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Excavation of the new fourth bore of the Caldecott Tunnel in the Berkeley Hills, Oakland, California reveals 
two faunas attributed to an unnamed glauconitic mudstone (=Sobrante Formation and mapped as Tsm) 
and the Claremont chert (both of Graymer 2000). The fossil assemblage from the unnamed glauconitic 
mudstone, referred to here as the Tsm Caldecott Tunnel fauna, consists of 32 taxa: one bryozoan, 22 
Mollusca (16 Bivalvia, five Gastropoda and one Scaphopoda), two Arthropoda (one Decapoda and one 
Maxillopoda), two Echinodermata (one Crinoidae and one Echinoidea), and five Chordata. Mollusks 
indicate a middle Miocene age based on the co-occurrence of the provisionally identified bivalves Acila 
empirensis, Anadara osmonti, Yoldia submontereyensis, Y. supramontereyensis and the gastropod genera 
Bruclarkia and Trophoscyon. This fauna was likely deposited at water depths between 350 and 400 m. 
Although several taxa from shallower depths are present, these are assumed to have washed in from 
shallower depths. Only one taxon was found that typically occurs in deeper water. The fauna lived in a 
methane-rich environment based on the occurrence of vesicomyid bivalves and on a vesicomyid/lucinid 
bivalve association shown elsewhere to be associated with cold seep environments. Vertebrates include 
great numbers of small, pelagic fish and the piscivorous sharks and marine mammals which likely 
took advantage of them for food. The Tsm Caldecott Tunnel fauna represents the second fauna from a 
methane-rich environment from the greater San Francisco Bay area and the first attributed to a methane 
seep environment. In addition, this fauna contains the first reported Cenozoic crinoid from California 
and the new species Dentalium (Fissidentalium?) mcganna (Mollusca: Scaphopoda) is described. The 
fauna from the Claremont chert includes two bivalve mollusks, one scaphopod, one barnacle and three 
vertebrates. These taxa are all represented by single specimens. They represent a marine environment 
likely at continental shelf or slope water depths. The occurrence of the shark Carcharhinus obscurus may 
indicate water temperatures warmer than off the central California coast today.

 Keywords: paleontology, Mollusca, crinoid, Cetacea, methane seep

INTRODUCTION
Excavation of the fourth bore of the Caldecott Tunnel 

(=Broadway Tunnel of Page 1950), Oakland, western 
Berkeley Hills, California (Fig. 1) has yielded megafossils 
attributed to both the unnamed glauconitic mudstone 
(mapped as Tsm by Graymer 2000) (=Sobrante For-
mation) and Claremont chert (also of Graymer 2000). 
Specimens are rare and were collected from talus piles 
moved outside of the tunnel because examination and 
collection of potentially fossil-bearing rocks inside the 
tunnel was not allowed due to safety concerns. These 

concerns relate to the four California Department of 
Transportation (Caltrans) workers who died in two 
cave-ins during construction of boreholes 1 and 2 in the 
1930s, due to cutting through fractured and unstable 
rocks in the tunnels. Although the stratigraphic units 
these specimens are attributed to were not recorded 
from inside the tunnel, we know their provenance with 
a high degree of certainty based on how far the excava-
tor was through the Berkeley Hills and more importantly 
the lithology associated with the fossils. Medium to fine, 
light-colored sandstone is attributed to the Claremont 
chert, while fine to very fine, dark sandstone is attrib-
uted to the unnamed glauconitic mudstone. Here we 
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(1994, 1996) and Graymer (2000). 
The geological setting of the Caldecott Tunnel is shown 

in Fig. 2 with exposures attributed to the unnamed glau-
conitic mudstone (Tsm=Sobrante Formation), Claremont 
chert of Graymer (2000) and Orinda Formation going 
upsection from west to east. Fossils reported here are 
from the Tsm and the Claremont chert.

Rocks from the Tsm unit are possibly Oligocene(?) 
and Miocene in age according to  Graymer et al. (1994, 
1996) and Graymer (2000), and in the Berkeley Hills 
were formally referred to the Sobrante Formation (Rad-
bruch 1964; http://www.ucmp.berkeley.edu/exhibits/
caltrans/fourthbore2.php). This unit is equivalent to the 
Sobrante Formation in other fault blocks (Graymer et al. 
1994, 1996). The only paleontological work directly at-
tributed to this fault block is that of McDougall and Block 
(2014). They report microfossils from Tsm ranging in age 
from late Oligocene to middle Miocene; however, they 
considered that their samples may represent more than 

refer specimens attributed to the Claremont chert as the 
Claremont Caldecott Tunnel fauna and those attributed 
to the unnamed glauconitic mudstone to as the Tsm 
Caldecott Tunnel fauna.

GEOLOGIC SETTING
In the East Bay (Alameda and Contra Costa counties) 

of central California the juxtaposition of Cenozoic fault-
bounded rock bodies does not allow for precise lithologic 
correlations across the area. These groups of rock have 
been subdivided into blocks or assemblages which have 
stratigraphic sequences significantly different from those 
in surrounding rock bodies. This juxtaposition of fault-
bounded rocks was first recognized by Jones and Curtis 
(1991). They were refined by Graymer et al. (1994, 1996), 
and Graymer (2000) for Alameda and Contra Costa coun-
ties, and later supported by McDougall and Block (2014). 
Rocks in the Berkeley Hills and at the Caldecott Tunnel 
are referred to Assemblage or Block 1 of Graymer et al. 

Figure 1. Index map showing location of the Caldecott Tunnel in the central San Francisco Bay area. Fossils were collected from 
tunnel talus drilled from the west end of the new, fourth bore along California Highway 24, western Berkeley Hills, California. Ma-
jor faults of the East Bay (Alameda and Contra Costa counties) are labeled with strike-slip faults in red and thrust faults in green. 
Map modified from http://www.ucmp.berkeley.edu/exhibits/caltrans/fourthbore2.php.
Insert shows location of the Berkeley Hills, California.

http://www.ucmp.berkeley.edu/exhibits/caltrans/fourthbore2.php
http://www.ucmp.berkeley.edu/exhibits/caltrans/fourthbore2.php
http://www.ucmp.berkeley.edu/exhibits/caltrans/fourthbore2.php
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one geologic unit. Zemorrian to late Saucesian through 
Relizian (early to middle Miocene) California benthic fo-
raminiferal Stage assemblages were located in the same 
area within Block 1 and were assumed to represent the 
age of the unit.

 The only rocks chronostratigraphically equivalent 
and representing a similar environment with Tsm are 
exposures referred to the “Temblor” Formation at the 
construction site for a new dam at Calaveras Reservoir in 
Alameda and Santa Clara counties. The use of the name 
Temblor is incorrect in the San Francisco Bay area as 
these rocks cannot be lithologically correlated with the 
type Temblor Formation in southern San Luis Obispo 
County, which is mostly older (Addicott 1973; late Oligo-
cene to middle Miocene). However, these new exposures 
while lithologically dissimilar to the Tsm unit represent 
a marine, continental shelf or upper slope environment, 
possibly with an associated methane rich environment 
(C.P. personal observation, 2016–17). Other exposures 
attributed to the Sobrante Formation represent a shallow 
marine environment. 

 Lawson (1914) noted that the Sobrante Formation 
in other fault blocks in the East Bay (Alameda and 
Contra Costa counties) is, in part, chronostratigraphi-
cally equivalent to Tsm and therefore discussed here. 
The Sobrante Formation was described for exposures 
along Sobrante Ridge in Contra Costa County which he 
described as up to 400 ft (120 m) thick and “Somewhat 
variable in character, but prevailingly fine-grained and 
light-colored, though it shows local ferruginous staining. 
Some beds are gritty and some flaggy,” and made it the 
basal formation in the Monterey Group. Clark (1918) 
restricted the Sobrante Formation to the upper 80 to 100 

ft (20–30 m) of Lawson’s Sobrante Sandstone, or beds 
containing the Arca [now Anadara] montereyana zone, 
and reassigned it to the lower (and unconformable) part 
of the original unit to the Oligocene San Lorenzo Forma-
tion. The formation was further restricted by Lutz (1951) 
followed by Hall (1958). Lutz (1951) formally assigned 
the Sobrante Ridge as the type locality and re-described 
the Sobrante Formation following Clark (1918) measur-
ing its thickness as about 150 ft (45 m) at the type sec-
tion. Hall (1958) further restricted the type locality as 
“along Bear Creek Road summit between Oursan Ridge 
and Lawson Hill in Contra Costa County” and cited the 
thickness at about 200 ft (60 m), also removing it from 
the Monterey Group. 

The Claremont Shale was described by Lawson (1914) 
as part of his Monterey Group consisting of  “...in part 
soft and distinctly shaly or chalky and in places con-
tains a large admixture of fine detrital material, but in 
the Berkeley Hills it is notably cherty, consisting of beds 
of hard flinty chert alternating at regular interval with 
partings of shale,” and having a thickness of between 250 
and 1,000 ft (75–300 m). It was named for exposures in 
Claremont Creek in the Concord quadrangle. Hall (1958) 
removed it from the Monterey Group which he (and we) 
consider an inappropriate use of the name. Exposures in 
the Berkeley Hills (assemblage or block 1) are more chert 
than shale, therefore Graymer (2000) referred them to 
his informal Claremont chert.

PREVIOUS PALEONTOLOGIC STUDIES
Aside from newspaper and web reports, the only pale-

ontologic publication on the fourth bore of the Caldecott 
Tunnel is on turtle eggshell fragments from the Orinda 

Figure 2. Geologic cross section along the alignment of the Fourth Bore looking north. The solid red lines indicate inactive faults 
along the contacts between different rock units. The dashed red lines indicate the approximate position of contacts or gradational 
contacts. Based on Figure 3.1, Caldecott Improvement Project: Geotechnical Baseline Report, prepared by Jacobs Associates, June 
2009, from http://www.ucmp.berkeley.edu/exhibits/caltrans/fourthbore2.php. Sobrante Formation of Caltrans is unnamed glauconitic 
mudstone (Tsm) in this report.
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Formation (Poust 2017). During the construction of the 
third bore, Page (1950) reported marine Arca Linnaeus 
(1758) (likely Anadara Gray, 1847) shells identified by 
Frank Tolman collected from the “Shale, Sandy Shale, 
and Shaly Sandstone (Miocene)” unit, the Tsm unit of 
Graymer (2000) in this report. Additional fossils have 
been reported from the non-marine formations of the 
tunnel; these are not discussed here and will be published 
separately. 

The Sobrante Formation has an extensive paleonto-
logic pedigree including Lawson (1914), Clark (1918), 
Bramlette (1946), Lutz (1951), Weaver (1953), Robinson 
(1956), Hall (1958), Rensberger (1969) and as previously 
mentioned McDougall and Block (2014). In the early part 
of the 20th century Lawson (1914) listed a fauna of 46 
taxa consisting of one coral, 43 mollusks, one arthropod 
and one vertebrate from his Sobrante Formation. From 
the data presented it is impossible to tell which taxa were 
collected from the Sobrante Formation (of Clark, 1918) or 
those that should be referred to the underlying Oligocene 
San Ramon Formation of Clark (1918) (see discussion un-
der Geologic Setting above). Also, by modern standards, 
the names used by Lawson are a mixture of outdated 
Oligocene to Holocene taxonomic names. Therefore, 
Lawson’s (1914) work does not add any details to the 
paleontology of the Sobrante Formation. Clark (1918) 
removed the San Ramon Sandstone (=Agasoma gravidum 
fauna) from the Sobrante Sandstone of Lawson (1914) on 
the basis of an unconformity in the rocks previously re-
ferred to the Sobrante Formation restricting the Sobrante 
Formation to the upper part of Lawson’s (1914) Sobrante 
Sandstone (=Arca montereyana fauna). The most impor-
tant species from the Sobrante Formation according to 
Clark (1918) include the bivalves Anadara montereyana 
(Osmont, 1905)  (as Arca montereyana), Crassostrea? 
sp. (as Ostrea n. sp. aff. O. titan Conrad, 1853), Chione cf. 
Ch. temblorensis (Anderson, 1905), Katherinella angusti-
frons (? as Marcia oregonensis Weaver, 1912), Pacipecten 
andersoni (as Pecten andersoni Arnold, 1906), Pandora 
scapha Gabb, 1866, Pseudocardium densata (as Mulinia 
densata Conrad, 1856), Mactromeris catiliformis (as 
Spisula catiliformis Conrad, 1867), Vertipecten? sp. (as 
Pecten cf. Pe. nevadensis Conrad, 1855), Macoma arctata 
(as Tellina arctata Conrad, 1849), Mactromeris albaria 
selbyensis (as Spisula selbyensis Packard, 1916), Thracia 
trapezoides Conrad, 1849, and the gastropods Bruclarkia 
barkeriana  (?) (as Agasoma barkernianum Cooper, 1894; 
Br. barkeriana is a lower Miocene species according to 
Vendetti [2009]), Crepidula princeps Conrad, 1855, Never-
ita reclusiana (Deshayes, 1839) (?) (as Natica recluziana 

Petit; Deshayes cited the author as Petit for this species 
in error), and Trophosycon kerniana (Cooper, 1894) (as 
Fusinus stanfordensis Arnold, 1908). Bramlette (1946) 
mentions silicified diatoms and foraminifers from chert 
and cherty-shale in Claremont Canyon, Alameda County. 
These specimens were illustrated (Bramlette 1946, pl. 8, 
f. C, D; pl. 9, f. B, C) but no further discussion is presented. 

In the latter part of the 20th century Lutz (1951) re-
fined the Sobrante Sandstone designating a type section 
along Bear Creek Road in the Pacheco Syncline, not along 
Sobrante Ridge as implied but not designated by Lawson 
(1914). He reported a fauna of 33 molluscan taxa includ-
ing 24 bivalves and nine gastropods. Weaver (1953) also 
discussed exposures in the Pacheco Syncline reporting 
a fauna of 20 molluscan taxa, 14 bivalves and six gastro-
pods, plus one arthropod. Later Hall (1958) reported 
eight foraminifers and two mollusks from the Pleasanton 
Quadrangle near the Calaveras Reservoir, Alameda and 
Santa Clara counties. Robinson (1956) discussed the So-
brante Formation in the Hayward 15’ Quadrangle south of 
the Berkeley Hills reporting a molluscan fauna identified 
by Wendell P. Woodring and Ellen J. Trumbull (later E. J. 
Moore) (written communication, August 31, 1951) com-
posed of the gastropods Boreotrophon ? sp., Br. barkeri-
ana, naticid indeterminate (as Neverita? sp.), Nucella sp., 
Ocenebrina? sp. (as Tritonalia ? sp.), the bivalves Anadara 
osmonti (Dall, 1909), Anadara spp., Axinopsis ? sp., Comp-
somyax ? sp., Lucinoma  cf. L. acutilineata (Conrad, 1849) 
(possibly one of our indeterminate Lucinids), Patinopec-
ten  cf. Pa. propatulus (Conrad, 1849), Nemocardium cf. 
N. centifilosum (Carpenter, 1864) (as Pratulum? cf. Pr. 
centifilosum), Simomactra  cf. S. falcata (Gould, 1850) 
(as Spisula cf. Spi. falcata), Yoldia ? sp. and the scaphopod 
Dentalium sp.; also reported is the benthic foraminiferal 
genus Amphistegina d’Orbigny, 1826. Of all the mollusk 
faunas reported from the Sobrante Sandstone the one by 
Robinson (1956) appears most similar having more taxa 
in common with the Tsm Caldecott Tunnel fauna. In the 
Pleasanton Quadrangle east-southeast of the Caldecott 
Tunnel Hall (1958) reports the bivalve Patinopecten 
haywardensis Lutz, 1951 and indeterminate specimens 
of the bivalves Lima Bruguiére, 1797 and Mytilus . None 
of these taxa are independently age diagnostic and all 
are environmentally wide ranging indicate a marine 
environment presumed as shelf or upper slope water 
depths (0–500 m). Lastly, at least two cetaceans, remains 
of a shark and a sirenian were collected in 1939 by H.F. 
Goeriz. From this collection a nearly complete skull was 
prepared and later described by Rensberger (1969) as 
a new genus and species of porpoise, Kampholophos 
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serrulus . Although these specimens were collected as 
float in Alameda Creek near Sunol, Alameda County, 
biostratigraphic relationships indicate that they came 
from nearby exposures attributed to the Claremont Shale. 
In addition to the vertebrates, Rensberger (1969) also 
reported the gastropod genus Thais (now Nucella) from 
beds stratigraphically underlying the vertebrates. We 
have been unable to locate Rensberger’s (1969) Nucella. 

The only paper dealing with the Claremont chert in the 
vicinity of the Caldecott Tunnel is McDougall and Block 
(2014). They reported that the Claremont chert samples 
were either barren or not age diagnostic, with the ex-
ception of sample USGS Mf806. USGS Mf806 contains 
Siphogenerina hughesi (Cushman 1925), which restricts 
that sample to the early Relizian California benthic fora-
miniferal Stage (middle Miocene).

MATERIALS AND METHODS
Samples were collected in conjunction with the pale-

ontological mitigation plan prepared by James R. Allen 
for the California Division of Transportation’s Caldecott 
4th bore project. The specimens examined here were col-
lected by various palentological monitors from talus piles 
moved outside of the 4th bore of the Caldecott Tunnel 
for monitors safety. After collection the specimens were 
deposited at UCMP where they were integrated into the 
museum collections.  One of us (CP) was asked to examine 
specimens early on by James Allen, who recognized them 
as Vesicomyids and that these faunas might be from a 
cold seep environment. 

Detailed descriptions of the Caldecott Tunnel collec-
tions are presented in Appendix 1.

Institutional abbreviations—UCMP, University of 
California, Berkeley, Museum of Paleontology; IP, inver-
tebrate paleontology; V, vertebrate paleontology.

THE Tsm CALDECOTT TUNNEL FAUNA
The Tsm Caldecott Tunnel fauna consists of 32 taxa, 

one Bryozoan, 22 mollusks (16 Bivalvia, five Gastropoda 
and one Scaphopoda), two Arthropoda (one Decapoda 
and one Maxillopoda), two Echinodermata (one Crinoi-
dae and one Echinoidea), and five Chordata (Appendix 
2). Various trace fossils, microfossils, and plant fossils 
were also recovered but are not discussed here. Though 
most of the fauna is represented by one or two specimens, 
there are at least 18 specimens of Dentalium, 40 Acila, 
59 Yoldia and 75 Anadara.

SYSTEMATIC PALEONTOLOGY

BRYOZOA Ehrenberg, 1831
GYMNOLAEMATA Allman, 1856
CHEILOSTOMATA(?) Busk, 1852

Fig. 3

UCMP 412845 is a bryozoan that was tentatively iden-
tified as belonging to the order Cheilostomata by Mark A. 
Wilson (personal communication, 8/15/2016). Further 
identification is not possible without thin-sectioning. 
Cheilostomata is a marine order and ranges in age from 
Late Jurassic to Holocene.

MOLLUSCA Linnaeus, 1758
BIVALVIA Linnaeus, 1758
SOLEMYIDA Dall, 1889

SOLEMYIDAE J.E. Gray, 1840
ACHARAX Dall, 1908

ACHARAX JOHNSONI Dall, 1891
Fig. 4

The single, double-valved specimen, UCMP 410421, 
compares well with Acharax johnsoni. This specimen has 
numerous, shallow, radial ribs and interspaces, which 
occur from the anterior end past the middle of the shell, 
characteristics shared by Ach. johnsoni. The poor preser-
vation and single specimen make precise identification 
impossible. Fossil Ach. johnsoni are rare in the eastern 
Pacific occurring only in the Pliocene (Woodring 1938; 
Roth, 1979) from northern and southern California, while 
in the western Pacific it has been reported from the Eo-
cene to Pliocene (O'Hara and Nemoto 1988, Nobuhara 
and Tanaka 1993, Kafanov and Ogasawara 2003, 2004). 
Coan et al. (2000) list the modern range of Ach. johnsoni 
as from Sitka, Alaska, south through to the Isla de Afuera, 
Peru in water depths from 400 to 4,100 m. 

The family Solemyidae favors reduced oxygen and 
high organic content environments, and harbors che-
moautotrophic bacteria in their gill filaments to obtain 
nutrition. In the northeastern Pacific they are typically 
found in basins on the continental shelf and nearshore 
where there is an accumulation of plant debris (Coan et 
al. 2000). It is represented by two genera off the coast 
of California and the northeast Pacific, Acharax and Sole-
mya, with three modern species and three fossil species. 
Modern species include Solemya (So.) reidi Bernard, 1980 
which occurs from Vancouver Island, British Columbia, 
Canada, south to San Diego, California at water depths 
between 40 and 600 m (Coan et al. 2000), So. (Petrasma) 
valvulus (Carpenter,1864) which occurs from Monterey 
Bay, California south to Jalisco, Mexico, including the 
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Golfo de California at water depths between the intertidal 
zone and 360 m, and Ach. johnsoni occurring from Sitka, 
Alaska through the Golfo de California  south to off Lima, 
Peru at water depths between 100 and 5,379 m (Coan 
and Valentich-Scott 2012). In addition to the modern 
species there are three fossil species in the Pacific north-
west: Ach. dalli (Clark, 1925) from the lower Miocene of 
Washington (Addicott 1976), Ach. ventricosa (Conrad 
1849) from the middle Miocene to lower Pleistocene of 
Washington south to northern California (Moore 1963, 
Addicott 1976), and Ach. willapaensis (Weaver, 1942) 
that occurs from the upper Eocene to lower Miocene of 
Washington (Weaver 1942).

NUCULIDA Dall, 1889
NUCULIDAE J.E. Gray, 1824
ACILA H. & A. Adams, 1858

Fig. 5

Figure 5 illustrates what appears to be a juvenile 
specimen of Acila. Although parts of the specimen are 

Figure 3. Cheilostomata? bryozoan. Tsm Caldecott Tunnel fau-
na. Hypotype from UCMP locality IP13003, UCMP 412845.

Figure 4. Acharax cf. Ach. johnsoni. Tsm Caldecott Tunnel fau-
na. Hypotype from UCMP locality IP13003, UCMP 410421.

Figure 5. Acila cf. Aci. empirensis Howe, left valve. Tsm Calde-
cott Tunnel fauna. Hypotype from UCMP locality IP13003, 
UCMP 410923.
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reported from the upper part of the Temblor Formation 
(Loel and Corey 1932) and unnamed Miocene sandstone 
near Stanford University of Dibblee (1966). The second is 
typically smaller with the umbo placed slightly anterior 
of the middle of the shell, a more inflated anterior-dorsal 
margin, coarser co-marginal sculpture, and a truncated 
and inclined posterior end. Specimens with these charac-
ters are here identified as Yoldia cf. Y. supramontereyensis 
Arnold, 1908 (Fig. 8). This species occurs in California 
from the Hambre Sandstone (Hall 1958), “Monterey” 
Formation (Lutz 1951, Addicott et al. 1978), Oursan 
and San Ramon sandstones (Weaver 1953), Sobrante 
Sandstone (Lutz 1951), Temblor Formation (Stewart 
1946), and unnamed sandstone near Stanford University 
of Dibblee (1966). The last species is only represented 
by a single partially covered specimen that cannot be 
identified to either genus or species with confidence and 
is referred here to Yoldia? sp. indeterminate (Fig. 9). It is 
easily distinguished from the previous two species by its 
much finer and more numerous co-marginal sculpture.

ARCOIDA Stoliczka, 1871
ARCIDAE de Lamarck, 1809

ANADARA Gray, 1847

Neogene West American Anadara are differentiated 
based on the shape of the shell and the number of radial 
ribs, which sometimes show a medial sulcation. The best 
preserved Caldecott Tunnel specimens have around 31 
radial ribs that are mostly not medially sulcate, although 
a few ribs appear to be slightly sulcate. This matches best 
with An. osmonti (Dall, 1909) (Fig. 10), which according 
to Reinhart (1943) has between 28 and 31 radial ribs 
that appear to not be bifurcated but on well preserved 
portions of shell are shown to be weakly bifurcated. 
Therefore, the Tsm Caldecott Tunnel fauna specimens are 

Figure 6. Yoldia cf. Y. submontereyensis from the Tsm Caldecott 
Tunnel fauna, left valve. Hypotype from UCMP locality IP13008, 
UCMP 218804.

Figure 7. Yoldia cf. Y. submontereyensis from the Tsm Calde-
cott Tunnel fauna, right valve. Hypotype from UCMP locality 
IP13008, UCMP 218771.

covered by sediment, its valve shape is unlike that of 
a mature Acila. Still, the size and sculpture match well 
with Aci. empirensis Howe, 1922 and it is provisionally 
(cf.) identified as that species. Neontologists have syn-
onymized Aci. empirensis under Aci. castrensis (Bernard 
1983, Valentich-Scott 1998, Coan et al. 2000), however 
molluscan paleontologists have kept the two species 
separate (Roth 1979, Moore 1983). Here we follow the 
paleontologists view until a detailed study of modern and 
fossil specimens can be performed. Acila empirensis has 
only been reported from the Wildcat Group in California 
(Ogle 1953) although both Faustman (1964) and Roth 
(1979) dispute this, citing Acila from the Wildcat Group 
as Aci. castrensis. However, Aci. empirensis has been found 
throughout the Pacific northwest. In Alaska it occurs in 
the middle Miocene Bear Lake Formation (Marincovich 
and Powell 1989, Detterman et al. 1996), the middle 
Miocene Tachilni Formation (Marincovich and Powell 
1989, Detterman et al. 1996) and the Pliocene Milky River 
Formation (Blodgett et al. 2008). In Canada it is known 
from the Miocene to possibly Pliocene Skonun Formation 
(White et al. 1994). In Washington State it is known from 
the Montesano Formation (Schenck 1936) and the Em-
pire Formation of Oregon (Howe 1922, Schenck 1936). 
The above occurrences indicate a middle Miocene to early 
Pliocene age for Aci. empirensis.

YOLDIIDAE Habe, 1977
YOLDIA Möller, 1842

Figs. 6, 7

Specimens are here referred to three taxa of the Yoldi-
idae. The largest specimens have a centrally-placed umbo 
and strong co-marginal sculpture, characters shared with 
the taxon Yoldia cf. Y. submontereyensis Arnold, 1908 
(Figs. 6, 7). Yoldia submontereyensis has been previously 
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provisionally referred to this species. Anadara osmonti, 
according to Moore (1983), occurs possibly from Alaska 
to southern California and from formations that appear 
to be restricted to the middle Miocene.

LIMOIDA Waller, 1978
LIMIDAE Rafinesque, 1815

LIMA Bruguiére, 1797
Fig. 11

A single cast in sediment that measures about 8 mm 
high is questionably referred to the genus Lima based 
on its overall shape and broad, square radial ribs which 
curve toward the posterior end. The mold recovered is 
small with 13 broad, ribs slightly curving to the posterior 

end, that are square-sided with interspaces that are 
slightly less wide than the corresponding rib. The overall 
shape and sculpture is indicative of the genus Lima, which 
is known in California from only two species: Lima cf. Li. 
caribaea (d’Orbigny, 1853) from the late Miocene part of 
the “Imperial” Formation north of Palm Springs, River-
side County (Powell 1986) and Li. vedderi Moore, 1977, 
which occurs in the Monterey Formation (Moore 1977), 
the Santa Margarita Sandstone (Addicott et al. 1978), 
and unnamed Miocene strata on San Clemente Island, 
Los Angeles County, southern California (Moore 1977). 
It is easily distinguished from both these species by lack-
ing sculpture on the ribs and its small size. Miodontiscus 
prolongatus Carpenter, 1864 (Carditidae de Lamarck, 

Figure 8. Yoldia cf. Y. supramonterensis from the Tsm Caldecott 
Tunnel fauna, left valve. Hypotype from UCMP locality IP13003, 
UCMP 218714.

Figure 9. Yoldia? sp. indeterminate from the Tsm Caldecott 
Tunnel fauna, right valve. Hypotype from UCMP locality 
IP13003, UCMP 218702.

Figure 10. Valves of Anadara cf. An. osmonti from the Tsm 
Caldecott Tunnel fauna. Hypotype from UCMP locality IP13003, 
UCMP 412699.

Figure 11. Indeterminate Lima? from the Tsm Caldecott Tun-
nel fauna, right valve. Hypotype from UCMP locality IP13001, 
UCMP 412479.
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1809) somewhat resembles the cast, however; the shell 
shape is slightly different and Mi. prograongatus does 
not have as many ribs as the Caldecott Tunnel specimen.

MYTILOIDA de Férussac, 1822
MYTILIDAE Rafinesque, 1815

CRENELLA Brown, 1827
Fig. 12

A single small cast is questionably identified as the 
genus Crenella based on its shape, size, and radial scult-
pure indicitative of the genus. No extinct species of this 
genus have been reported from California and the old-
est recorded fosssil occurrence of the modern species is 
from the Pliocene (Moore 1983). This specimen likely 
represents a new species but without better specimens 
it does not warrant naming at this time.

PROPEAMUSSIIDAE Abbott, 1954
Fig. 13

Two partial, mostly decorticated, possibly right, valves 
of an indeterminate Propeamussiidae are represented 
in the Tsm Caldecott Tunnel fauna. On first glance they 
appear to have interior radial ribs as in the genus Pro-
peamussium; however, they do not originate at the umbo 
and therefore are interpreted as cracks formed in the 
shell during or after deposition. The family is distributed 

worldwide and according to Waller (1971) occurs in 
water depths from 275 to 2,740 m. It ranges in age from 
the Jurassic to Holocene (Moore 1984).

VENEROIDA H. & A. Adams, 1856
LUCINIDAE Fleming, 1828

We identify specimens attributable to two lucinid taxa 
in the Tsm Caldecott Tunnel fauna. The first, represented 
by specimen, UCMP 218741, has a diamond shape outline 
and sculpture most similar to Lucinoma but may repre-
sent a new genus (Fig. 13) with a well-defined posterior 
sulcus instead of weak to sometimes nearly absent sulcus 
as in L. acutilineata, L. annulata, and L. hannibali (Clark, 
1925). The second lucinid-type specimens may also 
represent another new genus that is similar in outline 
to the genus Tehamatea (Myrteinae Chavan, 1969) (Fig. 
14) but sculptured like the previous undetermined taxon 
with fine co-marginal lirae.

CODAKIINAE Korobokov, 1954
Fig. 14

UCMP 218741 is a single specimen that may represent 
a new genus and species within the subfamily Coda-
kiinae. The combination of its diamond-shaped outline 
with slightly inflated valve, and a strong posterior radial 
sulcus that extends to the posterior ventral margin serve 
to separate this species from West Coast species of Lu-
cinoma, although these features could be an artifact of 
preservation. Sculpture consists of numerous, slightly 

Figure 12. Indeterminate Crenella? from the Tsm Caldecott 
Tunnel fauna, right valve(?). Hypotype from UCMP locality 
IP13003, UCMP 218709.

Figure 13. Indeterminate Propeamussiidae from the Tsm 
Caldecott Tunnel fauna, possibly right valve. Hypotype from 
UCMP locality IP13004, UCMP 412704.



10           PALEOBIOS, VOLUME 36, JULY 2019 

irregularly-spaced, co-marginal lamellae, with wide to 
moderate interspaces. The lunule, ligament, and escutch-
eon were not observed. This species appears most similar 
to the western Atlantic species L. atlantis (McLean, 1936), 
L. “atlantis” of Taylor and Glover (2017, figs. 39–43) and L. 
sp. of Taylor and Glover (2017, fig. 51–52) differing from 
them in being taller than wide and in having a pointed 
ventral margin. This species is also somewhat similar to 
Scabrilucina (Taylor and Glover 2013), a modern genus 
from the southwest Pacific but lacks an anterior sulcus 
and the ventral margin is angular not rounded. It is here 
referred to aff. Lucinoma until additional specimens can 
be found and described in detail. 

MYRTEINAE Chavan, 1969(?)
Fig. 15

The second lucinid in the Tsm Caldecott Tunnel fauna  
is similar to the previous one in having widely-spaced 
co-marginal lamellae, but differs in its low, broad umbo, 
wide, oval shape, and weak anterior dorsal sulcus. This 
lucinid is very similar in shape to genus Tehamatea re-
cently described by Kiel (2013). However, Tehamatea 
has a more prominent umbo and co-marginal lamellae 
only on its early shell after which the sculpture becomes 
irregular co-marginal growth lines. Also Tehamatea is 
only known from the Late Jurassic to Early Cretaceous of 
central California (Kiel 2013). Interestingly, Tehamatea 

is also found in ancient methane seeps. We assign this 
species to aff. Tehamatea until additional specimens can 
be found and studied in depth.

CARDITOIDA de Lamarck, 1809
CARDITIDAE Fleming, 1828

Fig. 16

One indeterminate Cyclocardia has been recovered 
from the Caldecott Tunnel. It shows the exterior of a 
right(?) valve  that has been crushed but appears to show 
greater than 16 broadly rounded radial ribs with slightly 
narrower shallow interspaces and appears to be crossed 
by fine co-marginal growth lines. This specimen is about 
8.7 mm long and 7.5 mm high. 

Only two Cyclocardia have been reported from the Mio-
cene of California, Cy. monilicosta (Gabb, 1861) [=Cy. occi-
dentalis (Conrad, 1855)] and Cy. californica (Dall, 1903). 
According to its original description Cy. monilicosta was 
described from the Santa Barbara area and questionably 
referred to the Miocene. The Santa Barbara Formation, 
from which Cy. monilicosta was likely collected, is middle 
Pleistocene in age (Minor et al. 2002, 2009), although in 
the past the Santa Barbara Formation has been referred 
to rocks of Miocene to Pleistocene age (Gabb 1861, Ar-
nold and Arnold 1902, Moore 1983). Powell et al. (2010, 
p. 23, footnote) noted a single collection of Pliocene age 
from the Santa Barbara area and Minor et al. (2002, 2009) 
reported two geologic units of questionable Pliocene age 
in the sea cliffs below More Mesa just south of UC Santa 
Barbara at Goleta, so Pliocene but no Miocene geologic 
units occur in the area. Although it is uncertain which 

Figure 14. aff. Lucinoma? n. sp. from the Tsm Caldecott Tunnel 
fauna, left valve. Hypotype from UCMP locality IP13005, UCMP 
218741.

Figure 15. aff. Tehamatea n. sp., from the Tsm Caldecott Tun-
nel fauna, right valve. Hypotype from UCMP locality IP13001, 
UCMP 410562.
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geologic unit Cy. monilicosta was described from, it was 
most likely the Santa Barbara Formation where it oc-
curs abundantly. Given this there is no data supporting 
a Miocene age for Cy. monilicosta, which is abundant in 
other Pliocene and Pleistocene formations in California 
(Moore 1992). 

The other reported California Miocene Cyclocardia, 
Cy. californica has been reported from the late Miocene 
to Pleistocene of central and southern California (Moore 
1992). In the Pacific northwest (Oregon and Washington) 
Cy. hannibali (Clark, 1925) and Cy. subtenta (Conrad, 
1849) have been reported from the Miocene (Addicott 
1976, Moore 1976). Also, Allison and Marincovich (1981) 
provisionally (cf.) reported five western Pacific Cyclocar-
dia from the late Oligocene to early Miocene Narrow Cape 
Formation on Sitkinak Island, Alaska. Unfortunately, the 
Caldecott Tunnel specimen is not well enough preserved 
for a detailed comparison with any of the Miocene west-
ern North American Cyclocardia.

VENEROIDA Gray, 1854
TELLINIDAE de Blainville, 1814

A single incomplete specimen (UCMP 218708) mea-
suring ~3.5 cm long and 2.9 cm high, is tentatively iden-
tified here as aff. Tellinidae based on its size and shape. 
The hinge is needed to differentiate the genera Macoma 
and Tellina, so without the hinge our specimen is referred 
only to family. The family Tellinidae is wide ranging in 

world oceans and is of no ecological significance here.

VESICOMYIDAE Dall and Stimpson, 1901
Figs. 17–19

Three incomplete, poorly preserved specimens are as-
signed to Vesicomyidae, genus and species indeterminate 
based on their shell outline and placement of the hinge 
towards the anterior end of the shell. Overall they are 
similar in outline to Pliocardia. Pliocardia is represented 
by two modern species in the northern eastern Pacific, 
one provisionally, “Pl.” stearnsii (Dall, 1895) and “Pl.” 
krylovata Martin and Goffredi, 2011 from Costa Rica. 
W.H. Dall (1896, p. 17) cites W.H. Dall (1895, p. 693) as 

Figure 16. Cyclocardia sp. Indeterminate from the Tsm Calde-
cott Tunnel fauna, right valve(?). Hypotype from UCMP locality 
IP13001, UCMP 410563.

Figure 17. Vesicomyidae indeterminate from the Tsm Calde-
cott Tunnel fauna, right valve. Hypotype from UCMP locality 
IP16025, UCMP 123686.

Figure 18. Vesicomyidae indeterminate from the Tsm Calde-
cott Tunnel fauna, right valve. Hypotype from UCMP locality 
IP16027, UCMP 123690.
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the original author of Vesicomya stearnsii. However, in 
footnotes on page 693 is a histologic description attrib-
uted to, in part, Callocardia stearsii, within a discussion 
of Euciron pacifica Dall (pp. 688–697). According to Coan 
et al. (2000, Santa Barbara Museum of Natural History 
Monographs 2, Studies in Biodiversity 2, p. 338 ) under 
Vesicomya (Vesicomya) stearnsii and an email from P. 
Valentich-Scott (7/2018) confirms use of the name is 
sufficient to establish the author and date. Fossil Plio-
cardia are only questionably known from western North 
America (Amano and Kiel 2007) they are not recognized 
with certainty because the hinge has not been preserved; 
however, they do occur in eastern Asia (Amano and Kiel 
2012). All northeastern Pacific vesicomyids and perhaps 
all species in the family are filter feeders commonly found 
at cold seeps and in sulfide-rich habitats (e.g., Barry et 
al. 1997) at water depths greater than about 500 m in 
the eastern Pacific (Coan et al. 2000).

MACTRIDAE de Lamarck, 1809
SPISULA Gray, 1837

Fig. 20

UCMP 410439 is provisionally referred to Spisula 
aff. Spi. eugenensis (Clark, 1925) as it closely resembles 
this species in general outline. Spisula eugenensis from 
the Oligocene Eugene Formation in Oregon figured by 
Hickman (1969, pl. 4, fig. 13), with its broadly rounded, 
centrally-placed beak and moderately sloping anterior 
and posterior dorsal margins from the umbo, is nearly 
identical to the specimen figured here. In addition, the 
Tsm Caldecott Tunnel specimen show a slight anterior 
and posterior umbonal ridge that match well with Spi. 

eugenensis. The Eugene Formation (Oligocene) speci-
mens and the Tsm Caldecott Tunnel (middle Miocene) 
specimen are very similar but are considered possibly 
distinct because of the difference in age.

VENERIDAE Rafinesque, 1815
Fig. 21

UCMP 410418 is a single small specimen that shows 
an overall oval shell outline with the umbo positioned at 
about a third of the shell’s length. The umbo overhangs 
the dorso-anterior margin which is short and steeply 
inclined. The dorso-posterior margin broadly arches 
away from the umbo and is partially hidden. The ven-
tral margin is broadly rounded from the anterior to the 
posterior. A fragment of the shell is present posterior 
of the umbo and appears moderately thick with strong 
concentric ribs. The cast shows that these ribs were co-
marginal and moderately evenly spaced. These features 
and the shell outline matches well with some members 
of the family Veneridae, in particular the genus Clementia 
Gray, 1842, which is well known from the Miocene and 
possibly into the Pliocene of the West Coast (Woodring 
1927). However, the specimen is not well enough pre-
served for a precise identification.

GASTROPODA Cuvier, 1795
NEOGASTROPODA Wenz, 1938
BUCCINIDAE Rafinesque, 1815

BRUCLARKIA Trask in Stewart 1926(1927)
Fig. 22

The genus Bruclarkia is endemic to the Pacific north-
west from Alaska to California occurring in rocks of 

Figure 19. Vesicomyidae indeterminate from the Tsm Calde-
cott Tunnel fauna, right valve. Hypotype from UCMP locality 
IP16022, UCMP 123682.

Figure 20. Spisula aff. Spi. eugenensis from the Tsm Caldecott 
Tunnel fauna, right valve(?). Hypotype from UCMP locality 
IP13004, UCMP 410439.
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Eocene to middle Miocene age before the genus became 
extinct. A review of the genus by Vendetti (2009) rec-
ognized seven, possibly eight, valid species from the 20 
available taxonomic names for western American speci-
mens. A single specimen, UCMP 218695, was recovered 
from the Caldecott Tunnel excavation. It is decorticated 

and therefore cannot be identified to species.

MURICIDAE Rafinesque, 1815
FORRERIA  Jousseaume, 1880

Fig. 23

Fossil Forreria occurs from central California south to 
Baja California, Mexico, in rocks from the lower Miocene, 
possibly upper Oligocene, to Holocene. Powell (2005) 
recognized 29 names used for fossil Forreria, including 
two new species, from the California Neogene of which 
10 to possibly 12 species are valid. The single Caldecott 
Tunnel specimen UCMP 412181 is incomplete and mostly 
decorticated making identification beyond genus impos-
sible. The single modern species, F. belcheri (Hinds, 1843) 
occurs from Mugu Lagoon, Ventura County, California 
south to Laguna Ojo de Liebre (Scammon’s Lagoon), 
Baja California Sur, Mexico, at water depths from the 
low intertidal to about 30 m (McLean 1978). However, 
the genus was more widespread geographically during 
the Neogene in western North America (Powell 2005).

NASSARIIDAE Iredale, 1916
DEMONDIA(?) Addicott, 1965

Fig. 24

Figure 21. Veneridae, indeterminate from the Tsm Caldecott 
Tunnel fauna, right valve (left), left valve (right). Hypotype from 
UCMP locality IP13004, UCMP 410418.

Figure 22. Aperical view of indeterminate Bruclarkia from the 
Tsm Caldecott Tunnel fauna, UCMP locality IP13003, hypotype 
UCMP 218695.

Figure 23. An indeterminate Forreria from the Tsm Caldecott 
Tunnel fauna, probably adaperical view. Hypotype from UCMP 
locality IP13004, UCMP 412181.
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Although the specimens show reticulate or papillose 
sculpture, the aperture of the shells, which has a well-
formed callus in Demondia, are not preserved making 
precise identification questionable.

UCMP 218821 and 218822 are two crushed, poorly 
preserved casts resembling the genus Demondia, and 
are most similarity to Dem. lincolnensis (Anderson and 
Martin, 1914). Demondia lincolnensis has been previously 
reported from the middle Miocene Astoria Formation 
of western Washington (Moore 1963) and Clatsop and 
Lincoln counties, Oregon (Anderson and Martin 1914, 
Moore 1963). Unfortunately, the Caldecott Tunnel speci-
mens are not well enough preserved to identify with 
confidence even to genus despite the resemblance to 
Dem. lincolnensis.

LITTORINIMORPHA Golikov & Starobogatov, 1975
NATICIDAE Guilding, 1834

Fig. 25
UCMP 218737 is a single small, deformed and 

indeterminate naticid. It has no features preserved 
that allow for a more precise identification. The fam-
ily Naticidae is so wide ranging in the eastern Pacific, 
both chronologically and ecologically, that it is useless 
in making detailed age and environmental interpreta-
tions.

FICIDAE Meek, 1864
TROPHOSYCON Cooper, 1894

Fig. 26

According to occurrences cited in Grant and Gale 
(1931) and Addicott (1970), the extinct western United 
States genus/subgenus Trophoscyon is possibly found in 
rocks of the Temblor Formation, but occurs definitively 

Figure 24. Demondia? sp. from UCMP locality IP13003. Hypo-
type (top), UCMP 218822. Hypotype (bottom), UCMP 218821.

Figure 25. Indeterminate Naticidae, partly crushed, from the 
Tsm Caldecott Tunnel fauna, adaperical view (left); aperical 
view (right). Hypotype from UCMP locality IP13005, UCMP 
218737.

Figure 26. Trophoscyon sp. Adapature view of part of the body 
whorl and a small portion of the penultimate whorl. Hypotype 
from UCMP locality IP13004, UCMP 411945.
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in the Santa Margarita Sands, and the lower part of the 
San Diego Formation. These formations indicate a pos-
sibly middle Miocene, but definitely upper Miocene to 
middle Pliocene age. A large number of species have been 
recorded for this subgenus however Addicott (1970) 
synonymized many of them. The single fragment from 
the Caldecott Tunnel excavation shows the nodes and 
cancellate sculpture characteristic of the taxon, but the 
fragmentary nature of the specimen does not allow for 
a more detailed identification.

SCAPHOPODA Bornn, 1862
DENTALIIDA DeCosta, 1776

DENTALIIDAE Children, 1834
DENTALIUM Linnaeus, 1758

FISSIDENTALIUM(?) Fischer, 1885
DENTALIUM (FISSIDENTALIUM?) MCGANNA Powell, Clites, 

and Poust n. sp.
Figs. 27-30

Diagnosis—The coarse radial and moderate to fine 
concentric sculpture forming a checkerboard pattern 
both high on the sculpture and low between the radial 
and concentric sculpture is distinctive to this species, as 
is large size. The pattern can vary along the length of the 
shell and radial sculpture can be difficult or impossible 
to see on casts. 

Holotype—UCMP 251012. 
Paratypes—UCMP sp. nos. 14436, 218713, 218799, 

412728. 

Referred Specimens—Caldecott Tunnel locality 
UCMP IP13001: UCMP sp. nos. 251010, 410431, 412779; 
Caldecott Tunnel locality UCMP IP13003: UCMP sp. nos. 
218690, 218701, 218712, 218719, 218729, 218730, 
218801, 218829, 251018, 251024, 251032, 410426, 
410925; Caldecott Tunnel locality UCMP IP13004: UCMP 
sp. nos. 218803, 410434, 410435, 412731, 410438.  See 
Appendix 3 for details.

Type Locality—UCMP IP13003: Caldecott Fourth 
Bore, Sobrante first shale, specimens collected from the 
“First shale” of the Sobrante Formation as described by 
Page (1950). Note that contractors were not allowed to 
enter the tunnel, so this designation as “First shale” of 
the Sobrante is approximate.

Other occurrences—Known from the Tsm and pos-
sibly Claremont Formation exposed at or near the west 
side of the Caldecott Tunnel’s fourth boring, Berkeley 
Hills, Oakland, California. Specimens were recovered 
from spot collecting and talus piles attributed to Tsm 
based on the position of the excavator near the west end 
of the boring and the dark to medium gray fine grained 
rocks the fossils were preserved in. One specimen (UCMP 
412728) is preserved in medium sand and is question-
ably attributed to the Claremont shale.

In addition to the Caldecott Tunnel material a single 
specimen from the Gallaway Formation (=Gallaway 
Beds of the Mendocino coast of Weaver (1944) fide Ad-
dicott, 1967; UCMP locality D7149) collected near Point 
Arena, Mendocino County, northern California present 

Figure 27. Dentalium (Fissidentalium?) mcganna Powell, Clites, and Poust n. sp. Holotype from UCMP locality IP13003, UCMP 
251012.
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in the UCMP collection and reported on by Phillips et al. 
(1976). Phillips et al. (1976) using benthic foraminifers 
determined an age of Zemorrian California provincial 
benthic foraminiferal stage age (33.5–22 Ma; GeoWhen 

Database, http://www.stratigraphy.org/bak/geowhen/
stages/Zemorrian.html, visited 7/2018), while W. Addi-
cott (in Phillips et al., 1976, p. 148) indicated a “Vaqueros” 
California provincial molluscan stage age (32.6–19.5 Ma; 

Figure 28. Dentalium (Fissidentalium?) mcganna Powell, Clites, and Poust n. sp. Paratype from UCMP locality IP13003, UCMP 
218713.

Figure 30. Dentalium (Fissidentalium?) mcganna Powell, Clites, and Poust n. sp. Paratype from UCMP locality IP13003, UCMP 
218799, part and counterpart.

Figure 29. Dentalium (Fissidentalium?) mcganna Powell, Clites, and Poust n. sp. Paratype from the Gallaway Formation (UCMP lo-
cality D7149) collected near Point Arena, Mendocino County, northern California, UCMP 14436.

http://www.stratigraphy.org/bak/geowhen/stages/Zemorrian.html
http://www.stratigraphy.org/bak/geowhen/stages/Zemorrian.html
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Smith 1991) for these outcrops, slightly older than either 
the Tsm unnamed glauconitic mudstone or Claremont 
Formation in the Berkeley Hills. This specimen (UCMP 
14436) is included here as a paratype of D. mcganna (Fig. 
30) and extends the geographic and age range of this new 
species from Contra Costa County to Mendocino County 
and from middle Miocene back to the early Miocene. 

Etymology—This species is named in honor of Mary 
McGann (USGS) for her friendship, continuous help and 
support to the senior author over many years. 

Description—The holotype is the longest and one of 
the best preserved specimens measuring  ~6.7 cm long 
and ~0.7 cm at its widest (Fig. 24). It has a circular or 
oval cross-section (compression of the rocks makes an 
exact determination impossible), is moderately curved 
and tapered. It shows coarse radial sculpture consisting 
of up to 12 ribs on one side crossed with variable weight 
concentric sculpture, which varies along the length of an 
individual specimen and varies between specimens from 
strong to nearly absent due to intraspecific variation 
and preservation. The radial and concentric sculpture 
together form a square checkerboard pattern high in the 
middle of each individual square formed by the sculpture 
and low on the margins. The interspaces are fine and 
much smaller than the ribs. The apex was not observed. 

Discussion—The subgenus Fissidentalium has large, 
solid shells, circular in outline and sculptured by nu-
merous longitudinal striae and an apex mostly with a 
long slit on the convex side. While in Dentalium s. s. the 
apex is weakly to strongly polygonal and the shell has a 
number of rounded ribs numbering less than 20 (Keen 
1971). Diagnostic features are not observable but the 
large size and deep water habitat are indicative of the 
subgenus Fissidentalium. 

Miocene California and Pacific Northwest Dentalium 
include D. laneensis Hickman, 1969, D. petricola Dall, 
1909) (new name for Teredo substriata Conrad, 1849, in 
part), D. pseudonyma Pilsbry and Sharp, 1898 (new name 
for Teredo substriata Conrad, 1849), in part; syn. D. con-
radi Dall, 1909, n. nom. fide Clark (1918)], D. radiolineata 
Clark, 1918, D. radiolineata sobrantensis Clark, 1918, and 
D. schencki Moore, 1963. These taxa are distinguished 
from D. mcganna n. sp. as follows: D. laneensis is smaller 
and lacks prominent concentric growth lines; D. petricola 
lacks sculpture; D. pseudonyma is much smaller and does 
not show growth lines; in D. radiolineata the interspaces 
are as wide as the ribs, and the ribs fade above and be-
low the middle of the shell easily distinguishing it from 
the present species. Lastly, D. schenecki, differs in being 
smaller and having a smooth, strongly tapered shell.

ECHINODERMATA Bruguiére, 1791 [ex. Klein, 1734]
CRINOIDEA Miller, 1821

Fig. 31

Two specimens (UCMP 412360) are identified as 
indeterminate crinoid columnals (Rich Mooi, personal 
communication, 6/20/2016). Although crinoids are very 
rare in the Cenozoic of western North America, they have 
been reported from the Eocene to possibly lower Mio-
cene (Lewis et al. 1960, Burns and Mooi 2003). Eocene 
occurrences include the Crescent, Lincoln Creek, Makah, 
McIntosh, Skookumchuck, and Tukwila formations in 
Washington, and in Oregon the basal Keasey Formation 
and the Clark and Wilson Sandstone (Burns and Mooi 
2003). Oligocene occurrences include the Blakeley and 
Lincoln Creek formations in Washington and the Keasey 
Formation in Oregon (Burns and Mooi 2003). In addition, 
Lewis et al. (1960) report a crinoid from the Oligocene 
or early Miocene Gunners Cove Formation on Rat Island 
in the Aleutians, Alaska.  

The occurrence of crinoids in the Tsm Caldecott Tunnel 
fauna extends the stratigraphic range of fossil crinoids in 
the Cenozoic of western North America from possibly the 
upper Oligocene/lower Miocene to the middle Miocene, 
and geographically south from near Mist, Oregon to the 
San Francisco Bay area.

ECHINOIDEA Leske, 1778

Very thin sea urchin spines are present in several sam-
ples. These spines are less than 0.1 mm in diameter and 
up to 10 mm long. They are generally smooth, although 
some appear to show pitting along their length and a few 
have fine lines parallel to the long axis. The size and lack 
of details make them impossible to identify past Class.

Figure 31. Indeterminate crinoid stem. Hypotype from UCMP 
locality IP13001, UCMP 412360.
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ARTHROPODA von Siebold, 1848
MALACOSTRACA Latreille, 1802

DECAPODA Latreille, 1802

At least three decapod specimens are known from the 
Tsm Caldecott Tunnel fauna (A. Klompmaker, personal 
communication, 2016-2017). The specimens are repre-
sented by a claw (UCMP 410434) and other unidentified 
fragments. Decapoda are known from at least as old 
as the Devonian (Feldmann and Schweitzer 2010) to 
Holocene.

SESSILIA de Lamarck, 1818
MAXILLOPODA Dahl, 1956

BALANIDAE Leach, 1817
Fig. 32

A very small mold and cast appear to represent a 
small, short, possibly smooth-sided barnacle. It is not 
well enough preserved to identify beyond family level. 
The family goes back to the Cambrian (Collins and Rudkin 
1981) and they are widespread in marine and marginal 
marine environments.

CHORDATA Haeckel, 1874
CHONDRICHTHYES Huxley, 1880

CARCHARINIFORMES Compagno, 1973
CARCHARHINIFORMES INDET.

Two small (1–2 mm) fragments of a shark tooth (UCMP 
270010) nonetheless preserve portions of a serrated 
crown. The serrations are very fine, symmetrical, and 
numerous with 6–7 per millimeter.

It is difficult to identify these fragments, but several 
shark groups have serrations of similar size and density, 
including members of the carcharhinids and the Lamni-
formes. The fine and dense nature of the serrations are 
more similar to the genus Carcharhinus than the larger 
serrations of Carcharocles, but the incomplete fossil does 
not permit identification beyond Order.

OSTEICTHYES Huxley, 1880
ACTINOPTERYGII Klein, 1885

ACTINOPTERYGII INDET.
Fig. 33

Dozens of rock samples containing numerous accumu-
lations of fish bone, teeth, and scales were collected from 
the Caldecott Tunnel Tsm unit (UCMP sp. nos. 218453–
218476, 218478–218481, 218503, 218509–218517, 
218519–218524, 218526–218529, 218531–218533, 
218535–218643, 218646–218674, 218676–218678, 
270000–270006, 270008, 270009, 270011, 270012, 
270014, 270017, 270018, 270020, 270021, 270023, 
270026, 270031, 270033, 270036, 270074–270077, 
270079–270114; and in V12003 : UCMP 218477, 
218506, 218525, 218644, 218645, 218675, 270007, 
270013, 270016, 270024, 270025, 270028, 270029, 
270032, 270037–270042, 270046, 270049, 270050, 
270052, 270053, 270059, 270061–270073, 270078, 
323812). The bones are abundant and the most common 

Figure 32. Balanidae indeterminate. Hypotype from UCMP lo-
cality IP13001, UCMP 218826.

Figure 33. Indeterminate Actinopterygii fragments. Hypotype, 
UCMP 218647.
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elements are ribs and small spool-like vertebrae, 1–2 
mm in length. The fragments were not identified beyond 
teleost. Without further detailed study the taxonomic 
affinities of these fossils cannot be determined, but in 
the east San Francisco Bay area similar accumulations of 
fish bone and scales are found in shales along Sobrante 
Ridge, north of the Caldecott Tunnel. This suggests that 
small fish were common components of coastal basins 
throughout the late Miocene and may have provided a 
significant food source for larger vertebrates, such as the 
marine mammals described below.

MAMMALIA Linnaeus, 1758
MAMMALIA INDET.

Fig. 34

UCMP 270019 and 270092 are partial mid-shaft frag-
ments of what appear to be pinniped ribs. They resemble 
pinniped ribs in cross-sectional shape and marrow cav-
ity area, but we cannot fully rule out small odontocete 
cetaceans with ribs of similar size.

Possible candidate taxa for these elements include 
the smaller early imagotariine walruses, enaliarctine 
pinnipedimorphs, now known to survive along the West 
Coast as late as 16.6 Ma (Poust and Boessenecker 2018), 
and a number of smaller cetacean taxa. Due to the age 
uncertainty of the Tsm at this locality, the size overlap 
among the ribs of multiple marine mammal taxa, and the 
minimal anatomy preserved we feel this justifies only 
attribution to the Mammalia.

CF. ALLODESMUS Kellogg, 1922

UCMP 270043 is a very cracked and shattered frag-
ment of a proximal rib preserved in dark, hard, indurated 
shale. The specimen nonetheless preserves a morphol-
ogy resembling the proximal ribs of the contemporane-
ous Allodesmus. Comparison with specimens of marine 
mammals in the UCMP collections suggests that UCMP 
270043 is similar to the proximal portions of Allodesmus 
ribs in size, width to height ratio, and the presence of a 
relatively wide proximal costal groove.

 The middle Miocene was a time of marked phylo-
genetic diversity within pinnipedimorpha, including 
imagotariine walruses, members of Desmatophocidae 
including Allodesmus, some of the first phocid and otariid 
relatives, and even relict “enaliarctines” (Berta et al. 
2018, Poust and Boessenecker 2018). Thus, the pos-
sible presence of two size classes of pinnipedimorphs 
within the same formation is not surprising, especially 
if the presence of numerous fossil fish is indicative of a 
nutrient-rich environment.

CETACEA Brisson, 1762
ODONTOCETI Flower, 1867

Figs. 35, 36

Cetacean remains recovered from the Caldecott Tunnel 
Tsm unit include a partial premaxilla (UCMP 269020) 
among other less identifiable fragments.  The descrip-
tive anatomical terminology used here follows Mead and 
Fordyce (2009). UCMP 269020 is a left mid-premaxilla 

Figure 34. Mammalian rib fragment, hypotype, UCMP 270043.
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of a medium-sized odontocete cetacean. T-shaped in 
cross-section, it has a sharp lateral edge which would 
have been flush with the maxilla and a more rounded 
medial border where it would have met the opposing 
right premaxilla in life. The ventral process is crushed 
and less distinguishable from the surrounding matrix, 
but does expand ventrally where the palatine surface 
would be visible in ventral view. The porcelanous part 
is gently convex. The labial surface, anterolateral sulcus, 
and any branches of the infraorbital canal are not visible, 
suggesting that this fragment is from the anterior half of 
the rostral portion. The convex rostral surface is 32.3 mm 
wide and the height from the palatine  surface of the pre-
maxilla is 32.5 mm. The entire fragment is 80 mm long.

The identification of UCMP 269020 as an odontocete 
is a strong stratigraphic indicator that the rocks of the 
western portal of the Caldecott Tunnel are Neogene in 
age and that the tunnel does not include any of the un-
named Cretaceous Cenomanian/Turonian sedimentary 
rocks present further west along Highway 24. Though 
many cetaceans are well known from the Oligocene of 
North America, including the oldest Odontocetes (Uhen 
2010), their diversity is not high until the Miocene. Of 
the odontocete cetaceans known from the West Coast, 
several possess premaxillae with convex dorsal surfaces 
and without further morphology a generic assignment is 
not warranted. The specimen is relatively large: signifi-
cantly bigger than Pliocene delphinids from the Purisima 
Formation, similar or slightly smaller than Physeteroids 
from the Round Mountain Silt (UCMP collections) and 
larger than Kampholophos which has a 26 mm wide 
premaxilla (Rensberger 1969).

ENVIRONMENTAL INTERPRETATION
The Tsm Caldecott Tunnel fauna is referred to a 

methane-rich environment, likely a cold seep, based on 
the occurrences of specimens attributed to indeterminate 
Vesicomyidae and Lucinidae bivalves. Vesicomyidae are 
all known from methane-rich environments (Barry et 
al. 1997). Furthermore, the association of Vesicomyidae 
and the lucinid Lucinoma has been used to interpret 
methane-rich sites in the Pliocene of southern California 
(Powell and Groves 2008). The only other record of a 
methane-rich fauna from the San Francisco Bay area is 
that of Pyenson and Haasl (2007) who reported a whale 
fall fauna in the Miocene “Monterey” Formation on Año 
Nuevo Island in nearby San Mateo County. 

We pursue two lines of evidence to determine the 
depth at which this fauna was deposited: overlapping 
depth zones of extant molluscan taxa from the fauna and 
occurrence of glauconite. No extant species are known 
from the Tsm Caldecott Tunnel fauna, however all the 
genera and (or) families are known from the modern 
eastern Pacific fauna. We restrict depth data to western 
North American bivalves and use the modern compila-
tions of eastern Pacific Bivalvia by Coan et al. (2000) 
and Coan and Valentich-Scott (2012). Compiled data 
shows the majority of the taxa overlapping between 360 
(deepest occurrence of Yoldia) and 370 m (shallowest 
occurrence of the family Vesicoymidae in the eastern 
Pacific). However, the family Mactridae (questionably 
reported here) has a modern occurrence only shal-
lower and Acharax johnsoni has a range starting slightly 
deeper. Gastropoda and Scaphopoda were not used in 
these determinations because modern depth data is 
generally lacking and in the case of the genus Forreria 
it is only represented by a single living species today, 

Figure 35. Odontocete premaxilla, dorsal view of hypotype, 
UCMP 269020.

Figure 36. Odontocete premaxilla, lateral view of hypotype, 
UCMP 269020.
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although over a dozen species were present in Califor-
nia during the Miocene (Powell 2005). Most fossil taxa 
are generally represented by less than five specimens 
and many are broken; therefore, transport seems likely. 
As reported by Porrenga (1967), glauconite in modern 
oceans is commonly deposited at water depths between 
30–2,000 m and in low oxygen environments (Parrish 
1998). Based on our confidence of the identified fossils, 
the fine-grained nature of the sediment, and the occur-
rence of glauconite upper slope water depths probably 
on the order of 350 to 400 m are indicated.

All taxa have modern latitudinal range zone that over-
lap the latitude of the fossil locality and therefore do not 
indicate water temperatures warmer or cooler than off 
the central California coast today.

AGE
The stratigraphic ranges of specifically identified taxa 

are discussed above. Overlapping stratigraphic ranges 
indicate a probable middle Miocene age (Table 1) for the 
fauna based on the occurrences of the provisionally iden-
tified bivalves Acila empirensis, Anadara osmonti, Yoldia 
submontereyensis, Y. supramontereyensis and the gastro-
pod genera Bruclarkia and Trophoscyon. The presence of 
odontocete cetaceans and Allodesmus indicates a middle 
Miocene (Langhian Stage age) or younger (< 16 Ma) age, 

though the incomplete nature of these specimens means 
that they should be viewed only as confirmation of the 
age suggested by the invertebrate taxa.

THE CLAREMONT 
CALDECOTT TUNNEL FAUNA

Taxa recovered from the Claremont Formation are 
sparse and include only two bivalve mollusks, one scaph-
opod, one barnacle and three vertebrates (Appendix 4). 
They are referred to as the Claremont Caldecott Tunnel 
fauna.

SYSTEMATIC PALEONTOLOGY

MOLLUSCA Linnaeus, 1758
BIVALVIA Linnaeus, 1758

OSTREOIDA de Férussac, 1822
PECTINIDAE Wilkes, 1810

Fig. 37
UCMP 412480 is a mold of a small indeterminate 

Pectinidae. The cast is about 7 mm high with 10, pos-
sibly 11, strong radial ribs, with the suggestion of finer 
concentric sculpture on some ribs. A possible posterior 
auricle is present although the impression is very faint 
and difficult to distinguish, and no sculpture is observ-
able. The size and lack of diagnostic features does not 
allow for identification beyond the family.

Taxa Epochs

Oligocene lower Miocene middle Miocene upper Miocene Pliocene

Mollusca

   Bivalvia
Acharax johnson* x1 x1 x1 x1 x1, 2

Acila empirensis* – – x x x
Anadara (An.) osmonti* – – x – –

Yoldia (Kalayoldia) 
submontereyensis* – – x – –

Yoldia (Kalayoldia) 
supramontereyensis* – – x – –

   Gastropoda

Bruclarkia sp. x x x – –
Forreria sp. ? x x x x

Trophoscyon sp. – ? x x x

Table 1. Stratigraphic range of selected molluscan taxa reported from the Tsm Caldecott Tunnel fauna. * indicates species provi-
sionally identified. 1 Indicates occurrence in the western Pacific (http://fossilworks.org/bridge.pl?a=taxonInfo&taxon_no=85550). 
2 Indicates occurrence in the eastern Pacific (Moore, 1983). These taxa indicate a middle Miocene age for the fauna.
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VENEROIDA H. & A. Adams, 1856
LUCINIDAE Fleming, 1828

CODAKIINAE Korobokov, 1954
Fig. 38

UCMP 218710, a single right valve in sandstone, is 
provisionally identified as Lucinoma cf. L. annulatum 
(Reeve 1850) based on its shape, sculpture and possibly 
late Miocene age. Lucinoma annulatum occurs from the 
late Miocene to Holocene of the eastern Pacific but  has 
been reported from the Oligocene in Japan and Russia 
(Okamoto and Sakai 1995, Kafanov and Ogasawara 
2004), however these older ages seem doubtful. No other 
fossil Lucinoma species are known from the late Miocene 
of California. However L. annulatum is very similar to and 
can be difficult to separate from Lu. acutilineata (Conrad, 

1849). Lucinoma acutilineata occurs in Oligocene to 
middle Miocene (Roth 1979, Moore 1988) rocks from 
Alaska south to southern California (Moore 1988) and 
L. hannibali Clark, 1925 from the Oligocene to middle 
Miocene of the Pacific Northwest. Lucinoma acutilineata 
is distinguished by its lighter hinge, and longer posterior 
dorsal margin (Stewart in Tegland 1933, p. 116), while L. 
hannibali is distinguished by its longer and wider lunule, 
having a longer and more concave dorsal margin, a more 
subdued sulcus running from near the umbo to poste-
rior margin, and sometimes more irregularly spaced 
comarginal sculpture. The possibly early Oligocene to 

Figure 38. Lucinoma cf. L. annulatum. Claremont Caldecott 
Tunnel fauna, right valve(?). Hypotype from UCMP locality 
IP13007, UCMP 218710.

Figure 39. Dentalium (Fissidentalium?) mcganna Powell, Clites, 
and Poust n. sp., paratype from UCMP locality IP13002, UCMP 
412728.

Figure 40. Indeterminate barnacle. Hypotype from UCMP lo-
cality IP13002, UCMP 218825.

Figure 37. Pectinidae indeterminate. Hypotype from UCMP 
locality IP13002, UCMP 412480. Polymer mold from cast. Scale 
bar=0.5 cm

1 cm
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early Miocene L. columbiana (Clark and Arnold, 1923) is 
distinguished by its smaller size and being more inflated. 
Lucinoma aequizonatum (Stearns, 1890) occurs in the 
eastern Pacific, however, it is not known from deposits 
older than middle Pleistocene (Powell and Ponti 2007), 
and is easily distinguished by its different shape and 
broader sculpture.

SCAPHOPODA Bornn, 1862
DENTALIIDA DeCosta, 1776

DENTALIIDAE Children, 1834
DENTALIUM Linnaeus, 1758

FISSIDENTALIUM(?) Fischer, 1885
DENTALIUM (FISSIDENTALIUM?) mcganna Powell, Clites, 

and Poust n. sp
Fig. 39

This species is discussed in detail above under the Tsm 
Caldecott Tunnel fauna section. A specimen referred to 
the Claremont Caldecott Tunnel fauna is shown here.

ARTHROPODA von Siebold, 1848
SESSILIA de Lamarck, 1818
MAXILLOPODA Dahl, 1956

BALANIDAE Bruguiére, 1797 (?) Leach, 1817
Fig. 40

A very small mold and cast appear to represent a 
small, short, possibly smooth-sided barnacle. It is not 
well enough preserved to identify beyond family and that 
is questionable. The family goes back to the Cambrian 

(Collins and Rudkin 1981) and they are widespread in 
marine and marginal marine environments.

CHORDATA Haeckel, 1874
CHONDRICHTHYES Huxley, 1880

CARCHARINIFORMES Compagno, 1973
CARCHARHINIDAE Jordan and Evermann, 1896

CARCHARHINUS de Blainville, 1816
CARCHARHINUS OBSCURUS Lesueur, 1818

Fig. 41

UCMP 218505 is a shark tooth exposed in lingual view 
and, being mesio-distally wide and concave right in this 
view, represents an upper tooth from the middle to rear 
of the tooth row. It is a small, asymmetrical tooth mea-
suring 7.6 mm in crown height, 4.2 mm in crown width 
and 11.6 mm wide at the root.

The tooth is broadly triangular in shape, but with a 
concave distal inflection at the juncture of the shoulder 
and distal cutting edge that gives the crown a falcate ap-
pearance. The inflexion point on the mesial side between 
this convex cutting surface and the rootward shoulder is 
distinctly higher (i.e., closer to the apex) than the angle 
between the concave edge of the crown and the shoul-
der on the distal side. The labial side of UCMP 218505 
is planar, as visible in the cracked portion of the mesial 
shoulder and root; the exposed lingual side of the crown 
is gently and uniformly convex. Any labial or lingual 
curvature is obscured by the surrounding matrix. The 
relatively flattened blade is strongly serrated, including 
serrated shoulders tapering to a narrow apex, but with 
an apical tip free of serrae. The distal side has a shallow 
notch between the upper and lower part of the crown and 
the distal shoulder is slightly bowed rather than straight. 
The root is damaged so the state of the protuberance 
is difficult to determine, though by outline it would be 
slightly rounded and not squared-off.

Referral to C. obscurus is supported by the overall mor-
phology described above. In particular the more uniform 
size of the serrations and their diminution towards the 
tip on the concave side separates it from Hemipristis 
Agassiz, 1843, and the long shoulders, falcate appear-
ance, and thinner, rounded, more concave root from the 
Charcarodontids. UCMP 218505 can be distinguished 
from other taxa within Carcharhinus by the presence 
of a mesial cutting edge with a slight convex curvature 
terminating at a distally deflected tip (Purdy et al. 2001). 
A higher inflexion point on the mesial side than on the 
distal is characteristic of C. obscurus. The smooth tip is 
unlike most reported upper teeth of C. obscurus which 
typically has fine serrations along the entire edge but 

Figure 41. Carcharhinus obscurus tooth, hypotype UCMP 
218505.
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known from the “Monterey” Formation of southern Cali-
fornia (David 1943). Boessenecker (2011) described a 
similar vertebra from the Pliocene Purisima Formation. 
They are also known from several sites in the Pliocene 
of the East Coast, including the Yorktown Formation at 
Lee Creek Mine, North Carolina,where tuna vertebrae are 
found with puncture marks from the feeding behavior of 
billfish (Schneider and Fierstine 2004). UCMP 218506 
is similar to large vertebrae from the Round Mountain 
Silt (Shark Tooth Hill), Kern County, found in the UCMP 
collections. These elements are relatively common and 
in conjunction with this Claremont specimen indicate 
that Thunnus or a related fish was a widespread member 
of coastal and basinal ecosystems in California during 
mid-Miocene times. In spite of this, these elements are 
not commonly described making this specimen equal in 
age to the oldest published specimen of Thunnus in the 
eastern North Pacific.

Teleostei indet.
Fig. 43

UCMP 270032 is a single, relatively large cycloid scale 
(~7 mm wide) preserved as part and counterpart.  It is 
sub-rounded, with a slightly tapered anterior edge. In 
the terminology of Bräger and Moritz (2016) it is be-
tween true circular and cordate. The scale is preserved 
in two pieces, a part featuring the majority of the scale 
in internal view (Fig. 44) and a counterpart with por-
tions preserved in external view. Additionally, some of 

still resembles this taxon most closely. The reduced ser-
rations towards the tip result in the apical end appearing 
rounded rather than peaked which further allies it with 
the certain species of Carcharhinus, especially C. obscurus, 
the dusky shark and C. leucas, the bull shark. It can be 
distinguished from this last due to its greater asymmetry.

Carcharhinus obscurus has been reported from both 
coasts of North America (Applegate 1986, Purdy et al. 
2001) and around the world in a distribution that broadly 
follows occurrences of extant members of the species. 
The serrations present on UCMP 218505 are finely 
preserved and the base of the tooth has clear borders; 
all damage appears to be post-fossilization, suggesting 
little transport.

OSTEICTHYES Huxley, 1880 
ACTINOPTERYGII Klein, 1885 
PERCIFORMES Bleeker, 1859  

SCOMBRIDAE Rafinesque, 1815  
THUNNUS South, 1845  

THUNNUS sp. 
Fig. 42

The vertebra represented by UCMP 218506 is broken 
at an oblique angle, with a natural cast of the conical 
concave surface of the centrum preserved (Fig. 42, left 
side). The vertebral body is large with a slightly dorsally 
flattened outline. The septa are relatively simple but 
do seem to have two lateral fossae. The sides between 
these septa are deeply incised. The lip of the centrum 
is smooth and somewhat curved instead of sharp. The 
whole vertebra is 44 mm in length, of which the central 
concavities make up 20 mm on each side leaving only a 
very narrow bony center.

The deeply incised sides, distally wide centra, and 
large size indicate scombrid affinities, while the dorso-
ventrally flattened shape of the centrum with a midline 
depression is a Thunnus synapomorphy. Thunnus is also 

Figure 42. Thunnus vertebra, hypotype, UCMP 218506.

Figure 43. Cycloid teleost scale, hypotype UCMP 270032.
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the morphology of the external surface is preserved as 
an impression upon the matrix of the slab. The portion 
preserved on the slab in internal view comprises most 
of the anterior field and is mostly the overlapped region 
(the part covered by the next scale). The internal side of 
the scale is relatively smooth with strongly downturned 
ridges outlining the anterior edge of the scale. The ex-
ternal side shows numerous and distinct circuli, visible 
in the fragments of scale on the counterpart. The circuli 
are also visible on the slab as negative molds, where at 
least four radii can be discerned perpendicular to the 
circuli. These radii extend toward the posterior, non-
overlapped region and would have been visible while 
the fish was alive.

Cycloid scales are generally associated with soft-rayed 
fishes, and within that group this specimen can be distin-
guished from many members of the large Cyprinidae by 
the presence of continuous circuli in the posterior field 
(compare with e.g., Teimori 2016). This suggests attribu-
tion to one of the cyprinids possessing this feature or to 
a member of Salmonidae. Considering the variability in 
scale morphology across the body and the incomplete 
record of fossil fish scales, we refrain from identifying 
UCMP 270032 below the infraclass, and consider it to 
represent the scale of a relatively large teleost fish.

ENVIROMENTAL INTERPRETATION
The only specifically identified taxa from the Cla-

remont Formation are the bivalve mollusk Lucinoma 
annulatum (provisionally identified) and the shark Car-
charhinus obscurus. Modern L. annulatum range along the 
West Coast of North America from Prince William Sound, 
Alaska (60.8° N) south to Guaymas, Sonora, Mexico (27.9° 
N) at water depths between the intertidal zone and 665 
m (Coan et al. 2000). Carcharhinus obscurus is a warm 
water species and does not currently appear north of 
~34° (ICUN redlist). Its occurrence may be accounted 
for in several ways: 1) time averaging may be obscuring 
temperature shifts; 2) there may have been differences 
in temperatures experienced by pelagic and benthic or-
ganisms; or 3) the middle Miocene water temperatures 
may have been similar to that of Santa Barbara today. 
The occurrence of Carcharh. obscurus is interpreted to 
indicate warmer temperatures than exist along the cen-
tral California coast today. None of the taxa present aid 
in determining the depth of deposition.

AGE
The bivalve Lucinoma annulatum (provisionally 

identified) occurs in the late Miocene to Holocene in 

western North America. The tuna vertebra is of similar 
size and morphology to specimens commonly found in 
the middle Miocene Round Mountain Silt, Kern County, 
California (UCMP collections). Carcharhinus obscurus is 
known from at least the early Miocene (Sánchez-Villagra 
et al. 2000) and teleost fish with cycloid scales like UCMP 
270032 (Fig. 39) have existed since at least the Late Cre-
taceous (Friedman 2010). Based on the occurrence of L. 
annulatum a late Miocene age for the Claremont shale is 
reasonable. However, the provisional identification does 
not allow for a definitive age determination and so the 
stratigraphic position of the Claremont shale between 
the Oligocene(?) to middle Miocene unnamed glauconitic 
mudstone (Tsm unit of Graymer 2000, McDougall and 
Block 2014; herein) and the late Miocene Orinda Forma-
tion (Jones and Curtis 1991; Poust 2017, Poust in prep.) 
gives a possible middle Miocene to late Miocene age for 
the Claremont shale.

CONCLUSIONS
A small fauna of mostly invertebrates is here attributed 

to the Caldecott Tunnel Tsm unit based on the position of 
the excavator near the west end of the fourth bore of the 
Caldecott Tunnel, and the dark to medium gray, fine- to 
very fine-grained clastic rocks associated with the fossils. 
The fauna consists of 32 taxa: one bryozoan, 22 Mollusca 
(16 Bivalvia, five Gastropoda and one Scaphopoda), two 
Arthropoda (Decapoda and Maxillopoda), two Echino-
dermata (Crinoidae and Echinoidea), and five Chordata. 
In addition, various trace fossils, microfossils, and plant 
fossils were recovered but are not discussed here. Fossils 
from this unit are middle Miocene in age based on the 
co-occurrences of the bivalves Acila empirensis, Anadara 
osmonti, Yoldia submontereyensis, Y. supramontereyensis 
(all bivalves provisionally identified) and the gastropod 
genera Bruclarkia and Trophoscyon. This fauna, based on 
overlapping range zones of extant taxa, was likely depos-
ited at water depths between 200 and 500 m, although 
several taxa from shallower depths are present but are 
assumed to have washed in from shallower depths. The 
fauna is referred to a methane-rich environment, likely a 
cold seep, based on the occurrences of specimens attrib-
uted to indeterminate Vesicomyidae and Lucinoma. Vesi-
comyidae are all known from methane-rich environments 
(Barry et al. 1997) and the association of Vesicomyidae 
and Lucinoma has been shown in southern California to 
occur at fossil methane seep sites (Powell and Groves 
2008). By the early Miocene (~20 Mya), vesicomyids had 
begun to colonize whale falls (Kiel and Goedert 2006) 
and so the co-occurrence of these methane associated 
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taxa and cetacean remains may suggest that environ-
ment. However, this can be ruled out for Tsm because 
potentially methane seep taxa were not found clustered 
or in association with any of the cetacean remains, but 
were instead distributed, suggesting a source of sulfide 
with a longer duration, or considerable current transport. 

In California outside of the Bay Area, methane cold 
seeps are known from the Mesozoic of the Central Val-
ley (Birgel et al. 2006, Kiel 2013), Miocene rocks of the 
Santa Cruz Mudstone (Aiello et al. 1999), possibly from 
the “Temblor” Formation exposed in excavations for the 
new Calaveras Reservoir in Alameda County (C. Powell, 
personal observation, 2015–2016), and in the present 
day Monterey Bay (Barry et al. 1997, Stakes et al. 1999), 
where they are associated with transpressive faults 
(Campbell et al. 2002), in Santa Monica Bay (Normark 
et al. 2003; Hein et al. 2006), and off the Eel River in 
northern California (Rathburn et al. 2000). 

The inferred middle Miocene timing of the faunule 
indicates that the approaching triple junction of the Far-
allon, North American, and Pacific plates combined with 
movement on the San Andreas and accommodating splay 
faults such as the Hayward and Calaveras may have pro-
vided the geotectonic context for the hydrocarbon seeps 
of the Tsm. The Tsm Caldecott Tunnel fauna records the 
first crinoids from the Cenozoic of California.

ACKNOWLEDGEMENTS
The curation of this material was made possible 

by Technical Agreement 04A3888 A01 between the 
California Department of Transportation (Caltrans) and 
the Regents of the University of California, with M.B. 
Goodwin and C.R. Marshall as Co-PIs. We thank R. Mooi 
(California Academy of Sciences) for confirmation of the 
crinoid identification and significant publications on 
West Coast Cenozoic crinoids also J.A. Allen (California 
licensed geologists) for introducing the lead author to 
these collections. We thank A. Klompmaker (University 
of California, Berkeley Department of Integrative Biol-
ogy postdoctoral scholar) for his identification of the 
decapod material, M.A. Wilson (College of Wooster) for 
the identification of the cheilostome (?) bryozoan, R.W. 
Boessenecker (College of Charleston) and C. H. Tsai (Na-
tional Museum of Nature and Science, Tsukuba, Japan) for 
help identifying the cetacean element. Also M. McGann 
(USGS), L.T. Groves (Natural History Museum of Los An-
geles County), D.M. Erwin (UCMP), and an anonymous 
reviewer for their helpful comments. In addition, we 
thank D. Strauss (UCMP) for his wonderful pictures as 
well as B. Day (UCMP volunteer) and L.K. Pearson (UCMP 

staff) for additional assistance with photographs. Thanks 
also to K. Berlin, P.G. Villalba for curatorial assistance.  Ad-
ditional UCMP staff, as well as UC Berkeley graduate and 
undergraduate students worked on the initial curation 
of the Caldecott material, including A. Carr, S. Tremblay, 
and W. Hsiung. This is UCMP contribution number 2085.

LITERATURE CITED
Abbott, R.T. 1954. American Seashells. Van Nostrand Co., New 

York. 541 pp.
Adams, H., and A. Adams, 1853-58. The genera of recent Mollusca, 

arranged according to their organization. van Voorst, London. 
1:xi+484 pp.; 2:661 pp.; 3:138 pls (1853–1858).

Addicott, W.O. 1965. Cenozoic gastropods of the genus Nassarius. 
U.S. Geological Survey Professional Paper 503B:23 pp.

Addicott, W.O. 1967. Age of the Skooner Gulch Formation, 
Mendocino County, California. U.S. Geological Survey Bulletin 
1254C:11 pp.

Addicott, W.O. 1970. Miocene gastropods and biostratigraphy of 
the Kern River area, California. U.S. Geological Survey Profes-
sional Paper 642:174 pp. 

Addicott, W.O. 1973. Oligocene molluscan biostratigraphy and 
paleontology of the lower part of the type Temblor Formation, 
California. U.S. Geological Survey Professional Paper 791:48 pp. 

Addicott, W.O. 1976. Molluscan paleontology of the lower Miocene 
Clallam Formation, northwestern Washington. U.S. Geological 
Survey Professional Paper 976:39 pp. 

Addicott, W.O., P.Z. Poore, J.A. Barron, H.D. Gower and K. McDou-
gall. 1978. Neogene biostratigraphy of the Indian Creek-Shell 
Creek area, northern La Panza Range, California. in W.O. Ad-
dicott, (ed.). Neogene biostratigraphy of selected areas in the 
California Coast Ranges. U.S. Geological Survey Open-File Report 
78-446:49–82.

Agassiz, L. 1843. Recherches Sur Les Poissons Fossiles. T. III (livr. 
15-16). Imprimérie de Petitpierre, Neuchatel:157–390

Aiello I.W., D.S. Stakes, M. Kastner, and R.E. Garrison. 1999. Carbon-
ate vent structures in the upper Miocene Santa Cruz Mudstone 
at Santa Cruz, California. In Garrison R.E., I.W. Aiello, and J.C. 
Moore (eds.). Late Cenozoic fluid seeps and tectonics along the 
San Gregorio fault zone in the Monterey Bay region, California. 
Pacific Section, American Association of Petroleum Geologists 
volume and guidebook GB-76:35–51. 

Allman, G.J. 1856. A monograph of the freshwater Polyzoa. Ray 
Society, London. 119 pp.

Allison, R.C., and L.N. Marincovich, Jr. 1981. A late Oligocene or 
early Miocene molluscan fauna from Sitkinak Island, Alaska. 
U.S. Geological Survey Professional Paper 1233:11 pp. 

Amano, K. and S. Kiel. 2007. Fossil Vesicomyid bivalves from the 
North Pacific region. The Veliger 49:270–293.

Amano, K., and S. Kiel. 2012. Two Neogene vesicomyid species 
(Bivalvia) from Japan and their biogeographic implications. 
The Nautilus 126:79-85. 

Anderson, F.M. 1905. A stratigraphic study in the Mount Diablo 
Range of California. California Academy of Sciences Proceedings, 
3rd series 2(2):155–248. 

Anderson, F.M., and B. Martin. 1914. Neocene record in the Tem-
blor Basin, California and Neocene deposits of the San Juan 
District, San Luis Obispo County, California. California Academy 
of Sciences Proceedings, 4th series 3:1–420.

Arnold, D., and R. Arnold. 1902. The marine Pliocene and 



POWELL ET AL.—MACROPALEONTOLOGY OF THE CALDECOTT TUNNEL, OAKLAND, CA, USA 27

Pleistocene stratigraphy of the coast of southern California. 
Journal of Geology 10:117–138. 

Arnold, R.  1906. The Tertiary and Quaternary pectens of Califor-
nia. U.S. Geological Survey Professional Paper 47:264 pp.

Arnold, R. 1908. Descriptions of new Cretaceous and Tertiary 
fossils from the Santa Cruz Mountains, California. U.S. National 
Museum Proceedings 34(1617):345–390.

Applegate, S.P. 1986. The El Cien Formation, strata of Oligocene 
and early Miocene age in Baja California Sur. Universidad 
Nacional Autonoma de Mexico, Instituto de Geologia, Revista 
6:145–162.

Barry, J.P., R.E. Kochevar, C.H. Baxter, and C. Harold. 1997. Calyp-
togena packardiana, a new species of Vesicomyid bivalve from 
cool seep in Monterey Bay, California. The Veliger 40:341–349. 

Bernard, F.R. 1980. A new Solemya s. str. from the northeastern 
Pacific (Bivalvia: Cryptodonta). Venus 39:17–23.

Bernard, F.R. 1983. Catalogue of the living Bivalvia of the eastern 
Pacific Ocean: Bering Strait to Cape Horn. Canadian Special 
Publications of Fisheries and Aquatic Sciences 61:102 pp.

Berta, A., M. Churchill, and R.W. Boessenecker. 2018. The origin 
and evolutionary biology of pinnipeds: Seals, Sea Lions, and 
Walruses. Annual Review of Earth and Planetary Sciences 46-
203–228.

Birgel, D., V. Thiel, K.-U. Hinrichs, M. Elvert, K.A. Campbell, J. Reitner, 
J.D. Farmer, and J. Peckmann. 2006. Lipid biomarker patterns 
of methane-seep microbialites from the Mesozoic convergent 
margin of California. Organic Geochemistry 37:1289–1302. 

de Blainville, H.M.D. 1814. Mémoire sur la classification métho-
dique des animaux mollusques, et établissement d’une nouvelle 
considération pour y parvenir. Société Philomathique de Paris 
Bulletin 1814:175–180. 

de Blainville, H.M.D. 1816. Prodrome d’une distribution systéma-
tique du regne animal. Sciences par la Société Philomatique de 
Paris Bulletin 8:105–124.

Bleeker, P. 1859. Enumeratio specierum piscium hucusque in 
Archipelago indico observatarum, adjectis habitationibus cita-
tionibusque, ubi descriptiones earum recentiores reperiuntur, 
nec non speciebus Musei Bleekeriani Bengalensibus, Japonicis, 
Capensibus Tasmanicisque. Acta Societatis Scientiarum Indo-
Neerlandae 6:1–276.

Blodgett, R.B., E.S. Finzel, R.R. Reifenstuhl, K.H. Clautice, K.D. 
Ridgway, and R.J. Gillis. 2008. Jurassic through Pliocene age 
megafossil samples collected in 2005 by the Alaska Division 
of the Geological & Geophysical Surveys from Bristol Bay-
Port Moller area, Alaska Peninsula. State of Alaska, Division 
of Geological & Geophysical Surveys, Preliminary Interpretive 
Report 2008-2:12 pp. 

Boessenecker, R.W. 2011. A new marine vertebrate assemblage 
from the late Neogene Purisima Formation in Central California, 
Part I: fossil sharks, bony fish, birds, and implications for the 
age of the Purisima Formation west of the San Gregorio Fault. 
PalArch’s Journal of Vertebrate Paleontology 8(4):1–30.

Bornn, H.G. 1862-1866. Klassen und Ordnungen der Weichthiere 
(Malacozoa), wissenschaftlich dargestellt in Wort und Bild.  Die 
Klassen und Ordnungen des Thier-Reichs, wissenschaftlich 
dargestellt in Wort und Bild. Leipzig und Heidelberg. C.F. 
Winter’sche Verlagshandlung. 522–566.

Bräger, Z., and T. Moritz. 2016. A scale atlas for common Mediter-
ranean teleost fishes. Vertebrate Zoology 66:275-386.

Bramlette, M.N. 1946. The Monterey Formation of California and 

the origin of its siliceous rocks. U.S. Geological Survey Profes-
sional Paper 212:57 pp.

Brisson, M.J. 1762. Regnum Animale in Classes IX. distributum, 
sive synopsis methodica. Theodorum Haak, Leiden. 296 pp.

Brown, T. 1827. Illustrations of the conchology of Great Britain 
and Ireland.  Lizars & Highley, London. v pp., 52 pls.

Bruguiére, J.G. [ex. Klein, 1734]. 1791. Histoire naturelle des 
vers. Échinodermes. Encyclopédie Méthodique, vol. 1 (=tome 
sixième: v. 2, 3). 2:viii+594 pp.

Bruguière, J.G. 1797. Tableau encyclopédique et méthodique des 
trois règnes de la nature. Contenant l'helminthologie, ou les 
vers infusoires, les vers intestins, les vers mollusques, & c. 
Troisième livraison, pp. 190–286. Paris. (Panckoucke).

Burns, C., and R. Moi. 2003. An overview of Eocene–Oligocene 
echinoderm faunas of the Pacific northwest. Pp. 88–106 in D.R. 
Prothero, L.C. Ivany, and E.A. Nesbitt, (eds.). From Greenhouse 
to Icehouse: The Marine Eocene–Oligocene Transition. Colum-
bia University Press, New York. 

Busk, G. 1852. IV. An account of the Polyzoa, and sertularian zoo-
phytes, collected in the voyage of the Rattlesnake, on the coasts 
of Australia and the Louisiade Archipelago. Pp. 343-402 in T. 
MacGillivray, T (ed.). Narrative of the Voyage of HMS Rattle-
snake, commanded by the late Captain Owen Stanley, R.N., 
F.R.S. & c during the years 1846–1850 including discoveries 
and surveys in New Guinea, the Louisiade Archipelago, etc. T. 
& W. Boone, London. 

Campbell, K.A., J.D. Farmer, and D. Des Marais. 2002. Ancient 
hydrocarbon seeps from the Mesozoic convergent margin of 
California: carbonate geochemistry, fluids and palaeoenviron-
ments. Geofluids 2:63–94.

Carpenter, P.P. 1864. Diagnoses of new forms of mollusks collected 
at Cape St. Lucas by Mr. Xantus. Annals and Magazine of Natural 
History 3(13)76:311–315.

Chavan, A. 1969. Superfamily Lucinacea. Pp. 491–517, in L.R. Cox, 
et al., Part N (Bivalvia), Mollusca 6, 1–2:952 pp. In R.C. Moore, 
ed., Treatise on invertebrate paleontology.  Geological Society 
of America & University of Kasnas, Lawrence. 491–517 

Children, J.G. 1834. Synopsis of the contents of the British Mu-
seum, 28th ed. [s.n.]. British Museum (Natural History), Lon-
don.  iv+240 pp. [Children’s authorship for the conchological 
section is not indicated. However, J.G. Children was in charge 
of the molluscan collections at that time and is credited with 
the authorship of the conchological section of the “Synopsis 
of the Contents of the British Museum” for 1838 (Children 
1838). Therefore it is logical to infer, pursuant to ICZN Article 
15, recommendation 51D, that Children was the author of this 
section in the 1834 edition].

Children, J.G. 1838. General collection of birds and shells, in Synop-
sis of the contents of the British Museum. G. Woodfall, London. 
73–93.

Clark, B.L. 1915. The occurrence of Oligocene in the Contra Costa 
Hills of middle California. University of California Publications, 
Department of Geological Sciences Bulletin 9:9–21. 

Clark, B.L. 1918. The San Lorenzo series of middle California. 
University of California Publications, Department of Geological 
Sciences Bulletin 11:45–234. 

Clark, B.L. 1925. Pelecypoda from the marine Oligocene of western 
North America. University of California Publications, Depart-
ment of Geological Sciences Bulletin 15:69–136. 

Clark, B.L., and R. Arnold. 1923. Fauna of the Sooke Formation, 



28           PALEOBIOS, VOLUME 36, JULY 2019 

Vancouver Island, with description of a new coral by T. W. 
Vaughan. University of California Publications, Department of 
Geological Sciences Bulletin 14:123–234. 

Coan, E.V., P. Valentich-Scott, and F.R. Bernard. 2000. Bivalve sea-
shells of western North America—Marine bivalve mollusks 
from Arctic Alaska to Baja California. Santa Barbara Museum 
of Natural History Monograph 2:764 pp. 

Coan, E.V., and P. Valentich-Scott, P. 2012. Bivalve seashells of tropi-
cal West America. Marine bivalve mollusks from Baja California 
to northern Peru. Santa Barbara Museum of Natural History, 
Santa Barbara, 2 vols., 1,258 pp. 

Collins, D.H., and M.D. Rudkin. 1981. Priscansermarinus barnetti, 
a probably lepadomorph barnacle from the Middle Cambrian 
Burgess Shale of British Columbia. Journal of Paleontology 
55:1006–1015

Compagno, L.J.V. 1973. Interrelationship of living elasmobranchs. 
In: Greenwood, P.H., R.S. Miles and C. Patterson. Eds. 1973. 
Zoological Journal of the Linnean Society, Supplement no. 1 to 
volume 53:15–98.

Conrad, T.A. 1849. Fossils from northwestern America. Pp. 723–
728 in J.D. Dana, U.S. Exploring Expedition ***, 1838–1842, 
under the command of Charles Wilkes. Geology. 10 pp.

Conrad, T.A. 1853. Notes on shells with descriptions of new spe-
cies.  Philadelphia Academy of Natural Sciences Proceedings for 
1852 6(6):199–200.

Conrad, T.A. 1855. Report on the fossil shells collected in California 
by W. P. Blake, geologist of the expedition under the command 
of Lieut. R. S. Williamson, U. S. Topographical Engineers, 1852, 
in the preliminary geological report of W. P. Blake. United States 
33rd Congress, 1st session, House Executive Doc. No. 129, 
5–20. [reprinted, U.S. Geological Survey, Professional Paper 59 
(1909, 163–171)].

Conrad, T.A. 1856. Descriptions of three new genera; twenty-three 
new species Middle Tertiary fossils from California, and one 
from Texas. Academy of Natural Sciences Philadelphia Proceed-
ings 8:312–316.

Conrad, T.A. 1867. Descriptions of new West Coast shells.  Ameri-
can Journal of Conchology 3(2):192–193.

Cooper, J.G. 1894. Descriptions and figures of new species of 
Cretaceous and Cretaceous B (or Eocene) fossils of California, 
with notes on Tertiary species. Catalogue of California fossils, 
part 5: California Mining Bureau Bulletin 4:36–65.

Cushman, J.A. 1925. Three new species of Siphogenerina from the 
Miocene of California. Cushman Laboratory for Foraminiferal 
Research Contributions 1:2–3.

Cuvier, G. 1795. Second Mémoire sur l'organisation et les rapports 
des animaux à sang blanc, dans lequel on traite de la structure 
des Mollusques et de leur division en ordre, lu à la société 
d'Histoire Naturelle de Paris, le 11 prairial an troisième [30 
May 1795]. Magazin Encyclopédique, ou Journal des Sciences, 
des Lettres et des Arts, 1795 [1. année] 2: 433–449.

Dahl, E. 1956. Some crustacean relationships. Pp. 138–147 in K.G. 
Winstrand, “Bertil Hanström” Zoological Papers in Honour of 
His Sixty-Fifth Birthday, November 20, 1956.

Dall, W.H. 1889. On the hinge of pelecypods and its development, 
with an attempt towards a better subdivision of the group. 
American Journal of Sciences, 3rd series 38(228):445–462.

Dall, W.H. 1891. Scientific results of explorations by the U.S. Fish 
Commission steamer “Albatross.” U.S. National Museum Pro-
ceedings 14:173–191. 

Dall, W.H. 1895. Scientific results of explorations by the U.S. Fish 
Commission Steamer Albatross. XXXIV.—Report on Mollusca 
and Brachiopoda dredged in deep water chiefly near the Hawai-
ian Islands, with illustrations of unfigured species from north-
west America. U.S. National Museum Proceedings 17:675–733.

Dall, W.H. 1896. Diagnoses of new species of molluscs from the 
West Coast of America. U.S. National Museum Proceedings 
18:7–20.

Dall, W.H. 1903. Contributions to the Tertiary Fauna of Florida 
(Part 6). Transactions of the Wagner Free Institute of Science 
of Philadelphia 3(6):1219–1654.

Dall, W.H. 1908. A gigantic Solemya and a new Vesicomya. The 
Nautilus 22(7):61–63. 

Dall, W.H. 1909. Contributions to the Tertiary paleontology of the 
Pacific Coast, I. The Miocene of Astoria and Coos Bay, Oregon. 
U.S. Geological Survey Professional Paper 59:278 pp. 

Dall, W.H. and C.T. Stimpson. 1901. The Mollusca of Porto Rico. 
U.S. Fish Commission Bulletin 20(1):351–524.

David, L.R. 1943. Miocene Fishes of Southern California. Geological 
Society of America Special Paper 43:187 pp.

DeCosta, E.M. 1776. Elements of Conchology or an Introduction 
to the Knowledge of Shells.  B. White, London. viii+vi+319 pp.

Detterman, R.L., J.E. Case, J.W. Miller, F.H. Wilson, and M.E. Yount. 
1996. Stratigraphic framework of the Alaska Peninsula. U.S. 
Geological Survey Bulletin 1969-A:74 pp.

Deshayes, G.P. 1839. Nouvelles espéces de mollusques, provenant 
des cotes de la Californie, du Mexique, du Kamtschatka et de la 
Nouvelle-Zélande.  Revue Zoologique par la Société Cuvierienne 
2(12):356–361.

Dibblee, T.W., Jr. 1966. Geology of the Palo Alto quadrangle, Santa 
Clara and San Mateo counties, California. California Division of 
Mines map sheet 8, scale 1:62,500. 

Ehrenberg, G.C. 1831. Symbolae physicae, seu icones et descrip-
tiones corporum naturalium novorum aut minus cognitorum 
quae ex itineribs per Libyam Aegyptum Naubiam Dongalam 
Syriam Arabiam et Habessiniam 4. Pars Zoologica II, Animalia 
Exertebrata exclusis insectis. Berolini ex Officina Academia 
MDCCCXXXI. 10 pp.

Faustman, W.F. 1964. Paleontology of the Wildcat Group at Scotia 
and Centerville Beach, California. University of California Pub-
lications in Geological Sciences 41:97–160.

Feldmann, R.M., and C.E. Schweitzer. 2010. The oldest shrimp 
(Devonian: Famennian) and remarkable preservation of soft 
tissue. Crustacean Biology Journal 30:629–635.

de Férussac, A.E. 1822. Tableaux systématiques de animaux mol-
lusques.  A. Bertrand, Paris and London.  111 pp.

Fischer, P. H. 1885. Manuel de conchyliologie et de paléontologie 
conchyliologique, ou histoire naturelle des mollusques vivants 
et fossiles, suivi d’un appendice sur les brachiopodes par D. P. 
Œhlert, avec 23 planches contenant 600 figures dessinées par 
S. P. Woodward, et 1138 gravures dans le texte. Savy, Paris, 9: 
785–896. 

Fleming, J. 1828. A history of British animals, exhibiting the 
descriptive characters and systematical arrangement of the 
genera and species of quadrupeds, birds, reptiles, fishes, Mol-
lusca, and Radiata of the United Kingdom;...Bell & Bradfute, 
Edinburgh and Duncan, London.  xxiii+565 pp.

Flower, W.H. 1867. Description of the skeleton of Inia geoffrensis 
and the skull of Pontoporia blainvillei, with remarks upon 
the systematic position of the animals in the order Cetacea. 



POWELL ET AL.—MACROPALEONTOLOGY OF THE CALDECOTT TUNNEL, OAKLAND, CA, USA 29

Transactions of the Zoological Society of London 6:87–116.
Friedman, M. 2010. Explosive morphologic diversification of 

spiny-finned teleost fishes in the aftermath of the end-Creta-
ceous extinction. Royal Society Proceedings B 277:1675–1683.

Gabb, W.M. 1861. Description of new species of American Tertiary 
fossils and a new Carboniferous cephalopod from Texas. Acade-
my of Natural Sciences of Philadelphia Proceedings 13:367–372.

Gabb, W.M. 1866-69. Tertiary invertebrate fossils. Part 1. Descrip-
tions of new species. Geological Survey of California, Palae-
ontology, 2(1):38 pp. [February 1866].  Tertiary invertebrate 
fossils. Part 2. Descriptions of new species. Geological Survey 
of California, Palaeontology, 2(1):39–63. [December 1868].

Golikov, A.N., and Y. Starbogatov. 1975. Systematics of Prosobranch 
gastropods.  Malacologia 15(1):185–232. 

Gould, 1850. [Shells collected by the United States Exploring Expe-
dition under the command of Charles Wilkes.] Boston Society 
of Natural History Proceedings 3:214–219 (May).

Grant, U.S., IV, and H.R. Gale. 1931. Catalogue of the marine 
Pliocene and Pleistocene Mollusca of California and adjacent 
regions. San Diego Society of Natural History Memoir 1:1036 pp. 

Gray, J.E. 1824. Notice of shells collected by the Expedition. Pp. 
240-246 in The appendix of Captain Parry’s voyage for the 
discovery of a north-west passage, in the years 1819–1820.  
John Murray, London.

Gray, J.E. 1837. A synoptical catalogue of the species of certain 
tribes or genera of shells contained in the collection of the 
British Museum and the author's cabinet. Magazine of Natural 
History N.S. 1:370-376. 

Gray, J.E. 1840. Shells of molluscan animals. In: Synopsis of the 
contents of the British Museum, ed. 42. Woodfall & Son, Lon-
don:105–152.

Gray, J.E. 1842. Molluscs.  Pp. 48-92, in Synopsis of the contents of 
the British Museum, ed. 44.  British Museum, London. iv+308 pp.

Gray, J.E. 1847. A list of the genera of recent Mollusca, their 
synonyma and types.  Proceedings of the Zoological Society of 
London 15:129–219.  

Gray, J.E., 1854. List of the shells of South America in the collection 
of the British Museum.  Collected and described by M. Alcide 
d’Orbigny, in the Voyage dans ‘

Graymer, R.W. 2000. Geologic map and map database of the Oak-
land metropolitan area, Alameda, Contra Costa, and San Fran-
cisco counties, California. U.S. Geological Survey Miscellaneous 
Field Studies MF-2342:29 pp., scale 1:50,000. 

Graymer, R.W., D.L. Jones, and E.E. Brabb. 1994. Preliminary geo-
logic map emphasizing bedrock formations in Contra Costa 
County, California: A digital database. U.S. Geological Survey 
Open-File Report 94-622, 20 pp., scale 1:75,000.

Graymer, R.W., D.L. Jones, and E.E. Brabb. 1996. Preliminary geo-
logic map emphasizing bedrock formations in Alameda County, 
California: A digital database. U.S. Geological Survey Open-File 
Report 96-252, 33 pp., scale 1:75,000. 

Guilding, L. 1834. Observations on Naticina and Dentalium, two 
genera of molluscous animals. Transactions of the Linnean 
Society of London 17: 29–35.

Habe, T. 1977. Systematics of Mollusca in Japan. Bivalvia and 
Scaphopoda. Hokuryukan, Tokyo.  xiiii+372 pp.

Haeckel E. 1874. Anthropogenie oder Entwickelungsgeschichte 
des Menschen. Leipzig, Germany: Verlag von Wilhelm Engel-
mann.

Hall, C.A. 1958. Geology and paleontology of the Pleasanton area, 

Alameda and Contra Costa counties, California. University of 
California Publications in Geological Sciences 34:90 pp.

Hein, J.R., W.R. Normark, B.R. Macintyre, T.D. Lorenson, and C.L. 
Powell, II. 2006. Methanogenic calcite, 13C-depleted bivalve 
shells, and gas hydrate from a mud volcano offshore southern 
California. Geology 34:109–112. 

Hickman, C.S. 1969. The Oligocene marine molluscan fauna of the 
Eugene Formation in Oregon. University of Oregon Museum of 
Natural History Bulletin 16:112 pp.

Hinds, R.B. 1843.  Description of new species of Scalaria and Mu-
rex, from the collection of Sir Edward Belcher, C.B. Zoological 
Society on London Proceedings, 11:124–129. 

Howe, H.V. 1922. Faunal and stratigraphic relations of the Empire 
Formation, Coos Bay, Oregon. University of California Publica-
tions, Department of Geological Science Bulletin 14:85–114.

Huxley, T.H. 1880. On the application of the laws of evolution to 
the arrangement of the vertebrata and more particularly of 
the mammalia. Proceedings of the Zoological Society of London 
43:649–662.

ICUN redlist webpage. Carcharhinus obscurus. http://dx.doi.
org/10.2305/IUCN.UK.2009-2.RLTS.T3852A10127245.en.

Iredale, T. 1916. On two editions of Duméril’s Zoologie Analytique. 
Malacological Society of London Proceedings 12:79–84.

Jones D.L., and G. Curtis. 1991. Guide to the geology of the Berkeley 
Hills, Central Coast Ranges, California. In D. Sloan, D.L. Wagner 
(eds). Geologic excursions in northern California: San Francisco 
to the Sierra Nevada. Sacramento (CA). California Division of 
Mines and Geology Special Publication 109:63–74.

Jousseaume, F.P. 1880. Division méthodique de la famille des 
Purpuridés. Le Naturaliste. 2(42):335–338.

Jordan, D.S., and B.W. Evermann 1896. The fishes of North and 
Middle America: a descriptive catalogue of the species of fish-
like vertebrates found in the waters of North America, north 
of the isthmus of Panama. Part I. Bulletin of the United States 
National Museum 47:1–1240.

Kafanov, A.I., and K. Ogasawara. 2003. Neogene and Paleogene 
mollucan (Bivalvia) Cenozones of Sakhalin and Kurile Islands. 
Science Reports, Institute of Geoscience, University of Tsukuba 
24:45–79.

Kafanov, A.I., and K. Ogasawara. 2004. Neogene and Paleogene 
Molluscan (Bivalvia) Cenozones of the Russian Northeast. Sci-
ence Reports of the Institute of Geoscience, University of Tsukuba, 
section B 25:9–45

Keen, A.M. 1971. Sea shells of tropical west America. Marine mol-
lusks from Baja California to Peru, 2nd ed. Stanford University 
Press, Stanford. 1,064 pp. 

Kellogg, R.. 1922. Pinnipeds from Miocene and Pleistocene de-
posits of California. University of California Publications in 
Geological Sciences 13(4):23–132.

Kiel, S. 2013. Lucinid bivalves from ancient methane seeps. Mol-
luscan Studies Journal 79:346–363. 

Kiel, S., and J.L. Goedert. 2006. Deep-sea food bonanzas: early 
Cenozoic whale-fall communities resemble wood-fall rather 
than seep communities. Royal Society Proceedings B 273:2,625-
2,631.

Klein, E.E., 1885, Beiträge zur Bildung des Schadels der Knochenf-
 ische. II: Jahreshefte des Vereins für Vaterländische Naturkun-

de in Württemberg 41:107–261.
Korobokov, I.A. 1954. Spravochnik i metodicheskoe rukovod-

stov po Tretichnym molliuskam. Plastinchatozhabernye. 



30           PALEOBIOS, VOLUME 36, JULY 2019 

Gosudarstvennoe Nauchno-Tekhnicheskoe Izdatel’stv Neftianoi 
i Goorno-Toplivnoi Literatury.  Leningradskoe Otelenie.  444 pp.

de Lamarck, J.B.P.A.de M. 1809. Philosophie zoologique, ou Ex-
position des considérations relatives à l'histoire naturelle des 
animaux ; à la diversité de leur organisation et des facultés 
qu'ils on obtiennent; aux causes physiques qui maintiennent 
en eux la vie et donnent lieu aux mouvemens qu'ils exécutent; 
enfin, à celles qui produisent les unes le sentiment et les autres 
l'intelligence de ceux qui en sont doués, Paris, Dentu, 2 volumes, 
1:422 pp., 2:450 pp. 

de Lamarck, J.B.P.A.de M. 1818. Histoire naturelle des Animaux 
sans Vertèbres, préséntant les caractères généraux et par-
ticuliers de ces animaux, leur distribution, leurs classes, leurs 
familles, leurs genres, et la citation des principales espèces qui 
s'y rapportent; precedes d'une Introduction offrant la determi-
nation des caracteres essentiels de l`Animal, sa distinction du 
vegetal et desautres corps naturels, enfin, l'Exposition des Prin-
cipes fondamentaux de la Zoologie. Deterville, Paris. 612 pp. 

Latreille, P.A. 1802. Histoire Naturelle, Générale et Particulière des 
Crustacés et des Insectes, Tome Troisième:467 pp.

Lawson, A.C. 1914. San Francisco, California (Tamalpais, San 
Francisco, Concord, San Mateo, and Hayward quadrangles). U.S. 
Geological Survey, Geological Atlas Folio 193:25 pp. 

Leach, W.E. 1817. Distribution systématique de la classe Cirripède. 
Journal de Physique de Chimie et d’Histoire Naturelle 85:67–69. 

Leske, N.G. 1778. Jacobi Theodori Klein Naturalis dispositio 
Echinodermatum, edita dt descriptionibus novisque inventis et 
synonymis auctorum aucta. G.E. Beer, Lipsiae:278 pp.

Lewis, R.Q., W.H. Nelson, and H.A. Powers. 1960. Geology of Rat 
Island, Aleutian Islands, Alaska. U.S. Geological Survey Bulletin 
1028Q:555-562. 

Lesueur, C.A. 1818. Descriptions of several new species of North 
American fishes. Journal of the Academy of Natural Sciences of 
Philadelphia 1(2):222-235, 359-368.

Linnaeus, C. 1758. Systema naturae per regna tria naturae, se-
cundum classes, ordines, genera, species, cum characteribus, 
differentiis, synonymis, locis.  Editio Decima,  Stockholm, Swe-
den.  1:824 pp.

Loel, W., and W.H. Corey. 1932. The Vaqueros Formation, lower 
Miocene of California; 1, Paleontology. University of Califor-
nia Publications, Department of Geological Sciences Bulletin 
28:31-410. 

Lutz, G.C. 1951. The Sobrante Sandstone. University of Califor-
nia Publications Department of Geological Sciences Bulletin 
28:367–406. 

Marincovich, L. Jr., and C.L. Powell, II. 1989. Preliminary Tertiary 
molluscan biostratigraphy of the Alaska Peninsula, southwest-
ern Alaska. U.S. Geological Survey Open-file Report 89-674: 2 
oversize sheets.

Martin, A.M., and S.K. Goffredi. 2011. ‘Pliocardia' krylovata, a new 
species of vesicomyid clam from cold seeps along the Costa 
Rica Margin. Journal of the Marine Biological Association of the 
United Kingdom Journal 92:1127–1137. 

McDougall, K., and D. Block. 2014. Digital database of microfossil 
localities in Alameda and Contra Costa Counties, California. U.S. 
Geological Survey Scientific Investigations Report 2014-5120, 
108 p., 1 oversize figure, https://pubs.er.usgs.gov/publication/
sir20145120. 

McLean, J.H. 1978. Marine Shells of Southern California. Revised 
Edition, Natural History Museum of Los Angeles County, Science 

Series 24:104 pp. 
McLean, R.A. 1936. A new deep-water Lucina from off Maryland. 

The Nautilus 49:87.
Mead J.G., and R.E. Fordyce. 2009. The therian skull: a lexicon with 

emphasis on the odontocetes. Smithsonian Contributions to 
Zoology 627:1–248. doi: 10.5479/si.00810282.627.

Meek, F.B. 1864. Check lists of the invertebrate fossils of North 
America. Tertiary System. Miocene Epoch. Smithsonian Miscel-
laneous Collections 183:32 pp.

Miller, J.S. 1821. A natural history of the Crinoidea or lily-shaped 
animals, with observations on the genera Asteria, Euryale, 
Comatula, and Marsupites. C. Frost, Bristol. 150 p.

Minor, S.A., K.S. Kellogg, R.G. Stanley, L.D. Gurrola, E.A. Keller, and 
T.R. Brandt. 2009. Geologic Map of the Santa Barbara Coastal 
Plain Area, Santa Barbara County, California: U.S. Geological 
Survey Scientific Investigations Map 3001, scale 1:25,000, 1 
sheet, pamphlet, 38 pp.

Minor, S.A., K.S. Kellogg, R.G. Stanley, P. Stone, C.L. Powell, II, 
L.D. Gurrola, A.J., Selting, and T.R. Brandt. 2002. Preliminary 
Geologic Map of the Santa Barbara Coastal Plain Area, Santa 
Barbara County, California, version 1.0. U.S. Geological Survey 
Open-File Report 02-0136, 22 pp., scale 1:24,000, http://
greenwood.cr.usgs.gov/pub/open-file-reports/ofr-02-0136/. 

Möller, H.P.C. 1842. Index molluscorum Groenlandiae. Naturhis-
torisk Tidsskrift 4:76–97.  

Moore, E.J. 1963. Miocene marine mollusks from the Astoria 
Formation in Oregon. U.S. Geological Survey Professional Paper 
419:109 pp. 

Moore, E.J. 1976. Oligocene marine mollusks from the Pittsburg 
Bluff Formation in Oregon. U.S. Geological Survey Professional 
Paper 922:66 pp.

Moore, E.J., 1977. A uniquely sculptured middle Miocene pelecy-
pod of the genus Lima: The Veliger 19(3):277–278.

Moore, E.J. 1983. Tertiary marine pelecypods of California and 
Baja California: Nuculidae through Malleidae. U.S. Geological 
Survey Professional Paper 1228A:108 pp.

Moore, E.J. 1984. Tertiary marine pelecypods of California and 
Baja California: Propeamussiidae and Pectinidae. U.S. Geologi-
cal Survey Professional Paper 1228B:112 pp.

Moore, E.J. 1988. Tertiary marine pelecypods of California and 
Baja California: Lucinidae through Chamidae. U.S. Geological 
Survey Professional Paper 1228D:46 pp.

Moore, E.J. 1992. Tertiary marine pelecypods of California and 
Baja California: Erycinidae through Carditidae. U.S. Geological 
Survey Professional Paper 1228E:37 pp.

Nobuhara, T., and T. Tanaka. 1993. Palaeoecology of Akebiconcha 
kawamurai (Bivalvia: Vesicomyidae) from the Pliocene Tamari 
Silt Formation in the Kakegawa area, central Japan. Palaeogeo-
graphy, Palaeoclimatology, Palaeoecology 102:27–40. 

Normark, W.R., J.R. Hein, C.L. Powell, II, T.D. Lorenson, H.J. Lee, and 
B.D. Edwards. 2003. Methane hydrate recovered from a mud 
volcano in Santa Monica Basin, offshore southern California 
[abs.]. Eos, Transactions, American Geophysical Union 84: F847. 

Ogle, B.A. 1953. Geology of the Eel River area, Humboldt County, 
California. California Division of Mines and Geology Bulletin 
164:128 pp. 

O'Hara, S., and N. Nemoto. 1988. Pectinids from the Taga Group 
of the Joban Coalfield. Saito Ho-on Kai Special Publication 
1:481–496. 

Okamoto, K., and T. Saka. 1995. Sedimentary facies and fossil 



POWELL ET AL.—MACROPALEONTOLOGY OF THE CALDECOTT TUNNEL, OAKLAND, CA, USA 31

molluscs of the Oligocene Ashiya Group in the Hikoshima 
Takenokojim and Nishiyama area, Shimonoseki City, Southwest 
Japan. Mizunami Fossil Museum Bulletin 22:19–50.

d’Orbigny, A.D. 1826. Tableau méthodique de la classe des Cépha-
lopodes. Annales des Sciences Naturelles 7:96–169, 245–314.

d’Orbigny, A.D. 1841-1853. Mollusques. Pp. 1-380 in R. de la Sarga, 
Histoire physique, politique et naturelle de ‘lile de Cuba. 1:264 
pp., 2:380 pp (atlas). Paris. 

Osmont, V.C. 1905. Arcas of the California Neogene. University of 
California, Department of Geology Bulletin 4(4):89–100.

Packard, E.L. 1916. Mesozoic and Cenozoic Mactrinae of the Pacific 
coast of North America. University of California Publications, 
Department of Geology Bulletin, 9(16):261–360.

Page, B.M. 1950. Geology of the Broadway Tunnel, Berkeley Hills, 
California. Economic Geology 45:142–166.

Parrish, J.T. 1998. Interpreting pre-Quaternary climate from the 
geologic record. Columbia University Press. 338 pp.

Phillips, F.J., B. Welton, and J. Welton. 1976. Paleontologic studies 
of the middle Tertiary Skooner Gulch and Gallaway formations 
at Point Arena, California. Pp. 137–154 in A.E. Fritsche, H. Ter-
Best Jr., and W.W. Wornardt (eds.). The Neogene Symposium. 

Pilsbry, H.A., and B. Sharp. 1898. Fossil Scaphopoda. Manual of 
Conchology 1(17), app. A:197–240.

Porrenga, D.H. 1967. Glauconite and chamosite as depth indica-
tors in the marine environment. Marine Geology 5:495–501. 

Poust, A.W. 2017. First report of fossil turtle eggshell west of the 
Colorado Plateau. Historical Biology 29:473–479. 

Poust, A.W., and R.W. Boessenecker. 2018. Expanding the geo-
graphic and geochronologic range of early pinnipeds: New 
specimens of Enaliarctos from Northern California and Oregon. 
Acta Palaeontologica Polonica 63:25–40.

Powell, C.L., II. 1986. Stratigraphy and bivalve molluscan pa-
leontology of the Neogene Imperial Formation in Riverside 
County, California. San Jose, Calif. San Jose State University, 
Master’s thesis. 

Powell, C.L., II. 2005. A preliminary review of California fossil Aus-
trotrophon and Forreria (Gastropoda: Muricidae: Ocenebrinae) 
[abs.]. Abstracts from joint meeting 38th annual Western Soci-
ety of Malacologists and 71st annual American Malacological 
Society. Pacific Grove, CA. June 26–30, 2005. 94. 

Powell, C.L., II, and L. Groves. 2008. Notes on the association of 
Vesicomyids and Lucinoma (Mollusca: Bivalvia) in southern 
California: modern and fossil. The Festivus 40:61–68.

Powell, C.L., II, and D.J. Ponti. 2007. Paleontologic and stratigraphic 
reevaluation of Deadman Island, formerly in San Pedro Bay, 
California, in A.R. Brown, R.J. Shlemon, and J.D. Cooper (eds.). 
Geology and paleontology of Palos Verdes Hills, California: A 
60th anniversary revisit to commemorate the 1946 publica-
tion of U.S. Geological Survey Professional Paper 207. Pacific 
Section SEPM, book 103:101-120. 

Powell, C.L., II, L.H. Fisk, D.F. Maloney, and D.M. Haasl. 2010. Bio-
stratigraphy of the San Joaquin Formation in barrow-source 
area B-17, Kettlemen Hills Landfill, North Dome, Kelttlemen 
Hills, Kings County, California. U.S. Geological Survey Open-File 
Report 2010-1140:29 pp.

Purdy, R., J.H.M. Clellan, V.P. Schneider, S.P. Applegate, R. Meyer, and 
R. Slaughter. 2001. The Neogene sharks, rays and bony fishes 
from Lee Creek Mine, Aurora, North Carolina. Smithsonian 
Contributions to Paleobiology 90:202 pp.

Pyenson, N.D., and D.M. Haasl. 2007. Miocene whale-fall from 

California demonstrates that cetacean size did not determine 
the evolution of modern whale-fall communities. Biological 
Letters 3:709-711. 

Radbruch, D.H. 1964. Log for field trip through Caldecott Tun-
nel, Berkeley Hills, California. U.S. Geological Survey Open-File 
Report 64-129:3 pp.

Rafinesque, C.S. 1815. Analyse de la nature ou tableau de l’uni-
vers et des corps organisés. Palermo, Giovanni Barravecchia.  
224 pp.

Rathburn, A.E., L.A. Levin, Z. Held, and K.C. Lohmann. 2000. 
Benthic foraminifera associated with cold methane seeps on 
the northern California margin: Ecology and stable isotopic 
composition. Marine Micropaleontology 38:247-266, https://
doi.org/10.1016/S0377-8398(00)00005-0. 

Reeve, L. 1850. Monograph of the genus Lucina. In Conchologia 
iconica: or illustrations of the shells of molluscous animals, 
6:11 pls.

Reinhart, P.W. 1943. Mesozoic and Cenozoic Arcidae from the 
Pacific Slope of North America. Geological Society of America 
Special Paper 47:1–117.

Rensberger, J.M. 1969. A new Iniid cetacean from the Miocene of 
California. University of California, Publication in Geological 
Sciences 82:1–34.

Robinson, G.D. 1956. Geology of the Hayward quadrangle, Cali-
fornia. U.S. Geological Survey Geologic Quadrangle Map GQ-88, 
scale 1:24,000.

Roth, B. 1979. Marine invertebrates from northwest California 
and southwest Oregon. Berkeley, Calif., University of California, 
Ph.D. dissertation. 

Sánchez-Villagra, M.R., R.J. Burnham, D.C. Campbell, R.M. Feld-
mann, E.S. Gaffney, R.F. Kay, R. Lozsán, R. Purdy, and J.G.M. 
Thewissen. 2000. A new near-shore marine fauna and flora 
from the early Neogene of Northwestern Venezuela. Journal 
of Paleontology 74:957–968.

Schenck, H.G. 1936. Nuculid bivalves of the genus Acila. Geological 
Society of America, Special Paper 4:149 pp.

Schneider, V.P., and H.L. Fierstine. 2004. Fossil tuna vertebra 
punctured by istophorid billfishes. Journal of Vertebrate Pale-
ontology 24:253-255.

Smith J.T. 1991. Cenozoic giant pectinids from California and 
the Tertiary Caribbean Province; Lyropecten, "Macrochlamis," 
Vertipecten, and Nodipecten species. U.S. Geological Survey 
Professional Paper 1391:1–155.

South, J.F. 1845. Thunnus. Pp. 620–622, in Smedley E., Rose H.J. and 
H.J. Rose (eds.). Encyclopedia metropolitana. London, Taylor.

Stakes, D.S., D. Orange, J.B. Paduan, K.A. Salamy, and N. Maher. 1999. 
Cold-seeps and authigenic carbonate formation in Monterey 
Bay, California. Marine Geology 159:93–109.

Stearns, R.E.C. 1890. Scientific results of explorations by the U.S. 
Fish Commission’s Steamer Albatross. XVII. Descriptions of 
new west American land, freshwater, and marine shells, with 
notes and comments. United States National Museum Proceed-
ings 13: 205–225. 

Stewart, R.B. 1926[1927]. Gabb’s California fossil type gastropods.  
Academy of Natural Sciences of Philadelphia Proceedings, 
78:287-447 [The genus Bruclarkia was proposed by Trask in 
honor of Dr. Bruce Clark the first Director of the Museum of 
Paleontology in this paper].

Stewart, R.B. 1946. Geology of Reef Ridge, Coalinga District, Cali-
fornia. U.S. Geological Survey Professional Paper 205C:81–115. 



32           PALEOBIOS, VOLUME 36, JULY 2019 

Stoliczka, F. 1870–71. Cretaceous faunas of southern India, 3: 
The Pelecypoda, with a review of all known genera of this 
class, fossil and recent,...Geological Survey of India, Memoirs, 
Palaeontological Indica:xxii+538 pp. [1–122 (1870), 223-408, 
409–538 (1871)].

Taylor, J.D., and Glover, E.A. 2013. New lucinid bivalves from shal-
low and deeper water of the Indian and west Pacific Oceans 
(Mollusca, Bivalvia, Lucinidae). Zookeys 326:69–90. 

Taylor, J.D., and E.A. Glover. 2017. A new species of Lucinoma from 
240-500 m on the continental shelf break off Newfoundland 
(Bivalvia: Lucinidae). The Nautilus 131:127–137.

Tegland, N.M. 1933. The fauna of the type Blakeley upper Oli-
gocene of Washington. University of California, Publication in 
Geological Science Bulletin 23:81–174.

Teimori, A. 2016. Scanning electron microscopy of scale and 
body morphology as taxonomic characteristics of two closely 
related cyprinid species of genus Capoeta Valenciennes, 1842 
in southern Iran. Current Science 11(7): 1214–1219.

Uhen, M.D. 2010. The origin(s) of whales. Annual Review of Earth 
and Planetary Sciences 38:189–219. 

Valentich-Scott, P. 1998. Class Bivalvia, in Taxonomic atlas of the 
benthic fauna of the Santa Maria Basin and western Santa 
Barbara Channel. Volume 8, The Mollusca Part 1, The Apla-
cophora, Polyplacophora, Scaphopoda, Bivalvia, and Cepha-
lopoda:97–188.

Vendetti, J.E. 2009. Phylogenetics, development, and Cenozoic 
paleontology of Buccinidae (Mollusca: Gastropoda). Berkeley, 
CA. Ph.D. dissertation. 

von Siebold C.T. 1848. Lehrbuch der vergleichenden Anatomie der 
Wirbellosen Thiere. Erster Theil. In von Siebold C.T. & Stannius 
H. (eds.). Lehrbuch der vergleichenden Anatomie. – Verlag von 
Veit & Comp., Berlin. 679 pp. 

Waller, T.R. 1971. The glass scallop Propeamussium, a living relict 
of the past. American Malacological Union Annual Report, for 

1970:5–7. 
Waller, T.R. 1978. Morphology, nmorphoclines and a new clas-

sification of the Pteriomorphia (Mollusca: Bivalvia). Philo-
sophical Transactions of the Royal Society of London, series 
B 284:345–365.  

Weaver, C.E. 1912. A preliminary report on the Tertiary paleon-
tology of western Washington. Washington Geological Survey 
Bulletin 15:80 pp.

Weaver, C.E. 1942. Paleontology of the marine Tertiary formation 
of Oregon and Washington. Washington University [Seattle] 
Publications in Geology 5:789 pp.

Weaver, C.E. 1944. Geology of the Cretaceous (Gualala Group) 
and Tertiary formations along the Pacific Coast between Point 
Arena and Fort Ross, California. Washington University Publica-
tions in Geology 6:29 pp.

Weaver, C.E. 1953. Eocene and Paleocene deposits at Martinez, 
California. Seattle University of Washington Publications in 
Geology 7:102 pp. 

Wenz, W. 1938. Handbuch der Paláozoologie.  Band 6. Gastropoda, 
Tiel 1: Allgemeiner Teil und Prosobranchia.  Gebrüder Born-
träger, Berlin. 1,240 pp. 

White, J.M., L.N. Marincovich, Jr., and R. Higgs. 1994. New Miocene 
fossil discoveries in the Skonun Formation, Queen Charlotte Is-
lands, British Columbia, and implications for basin stratigraphy 
and climate. Geological Survey of Canada Bulletin 479:85–101. 

Wilkes, J. 1810. Conchology. Pp. 14–41 in Encyclopaedia Londinen-
sis; or Universal Dictionary of Arts, Sciences, and Literature, 
London.

Woodring, W.P. 1927. American Tertiary mollusks of the genus Cle-
mentia. U.S. Geological Survey Professional Paper 147C:25–47.

Woodring, W.P. 1938. Lower Pliocene mollusks and echinoids 
from the Los Angeles Basin, California and their inferred envi-
ronment. U.S. Geological Survey Professional Paper 190:67 pp.



POWELL ET AL.—MACROPALEONTOLOGY OF THE CALDECOTT TUNNEL, OAKLAND, CA, USA 33

Appendix 1. Details of the Dentalium (Fissidentalium?) mcgan-
na Powell, Clites, and Poust n. sp. specimens examined. Number 
of specimens in parentheses.

UCMP loc. IP13001: 
UCMP 251010, (1), cast, mineral replacement external
     details unclear.
UCMP 410431, (1), sections of original shell; poor preservation.
UCMP 412779, (1), small section well-preserved underneath 
     exterior coating crushed nearly flat, cross hatching preserved.

UCMP loc. IP13002:
UCMP 412728*, (1), Paratype, cast, sediment infilled.

UCMP loc. IP13003:
UCMP 251012, (1), Holotype, section of original shell over 
     external mold; part and counterpart, fragmented, partial shell
     section, external mold extends to shell tip.
UCMP 218713, (1), Paratype, original shell well-preserved, 
     embedded in matrix, possibly complete.
UCMP 218799, (1), Paratype, section of original shell over 
     external mold; part and counterpart well-preserved, including 
     cross hatching.
UCMP 218690, (2), external mold sections; shell sections well-
     preserved; poorly preserved.
UCMP 218701, (1), section of original shell over external mold; 
     fair preservation.
UCMP 218712, (1), shell with part and counterpart external mold;
     fair preservation.
UCMP 218719, (1), original shell; good preservation.
UCMP 218729, (1), external mold sections; fair preservation.
UCMP 218730: (1), shell with part and counterpart external mold;
    poor, crushed.
UCMP 218801, (1), section of original shell; fair preservation.
UCMP 218829, (1), section of original shell over external mold; 
    fair preservation.
UCMP 251018, (1), section of original shell with counterpart 
    external mold; fair preservation.
UCMP 251024, (1), section of original shell; poor preservation.
UCMP 251032, (1), section of external mold; fair preservation.
UCMP 410426, (5), four sections of original shell, one partial 
    external mold; fair preservation.
UCMP 410925, (2), original shell; poor preservation, external 
    details not clear.

UCMP loc. IP13004:
UCMP 218803, (3), section of original shell, section of original 
    shell, external mold fair preservation, poor preservation, fair 
    preservation.
UCMP 410434, (5), two sections of original shell; three 
    external mold sections good to fair preservation.
UCMP 410435, (6), disarticulated small sections, external molds 
    with some infilled casts fair preservation, cross hatching not 
    preserved.
UCMP 410438, (1), section of original shell over external mold
   partial shell section

Foraminifers
Bryozoa 
 Cheilostomata(?)
Mollusca

Bivalvia
Acharax cf. Ach. johnsoni 
Acila cf. Aci. empirensis 
Anadara (An.) cf. An. (An.) osmonti 
Crenella? sp.
Cyclocardia sp. indeterminate
aff. Lucinoma n. sp.
Propeamussiidae, indeterminate
Lima? sp.
Spisula aff. S. eugenensis 
aff. Tehamatea n. sp.
Tellinidae, indeterminate 
Veneridae, indeterminate (probably 
Clementia)
Vesicomyidae, indeterminate (possibly 
Pliocardia?)
Yoldia cf. Y. (Kalayoldia) submontereyensis 
Yoldia cf. Y. (Kalayoldia) supramontereyensis 
Yoldia? sp. indeterminate

Gastropoda
Bruclarkia sp.
Forreria sp.
Naticidae, indeterminate
Trophoscyon sp.
Demondia? sp. indeterminate

Scaphopoda
Dentalium mcganna n. sp.

Echinodermata
 Crinoidea

Indeterminate column
 Echinoidea

Indeterminate spines
Arthropoda

Decapoda
Indeterminate fragments

Maxillopoda
Balanidae?, indeterminate

Appendix 2. Fauna associated with the Tsm unit recovered 
from excavation of the fourth bore of the Caldecott Tunnel, Oak-
land, western Berkeley Hills, Alameda County, California.
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UCMP locality IP13001 (=UCMP V12003, UCMP PA1315): 
Caldecott Fourth Bore Sobrante General, specimens with 
unknown locality but with lithology matching the unnamed 
glauconitic mudstone (Tsm). 

UCMP locality IP13002 (=UCMP V12004): Caldecott Fourth 
Bore Claremont General, specimens with unknown locality but 
with lithology matching the Claremont Chert. 

UCMP locality IP13003 (=UCMP V12005): Caldecott Fourth 
Bore Sobrante first shale, specimens collected from the “First 
shale” of the Sobrante Formation as described by Page (1950). 
Note that contractors were not allowed to enter the tunnel, so 
this designation as “First shale” of the Sobrante is approximate. 
We assign this to Tms.

UCMP locality IP13004 (=UCMP V12006): Caldecott Fourth 
Bore Sobrante portal sandstone, specimens collected from the 
"Portal sandstone" of the Sobrante Formation as described by 
Page (1950). Note that contractors were not allowed to enter 
the tunnel, so this designation as “Portal sandstone” of the 
Sobrante is approximate. We assign this to Tms.

UCMP locality IP13005 (=UCMP V12007): Caldecott Fourth 
Bore Sobrante shaly sandstone, specimens collected from the 
“Shaly sandstone” of the Sobrante Formation as described by 
Page (1950). Note that contractors were not allowed to enter 
the tunnel, so this designation as “Shaly sandstone” of the 
Sobrante is approximate. We assign this to Tms.

UCMP locality IP13007 (=UCMP V12010): Caldecott Fourth 
Bore Claremont second sandstone, specimens collected 
from the “Second sandstone” of the Claremont Formation as 
described by Page (1950). Note that contractors were not 
allowed to enter the tunnel, so this designation as “Second 
sandstone” of the Claremont Chert is approximate.

Chordata
Chondrichthyes

Carcharhiniformes 
Osteichthyes

 Actinopterygii
Indeterminate teeth, bone, and scale

 Mammalia
Indeterminate ribs
cf. Allodesmus sp.

             Odontoceti

Appendix 2 (cont.). Fauna associated with the Tsm unit recov-
ered from excavation of the fourth bore of the Caldecott Tunnel, 
Oakland, western Berkeley Hills, Alameda County, California.

Mollusca
Bivalvia

Lucinoma cf. L. annulatum (Reeve)
Pectinidae, indeterminate

Scaphopoda
Dentalium (Fissidentalium?) mcganna n. sp.

Arthropoda
Maxillopoda 

Balanidae, indeterminate
Chordata

 Chondrichthyes
Carcharhinus obscurus (Lesueur)

Osteichthyes
Thunnus sp. [vertebra]
Teleostei indeterminate [scale]

Appendix 4. Fauna associated with the Claremont Formation 
recovered from excavation of the fourth bore of the Caldecott 
Tunnel, Oakland, western Berkeley Hills, Alameda County, Cali-
fornia.

Appendix 3. List of the University of California Museum of Pa-
leontology Localities cited in the text. All localities collected by 
various people at various dates during the excavation.

UCMP locality IP13008 (=UCMP V12011): Caldecott Fourth 
Bore Claremont Chert and shale, though this locality is 
described as the Claremont Formation, all of the invertebrate 
specimens match the unnamed glauconitic mudstone much 
more closely. This formation was reassigned on the basis of 
lithology to the unnamed glauconitic mudstone (Tsm). 

UCMP locality IP16022: Field number RPF 411, James Allen 
gave to C. Powell from Fourth Bore of Caldecott Tunnel. Exact 
location unknown. Lithology matches unnamed glauconitic 
mudstone (Tsm). 

UCMP locality IP16025: Field number RPF 412, James Allen 
gave to C. Powell from Fourth Bore of Caldecott Tunnel. Exact 
location unknown. Lithology matches unnamed glauconitic 
mudstone (Tsm). 

UCMP locality IP16027: General locality for material without 
field numbers. James Allen gave to C. Powell from Fourth Bore 
of Caldecott Tunnel. Exact location unknown. Lithology matches 
unnamed glauconitic mudstone (Tsm).

Appendix 3 (cont.). List of the University of California Muse-
um of Paleontology Localities cited in the text. All localities col-
lected by various people at various dates during the excavation.




