORMATION
STRATIGRAPHY

The Eugene Formation was defined by
Schenck, who first discussed the unit in an un-
published master’s thesis (1923, p. 28). The
naming of the formation, however, is generally
attributed to Smith, who used the name in print
a year later (1924, p. 462), although he did
not define or describe the unit. A description
was published three years later (Schenck,
1927, p.453), and the type area was designated
as roadcuts and quarries within the city limits
of Eugene. Due to deep weathering and a pau-
city of outcrops, Schenck was unable to present
a measured section or subdivide the formation.
He characterized the formation as deposits of
sandstone, sandy shale, conglomerate, and tuff
cut by basaltic dikes and sills and with a pre-
vailing dip of 10 degrees to the northeast.

Schenck (1928, p. 10) and Vokes, Snavely,
and Myers (1951) extended the definition to
include all Oligocene marine sedimentary
rocks exposed in the hills to the south and west
of Eugene, exposures on the hills and flanks of
intrusives which stand above the floor of the
Willamette Valley, and the belt of exposures
extending northward along the margin of the
Coburg Hills. Textfigure 1 shows the distribu-
tion of the Eugene Formation in the vicinity of
Eugene as mapped by Vokes, Snavely, and
Myers (1951).

Vokes, Snavely, and Myers (1951) were un-
able to subdivide the Eugene Formation litho-
logically, but they did propose a faunal subdi-
vision into three units: a lower unit exposed to
the west of Eugene which they correlated with
the Keasey Formation, a middle unit within the
Eugene city limits which they correlated with
the Gries Ranch Beds of Washington, and an
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upper unit in the area of Springfield which they
correlated with the Pittsburg Bluff Formation.

Because of the scattered outcrops, it is not
possible to establish a detailed stratigraphic
section or to measure the thickness of the Eu-
gene Formation. Thickness estimates of pre-
vious workers are widely divergent. Schenck
(1928, p. 9) suggested that the beds attained a
total thickness of 5,000 feet. Turner (1938, p.
25) estimated a thickness of 7,500 feet for the
formation on the basis of scattered outcrops.
Vokes, Snavley, and Myers (1951), assuming
a uniform dip and lack of structural complica-
tions, proposed a total thickness of 15,000 feet.
If this figure is correct, the thickness of the Eu-
gene Formation alone would exceed the total
thickness of the formations which comprise the
standard section for the entire West Coast Oli-
gocene. In northwestern Oregon the Oligocene
section, including the Keasey, Pittsburg Bluff,
and Scappoose Formations, is less than 5,000
feet thick (Warren and Norbisrath, 1946, p.
220). In an earlier paper Vokes and Snavely
(1948, p. 40) concluded that the Eugene For-
mation was deposited near shore in a shallow
localized basin. The deposition of 15,000 feet
of sediment in such an environment would re-
quire almost 15,000 feet of downwarping to ac-
commodate it. Thus it is tempting to speculate
that there are undiscovered structural compli-
cations in the formation which have confused
estimates of thickness.

The present study cannot offer any further
direct evidence on the problem of thickness, but
observations in the field suggest that the dip of
the Eugene Formation is not constant through-
out the type area and that the total thickness of
the formation is probably closer to Schenck’s
original estimate of 5,000 feet. The dip in-
creases gradually to the east where the beds
finally disappear beneath the younger volcanic
rocks of the Coburg Hills. Minor faults have
been observed in the field, but there is no field
evidence to support major duplications of the
section through faulting.

Most of the roadcuts, quarries, and natural
outcrops from which Schenck and other early
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workers made their collections are no longer
accessible, although the temporary cuts and ex-
cavations examined in the course of this study
show that the formation has the same general
character. The most common rock is a tuffa-
ceous and highly feldspathic sandstone or silt-
stone which is bluish gray to olive when fresh
and weathers to a buff or orange-brown color.
These gray sandstone and siltstone beds range
from several feet to 50 feet in thickness and are
interbedded with minor amounts of sandy shale
and clay shale, occasional beds of conglomer-
ate, and thin lenses of gray or buff-colored vol-
canic ash.

Petrographic examination indicates that the
arenaceous rocks consist predominantly of an-
gular grains of plagioclase (primarily ande-
sine) and lithic fragments enclosed in a dark,
argillaceous and probably recrystallized
groundmass in which abundant glass shards
commonly exhibit axiolitic structures indica-
tive of devitrification. These rocks are perhaps
best classified as lithic graywacke. The most
striking features of these rocks are: (1) scarci-
ty of quartz; (2) high proportion of feldspar;
(3) angular, unweathered condition of the
feldspar; (4) high proportion of lithic frag-
ments, predominantly glassy basalt and tuff
with minor amounts of chert; (5) presence of
minor amounts of fresh pyroxene, dark and
light micas, and hornblende; and (6) high
proportion of dark, agrillaceous, chloritic,
and sometimes glassy matrix.

The feldspars indicate that the lithic gray-
wacke of the Eugene Formation was derived
primarily from rocks of an andesitic composi-
tion. The fresh angular character of the plagio-
clase suggests not only a short abrasion history,
but also that the plagioclase was freed from
poorly consolidated fragments of tuff rather
than the erosion of coherent rocks. This is sup-
ported by the high proportion of tuffaceous
fragments in the rock, some of which contain
plagioclase phenocrysts. It is further supported
by the field relationships which show the Eu-
gene Formation interfingering to the south and
east with continental deposits of andesitic tuff
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and breccia which according to Vokes, Snavely,
and Myers (1951) also contain a high propor-
tion of fresh plagioclase. Thus the landmass ad-
jacent to the Eugene basin was apparently
blanketed with terrigenous vitric tuff which was
probably erupted from nearby vents.

Some of the coarser units in the formation
indicate multiple sources of sediment. Several
of the rocks examined contain such granitic ele-
ments as microcline, chert, and quartzite frag-
ments in addition to the more basic constituents.
The rock fragments in these units are commonly
rounded suggesting transport over longer dis-
tances.

Calcite was precipitated locally within the
Eugene basin to form a micritic matrix. This
matrix is particularly common in lenses where
fossil material is concentrated. It is possible
that precipitation of the calcite was initiated by
local pH changes created by the decay of or-
ganic matter at these sites of concentration.

The Eugene Formation does not exhibit the
prominent graded bedding which is character-
istic of most graywacke according to Pettijohn
(1957, p. 312) and others. Unlike many of
these typical deep water sediments, the Eu-
gene Formation was deposited in shallow water
and not by turbidity currents. The lack of
graded beding suggests that the addition of
coarse materials was fairly constant, so that the
slow-settling clays and fine materials compris-
ing the matrix are uniformly intermingled with
the faster-settling coarse detritus. It is possible
that a large portion of the sediment was added
as air-borne volcanic tuff, although most of it
was probably added by rapid erosion and trans-
port over short distances on the low-lying ad-
jacent terrain with sufficient abrasion to release
but not round the feldspar phenocrysts.

Although the degree of sorting seems to be
fairly constant within a given unit, individual
beds may differ visibly from one another in the
size range of the particles, the ratio of feldspar
to lithic fragments, the amount and composition
of the matrix, the types of lithic fragments, and
the type and quantity of accessory minerals
present.
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As mapping has progressed in the Willam-
ette Valley numerous small outcrops of Oligo-
cene strata have been located between Eugene
and Salem and in the Salem area. These are dis-
cussed by Felts (1936), Thayer (1939), Mun-
dorff (1939), Brown (1951), Allison (1953),
and Baldwin, Brown, Gair, and Pease (1955),
who have assigned the beds in the areas they
mapped to several different formations and ex-
pressed various views regarding their correla-
tion. In this report the beds in the Salem area
are considered a northward extension of the Eu-
gene Formation, following Baldwin (1964, p.
54). Textfigure 2 shows the distribution of Eu-
gene and equivalent Oligocene beds in the Sa-
lem area.

In an unpublished master’s thesis Felts
(1936, p. 30) tentatively assigned small out-
crops of marine siltstone, sandy shale, and peb-
ble conglomerate in the Brownsville and Leb-
anon Quadrangles to the Eugene Formation.
The largest outcrop in this area is on the west
side of Peterson Butte, three miles southwest of
the town of Lebanon, where the fauna contains
a number of typical Eugene species. Felt’s ten-
tative correlation of these beds was based on
similarities in the species lists from the Eugene
and Lebanon areas published by Washburne
(1914, p. 33-34), although Washburne (1914,
p. 15) had identified both faunas as late Mio-
cene.

Thayer (1939, p. 6) recognized the presence
of marine Oligocene sedimentary rocks to the
southwest of Salem along the western margin of
the Salem Hills. He proposed the name Illahe
Formation for these tuffaceous standstone beds
and correlated them with the Eugene and Pitts-
burg Bluff Formations on the basis of a fauna
containing Macrocallista pittsburgensis (Dall),
Acila shumardi (Dall), and Tellina eugenia
Dall. In the same year Mundorff (1939)
mapped these beds as middle Oligocene in an
unpublished master’s thesis. His map extends
to the north of Thayer’s and includes outcrops
of the same beds to the west and northwest of
Salem beneath Miocene basalt in the Eola Hills.

HICKMAN: FAUNA OF THE EUGENE FORMATION 9

Another occurrence of Oligocene beds in the
Willamette Valley was noted by Allison
(1953) in the Albany Quadrangle to the south,
where tuffaceous sandstone and siltstone pro-
ject at several points above the gravels of the
valley floor. Allison mapped these beds as Eu-
gene Formation, and although they are almost
completely obscured by the terrace and bench
gravels which cover the eastern half of the quad-
rangle, they are probably continuous with the
beds in the Lebanon and Brownsville Quad-
rangle as well as the beds mapped as Illahe by
Thayer in the Salem Quadrangle.

In the McMinnville Quadrangle these same
beds crop out in the Eola Hills as a northward
extension of the Oligocene beds mapped by
Mundorff in the northwest corner of the Salem
Quadrangle. The presence of Oligocene rocks
in the vicinity of Holmes Gap, at the boundary
between the two quadrangles, had been noted
many years before by Schenck (1928, 1936),
who identified what he thought to be the contact
between the Pittsburg Bluff and Keasey Forma-
tions (1936, p. 63).

Beds in the McMinnville Quadrangle were
first mapped by Brown (1951) who suggested
that separate beds of lower and middle Oligo-
cene sedimentary rocks were overlain by beds
of typical Illahe lithology in the Eola Hills. He
further proposed that the Illahe beds were late
Oligocene and intermediate in age between the
Pittsburg Bluff and Scappoose Formations.
These views were modified by Baldwin, Brown,
Gair, and Pease (1955) who mapped all of the
Oligocene tuffaceous marine sedimentary rocks
in the Quadrangle as a single unit. They recog-
nized two lithologic and faunal divisions in the
unit, a tuffaceous siltstone of early Oligocene
age and a tuffaceous sandstone of middle Oligo-
cene age. They correlated the lower siltstone
with the Keasey Formation and the upper unit
with the Pittsburg Bluff Formation as well as
Thayer’s I1lahe Formation.

Although the area between Eugene and Sa-
lem is still partially unmapped, the evidence
from the foregoing reports coupled with the
present author’s faunal investigations, seems to
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justify extending the Eugene Formation north-

ward from the type area into the Salem area as
suggested by Baldwin (1964, p. 15) and others.

AGE AND CORRELATION

The Oligocene formations of the Pacific
Coast were deposited in local basins or embay-
ments with the result that Oligocene faunas
have been difficult to correlate with one an-
other and with the standard West Coast section.
Formations are geographically disjunct, and it
is often difficult to determine whether faunal
dissimilarities from one area to another result
from time disparities or from facies differences.
Textfigure 3 shows the generalized distribution
of Oligocene seas in Washington and Oregon,
and Textfigure 4 illustrates the present distir-
bution and physical disjunction of Oligocene
formations in the same area.

Although a number of early workers consid-
ered the Eugene Formation to be Miocene, it
has been interpreted for the past four decades
as Oligocene on the basis of the molluscan
fauna. It has been correlated with the Lincoln
Formation in Washington and the Pittsburg
Bluff and Tunnel Point Formations in Oregon.

Vokes, Snavely, and Myers (1951) sug-
gested that the Eugene Formation spanned a
greater segment of time than middle Oligocene
and correlated it in part with the Keasey For-
mation of lower Oligocene age and in part with
the Gries Ranch Beds and Pittsburg Bluff For-
mation of middle Oligocene age.

The present author cannot find evidence to
support such precise correlation of the Eugene
Formation, although there does seem to be a
eradual transition from assemblages with Kea-
sey affinities to assemblages more closely re-
sembling those of the Pittsburg Bluff and equiv-
alent formations. Many of the assemblages con-
tain a mixture of Keasey and Pittsburg Bluff
species. Table 1 shows the occurrence of Eu-
gene Formation mollusks in related formations.
Of the 67 species which occur in the Eugene, 9
also occur in the Keasey. The most striking
Keasey-like elements in the fauna are Acila

HICKMAN: FAUNA OF THE EUGENE FORMATION 11

nehalemensis (G. D. Hanna) and Acila neha-
lemensis minima Hickman, n. subsp.; a new
species of Nemocardium which closely resem-
bles N. weaveri Anderson and Martin; and two
distinctive gastropods, Olequahia schenckiDur-
ham and Gemmula bentsonae Durham.

Nineteen of the species in the Eugene fauna
are also present in the Pittsburg Bluff Forma-
tion. Three of these, Macrocallista pittsburgen-
sis (Dall), Acila shumardi (Dall), and Bru-
clarkia columbianum (Anderson and Martin),
were collected only in the highest stratigraphic
portions of the Eugene Formation. Other spe-
cies such as Tellina pittsburgensis Clark, So-
lena eugenensis (Clark), Thracia condoni
Dall, Diplodonta parilis (Conrad), Nuculana
washingtonensis (Weaver), Tellina adunca-
nasa Hickman, n. sp.; Polinices washington-
ensis (Weaver), and Neverita thomsonae
Hickman, n. sp.; also occur lower in the Eu-
gene Formation with the Keasey elements dis-
cussed above.

This same admixture of faunal elements is
less prominent in the vicinity of Holmes Gap in
the Salem Quadrangle. In a recent roadcut
north of the railroad crossing the author col-
lected two distinct faunas. The lower of the two
occurs in a fine-grained siltstone and contains
Acila nehalemensis (G. D. Hanna). The upper
fauna occurs in a sandstone containing Acila
shumardi (Dall) and Macrocallista pittsburg-
ensis (Dall). In this same area Schenck (1936,
p. 63) located what he interpreted as a contact
between the Keasey and Pittsburg Bluff Forma-
tions. However, the lower fauna also includes
such typical Eugene species as Parvicardium
eugenense (Clark) and the upper fauna such
forms as Solena eugenensis (Clark) and Ma-
coma aff. M. inquinata (Deshayes). The lower
unit in particular appears to represent a transi-
tion between the shallow-water deposits of the
Eugene Formation and the deep-water deposits
of the Keasey Formation. The faunal assem-
blages from both units are included with the
Eugene fauna in this report because of their
similarity to assemblages in the type Eugene,
although it should be noted that there is insuf-
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TABLE 1. Geovrocic DisTriBuTION OF THE EUGENE FormATION MOLLUSKS

Lower Quimper Sandstone
Middle Quimper Sandstone
Tunnel Point Formation
Marrowstone Shale
Yaquina Formation

Pittsburg Bluff Formation
Blakeley Formation

Oligocene of California

Twin Rivers Formation
Miocene
Recent

Keasey Formation

Toledo Formation

Gries Ranch Beds

Upper Quimper Sandstone
Lincoln Formation

Sooke Formation

Eocene

PELECYPODS

Acila (Truncacila) nehalemensis (G. D. Hanna)

Acila (Truncacila) nehalemensis minima
Hickman, n. subsp.

Acila (Truncacila) shumardi (Dall)

Nuculana washingtonenis (Weaver)

Portlandia (Portlandella) chehalesensis (Arnold) X

Yoldia (Kalayoldia) oregona (Shumard)

Yoldia (Kalayoldia) tenuissima (Clark)

Anadara (Anadara) n. sp. ?

Crenella ? sp.

Modiolus eugenensis Weaver

Mytilus snohomishensis Weaver X XXX

Nemocardium (Nemocardium) formosum
Hickman, n. sp.

Nemocardium (Keenaea) lorenzanum (Arnold)

Parvicardium eugenense (Clark)

Lucinoma acutilineata (Conrad)

Diplodonta parilis (Conrad)

Macrocallista pittsburgensis (Dall)

Macrocallista n. sp.

Pitar (Pitar) dalli (Weaver)

Pitar (Pitar) n. sp. ?

Pitar (Lamelliconcha) clarki (Dickerson) X X XX XX

Spisula eugenensis (Clark)

Spisula pittsburgensis Clark X X

Pseudocardium n. sp.

Tellina eugenia Dall

Tellina pittsburgensis Clark X X

Tellina aduncanasa Hickman, n. sp.

Tellina ? n. sp.

Tellina (Moerella) lincolnensis (Weaver) X X X

Macoma aff. M. inquinata (Deshayes) X

Macoma (Heteromacoma) vancouverensis X X XXt
(Clark and Arnold)

Sanguinolaria townsendensis Clark XXX

Semele willamettensis Hickman, n. sp.

Solena (Eosolen) eugenensis (Clark) X X X

Solen sicarius Gould

Mya (? Arenomya) kusiroensis X X
(Nagao and Inoue)

Panopea (Panopea) abrupta (Conrad) X
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TABLE 1. (ConTiNUED) GEoLOGIC DIsTRIBUTION OF THE EUGENE FormATION MOLLUSKS

Lower Quimper Sandstone
Middle Quimper Sandstone
Upper Quimper Sandstone
Lincoln Formation
Pittsburg Bluff Formation
Tunnel Point Formation
Marrowstone Shale
Yaquina Formation

Twin Rivers Formation
Oligocene of California
Miocene

Recent

Keasey Formation
Toledo Formation
Gries Ranch Beds
Blakeley Formation
Sooke Formation

Eocene

Panopea (Panopea) ramonensis Clark

Martesia turnerae Hickman, n. sp.

Martesia sp.

Pandora (Pandora) laevis Hickman, n. sp. X

Thracia condoni Dall X X X X

SCAPHOPOD

Dentalium ( ? Fissidentalium) laneensis
Hickman, n. sp.

GASTROPODS
Epitonium (Boreoscala) condoni (Dall) X XX X X

Epitonium (Boreoscala) condoni eugenense
Durham

Epitonium (Boreoscala) condoni oregonense X X
(Dall)

Acrilla (Ferminoscala) becki Durham X

Acrilla (Ferminoscala) dickersoni Durham

Calyptraea diegoana (Conrad)

Calytraea sookensts Clark and Arnold X

Crepidula ungana Dall X

Natica (Natica) n. sp. ? X

Neverita thomsonae Hickman, n. sp. X

Polinices washingtonensis (Weaver) HCrhona G, Coliy. ) ¢

Sinum obliquum (Gabb) X X X

Ficus modesta (Conrad) X X

Olequahia schencki Durham X

Molopophorus fishit (Gabb) X X

Molopophorus dalli Anderson and Martin X

Bruclarkia vokesi Hickman, n. sp.

Bruclarkia columbianum (Anderson and Martin)

Perse lincolnensis (Van Winkle)

Exilia lincolnensis (Weaver) X

Priscofusus n. sp. ?

Conus ? sp.

Gemmula bentsonae Durham X

Aceton parvum Dickerson

Cylichnina turneri Effinger

Scaphander stewarti Durham X

ol

D 4 ¢
P

4
TS
D b 4

D e e

b b b

e
D 4
bd 4

CEPHALOPOD
Aturia augustata (Conrad) X X X X X

TOTALS: 2 915816156 17191014 6 10 6 4 19 6 4
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ficient stratigraphic and lithologic evidence to
assign a formation name to these beds.

Nineteen Eugene species have been reported
from the Oligocene of California, although
none of the California faunas has been ex-
amined in conjunction with this study. Schenck
(1928, p. 15) correlated the Eugene Formation
with the San Emigdio and Pleito Formations of
Kern County, the San Juan Batista Formation of
San Benito County, and the San Ramon Forma-
tion of the San Francisco Bay Region. The most
closely related California fauna seems to occur
in the Tumey Sandstone and Shale Members of
the Kreyenhagen Formation in Fresno County.
Zimmerman (1944, p. 963-964) lists faunas
from these units containing Acila shumardi
(Dall), Pitar dalli (Weaver), Macrocallista
pittsburgensis (Dall), Tellina pittsburgensis
Clark, Nuculana cf. N. washingtonensis (Weav-
er), Taras parilis (Conrad), and Gemmula n.
sp. (= Gemmula bentsonae Durham). Zim-
merman (1944, p. 970-971) correlates the Tu-
mey with Durham’s Molopophorus stephensoni
Zone and with the Gries Ranch Beds of south-
western Washington as well as with portions of
the Turcicula columbiana and Molopophorus
gabbi Zones. He also correlates the Tumey with
part of the San Emigdio Formation of Kern
County, California.

The Eugene fauna shows a higher degree of
similarity to the Oligocene faunas of Washing-
ton than to those of California. Of the 67 spe-
cies which occur in the formation, Durham
(1944, p. 117-119) has reported 16 from the
lower portion of the Quimper Sandstone (Mo-
lopophorus stephensoni Zone) and 15 from the
middle portion of the Quimper (Molopophorus
gabbi Zone). It is important to note here that
Durham’s megafaunal zones for northwestern
Washington cannot be related to the Oregon
Oligocene except in a very broad sense. A num-
ber of Eugene species, such as Acrilla becki
Durham , Molopophorus dalli Anderson and
Martin, Thracia condoni Dall, Tellina pittsbur-
gensis Clark, and Epitonium condoni Dall, are
restricted to the Molopophorus stephensoni
and Molopophorus gabbi Zones in Washington.
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Other Eugene species such as Macrocallista
pittsburgensis (Dall), Perse lincolnensis (Van
Winkle), and Pitar dalli (Weaver), are pres-
ent only in the Turritella porterensis Zone in
Washington. Durham (1944, p. 112) places
the type Lincoln fauna and the Turritella por-
terensis Zone higher in the Oligocene, although
it is questionable that the type Lincoln is sig-
nificantly younger than the Pittsburg Bluff For-
mation.

Vokes, Snavely, and Myers (1951) correlate
a portion of the Eugene Formation with the
Gries Ranch Beds of southwestern Washington.
The Gries Ranch fauna contains only eight of
the species present in the Eugene, but the Gries
Ranch fauna is admittedly unique, occurring
in a conglomeratic facies which has been some-
what difficult to correlate.

In conclusion, faunal evidence indicates that
the Eugene Formation spans portions of both
the lower and middle Oligocene. In the Eugene
area the beds contain a fauna of mixed Keasey
and Pittsburg Bluff affinities. It is possible that
this fauna represents in part a transitional
phase which is absent in northwestern Oregon
where there is an abrupt lithologic and faunal
break separating the Keasey and Pittsburg
Bluff Formations. This transitional fauna is not
as well developed in the Salem area. The young-
est portions of the Eugene Formation are cor-
related with the Pittsburg Bluff and Tunnel
Point Formations in Oregon. The proposed cor-
relation of the Eugene Formation with the
Oligocene formations and divisions on the Pa-
cific Coast is presented in Table 2.

PALEONTOLOGY

The molluscan fauna of the Eugene Forma-
tion contains 67 species including 41 pelecy-
pods, 24 gastropods, 1 scaphopod, and 1 cepha-
lopod. Most of these species can be collected
in the type area of the formation in and around
the city of Eugene. Only six of the species are
restricted to outcrops farther north in the vi-
cinity of Salem.

Preservation is poor in the Eugene Forma-
tion. Specimens are most commonly preserved
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TABLE 3. CHeEckLiST OF EUGENE ForMATION PELECYPODS

SPECIES

TyPE AREA, EUGENE, OREGON*

1 23 4 5 6 7:8 910 11 1201348158

Acila (Truncacila) nehalemensis (G. D. Hanna) ____
Acila (Truncacila) nehalemensis minima ..
Hickman, n. subsp.
Acila (Truncacila) shumardi (Dall)
Nuculana washingtonensis (Weaver) ..
Portlandia (Portlandella) chehalisensis (Arnold)
Yoldia (Kalayoldia) oregona (Shumard) .
Yoldia (Kalayoldia) tenuissima (Clark)
Anadara (Anadara) n. sp. ?
Crenella ? sp.
Modiolus eugenensis Clark
Mytilus snohomishensis Weaver
Nemocardium (Nemocardium) formosum ...
Hickman, n. sp.
Nemocardium (Keenaea) lorenzanum (Arnold) ..
Parvicardium eugenense (Clark)
Lucinoma acutilineata (Conrad)
Diplodonta parilis (Conrad)
Macrocallista pittsburgensis (Dall) ________________________
Macrocallista n. sp. :
Pitar (Pitar) dalli (Weaver)
Pitar (Pitar) n. sp. ?
Pitar (Lamelliconcha) clarki (Dickerson)
Spisula eugenensis (Clark)
Spisula pittsburgensis Clark
Pseudocardium n. sp. _____
Tellina eugenia Dall
Tellina pittsburgensis Clark
Tellina aduncanasa Hickman, n.sp. ...
Fellmarongisy it -PUTNSEI
Tellina (Moerella) lincolnensis (Weaver) ...
Macoma aff. M. inquinata (Deshayes)
Macoma (Heteromacoma) vancouverensis ...
(Clark and Arnold)
Sanguinolaria townsendensis Clark
Semele willamettensis Hickman, n.sp.
Solena (Eosolen) eugenensis (Clark)
Solen sicarius Gould
Mya (? Arenomya) kusiroensis
(Nagao and Inoue)
Panopea (Panopea) abrupta (Conrad) ...
Panopea (Panopea) ramonensis Clark ...
Martesia turnerae Hickman,n.sp. ..
Martesia sp.
Pandora ( Pandora) laevis chkman, mEshlc .
Thracia condoni Dall

X X X
X X X X
X
? X
X X X X X
X X XX X
X X
X
X X X
XX X X
X
X X
XX XXX X X X XX KX
XX
XXX
X XX
X X X X
X XX XX
X X X
X

>
>
>4
>

<A

* Locality descriptions are included in Appendix A.
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TABLE 3. Cueckrist oF EuGENE ForMATION PELECYPODS

SALEM AREA
0 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38|39 40 41 42 43 44 45 46 47 48 49 50
X
X X X X X X
X X X-X X
X XX XXX X X X X X XX
X X
X X X X X X
X
X
X
XXX X X
X
X
X XX X X X X X X XXX X X X X
X X
X X X X X X X X X X X
X X X
X X XXX X XS X
X X X X X X X X X X X X XX X X
KX X0 X
(e X X X X X X X X
X X X XoX XX IS X X X X
X X
X X X X
X X X X
X XX X X X X X X
XX XX X X
¢ X X X
X X X X X X
X X X X X X X
C X X
KX X
(EEX X X X X X X X X X XK XX XX X
X X X 2. 058 G 4 X X X
X X
X
X X X
X
NoeX
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TABLE 4. CueckLisT oF EUuGENE ForMATION MOLLUSKS OTHER THAN PELECYPOD!

TyPE AREA, EUGENE, OREGON*
1. 2° 34 S8 56T 8 "9 10 11 T2 S84S5

SPECIES

SCAPHOPOD
Dentalium (? Fissidentalium) laneensis X X X X

Hickman, n. sp.

GASTROPODS
Epitonium (Boreoscala) condoni (Dall) X
Epitonium (Boreoscala) condoni eugenense ...

Durham
Epitonium (Boreoscala) condoni oregonense ___._.

(Dall)
Acrilla (Ferminoscala) becki Durham
Acrilla (Ferminoscala) dickersoni Durham . X X
Calyptraea diegoana (Conrad)
Calyptraea sookenstis Clark and Arnold .
Crepidula ungana Dall X
Natica (Natica) n.sp. ?
Neverita thomsonae chkman e S SR X
Polinices washingtonensis (Weaver)
Stnum obliquum (Gabb)
Fiscus modesta (Conrad)
Olequahia schencki Durham
Molopophorus fishit (Gabb)
Molopophorus dalli Anderson and Martin .
Bruclarkia vokest Hickman,n.sp. .
Bruclarkia columbionumi e oo - .

(Anderson and Martin)
Perse lincolnensis (Van Winkle) _____ Eedeion = D
Exilia lincolnensis (Weaver) X
Priscofusus n. sp. ?
Conus ? sp.
Gemmula bentsonge Durham
Acteon parvum Dickerson &
Cylichnina turneri Effinger
Scaphander stewarti Durham

MMM 4
T o B B -
>
PP e Y
LR
T < i B

>

MM K M M4

>

P4
> s

CEPHALOPOD
Aturia angustata (Conrad) X

* Locality descriptions are included in Appendix A.
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TABLE 4. CHECKLIST OF EUGENE FORMATION MOLLUSKS OTHER THAN PELECYPODS

SALEM AREA

) 21 22 23 24 25 26

27 28

29

30 31 32 33 34 35 36 37 38|39 40 41 42 43 44 45 46 47 48 49 50

Y

X

ot

e X

>

>
>

b o
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okt o
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el ool

X
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X X X
X X X X X
X X X
X X X
X X X
X
X X
X X
X
X
X
X
X X X X X X
X
X
X X

X
X
X
X X X
X
XX
X
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either as internal molds or as chalky decorti-
cated specimens. The best preservation is often
present in highly indurated layers where speci-
mens are difficult to remove from the matrix.
Even in fresh exposures of the formation the
shell material is often loosely attached to the
internal mold and exfoliates easily during prep-
aration. The other major problem in preserva-
tion is the common distortion in certain species.
The author’s collections contain thousands of
crushed and distorted internal molds and de-
corticated specimens which cannot be positively
identified, and the faunal listing for the Eugene
Formation will not be complete until well-pre-
served specimens of some of these distorted
forms are found.

The composition of the fauna and its distri-
bution within the Eugene Formation are sum-
marized in Tables 3 and 4. Faunal composition
varies from one locality to another as a function
of environment, so that the fauna of the forma-
tion as a whole can be broken down into a num-
ber of types of aggregations ranging from high-
ly reworked concentrations of shell material to
apparently natural assemblages in which the
fossils have been preserved in the living posi-
tion.

In the layers of concentrated small shell ma-
terial the typical assemblage includes large
numbers of small taxodonts such as Nuculana
washingtonensis (Weaver) and Acila nehalem-
ensis minima Hickman, n. subsp. ; small tellens
such as Tellina pittsburgensis Clark; large
numbers of naticoid gastropods; small, current-
oriented scaphopods; and a variety of other
small forms including Parvicardium eugenense
(Dall), Diplodonta parilis (Conrad), Gem-
mula bentsonae Durham, Acteon parvum Dick-
erson, and Cylichnina turneri Effinger. Layers
of larger shell material are common at many lo-
calities, particularly in the coarser units in the
formation. These layers generally contain as-
semblages of Pitar dalli (Weaver), Modiolus
eugenensis Clark, and Bruclarkia vokesi Hick-
man, n. sp.; large mactrids such as Spisula eu-
genensis (Clark) and Pseudocardium n. sp.;
and large naticoid gastropods of the genus

No. 16

Neverita. Concentrations of Crepidula ungana
Dall are common in numerous localities. A
number of other species may be found in oc-
casional local concentrations or pockets. Thin
lenses of Solena eugenensis (Clark) in various
stages of disarticulation were apparently pre-
served in small local depressions on the ocean
floor. Modiolus eugenensis Clark is almost al-
ways found in concentrations of articulated
specimens, and Spisula eugenense (Clark) and
Bruclarkia vokesi Hickman, n. sp. also occur in
local aggregations at some localities. In the
finer-grained units many assemblages contain a
preponderance of infaunal siphon-feeding pele-
cypods which are preserved in the living posi-
tion along with other burrowing forms such as
the nuculid taxodonts which gather food par-
ticles directly from the sediment.

Although most of the variation in faunal
composition from one locality to another is re-
lated to variation in the environment, there is
some stratigraphic restriction of species. For
example, Acila nehalemensis minima Hick-
man, n. supsp., which is common throughout
most of the formation, is replaced by 4. Shu-
mardi (Dall) in beds near the top of the forma-
tion. There are few such clear examples, how-
ever, and subdivision of the Eugene Formation
into faunal zones is unwarrented.

PALEOECOLOGY

The subject of paleoecology is so broad and
the approaches so varied that it would be pre-
sumptuous to imply that the following brief re-
marks constitute a paleoecological analysis of
the Eugene Formation. Some suggestions are
offered as to the temperature and depth of
water, and these are in turn related to the cli-
mate of the Pacific Coast Oligocene as it is
presently understood. Reconstruction of the
sediment as a substrate introduces a considera-
tion of the types of living communities that in-
habited the Eugene seas and factors leading to
the formation of several different types of fossil
assemblages. These interpretations and deduc-
tions are based on a variety of qualitative obser-
vations of faunal composition and affinities,
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morphological adaptations, preservations and
condition of the fossil material, the nature of
the rocks, and the relationship of the fossils to
the enclosing rocks.

Paleoecological analysis of Tertiary envir-
onmental parameters such as temperature and
depth depends upon extensive use of the unifor-
mitarian principle of analogy with modern sit-
uations. This dependence has led to the develop-
ment of taxonomic paleoecology in which the
requirements and limits of tolerance of living
genera and species are used to reconstruct the
ecology of fossil environments. Although it has
become popular to collect and utilize the temp-
erature records and depth ranges of living taxa,
it should be pointed out that this kind of unifor-
mitarianism can be misused when it is applied
strictly because it assumes that genera and
species have retained the same physiological
requirements over long periods of geologic
time.

This kind of uniformitarianism, with its in-
herent assumption of long-term genetic stabil-
ity, seems particularly tenuous when applied to
Oligocene and older faunas since the differenti-
ation of mollusks into warm-water and cool-
water forms and the establishment of faunal
provinces did not begin until the close of the
Eocene. The importance of the foregoing obser-
vations has been reinforced in the mind of the
present author through discussions with several
workers on the Pacific Coast who have ex-
pressed surprise at the “anomalous” co-occur-
rence of tropical and temperate genera in the
Eugene fauna. If two genera which cannot co-
exist today are found side by side in the Oligo-
cene, their co-occurrence does not necessarily
represent an anomaly which must be explained
in terms of outside contamination or the mixing
of warm and cold currents. For this reason the
following brief interpretation of the environ-
ment of the Eugene basin will remain somewhat
general in nature.

The character of Oligocene marine climates
and paleoecology has been discussed by Arnold
(1909a), Dickerson (1917), Smith (1919),
Clark (1921), Durham (1950), and others.
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The picture which has emerged shows the Oligo-
cene as a time of transition from the universally
distributed tropical and subtropical climates
and faunas of the Paleocene and Eocene, with a
preponderance of genera which are now extinct
or confined to the tropics, to the establishment
of the essentially modern climatic zones and
provincial faunas of the Miocene, where large
numbers of Recent species are characteristic-
ally present. The climatic and faunal transition
resulted from the Oligocene depression in the
polar region and the origin of the Arctic Ocean
as a source of cold currents, forcing northern
mollusks to adapt to colder environments or mi-
grate to warmer water (Dickerson, 1916, p.
163). Shallow seas and embayments may have
remained warmer relative to the cooling off-
shore currents of arctic origin giving rise to
highly heterogeneous environments.

Although the early Oligocene is not well rep-
resented on the West Coast, faunas such as the
Keasey indicate that the climate was still basic-
ally subtropical. The transition is most marked
in the middle Oligocene faunas where a number
of cold-water elements begin to appear. In addi-
tion, modern species of Thracia, Macoma, Pa-
nopea, Lucinoma, and others are found for the
first time. The Oligocene is also a time of devel-
opment and proliferation of several endemic
Pacific Coast genera such as Bruclarkia and
Molopophorus which flourished during this in-
terval of instability and transition but disap-
peared shortly after the close of the epoch.

The fauna of the Eugene Formation defin-
itely reflects the trends noted above. Three Re-
cent species are present in the fauna: Panopea
abrupta (Conrad) (= P. generosa of authors),
Diplodonta parilis (Conrad) (= D. sericata of
authors), and Solen sicarius Gould. Another
common species in the formation is compared
to the Recent Macoma inquinata (Deshayes).
A number of genera which are presently best
represented in cold or temperate waters are also
present in the Eugene fauna. Yoldia, Nuculana,
Acila, Macoma s. s., Mya, Spisula, Panopea,
Scaphander, and large epitoniums of the sub-
genus Boreoscala are examples of such genera.
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At the same time there are a large number of
genera such as Anadara, Sanguinolaria, Mac-
rocallista, Pitar, Semele, Sinum, Ficus, and
Gemmaula which are either restricted to or most
abundantly represented in tropical waters at
the present time. A few of these genera are rep-
resented by species such as Pitar clarki (Dick-
erson) which are survivors from the Eocene.

The co-occurrence of these so-called warm-
and cold-water genera in the Eugene Formation
would present an anomaly if taxonomic paleo-
ecology were applied strictly. It seems much
more reasonable to regard the fauna of the Eu-
gene Formation as a complex intermingling of
modified Eocene lines of adaptation and invad-
ing progenitors of the modern fauna in a cool-
ing subtropical to warm temperate sea. By this
time many of our Recent genera had become
highly canalized in ther external morphology
and basic mode of life, but physiologically
these same genera were perhaps making pro-
found adaptive responses to the climatic
changes initiated in the Oligocene.

The complexity of this picture is com-
pounded by the invasion of Asian genera and
species during the Oligocene. The migrational
history of the Oligocene fauna is virtually un-
explored, although workers such as Smith
(1904), Keen (1940), and MacNeil (1965,
1967) have recognized the importance of the
Asian element in Western American faunas.
There is little basis at present for discussing
possible migrations into the Eugene basin, but
the work of MacNeil (1965) suggests that the
presence of Mya in the formation represents an
invasion from Asia and that Acila shumardi
(Dall) is a part of a long-ranging Asiatic stock
which made a sudden but brief appearance on
the east side of the Pacific.

Several lines of evidence suggest that most
of the Eugene Formation was deposited in shal-
low water, at depths no greater than 30 fathoms.
The coarse, tuffaceous, and arkosic character
of many beds and the interfingering of the Eu-
gene Formation with non-marine tuffaceous
rocks to the east and south indicates the proxim-
ity of the Oligocene shoreline as well as the
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nearness of volcanic vents which produced in-
termittent periods of vigorous pyroclastic vol-
canism. Although mollusks are generally not
good indicators of depth, genera such as Pa-
nopea, Modiolus, Solen, and Spisula are pres-
ently restricted to depths of less than 40 fath-
oms. The Foraminifera in the Eugene Forma-
tion further support the above observations.
According to Orr (personal communication,
1967), “The preponderance of miliolids, are-
naceous forms, and certain of the Nonionidae,
notably species of Elphidium, indicate that the
Eugene Formation was deposited in shallow
water, where Formaminifera have been col-
lected from the unit.”” Orr also believes that the
high diversity of the benthonic fauna is an indi-
cation that the environment was not one of a bay
or otherwise highly restricted environment. The
absence of planktonic forms is typical of turbid,
near-short environments.

The composition of fossil assemblages and
the extent to which they represent living com-
munities is one of the more fascinating aspects
of paleoecology. A number of different kinds
of assemblages are represented in the Eugene
Formation, and these are briefly discussed and
interpreted below.

The existence of relatively calm portions of
the basin is indicated by the gray tuffaceous
silts that formed a substrate which supported
communities of burrowing organisms similar
to many modern infaunal communities. Many
of these organisms died in their burrows and
are preserved in the positions customarily
maintained through life. Thus forms such as
Solena are preserved with the shell vertical to
the bedding and the posterior or siphonal end
up, while genera like Tellina are preserved
horizontally with the right valve on the bottom
and the siphonal ends of both valves deflected
upward. The siphon feeders in these infaunal
communities include representatives of such
genera as Parvicardium, Nemocardium, Mac-
rocallista, Pitar, Spisula, Tellina, Macoma,
Semele, Solena, Panopea, Pandora, and Thra-
cia. Non-siphon-feeding bivalves in these bur-
rowing communities include such genera as
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Nuculana, Acila, and Diplodonta. A rich and
varied naticoid gastropod fauna is also char-
acteristic of these beds, and signs of naticoid
predation are evident on many of the bivalves.
In these infaunal assemblages the pelecypods
are articulated with the valves tightly closed in-
dicating lack of transport after death. The wide
range of sizes in the specimens precludes sort-
ing, although no attempt has been made to as-
sess the significance of the size range in terms of
age distribution in the populations involved.
In the same units with these relatively undis-
turbed infaunal assemblages there are occa-
sional thin layers of concentrated shell material
which show definite signs of reworking and cur-
rent sorting. The layers range from 1 to 10 cm
in thickness and cannot be traced over great
distances. The shells in these layers are small
and include an admixture of infaunal and epi-
faunal species. The shells show little sign of
wear or breakage, but many of the pelecypod
valves are disarticulated, indicating some de-
gree of transport. The scaphopods in these lay-
ers show parallel alignment by the current.
There is also evidence that currents were inter-
mittent and fluctuating in strength: the assem-
blages contain varying percentages of large
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shells mixed in with the smaller ones, and in
some places there are higher proportions of
broken and abraded shell debris mixed in.
Although undisturbed and reworked in-
faunal assemblages are common in the Eugene
Formation, epifaunal communities are very
poorly represented. This is perhaps partially
explained by the fact that epifaunal communi-
ties in general are best developed near shore
(Thorson, 1957, p. 461) where wave action and
hard substrates are less conducive to preserva-
tion. The most abundantly represented epi-
faunal element in the Eugene Formation is the
gastropod Crepidula ungana Dall. This species
is common in many of the reworked assem-
blages and is occasionally the dominant ele-
ment in thin layers of concentrated shell ma-
terial. At locality 14, specimens were still ce-
mented to one another, and the original colonial
form was preserved, indicating lack of vigor-
ous transport. Decapods, mussels, barnacles,
and epifaunal gastropods are represented at
many localities, but they always occur in heter-
ogeneous or reworked assemblages so that it is
difficult to reconstruct any of the epifaunal
communities which inhabited the Eugene sea.
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SYSTEMATIC PALEONTOLOGY

A brief explanation of the author’s philoso-
phy as a taxonomist will aid readers in evaluat-
ing some of the decisions which appear on the
following pages.

Species are recognized primarily on the basis
of major morphological discontinuities in the
range of variation of large numbers of individu-
als. In keeping with the population concept of
the species, the holotype cannot be regarded as
typical of the species. In paleontology, holo-
types are commonly chosen on the basis of ex-
ceptional preservation and do not necessarily
fall in the middle of the range of variation of
the population, but may represent an extreme.
In descriptions of new species every effort has
been made to define the range of variation with
respect to the holotype and to select and illus-
trate paratypes which suggest the morpholog-
ical boundaries of the taxon. Wherever possible
an attempt has been made to redefine the range
of variation in previously described species.

In several instances remarkable individual
specimens are described or discussed because
of a lack of additional material. The value of
such descriptions will depend upon their subse-
quent use in a growing concept of the taxa in-
volved.

Synonymies in this report are not exhaustive.
Citations which are not accompanied by illus-
trations or descriptions and citations for which
specimens are not readily accessible have been
omitted in most cases.

MoLLUSKS
PELECYPODS

Superfamily NUCULACEA
Family Nuculidae . *
Genus ACILA H. and A. Adams, 1858

TYPE: By subsequent designation (Stoliczka,
1871), Nucula divararicata Hinds.

Subgenus TRUNCACILA Grant and
Gale, 1931, ex Schenck MS

No. 16

TYPE: By original designation, Nucula cas-
trensis Hinds

Acila is a Pacific Coast genus which appears
in the Cretaceous and becomes widespread and
numerous during the Tertiary. Since species of
the genus Acila have been used as zone fossils
in the marine Oligocene of the Pacific Coast of
North America, it is necessary to discuss the
occurrences of this form in the Eugene Forma-
tion at some length.

The term “Acila shumardi Zone” appeared
in the Oligocene literature for many years with-
out rigorous definition before Schenck (1936,
p. 41-44) provisionally established it as a bio-
zone for beds deposited during the existence of
the species. At the same time he proposed the
Acilanehalemensis biozone for the beds limited
by the upper and lower limits of the range of
this lower Oligocene species from the Keasey
Formation. Since this time all beds bearing 4.
shumardi have been correlated with the Pitts-
burg Bluff Formation and other formations of
middle Oligocene age, and those beds bearing
A. nehalemensis have been correlated with the
Keasey.

The presence of Acila in the Eugene Forma-
tion has been noted in species lists for many
years. The form has consistently been identified
as A. shumardi. A. shumardi does occur oc-
casionally in the upper portion of the Eugene,
but virtually everyone has overlooked or mis-
identified the small unique Acila which occurs
in large numbers and is recognized here as a
subspecies of A. nehalemensis. More typical 4.
nehalemensis also occurs in beds recently ex-
posed at Holmes Gap northwest of Salem in as-
sociation with a Eugene rather than Keasey
Fauna.

Acila (Truncacila) nehalemensis

(G.D.Hanna)
PL1.figs.1,2,3

Nucula (Acila) cordata Dall, 1898, p. 573;
Dall, 1900, p. 1196, pl. 40, fig. 4; Dall,
1909, p. 103.
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Acila nehalemensis G.D. Hanna, 1924, p. 155.

Acila (Truncacila) nehalemensis (G. D. Han-
na). Schenck, 1935, p. 43; Schenck,
1936, p. 57-63, pl. 5, figs. 1, 5,6, 7, 8,
10, 11, 12, text fig. 7, 19 (Synonymy) ;
Weaver, 1942, p. 24-25, pl. 6, fig. 9 (Sy-

nonymy).

DISCUSSION: Acila nehalemensis is a large, in-
flated, relatively ovate species with coarse ra-
dial ribbing, a marked tendency toward second-
ary bifurcation of radial ribs, and an area of
partially-obscured radial ribbing along the
ventral margin of the shell. Schenck (1936, p.
57-63) discusses this species in some detail and
uses it as a basis for his lower Oligocene bio-
zone.

Since rocks bearing A. nehalemensis have
been considered Keasey or Keasey equivalents,
and because the Eugene Acila has been con-
sistently identified as A. shumardi, it seemed
advisable to restudy these two taxa. Specimens
were collected from a number of localities in
the Pittsburg Bluff, Keasey, and Tunnel Point
Formations as well as the Eugene Formation
and the beds at Holmes Gap northwest of Sa-
lem, which Schenck assigned to the Keasey For-
mation.

In Schenck’s key to the species of Acila, A.
nehalemensis is differentiated from A. shu-
mardi by the presence of an incipient rostral
sinus. This feature does not appear on most
specimens, however, and it may occur occasion-
ally in A. shumardi.Schenck also weighted shell
outline heavily as a distinguishing character at
the species level. Populations of 4. shumardi
and A. nehalemensis may be distinguished on
the basis of mean ratio of altitude to length, but
there is a large area in which individuals from
both populations overlap.

The only character in which no overlap was
discerned was in the width of the radial ribs, a
character also noted by Schenck. The actual
distance measured was from the center of one
interspace across the rib to the center of the
next interspace at comparable points on the

shell. This distance fell between 340 and 510

HICKMAN: FAUNA OF THE EUGENE FORMATION 25

microns on all specimens collected from the
Pittsburg Bluff and Tunnel Point Formations
and between 560 and 680 microns on specimens
from the Keasey and Eugene Formations as
well as the beds at Holmes Gap. The greater
frequency of secondary bifurcation in A. ne-
halemensis and the tendency for the growth
lines to coalesce into ridges toward the ventral
margin of the shell are also helpful in distin-
guishing this species.

Specimens from the Eugene area represent
a new subspecies of 4. nehalemensis and will be
treated separately. The beds at Holmes Gap
contain typical 4. nehalemensis. These beds
were assigned by Schenck (1936, p. 63) to the
Keasey Formation; but the associated fauna at
this locality includes Parvicardium eugenense
(Clark), Nuculana washingtonensis (Weaver),
Pitar clarki (Dickerson), Polinices washing-
tonensis (Weaver), and fragments of a large
Solena resembling S. eugenensis (Clark). A
suite of 42 specimens of A. nehalemensis was
collected at this locality. There is no sign of an
incipient rostral sinus on any of the specimens,
and many have an outline which might be con-
sidered more typical of 4. shumardi. However,
the width of the radial ribs and the coarse tex-
ture of the ribbing, the numerous secondary
bifurcations, and the coalescing of growth lines
to obscure the radial ribbing along the ventral
margin definitely place these forms with 4. ne-
halemensis.

HYPOTYPES: UQO 27166,27167, 27168.
LOCALITY: 46.

Acila (Truncacila) nehalemensis
subsp. minima Hickman, n. subsp.

Pl. 1, figs. 4,5

DESCRIPTION: Shell small; shape highly vari-
able, ovate to quadrate in outline, moderately
inflated; anterior dorsal margin long and
broadly convex, posterior dorsal margin
straight and posterior end abruptly truncated;
beaks conspicuous and strongly opisthogyrate;
lunule obscure; escutcheonal area broad, cor-
date, and flat, bordered by ridge along which
radial ribs divaricate before crossing escutch-
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eon; escutcheonal face slightly pouted along
hingeline; radial ribbing coarse and promi-
nent, interspaces slightly narrower than ribs;
combined width of rib and interspace 560 mi-
crons on specimen 10.5 mm long; secondary bi-
furcation common along line of primary bifur-
cation and along ventral margin of shell; line
of primary bifurcation may shift; growth lines
fine and visible only with magnification, crowd-
ing together and coalescing at varied intervals
to produce visible ridges; concentric ridges
most numerous at ventral margin where they
tend to obscure radial ribbing; dentition and
shell interior not visible.

Acila nehalemensis minima differs from the
typical species primarily in its small size. 4.
nehalemensis is a relatively large species at-
taining lengths up to 25 mm. The smallest speci-
men measured was 14 mm long. The average
specimen of A. nehalemensis minima is only 7
mm long, and the largest specimen measured
was 12.5 mm long. The Eugene populations do
not represent sorted concentrations of juvenile
individuals since specimens commonly occur
articulated and in the same sediments with
large specimens of other species. The speci-
mens also exhibit characters that are present
only in adult individuals of the typical species,
such as divarication of the ribbing along the
ventral margin and concentration of growth
lines in this same area. These forms were per-
haps growing at a very slow rate and attaining
sexual maturity at a smaller size.

A. nehalemensis minima is an abundant spe-
cies in the fine-grained, gray, tuffaceous silt-
stone units of the Eugene Formation. In addi-
tion to occurring in natural infaunal assem-
blages, individual valves and entire specimens
are common in lenses of concentrated shell
material. On the surface of one slab, approxi-
mately 20 x 30 c¢cm, 59 specimens (including
fragments) of A. nehalemensis minima were
counted.

MATERIAL STUDIED: 38 specimens (not includ-
ing specimens in matrix).

HOLOTYPE: UO 27169. parRAaTYPES: UO 27170,
27171, 27172, 27173, 27174, 27175, 27176.
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LOCALITIES: 8, 12, 15, 18, 20, 25, 28, 29, 36,
40.

Acila (Truncacila) shumardi (Dall)
Pl. 1, figs. 6,7, 10

Nucula decisa Conrad, Dall, 1898, p. 573; not
Nucula decisa Conrad in Blake 1855, p.
322, pl. 3, fig. 19.

Nucula (Acila) decisa (Conrad). Dall, 1900,
p- 1196, pl. 40, figs. 1, 3.

Nucula (Acila) shumardi Dall, 1909, p. 103;
Clark, 1925, p. 75, pl. 8, fig. 11; Teg-
land, 1933, p. 107, pl. 5, fig. 10.

Nucula conradi Meek. Weaver, 1912, p. 19.

Acila conradi (Meek). Washburne, 1914, p.
33-35.

Acila shumardi (Dall). Clark, 1918, p. 85,
95, 121, pl. 13, figs. 7, 8, 17; Weaver,
1916, p. 62, pl. 13, fig. 43.

Acila (Truncacila) shumardi (Dall). Schenck,
1934, p. 43; Schenck, 1936, p. 64-67,
pl. 4, figs. 5-9, pl. 6, figs. 1-11, text figs.
7,18 (Synonymy) ; Weaver,1942,p.25;
pl. 7, figs. 5-7, 11, pl. 8, figs. 2, 5 (Syn-
onymy).

DISCUSSION: Acila shumardi is a large, inflated,
quadrangular species with a characteristically
straight truncated posterior margin. 4. shu-
mardi has been described in detail by Schenck
(1936, p. 64-67), who used the range of the
species as a basis for one of his Oligocene bio-
zones.

The holotype of this species and the topo-
types upon which Schenck based his supple-
mentary description come from exposures of
the Pittsburg Bluff Formation in Columbia
County, Oregon. The first specimens collected
from this locality were identified by Dall
(1898, p. 573) as Nucula decisa Conrad. Since
Conrad’s species was poorly known and the
type was lost, Dall later (1909, p. 103) intro-
duced the name Nucula (Acila) shumardi.
Specimens from the type locality are generally
very well preserved, and a suite of 52 speci-
mens collected in conjunction with the prepara-
tion of this report compare well with Schenck’s
topotype material.
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There are several points in Schenck’s de-
scription, however, which need clarification.
Schenck cites 4. shumardi as an example of a
species in which secondary bifurcation of ra-
dial ribs rarely develops. Secondary bifurca-
tions are not immediately evident due to the low
relief and typically worn state of the radial
ribbing, but they are present on many speci-
mens. Double bifurcation along the line of pri-
mary bifurcation also occurs and is even evi-
dent on one of Schenck’s topotypes (Stanford
Univ. Pal. Type Coll. no. 529). Schenck alse
attaches importance to the fineness of the radial
ribbing. It is true that the ribs and interspaces
are relaitvely narrow in this species, but it is
the low relief of the radial ribs rather than their
width that gives the shell its characteristic ap-
pearance.

A. shumardi occurs only in the upper part of
the Eugene Formation. It rarely occurs in the
Eugene area, but is more common in the Salem
area. One external mold from the Salem area
has a length of 33 mm, the largest size yet re-
corded for the species.

A complete list of the occurrences of A. shu-
mardi in the Pacific Coast Tertiary is given by
Schenck (1936, p. 65-67).

MATERIAL STUDIED: 63 specimens.
HYPoTYPES: UO 27177,27178,27179.
LOCALITIES: 35,39,41,42,44, U0 2567.

Family Nuculanidae
Genus NUCULANA Link, 1807

TYPE: By monotypy, Arca rostrata Chemnitz
(= Mya pernula Miiller).

Nuculana is a primitive and conservative
genus which has persisted since Early Paleozoic
times without major innovation. There have
been numerous attempts to subdivide this group
of small, markedly-rostrate burrowing forms,
but many species are difficult to fit into any of
the existing classifications. The genus is most
common in cold northern waters, and tropical
members of the genus are usually found at
great depths. In the West Coast Tertiary, Nu-
culana is found primarily in fine-grained sedi-
mentary rocks.
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Nuculana washingtonensis (Weaver)
PL. 1, fig. 8,11

Leda washingtonensis (Weaver, 1916, p. 34-35,
pl. 3, figs. 25-26.

Leda lincolnensis Weaver, 1916, p. 35, pl. 3,
figs. 23-24.

Leda washingtonensis Weaver n. subsp., Teg-
land, 1933, p. 108-109, pl. 5, fig. 19.
Nuculana washingtonensis (Weaver). Weaver,

1942, p. 38-39, pl. 8, figs. 18, 20, 26.

pIsCUSSION: Nuculana washingtonensis is an
elongate species terminating posteriorly in a
sharply-pointed rostrum. The beaks are char-
acteristically located two-fifths of the distance
from the anterior end of the shell. The anterior
dorsal margin is convex, and the anterior end
is regularly curved. The ventral margin is long
and broadly arcuate. On both valves a shallow
sinus radiates from the beaks to the posterior
ventral margin just below the end of the ros-
trum. This sinus varies in prominence. There is
also some variation in shape, degree of infla-
tion, and relative position of the umbos. One of
the most constant features is the sculpture,
which consists of closely-spaced, well-devel-
oped, flat-topped concentric ridges. The es-
cutcheon is long and narrow and bordered by
a slight ridge. Within the escutcheonal area the
shell is produced at the dorsal margins. There
is a slight posterior gape. The anterior hinge on
a well-preserved Eugene specimen contains
about 26 V-shaped teeth, and the posterior
hinge contains 20. This compares closely with
one of Weaver’s syntypes which contains 26
and 21 respectively.

This species is abundant in the fine-grained
units in the Eugene Formation, although it is
seldom well preserved. It occurs in large num-
bers in lenses of concentrated shell material
both as whole articulated specimens and as dis-
articulated valves. It also occurs commonly as
articulated specimens in the fine-grained, gray,
tuffaceous siltstone units. Specimens from Eu-
gene beds in the Salem area attain greater av-
erage sizes than those in the Eugene area. It is
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PLATE 1
Figure 1-3. Acila (Truncacila) nehalemensis (G. D. Hanna)
1. Length 20.5 mm, altitude (incomplete) 14 mm, convexity 10 mm. Loc. 47. UO
27166.
2. Length 19 mm, altitude 15 mm, convexity 11.5 mm. Loc. 47. UO 27167.
3. Length 14 mm, altitude 11.5 mm, convexity 8.5 mm. Keasey Formation. UO
27168.
Figure4,5. Acila (Truncacila) nehalemensis minima Hickman, n. subsp.

4. Holotype. Right valve, length 10.5 mm, altitude 8.5 mm, convexity 3 mm. Loc. 25.
U0 27169.

5. Paratype. Left valve, length 8 mm, altitude 7 mm, convexity 2.5 mm. Loc. 25.
U0 27170.
Figure 6. 7, 10. Acila (Truncacila) shumardi (Dall)
6. Length 18 mm, altitude 16 mm, convexity undetermined. Loc. 35. UO 27177.
7. Length 15 mm, altitude 11 mm, convexity 8 mm. Pittsburg Bluff Fm. UO 27178.
8. Length 14.5 mm, altitude 13mm, convexity 8 mm. Tunnel Point Fm. UO 27179.
Figure 8, 11. Nuculana washingtonensis (Weaver)
Length 16 mm, altitude 8 mm, convexity 3.5 mm, ratio of length to altitude 2.0.
Loc. 12, U0 27180.

Figure9, 12,13. Portlandia (Portlandella) chehalisensis (Arnold) (p.53)
9, 12. Length 23.5 mm, altitude 14 mm, convexity 11 mm. Keasey Fm. UO 27182.
13. Length 26 mm, altitude 16 mm. Loc. 37. UO 27181.

Figure 14, 15. Yoldia (Kalayoldia) oregona (Shumard)
14. Length (incomplete) 49 mm, altitude 24 mm. Loc 49. UO 27183.
15. Length 51 mm, altitude 26 mm, ratio of length to altitude 2.0. Loc. 42. UO 27184.
Figure 16, 17. Anadara (Anadara) n.sp.?
16. Length (incomplete 45 mm, altitude (incomplete) 33.5 mm, convexity 24 mm.
U0 27187.
1%. Loc. 27, U0 27188.

Figure 18. Yoldia (Kalayoldia) tenuissima (Clark)
Length 34 mm, altitude 16 mm. Loc. 24. UO 27185.
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possible that the missing type of Leda willam-
tion, the Pittsburg Bluff Formation, and the
same as this form.

Nuculana washingtonensis is common in a
number of middle and upper Oligocene faunas.
The type locality is in the Lincoln Formation of
western Washington. In northern Washington
it is present in the middle portion of the Quim-
per Sandstone and in the Blakeley Formation.
In Oregon it occurs in the Tunnel Point Forma-
tion, the Pittsburgh Bluff Formation, and the
Toledo Formation.

MATERIAL STUDIED: 85 specimens, most of
which are poorly preserved and incomplete.

HYPOoTYPES UOQO 27180.

LOCALITIES: 7,8, 12, 15,16, 18, 19, 20, 25, 26,
217,28, 29, 30, 36, 42, 44, 45, 48, 49.

Nuculana willamettensis (Shumard),
nomen dubium

Leda willamettensis Shumard, 1858, p. 121
(Reprinted in Dall, 1909, p. 187);
Dall, 1909, p. 104, 187; Gabb, 1869, p.
122; Trumbull, 1958, p. 894.

Nuculana willamettensis (Shumard). Grant
and Gale, 1931, p. 126; Weaver, 1942,
p. 41-42.

p1scUssioN: Although Trumbull (1958) found
and illustrated a number of Shumard’s Tertiary
pelecypods from Oregon, the type of “Leda
willamettensis” is still missing. The specimen
was presumably collected by Shumard and
Evans in a quarry five miles north of Salem in
what are probably Eugene beds. Nuculana
washingtonensis Weaver occurs commonly in
Eugene beds throughout the Salem area, and it
is possible that this is the same as Shumard’s
species. Shumard’s species must, however, be
considered a nomen dubium.

Genus PORTLANDIA Morch, 1857

TYPE: By subsequent designation (Internation-
al Comm. Zool. Nomen., Opinion 769, 1966),
Nucula arctica Gray.
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Subgenus PORTLANDELLA Stewart, 1930

TYPE: By original designation, Leda rosa Han-
na.

Portlandia (Portlandella) chehalisensis
(Arnold)

Pl. 1, figs. 9,12, 13

Malletia chehalisensis Arnold, 1908, p. 365, pl.
33, figs. 9, 9a.

Yoldia impressa (Conrad). Reagan, 1909, p.
177, pl. 1, fig. 4; (not Nucula impressa
Conrad, 1849, p. 726, atlas pl. 18, figs.
Ta-Tc.

? Malletia packardi Clark, 1918, p. 125, pl. 12,
fig. 3, pl. 14, figs. 5, 6.

? Yoldia (Portlandia) packardi (Clark).
Clark, 1925, p. 77,pl. 9, fig. 7.

Portlandia (Portlandella) chehalisensis (Arn-
old). Stewart, 1930, p. 62.

Yoldia chehalisensis (Arnold). Tegland, 1933,
polil )l 5, figs. 16, 17, 18;
Weaver, 1942, p. 45-46, pl. 8, figs. 35-
38.

Portlandia (Portlandella) reagani (Dall).
Moore, 1963, p. 57-58,pl. 12, figs. 22,
23.

pISCUSSION: Portlandia chehalisensis is a short,
bluntly rostrate form with a relatively smooth
shell. The inconspicuous and slightly opistho-
gyrous beaks are located slightly anterior—
about 55 percent of the distance from the pos-
erior end of the shell. The anterior end of the
shell is evenly rounded, merging gradually with
the broadly arcuate ventral margin. The pos-
terior dorsal margin is slightly concave, almost
forming a right angle with the abruptly trun-
cate posterior margin. The ratio of length to
width is about 1.7. No hinges were available
for study in the material collected from the Eu-
gene Formation.

Short, bluntly rostrate members of the genus
Portlandia have been described under a wide
variety of names, many of which belong in sy-
nonymy. Portlandia chehalisensis is here desig-
nated as the valid name for a species which is
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widely distributed in Oligocene and Miocene
formations on the Pacific Coast. Specimens
from lower and middle Oligocene formations
have usually been classified under P. cheha-
lisensts, forms from the upper Oligocene under
P. chehalisensis, P. packardi (Clark), or P.
reagani (Dall), and specimens from the Mio-
cene under P. reagani. In the course of prepar-
ing this report, specimens were collected in the
lower Oligocene Keasey Formation in Oregon
(pl. 1, figs. 9, 12) which are indistinguishable
from the populations in the Miocene Astoria
Formation.

P. chehalisensis is not common throughout
the Eugene Formation, but it may be abundant
locally in fine-grained, buff-colored, highly
tuffaceous siltstone units which crop out pri-
marily in the upper portions of the formation.
In the Salem area this species was collected at
locality 48 in a fine-grained gray tuffaceous
siltstone. Specimens are usually preserved as
internal and external molds showing a range of
sizes from 10 to 26 mm in length.

MATERIAL STUDIED: 18 specimens.
HYPoTYPES: UO 27181, 27182.
LOCALITIES: 8, 36,48.

Genus YOLDIA Moller, 1842

TYPE: By subsequentdesignation (Internation-
al Comm. Zool. Nomen., Opinion 769, 1966),
Yoldia hyperborea Torell.

Yoldia is typically a northern, cold-water
genus occurring in deep water off the coast in
the southern part of its range. Most of the Re-
cent species have thin delicate shells, which
may explain why representatives of this genus
are not more common in Tertiary rocks.

Subgenus KALAYOLDIA Grant and Gale,
1931

TYPE: By original designation, Yoldia cooperi

Gabb.

Yoldia (Kalayoldia) oregona (Shumard)
Pl 1, figs. 14, 15
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Leda oregona Shumard, 1858, p. 121-122 (Re-
printed in Dall, 1909, p. 187).

Yoldia (Cnesterium) oregona (Shumard).
Dall, 1909, p. 105, 187, pl. 19, fig. 4.

Yoldia oregona (Shumard). Arnold and Han-
nibal, 1913, p. 576; Washburne, 1914,
p- 25; Grant and Gale, 1931, p. 130.

Yoldia (Portlandia) oregona (Shumard).
Weaver, 1942, p. 49, pl. 9, fig. 16, not
pl. 9, fig. 8.

Yoldia (Kalayoldia) oregona (Shumard).
Trumbull, 1958, p. 900, pl. 115, figs.
2, 3 (Synonymy) ; Moore, 1963, p. 58,
pl. 12, fig. 20.

not Yoldia (Cnesterium) oregona (Shumard).
Etherington, 1931, p. 67, pl. 1, fig. 8.

DISCUSSION: Yoldia oregona is a relatively large
species characterized by a broadly rounded an-
terior end and a markedly recurved and attenu-
ate posterior end. The beaks are located cen-
trally or slightly posterior to the center of the
shell, and the surface of the shell is covered
with moderately-incised concentric lines which
are closely spaced at first becoming more wide-
ly spaced near the ventral margin. The poster-
ior dorsal margin is markedly concave, and the
hingeline bears about 20 V-shaped teeth. The
convex anterior hingeline bears about 25 V-
shaped teeth. The ratio of length to altitude for
the shell is 2.0.

Shumard did not figure the holotype of Y.
oregona, and the type specimens were consid-
ered lost until Trumbull (1958, p. 900) dis-
covered one of the paratypes at Washington
University in St. Louis. For a complete discus-
sion of the history of this species the reader is
referred to her discussion. The name has been
used by various authors over the past 60 years
for various Oligocene and Miocene specimens,
but the species is probably restricted to the
Oligocene. It is common in the buff-colored
tuffaceous siltstones of the upper portion of the
Eugene Formation in the Salem area where it is
one of the characteristic faunal elements. The
beds at Finzer Station (locality 42) contain
large numbers of Y. oregona. It is rare in the
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lower portions of the formation in the Eugene
area, but several specimens are present in the
collections.

Y. oregonais easily distinguished from other
Tertiary nuculid taxodonts. Its closest relative
is probably the Recent species Y. cooperi Gabb
of the southern California coast. The beaks of
Y. cooperi are much more posterior in their
placement, and hence the rostrum is shorter.
Consequently the anterior dorsal margin has a
much more prominent convex curve. Y. tenuis-
sima Clark has a rostrum intermediate in length
between that of Y. oregona and Y. cooperi, al-
though it is probably more closely related to Y.
cooperi.

There is some confusion as to the number of
anterior and posterior hinge teeth in Y. ore-
gona. Dall (1909, p. 105) states that this spe-
cies has 32 anterior and 17 posterior hinge
teeth, while Trumbull (1958, p. 900) illus-
trates a specimen with 25 anterior and 20 pos-
terior to the beaks. Specimens collected in the
course of this study all correspond very closely
with Trumbull’s figures. Etherington (1931, p.
67) identified specimens from the Miocene
Astoria Formation of Washington as Y. ore-
gona on the basis of their agreement with the
number of teeth reported by Dall, but the avail-
able evidence indicates that all such specimens
should be assigned instead to Y. tenuissima
Clark. There seems to be a direct correlation
between the length of the margin and the num-
ber of hinge teeth such that in Y. oregona the
numbers are more nearly equal on either side
of the beaks than in species in which the lengths
of the margins are more disproportionate.

MATERIAL STUDIED: 13 specimens.
HypotyYPES: UQO 27183, 27184.
LOCALITIES: 37,23, 24, 28, 30, 41, 42, 49.

Yoldia (Kalayoldia) tenuissima (Clark)
PL. 1, fig. 18
Yoldia cooperi Gabb, 1865, p. 31, pl. 9, fig. 54;
not Y. cooperi Gabb, 1865, p. 89.

Yoldia cooperi var. tenuissima Clark, 1918,
p- 125, pl. 11, fig. 10, pl. 12, figs. 8, 14.
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Yoldia tenuissima Clark, 1925, p. 78, pl. 8,
figs. 5,9; Grant and Gale, 1931, p. 129.

Yoldia (Portlandia) oregona (Shumard). Eth-
erington, 1931, p. 67, pl. 1, fig. 8;
Weaver, 1942, pl. 9, fig. 8, not pl. 9,
fig. 16.

pIscussioN: Two specimens of Yoldia (Kalay-
oldia) tenuissima were collected at Smith’s
quarry in Eugene. They are relatively large
and agree very closely with the specimens des-
cribed by Clark (1918, p. 125) from the San

Ramon Formation of California.

Y. tenuissima was originally described as a
variety of the Recent Y. cooperi Gabb, but
Clark later decided (1925, p. 78, 79) on the
basis of better material from the type locality,
that it was a distinct species, characterized by
more anterior placement of the beaks and
greater number of hinge teeth along the rela-
tively longer posterior dorsal margin of the
shell. In Y. cooperi the beaks lie one-third of
the distance from the posterior end of the shell.
In Y. oregona (Shumard), on the other hand,
the beaks are almost central in their placement,
so that Y. tennuissima represents an intermedi-
ate form with respect to this character.

Specimens from the Pliocene and Pleistocene
of California fall within the range of variation
inthe Recent Y. cooperi (Grant and Gale, 1931,
p- 129). Y. tenuissima seems to occur in the
Oligocene and Miocene of the Pacific Coast. In
addition to its occurence in the San Ramon and
Eugene Formations, it may be present in the
Pittsburg Bluff Formation according to Warren,
Norbisrath, and Grivetti (1945). It also occurs
in the Astoria Formation in Washington where
it was misidentified by Etherington(1931, p.
67) as Yoldia oregona (Shumard).

Y. supramontereyensis Arnold from the Mio-
cene of Santa Cruz may also belong in this
Oligo-Miocene complex since shell proportions
and placement of the beaks are quite similar.
Stewart (1930, p. 62-64) considered Y. supra-
montereyensis to be a subspecies of Y. cooperi
and placed Y. tenuissima in synonymy with this
form. Arnold’s species is not well enough
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known, however, to justify the use of this name
for the group.

MATERIAL STUDIED: 2 specimens.

HYPOTYPES: UO 27185, 27186.

LOCALITY: 24.

Superfamily ARCACEA
Family Arcidae
Genus ANADARA Gray, 1847

TYPE: By original desgination, Arca antiquata
Linné.

Anadara is confined primarily to tropical
and subtropical waters at the present time, and
its presence in the Eugene Formation in associa-
tion with typically temperate and cold-water
genera could be interpreted as something of an
anomaly. The genus Anadara did not become
morphologically well defined, however, until
the Miocene, and the geographic differentiation
of mollusks into warm and cold-water genera as
we know them today was incomplete enough in
the Oligocene that it is not always desirable to
apply uniformitarian principles at the generic
level in Oligocene faunas.

Subgenus ANADARA s. s.
Anadara (Anadara) n. sp. ?
PL 1, figs. 16,17

Anadara (?) sp. C Schenck and Reinhart,
1938, p. 40; Reinhart, 1943, p. 83, pl.
4, fig. 10.

pIscUsSION: There are two poorly-preserved
specimens of Anadara in the collections: one
from locality 27 and another that is labeled
“Eugene Formation.” One additional speci-
men, also from locality 27, resides in the Stan-
ford University Paleontology Type Collection
and was discussed by Schenck and Reinhart
(1938, p. 40) and Reinhart (1943, p. 83) as
Andara (?) sp. C. They state, “although this
specimen is too poorly preserved to allow its
unquestioned assignment to the Arcidae, it
strongly resembles Anadara in general appear-
ance.”
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The specimens figured in this report are de-
fiinitely Anadara and apparently represent a
new species, although the material is not suf-
ficient to justify the proposal of a new name at
this time. It is not possible to determine whether
or not the valves overlapped along the margin
but the thickness of the shell and the flattened
biplicate ribs are typical of Andara s. s. rather
than Anadara (Scapharca). The teeth are ar-
ranged in a continuous series becoming larger
and slanting inward at the ends.

Eames (1967, p. 303) feels that Anadara
(Scapharca) occurred earlier than Anadara
s.s. and rejects all claims that Anadara s.s.
occurs in the Oligocene. He rejects some re-
ported Oligocene occurrences by demonstrating
taxonomically that the forms involved belong
in Scapharca and dismisses the rest by question-
ing the stratigraphic data and refusing to accept
the reported age as Oligocene. He further rec-
ommends that Schenck and Reinhart’s report of
Anadara ? from the Eugene Formation “be for-
gotten” because of the poor preservation of the
specimen. Such forms of argument are uncon-
vincing as well as detrimental to stratigraphic
and paleontologic inquiry. The presence of
Anadara in the Eugene Formation indicates
that the early phylogenetic history of the genus
is still open to question and that stratigraphic
correlations based on assumptions that cannot
tolerate the presence of Anadara s.s. in the
Oligocene are questionable.

Superfamily MYTILACEA
Family Mytilidae
Genus CRENELLA Brown, 1827

TYPE: By monotypy ?, Mytilus decussatus
Montagu.

Crenella ? sp.

DISCUSSION: A single specimen from locality 27
is too poorly preserved for positive generic
identification, but the ovate shape and place-
ment of the beaks suggest the genus Crenella.
The shell material is gone except for a thin
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narcreous layer which is characteristic of the
inner shell layers in this genus. There is no hint
of the radial ornamentation which might help
to confirm the identification. A number of other
small distorted specimens in the collections
have the same general outline, but their identity
is even more questionable due to distortion and
lack of shell material.

Genus MODIOLUS Lamarck, 1799
(VOLSELLA Scopoli, 1777)

Nomen conservandum, 1955, International
Comm. Zool. Nomen.

TYPE: By tautonymy, Mytilus modiolus Linné.

Modiolus eugenensis Clark
Pl 2,figs. 1,2,3,4,5

Modiolus eugenensis Clark, 1925, p. 86, pl. 9,
fig. 4.

Volsella eugenensis (Clark). Weaver, 1942, p.
111, pl. 24, fig. 8.

pIscussioN: Modiolus eugenensis is a large,
elongate form ranging from 48 to 95 mm in
length and from 23 to 39 mm in altitude. The
rounded anterior end extends for a short dis-
tance in front of the small inconspicuous beaks.
The hinge margin is longer than the posterior
dorsal margin, and the two meet to form an
angle of about 125°. The posterior ventral mar-
gin is straight to broadly convex, and the area of
maximum convexity corresponds to the angula-
tion in the posterior dorsal margin. The um-
bonal ridge, which distinguishes this genus
from Mytilus, is prominent and convex, extend-
ing obliquely from the beaks to the rounded
posterior end. The posterior dorsal and ventral
slopes are slightly depressed on either side of
the umbonal ridge. Surface sculpture is formed
by threads radiating from the beak. These
threads are prominent dorsal to and along the
umbonal ridge and are only faintly developed
ventrally. Generally only the pearly inner shell
layers are preserved, but fragments of the outer
layer indicate that the surface was a golden
brown.
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Clark’s holotype (UC 30319) is a poorly-
preserved broken specimen in matrix with
smaller than average dimensions when com-
pared with subsequent collections. Only a faint
hint of ornamentation is preserved on the holo-
type.

M. eugenensis is a distinctive form, appar-
ently endemic to the Eugene Formation within
the Eugene area. It is closely related to M. sook-
ensis (Clark and Arnold) from the upper Oligo-
cene of Vancouver Island. M. sookensis may
be distinguished by a less prominent umbonal
ridge, lack of prominent radial ornamentation,
and by the equal length of the posterior and dor-
sal slopes on either side of the angulation.

M. eugenensis occurs in local concentrations
of tightly-closed, double-valved specimens in
fine tuffaceous siltstones in the Eugene area. It
also occurs as occasional single valves in layers
of concentrated shell fragments.

MATERIAL STUDIED: 63 specimens.
HypotyPESs: UO 27190, 27191, 27192, 27193.
LOCALITIES: 7,9, 12, 13, 15, 16, 23,24, 25,
28, 40.

Genus MYTILUS Linné, 1758

TYPE: By subsequent designation
1847), Mytilus edulis Linné.

(Gray,

Mytilus snohomishensis Weaver
Pl. 2, fig. 6

Mytilus snohomishensis Weaver, 1912, p. 59,
p- 13, fig. 110; Grant and Gale, 1931,
p- 245; Weaver, 1942, p. 102-103, pl.
23, fig. 8, pl. 26, fig. 3.

Mytilus sammamishensis Weaver, 1912, p. 58,
pl. 13, fig. 111; Weaver, p. 102, pl. 25,
fig. 12, pl. 26, fig. 6.

DISCUSSION: Six specimens of Mytilus snohom-
ishensis were collected at Finzer Station (local-
ity 42) southwest of Salem, although none has
been found in exposures within the Eugene
area. This species is readily distinguished
from Modiolus eugenensis by its small size and
lack of umbonal ridge and radial sculpture.
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Grant and Gale (1931, p. 245) suggest that
M. snohomishensis represents the earliest oc-
currence of the well-known M. edulis on the Pa-
cific Coast. M. edulis is typically a North At-
lantic species, however, and the mytiliform
shell is so variable within a given species that it
is impossible to determine phylogenetic rela-
tionships on the basis of shell form alone. In
fact, Soot-Ryen (1955) has demonstrated that
the genus Mytilus is itself a form genus and
that internal shell characters are the key to re-
constructing patterns of differentiation within
the Mytilidae. Although M. snohomishensis is
a relatively distinctive species in the middle
and upper Oligocene of Washintgon and Ore-
gon, its affinities remain extremely uncertain.

M. snohomishensis has been reported from
the middle Oligocene Lincoln Formation and
the upper Oligocene Blakeley and Twin Rivers
Formations.

HYPOTYPE: UO 27194.

Superfamily cARDIACEA
Family Cardiidae

Subfamily Protocardiinae
Genus NEMOCARDIUM Meek, 1876

TYPE: By subsequent designation (Sacco,
1899), Cardium semiasperum Deshayes.

Subgenus NEMOCARDIUM s.s.
Nemocardium (Nemocardium) formosum

Hickman, n. sp.

PL 2. figs. 11, 12

DESCRIPTION: Shell ovate to subquadrate, mod-
erately inflated, posterior dorsal margin of
shell only slightly convex, central and anterior
margins broadly arcuate; 18 radial ribs on
posterior slope, 55 to 56 radial ribs on central
and anterior slopes; ribs on central and anterior
slope broad and flat with shallowly-incised in-
terspaces, ribs on posterior slope slightly
coarser and with wider interspaces; line sep-
arating posterior slope from rest of shell meet-
ing hingeline at an angle of 135° ; hinge on right
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valve not exposed, anterior and posterior cardi-
nals present in left valve, anterior cardinal
strong, posterior cardinal weakly developed;
interior of shell not exposed. Dimensions: Holo-
type (left valve), length 56 mm, altitude 51
mm, convexity 16 mm. Paratype (right valve)
length 49 mm, altitude (incomplete) 42 mm,
convexity 12 mm.

pISCUSSION: This Nemocardium is closely re-
lated to N. weaveri (Anderson and Martin)
from the lower Oligocene Keasey Formation in
Oregon. N. weaveri occurs in large numbers in
the Keasey and is exceptionally well preserved.
It is more inflated than the Eugene species. The
line separating the posterior slope from the
rest of the shell is more nearly vertical in V.
weaveri, making an angle of 115° rather than
135° with the hingeline. Both species have 18
radial ribs on the posterior slope of the shell,
but on the remainder of the shell N. weaveri has
60 or more ribs as opposed to 55 or 56 in N. for-
mosum. In adult specimens of N. weaveri alti-
tude is the greatest dimension while length is
slightly greater than altitude in N. formosum.
The anterior ventral margin of the shell in the
Eugene species is more broadly rounded giving
the shell an ovate rather than quadrate appear-
ance. The dentition is also weaker in the Eugene
species, and the posterior ribs are much weaker
and less markedly different from the anterior
ribs.

N. formosum also has characters in common
with N. (Arctopratulum) griphus Keen from
the Miocene Astoria Formation of Washington.
Keen (1954, p. 11-14) cites ovate shape, weak-
ness of ribs on the posterior slope, and relative
weakness of the hinge teeth among the distin-
guishing characters of the subgenus Arctopra-
tulum. Since Arctopratulum first appears in the
upper Oligocene, it is not unreasonable to sug-
gest that it arose as an offshoot of Nemocardi-
umss. s. through a form similar to N. formosum.
The number of ribs on the central and anterior
slopes of the disc shows a reduction in number
from 60 or more in N. weaveri to 55 or 56 in
N. formosum to 52 in A. griphus, further sup-
porting the hypothesis.
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PLATE 2

Figure 1-5. Modiolus eugenensis Clark

1. Length 76 mm, altitude (at posterior angulation) 33 mm, convexity 21 mm. Loc.
28. U0 27191.

2. Length 73 mm, altitude 33 mm, convexity undetermined. Loc. 28. UO 27192.
3,4, 5. Length 66 mm, altitude 29 mm, convexity 20 mm. Loc. 28. UO 27190.

Figure 6. Mytilus snohomishensis Weaver
Length 28 mm, altitude 15 mm. Loc. 42. UO 27194.

Figure 7. Nemocardium (Keenaea) lorenzanum (Arnold)
Length 20 mm, altitude 18 mm, convexity (left valve) 6 mm. Loc. 50. UO 27198.

Figure 8-10. Parvicardium eugenense (Clark)
8. Length 12 mm, altitude 13 mm. Loc. 19. UO 27199.
9. Length 9 mm, altitude 9 mm. Loc. 20. UO 27201.
10. Length 10 mm, altitude 10.5 mm, convexity (both valves) 8 mm. Loc. 28. UO
27200.
Figure 11, 12. Nemocardium (Nemocardium) formosum Hickman, n. sp.
11. Holotype. Right valve, length 56 mm, altitude 51 mm. Loc. 19. UO 27195.

12. Paratype. Left valve, length 49 mm, altitude (incomplete) 42 mm. Loc. 19. UO
27196.

No. 16
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MATERIAL STUDIED: 7 specimens.

HOLOTYPE: UO 27195. paraTYPES: UO 27196,
27197.

TYPE LOCALITY: 19.

OTHER LOCALITIES: A single poorly-preserved
specimen was collected higher in the formation
at locality 40.

Subgenus KEENAEA Habe, 1951

TYPE: By original designation, Cardium sam-
arangae Makiyama.

Nemocardium (Keenaea) lorenzanum
(Arnold)
PL2 fig. 7

Cardium cooperi Gabb var. lorenzanum Arn-
old, 1908, p. 366, pl. 33, fig. 6; 1909,
p.4, fig. 17.

Cardium lorenzanum (Arnold). Tegland,
1933, p. 116-117, pl. 7, figs. 16, 17
(Synonymy)

Nemocardium lorenzanum (Arnold). Weaver,
1942, p. 160, pl. 35, fig. 22, pl. 36,
figs. 3, 5.

Nemocardium (Keenaea) lorenzanum (Arn-

old).Keen, 1954, p.11.

DISCUSSION: Arnold’s original description of
this species did not clearly distinguish the dif-
ferences in ribbing between the posterior slope
and the remainder of the shell. Tegland (1933,
p. 116) pointed out that the ribs on the major
portion of the shell are broad and flat, sepa-
rated by shallowly-incised lines, while ribs on
the posterior are narrow and high, separated by
well-incised interspaces equal in width to the
ribs. The presence of prominent concentric
lamellae on the posterior ribs segregates this
form into the subgenus Keenaea of Habe
(1951). Arnold’s original description cites 14
mm as the maximum length for the species;
however, Tegland states that Blakeley speci-
mens range up to 19 mm. The largest specimen
from the Eugene Formation has the following
dimensions: length 20 mm, altitude 18 mm,
convexity (of left valve) 6 mm.
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Nemocardium (Keenaea) lorenzanum is a
distinctive species in the middle and upper Oli-
gocene of the Pacific Coast. It does not occur
in the Eugene Formation within the Eugene
area, but it is moderately common in fine tuf-
faceous siltstones in the McMinnville Quad-
rangle north of Salem. Vokes, Norbisrath, and
Snavely (1949) list N. lorenzanum in the
fauna of the Toledo Formation, and Warren
and Norbisrath (1946, p. 227) record it from
the Keasey Formation. The present author has
not encountered N. lorenzanum in the Keasey,
although an undescribed species from the Kea-
sey is superficially quite similar. It is distin-
guished by prominent concentric lamellae on
the posterior portion of the shell. The lamellae
are confined to the interspaces and not cross the
ribs, giving this portion of the shell a unique
fenestrate appearance.

MATERIAL STUDIED: 8 specimens.
HYPOTYPE: UO 27198.
LOCALITY: 50.

Subfamily Cardinae

Genus PARVICARDIUM Monsterosato,
1884

TYPE: By subsequent designation (Bucquoy,
Dautzenberg, and Dollfus, 1886) Cardium par-
vum Philippi = C. exigiuum commutata Buc-
quoy, Dautzenberg, and Dollfus.

Parvicardium has not been previously re-
corded from the Pacific Coast Tertiary. Small
cardiids of the genus Loxocardium are common
in the Eocene, but this genus does not persist
into the Oligocene. In Europe the genus Parvi-
cardium appears in the Oligocene, persisting
into the Recent.

Parvicardium eugenense (Clark)

P1.2, figs. 8,9, 10

Cardium eugenense Clark, 1925, p. 91, pl. 22,
fig. 6; Schenck, 1923, p. 66.

Nemocardium eugenense (Clark). Weaver,
1942, p. 162, pl. 36, fig. 10.

Loxocardium eugenese (Clark). Vokes, Sna-
vely, and Myers, 1951, checklist.
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p1scussioN: Although Clark’s Cardium eugen-
ense is based on a single specimen from an un-
known locality in the Eugene Formation, the
holotype is fairly typical of the species. Meas-
urements of 68 specimens from various local-
ities in the Eugene Formation indicate that
altitude and length are equal or that length
slightly exceeds altitude. The 26 to 27 radial
ribs are broad and flat-topped and wider than
the interspaces. Beaks are centrally located and
slightly prosogyrous. There is no umbonal
ridge or differentiation of the posterior portion
of the shell. The hingeplate and dentition are
weakly developed, and hingelines were difficult
to obtain for the species. In the right valve the
posterior cardinal is moderately well devel-
oped, but the anterior cardinal is apparently
lacking. The cardinal teeth are situated midway
between the laterals or slightly nearer to the
anterior laterals. Dimensions of average speci-
men: length 11 mm, altitude 11 mm, convexity
(both valves) 8 mm. Dimensions of largest
specimen: length 17 mm, altitude 16 mm. Di-
mensions of smallest specimen: length, 6 mm;
altitude 6 mm, convexity (both valves) 2.5 mm.

Parvicardium eugenense is one of the most
common and distinctive species in the Eugene
Formation, although it is generally not well
preserved. It occurs in the coarser tuffaceous
units as well as the fine silty units. Valves are
usually disarticulated, although whole speci-
mens are not uncommon at some localities.
Many specimens show evidence of predation by
naticoid gastropods.

P. eugenense is probably endemic to the Eu-
gene Formation. It is present both in the Eugene
and Salem areas. The small cardiids of the
Pacific Coast Tertiary need further study with
particular attention to hinge characters. Most
of these forms were originally lumped into
Cardium or Nemocardium, and few of the type
specimens have hinges exposed.

MATERIAL STUDIED: 72 specimens.
HYPOTYPES: UO 27199, 27200, 27201, 27202,
27203, 27204, 27205, 27206.

FOCALITIES: 2, 9, 7,8, 12,°18,.19,°20, 25:26;
21, 28, 29, 30, 32, 33, 34, 35, 36, 39, 40, 42,
46.
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Superfamily LUCINACEA

Family Lucinidae
Genus LUCINOM A Dall, 1901

TYPE: By original designation, Lucina filosa
Stimpson.

Lucinoma acutilineata (Conrad)

Pl. 3, figs. 1,4

Lucina acutilineata Conrad, 1849, p. 725, pl.
18, figs. 2, 2a, 2b; Weaver, 1942, p.
143-144, pl. 34, figs. 8, 11, 16.

Pectunculus patulus Conrad, 1849, p. 726, pl.
18, figs. 8, 8a.

Cyclas acutilineata (Conrad). Conrad, 1865,
p. 153.

Phacoides acutilineatus Conrad. Dall, 1909, p.
116-117,pl. 12, fig. 6.

Lucina (Myrtea) acutilineata Conrad. Grant
and Gale, 1931, p. 286-287, pl. 14, figs.
22a,22b (Synonymy).

Lucinoma acutilineata (Conrad). Moore,

1963, p. 70-71, pl. 15, figs. 7-10, 12.

piscussioN: This well-known and widespread
lucinid has a characteristic shape and regular-
ly-occurring, sharp, concentric lamellae sepa-
rated by interspaces in which fine growth lines
are situated.

Lucinoma acutilineata is rare in the Eugene
Formation. It occurs primarily as internal
molds on which the prominent, elongate, ante-
rior muscle scar is free of the pallial line, dis-
tinguishing it as a lucinid from internal molds
of Diplodonta. A single external mold from
Hall’s Ferry (locality 41) southwest of Salem
exhibits the characteristic sharp concentric
lamellae of L. acutilineata. Better-preserved
specimens were collected by the author in the
Pittsburg Bluff Formation (pl. 3, fig. 4), where
the species is somewhat more common.

L. acutilineata was apparently widespread
during the Oligocene and Miocene, although
it is always a minor faunal element. Pliocene
and Quaternary forms belonging to this lineage
of Lucinoma are generally referred to L. annu-
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PLATE 3

Figure 1, 4. Lucinoma acutilineata (Conrad)
1. Length 32 mm, altitude 30 mm, convexity 12 mm. Loc. 41. UO 27207.
4. Length 27 mm, altitude 24.5 mm, convexity (left valve) 5 mm. Pittsburg Bluff
Fm. UO 27210.
Figure 2, 3, 5-7. Diplodonta parilis (Conrad)

2. Length 22.5 mm, altitude 21 mm, convexity (right valve) 5 mm. Pittsburg Bluff
Fm. UO loc. 2567. UO 27211.

3. Length 25 mm, altitude 23 mm, convexity 11 mm. Loc. 28. UO 27212.
5. Length 19 mm, altitude 17.5 mm, convexity 6 mm. Loc. 12. UO 27213.

6, 7. Length 18 mm, altitude 17 mm, convexity 8 mm. Loc. 28. UO 27214.

Figure 8-14. Macrocallista pittsburgensis (Dall)
8. Left hinge. Pittsburg Bluff Fm. UO loc. 2567. UO 27222.
9. Length 25.5 mm, altitude 16.5 mm, convexity 11 mm. Loc. 35, UO 27224.

10. Length (incomplete) 23.5 mm, altitude 16 mm, convexity 8 mm. Loc. 46. UO
27226.

11. Left valve, length 28 mm, altitude 19 mm, convexity 5 mm. Pittsburg Bluff Fm.
UOloc. 2567. UO 27222.

12. Right hinge. Pittsburg Bluff Fm. UO loc. 2567. UO 27223.

13, 14. Length 28 mm, altitude 18.5 mm, convexity 12 mm. Loc. 35, UO 27225.
Figure 15. Macrocallista n. sp.

Length 52 mm, altitude 31 mm, convexity 25 mm. Loc. 26. UO 27228.

Figure 16-19. Pitar (Pitar) dalli (Weaver)

16. Left hinge. Loc. 12. UO 27234.

17. Left hinge. Loc. 28. UO 27235.

18. Length 56 mm, altitude 47 mm, convexity 30 mm. Loc. 28. UO 27232.

19. Length (incomplete) 53 mm, altitude 45 mm, convexity 29 mm. Loc. 28. UO
2233,
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lata (Reeve), although Grant and Gale (1931,
p. 287) suggest that L. acutilineata and L. an-
nulata are conspecific. This species also occurs
in the Oligocene of Japan (Kamada, 1962, p.
97).

MATERIAL STUDIED: 5 specimens.

HypoTYPES: UO 27207, 27208, 27209, 27210.
LOCALITIES: 27, 41.

Family Diplodontidae
Genus DIPLODONTA Bronn, 1831

(Taras of authors)

TYPE: By subsequent designation (Gray, 1847;
Herrmannsen, 1847), Venus lupina Brocchi.

Diplodonta parilis (Conrad)
Pl 3, figs. 2,3,5,6,7

Loripes parilis Conrad, 1848, p. 432, fig. 7.

Mysia parilis Conrad, 1865, v. 1, p. 153.

Diplodonta (Felaniella) parilis (Conrad).
Dall, 1909, p. 117, pl. 11, fig. 6; Eth-
erington, 1931, p. 76, pl. 5, figs. 4, 6.

Taras parilis (Conrad). Grant and Gale, 1931,
p- 294; Weaver, 1942, p. 149-150, pl.
35, fig. 6, pl. 36, fig. 4.

? Taras goodspeedi Durham, 1944, p. 145, pl.
13, fig. 1.

Diplodonta parilis (Conrad). Moore, 1963, p.
71, pl. 23, fig. 6,9.

Diplodonta sericata (Reeve). (Pleistocene and

Recent of authors).

pIscUSSION : Diplodonta parilis is a thin-shelled
relatively compressed species of orbicular to
quadrate outline. It is equivalved but slightly
inequilateral, and the straight anterior and
posterior dorsal margins slope characteristi-
cally at an angle of about 35°. The umbones
are prominent and project above the hingeline;
the beaks are small and slightly prosogyrous.
Individuals commonly attain sizes which are
large for the genus.

Diplodonta parilis has traditionally been re-
garded as a Miocene and Pliocene species, al-
though it seems to be part of a complex of
similar forms which appears in the Oligocene
and extends into the Recent. Grant and Gale
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(1931, p. 294) point out the conspecificity of
the Miocene and Pliocene specimens with the
Recent D. sericata (Reeve).

A variety of names has been applied to the
Oligocene diplodontids, but the validity and
value of these names are questionable. Dur-
ham (1944, p. 145) noted the similarity of
D. goodspeedi, a small form from the Quimper
Sandstone, to the Recent D. sericata but failed
to offer any criteria for separating the two. D.
stephensoni Clark is a similar small form from
the Oligocene of California. D. griesensis (Ef-
finger), a small diplodontid from the Gries
Ranch Beds of Washington, has been differen-
tiated on the basis of greater convexity. The
differences observed in the types of these spe-
cies are primarily differences in size, shape,
and convexity, characters which fluctuate in the
Recent populations or which may vary due to
minor diagenetic changes during preservation.

The Eugene and Pittsburg Bluff populations
both exhibit considerable variation. In larger
individuals the umbones are often worn down
or broken off giving the shell an almost per-
fectly orbicular shape in contrast to specimens
in which the umbones project prominently
above the hingeline. The detention is relatively
constant and typical of modern forms, although
the bifid anterior cardinal in the left valve may
vary slightly in position from vertical to slant-
ing slightly posteriorly.

Specimens from the Eugene Formation have
been tentatively assigned a number of different
names illustrating the confusion and lack of
clear distinction among Oligocene species.
Washburne (1914, p. 25) called this species
D. parilis; Schenck (1923, p. 69) identified it
as D. stephensoni; and Vokes, Snavely, and
Myers (1951, checklist) assigned it to D. gries-
ensis. Specimens in the Stanford collection
that were obtained at Smith’s quarry by Arnold
and Hannibal between 1909 and 1913 are la-
beled “Diplodonta willamettensis n. sp.,” but
this name was never formally proposed. At the
California Academy of Sciences a suite of 23
specimens collected by Bruce Martin from
CAS locality 238 is labeled Diplodonta parilis.
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D. parilis occurs throughout the Eugene
Formation in the coarser buff siltstone as well
as the fine gray siltstone units. It usually occurs
as double-valved specimens except in lenses of
concentrated shell material where the valves
are typically disarticulated. In the Pittsburg
Bluff Formation valves are almost always
found singly.

MATERIAL STUDIED: 139 specimens.
ayporypes: UO 27211, 27212, 27213, 27214,
27215, 27216, 27217, 27218, 27219, 27220,
20221

LocALITIEs: &, 7. 11,112, 13, 23, 24, 25, 26,
28, 30, 35, 37, 41, 42, 46, 47, 49.

Superfamily VENERACEA

Family Veneridae

Subfamily Pitarinae
Genus MACROCALLISTA Meek, 1876
TYPE: By monotypy, Venus gigantea Gmelin.
Macrocallista pittsburgensis (Dall)
Pl. 3, figs. 8,9, 10, 11, 12, 13,14

Meretrix pittsburgensis Dall, 1900, pl. 36, fig.
22,pl. 43, fig. 15.

Macrocallista pittsburgensis (Dall). Dall,
1903, p. 1253; Clark, 1925, p. 92, pl.
18, fig. 9, pl. 19, figs. 4-5; Clark, 1932,
p- 816, pl. 19, figs. 1-2; Weaver, 1942,
p- 175, pl. 32, fig. 7, pl. 41, figs. 4, 7,
10, 14.

pIsSCUSSION: Macrocallista pittsburgensis is a
small species with a characteristically ovate-
elongate outline. The beaks are situated about
one-fifth of the distance from the rounded an-
terior end. The posterior end is markedly atten-
uate and the posterior dorsal margin broadly
convex. The external ligament is prominent
and extends about one-third of the total length
of the shell. The lunule is long and narrowly
cordate. Sculpture consists of irregularly-
spaced concentric grooves in which the brown-
ish periostracum is often preserved in speci-
mens from the type locality.
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The hinge of each valve contains three cardi-
nal teeth. In the right valve the posterior cardi-
nal is long, slender, and bifid. The central and
anterior cardinals are both extremely slender
and are set vertically. An anterior lateral in the
left valve fits into an anterior socket on the right
valve, which is defined by sharp ridges above
and below.

M. pittsburgensis is relatively longer and
more compressed than any of the other West
Coast Tertiary species. It is a characteristic
species in a number of beds of middle Oligo-
cene age in Oregon and Washington. In the
course of preparing this report, specimens were
collected at a number of localities in the Pitts-
burg Bluff and Tunnel Point Formations as
well as the Eugene Formation. The species is
most abundant in the upper portions of the
Eugene, and it is present in both the Salem and
Eugene areas. It usually occurs with the valves
articulated and tightly closed.

At Holmes Gap (locality 46) M. pittsburg-
ensis occurs in a fauna which is intermediate
in character between the type Pittsburg Bluff
fauna and faunas typical of the upper part of
the Eugene Formation within the Eugene area.
Measurements of specimens from one popula-
tion from the Eugene area indicate a greater
relative convexity than populations from the
type Pittsburgh Bluff, but this character alone is
not of sufficient importance to warrant taxo-
nomic differentiation of the Eugene form.

In addition to the formations mentioned
above, M. pittsburgensis is also present in the
Lincoln Formation and Marrowstone Shale in
Washington and the Toledo Formation in Ore-
gon. It has been reported from the Oligocene
of California (Zimmerman, 1944, p. 964).
MATERIAL STUDIED: 30 specimens.
HYPoTYPES: UO 27222, 27223, 27224, 27225,
27226,27227,

LOCALITIES: 12, 34, 35, 42, 46.

Macrocallista n. sp.

Pl 3, fig. 15

DISCUSSION: A number of poorly-preserved
specimens of a Macrocallista that is apparently
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PLATE 4

Figure 1-4. Pitar (Lamelliconcha) clarki (Dickerson)
1. Left hinge. Loc. 12. UO 27244.
2. Right hinge. Loc. 12. UO 27245.

3. Length 48.5 mm, altitude 41 mm, convexity 25.5 mm. Loc. 28. UO 27242.

4. Length 47 mm, altitude 43 mm, convexity 26 mm. Loc. 28. UO 27243.

Figure 5-9. Pitar (Pitar) n. sp.
5, 7. Length 26.5 mm, altitude 22 mm, convexity 10 mm. Loc. 12. UO 27237.
6. Length 21.5 mm, altitude 18 mm. Loc. 25. UO 27239.
8, 9. Length 22 mm, altitude 20 mm, convexity 9 mm. Loc. 12, UO 27238.

Figure 10-13. Spisula eugenensis (Clark)

10, 12. Length 66 mm, altitude 45 mm, convexity 29 mm. Loc. 4. UO 27247.

11. Length 46 mm, altitude 33 mm, convexity 21 mm. Loc. 28. UO 27249.
13. Length 62 mm, altitude 48 mm, convexity 27 mm. Loc. 15. UO 27248.
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undescribed are in the collections from the Eu-
gene Formation. Macrocallista n. sp. is large,
ovate-elongate, and fairly strongly convex. The
beaks are situated from one-tenth to one-sev-
enth of the distance from the anterior end and
are strongly inclined forward. The posterior
dorsal margin is long and relatively straight,
sloping downward at an angle of about 20°.
The anterior dorsal margin is a short, convex
area in front of the beaks. The ligament groove
occupies about one-half of the length of the pos-
terior margin. No hinge material is available.
Macrocallista n. sp. differs from M. pitts-
burgensis and other West Coast Tertiary spe-
cies in its larger size, greater convexity, and
more anterior placement of the beaks. It does
not occur in direct association with M. pitts-
burgensis. It is most common at outcrops with-
in the Eugene city limits and is usually poorly
preserved. Internal molds are often distorted
showing flattening of the posterior dorsal sur-
face and creasing diagonally from the umbones
to the posterior end.
MATERIAL STUDIED: 35 specimens, most of
which are distorted and poorly preserved.
FIGURED SPECIMEN: UQ 27228. OTHER SPECI-
mENs: UO 27229, 27230, 27231.
LocaLITies: 11, 12, 13, 14, 15, 20, 21, 26, 27,
28, 35, 37, 40.

Genus PITAR Romer, 1857

TYPE: By montoypy, Venus tumens Gmelin.

The genus Pitar is represented in the Eugene
Formation by large numbers of individuals be-
longing to three different species: Pitar (Pi-
tar) dalli (Weaver), Pitar (Lamelliconcha)
clarki (Dickerson), and a species which is ap-
parently new. The two previously described
species show a great range of variation and
overlap in general form and outline of the
valves. Were it not for differences in the hinge,
in ornamentation, and in the shape of the pal-
lial sinus, it would be difficult to justify main-
taining them as separate species.

Effinger (1938, p. 371) suggested on the
basis of “general form and ornamentation”
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that P. eocena (Weaver and Palmer), P. clarki,
and P. dalli represented stages in the evolution
of a single stock. At this time P. eocena and P.
clarki were known only from the upper Eocene,
and P. dalli was known only from beds of mid-
dle Oligocene age. P. clarki is now known to
range into the middle Oligocene as well as
back into the Eocene, and P. clarki and P. dall:
occur together in the Pittsburg Bluff Formation
as well as in the Eugene. Furthermore, the two
species are sufficiently different to be classified
in different subgenera. Thus the relationship
between the two is not as simple as once
supposed.

Subgenus PITAR s. s.
Pitar (Pitar) dalli (Weaver)
Pl 3, figs. 16, 17, 18, 19; pl. 5, figs. 2, 5

Pitaria dalli Weaver, 1916, p. 41, pl. 1, figs.
1-4.

Pitaria (Pitaria) dalli Weaver. Tegland, 1929,
p-278, pl. 21, figs. 4-9.

Pitar dalli (Weaver). Weaver, 1942, p. 181,
pl. 43, figs. 1-5, 8, 11.

DISCUSSION: Pitar dalli is of moderate size,
thick-shelled, and typically elongate-subquad-
rate in outline. The beaks are strongly inclined
forward and located near the anterior end of
the shell. The posterior dorsal margin is long
and evenly convex, merging gradually into the
rounded posterior end. The lunule is long and
cordate extending one-fourth of the total length
of the shell and outlined by a well-incised line.
The sculpture consists of numerous fine, evenly-
spaced growth lines. The hinge is heavy and the
anterior lateral tooth in the left valve is espe-
cially thick and strongly developed.

Pitar dalli shows a much wider range of vari-
ation in the Eugene Formation than in speci-
mens observed by the author from the type lo-
cality in the Lincoln Formation. It overlaps
almost completely with the range of variation
in outline found in specimens of Pitar clarki
(Dickerson) with which it commonly occurs in
the Eugene. Although the outer layer of shell
material has exfoliated on most of the Eugene
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specimens of P. clarki, topotypes from the Cow-
litz Formation indicate that it belongs in the
subgenus Lamelliconcha while P. dalli with its
relatively smooth shell is a true Pitar. The shell
of P. dalli is also considerably thicker. The lu-
nule in P.dalli is more prominent and the beaks
are higher and more prominent. The hinge of
P. dalli is heavier and the anterior lateral is
large and stout while in P. clarki it is thin and
blade-like. The pallial sinus in P. dalli is short
and pointed, not reaching the middle of the
shell. In P. clarki the pallial sinus extends to
the center of the valve cavity and is rounded.

P. dalli is one of the most abundant forms
in the Eugene Formation and is present in
coarse as well as fine units both in the Eugene
and Salem areas. At some horizons it occurs
with P. clarki, and at others it is the only Pitar
represented. It is commonly the dominant ele-
ment in an assemblage and usually occurs with
both valves articulated and tightly closed.
There is no stratigraphic significance to the
above-noted variations in outline and con-
vexity.

In addition to its occurrence in the Lincoln
and Eugene Formations, P. dalli has been re-
corded from the Tumey Sandstone in Califor-
nia (Zimmerman, 1944, p. 963), the Toledo
Formation in Oregon (Vokes, Norbisrath, and
Snavely, 1949, checklist), the Pittsburg Bluff
Formation (Warren, Norbisrath, and Grivetti,
1945, checklist), the Tunnel Point Formation
(Weaver, 1945, p. 51), and the Marrowstone
Shale in Washington (Durham, 1944, p. 147).
MATERIAL STUDIED: 80 specimens.

HYPOTYPE: UO 27232, 27233, 27234, 27235,
27236.

LOCALITIES: 12,13,14,15,16,17,19, 20, 21,
23, 24, 26, 27, 28, 31, 33, 34, 35, 37, 39, 42,
43, 46, 50.

Pitar (Pitar) n. sp. ?
Pl. 4, figs. 5,6,7,8,9

DISCUSSION: A number of specimens collected
from six localities in the Eugene Formation
may represent a new species of Pitar. It is a
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small, laterally compressed, nearly smooth
species with beaks placed one-fifth of the dis-
tance from the anterior end of the shell. The
lunule is faintly impressed, but the area be-
neath the beaks is deeply depressed on either
side of the sharp keel-like ridge formed by the
convex anterior dorsal valve margins. The
ascending pallial sinus is short and pointed.
The hinge plate is relatively heavy and the
dentition similar to that of P. dalli.

Pitar n. sp. ? is differentiated from P. dalli
primarily on the basis of size. Specimens of in-
termediate size between the two species do not
exist in the collections. The small size cannot
be attributed to sorting, since the small form
occurs with large shells of other species. It
might represent a dwarfed, genetically distinct
variety of P. dalli or an ecotypic varient cap-
able of attaining sexual maturity and reproduc-
ing iteslf at this size. The compressed form of
the valves and the keel-like ridge through the
lunule serve to further distinguish the small
form from P. dalli.

Pitar n. sp. ? occurs primarily in fine-grained
siltstones within the Eugene city limits. It is
never directly associated with P. dalli or P.
clarki and occurs commonly in local concen-
trations of specimens ranging from disarticu-
lated valves through partially disarticulated
valves to entire specimens.

MATERIAL STUDIED: 47 specimens.

FIGURED SPECIMENs: UO 27237, 27238,
27239. oTHER SPECIMENS: UO 27240, 27241.
LOCALITIES: 12,25, 26,27, 28, 29.

Subgenus LAMELLICONCHA Dall, 1902

TYPE: By original designation, Cytherea con-
cinna Sowerby.

Pitar (Lamelliconcha) clarki (Dickerson)
Pl. 4, figs. 1,2, 3,4

Pitaria clarki Dickerson, 1917, p. 169, pl. 28,
figs. 4a-c.

Pitaria (Lamelliconcha) clarki Dickerson.
Tegland, 1929, p. 279, pl. 22, figs. 1-4.

Pitar (Lamelliconcha) clarki (Dickerson). Ef-
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PLATE 5
Figure 1. Spisula pittsburgensis Clark

Left valve, length 52 mm, altitude 35 mm, convexity 7 mm. Loc. 42. UO 27252.

Figure 2, 5. Pitar (Pitar) dalli (Weaver)
Length 48 mm, altitude 44 mm, convexity 28.5 mm. Loc. 28. UO 27236.
Figure 3, 4. Spisula eugenensis (Clark)
3. Left hinge. Loc. 25, UO 27250.
4. Right hinge. Loc. 25. UO 27251.

Figure 6-8. Pseudocardium n. sp.
6, 8. Length 84.5 mm, altitude 72 mm, convexity 49 mm. Loc. 28. UO 27253.
7. Length 88.5, altitude 70 mm, convexity 52 mm. Loc. 28. UO 27254.
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finger, 1938, p. 371 ; Clark and Ander-

son, 1938, p. 947, pl. 2, figs. 1-4; Weav-

er, 1942, p. 183, pl. 42, figs. 1-9.
DISCUSSION: Pitar clarki is most commonly an
ovate, moderately inflated form. The outer
shell material is usually exfoliated, but, as Teg-
land (1929, p. 279) has pointed out, the prom-
inent concentric lamellae ornamenting the shell
place it in the subgenus Lamelliconcha. The
hinge plate is less heavy than in P. dalli, and
the anterior lateral tooth in the left valve is
longer and thinner. There is also a character-
istic notch or indentation in the hingeplate of
the left valve of P. clarki in the space between
the posterior cardinal and the central and an-
terior cardinals.

Since there has been some confusion over the
arrangement and order of interlocking of teeth
in various members of the Veneridae, a de-
tailed description of the hinge of P. clarki
follows.

There are three cardinal teeth in each valve.
In the left valve the anterior and central car-
dinal are fused above to form an inverted V,
which might be interpreted as a single extreme-
ly deeply bifid cardinal. The posterior cardinal
is thin, elongate, and subparellel to the long
posterior ridge which is present in both valves.
The elongate anterior lateral tooth is set closely
adjacent and perpendicular to the anterior car-
dinal, and might be considered a modified an-
terior cardinal tooth. In the right valve the
strong, bifid, posterior cardinal is joined
above with the thin anterior cardinal to form
a broad inverted V over the freestanding cen-
tral cardinal. The anterior lateral socket is
bounded above and below by prominent hori-
zontally-set lamellae. The middle free-standing
cardinal in the right valve fits into the inverted
V between the anterior and central cardinals of
the left valve. The thin anterior cardinal of the
left valve fits between the closely-set anterior
and central cardinals of the right valve. (See
pl. 4, figs. 1, 2)

Since P. clarki is most commonly preserved
as an internal mold, the shape of the pallial
sinus is extremely useful in distinguishing it
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from P. dalli. The sinus is deep, reaching the
center of the shell, and rounded rather than
pointed.

P. clarki is one of the few Eugene species
which persisted from the Eocene. It was de-
scribed from the late Eocene Cowlitz Forma-
tion in Washington and also occurs in the Eo-
cene of California. In Oregon P. clarki is pres-
ent in the Keasey and Pittsburg Bluff Forma-
tions. It also occurs in the lower and middle
portions of the Quimper Sandstone in north-
western Washington.

MATERIAL STUDIED: 62 specimens.
HYPOTYPES: UO 27242, 27243, 27244, 27245,
27246.

LOCALITIES: 3, 12, 19, 20, 21, 26, 28, 31, 37,
45, 46,47.

Superfamily MACTRACEA
Family Mactridae
Genus SPISULA Gray, 1837

TYPE: By subsequent designation (Gray,
1847) Mactra solida (Linné).

Spisula eugenensis (Clark)
Pl 4, figs. 10, 11, 12, 13; pl. 5, figs. 3, 4

Mulinia eugenensis Clark, 1925, p. 104, pl. 14,
figs. 1,2.

Pseudocardium eugenense (Clark. Weaver,
1942, p. 244-245, pl. 57, fig. 4.

Spisula eugenensis (Clark). Vokes, Snavely,
and Myers, 1951, checklist.

piscUssioN: There are few clear generic distine-
tions in the Mactridae, and the ligament which
serves as a basis for differentation of modern
forms is seldom well-preserved in fossils. In
addition, the Tertiary literature is burdened
with specific names for mactrids that are evi-
dently based on such variable characters as
shell outline, general proportions, and position
of the beaks. Well-preserved specimens of Spi-
sula eugenensis facilitate a more precise treat-
ment of this taxon.

Spisula eugenensis is a relatively large spe-
cies which varies in outline from sub-ovate and
equilateral to elongate and produced posteri-
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orly. The small triangular crack between the
valve margins just posterior to the umbones in-
dicates that an external ligament was present in
the living animal and removes it from the genus
Mulinia where Clark originally placed it. The
ligament and chondrophore are distinct, but
there is no sign of a shelly ridge separating the
two as in Mactra. There is a prominent poste-
rior ridge extending from the umbones to the
posterior extremity, bordered on either side by
a shallow depression. The growth lines change
direction along the ridge and are more promi-
nent there than anywhere else on the shell.
There is a similar but somewhat less prominent
ridge between the umbones and the anterior
margin of the shell. The pallial sinus is deep
and rounded and points horizontally. The car-
dinal teeth are thin but fairly prominent. The
lateral teeth are relatively long and prominent,
and the chondrophore is oblique and moderate-
ly deep.

The holotype of S. eugenensis is a large and
poorly-preserved specimen 103 mm long and
82 mm high. The paratype is a smaller double-
valved specimen from a different locality in the
formation. Clark (1925, p. 104) suggested that
the two specimens might represent distinct
forms, but subsequent collections do not sup-
port his view.

S. eugenensis can be distinguished from
other Tertiary species primarily by the pres-
ence of the anterior umbonal ridge in addition
to the posterior one. More than 200 specimens
were collected during the preparation of this
report, and the ridge is a constant feature in
spite of a broad range of variation in shell pro-
portions. S. pittsburgensis, which occurs in the
Salem area, lacks the ridge. The shell is also
thinner in S. pittsburgensis and the beaks are
not as prominently prosogyrous.

S. eugenensis is one of the most abundant
species in the Eugene Formation, commonly
occurring in local concentrations of double-
valved specimens with an average length of 65
mm. Larger single-valved specimens compar-
able to Clark’s holotype are common in coarser
units in the formation. This species is appar-
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ently restricted to the Eugene Formation.
MATERIAL STUDIED: 238 specimens.
HYPOTYPES: UO 27247, 27248, 27249, 27250,
29251

LOGALITIES: 1, 2, 3,4, 5, 7,9 il i 2lid el 4 2
15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26,
217, 28, 31, 32, 33, 34, 35, 37, 38, 40, 49.

Spisula pittsburgensis Clark
PL.5,fig. 1

Spisula pittsburgensis Clark, 1925, p. 101-102,
pl. 17, figs. 2, 4; Tegland, 1933, p. 120;
Weaver, 1942, p. 235, pl. 54, fig. 9.

pIscUssION : Thirty-two specimens of this form
were collected at two localities in the Salem
area. The hinge is not accessible on any of these
specimens, but external shell characters com-
pare closely with specimens from the type lo-
cality in the Pittsburg Bluff Formation.

S. pittsburgensis does not occur in collec-
tions from the Eugene area. It can be distin-
guished from S. eugenensis by the lack of a
prominent anterior umbonal ridge, less pros-
ogyrous beaks, a straight posterior-dorsal mar-
gin, and a thinner, more delicate shell. The
shell outline is also more constant in this spe-
cies, the average adult size is much smaller,
and the valves are more compressed.

S. pittsburgensis has been reported from the
Tunnel Point and Toledo Formations of the
Oregon coast as well as from the Pittsburg
Bluff and Eugene Formation. S. pittsburgensis
subsp. frustra was described by Tegland
(1933, p. 121) from the Blakeley Formation
in Washington. This form was distinguished on
the basis of slight differences in proportions,
but there are no significant differences in hinge
characters. S. pittsburgensis also occurs in the
middle part of the Quimper Sandstone in north-
western Washington.

MATERIAL STUDIED: 32 specimens.

HYPOTYPE: UO 27252.

LOCALITIES: 42, 44.

Genus PSEUDOCARDIUM Gabb, 1866

TYPE: By monotypy, Pseudocardium gabbi
(Rémond) = Mulinia densata Conrad.
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PLATE 6

Figure 1, 2. Tellina eugenia (Dall)
1. Right valve, length 54 mm, altitude 22 mm, convexity 3 mm, distance from beaks
to posterior end 26 mm. Loc. 24. Stanford Univ. NP 94.

2. Right valve, length 57 mm, altitude 22 mm, convexity 2 mm, distance from beaks
to posterior end 27 mm. Loc. 24. Stanford Univ. NP 94.

Figure 3-6. Tellina pittsburgensis Clark
3-5. Length 16 mm, altitude 10 mm, convexity 3 mm. Loc. 19. UO 27257.
6. Length 17.5 mm, altitude 10.5 mm, convexity 3 mm, distance from beaks to
posterior end 6 mm. Loc. 12. UO 27258.

Figure 7-12. Tellina aduncanasa Hickman, n. sp.

7. Holotype. Left valve, length 38 mm, altitude 19 mm, convexity 3.5 mm, distance
from beaks to posterior end 18 mm. Pittsburg Bluff Fm. UO loc. 2567. UO 27262.

8-10. Paratype. Length 32 mm, altitude 17 mm, convexity 7 mm, distance from beaks
to posterior end 14 mm. Loc. 28. UO 27263.
11. Paratype. Length 20 mm, altitude 15 mm, convexity 6.5 mm. Loc. 28. UO 27264.
12. Paratype. Length 27.5 mm, altitude 15 mm. Loc. 25. UO 27265.

Figure 13,18, 19, 21, 22. Tellina ? n. sp.
13. Length 27.5 mm, altitude 30 mm, convexity 15 mm. Loc. 19. UO 27276.
18, 21, 22. Length 34.5 mm, altitude 33 mm, convexity 18 mm. Loc. 12. UO 27274.
19. Length 33 mm, altitude 33 mm, convexity 18 mm. Loc. 12. UO 27275.

Figure 14-17. Tellina (Moerella) lincolnensis (Weaver)

14-16. Length 21 mm, altitude 13 mm, convexity 6.5 mm, distance from beaks to pos-

terior end 7.5 mm. Loc. 28. UO 27277.
17. Length 19 mm, altitude 12 mm, convexity 6.5 mm. Loc. 28. UO 27278.

Figure 20. Macoma aff. M. inquinata (Deshayes)
Length 44 mm, altitude 36 mm, convexity 14 mm. Loc. 15. UO 27286.

No. 16
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The name Pseudocardium has been applied
to a group of heavy-shelled, inflated mactrids
with robust dentition. An external ligament is
present, but it is not clear whether these forms
are more closely related to Spisula or Mactra.
Grant and Gale (1931, p. 403) suggest that the
thick shell and correspondingly heavy denti-
tion may represent an adaptation to peculiar
environmental conditions.

Pseudocardium n. sp.
Pl. 5, figs. 6, 7

DISCUSSION: A large heavy-shelled mactrid
from the Eugene Formation differs from the
fossil species of Pseudocardium described
from the Pacific Coast. It is represented by
poorly-preserved specimens, and the details of
dentition are not accessible. A new name is not
proposed at this time.

The shell is moderately inflated and equi-
valved, and the beaks are almost central. The
beaks are prominent and prosogyrous. The pos-
terior dorsal margin is broadly convex, and the
anterior ventral margin is concave. The alti-
tude of the shell is almost equal to the length,
and there is a prominent posterior umbonal
ridge. The muscle scars are large and promi-
nent, and the pallial sinus is deep and narrowly
rounded. The upper and lower limbs of the
sinus are parallel and inclined upward from
the horizontal at an angle of 30°.

P. yaquinense (Clark) from the Yaquina
Formation on the Oregon coast is a smaller,
more compressed form in which the beaks are
less prosogyrous.

Pseudocardium n. sp. is not common in the
Eugene Formation, but it occurs in small local
concentrations at several localities.

MATERIAL STUDIED: 28 specimens.

FIGURED SPECIMENS: UO 27253, 27254. OTHER
sPECIMEN: UO 27255.

LOCALITIES: 2, 24, 28, 31, 47.

Superfamily TELLINACEA
Family Tellinidae
Genus TELLINA Linné, 1758

No. 16

TYPE: By subsequent designation (Children,
1823), Tellina radiata Linné.

The genus Tellina is well represented in the
Tertiary of the Pacific Coast by a number of
different lineages. However, the status of many
of the names proposed in the literature is ques-
tionable. Many of the primary types are too
poorly preserved to permit detailed compari-
sons, and the lack of exposed hinges indicates
that certain of these “Tellinas” may actually
belong in the genus Macoma. The species of
Tellina which are present in the Eugene For-
mation are all distinctive. For the most part the
species do not occur together at any given hori-
zon suggesting that each occupied a separate
environment.

Tellina eugenia Dall
PL 6, figs. 1,2

Tellina eugenia Dall, 1909, p. 124, pl. 19, fig.
3; Weaver, 1942, p. 201, pl. 48, figs. 5,
8.

pIscUssION: Tellina eugenia is a large and char-
acteristically elongate species of trigonal out-
line. The beaks are low, opisthogyrate, and sit-
uated centrally or slightly posterior to the cen-
ter of the shell. The posterior dorsal margin of
the shell is straight and slopes downward from
the beaks at an angle of about 20°. There is a
strongly depressed and beveled area along the
posterior dorsal margin which is set off by a
ridge extending from the umbones to the nar-
rowly attenuate posterior end. The ridge makes
an angle of about 8° with the posterior end. The
ventral margin of the shell is nearly straight;
the anterior dorsal margin is gently convex,
merging gradually into the rounded anterior
end of the shell which in turn merges gradually
with the base. Sculpture consists of numerous
fine growth lines with a growth pattern such
that the ratio of length to altitude remains con-
stant throughout the life of an individual at an
average value of 2.4 to 2.5. There is little or no
deflection of the posterior end of the shell.
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T. eugenia is not common in the Eugene For-
mation, although it is a striking species in its
large size and long attenuate posterior end.
Dall’s holotype and the majority of specimens
collected subsequently came from a single lo-
cality, Smith’s quarry in Eugene. It appears to
have been endemic to the southern portion of
the Eugene sea. Other species of Tellina are
absent in the layers bearing T. eugenia. The
valves are almost always disarticulated but un-
fragmented, although surrounding material on
the same bedding plane may consist exclusively
of unidentifiable angular fragments of bivalve
shells.

T. eugenia is unique among Oligocene spe-
cies, although it might be confused with T.
townsendensis Clark. The latter species is most
easily distinguished by its smaller average size,
by the slightly concave outline of the posterior
dorsal margin, and by the less markedly ros-
trate posterior end.

MATERIAL STUDIED: 11 specimens.
TOPOTYPES: The figured topotypes are both un-
numbered specimens from Stanford Univ. loc.
NP 94. nyporyre: UO 27256.

LOCALITIES: 16, 23, 24, 30, 34, 35.

Tellina pittsburgensis Clark
Pl. 6, figs. 3,4, 5, 6

Tellina pittsburgensis Clark, 1925, p. 95, pl.
12, figs. 8, 9; Weaver, 1942, p. 200, pl.
48, fig. 14.

piscussioN: Tellina pittsburgensis is a small,
thin-shelled, laterally compressed tellen with
an ovate outline. The beaks are inturned but
not twisted and are located two-thirds of the
length of the shell from the anterior end. The
anterior dorsal margin is straight and slopes
away from the beaks at an angle of about 15°
merging into a broadly rounded anterior end.
The posterior dorsal margin is much steeper,
sloping downward from the beaks at an angle
of about 40° into a moderately rostrate poste-
rior end. The flattened posterior portions of the
valves are deflected slightly to the right. The
posterior umbonal ridge is faintly developed,
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and there is a relatively prominent beveled
area between the ridge and the posterior dorsal
margin.

The holotype of Tellina pittsburgensis
(Stanford Univ. Pal. Type Coll. no. 46) is im-
bedded in matrix and the hinge is not exposed,
although Clark illustrated the specimen as if
it was free of matrix. The hinge is also in-
accessible on the paratype (CAS no. 705)
which is likewise imbedded in matrix. Hypo-
types from the Eugene Formation show well-
developed lateral teeth, confirming Clark’s
generic identification.

T. puttsburgensis is probably more common
in the Eugene than in the Pittsburg Bluff For-
mation. It occurs abundantly in the fine tufface-
ous siltstone units, usually with both valves
together and tightly closed, although commonly
somewhat distorted. This species is readily dis-
tinguished from T. (Moerella) lincolnensis by
its compressed form and from other tellens in
the Eugene by its small size.

Zimmerman (1944, p. 963) recorded T.
pittsburgensis from the Tumey Sandstone of
California, but it is otherwise unknown from
the California faunas. Durham (1944, p. 148)
collected it in the lower portion of the Quimper
Sandstone in Washington. According to War-
ren, Norbisrath, and Grivetti (1945, check-
list) it is also present in the Gries Ranch Beds
of Oregon.

MATERIAL STUDIED: 36 specimens.

"HYPOTYPES: UO 27257, 27258, 27259, 27260,
21261.

LocALITIES: 11,12, 18, 19, 20, 25, 26, 27, 28,
29, 36, 44, 46.

Tellina aduncanasa Hickman, n. sp.
PL 6, figs. 7, 8,9, 10, 11, 12

DESCRIPTION: Shell of moderate size, elongate
and trigonal in outline; ratio of length to alti-
tude 2.0 ;umbones low, beaks slightly posterior
and opisthogyrate; valves slightly inequilater-
al, left valve larger and more convex, right
valve smaller and flattened or depressed across
the middle; both valves produced and flattened
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posteriorly, slightly deflected toward the right;
posterior dorsal margin straight to slightly con-
vex, sloping downward from beaks at angle of
about 30°, meeting base abruptly to form a
markedly attenuate posterior end; anterior
dorsal margin convex and merging gradually
into the evenly-rounded anterior end ; conspicu-
ous beveled area present along posterior dorsal
margin, set off by prominent umbonal ridge
which slopes downward from beaks at an angle
of 35° and makes an angle of 5° with the pos-
terior dorsal margin; valves slightly depressed
just anterior to umbonal ridge, the depression
increasing in prominence toward the ventral
margin of the shell; sculpture consists of fine,
closely-spaced, lightly-incised growth lines
which change direction abruptly at the poste-
rior umbonal ridge, crossing the angulation to
the dorsal margin of the shell at an angle of
90°; sculpture more prominent on posterior
dorsal angulation than on remainder of shell;
pallial sinus deep and broadly U-shaped but
not touching anterior adductor muscle scar;
lower end of sinus confluent with pallial line;
external ligament prominent, about 6 mm long;
bifid posterior cardinal tooth in right valve,
bifid anterior cardinal tooth in left valve, an-
terior portion of tooth thicker than posterior
portion; posterior cardinal in left valve thin
and not well developed, anterior cardinal in
right valve not exposed; laterals present but
not well exposed.

p1scussioN: The holotype of Tellina adunca-
nasa is from the Pittsburg Bluff Formation, and
the paratypes come from the Eugene and Pitts-
burg Bluff Formations. Shell material and de-
tails of sculpture are generally better preserved
in the Pittsburg Bluff specimens while details
of the shell interior are better preserved on the
Eugene specimens. This species is common at
outcrops in the Eugene area, particularly in the
fine-grained tuffaceous siltstone units. It also
occurs in Eugene beds in the Salem area. Valves
are generally still articulated and tightly
closed, although shell material is often chalky
or absent.

No. 16

T. aduncanasa has apparently been lumped
by previous workers with Tellina eugenia Dall.
T. eugenia attains a much larger size and is
relatively longer. No overlap in size was ob-
served in these two species. They do not occur
at the same horizons in the Eugene Formation
and probably occupied different habitats.

T. aduncanasa may be distinguished from
the Recent T. bodegensis Hinds by the less
broadly rounded anterior end and more central
beaks. T. aduncanasa shows a general similar-
ity to T. bodegensis Hinds, subsp.? Clark and
Arnold from the upper Oligocene Sooke For-
mation of Vancouver Island. The types are in-
complete specimens, however, and there is no
additional material available for comparison.

T. townsendensis Clark is relatively longer
and has a prominent convex area along the pos-
terior dorsal margin thatis absent in T. adunca-
nasa. In T. woodmanensis Durham from the
lower Oligocene Quimper Sandstone of Wash-
ington the anterior dorsal margin is broadly
rounded and the beaks less prominent. 7. em-
acerata Conrad and T. kincaidi Weaver, both
Miocene species, are relatively shorter than 7.
aduncanasa.

The name given to this species is compound-
ed from the Latin aduncus (crooked or curved)
and nasus (nose).

MATERIAL STUDIED: 45 specimens.

HOLOTYPE: UQ 27262. pARATYPES: UO 27263,
27264, 27265, 27266, 27267, 27268, 27269,
29270, 27270 ; 20270227273,

TYPE LocALITY: UO 2567.

OTHER LOCALITIES: 3, 25, 26, 27, 28, 42, 44.

Tellina ? n. sp.
Pl 6, figs. 13, 18,19, 21, 22

pIscUssION: One of the most common species in
the Eugene Formation is a Tellina ? which is
previously unrecorded from the Pacific Coast
Tertiary. The shell is of moderate size, thin,
and trigonal-ovate with distinct anterior and
posterior portions. Altitude and length are al-
most equal. The beaks are prominent, inturned,
and slightly opisthogyrate. The valves are equi-
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lateral with a slight deflection toward the right
of the flattened, produced posterior extremity.
The anterior dorsal margin is convex and con-
tinuous with the evenly rounded anterior end,
and the posterior dorsal margin is straight to
gently convex behind a slight concavity poste-
rior to the beaks. A prominent umbonal ridge
extends from the beaks to the posterior end of
the shell. The ridge is bordered anteriorly by
a broad sulcus dividing the shell into two por-
tions which are emphasized by a prominent in-
dentation of the ventral margin where it meets
the sulcus. The shell is ornamented by numer-
ous fine concentric gr<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>