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Abstract. Seven new species of small to minute gastropods and one new species of a minute bivalve 
are reported from the early Eocene upper part of the Crescent Formation in the Black Hills west of 
Olympia, Washington. These species lived in a rocky intertidal environment where accumulation of 
basalt flows caused shoaling of marine waters. Their shells were deposited as the matrix of coquina 
that infilled cracks between individual eroded boulders of basalt, but the small size of the new species 
prevented them from being broken during transport. Associated macrofossils indicate a middle early 
Eocene age ("Capay Stage"). 

Description of these new species extends the geographic and chronologic range of each of the su-
praspecific taxa to which the species are assigned. The fissurellid Emarginula washingtoniana is the 
first reported Cenozoic species of this genus from the Pacific coast of North America. The trochid 
Calliovarica pacifica is only the second known species of this early Eocene genus and extends its geographic 
range from California into Washington. The skeneid Haplocochlias montis is the first positively known 
fossil species of Haplocochlias and the earliest known representative of family Skeneidae, whose previous 
geologic range was early Miocene to Recent. The neritid Nerita (Theliostyla) olympia is the first "Capay 
Stage" species of this subgenus from the Pacific coast of North America. The rissoid Lapsigyrus cres-
centensis is the earliest record of this genus, whose previous geologic range was Pleistocene to Recent. 
The columbellid Mitrella (M.) blackhillsensis is the earliest record of this genus, whose previous geologic 
range was early Miocene to Recent. The ellobiid Ovatella (Myosotella) coneyi is the first record of a 
marine pulmonate in the lower Tertiary of the Pacific coast of North America. The tellinid bivalve 
Linearia (Linearia) louellasaulae is the first confirmed species of this genus from the Pacific coast of 
North America and the youngest record of this genus, whose previous geologic range was Early to Late 
Cretaceous. 
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I N T R O D U C T I O N 

Molluscan assemblages from the Eocene Crescent For-
mation in Washington have received little study. Nearly 
all of the previous reports deal with the Crescent Bay area 
along the north shore of the Olympic Peninsula (Figure 
1). One of these reports is by Weaver & Palmer (1922), 
who described, named, and illustrated five species of gas-
tropods and two species of bivalves. Recently, Squires et 
al. (1992) did a detailed study of the macrofossils of the 
upper Crescent Formation at Pulali Point in the eastern 
Olympic Peninsula just west of Seattle (Figure 1), and 
this study spawned two additional articles (Squires, 1992a, 
1993) on certain bivalves from the Pulali Point area. More 
recently, Squires & Goedert (in press) have done a de-
tailed study of the macrofossils of the upper Crescent For-
mation in the Little River area in the southern Olympic 
Peninsula (Figure 1). 

The present study, which is a continuation of our in-
vestigation of the macrofossil faunas of the Crescent For-
mation in western Washington, differs from our previous 
studies in that many of the fossils are small to minute (i.e., 
less than 5 mm in longest dimension). Eocene small to 
minute gastropods and bivalves from the Pacific coast of 
North America are not well known. They easily become 
an integral part of the cement that holds a rock together 
and, in nearly every case, cannot be extracted for study. 
Previous investigations that included minute mollusks con-
cern a part of the fauna found in the upper Eocene part 
of the Lincoln Creek Formation in the "Gries Ranch 
beds" in southwestern Washington (Effinger, 1938), a fau-
na from middle Eocene rocks in the Vacaville, northern 
California area (Palmer, 1923), and a part of the fauna 
found in the middle to upper Eocene Tejon Formation in 
south-central California (Anderson & Hanna, 1925). The 
present study area in the Black Hills of southwestern 
Washington has a more diverse gastropod assemblage than 
these other locales because, as will be discussed below, the 
study area contains a rocky intertidal assemblage that has 
been preserved nearly in place. Lindberg & Squires (1990) 
noted that rocky intertidal organisms are poorly repre-
sented in the pre-Pleistocene fossil record because they are 
usually swept away and broken up by wave action. The 
Black Hills assemblages, therefore, contain genera that are 
very rare in the fossil record due to two factors: their small 
size and their preference for a rocky intertidal habitat. 

The molluscan stages used in this report stem from 
Clark & Vokes (1936), who proposed five mollusk-based 
provincial Eocene stages, namely, "Meganos," "Capay," 
"Domengine," "Transition," and "Tejon." The stage names 
are in quotes because they are informal terms. Givens 
(1974) modified the use of the "Capay Stage," and it is in 
this modified sense that the "Capay Stage" is used herein. 

The classification system used for taxonomic categories 
higher than the family level generally follows that of Hasz-
prunar (1988). Abbreviations used for catalog and/or lo-

Figure 1 

Index map to CSUN collecting localities, Crescent Formation, 
Black Hills area, west of Olympia, Washington. 

cality numbers are: CSUN, California State University, 
Northridge; LACM, Natural History Museum of Los 
Angeles County, Malacology Section; LACMIP, Natural 
History Museum of Los Angeles County, Invertebrate 
Paleontology Section; UCMP, University of California 
Museum of Paleontology (Berkeley). 

G E O L O G I C AND D E P O S I T I O N A L 
S E T T I N G 

The basement rock in the Olympic Peninsula of south-
western Washington is the upper Paleocene to lower mid-
dle Eocene Crescent Formation, which consists predomi-
nantly of oceanic tholeiite basalt flows. Several models have 
been proposed for the origin of these flows. Most of the 
early models, which are reviewed by Snavely (1987), en-
visage accretion of seamounts, but in recent years, the 
models favor a rift-basin environment (Babcock et al., 1992). 
The upper third of the formation ranges from a deep-to-
shallow marine environment to one that is locally terres-
trial. Interbedded marine sedimentary rocks locally contain 
fossils, especially at places like Pulali Point and the Little 
River area where the extrusion of the basalt flows caused 
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shoaling of the marine waters (Squires et al., 1992; Squires 
& Goedert, in press). 

About 15 km west of Olympia (Figure 1), in the Black 
Hills area in the Washington Coast Range, there is a > 600 
m-thick sequence of basalt flows and breccias, with minor 
interbeds of basaltic sandstone and siltstone that are cor-
related with the Crescent Formation in the Olympic Pen-
insula (Globerman et al., 1982). The Black Hills is one 
of several large basement uplifts in the Washington Coast 
Range and is heavily forested with rock exposures gen-
erally limited to roadcuts and quarries. Macrofossils were 
found at only two localities in the Crescent Formation in 
the Black Hills. One of these is near Larch Mountain at 
CSUN loc. 1563, which is the same site that Pease & 
Hoover (1957) first noted, but their coordinates differ 
slightly. The other locality is about 3.5 km to the northeast 
and near Rock Candy Mountain at CSUN loc. 1564 (Fig-
ure 1). 

At the Larch Mountain locality, there is a roadcut ex-
posure of light-colored sedimentary rock interbedded with 
basalt. The exposure is 1 m thick and consists of an eroded 
vesicular basalt with the cracks between individual sub-
angular boulders filled with fossiliferous sedimentary rock. 
The exposure is capped by pillow basalt. At and near the 
bottom of the cracks is a black silty mudstone containing 
pulverized shell hash with many small to minute gastro-
pods that are complete and well preserved. The silty mud-
stone is poorly indurated, and shells can be removed intact. 
The new species described in this paper were found in this 
silty mudstone, and the specimens, which could easily be 
missed by a cursory examination of the outcrop, are fragile 
and easily broken if care is not taken in their removal from 
the rock. Also in the silty mudstone are some scattered, 
large (up to 2.5 cm) fragments of colonial corals, gastro-
pods, and bivalves. The abundance of shell hash is usually 
so great that it forms coquinas. Near the tops of the cracks, 
there are smaller, angular basalt clasts, up to 5 cm across, 
supported by white-to-gray muddy siltstone and sandstone 
with pulverized shell hash containing some scattered large 
(up to 3 cm) disarticulated bivalves and colonial-coral frag-
ments. Locally, there are also patches of well-indurated, 
white-to-gray muddy siltstone with a great abundance of 
fragments of coralline algae. 

The macrofauna at CSUN loc. 1563 is a mixture of 
rocky intertidal and shallow-subtidal taxa. There are many 
shells of the gastropods Nerita and Arene and the bivalve 
Barbatia. These taxa, plus Emarginula, Haplocochlias, and 
Mitrella, as well as the abundant fragments of colonial 
corals and coralline algae, indicate a warm-water, rocky 
intertidal environment. Modern Nerita, Arene, Barbatia, 
and Mitrella are indicative of rocky shores in tropical wa-
ters, and modern Emarginula live on rocky bottoms, in-
tertidally to several hundred meters deep, usually in trop-
ical waters (Keen, 1971; Abbott & Dance, 1982). Modern 
Haplocochlias live intertidally to 10 m on hard substrates 
in tropical waters (Keen, 1971; Hickman & McLean, 

1990). The presence of the marine pulmonate Ovatella 
further confirms an intertidal, or even a supratidal envi-
ronment. Modern species of Ovatella are air breathers that 
can tolerate short submersion at the highest spring tides 
and are never out of the reach of salt and spray in the 
following environments: high tidal or supratidal, upper 
shore of estuaries, or salt marshes and the fringes of salt 
marshes (Morton, 1955). Also at CSUN loc. 1563, there 
is a diverse assemblage of other mollusks that elsewhere 
on the Pacific coast of North America are indicative of 
shelflike depths where silty deposits accumulated. These 
mollusks include the gastropods Turritella, Bittium, Pa-
chycrommium, Colwellia, and Conus, and the bivalves Ve-
nericardia, Glyptoactis, and Corbula. 

The extrusion of the basalts in the vicinity of CSUN 
loc. 1563 caused shoaling and the establishment of a rocky 
shoreline community where Nerita, Arene, Barbatia, Emar-
ginula, Haplocochlias, and Mitrella lived alongside colonial 
corals and coralline algae. The pounding surf broke and 
pulverized most of the larger macro-invertebrates, but many 
of the small to minute gastropods escaped destruction. All 
the shell material, as well as the muddy debris and clasts 
of basalt, were transported a short distance seaward where 
they were deposited in cracks between individual boulders 
of basalt. These boulders were adjacent to where mollusks 
like Turritella and Venericardia lived, and some of their 
shells also were washed into the cracks between the boul-
ders. The minute-shelled Lapsigyrus crescentensis and Li-
nearia (L.) louellasaulae, a tellinid, may have also lived 
among the Turritella and Venericardia because modern 
Lapsigyrus live in shallow water (approximately 20 m 
depth) in warm-water bays (Shasky, 1970; Keen, 1971), 
and modern tellinids are nearshore to offshore burrowers 
(Abbott & Dance, 1982). Continued extrusion of basalt 
covered this habitat before encrusting organisms could at-
tach to the cobbles and boulders, and further protected the 
deposit from erosion. 

The sedimentary rocks at CSUN loc. 1563 can be as-
signed to the "Capay Stage" (middle lower Eocene) on 
the basis of the presence of Turritella andersoni Dickerson, 
which is restricted to this stage elsewhere on the Pacific 
coast of North America (Squires & Demetrion, 1992). 

At the Rock Candy Mountain locality, a thin exposure 
of sedimentary rock is in a roadcut and in a small nearby 
quarry. The lithologies are the same as those at CSUN 
loc. 1563, except that there is less mudstone matrix, less 
coralline-algal remains, and more large bivalves. There 
are also fewer small to minute gastropods, and the only 
new species of gastropod present in the silty mudstones at 
CSUN loc. 1564 is Emarginula washingtoniana. 

The environment of deposition and age of the sedimen-
tary rocks at CSUN loc. 1564 are the same as for CSUN 
loc. 1563, on the basis of identical lithologies and similar 
fossil content. Globerman et al. (1982:1153) also reported 
a shallow-water depth (< 50 m) for the rocks at CSUN 
loc. 1564, on the basis of benthic foraminifera, and they 
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also reported an early Eocene age (K/Ar age of 53.1 ± 2 
m.y.) for the associated basalts. 

SYSTEMATIC P A L E O N T O L O G Y 

Class Gastropoda Cuvier, 1797 

Subclass Prosobranchia Milne-Edwards, 1848 

Order Vetigastropoda Salvini-Plawen, 1980 

Family FISSURELLIDAE Fleming, 1822 

Genus Emarginula Lamarck, 1801 

Type species: Emarginula conica Lamarck, 1801, by orig-
inal designation, Miocene through Recent, living in Fin-
land and coasts of Great Britain to the Adriatic Sea (Palm-
er, 1937). 

Emarginula washingtoniana 
Squires & Goedert, sp. nov. 

(Figures 2-5) 

Diagnosis: A tall Emarginula with apex not strongly curved 
posteriorly, moderately deep slit, and 16 primary radial 
ribs. 

Description: Shell small, high conical, up to 4 mm high, 
with height about two-thirds of length. Apex situated about 
one-third the distance from posterior end, curved poste-
riorly, with beaklike appearance. Anterior slope convex 
and steep; posterior slope concave. Anal slit situated at 
anterior margin, narrow and moderately deep, measuring 
0.5 mm deep (=11 percent of shell length). Area of slit 
band coincident with raised area extending nearly to apical 
area. Sculpture of about 16 primary radial ribs originating 
near apex. Interspaces between primary radial ribs with 
a single, moderately strong, secondary radial rib; rarely a 
single tertiary radial rib in interspace between a primary 
and a secondary radial rib. Radial sculpture crossed by 
intermittently prominent growth rugae, especially near 
margin of aperture and on posterior slope. Aperture ovate-
circular. 

Dimensions of holotype: Length 4.5 mm, width 3 mm, 
height 3 mm. 

Holotype: LACMIP 12279. 

Type locality: CSUN loc. 1563, Larch Mountain area, 
Black Hills, southwestern Washington, 47°59'03"N, 
123°8'12"W. 

Paratype: LACMIP 12280. 

Discussion: Five specimens of the new species were found. 
Except for the holotype, they are fragments. Four of the 
specimens are from CSUN loc. 1563, and one specimen 
is from CSUN loc. 1564. The holotype has been slightly 
crushed, and this crushing may have affected the area of 
the slit band, causing it to appear raised. The holotype 

also has an encrusting polychaete worm shell attached to 
it near the apex (Figures 2-4). 

The new species is similar to Emarginula mariae Coss-
mann (Cossmann & Pissarro, 1910—1913:pl. 2, fig. 9-4) 
from the upper Paleocene (Thanetian Stage) of the Paris 
Basin, France. Emarginula washingtoniana differs in the 
following features: shell taller, apex not as strongly curved 
posteriorly, and concentric ribbing not as well developed. 

In the position of its apex, E. washingtoniana is more 
similar to European Cretaceous species than to Caribbean 
Cretaceous species. The European species usually have an 
apex that is situated well forward of the posterior margin, 
whereas the Caribbean species have an apex that distinctly 
overhangs the posterior margin (Sohl, 1992). 

Cox & Keen (1960) reported the geologic range o{Emar-
ginula to be Jurassic to Recent. Haber (1932) listed 41 
species from Jurassic rocks, and all are restricted to Eu-
rope. The species occur mainly in shallow-water carbon-
ate-bank, or reef-associated assemblages (Sohl, 1992). Sohl 
(1992) listed 80 species from Cretaceous rocks, most re-
stricted to Europe. They are most common in environments 
similar to their Jurassic occurrence. Only three Cretaceous 
species have been described from the Western Hemisphere 
(Sohl, 1992). Two are from the Caribbean region, and the 
third is E. gabbi Stewart (1926:313, pi. 23, fig. 10 [= a 
replacement name for E. radiata Gabb, 1864:140, pi. 21, 
figs. 102, 102a]) from Cretaceous strata in northern Cal-
ifornia. The new species differs from E. gabbi Stewart in 
the following features: aperture ovate-circular rather than 
elongate, steeper sides, posterior slope more concave, and 
fewer ribs (16 rather than 20). 

The number of known early Tertiary species of Emar-
ginula is far less than that known for the Mesozoic. Coss-
mann & Pissarro (1910-1913) illustrated only two Paleo-
cene species and seven Eocene species of Emarginula from 
the Paris Basin, France. Similarly, Glibert (1962) listed 
two Paleocene, six Eocene, and one Oligocene species from 
rocks of Europe. 

Palmer & Brann (1966) listed only one named species 
and two unnamed species (based on internal molds) of 
Emarginula from middle to upper Eocene rocks of the 
southeastern United States. The new species differs from 
these Emarginula by being much smaller and with a higher 
shell. 

Since the Oligocene, Emarginula has been represented 
by a relatively low number of species. Today, the geo-
graphic range is mostly in warm waters in Europe, the 
Mediterranean, Georgia (U.S.A.) to Brazil, the Philip-
pines, New Zealand, Chile, Galapagos Islands, Colombia, 
and the Gulf of California (McLean, 1970; Abbott & 
Dance, 1982). 

Emarginula washingtoniana is the first Cenozoic species 
of this genus to be reported from the Pacific coast of North 
America. Other than the Cretaceous species E. gabbi Stew-
art, the genus was unknown in this area until the descrip-
tion of a Recent species from the Gulf of California (Shas-
ky, 1961). Only three other species of Recent Emarginula 
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are known from the eastern Pacific: two from Chile and 
one from the Galapagos Islands and Colombia (McLean, 
1970). 

Etymology: The species is named for the state of Wash-
ington. 

Occurrence: "Capay Stage" (middle lower Eocene). Cres-
cent Formation, Larch Mountain and Rock Candy Moun-
tain, Washington (CSUN Iocs. 1563, 1564). 

Family TROCHIDAE Rafinesque, 1815 

Genus Calliovarica Vokes, 1939 

Type species: Calliovarica eocensis Vokes, 1939, by orig-
inal designation, early Eocene, central California. 

Calliovarica pacijica Squires & Goedert, sp. nov. 

(Figures 6-8) 

Diagnosis: Moderately low-spired Calliovarica having teeth 
on inner lip, denticles on outer lip, and narrow umbilicus. 

Description: Shell moderately small, up to 12.5 mm in 
height, turbiniform, thick, with four to five convex whorls 
showing moderate rate of expansion. Spire moderately 
high, body whorl large, whorls subtabulate anterior to 
moderately impressed suture. Basal edge of body whorl 
angulate. Penultimate whorl with five to six prominent 
spiral ribs. Body whorl with approximately 14 spiral ribs; 
three to four at periphery strongest, eight ribs on base of 
body whorl approximately equal to two ribs nearest suture. 
All spiral ribs crossed by prosocline axial ornament pro-
ducing reticulate (beaded to scaly) pattern. Outer shell 
layer generally missing; inner layer nacreous and showing 
spiral ribs but lacking axial ornament. Aperture slightly 
oblique, circular, outer lip reflected and strongly thickened 
with multiple (about 10) irregular denticles. Inner lip 
calloused with a prominent tooth and two smaller teeth 
anteriorly. Heavy rim of parietal callus continuous with 
inner and outer lips. Narrow umbilicus, nearly filled by 
columellar callosity. 

Dimensions of holotype: Height 13.5 mm, width 12.5 
mm. 

Holotype: LACMIP 12281. 

Type locality: CSUN loc. 1563, Larch Mountain, Wash-
ington, 47°59'03"N, 123°8'12"W. 

Paratype: LACMIP 12282, CSUN loc. 1563. 

Discussion: Eleven specimens were found, and all are from 
CSUN loc. 1563. Most of the shells are chalky due to 
weathering and/or diagensis, and fall apart when collected. 
The holotype of the new species is a resting-stage individ-
ual on the basis of the well-developed apertural charac-
teristics and the presence of the thickened outer lip (J. H. 
McLean, personal communication). 

Previously, the genus Calliovarica was monotypic, rep-

resented by C. eocensis Vokes (1939:183, pi. 22, figs. 20, 
23, 25, 28) known only from U C M P loc. 1817 in Urruttia 
Canyon, central California. Squires (1988) reported that 
this locality is in the "Capay Stage" Cerros Shale Member 
of the Lodo Formation. The new species differs from C. 
eocensis in the following features: shorter spire, presence 
of teeth on inner lip and denticles on outer lip, and nar-
rowly umbilicate. The new species extends the geographic 
range of Calliovarica into Washington. 

Hickman & McLean (1990) included Calliovarica with-
in the chilodontine trochids, whose shell morphology is 
distinguished by apertural thickening and denticulation, a 
circular aperture produced by this apertural thickening, 
and reticulate or cancellate shell sculpture. 

Etymology: The species is named for the Pacific Ocean. 

Occurrence: "Capay Stage" (middle lower Eocene). Cres-
cent Formation, Larch Mountain, Washington (CSUN 
loc. 1563). 

Family SKENEIDAE Clark, 1851 

Genus Haplocochlias Carpenter, 1864 

Type species: Haplocochlias cyclophoreus Carpenter, 1864, 
by original designation, Recent, western Mexico. 

Haplocochlias montis Squires & Goedert, sp. nov. 

(Figures 9-11) 

Diagnosis: A Haplocochlias with fine spiral ribbing, nearly 
closed umbilicus, and denticles on outer and inner lips. 

Description: Shell minute, up to 2.5 mm in height, tur-
biniform, with three to four convex whorls, increasing 
rapidly in size. Spire low, body whorl globose with medial 
angulation. Suture distinct and impressed. Whorls with 
many closely spaced, fine spiral ribs, coarsening toward 
base of body whorl. Aperture ovate, nearly continuous, 
oblique. Outer lip slightly reflected, prosocline, many small 
denticles, especially on anterior end. Inner lip flattened 
anteriorly, with a low ridge near inner margin and par-
alleling it; ridge terminating posteriorly with a protuber-
ance. Umbilicus nearly closed, slitlike. 

Dimensions of holotype: Height 2.5 mm, width 2.5 mm. 

Holotype: LACMIP 12283. 

Type locality: CSUN loc. 1563, Larch Mountain, Wash-
ington, 47°59'03"N, 123°8'12"W. 

Paratype: LACMIP 12284. 

Discussion: Six specimens were found, and all are from 
CSUN loc. 1563. The holotype is the largest specimen. 
Most of the others are fragments. 

The new species resembles H. cyclophoreus Carpenter 
(1864; Keen, 1971:fig. 119; Hickman & McLean, 1990: 
fig. 95B), the type species of the genus, but differs in the 
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