4

.

Squiu L Saul LR,

J. Paleont., 75(1), 2001, pp. 46-65
Copyright © 2001, The Paleontological Society
0022-3360/01/0075-46$03.00

20|

1y pr catlaotio-

Natural History Mussum
01 Los Angeles County
Invertebrate Paleontology

NEW LATE CRETACEOUS GASTROPODS FROM THE PACIFIC SLOPE OF
NORTH AMERICA

RICHARD L. SQUIRES anp LOUELLA R. SAUL

Department of Geological Sciences, California State University, Northridge 91330-8266, <richard.squires@CSUN.edu>>, and Invertebrate
Paleontology Section, Natural History Museum of Los Angeles County, 900 Exposition Boulevard, Los Angeles, California 90007,
<lousaul @earthlink.net>

ABSTRACT—Two new genera and ten new species of shallow-marine, warm-water gastropods are reported from several Upper Creta-
ceous formations found between British Columbia and southern California. The buccinid Zaglenum new genus is represented by two
new species and the turbinellid Fimbrivasum new genus is represented by three new species. The nododelphinulid Trochacanthus
pacificus new species is the first record of this genus in the Western Hemisphere, and the procerthiid Nudivagus? califus new species
could be the first record of this genus on the Pacific slope of North America. The xenophorid Xenophora (Endoptygma) hermax new
species is only the second known Cretaceous species of this genus on the Pacific slope of North America, and this species establishes
that Endoptygma Gabb, 1877, is a valid taxon. The neritid Otostoma sharonae new species is only the fourth known Cretaceous species
of this genus on the Pacific slope of North America. The ringiculid Ringicula? (Ringiculopsis?) hesperiae new species is the first
Campanian record of this genus on the Pacific slope of North America and the first recognition of this subgenus in this area.

INTRODUCTION

HIS PAPER concerns new taxa of shallow-marine gastropods
found in Upper Cretaceous rocks in northern Baja Califor-
nia, Mexico; southern and northern California; Sucia Island,
Washington; and Vancouver Island and the associated Guif Is-
lands, British Columbia (Fig. 1). Many of the taxa are found in
the Point Loma Formation just southeast of Carlsbad, northern
San Diego County, southern California. Mollusks from these beds
are arguably the best preserved fossils of Late Cretaceous age
found on the Pacific slope of North America. Most of the Carls-
bad area specimens used in this report were collected in “salvage
operations” during grading activities associated with development
projects.

The classification system used here generally follows that of
Ponder and Warén (1988), Ponder and Lindberg (1997), and Mik-
kelsen (1996). Abbreviations used for catalog and locality num-
bers are: CIT, California Institute of Technology (collections now
stored at LACMIP); GSC, Geological Survey of Canada, Ottawa;
IGM, Instituto de Geologia, Universidad Nacional Auténoma de
México, Mexico City; LACMIP, Natural History Museum of Los
Angeles County, Invertebrate Paleontology Section, Los Angeles;
NRM, Swedish Museum of Natural History, Stockholm; SDSNH,
San Diego Society of Natural History, San Diego; SDSU, San
Diego State University, San Diego; UCLA, University of Cali-
fornia, Los Angeles (collections now stored at LACMIP); UCMP,
University of California, Museum of Paleontology, Berkeley.

STRATIGRAPHY

The following stratigraphic units are listed from oldest to youn-
gest in geologic age.

Haslam Formation—The Haslam Formation was named by
Clapp (1912) for outcrops on southeastern Vancouver Island, Brit-
ish Columbia. Muller and Jeletzky (1970) reviewed the stratig-
raphy and depositional environment of this formation and report-
ed it to consist of megafossil-rich nearshore marine shale, silt-
stone, and minor sandstone. Using ammonites, they reported the
age of the formation to range from late Santonian to early Cam-
panian. On the basis of further ammonite studies, which resulted
in the placement of the lower Sphenoceramus schmidti Zone with-
in the Santonian Stage, Haggart (1989) reported the age of the
Haslam Formation to be Santonian. Magnetostratigraphic work
could place the stage boundary more precisely because the base
of the Campanian Stage is known to be associated with a polarity

reversal (Fig. 2). The portion of the Haslam Formation that is
normal in polarity is of Santonian age.

Holz Shale of the Ladd Formation—Popenoe (1942) desig-
nated the Holz Shale as the upper member of the Ladd Formation
of the Santa Ana Mountains, Orange County, southern California.
The fossils included in this present report are from the upper part
of the Holz Shale. Saul (1982) reported that localities yielding
megafossils in the upper part of the Holz Shale are predominantly
thin sandstone beds deposited in a relatively deep-shelfal envi-
ronment and of early Campanian age.

Pentz Road Member of Chico Formation—The informal Pentz
Road member of the Chico Formation was named by Russell et
al. (1986) for outcrops in the vicinity of the hamlet of Pentz, Butte
County, northern California. Squires and Saul (1997) reviewed
the stratigraphy of the Pentz Road member and reported it to
consist of deposits of early Campanian age and that most of these
are of shallow-marine origin.

Cedar District Formation—The Cedar District Formation was
named by Clapp and Cooke (1917) for outcrops on southeastern
Vancouver Island and on some neighboring much smaller islands
near Vancouver, British Columbia. The exposures on two of these
smaller islands that concern this present report are on Sucia Is-
land, Washington, and Texada Island, British Columbia (Fig. 1).
Muller and Jeletzky (1970) reviewed the stratigraphy and depo-
sitional environment of this formation and reported it to consist
of megafossil-poor turbidites consisting of marine muds subject
to the influx of material from the nearshore area. Jeletzky (in
Muller and Jeletzky, 1970) reported the age of the Cedar District
Formation to range from the Hoplitoplacenticeras vancouverense
Zone on Sucia Island (uppermost fossiliferous beds) to the Me-
taplacenticeras cf. M. pacificium Zone in the upper part of the
formation on both Denman Island and north of Trent River on
Vancouver Island. Texada Island is east of Denman Island and
north of Trent River, and Jeletzky identified Baculites occidentalis
Meek, 1862, from there in outcrops assigned to the Cedar District
Formation. Baculites occidentalis has a long range (Fig. 2) but
occurs commonly in the Metaplacenticeras cf. M. pacificum Zone,
and the Cedar District Formation on Texada Island might be
somewhat younger than that on Sucia Island. Elder and Saul
(1996, fig. 1) considered this ammonite zone to be of middle
middle through late middle Campanian age.

Pleasants Sandstone Member of the Williams Forma-
tion—Both the Williams Formation and the Pleasants Sandstone
Member were named by Popenoe (1942) for outcrops along the
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FIGURE /—Index map showing geographic areas mentioned in the text.
1 = Texada Island; 2 = Vancouver Island; 3 = Sucia Island; 4 =
Pentz; 5 = Anticline Ridge, north of Coalinga; 6 = Simi Hills; 7 =
Santa Ana Mountains; 8 = Carlsbad; 9 = San Antonio del Mar; 10 =
Arroyo Santa Catarina.

west side of the Santa Ana Mountains, Orange County, southern
California. Saul (1982) reported that the Pleasants Sandstone
Member is of Late Campanian age and that the mollusks con-
tained therein lived in a shallow-shelf to moderate-depth-shelf
environment.

Point Loma Formation—The Point Loma Formation was
named by Kennedy and Moore (1971, p. 711-713), who referred
the Rosario Formation in San Diego County to group status, sub-
divided it into a middle unit (Point L.oma Formation) and an upper
unit (Cabrillo Formation), and added the nonmarine Lusardi For-
mation as the basal unit of the group. The Point Loma Formation
crops out in San Diego County, southern California along the west
side of Point Loma, as well as at La Jolla and in the city of

Carlsbad. The Point Loma Formation is underlain by the Lusardi
Formation and, in the area of the Carlsbad airport, is overlain by
Eocene strata. The Carlsbad area in northern San Diego County
concerns this present report. In this area, the Point Loma For-
mation has yielded several ammonites including the zonal indi-
cators Baculites lomaensis Anderson, 1958; Pachydiscus (Neo-
desmoceras) catarinae (Anderson and Hanna, 1935); and Didy-
moceras hornbyense (Whiteaves, 1896) (Fig. 2). Of these, the
pachydiscid is rarest. A specimen of Baculites lomaensis was ex-
tracted from within the aperture of a specimen of Xenophora (En-
doptygma) hermax n. sp. from SDSNH locality 3402. A magnetic
reversal, 32R, has been correlated (Elder and Saul, 1996, fig. 1)
with the zone of Didymoceras hornbyense. On Point Loma this
reversal encompasses 30 to 50 m of section (Bannon et al., 1989),
and most of the Carlsbad collections might be from within the D.
hornbyense Zone and thus of middle late Campanian age. This
age is in agreement with that of other recent workers who have
studied mollusks from this formation (Loch, 1989; Groves, 1990),
and of Coombs and Deméré (1996) who used coccolith correla-
tions of D. Bukry to date a dinosaur. However, as the ranges of
both P. (N.) catarinae and B. lomaensis are considered to include
the Campanian—Maastrichtian boundary, and both are identified
from the Point Loma Formation in Carlsbad, the possibility re-
mains that some strata near Carlsbad are of early Maastrichtian
age.

The section of the Point Loma Formation in Carlsbad consists
mostly of mudstone interbedded with sandstone. Paleobathymetric
interpretations based upon foraminifers indicate inner shelf (less
than 140 m deep) deposition for most of the Point Loma beds in
the Carlsbad region. Locally, there are diverse, shallow-marine
molluscan fossils (Bartling and Abbott, 1984; Loch, 1989). Most
of these fossils are scattered through the mudstones, which are of
shallow-marine origin but deposited below storm-wave base.
Sundberg and Riney (1984) reported that megafossils have also
been found in conglomerates and conglomeratic sandstones of the
underlying Lusardi Formation, but these gravelly deposits repre-
sent the basal part of the Point Loma Formation (Kennedy et al.,
in press).

Along Palmer Way near the Madonna Hill Guest Home area in
Carlsbad, recent grading uncovered new exposures of the Point
Loma Formation (Kennedy et al., in press) that yielded several
of the new taxa. They are in the coarse-grained matrix material
of a basal conglomerate containing well-rounded metavolcanic
pebbles and boulders derived from the nearby Santiago Peak Vol-
canics of Jurassic age. In addition, there are some granitic clasts,
apparently derived from local exposures of the Green Valley Ton-
alite. The specimens of the new species of Xenophora utilized the
metavolcanic pebbles as camouflage on their shells. The presence
of such coarse-grained sedimentary material, along with shore-
line-dwelling gastropods, including the new species of Otostoma,
oyster valves, rudistids, and rarer pieces of driftwood, algal-en-
crusted pebbles, and echinoid spines indicate that this particular
conglomerate was deposited at or near the shoreline. Some of
these same invertebrates, especially the oysters, are also found in
poorly sorted sandstone immediately overlying the conglomerate.

At SDSNH locality 3392, where specimens of the new species
of Ringicula? (Ringiculopsis?) were collected, the various inver-
tebrate fossils were found in association with a partial dinosaur
skeleton of the nodosaurid ankylosaur Nodosaurus. Some oysters
and also the bivalve Spondylus were found attached to the dino-
saur bones (Coombs and Deméré, 1996).

Rosario Formation—Upper Cretaceous marine deposits in
Baja California are assigned to the Rosario Formation (Beal,
1948). The Rosario Formation in northwest Baja California, in-
cluding the San Antonio del Mar section and Arroyo Santa Ca-
tarina, about 100 km and 300 km south of Ensenada, respectively,
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FIGURE 2—Chronostratigraphic positions of the new Cretaceous gastropods from the Pacific slope of North America. Geologic ages, polarity, and
ammonite zones after Elder and Saul (1996, fig. 1); Coniacian/Santonian boundary modified to agree with Palmer and Geissman (1999). Zonal
indicators referred to in text are 1) the inoceramid Sphenoceramus schmidti; and seven ammonites 2) Submortoniceras chicoense, 3) Hoplitopla-
cienticeras vancouverense, 4) Baculites occidentalis, 5) Metaplacenticeras cf. M. pacificum, 6) Baculites lomaensis, 7) Didymoceras hornbyense,

8) Pachydiscus (Neodesmoceras) catarinae.

is stratigraphically equivalent to the Point Loma and Cabrillo for-
mations of the San Diego area (Yeo, 1984). In their reviews of
the stratigraphy of the Rosario Formation in Baja California, Yeo
(1984) and Cunningham and Abbott (1986) reported it to be of
late Campanian to early Maastrichtian age, and that the deposits
grade from shallow-marine facies to deep-basin turbidite facies.
Webster (1983) tentatively assigned the age of the Rosario For-
mation in the Arroyo Santa Catarina area to be late Campanian
to early Maastrichtian age.

Chatsworth Formation—The Chatsworth Formation was
named by Colburn et al. (1981) for exposures in the Simi Hills,
Simi Valley, Los Angeles and Ventura counties, California. The
formation consists of slope and deep-sea fan deposits, and the age
of the formation is late middle Campanian to early Maastrichtian.
Outcrops of the formation in the Lang Ranch area at the west end
of the Simi Hills are relevant to this present paper. There, the
formation is of early Maastrichtian age, based on the presence of
the zonal ammonites Baculites lomaensis Anderson, 1958, and
Pachydiscus (Neodesmoceras) catarinae (Anderson and Hanna,
1935).

Panoche Formation—The Panoche Formation was named by
Anderson and Pack (1915) for exposures in the Panoche Hills,
Fresno County, California. The formation accumulated as deep-
sea turbidites in a forearc basin and has an enormous thickness
(up to 6,100 m) and variable lithology (Dibblee, 1981). In the
Panoche Hills, the formation was divided into several formations
by Payne (1962), in order to accommodate the lithologic vari-
ability. Dibblee (1981), who mapped the Panoche Formation in
the Diablo Range north of the Panoche Hills, reported that few,
if any, of Payne’s units are recognizable in exposures outside of
the Panoche Hills. Dibblee retained the name Panoche Formation
as did Anderson (1972), who mapped the Panoche Formation near
Coalinga, Fresno County, south of the Panoche Hills. Anderson
designated informal members, and it is his “Ragged Valley Shale
member” in the upper part of the Panoche Formation that is rel-
evant to this present report. This member is approximately 366
m thick, consists of silty dark mudstone intercalated with numer-
ous thin lenses of sandstone, and Trumbly (1983) suggested that
the depositional environment of the member was the outer fan or
the basin-plain of a submarine fan. Ammonite assemblages from
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the “Ragged Valley Shale member” were dated by Matsumoto
(1960) as late Campanian or early Maastrichtian, and Baculites
lomaensis is abundant.

SYSTEMATIC PALEONTOLOGY

Class GAsTROPODA Cuvier, 1797
“Order” NERITOMORPHA Golikov and Starobogatov, 1975
Family NERITIDAE Rafinesque, 1815
Genus OTosTOMA d’Archiac, 1859

Type species—Nerita rugosa Hoeninghaus, 1830, by indica-
tion (Douvillé, 1904); Late Cretaceous (Maastrichtian), Nether-
lands. The type species designation for Otostoma has a compli-
cated nomenclatural history, which was discussed fully by Squires
and Saul (1993).

OTOSTOMA SHARONAE NEWw species
Figure 3.1-3.5

Diagnosis—Medium-small shell, flat spire, smooth shell, seven
moderately strong squarish teeth on inner lip, and internally den-
tate outer lip.

Description—Shell medium small (up to 19 mm in height),
subquadrate to globose, broader than high, moderately thick
shelled, consisting of about two whorls; spire flat; body whorl
smooth and rapidly expanding with rounded shoulder; aperture
moderately large; deck wide, smooth and callused, with callus
thickest on more mature specimens; inner lip with seven moder-
ately strong squarish teeth; teeth equidistant, except for more
closely spaced anteriormost one; teeth approximately same
strength, except for anteriormost small one; outer lip thick and
broad, and internally with about six roundish teeeth.

Etymology—The new species is named for Sharon A. Rhodes,
of Encinitas, California, who first discovered specimens of Otos-
toma at the type locality.

Types—Holotype LACMIP 12810. Paratypes LACMIP 12811.
CAS 68403 and 68404; IGM 4123 and 4124; NRM Mo 160493
and Mo 160494; UCMP 39940 and 39941. All types are of late
Campanian age to possibly early Maastrichtian age and from the
basal Point Loma Formation, Carlsbad, San Diego County, Cali-
fornia, SDSU loc. 3871.

Measurements —LACMIP 12810, height 15 mm, width 19
mm. LACMIP 12811, height 19 mm, width 23.5 mm; the other
types are within these height and width ranges.

Other material examined —Thirty-two specimens: one from
SDSNH loc. 3162, three from SDSNH loc. 3672, one from
SDSNH loc. 3869; 23 (in 2 lots?) 20 from SDSU loc. 3871, three
from SDSU loc. 3871, and one each from SDSU locs. 346, 3870,
3877, and 3879.

Occurrence—Upper Campanian to possibly lower Maastrich-
tian, Point Loma Formation, Carlsbad, San Diego County, Cali-
fornia; and Rosario Formation, San Antonio del Mar, Baja Cali-
fornia, Mexico.

Discussion—A total of 42 specimens were found. Nearly all
are well preserved although their apertures are usually plugged
with hard matrix.

Otostoma is a Tethyan genus and most species are from the
Old World. The geologic range of this genus is Early Cretaceous
(Albian) to middie Eocene, with the youngest occurrences being
from southern California (Squires, 1995; Saul and Squires, 1997).

Three other Cretaceous species of Otostoma have been de-
scribed from the Pacific slope of California. Otostoma? atopos
Saul and Squires (1997, p. 138-139, figs. 19-21) is found in
reworked clasts of late Albian to early Cenomanian age in the
Turonian Venado Formation, Colusa County, California. Otosto-
ma lucanus Saul and Squires (1997, p. 138, figs. 15-18) is from
the Turonian Baker Canyon Member of the Ladd Formation,
Orange County, California. Otostoma aethes Squires and Saul

(1993, p. 261-263, figs. 2—4) is from uppermost Cretaceous or
possibly lowermost Paleocene strata on the south side of Lake
Nacimiento, San Luis Obispo County, California.

The new species is most similar to 0.7 atopos in terms of the
smooth shell, size, and thickened outer lip. The new species dif-
fers from O.? atopos by having a flat spire, teeth on the outer lip,
and seven rather than six teeth on the inner lip. The new species
differs from both O. aethes and O. lucanus by being smaller in
size and having no sculpture on the shell.

The new species also resembles Nerita (Odontostoma) bruni
Roman and Mazeran (1920, p. 38-39, pl. 4, fig. 20, 20a) from
Turonian strata in southeastern France. The new species differs
from N. (O.) bruni by having a flat spire, equal-sized teeth on the
inner lip, and teeth on the outer lip.

“Order” VETIGASTROPODA Salvini-Plawén, 1980
Family NODODELPHINULIDAE Cox, 1960
Genus TROCHACANTHUS Dacqué, 1936

Type species—Trochus tuberculatocinctus Miinster in Gold-
fuss, 1844, by subsequent designation (Wenz, 1938); Late Cre-
taceous, Europe (Poland and Germany).

Discussion—Trochacanthus was proposed by Dacqué (1936)
for three species of German Late Cretaceous turbiniform gastro-
pods that had, in the past, been assigned to Turbo, Trochus, or
Delphinula. All are phaneromphalus and have an orbicular aper-
ture and two strong, nodose cords exposed on later spire whorls.
The last whorl develops a deviant coiling that brings the aperture
in under the penultimate whorl. Shell structure for the family No-
dodelphinulidae has been unknown (Cox, 1960), but the inner
shell layer of one Carlsbad specimen (SDSNH 67156) appears to
have been nacerous.

TROCHACANTHUS PACIFICUS new species
Figure 3.6-3.11

Diagnosis—Cancellate spire, single keel on body whorl pe-
riphery, diameter of body whorl increased disproportionately to
that of earlier whorls, and umbilicus bearing thin radiating ribs
separated by wide sunken areas.

Description—Shell turbinate, of five and one-half whorls, spire
narrow adapically, body whorl wide, deviantly coiled at angle of
16 to 18 degrees relative to spire whorls; earlier spire whorls with
two strong and noded carinae; medially situated (posterior) carina
becoming obsolete on body whorl; anterior carina (adapical to
impressed suture on spire whorls) becoming prominent keel on
body whorl; spire whorls with numerous collabral ribs, noded
across carinae; nodes obsolete on body whorl; spire whorls with
row of protruding nodes abapical to suture; on body whorl nodes
grade into curved lamellae separated by deep pits, with lamellae
becoming wider toward outer lip. Two to three rather weak spiral
ribs in concave area between two carinae on spire whorls; three,
weakly noded spiral ribs in ramp area; spiral ribbing persists, but
weaker and without nodes, onto body whorl region posterior to
prominent keel; body whorl anterior to keel smooth, entire body
whorl crossed by prosocline growth lines, forming a minute can-
cellate pattern posterior to keel; umbilicus deep, rimmed by a low
spiral rib; interior of umbilicus with numerous radiating bladelike
ribs (=reflections of outer lip) separated by deep slots, narrowing
toward axis; aperture circular; inner lip smooth, callused; outer
lip smooth, somewhat projecting.

Etymology—The new species is named for the Pacific coast of
North America.

Types—Holotype SDSNH 67155, SDSNH loc. 4071. Para-
types LACMIP 12812, SDSU loc. 3872; LACMIP 11281, SDSU
loc. 3879. All types are of late Campanian age to possibly early
Maastrichtian age and from the Point Loma Formation, Carlsbad,
San Diego County, California.
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Measurements —SDSNH 671585, total height 47.5 mm, height
of spire 26 mm, maximum diameter 49.1 mm. LACMIP 11281,
height of upper spire 15 mm, diameter of upper spire 30 mm (this
specimen has an external mold consisting of two pieces: the upper
spire and the rest of the teleoconch). LACMIP 12812, height 35.5
mm, width 37 mm (partial specimen).

Other material examined—One specimen (spire only) from
SDSU loc. 3870.

Occurrence—Upper Campanian to possiby lower Maastrich-
tian, Point Loma Formation, Carlsbad, San Diego County, Cali-
fornia.

Discussion—The new species is the first record of genus Tro-
chacanthus in the Western Hemisphere. The only other occur-
rence of this genus is from Santonian to Maastrichtian rocks of
western Germany and lower Campanian to upper Maastrichtian
rocks of central Poland (Abdel-Gawad, 1986).

Cox (1960) characterized Trochacanthus as having the body
whorl flattened peripherally between two spiral angulations, but
this flattening in T. pacificus seems to be related to the size of
the specimen. The juvenile stage has a flattened periphery, where-
as the adult stage has a single keel. Dacqué (1936) indicated that
Trochacanthus has an overall ornament of fine spiral threads, but
spiral riblets and threads are weak to obsolete anterior to the ca-
rina on the body whorl of T. pacificus. Additionally, Trochacan-
thus pacificus differs from the type species, T. tuberculatocinctus
in having stronger sculpture on the spire, a more deviantly coiled
body whorl, and a concave ramp on most whorls of the spire.

Superorder CAENOGASTROPODA Cox, 1959
Order NEOTAENIOGLOSSA Haller, 1882
Superfamily CERITHOIDEA Férussac, 1819
Family PROCERITHIIDAE Cossmann, 1905
Genus NUDIVAGUS Wade, 1917

Type species—Nudivagus simplicus Wade, 1917, by original
designation; Late Cretaceous (Maastrichtian), southeastern United
States.

NUDIVAGUS? CALIFUS new species
Figure 3.12-3.15

Diagnosis—Fusiform-smooth, with flat-sided spire whorls and
slightly rounded body whorl, moderately long anterior canal, and
opisthocyrt growth lines.

Description—Shell medium, fusiform, flat-sided spire whorls,
spire high, apical angle approximately 26 degrees; suture im-
pressed; very closely spaced minute spiral threads on whorls;
body whorl slightly rounded; inner lip smooth with moderately
light callus; interior of outer lip with two denticulations; growth
lines opisthocyrt.

Etymology—The new species is named for the state of Cali-
fornia.

Types—Holotype LACMIP 12813, SDSU loc. 3875. Paratype
LACMIP 12814, SDSU loc. 3870. Both types are of late Cam-
panian age to possibly early Maastrichtian age and from the Point
Loma Formation, Carlsbad, San Diego County, California.

Measurements —LACMIP 12813, height 38 mm (incomplete),
width 20.8 mm. LACMIP 12814, height 21 mm (incomplete),
width 13.2 mm.

Occurrence—Upper Campanian to possibly lower Maastrich-
tian, Point Loma Formation, Carlsbad, San Diego County, Cali-
fornia.

Discussion—The two specimens are difficult to assign to a
genus because neither one has its outer lip intact. However, im-
pressions on the internal mold of the holotype show at least two
denticulations at intervals on the inside of the outer lip. Externally
these places of denticulation formation are marked by, at most, a
thickened shell producing a slight swelling. The Carlsbad speci-
mens are very similar to specimens belonging to genus Nudivagus
Wade, 1917, which is known from only two species: Nudivagus
morrisi Abbass (1973, p. 122-123, pl. 2, figs. 11, 12) from mid-
Cretaceous (Aptian), Ferruginous Sands, Isle of Wight, England
(Abbass, 1973) and Nudivagus simplicus Wade (1917, p. 287, pl.
19, figs. 4, 5; Elder, 1990, p. 295, fig. 2) from the Upper Creta-
ceous Maastrichtian, Ripley Formation of the southeastern United
States (Wade, 1917, 1926; Sohl, 1960). The new species differs
from N. morrisi by having more rounded whorls and differs from
N. simplicus by having much stronger spiral threads, and no tab-
ulate shoulder. According to Sohl (1960), N. simplicus has slightly
prosocline growth lines, but an examination of a specimen of this
species (Fig. 3.16) revealed that it has opisthocyrt growth lines.

The new species also resembles Cerithium (Fibula?) detectum
Stoliczka (1868, p. 192-193, pl. 15, fig. 1) from the Arrialoor
Group of southern India. These strata are of Campanian to middle
Maastrichtian age (Acharyya and Lahiri, 1991). Stoliczka’s spe-
cies was originally included in Nudivagus by Wade, but Abbass
(1973) commented that further investigation is required before
that assignment can be made with certainty. The new species dif-
fers from Stoliczka’s species by having fine spiral ribbing and an
absence of slight varices preceded by a deep furrow.

INudivagus cooperensis Stephenson (1941, p. 294-295, pl. 54,
figs. 11, 12; Elder, 1990, p. 296, figs. 1, 3, 6-9; Akers and Akers,
1997, p. 117, figs. 103-104), from Upper Cretaceous (lower
Maastrichtian) rocks in the Navarro Group of Texas, was reas-
signed to the aporrhaid genus Tibiaporrhais Elder, 1990, based
on specimens that were better preserved than the ones Stephenson
had available for study. The outer lip of these new specimens
revealed two, moderately long, spinelike processes on the slightly
expanded outer lip which conclusively prove that Stephenson’s
species is an aporrhaid (Elder, 1990). Moderately preserved spec-
imens (i.e., those lacking the outer lip) of Tibiaporrhais cooper-
ensis (Stephenson) closely resemble the new species, which dif-
fers by having opisthocyrt rather than essentially prosocline
growth lines, flatter spire whorls, and more pervasive spiral rib-
bing.

The new species is also similar to Tibiaporrhais japonica (Na-
gao, 1932, p. 44-45, pl. 7, figs. 1-3, 5, 6; Hayami and Kase,
1977, p. 59, pl. 7, fig. 4) from Campanian strata of Sakhalin
Island, Far Eastern Russia. As in the case of T. cooperensis, a

—

FIGURE 3—New Cretaceous gastropods from the Pacific slope of North America and one Gulf Coast species. Specimens coated with ammonium
chloride. -5, Otostoma sharonae n. sp., SDSU loc. 3871; 1, paratype LACMIP 12811, apertural view, height 19.2 mm, X2.1; 2-5, holotype
LACMIP 12810, height 15 mm, X3.1; 2, apertural view; 3, abapertual view; 4, oblique abapertural view; 5, apical view. 6—11, Trochacanthus
pacificus n. sp.; 6-9, holotype SDSNH 67155, SDSNH loc. 4071, height 47.5 mm, X1.2; 6, apertural view; 7, abapertural view; 8, apical view;
9, umbilical view; 10, paratype LACMIP 11281, SDSU loc. 3879, lateral view of rubber peel of external mold of upper spire, height 15 mm, X2;
11, paratype LACMIP 12812, SDSU loc. 3872, apertural view, height 35.5 mm, X1.4;. 12-15, Nudivagus? califus n. sp.; 12, apertural view,
paratype LACMIP 12814, SDSU loc. 3870, height 21 mm, X2.5; 13-15, holotype LACMIP 12813, SDSU loc. 3875, height 38 mm, X1.3; 13,
apertural view; /4, left-lateral view, 15, abapertural view. 16, Nudivagus simplicus Wade, 1917, hypotype LACMIP 12815, LACMIP loc. 8063,

right-lateral view, height 44.7 mm, X1.7.
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few exceptional specimens of T. japonica show an outer lip pos-
sessing two processes, and Elder (1990) interpreted them to be
digitations like those found on other aporrhaids. The new species
differs from T. japonica by having opisthocyrt rather than mostly
prosocline growth lines and by having weaker spiral ribbing.

Elder (1990, p. 296-297, fig. 4) also reported a single specimen
of moderately preserved Tibiaporrhais sp. from Campanian strata
in the Forbes Formation in the Rumsey Hills, Yolo County, north-
ern California. Nudivagus? califus n. sp. closely resembles this
specimen but differs by having more pervasive spiral ribbing,
flatter spire whorls, and a less impressed suture.

In spite of the very close resemblance of Nudivagus and Ti-
biaporrhais, Elder (1990) rightfully did not reassign Nudivagus
to the Aporrhaidae because evidence for an expanded aperture
and apertural digitations is lacking in the type species of Nudi-
vagus. It should also be noted that Nudivagus commonly has op-
isthocyrt growth lines, whereas Tibiaporrhais has predominantly
prosocline growth lines. Future work might possibly reveal that
the two genera are synonymous, but for now, Nudivagus appears
to be a valid taxon. Until better preserved specimens of the new
species are found, it seems best to tentatively assign the Carlsbad
species to genus Nudivagus.

Nudivagus? califus represents the first record (albeit tentative)
of this genus on the Pacific slope of North America.

Superfamily XENOPHOROIDEA Troschel, 1852
Family XENOPHORIDAE Philippi, 1853
Genus XENOPHORA Fischer von Waldheim, 1807

Type species—Xenophora laevigata Fischer von Waldheim,
1807, by subsequent designation (Harris, 1897) (=Trochus con-
chyliophorus Born, 1780); Recent, North Carolina, United States
and south to Brazil (Clench and Aguayo, 1943). The type species
designation of Xenophora has a complicated nomenclatural his-
tory, and a listing of the relevant publications is given by Ponder
(1983).

Subgenus ENDOPTYGMA Gabb, 1877

Type species—Phorus umbilicatus Toumey, 1854, by mono-
typy; Late Cretaceous (Senonian), Alabama.

Discussion—Gabb (1877) provided the name Endoptygma for
Xenophora spp. possessing a strong revolving rib in the inner
surface of the base of the shell. A number of species, in addition
to X. umbilicata, X. plicata (Zekeli, 1852), and X. leprosa (Mor-
ton, 1834), exhibit this inner rib, but no modern Xenophora do
so. The feature has been considered to be a gerontic characteristic
and of no systematic importance (Stephenson, 1941; Sohl, 1960;
Kollmann, 1980; Ponder, 1983). The specimens of X. hermax, n.
sp., however, do not support this conclusion because they show
that the rib is not restricted to a late stage of individual devel-
opment.

XENOPHORA (ENDOPTYGMA) HERMAX new species
Figure 4.1-4.10

Diagnosis—Medium-large shell, high spire, angulate whorl
profile, greatly depressed base with internal spiral ridge, keeled
inner lip, and entire shell covered with closely spaced, small to
very large pebbles.

Description—Shell medium large (up to 95 mm in diameter),
trochiform, about five whorls, whorl profile shouldered with blunt
periphery; spire high, apical angle about 71 degrees; whorls an-
gulate with a lowly sloping ramp, whorls apparently straight-sided
(flat) anterior to ramp; suture distinct and impressed; entire teleo-
conch covered by closely spaced pebbles, attachment scars deeply
embedded on anterior half of each whorl; shell surface (sans peb-
bles) smooth?; body whorl wide; base broad, greatly depressed,

area near anterior end of inner lip with coarse growth lines, re-
mainder of base smoothly coated by callus; base internally with
a spiral ridge; aperture circular, inner lip bordered by a keel with
a narrow peripheral flange; no umbilicus.

Etymology—The species is named hermax, Greek, meaning a
heap of stones.

Types—Holotype SDSNH 50707, SDSNH loc. 3673. Paraty-
pes SDSNH 34018, SDSNH loc. 3402; LACMIP 12816, SDSU
loc. 3871; LACMIP 12817, SDSU loc. 3875. All types are of late
Campanian age to possibly early Maastrichtian age and from the
Point Loma Formation, Carlsbad, San Diego County, California.

Measurements —SDSNH 50707, height 50 mm, maximum di-
ameter 95 mm (sans pebbles). SDSNH 34018, height 45 mm,
maximum diameter 50 mm (specimen incomplete, spire only).
LACMIP 12816, height 33 mm, maximum diameter 40 mm (spec-
imen incomplete, spire only). LACMIP 12817, height 15.7 mm,
maximum diameter 36 mm (specimen incomplete, one whorl
only).

Other material examined—Sixty-five specimens: 63 from
SDSNH loc. 3673, one from SDSNH loc. 3762, and one from
SDSU loc. 3870.

Occurrence—Upper Campanian to possibly lower Maastrich-
tian Point Loma Formation, Carlsbad, northern San Diego Coun-
ty, southern California.

Discussion—The new species is rather remarkable in that, of
the 68 specimens examined, all but three of the shells retained
their original lithic armament, which consists of heavy and round-
ed pebbles of metavolcanic rock. The pebbles are closely packed
and nearly always touching one another. Rarely, the pebbles are
subangular. The largest pebbles are 42 mm in length and corre-
spond to very large pebbles on the Wentworth (1922) clast scale.
When viewed from above, the shells appear to represent small
piles of pebbles, with the smallest ones on the upper spire and
the largest ones on the body whorl. The pebbles, therefore, must
have provided camouflage. In addition, the pebbles are positioned
so that they act as stilts which lift the entire base and the aperture
up off the substrate. These two functional uses of the foreign
implanted material (in this case, pebbles) correspond with the re-
port of Linsley and Yochelson (1973) upon other shells of Xen-
ophoridae. In addition, the heavy weight of the pebbles might
have allowed the shells to be resistant to being overturned by
strong currents or waves.

Some of the shells of the new species have been bored by
endobionts, as well as encrusted by the bivalve Spondylus sub-
rugosus (Packard, 1922), or by bryozoans. A few of the speci-
mens of the new species have a rather low profile, and the im-
planted pebbles are slightly larger than on the other specimens.
It is not clear if this flattened shape is due to post-burial com-
paction or is due to the large pebbles interfering with normal
growth.

In some specimens of Xenophora hermax (Fig. 4.3), the base
of the preceding whorl has been detached or caved-in to create a
falsely umbilicate appearance.

Comparison of the new species with other Cretaceous species
of Xenophora is greatly hindered by the poor preservation of
these other species. This observation is underscored by the com-
ment of Darragh and Kendrick (1994) who reported that figured
specimens of Cretaceous Xenophora species from Europe, Africa,
Australia, and North America are not well preserved. The same
is true for Cretaceous Xenophora from southern India (Stoliczka,
1867-1868). Some Cretaceous southeastern United States speci-
mens of Xenophora leprosa (Morton, 1943) illustrated by Dock-
ery (1993, p. 71-72, pl. 20, figs. 1-4), however, are well pre-
served with the smallest specimen showing the larval shell. The
new species generally resembles most species of Xenophora sensu
stricto that have a high spire and an unornamented shell surface,
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but, in terms of the internal spiral ridge on the base, the new
species is very similar to Xenophora (Xenophora) sp. Darragh
and Kendrick (1994, p. 34-38, figs. 6C-F, 7A-C) from the Upper
Maastrichtian Miria Formation, Carnarvon basin, northwestern
Australia. The new species differs from this Australian species by
having a more depressed shell base, no umbilicus, a more thick-
ened inner lip, much more pebble armor, and a lack of ornamen-
tation on the body whorl and on the shell base.

The only other Cretaceous species of Xernophora from the Pa-
cific slope of North America is Xenophora willisi Webster (1983,
p. 1092, 1095, figs. 2A-E 3A) from the Upper Cretaceous (upper?
Campanian to early? Maastrichtian) Rosario Formation at Arroyo
Santa Catarina and near San Antonio del Mar in the northern part
of the state of Baja California, Mexico. Other than being covered
by pebble armor, the new species differs from X. willisi by having
a smaller size, higher spire, smoother shell surface without a trace
of axial ribs, narrower diameter, much narrower apical angle,
blunter periphery, more shouldered whorl profile, fewer but much
larger and deeper attachment scars, a keel along the border of the
inner lip, an internal spiral ridge on the base, and a more concave
base.

The only other Cretaceous species of Xenophora known from
North America are Xenophora sp. Stephenson (1952; unfigured)
from the Upper Cretaceous (Cenomanian) Woodbine Formation
of Texas, and Xenophora leprosa (Morton) from Campanian and
Maastrichtian rocks of Mississippi, Tennessee, and Texas (Sohl,
1960; Dockery, 1993). The latter species is widespread and is
common as steinkerns in the Maastrichtian Prairie Bluff Forma-
tion of Mississippi and Alabama (Dockery, 1993). Xenophora um-
bilicata (Toumey, 1854) has been considered by Sohl (1960) to
be possibly distinct from X. leprosa (Morton). The new species
differs from Xenophora sp. Stephenson by having a much larger
size and a higher spire, and the new species differs from X. le-
prosa by having a larger size, a much more concave base, a pe-
ripheral flange, an internal spiral ridge on the base, a keel bor-
dering the inner lip, no umbilicus, and being armored by pebbles.

Xenophora grasi Matheron (1842-1843; Roman and Mazeran,
1920, p. 42-43, pl. 4, fig. 28, 28a; pl. 5, figs. 15, 15a,b) from
Turonian rocks of southeastern France has a peripheral flange like
that on the new species, but Xenophora (E.) hermax differs by
having a higher spire, an internal spiral ridge on the base, no
umbilicus, and no dorsal and ventral spiral sculpture.

Xenophora simpsoni Stanton (1893, p. 133, pl. 29, figs. 4-6)
was reported from the Upper Cretaceous (Turonian) Codell Sand-
stone in Colorado, but if the illustrations are correct, this species
is not a Xenophora because the anterior half of the body whorl
is convex. This species appears to be a trochid.

At SDSNH localities 3672 and 3673, the new species was
found mostly in massive siltstone/mudstone with scattered meta-
volcanic clasts, some of which have encrusting specimens of the
rudist bivalve Coralliochama orcutti White, 1885, and the rock-
scallop Spondylus subrugosus (Packard, 1922). Associated with
the new species at SDSNH locality 3673, where most of the spec-
imens of the new species were found, was a diverse assemblage
of warm-water, shallow-marine (inner shelf) gastropods and bi-
valves, as well as ammonites, nautiloids, brachiopods, crabs, and
many spines and body plates of sea urchins. The new species is
the most common gastropod at this locality, and oysters are the
most common bivalve. There are also ariiculated specimens of
the above-mentioned bivalves, as well as those of Crassatella sp.
and Glycymeris sp., and a small colony of Coralliochama orcutti.
Most of the same species found at SDSNH locality 3673 are also
found at SDSNH locality 3672, but Xenophora (E.) hermax is a
rare component at this latter locality.

At SDSU locality 3871, the new species is found rarely in the

matrix of a boulder conglomerate consisting of metavolcanic
clasts and associated with Otostoma sharonae new species.

Genus Xenophora ranges from the Late Cretaceous (Cenoman-
ian) to Recent (Ponder, 1983; Dockery, 1993). On the Pacific
slope of North America, Xenophora is represented by six species.
Two are of Late Cretaceous age and include X. willisi and the
new species. The other four are of Tertiary age. Xenophora Zzitteli
Weaver (1905, p. 118-119, pl. 12, fig. 8) and Xenophora simiensis
Nelson (1925, p. 422, pl. 55, figs. 7a—c) are of late Paleocene age
and are found in California (Zinsmeister, 1983). Xenophora stocki
Dickerson (1916, p. 502-503, pl. 37, figs. 4a,b) is of early to
middle Eocene age and is found in Baja California Sur, Mexico;
California; and Oregon (Squires and Demetrion, 1992; Squires,
1994). Xenophora hawleyi Loel and Corey (1932, p. 269-270, pl.
63, fig. 12) is of early Miocene age and is found in California.
Unlike the new species, these four Tertiary species have flat bases,
and none has pebble armor like the new species.

Order NEOGASTROPODA Thiele, 1929
Superfamily MURICOIDEA Rafinesque, 1815
Family TURBINELLIDAE Swainson, 1840
Genus FIMBRIVASUM new genus

Type species—Fimbrivasum elegans n. sp., Late Cretaceous,
Campanian to possibly Maastrichtian, California.

Diagnosis—Fusiform turbinellid with two to three inner lip
folds and sub-cancellate fimbriate sculpture.

Description—Shell medium large, fusiform to ovate biconical,
about four varicate whorls; spire moderately high to high (40 to
54 percent of total shell height), apical angle 50 to 74 degrees;
broadly cancellate sculpture with spiral ribbing stronger, espe-
cially on tabulate shoulder and medial part of body whorl where
spiral ribs protrude; columella with or without callus and with
two to three, thin or stout columellar folds; siphonal canal slightly
twisted and bent to the left; growth lines slightly prosocline but
sigmoidal near impressed suture.

Etymology—The genus is derived from fimbria (Latin, frilled)
and vasum (Latin, vessel).

Occurrence—Upper Santonian to upper Campanian (or pos-
sibly Maastrichtian), British Columbia, Washington, and southern
California.

Discussion—The new genus has the main morphologic char-
acteristics of family Turbinellidae. These are a medium to large,
fusiform to ovate-conic shell; prominent spiral cords and axial
nodes or blunt spines; and columellar folds. In particular, the new
genus most resembles genus Vasum Roding, 1798, especially in
terms of both the blunt nodes on the tabulate whorls and the
prominent spiral ribs on the neck of the shell. The new genus
differs from Vasum by having a higher spire, stronger inner lip
folds, and a weaker siphonal fasciole.

FIMBRIVASUM ROBUSTUM new species
Figure 5.1, 5.2

Diagnosis—Moderately high spire, very inflated body whorl,
three very stout folds on inner lip, and ramp concave next to
tabulate shoulder.

Description—Shell medium large (up to 72 mm in height, but
incomplete), ovate biconical with a very inflated body whorl,
spire moderately low, about 40 percent of total shell height; apical
angle 74 degrees; protoconch not preserved; whorls about three,
sculpture of a very bluntly noded and very protruding strong spi-
ral rib on tabulate shoulder; ramp wide and concave next to tab-
ulate shoulder; aperture very wide, inner lip with three very stout
folds, posteriormost two about same length but anteriormost one
not as protruding.

Etymology—The new species is named for its robust size and
shape.
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Types—Holotype GSC 118672, GSC loc. 15667. Paratype
GSC 118673 (unfigured), GSC loc. 15667. Both types are of late
Santonian age and from the lower Haslam Formation, Vancouver
Island, British Columbia.

Measurements—GSC 118672, height 71.6 mm, width 54.5
mm. GSC 118673, height 44.4 mm, width of penultimate whorl
25.5 mm.

Occurrence—Upper Santonian (lower Sphenoceramus schmid-
ti Zone), lower Haslam Formation, Vancouver Island, British Co-
lumbia, Canada.

Discussion—Of the two known specimens, the paratype is
mostly an internal mold and consists of about two whorls, in-
cluding most of the body whorl. The holotype has a partly de-
corticated shell. The shell remaining on the holotype, however, is
mostly concealed by extremely well indurated siltstone. The type
locality of the new species has yielded the inoceramid Spheno-
ceramus schmidti, which is considered to be of late Santonian age
(Haggart, 1989).

Fimbrivasum robustum differs from F. medium n. sp. and F.
elegans n. sp. by having a much wider ramp, a stronger tabulate
shoulder, a wider apical angle, and a wider aperture.

FIMBRIVASUM MEDIUM new species
Figure 5.3-5.9

Diagnosis—High spire, moderately wide body whorl, well de-
veloped spiral ribs, and three prominent folds on columella.

Description—Shell medium large (up to 51 mm in height, but
incomplete), fusiform with tabulate whorls, spire high, about 54
percent of total shell height; apical angle 50 to 60 degrees, pro-
toconch not preserved; whorls four to five, suture impressed, with
a moderately strong spiral rib immediately posterior to it; sculp-
ture of widely spaced strong spiral ribs (protruding on body
whorl) and widely spaced weaker axial ribs, the latter rather ill-
defined except on body whorl; intersections of spiral and axial
ribs form cancellate pattern on spire and periphery, but neck area
with only spiral ribs; smaller specimens with at least one some-
what poorly defined varix; whorls with a bluntly noded strong
spiral rib on tabulate shoulder; ramp with one to two widely
spaced ribs, posterior one strongest; spire whorls crossed by 10
to 12 axial ribs, ill-defined except where they cross stronger spiral
ribs and on neck of smaller specimens; body whorl with greatest
inflation at tabulate shoulder; swollen posterior part of body whorl
with three strong spiral ribs, rib on shoulder the strongest, ante-
riorly the spiral ribs (usually noded where crossed by weaker axial
ribs) gradually decrease in strength; aperture moderately wide; on
smaller specimens inner lip calloused and projecting, on larger
specimens inner lip not calloused; inner lip with three prominent
folds, posteriormost strongest and anteriormost weakest; on larg-
est specimen posteriormost two folds pass into moderately strong
spiral ribs on dorsum of shell; siphonal canal twisted and bent to
left; growth lines slightly prosocline but opisthocline near suture.

Etymology—The new species is named medium because it is
morphologically transitional between F. elegans n. sp. and F. ro-
bustum n. sp.

Types—Holotype CAS 228.01, type locality CAS loc. 228,

middle Campanian, Cedar District Formation, Sucia Island, Wash-
ington. Paratypes LACMIP 12818, LACMIP loc. 10093, early
Campanian Ladd Formation, upper Holz Shale Member, Orange
County, California; GSC 118674, GCS loc. 85009, middle Cam-
panian, Cedar District Formation, Texada Island, British Colum-
bia; GSC 118675, GCS loc. 16461, middle Campanian, Cedar
District Formation, Sucia Island, Washington.

Measurements—CAS 228.01, height 37 mm, width 20.2 mm.
LACMIP 12818, height 24 mm, width 14 mm. GSC 118674,
height 30. 5 mm, width 22.1 mm (incomplete specimen). GSC
118675, height 51.3 mm, width 37.7 mm.

Occurrence—Lower to middle Campanian. Lower Campanian:
Ladd Formation, upper Holz Shale Member, Santa Ana Moun-
tains, Orange County, California. Middle Campanian: Cedar Dis-
trict Formation, Sucia Island, Washington, and Texada Island,
British Columbia.

Discussion—A total of four specimens of Fimbrivasum me-
dium n. sp. is known. The new species is morphologically tran-
sitional between F. robustum n. sp. and F. elegans n. sp. in terms
of the width of the body whorl, the strength of the cancellate
sculpture, and the strength of the inner lip folds. In addition, the
whorl profile on F. medium is more rounded anterior to the shoul-
der than is that of F. elegans.

FIMBRIVASUM ELEGANS new species
Figure 5.10-5.16

Diagnosis—Moderately high spire, moderately wide body
whorl, well developed spiral ribs, and two narrow folds on the
inner lip.

Description—Shell medium large (up to 77 mm in height),
fusiform with tabulate whorls, spire moderately high, about 40
percent of total shell height, apical angle 50 to 60 degrees; pro-
toconch not preserved; whorls four to five; suture somewhat im-
pressed, with a moderately strong spiral rib immediately posterior
to it; sculpture of widely spaced strong spiral ribs (protruding on
body whorl) and widely spaced, weaker axial ribs, intersections
of ribs form broad-cancellate pattern, interspaces smooth and con-
cave, producing an overall frilled appearance; all whorls with
three somewhat poorly defined varix regions, each set at about
every 120 degrees; whorls with bluntly noded strong spiral rib on
tabulate shoulder, ramp with two widely spaced and moderately
strong spiral ribs, posteriormost one tends to be slightly stronger
and with very weak spiral rib between it and suture; spire whorls
crossed by about 10 axial ribs, ill-defined except where they cross
stronger spiral ribs; body whorl elongate, with greatest inflation
at tabulate shoulder; swollen posterior part of body whorl with
four strong spiral ribs, rib on shoulder strongest; anteriorly spiral
ribs (noded where crossed by weaker axial ribs) gradually de-
crease in strength except on posterior part of narrow siphonal
canal where posteriormost columellar fold passes into moderately
strong spiral rib on dorsal side of shell; spiral ribs near anterior
end of shell with two spiral interribs; aperture very narrow (pos-
sibly somewhat compressed); inner lip with two narrow folds,
posteriormost one strongest; outer lip crenulate; growth lines

«—

FIGURE 4—New Cretaceous gastropods from the Pacific slope of North America. Specimens coated with ammonium chloride. 1-10, Xenophora
(Endoptygma) hermax n. sp.; 1-3, holotype SDSNH 50707, SDSNH loc. 3673, height 50 mm, X0.8; 1, apertural view; 2, apical view; 3, umbilical
view with base partially removed along inner lip; 4-7, paratype SDSNH 34018, SDSNH loc. 3402, height 46 mm, X1; 4, abapertural view; 5,
apical view; 6, umbilical view; 7, umbilical view, tilted backwards to show tooth on inner lip; 8, paratype LACMIP 12816, SDSU loc. 3871,
internal mold, showing groove left by the internal spiral ridge on the base, umbilical view, maximum diameter 40 mm, X1.2; 9-10, paratype
LACMIP 12817, SDSU loc. 3875; 9, mostly an internal mold, with remnants of shell showing the internal spiral ridge on base, oblique right-
lateral view, maximum diameter 36 mm, X2; /0, enlargement of a portion of Figure 4.9, X4.6.
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slightly proscocline but sigmoidal near suture; anterior canal
twisted and bent slightly to left.

Types—Holotype SDSNH 67158, SDSNH loc. 4071. Para-
types SDSNH 11146, SDSNH loc. 2928 and SDSNH 34067,
SDSNH loc. 3392. All types are of late Campanian to possibly
early Maastricthian age and from the Point Loma Formation,
Carlsbad, California.

Measurements —SDSNH 67158, height 57 mm, width 27.7
mm. Paratype SDSNH 11146, height 77 mm, width 40 mm. Par-
atype SDSNH 34067, height 18.3 mm, width 11.4 mm (an in-
complete specimen).

Other material examined—A latex pull from an external mold
(hypotype LACMIP 12882) from LACMIP loc. 17198 (Santa Ana
Mountains).

Occurrence—Upper Campanian to possibly lower Maastrich-
tian. Upper Campanian: Pleasants Sandstone Member of the Wil-
liams Formation, Santa Ana Mountains, Orange County, southern
California. Upper Campanian to possibly lower Maastrichtian:
Point Loma Formation, Carlsbad, northern San Diego County,
southern California.

Discussion—The three known specimens of Fimbrivasum ele-
gans n. sp. resemble Vasum ceramicum Linnaeus, 1758, a mod-
ermn-day species from the Philippines and Polynesia (Fig. 5.17).
The new species differs from V. ceramicum by having smaller
nodes on the tabulate whorls, much more prominent cancellate
ornamentation, and fewer inner lip folds.

Fimbrivascum elegans n. sp. differs from F. robustum n. sp.
by having a narrower ramp, a less projecting tabulate shoulder, a
narrower apical angle, well developed spiral ribs, weak axial ribs,
a narrower aperture, and fewer and weaker folds on the inner lip.
Fimbrivasum elegans n. sp. differs from F. medium n. sp. by
having a more projecting tabulate shoulder, a more elongate si-
phonal canal, and fewer and weaker folds on the inner lip.

Family BucCINIDAE Rafinesque, 1815
Genus ZAGLENUM new genus

Type species—Zaglenum lomaensis n. sp., Late Cretaceous
{Campanian to possibly Maastrichtian), California.

Diagnosis—Buccinid-like shells with whorls flat-sided and
sloping anteriorly to prominent spiral carina located just posterior
of suture; sculpture of many closely spaced primary and second-
ary spiral ribs with a weaker cancellate pattern caused by growth
lines; inner lip with several small folds and wrinkles; thickened
outer lip with teeth; and short, narrow, and twisted siphonal canal.

Description—Shell medium small (up to 34 mm in height, but
incomplete), fusiform to somewhat inflated fusiform, usually flat-
sided whoirls, spire high and about 50 percent of total shell height,
apical angle 52 to 58 degrees; whorls five to six, suture deeply
impressed to canaliculate with projecting spiral carina just pos-
terior to it; carina similarly conspicuous on body whorl and sit-
uated approximately in middle of whorl; sculpture of fine to
coarse primary spirals with faint to moderately strong cancellate
(minutely beaded) pattern caused by arched opisthocyrt growth

lines; interspaces between spiral ribs with variable number (one
to three) secondary spiral ribs of variable strength; spiral rib an-
terior to carina on body whorl nearly as strong as the carina and
imparting a bicarinate appearance to body whorl; aperture oval,
inner lip callused with several small folds and wrinkles (pustules);
outer lip internally thickened and lirate; siphonal canal short, nar-
row, and twisted; siphonal fasciole very weak; opisthocyrt growth
lines.

Etymology—The genus name is derived from za (Greek, ex-
ceedingly) and glenos (Greek, thing to stare at, show wonder).

Occurrence—Lower Campanian to upper Campanian and pos-
sibly lower Maastrichtian; California.

Discussion—It is difficult to assign, with certainty, Zaglenum
n. gen. to a family, and likewise difficult to make comparisons to
other genera, because the new genus has the general shape of a
buccinid; the apertural features of possibly a nassariid, or to a
lesser degree, a thaidid; and the growth-line pattern of a tricho-
tropid. The new genus seems to be more like a Cantharus-like
buccinid in having a short anterior notch and a weak siphonal
fasciole. The new genus differs from Cantharus s.s. Roding,
1798, by having a weaker siphonal fasciole and by lacking both
axial ribs and an apertural posterior gutter.

ZAGLENUM PENTZENSIS new species
Figure 6.1-6.3

Diagnosis—Apical angle of about 52 degrees, coarse spiral
ribbing, and moderately coarse cancellate sculpture.

Description—Shell medium small (up to 34 mm in height, but
incomplete), fusiform with flat-sided whorls, spire high and about
50 percent of total shell height; apical angle about 52 degrees,
protoconch not preserved; whorls five to six, suture canaliculate
with projecting spiral carina short distance posterior to it; carina
similarly conspicuous on body whorl and situated approximately
in middle of whorl; sculpture of primary spiral ribs with distinct
cancellate pattern (commonly beaded) caused by growth-line in-
tersections; interspaces between primary spiral ribs on spire and
posterior half of body whorl with nearly equal secondary spiral
ribs; interspaces between spiral ribs on anterior half of body whorl
with two weaker spiral ribs, decreasing to one near anterior end
of shell; prominent spiral rib immediately anterior to carina on
body whorl approximately same strength, producing a bicarinate
look; inner lip callused, apparently smooth, interior of inner lip
and outer lip not seen; siphonal canal short, narrowly notched,
and slightly twisted.

Etymology—The species is named for Pentz, Butte County,
California.

Types—Holotype LACMIP 12819, LACMIP loc. 24340. Par-
atype LACMIP 12820, LACMIP loc. 24340. Both types are of
early Campanian age and from the Chico Formation, Pentz Road
Member, near Pentz, California.

Measurements—LACMIP 12819, height 29.6 mm, width 18
mm wide. LACMIP 12820, height 33.4 mm, width 18.2 mm (es-
timated, due to shell missing).

&«

FIGURE 5—New Cretaceous gastropods from the Pacific slope of North America and one modern species. Specimens coated with ammonium chloride.
1, 2, Fimbrivasum robustum n. sp., holotype GSC 118672, GSC loc. 15667, height 71.6 mm, X0.7; I, apertural view; 2, abapertural view. 3-9,
Fimbrivasum medium n. sp.; 3, 4, paratype LACMIP 12818, LACMIP loc. 10093, height 24 mm, X2.1; 3, apertural view; 4, abapertural view; 5,
6, holotype CAS 228.01, CAS loc. 228, height 37 mm, X1.4; 5, apertural view; 6, abapertural view; 7, paratype GSC 118674, GSC loc. 85009,
incomplete specimen, left-lateral view of neck area, height 30.5, X1.2; 8 9, paratype GSC 118675, GSC loc. 16461, height 51.3 mm, X1; 8§,
apertural view; 9, abapertural view. 10-16, Fimbrivasum elegans n. sp.; 10—12, holotype SDSNH 67158, SDSNH loc. 4071, height 57 mm, X1.2;
10, apertural view; 11, abapertural view; 12, apical view. 13, 14, paratype SDSNH 11146, SDSNH loc. 2928, height 77 mm, X0.9; 13, apertural
view; 14, abapertural view; 15, 16, paratype SDSNH 34067, SDSNH loc. 3392, incomplete specimen, height 18.3 mm, X2.2; 15, apertural view;
16, abapertural view. 17, Vasum ceramicum Linnaeus, 1758, hypotype LACM 87861, Quezon Province, Philippine Islands, apertural view, height

72.8 mm, X0.8.
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FIGURE 6—New Cretaceous gastropods from the Pacific slope of North America. Specimens coated with ammonium chloride. 1-3, Zaglenum
pentzensis n. sp.; 1, 2, holotype LACMIP 12819, LACMIP loc. 24340, height 29.6 mm, X 1.7; 1, apertural view; 2, abapertural view; 3, paratype
LACMIP 12820, LACMIP loc. 24340, abapertural view, height 33.4 mm, X 1.5. 4-6, Zaglenum lomaensis n. sp., holotype SDSNH 67157, SDSNH
loc. 4071, height 33 mm, X1.5; 4, apertural view; 5, oblique view showing teeth on inner lip; 6, abapertural view. 713, Ringicula? (Ringiculopsis?)
hesperiae n. sp.; 7, paratype SDSNH 26188, SDSHN loc. 3162, apertural view, height 5 mm, X7; 8-13, holotype SDSNH 70976, SDSNH loc.
3392, height 5.5 mm, X6.4; 8, apertural view; 9, apertural view showing interior of outer lip; /0, right-lateral view; 11, abapertural view; 12,

apical view; /3, anterior view.

Occurrence—Lower Campanian (Submortoniceras chicoense
Zone) Chico Formation, Pentz Road Member, near Pentz, Butte
County, California.

Discussion—Both specimens show moderately good preser-
vation, but the details of the inner lip and, especially, those of the
outer lip are wanting. Zaglenum pentzensis n. sp. differs from Z.
lomaensis n. sp. by having a narrower apical angle, coarser spiral
ribbing, coarser cancellate sculpture, and a more canaliculate su-
ture.

ZAGLENUM LOMAENSIS new species
Figure 6.4-6.6

Diagnosis—Apical angle of about 58 degrees, fine spiral rib-
bing, and faint cancellate sculpture.

Description—Shell medium small (up to 33 mm high, but in-
complete), somewhat inflated-fusiform with sloping generally flat-
sided whorls; spire high and about 50 percent of total shell height;
apical angle about 58 degrees; protoconch not seen; whorls five

to six, suture deeply impressed (canaliculate near outer lip), with
projecting spiral carina just posterior to it; carina similarly con-
spicuous on body whorl and situated approximately in middle of
whorl; sculpture of primary sprial ribs with a very faint cancellate
pattern (locally beaded) caused by growth-line intersections, in-
terspaces between primary spiral ribs on spire and posterior half
of body whorl with single secondary spiral rib; interspaces be-
tween spiral ribs on anterior half of body whorl with three weaker
spiral ribs, decreasing to one near anterior end of shell; prominent
spiral rib immediately anterior to carina on body whorl approxi-
mately same strength as carina, separated from carina by some-
what groove-like interspace; aperture moderately wide, oval
shaped; inner lip callus lowly concave, with prominent tooth near
anterior end, faint wrinkle (pustule-like feature) just posteriorly,
two nearly equal, small teeth on posterior end, and several (two
to three) small, spirally elongate pustules in parietal area; outer
lip internally thickened, lirate with seven elongate teeth, strongest
near mid point of lip; outer lip teeth decrease in strength both
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posteriorly and anteriorly; siphonal canal short, narrowly notched,
and slightly twisted; siphonal fasciole very poorly developed;
growth lines with backward-arching sigmoidal curve (opistho-
cyrt).

Etymology—The species is named for the Point Loma For-
mation.

Type—Holotype SDSNH 67157, SDSNH loc. 4071, late Cam-
panian to possibly early Maastrichtian in age, Point Loma For-
mation, Carlsbad, California.

Measurements —SDSNH 67157, height 33 mm (incomplete
spire), width 22 mm.

Occurrence—VUpper Campanian to possibly lower Maastrich-
tian; Point Loma Formation, southeast of Carlsbad, San Diego
County, California.

Discussion—The single specimen is, except for its missing
spire tip, very well preserved. Zaglenum lomaensis n. sp. differs
from Z. pentzensis n. sp. by having a wider apical angle, finer
spiral ribbing, much finer cancellate sculpture, and a less well
developed canaliculate suture.

Superorder HETEROBRANCHIA Gray, 1840
Order OPISTHOBRANCHIA Milne Edwards, 1848
Family RINGICULIDAE Meek, 1863
Genus RINGicULA Deshayes, 1838

Type species—Auricula ringens Lamarck, 1804, by subsequent
designation (Gray, 1847); Eocene, Paris Basin, France.

Discussion—Ringicula includes small to very small, globose
to subglobose shells with a moderately short spire, and a mod-
erately deep siphonal emargination on the outer lip adjacent to
the columellar tip. Sculpture is commonly present and consists of
incised spirals crossed by raised growth lines. The outer lip is
thickened externally, and in typical Ringicula, is thickened and
dentate within (Sohl, 1964). At the base of the columella is a
strong, upward slanting fold.

The new species described below is similar to Ringicula in
terms of the following apertural features: strong posteriorward
slanting fold at the base of the columella, more or less horizontal
fold at the base of the whorl, an angulate posterior parietal welt,
and an internally dentate outer lip. The new species has a lower
spire than does a typical Ringicula. The new species has the low
spire and very globular shape of Avellana d’Orbigny, 1843, Oli-
goptycha Meek, 1876, and Biplica Popenoe, 1957. Avellana, how-
ever, has one columellar fold and generally two parietal folds and
a dentate outer lip. Its columellar fold is said to be horizontal
(Sohl, 1964). Oligoptycha has a very strong columellar fold, well
developed exteriorly and said to have a trend down toward the
anterior margin (Sohl, 1964). North American Cretaceous ringi-
culids of globular shape from the east coast, Gulf coast, and west-
ern interior have mainly been described as Oligotpycha, or reas-
signed to this genus (Sohl, 1964; Erickson, 1974). Biplica has an
externally thickened but internally edentate outer lip. Its anterior
siphonal notch is shallow and not adjacent to the columella, and
its two nearly parallel folds strengthen within the aperture and are
less visible exteriorly.

Two other ringiculid genera whose globose shape is somewhat
similar to that of specimens of the new species from the Point
Loma Formation are Gilbertina Morelet, 1888, and Eriptycha
Meek, 1876. Gilbertina has a less blunt spire than the other glo-
bose ringiculids, and the outer lip has two dentiform tubercles on
its inner side. Eriptycha has a very narrow aperture with a swol-
len, dentate parietal callus and a bipartite fold at the base of the
columella.

In summary, based mainly on its apertural features, the follow-
ing new species is questionably assigned to genus Ringicula. The
geologic range of Ringicula is Late Cretaceous (Cenomanian) to

Recent, and it has a cosmopolitan distribution in the fossil record
(Cossmann, 1895; Zilch, 1959-1960).

Subgenus RINGIcuLOPSIS Chavan, 1947

Type species—Ringicula (Ringiculopsis) larteti Chavan, 1947,
by original designation; Campanian, Mount of Olives, Palestine.

Discussion—According to Chavan (1947), subgenus Ringicu-
lopsis Chavan, 1947 differs from Ringicula in having a less hor-
izontal fold at the base of the columella, a bifid posterior colu-
mellar fold, and an elongate, angular welt posterior to the bifid
fold. His word for this type of welt is ‘“‘aréte.” Chavan claimed
that in Ringicula s.s. the posterior parietal “welt” is a more tooth-
like structure which penetrates the aperture rather than bordering
it. Ringiculopsis has a very thick lirate outer lip that is reflected
exteriorly to form a broad callus band extending onto the penul-
timate whorl. The type species of Ringiculopsis is more globose
than most Ringicula s.s., but is higher spired than the Point Loma
species, and has a more constricted aperture.

The geologic range of Ringiculopsis is Santonian to Maastrich-
tian, and species are known from France, Palestine, Iran [=Per-
sia], and the Texas Gulf Coast (Chavan, 1947). Chavan’s distri-
bution gives a somewhat Tethyan aspect to the group.

RINGICULA? (RINGICULOPSIS?) HESPERIAE new species
Figure 6.7-6.13

Biplica obliqua (Gabb). SUNDBERG AND RINEY, 1984, p. 105-106, fig.

32

Diagnosis—Very small shell, very low spire, marked fold at
base of columella, angled posteriorward; a second, almost hori-
zontal, strong fold, and posteriorly an elongate angular welt. In-
terior of outer lip dentate. Sculpture of 21 incised spirals crossed
by raised lines.

Description—Shell small (up to 10.5 mm in height); subspher-
oidal, spire only slightly projecting, of three whorls; body whorl
forming about 90 percent of height of shell; protoconch one and
one-half whorls, smooth, at slight angle to coiling of shell; suture
impressed; sculpture of numerous (21 on body whorl of holotype)
incised spaced spiral ribs crossed by raised growth lines produc-
ing series of chain-like links, grooves one-third width of ribs, ribs
wider and flatter than those on spire; spiral ribs on spire with
minutely beaded pattern caused by growth lines; aperture ovate,
posteriorly pointed, maximum breadth between inner lip folds;
inner lip strongly callused with an elongate parietal welt, a strong
almost horizontal fold (rarely slightly bifid) at base of whor! and
a strong, posteriorly directed columellar fold at base of columella;
outer lip thick with callus extending out as a wide band onto body
whorl (partially concealing the penultimate whorl and intervening
suture) and connecting with inner lip callus posteriorly; outer lip
internally lirate with about 10 lirae present on callus and extend-
ing into the aperture; anterior notch shallow but very distinct.

Etymology—Named for Hesperia, one of the Hesperides or
Nymphs of the Setting Sun who lived in the extreme west (i.e.,
Spain and Italy) near the ocean.

Types—Holotype SDSNH 70976, SDSNH loc. 3392. Paratype
SDSNH 26188, SDSNH loc. 3162. Both types are of late Cam-
panian to possibly early Maastrichtian in age and from the Point
Loma Formation, Carlsbad, California.

Measurements—DSNH 70976, height 5.5 mm, width 5 mm.
SDSNH 26188, height 5 mm, width 4.5 mm.

Other material examined—One hundred and thirty-seven spec-
imens: 87 from LACMIP loc. 2852 and immediate vicinity (Ar-
royo Santa Catarina); 27 from LACMIP loc. 23792 and imme-
diate vicinity (San Antonio del Mar); 12 from SDSNH loc. 3162;
five from LACMIP loc. 23814 (Lang Ranch); three from SDSNH
loc. 3392; and one each from LACMIP locs. 4898 (Madonna Hill
Guest Home) and 25902 (Coalinga).
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Occurrence—Upper Campanian to possibly lower Maastrich-
tian; Rosario Formation at Arroyo Santa Catarina and San An-
tonio del Mar, Baja California, Mexico; Point Loma Formation,
Carlsbad, San Diego County, California; Chatsworth Formation,
Lang Ranch area, Simi Hills, Ventura County, California; and
upper Panoche Formation (‘‘Ragged Valley Shale member’)
north of Coalinga, Fresno County, California.

Discussion—Nearly all specimens of the new species are well
preserved.

Ringicula? (Ringiculopsis?) hesperiae resembles illustrations of
a rather ovoid Oligoptycha corrugata Sohl (1964, p.(297) pl. 48,
figs. 36, 37). The anterior columellar fold of R.? (R.?) hesperiae
differs from that of O. corrugata by trending in a strongly pos-
teriorward direction.

Ringicula? (Ringiculopsis?) hesperiae resembles Biplica obli-
qua (Gabb, 1864, p. 111, pl. 19, figs. 64, 64a—; Popenoe, 1957,
p. 435-436, pl. 51, figs. 4-12) but differs from Gabb’s species
by being much smaller, having fewer spiral ribs (21 rather than
24 to 30), having two strong folds that are not parallel and that
extend outward enough to be readily seen without peeling back
the outer lip, and in having a dentate and less oblique outer lip.
Ringicula? (R.7) hesperiae is younger than B. obliqua, which is
of early and middle Campanian age and known from Vancouver,
British Columbia, Canada to the Santa Ana Mountains, Orange
County, California. Biplica miniplicata Popenoe, 1957, with
which R.? (R.?) hesperiae was in part contemporaneous, is larger,
has more spiral ribs (30), a non-dentate outer lip, and only one
weak fold.

Ringicula? (Ringiculopsis?) hesperiae resembles *‘Cinulia”
pusilla Whiteaves, 1884, which, according to him, is known from
South [=Sandilands] Island, Skidegate Inlet, Queen Charlotte Is-
lands, British Columbia. McLearn (1972) recognized the Brew-
ericeras hulenense Zone of early Albian age in sandstones of the
Haida Formation on Sandilands Island, and Bolton (1965) listed
“C.” pusilla as from the Haida Formation. Erickson (1974) con-
sidered this species to be close to Oligoptycha, although its ap-
ertural characteristics are as yet not described. “Cinulia” pusilla
is similar in size to R.? (R.?) hesperiae, but has fewer (15-16)
and broader ribs. The somewhat older Oligoptycha? popenoei Al-
lison, 1955, of late Aptian age from the Alisitios Formation of
Baja California, Mexico, is also of similar size, but it has 25
spirals. Another similar ringiculid, Biplica michaeli Popenoe,
1957, from the early Albian Leconites lecontei Zone in the Bud-
den Canyon Formation, Shasta County, California, has 18 to 20
spirals and two strong parallel folds.

In addition to the species of Biplica discussed by Popenoe
(1957), Pacific slope Cretaceous species commonly assigned to
ringiculid taxa include: Cinulia mathewsonii Gabb, 1864, Ringi-
cula varia Gabb, 1864, and Ringinella polita Gabb, 1869. Of
these, Cinulia mathewsonii Gabb, 1864, has a form most simlar
to that of R.? (R.?) hesperiae, but it is more ovate than R.? (R.7)
hesperiae. Stewart (1927) assigned “C.” mathewsonii to Avel-
lana, which seems an appropriate placement. It has three folds,
as suspected by Stewart, and a dentate outer lip, and it also ap-
pears to have had a thick inner lip callus which expanded over
much of the apertural face of the body whorl. Gabb’s specimen
came from Bull’s Head Point, Contra Costa County, California,
and although Stewart (1927) considered this species to be of Cre-
taceous age, most of Gabb’s other species from Bull’s Head Point
are of Paleocene age. The eastern part of Bull’s Head Point has
been mapped as Upper Cretaceous and the western as the Vine
Hill Formation of Paleocene age (Weaver, 1953). Gabb referred
Avellana mathewsonii to his Cretaceous “‘Division B.” Most of
Gabb’s “Division B fossils have subsequently been found to be
of Tertiary age, but no species similar to Avellana mathewsonii

has yet been found in the Tertiary. Nor as yet, has it been rec-
ognized elsewhere in Pacific slope Cretaceous deposits; although
the age of this species remains problematic, its resemblance to
Avellana suggests a Cretaceous age.

Both Ringicula varia and Ringinella polita are elongate ovate
in shape with a higher spire than R.? (R.)? hesperiae and much
weaker sculpture. Ringicula varia is from the Redding Formation,
Cow Creek, Shasta County, California, and was indicated by
Stewart (1927) to “belong to an unnamed group” within the Rin-
giculidae. Excellently preserved specimens of Santonian age from
the Hooten Gulch Mudstone Member of the Redding Formation
have been collected on Clover Creek, Shasta County. The spiral
grooves of the early whorls fade to faint striae on the polished
body whorl. Although the outer lip is externally thickened with a
broad collar, it is edentate within. Ringinella polita Gabb, 1869,
is from the Great Valley Series, south of the road from Colusa to
the Hot Sulphur Springs in the first range of foothills, Colusa
County, California, but has also been collected from Turonian-
age strata of the Redding Formation, Shasta County. It was as-
signed by Stewart (1927) to Acteon of the family Acteonidae and
figured as Acteon politus (Gabb) (Stewart, 1927, p. 431, pl. 24,
fig. 18; Jones et al., 1978, p. 11, pl. 1, fig. 1).

On the Pacific slope of North America, the Cretaceous record
of Ringicula is poorly known, but Ringicula (Ringicula) pinguis
(Gabb, 1864) is known from strata of late Paleocene (‘‘Martinez
Stage”) to earliest Eocene (‘“Meganos Stage) age (Zinsmeister,
1983; Squires, in press). If the generic assignment of Ringicula?
(Ringiculopsis?) hesperiae is correct, then this gastropod repre-
sents the first Campanian record of Ringicula on the Pacific slope
of North America and the first record of Ringiculopsis in this area.

The Gulf coast species that Chavan (1947) included in Ringi-
culopsis are Ringicula pulchella Shumard (1861, p. 192; Ste-
phenson, 1941, p. 387-388, pl. 73, figs. 3-5) and Ringicula suf-
flata Stephenson (1941, p. 389-390, pl. 73, figs. 8, 9), and both
are Maastrichtian in age. Both species generally resemble Ringi-
cula? (Ringiculopsis?) hesperiae n. sp., with R. pulchella having
apertural features more as in the new species and R. sufflata hav-
ing a shape more as in the new species. Ringicula? (Ringiculop-
sis?) hesperiae differs from R. pulchella in having a less globose
shape, a much lower spire, and fewer spiral ribs on the body
whorl. In addition, the new species has an inner lip tooth that is
only rarely bifid and much more weakly bifid. Ringicula? (Rin-
giculopsis?) hesperiae differs from R. sufflata in having a much
lower spire, a much weaker and much less projecting inner lip
tooth, absence of a vertical bifid ridge of callus running upward
high on the spire, and fewer spiral ribs on the body whorl.

BIOGEOGRAPHIC AND EVOLUTIONARY SIGNIFICANCE OF THE NEW
TAXA

Late Cretaceous molluscan faunas commonly show a strong
North Pacific component (e.g., Elder and Saul, 1993). It is, there-
fore, of interest to find that of the genera herein discussed, more
than half have been associated with the warm waters of the Tethys
Sea of the Old World (i.e., Otostoma, Trochacanthus, Nudivagus?,
Xenophora, and Ringicula? (Ringiculopsis?). In part, the presence
of warm-water species in the Carlsbad area fauna may be ascribed
to the southern location of Carlsbad, San Diego County. However,
the somewhat earlier and more southern fauna from Punta Abreo-
jos, Vizcaino Peninsula, Baja California Sur, Mexico, also has
more temperate and North Pacific species than Tethyan species
(Elder and Saul, 1993).

Otostoma has been reported intermittently in Pacific slope fau-
nas from Albian to middle Eocene, with a noteably long hiatus
between Turonian and latest Maastrichtian/earliest Paleocene age
(a span of about 25 m.y.). Otostoma sharonae n. sp. shortens this
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hiatus to Turonian to latest Campanian/earliest Maastrichtian (a
span of about 18 m.y.).

Trochacanthus pacificus n. sp. provides the first and only re-
cord thus far of this very distinctive, otherwise European genus
in the Western Hemisphere. It is recorded from rocks of Santonian
age in Europe, but has not been found in California earlier than
late Campanian to possibly earliest Maastricthian. This geograph-
ic disjunctness of similar forms suggests unfound specimens in
the early Campanian.

Although Nudivagus? califus n. sp. can only questionably be
assigned to the genus, it does represent the first probable record
of this genus from the Pacific slope of North America, and, if
correctly assigned, is the oldest known species of the genus.

Xenophora, which has a geological range of Cenomanian to
Recent, was well established in the Tethyan area by Campanian
time. On the Pacific slope of North America, it did not appear
until the end of the Campanian (Webster, 1983). Xenophora (En-
doptygma) hermax n. sp. indicates that Xenophora sensu lato had,
at least on the Pacific slope of North America, diversified and
given rise to a species able to inhabit a rubble substrate and use
heavy pebbles for camouflage in a nearshore environment. The
new species has also established that the strong revolving internal
rib of Endoptygma is not a gerontic character.

Chavan (1947) assigned species to Ringicula (Ringiculopsis)
that give the subgenus a Santonian to Maastricthian geologic
range and a marginally Tethyan geographic range from Asia Mi-
nor to the Texas Gulf coast. Ringicula? (Ringiculopsis?) hesperiae
n. sp. of latest Campanian to possibly earliest Maastrichtian age
provides the first record of this subgenus from the Pacific slope
of North America.

The two new genera described each have a longer geologic and
wider geographic record in the Pacific slope Late Cretaceous fau-
nas than do the five Tethyan genera. Fimbrivasum n. gen., which
ranges from late Santonian to late Campanian/earliest Maastrich-
tian, comprises three new species. The youngest of these, F. ele-
gans, is morphologically remarkably similar to species of the
modern genus Vasum Roding, 1798. Although Fimbrivasum is
here considered a North Pacific genus, the British Columbia and
Washington deposits in which F. robusta n. sp. and F. medium n.
sp. occur are considered by some to have been transported north-
ward (Champion et al., 1984), but the northernmost occurrences
of Zaglenum n. gen. that are considered to have been deposited
on the North America craton are from Chico Formation outcrops
in the vicinity of Pentz, Butte County, California. Elder and Saul
(1993, p. 177, table 1, column 2) recorded a very low-Tethyan
component in the fauna from the vicinity of Chico, Butte County.
This was, however, not a cold-water fauna. Fragments of an un-
described cypraeid gastropod from Pentz suggest that the fauna
inhabited a warm-temperate sea with temperatures comparable to
those found in the modern Californian province. To the south near
Carlsbad, in southern California, during the time of deposition of
the Point Loma Formation, the mix of North Pacific and Tethyan
elements suggest a province more equatable with the modern Sur-
ian province (see Elder and Saul, 1993, p. 178, fig. 4).
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APPENDIX
Localities Cited

CAS 228 —No detailed information available. Sucia Island, Washing-
ton. Cedar District Formation. Age: Middle Campanian.

GSC 15667 —At foot of first large falls (7 to 10 m high) on north
bank of Brannan Creek [old name for Benson Creek], just west of Na-
naimo, southeastern Vancouver Island, British Columbia. Lower Haslam
Formation. Age: Late Santonian (lower Sphenoceramus schmidti Zone).
Collector: J. L. Usher, 1945.

GSC 16461 —No detailed information available. Sucia Island, Wash-
ington. Cedar District Formation. Age: Middle Campanian. Collector: J.
Usher, 1948.

GSC 85009 —No detailed information available. Texada Island, British
Columbia. Cedar District Formation. Age: Middle Campanian. Collector:
W. Harvey, 1901.

LACMIP 2852 —Flevation 55 m, in prominent exposures of conglom-
erate near mouth of small embayment about 1,128 m north of Ammonite
Ravine, approximately 6.5 km from coast, west side Arroyo Santa Ca-
tarina (south, north, and west walls), Baja California, Mexico. Rosario
Formation. Age: Late Campanian? (Didymoceras hornbyense Zone). Col-
lector: M. Webster, 1966.

LACMIP 4898—Dark gray mudstone at base of cliff of east-facing
roadcut on El Camino Real, opposite and south of drive to Madonna Hill
Guest Home (5392 El Camino Real); U.S. Geological Survey, 7.5-minute
San Luis Rey Quadrangle, 1968 (photorevised 1975), southeast corner of
Carlsbad, northern San Diego County, California. Point Loma Formation.
Age: Late Campanian to possibly early Maastrichtian. Collectors: G. L.
Kennedy, C. B. and L. M. Kennedy, and Whitney and L. Hinds, June 10,
1973; G. L. Kennedy and R. M. McCall, January, 1975; G. L. Kennedy
and P. G. Owen, March 18, 1975; and G. L. Kennedy and B. O. Riney,
April, 25, 1975.

LACMIP 8063 —Dave Week’s place on Coon Creek, 5.6 km south of
Enville, 12 km north of Adamsville, McNairy County, Tennessee. Age:
Maastrichtian. Collector: W. P. Popenoe, 1935.

LACMIP 10093 —=CIT 1053; UCLA 4191]. First prominent north-
east-southwest spur north of Santiago Creek near junction with Modjeska
Creek; pebbly lens near top of shale series just below crest of ridge, 61
m north, 869 m east of southwest corner of sec. 20, TS5 S, R 7 W, U.S.
Geological Survey, El Toro Quadrangle, 1949, Santa Ana Mountains,
Orange County, California. Ladd Formation, upper Holz Shale Member.
Age: Early Campanian. Collector: W. P. Popenoe, April 19, 1934.

LACMIP 17198—Unsorted very indurated conglomerate lens with
pebble and cobble-sized rocks and a sandstone matrix; at elevation 207
m, on west side of divide on west side of Bee Canyon, 4,496 m south

and 3,117 m east of northwest corner of U.S. Geological Survey, El Toro
Quadrangle, 1949, Santa Ana Mountains, Orange County, California.
Williams Formation, Pleasants Sandstone Member. Age: Late Campanian.
Collector: D. A. Alexander, May 27, 1997. [Locality now covered by the
Eastern Transportation Corridor].

LACMIP 23792 —Concretionary sandstone beds below oyster reefs on
north side of Arroyo San Antonio, N10°E of Johnson’s Ranch house and
about 1.6 km from the arroyo mouth. Baja California, Mexico. Rosario
Formation. Age: Late Campanian. Collector: W. P. Popenoe, February 10,
1948.

LACMIP 23814—Dark gray calcareous sandstone stringers in brown
sandstone in gully channel 76 m north of private road on Lang Ranch,
854 m north and 53 m west of southeast corner of sec. 26, T 2 N, R 19
W, U.S. Geological Survey, 7.5-minute Thousand Oaks Quadrangle, 1950
(revised 1967), northwest end of Simi Hills, Ventura County, California.
Chatsworth Formation. Age: Late Campanian/early Maastrichtian. Col-
lector: D. H. Dailey, April, 1958.

LACMIP 24340 —Conglomerate beds cropping out just below a drain-
age canal, southeast side of Oroville Highway, about 1.2 km northeast of
intersection of the highway and Pentz-Magalia-Oroville Road, and 427
m south and 183 m west of northeast corner of sec. 36, T 21 N, R 3 E,
U.S. Geological Survey, 7.5-minute, Cherokee Quadrangle, 1949, Butte
County, California. Chico Formation, Pentz Road member (informal) of
Russell et al. (1986). Age: Early Campanian. Collector: W. P. Popenoe,
May 13, 1960.

LACMIP 25902 —About 30 m above contact with Joaquin Rocks
Member, just west of center of sec. 7, T 19 S, R 15 E, in gullies tributary
to Oil Canyon at its source, U.S. Geological Survey, 7.5-minute, Joaquin
Rocks Quadrangle, 1969, Fresno County, California. Upper Panoche For-
mation (“Ragged Valley Shale member”). Age: Late Campanian/early
Maastrichtian. Collector: W. P. Popenoe, April 27, 1949.

SDSNH anp SDSU

U.S. Geological Survey, 7.5-minute San Luis Rey Quadrangle, 1968
(photorevised 1975), southeast corner of Carlsbad, northern San Diego
County, California. Point Loma Formation. Age: Late Campanian to pos-
sibly early Maastrichtian.

SDSNH

2928 — etterbox Canyon [=‘‘Ammonite Valley”’]. Collector: E Ste-
phens, 1925.

3162—FElevation 85 m, at Carlsbad Research Center, in blue-gray
sandy mudstone with interbedded well cemented sandstones, in a sewer-
line trench now covered by Faraday Avenue. Collector: B. O. Riney,
November 1, 1983.

3392 —Flevation 50 m, in unweathered blue-gray fossiliferous mud-
stone in a roadcut along west side of College Boulevard, approximately
427 m south of intersection with El Camino Real. Collector: SDSNH
field party, May 19, 1987.

3402 —FElevation 49 m, at Carlsbad Research Center, in unweathered
blue-gray siltstone in a temporary exposure (the locality has since been
graded away) made during grading for the College Boulevard extension.
Collector: B. O. Riney, April 23, 1987.

3672 —Flevation 75 m, at Carlsbad Research Center, on north side of
Faraday Ave., approximately 305 m west of intersection with College
Boulevard, 1349 m north and 3450 m west of southeast corner of San
Luis Rey Quadrangle. Collector: B. O. Riney, May 11, 1993.

3673 —At Carlsbad Research Center, in trench within the road bed of
Faraday Ave, approximately 366 m west of intersection with College
Boulevard, 1326 m north and 3520 m west of southeast corner of San
Luis Rey Quadrangle. Collector: B. O. Riney, May 20, 1993.

3869—Concretionary cobble bed near base of Point Loma Formation,
now covered by a building on south side of Rutherford Road near cul-
de-sac of Farnsworth Courth, north of Palomar Airport and southwest of
El Camino Real. Collector: B. O. Riney, 1987.

4071 —Flevation 47 m, at the Taylor Made Golf facility on west side
of Letterbox Canyon, 1676 m north and 2987 m west of southeast corner
of San Luis Rey Quadrangle. Collector: B. O. Riney, April 15, 1997.

SDSU

346 —Detailed information not available. Rosario Formation, San An-
tonio del Mar, Baja California, Mexico. Age: Campanian.
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3870—In sandstone immediately overlying basal conglomerate, and
from spoil piles along south side of commercial property at 5607 Palmer
Way, Carlsbad. Collectors: G. L. Kennedy, M. L. Bellows, and S. A.
Rhodes, various dates between September, 1998 to June, 1999; G. Davis,
L. T. Groves, L. R. Saul, and R. L. Squires, January, 1999.

3871 —1In upper part of basal conglomerate, about 1 m stratigraphically
below SDSU locality 3870, and from spoil pile of pebbles and cobbles
derived from excavation of building pad for commercial property at 5607
Palmer Way, Carlsbad. Collectors: G. L. Kennedy, M. L. Bellows, and
S. A. Rhodes, various dates between September, 1998 to June, 1999.

3872 —From small spoil pile of pebbles and cobbles from basal con-
glomerate exposed in foundation trench along center of north side of
building pad for commerical building at 5607 Palmer Way, Carlsbad.

Collectors: M. L. Bellows, G. L. Kennedy, and S. A. Rhodes, various
dates between September, 1998 and February, 1999.

3875 —Spoil piles for shallow utility trench parallel to curb along east
side of property at 5601 Palmer Way, Carlsbad. Collectors: M. L. Bellows
and S. A. Rhodes, December, 1998 and February, 1999.

3877—An approximately 3-m deep utility trench and associated spoil
piles at southeast side of footing wall for parking places at 5601 Palmer
Way, Carlsbad. Collectors: G. L. Kennedy, January and February, 1999;
and M. L. Bellows, April, 1999.

3879—Displaced indurated fossiliferous sandstone boulder (with in-
ternal and external molds) found between roadway and northeast side of
building at 5607 Palmer Way, Carlsbad. Collector: G. L. Kennedy, Jan-
vary, 1999.




