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GEOLOGY AND PALEONTOLOGY OF CANAL ZONE AND ADJOINING PARTS OF PANAMA

DESCRIPTION OF TERTIARY MOLLUSKS (PELECYPODS: PROPEAMUSSIIDAE TO
CUSPIDARIIDAE; ADDITIONS TO FAMILIES COVERED IN P 306-L;
ADDITIONS TO GASTROPODS; CEPHALOPODS)

By W. P. WooDRING

ABSTRACT

The final chapter of Professional Paper 306 consists chiefly
of the description of 272 species and subspecies of pelecypods
in 41 families. The Veneridae, Tellinidae, Pectinidae, and
Cardiidae, in order of decreasing size, are the largest of
these families. Two recently acquired, exceptionally large
Eocene gastropods from the Gatuncillo formation are also
described. Two species of Aturia, one from the Bohio forma-
tion and the other from the Gatun formation, are the only
cephalopods.

The late Eocene fossils from the Gatuncillo formation in-
clude a species that is still living: Lithophaga nigra. It is
the only living species recognized in the Eocene faunas of
the Caribbean region. A new cardiid genus, Chrysocardium,
is based on a silicified valve from the Rio Casaya area. The
fossils from that area are thought to be of middle Eocene
age. Myrtaea cf. M. curta is the earliest species of the genus
so far found in the Caribbean region.

Two new mactrid genera, FEopapyrina and Owvalmactra,
are recognized in the unnamed marine rocks of late Eocene
age, Microcardium microtatum is by far the earliest and also
the smallest species of the genus. In the Caribbean region,
Strigilla protera is the earliest Strigilla, and Gari listrota is
the earliest species of the subgenus Gobraeus.

As in other chapters of this Professional Paper, the only
recorded marine mollusks found in the Bohio formation were
recovered from thin lenses in the upper part of the forma-
tion on Barro Colorado Island. The entire formation is essen-
tially nonmarine. Anomalocardia heothina is the earliest
known species of the genus. These fossils include two fresh-
water genera (Polymesoda and Pisidium).

Flabellipecten gatunensis protistus, the earliest form of
that genus in the faunas under study, occurs in the shallow-
water facies of the Caimito formation of late Oligocene age,
as well as in the Caraba and Panami formations of the same
age, and also in the La Boca formation of early Miocene age.

The fossils from the moderately deepwater facies of the
Caimito include a Propeamussium that has sculpture similar
to that of an Oligocene species from Trinidad.

The Culebra formation yielded the earliest fauna of un-
mistakable Miocene age. Tellina ophiaca and Psammacoma
diphas are especially characteristic of the transition zone
between the Culebra and the overlying Cucaracha formation.
The mactrid genus Trinitasia, originally based on specimens
of uncertain affinities, occurs in the Culebra.

The Cucaracha is nonmarine. In addition to the remains
of North American mammals, it has yielded a freshwater
unionid(?) and great quantities of coprolites, presumably
crocodilian,

The La Boca formation of early Miocene age is the earliest
to yield a fauna of considerable size: 80 species and sub-
species, Some of these species also occur in the Gatun forma-
tion of middle Miocene age; others are predecessors of those
in the Gatun. A bed that crops out in the Las Cascadas
Reach is characterized by the abundance of a small pectinid
(Lepidopecten proterus) and a small dimyid (Dimya adaia).
The oysters include an unnamed species of Gryphaeostrea,
the first record of a Miocene American species, and a species
of Cubitostrea: C. rugifera. A large edentulous lucinid is de-
scribed as a species of Hadralucina.

The Alhajuela formation of early Miocene age of Madden
basin is younger than the formations of early Miocene age
in the Gaillard Cut area. The lower member of the Alhajuela
contains Nodipecten clydonus and Florimetis trinitaria. Large
specimens of Flabellipecten gatunensis gatunensis, Dino-
cardium robustum, and Dosinia aff. D. ponderosa titan are
conspicuous in the upper member of the Alhajuela. The upper
member, as well as the Culebra and Gatun formations, con-
tains Pholadomya.

Most of the fossils described in the present chapter, 116
species and subspecies, were collected from the richly fossili-
ferous Gatun formation of middle Miocene age.
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Pecten scissuratus is the type of a new genus, Lepidopecten.
An earlier species of the genus, L. proterus, occurs in the
Culebra and La Boca formations. Leptopecten ecnomius is
characteristic of the lower part of the Gatun. The oysters
include species of Pycnodonte, Hyotisse, Crassostrea, Ostrea,
and Lopha. Hyotissa haitensis, however, is the most wide-
spread species.

The lineage of Trachycardium dominicense starts as a
small form in the La Boca formation and the lower member
of the Alhajuela formation, continues as the typical form in
the middle part of the Gatun formation, and culminates as
the large 7. dominicense hadratatum in the upper part of
the Gatun in the western area.

The new subgenus Miratellina (a subgenus of Tellina) is
closely related to Tellina protolyra, a middle Miocene species
from Colombia. Semele laevis costaricensis. a predecessor of
the living eastern Pacific S. laevis laevis, is widespread and
locally common in the lower and middle parts of the Gatun.

The venerids of the Gatun are diversified and widespread:
20 species and subspecies. Agriopoma (Pitarelln) gatunensis
ranges throughout the formation. Clementia dariena dariena
is conspicuous in the lower and middle parts. Lirophora (Pan-
chione) mactropsis is the most abundant venerid and was one
of the first to be named in 1855. The type is still extant. The
species ranges throughout the formation and has been much
overnamed. Bothrocorbula (Hexacorbule) gatumensis is found
throughout the formation, except in the upper part in the
western area.

The lineage of Flabellipecten gatunenmsis is continued as
F. gatunensis macdonaldi in the Toro limestone member of
the Chagres sandstone of late Miocene or Pliocene age.
Hyotissa haitensis also occurs in the Toro.

Flabellipecten gatunensis tapeinus, the end member of the
F. gatumensis lineage, is found in the Chagres sandstone
proper, also of late Miocene or Pliocene age. Lepidopecten, a
new genus based on Pecten cactaceus from Spencer’s Coatza-
coalcos formation of late Miocene age in the Tehuantepec
area of México, occurs in the Chagres sandstone proper.

Of the two species of pelecypods omitted in chapter E,
Nucinella cf. N. woodii is represented in the middle part of
the Gatun formation by a minute valve (length 1.1 mm).

The other species, Lithophaga nigra, is living. It was found
in the Gatuncillo formation of Madden basin. It is the only
living species recognized in the Eocene faunas of the Carib-
bean region and in the late Eocene faunas of southern and
eastern United States.

A specimen of Velates perversus, recently found in the
Gatuncillo formation of Madden basin, has a basal diameter
of 19 em. So far as known, this is a size record for America.
A large cypraeid, Megalocypraea aff. M. clarki, also recently
found in the Gatuncillo formation of Madden basin, has a
length of 16.8 cm.

INTRODUCTION

The sixth, and final, chapter of Professional Paper
306 was started in 1973 and was completed in 1978.
It covers 272 described species and subspecies of
pelecypods, two of gastropods, and two of cephalo-
pods. These described forms are distributed as fol-
lows in the various formations:

GEOLOGY AND PALEONTOLOGY OF CANAL ZONE

Species and subspecies of molllusks described in
P 306-F and in entire publication

Number of species

Formation P 306-F P 206-A-E Total
Miocene or Pliocene series:
Chagres sandstone proper __ 8 39 47
Toro limestone member __ 11 2 13
Miocene series:
Gatun® __________________ 121 275 396
Alhajuela
Upper member _________ 13 5 18
Lower member _________ 27 8 35
La Boca proper ___._______ 66 71 137
Emperador limestone
member ______________ 17 8 25
Cucaracha _______________ 2 1 3
Culebra __________________ 18 29 47
Oligocene series:
Caimito
Shallow-water facies ____ 7 21 28
Moderately deepwater
facies ________________ 9 19 28
Quebrancha limestone
member ______________ ______ 2 2
Caraba __________________ 2 2 4
Panama __________________ 2 . 2
Bohio® ______ _____________ 26 26 52
Focene series:
Marine rocks of late
Eocene age _____________ 20 34 54
Gatunceillo ________________ 26 47 73

1 In Spanish orthography Gatin.
2 In Spanish orthography Bohio.

As in previous chapters of Professional Paper
306, the faunal tables use the following symbols for
relative frequency:

Symbols used for relative frequency

Numbher of
Symbols specimens
R, rare _ ___ ___ __ . o ___ 1-2
P few ___ . 3-h
C, common __________________ o ____ 6-20
A, abundant ____________________________ >20

The family order for the pelecypods conforms with
that in Part N, Mollusca 6, of the “Treatise on In-
vertebrate Paleontology,” R. C. Moore, editor, except
that Chamidae immediately follows Carditidae (see
Kennedy, Morris, and Taylor, 1970) and Solecur-
tidae immediately follows Psammobiidae (see Keen,
1971, p. 244).

ADDITIONS TO ANNOTATED BIBLIOGRAPHY

1973. Bartlett, A. S., and Barghoorn, E. S., Phytogeographic
history of the Isthmus of Panama during the last
12,000 years (a history of vegetation, climate, and
sea-level changes), in Graham, Alan, ed., Vegeta-
tion and vegetational history of northern Latin
America: New York, Elsevier, p. 203-299, 10 figs.
Based on radiocarbon-dated core samples of in-
formally named Atlantic muck in Gatun Lake
area.
1973. Bold, W, A., van den, Ostracoda of the La Boca For-
mation, Panama Canal Zone: Micropaleontology, v.
18, no. 4 (1972), p. 410-442, 5 pls., 8 figs.
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Ostracodes from La Boca, Caimito, and Bohio
formations. Includes species from Costa Rica. Sam-
ple WF68a is now assigned to Emperador lime-
stone member of La Boca formation, not Caimito
formation (see P 306-D, p. 313). The geologic map
reproduced by van den Bold has been superseded.

1973. Bold, W. A. van den, La posicién estratigrafica de la
Formaciéon La Boca, Panami, Zona del Canal:
Inst. Centroamericana Invest. Technologia Inds.,
Pub. Geol. 4 (Informe y trabajos tecnicos presen-
tados en la Tercera Reunién de Gedlogos de
América Central, 1971), p. 167-170, 9 figs. [1974].

So far as La Boca, Culebra, and Caimito forma-
tions are concerned, this account is a repetition of
van den Bold’s paper published in 1973. The sug-
gested correlation of the La Boca and Culebra
formations is erroneous.

1975. Mock C., Julio, and others, Atlas Nacional de Panama:
[n.p.] Comisién del Atlas de Panam4, 71 pls., and
text.

Includes geologic map, pl. 16, scale 1:1,000,000.

1976. Petit, R. E., Notes on Cancellariidae (Mollusca: Gas-
tropoda), ITI: Tulane Studies Geology and Paleon-
tology, v. 12, no. 1, p. 33-43, 2 pls.

Includes two species from Gatun formation:
Olssonella panamica and Trigonostoma (Ventrilia)
sacellum.

1976. Macintyre, I. G., and Glynn, P. W., Evolution of
modern Caribbean fringing reef, Galeta Point,
Panama: Am. Assoc. Petroleum Geologists Bull,,
v. 60, no. 7, p. 10564-1072. 9 figs.

Description of 13 closely spaced, dated core
holes, extending from the laboratory of Smith-
sonian Tropical Research Institute at Galeta Point
(7 km northeast of Colén) along two transects
across the fringing reef.

The collections of mollusks made by MacDonald
and Vaughan, formerly considered of Pleistocene
age, but changed to Holocene on p, 325-326 of
P 306-D, accumulated in back-reef sediments.

1978. Zachos, L. G., and Shaak, G. D., Stratigraphic sig-
nificance of the Tertiary echinoid FEupatagus
ingens Zachos: Jour. Paleontology, v. 52, no. 4, p.
921-1927, 1 pl., 6 figs.

Cook’s FEupatagus clevei, from the Gatuncillo
formation, is identified as illustrated as E. ingens,
on the basis of specimens from the Ocala limestone
of Florida.

1976. Saito, Tsunemasa, Geologic significance of coiling direc-
tion in the planktonic Foraminifera Pulleniatina:
Geology, v. 4, no. 5, p. 305-309, 3 figs.
The end of tropical marine connection across
Central America took place about 3.5 m.y. ago.

1978. Keigwin, L. D., Jr,, Pliocene closing of the Isthmus
of Panama, based on biostratigraphic evidence
from nearby Pacific Ocean and Caribbean Sea
cores: Geology, v. 6, no. 10, p. 630-634, 3 figs.

A date closer to 8.1 m.y. ago is preferred to
Saito’s date.
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NEW GENERIC AND SUBGENERIC NAMES

The following new generic and subgeneric names
are proposed :

Chrysocardium, Cardiidae, Fraginae.
Type: Chrysocardium aurum Woodring, n. sp.,
Gatuncillo formation, Eocene, p. 641. Gender
neuter.

Eopapyrina, Mactridae, Mactrinae.
Type: Mactra (Mactrella?) darienensis Dall,
unnamed marine rocks of late Eocene age, p.
648. Gender feminine.

Goniacardia, subgenus of Trigoniocardia, Cardiidae,

Fraginae.

Type: Cardium (Fragum) callopleurum Gabb,
Moin formation, Costa Rica, Pliocene, p. 644.
Gender feminine.

Lepidopecten, Pectinidae, subfamily (?).
Type: Pecten (Aequipecten) scissuratus Dall,
Gatun formation, Miocene, p. 592 Gender mas-
culine.

Miratellina subgenus of Tellina, Tellinidae, Tel-
lininae.
Type: Tellina anaxia Woodring, n. sp., Gatun
formation, Miocene, p. 660. Gender feminine.
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Ovamactra, Mactridae, Mactrinae.
Type: Ovamactra cyma Woodring, n. sp., un-
named marine rocks of late Eocene age, p. 651.
Gender feminine.

FAUNAL SUMMARIES AND NOTES ON
DEPOSITIONAL ENVIRONMENTS

EOCENE SERIES
GATUNCILLO FORMATION

The distribution of the 26 species described from
the Gatuncillo formation is shown in the following

table.

GEOLOGY AND PALEONTOLOGY OF CANAL ZONE

Lithophaga nigrae is the only living species recog-
nized in the Eocene faunas of the Caribbean region
and, according to the catalogs of Palmer and Brann
(1965, 1966), also in the late Eocene of southern
and eastern United States. Myrtaea cf. M. curta is
the earliest species of the genus in the Tertiary
Caribbean province.

Chrysocardium is a new genus based on a silicified
valve from the Rio Casaya area.

Crenostrea, Cubitostrea, Pseudomiltha, Bathy-
tormus, Chrysocardium, Cytheriopsis, Velates, and
Megalocypraea are extinct.

Pelecypods (Pectinidae to Veneridae, Mytilidae) and additional gastropods from Gatuncillo formation

[R, rare; F, few; C, common; A, abundant]

Localities
Rio Rio Rio
Madden basin Palen- Frijol Cerro Casaya
que area Pelado area
5a 6 9 u |12 12a | 16 23b 32 35 37a 38
Lithophaga (Lithophaga) nigra (d’Orbigny) || -co-| ool F | oo | oo oo e[ oo RS Y DR
Propeamussim Sp .- _.____________________| SV AUV RN DR DUNEURU SRR UIUR P | C | | e
Spondylus olssoni Clark ____________________ [V (RPN ISR R * SR IS NN N P C | e e
Anomia cf. A. lisbonensis Aldrich ____________| SRV R ISR ISV RV NN S A [N IR DR DR
Anomia cf. A. ephippioides Gabb ____________| [N SN NSO IS IS NN Y B R | | | ____
Pycnodonte (Crenostrea) achanes Woodring,

N, SP oo JERSS U (VUSRI ISR IS IS (U . Fo| o e __.
Crassostrea? sp _________ _____ o ___|_.___ R ISR (U DU [SSNUSUEY (SN I RN DR DU F
Cubitostrea? sp . ________ __ ___ o _______ SR Fol___ oo o e e L
Plastomiltha? odontota Woodring, n. sp ______j-——_ i SN NSRSV ISRV ISP B F SN UV IO
Pseudomiltha megameris (Dall) .___________i___ i-———| R R | | oo _. | e e e
Pseudomiltha? sp _________ __ o __d____ b e e Fo| | | oo [ IS IO
Myrtaea (Myrtaea) ef. M. curte (Conrad) _—__{____} ____| ____|_ | ____|____ R SR S (OO RN
Fimbria jamaicensis (Trechmann) __________{____ ____ [V s o (RS VR N B SRR [P [P (I,
Fimbria cf. F. vernont Richards __ o ____ e U F el R e e JEN NSNS (N I
Diplodonta? sp ____________________________ I D DR DR A . P R I N B S
Venericardia (Rotundicardic) sp - _______| SR RN INEUORS DU ISR U D D (RS (USSR I R
Venericardia sp' ______ o ____ U O A ;3 C Fl___|F |________ JEUSU S U
Bathytormus sp ____________ . _______ [ [ S DUUNN DUV IO I P S I )
Schedocardia? sp __________________________ || R F (o7 P N B, SRS S (P B
Schedocardia? gatunensis samanica (Olsson) _|____| ____|____| C || cco|o|occmmoz S P C |-
Trachycardium? sp ___ . _____________ [N (SN IR DEUIUR R 0 (NSRNY VI ENEOR JENSURE [ Ry
Chrysocardium aurum Woodring, n. sp _______ I P A A A A P A I R R
Tellina (Arcopagia) cf. T. eburneopsis

Conrad _____________ o _______ (R SRR N : AN DU FESUU DUV NN N [N S IR B
Tellina (Eurytellina?) sp - ___________ SN DU B : SR DNV DURR SRR USRI DU SRV ISR DY
Tellina sp* _ oo ____ JUUUEE (SUUNEN DEVSVR DRRERE B - ISR DUENEUY U JEPUUN EDESIRS U
Cytheriopsis conradi (Clark) _______________ [N R : A NI DU DU NN DUV JRUNPUDES DUV R N
Pitar (Pitar?) carmenensis Clark ___________ [N IS B B 4 B N IS AU SN IPIEPES DEVUER RS
Velates perversus (Gmelin) # ________________ e e ] R e emeeee SN (PR RN B
Megalocypraea aff. M. clarki (Ingram) ______ ) 20 S DN PRI NN RIS DIV SN VRSN U DA

t Not described. 2 See P 306-A, p. 66.
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As shown in the following table, same species, or
related species, occur elsewhere.

Mollusks from Gatuncillo formation and occurrence
elsewhere of same or related species

Species from Gatuncillo formation

Occurrence elsewhere of same
or related species

Spondylus olssoni Clark ____

Anomia cf. A. lisbonensis
Aldrich.

Anomia cf. A. ephippioides
Gabb.

Pycnodonte (Crenostrea)
achanes Woodring, n. sp.

Pseudomiltha megameris
(Dall).

Myrtaea cf. M. curta
(Conrad).

Fimbria jamaicensis
(Trechmann).

Fimbria cf. F. vernoni
Richards.

Sechedocardia? gatunensis
samanica (Olsson).

Late Eocene part of Carmen
formation, Colombia.

A. lisbonensis, middle Eocene,
Texas, Alabama, Florida.

A. ephippioides, middle
Eocene, Texas.

P. (C.) antiguensis (Brown),
late Oligocene, Antigua.

Charco Redondo limestone
member of Cobre forma-
tion, middle Eocene, Cuba;
Avon Park limestone middle
Eocene, Florida; Inglis
limestone (of former us-
age), late Eocene, Florida;
Versey’s Claremont lime-
stone of White Limestone
group, middle or late
Eocene, Jamaica; Ceru di
Cuebra formation, middle
or late Eocene, Curacao.

M. curta (Conrad), late
Eocene, Mississippi.

Yellow Limestone, middle
Eocene, Jamaica.

Inglis limestone (of former
usage), late Eocene,
Florida.

Saman formation, late
Eocene, Perd, late Eocene
part of Carmen formation,
Bolivar Dept., Colombia.
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Mollusks from Gatuncillo formation and occurrence
elsewhere of same or related species—Continued

Occurrence elsewhere of same

Species from Gatuncillo formation or related species

Cytheriopsis conradi

Late Eocene part of Carmen
(Clark).

formation, Bolivar Dept.,
Colombia.

Late Eocene part of Carmen
formation, Bolivar Dept.,
Colombia.

Pitar (Pitar?) carmenensis
Ciark.

UNNAMED MARINE ROCKS OF LATE EOCENE AGE

The fauna of the map unit, “Marine rocks of late
Eocene age,” is the most distinctive of the succession
of the 18 faunas under study. The 20 species covered
in the present chapter are listed in the following
table.

The fossils from this unnamed unit include two
new mactrid genera, Eopapyrina, doubtless a pred-
ecessor of Papyrina, and Ovamactra, also the earliest
known species of Strigilla (S. protera), and the
earliest species of the subgenus Gobraeus [Gari
(Gobraeus) listrota listrota]. Microcardium micro-
tatum is by far the earliest and also the smallest
species of the genus. On account of Dall’s erroneous
designation of the type locality of Lamelliconcha
hillii, that species has been considered a species of
the Gatun formation. Eopapyrine and Ovamactra
are extinct.

Pelecypods (Carditidae to Corbulidae) from marive rocks of late Eocene age

[R, rare; F, few; C, common; A, abundant]

Localities
Palenquilla Trinidad
Vamos Vamos Point Island
40 40a 40b 40d 40e 41 41a 41b 42 42a
Venericardia (Rotundicardial) sp - .. _ - R I - . o] I [ U I
Lucinisca protista Woodring, n. sp R R R I - R T R R | cccooene
Schedocardia? gatunensis gatunensis (Dall) __..____ e C C S o] o F | e -
Microcardium microtatum Woodring, n. sp ____._____ S e R C . . - A | o -
Eopapyrina darienensis (Dall) _________________ R C e A R A F A F| e
Genus? cf. Mulinia . . _____ . R e R [ . o e R -
Ovamactra cyma Woodring, n. sp —— T e U S R C R | oo -
Ervilid SD oo e e S e S S S ——— I R | ccceeeee .
Tellina (Arcopagia?) acares Woodring, n. sp ._____ e R el C R o R A | | el
Tellina (Eurytellina) alincia Woodring, n. sp _.____ A R I R R R - R R | oo
Tellina (Angulus?) Sp ool e R e F R —— R R (.
Strigilla (Strigilla) protera Woodring, n. sp R R R A C F R C | -
ari ! istrota dring, n. .

o o) listrota listrota Woodrtngy o0 | | v | s | o | | oA | R | P | e |
Semele SP oo e e e U I S S S P R R | ccmeeeeo -
Pitar (Pitar?) yasila (Olsson) ... _________ el R R S R —ee R JEUSURUIS (U
Lamelliconcha hillii (Dall) ___._ . __._________._ S R o A ———— R ——- R F
Costacallista gabrielensis (Clark) R R c R c R
Parastarte(?) SDP - e R I R . A A I [V I B,
Caryocorbula phruda Woodring, N. Sp —ococeoeo oo R F I F R C - [0 I, -
Caryocorbula Spl oo . e — U o R —— I R (o] -
Varicorbula baea Woodring, n. SP _occooocoomm oo S U U . I e - R C | —eeeeeee

1 Not described.
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The occurrence elsewhere of the same or related
species is shown in the following table:

Mollusks from marine rocks of lote Eocene age and occurrence
elsewhere a(Ld in other Canal Zone formations of same or
related species

Species from marine rocks

Occurrence elsewhere of same
of late Eocene age

or related species

S.? gatunensis samanica
(Olsson), Gatuncillo for-
mation, late Eocene;
Saman formation, late
Eocene, Perti; late Eocene
part of Carmen formation,
Colombia.

Schedocardia? gatunensis
gatunensis (Dall).

Tellina (Eurytellina) alincia
Woodring, n. sp.

Gart (Gobraeus) listrota
listrota Woodring, n. sp.
and subsp.

Pitar (Pitar?) yasila
(Olsson).

Lamelliconcha hillii (Dall)

Costacallista gabrielensis
(Clark).

T. (E.) punicea Born, late
Oligocene to Holocene.

G. (G.) jackonensis Richards,
Inglis limestone (of former
usage), late Eocene,
Florida.

Talara formation, late
Eocene, Pert.

Saman formation, late
Eocene, Peri.

Late Eocene part of Carmen
formation, Colombia.

GEOLOGY AND PALEONTOLOGY OF CANAL ZONE

Pelecypods (Pectinidae to Thraciidae) and cephalopod
(Nautilidae) from upper part of Bohio formation on Barro
Colorado Island

[R, rare; F, few; C, common; A, abundant]

OLIGOCENE SERIES
BOHIO FORMATION

Lenses in the upper part of the essentially non-
marine Bohio formation on Barro Colorado Island
yielded 26 species covered in the present chapter.
They are listed in the following table. For the most
part, these fossils are marine, They include, how-
ever, brackish-water species and even freshwater
species.

The earliest record for Raeta is in this unit and
in the moderately deep water facies of the Caimito
formation. Tellina (Tellinella) protera is the earliest
Tellinella in the Caribbean region. Likewise, Tagelus
of the subgenus Tagelus s.s. is the earliest in the
Tertiary Caribbean province, and Anomalocardia
heothina and Pleiorytis orthra are the earliest spe-
cies of those genera. A small form of Macrocallista
maculata, found also in the shallow-water facies of
the Caimito formation, extends the range of that
species back to late Oligocene. Aturia is extinct.

Localities
42d | 42e |42f |42g | 42i

Flabellipecten antiguensis (Brown) ._________ Fi o o] oo} -
Anomia cf. A. peruviana gabbi Pilsbry and

Johnson __ . ____ . ____ R| oo coo| oo} ==
Crassostrea cahobasensis (Pilsbry and Brown)_| ___| R R| - ---
Lucinisca protista Woodring, n. sp __________ R| oo cco| o] ===
Miltha sp L R| .| R} -] -2
Divaricella sp' ___ _ o e | e ] RO}
Diplodonta (Diplodonta) cf. D. alta Dall ____ C| ---| A R | .-
Trachycardium (Dallocardia) phlyctaena

(Dall)? ___ .. PN [ A P B 31
Tr-chweerdium (D-~llocardia) cf. T. (D.)

dominicense (Gabb) ______________________ Al .__|___| F | .-
Raeta cf. R. gardnerae (Spieker) ________._. cea] e | ao| - | F
Tellina (Tellinella) protera Woodring, n. sp F| | | -2 -=-
Tellina (Merisca?) pyena Woodring, n. sp __.| ___| ... | R | ___| ---
Tellin® 8D e o R| _..|--—-| R R
Gari (Gobraeus) listrota hadratera

Woodring, n. subsp ___.___________ ________ Cf|l ... C | .—-|--
Solecurtus vicksburgensis Aldrich ____________ R| | oo oo —--
Tagelus (Tagelus) orthrius Woodring, n. sp __| —__| --- -—-| R
Semele cf. S. venusta (Reeve) _____.____._____ R | | o ===
Polymesoda cf. P. aequilatera (Deshayes) ____| ___| .| R | .| ---
Pisidium atopum Woodring, n. sp __.______.__ eee| === | R | R | --
Macrocallista. (Paradione) maculata (Linné),

small form _____________ ___________________ R| o 2| oo ===
Dosinia (Dosinia) aff. D. delicatissima Brown

and Pilsbry ______________ .. C| | oo —oo ---
Chione (Chionopsis) cf. C. (C.) posorjensis

Olsson C|-..-| R C F
Anomalocardia heothina Woodring, n. sp ____| .| --- | A | ..-| C
Pleiorytis orthra Woodring, n. sp _____.______ R| oo} o oo ===
Caryocorbula platys Woodring, n. sp ________ F|___| R R | .--
Cyathodonta? dolicha Woodring, n. sp ___.___ R| o oo oo} ===
Aturia SP - e R| - oo} -2 ---

1 Not deseribed.

The occurrence elsewhere of the same or related
species is shown in the following table:

Mollusks from Bohio formation

and occurrence elsewhere and

in other Canal Zone formations of the same or related

species

Species from Bohio formation

Occurrence elsewhere and in other
Canal Zone formations of same
or related species

Flabellipecten antiguensis
(Brown).

Crassostrea cahobasensis
(Pilsbry and Brown).

Diplodonta (Diplodonta) cf.
D. alta Dall.

Shallow-water facies of
Caimito formation, late
Oligocene; Antigua forma-
tion, late Oligocene,
Antigua; Lares limestone,
late Oligocene, Puerto
Rico: La Boca formation
and its Emperador lime-
stone member, Gaillard Cut
area, early Miocene.

Culebra and La Boca forma-
tions, early Miocene; lower
member of Alhajuela for-
mation, early Miocene:
Gatun formation, middle
Miocene. Late Oligocene
to middle(?) Miocene
elsewhere.

D. (D.) alta Dall, Chipola
formation, early Miocene,
Florida; shallow-water
facies of Caimito forma-
tion, late Oligocene.
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Mollusks from Bohio formation and occurrence elsewhere and
in other Canal Zone formations of the same or related

species—Continued

Species from Bohio formation

Occurrence elsewhere and in other
Canal Zone formations of same
or related species

Trachycardium (Dallocardia)
phlyctaena (Dall)?

Trachycardium (Dallocardia)
cf. T. (D.) dominicense
(Gabb).

Raeta cf. R. gardnerae
(Spieker).

Tellina (Tellinella) protera
Woodring, n. sp.

Gart (Gobraeus) listrota
hadratera Woodring, n
subsp.

Solecurtus vicksburgensis
Aldrich.

Tagelus (Tagelus) orthrius
Woodring, n. sp.

Semele cf. S. venusta
(Reeve).

Polymesoda cf. P. aequilatera
(Deshayes).

Pisidium atopum Woodring,
n. sp.

Macrocallista (Paradione)
maculate (Linné), small
form.

Dosinia aff. D. (D.)
delicatissima Brown and
Pilsbry.

Chione (Chionopsis) cf. C.
(C.) posorjensis (Olsson).

Anomalocardia heothina
Woodring, n. sp.

Pleiorytis orthra Woodring,
n. sp.

T. (D.) phylctaena Dall,
Tampa limestone, early
Miocene, Florida.

T. (D.) dominicense (Gabb),
Miocene, Dominican
Republic.

R. gardnerae (Spieker), up-
per part of Zorritos
formation, middle Miocene,
Pert. Moderately deep
water facies of Caimito
formation, late Oligocene.

T. (T.) listeri Roding, Holo-
cene, Caribbean Sea.

G. (G.) listrota listrota
Woodring, n. sp. and
subsp., marine rocks of
late Eocene age.

Mint Spring marl member of
Marianna limestone or
Byram formation, Missis-
sippi, middle Oligocene.

T. (T.) gibbus (Spengler),
late Miocene to Holocene,
western Atlantic Ocean.

S. venusta (Reeve), Holo-
cene, eastern Pacific Ocean.

P. aequilatera (Deshaves).
Holocene, northern South
America.

P. forbesii Philippi, Holocene,
western South America.

Shallow-water facies of
Caimito formation, late
Oligocene.

D. (D.) delicatissima Brown
and Pilsbry, La Boca for-
mation, early Miocene;
upper member of Alhajuela
formation, early Miocene;
Gatun formatlon middle
Miocene.

C. (C.) posorjensis (Olsson),
late Oligocene, Per,
Ecuador.

A. flexuosa (Linné), Plio-
cene to Holocene, western
Atlantic Ocean.

P. caroniana (Maury), late
Miocene, Trinidad.

MARINE FACIES

The marine facies of the Bohio formation is recog-

nized at the base of the Bohio Peninsula and along
the northern part of the pipeline road extending
northwestward from Gamboa.

Cuts along the east side of the Panama Railroad
and exposures on nearby small streams show mod-
erately coarse conglomerate containing small clasts
of basalt, and sandstone containing a few unidentifi-
able gastropods and small benthonic Foraminifera.
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On the steep slope on the west side of the ridge at
the end of the pipeline road, near fossil locality 29,
sandstone contains a small Lepidocyclina, suggestive
of L. canellei, and small benthonic Foraminifera.

CAIMITO FORMATION

SHALLOW-WATER FACIES

The seven species from the shallow-water facies
of the Caimito formation described in the present
chapter are listed in the following table.

Flabellipecten gatunensis protistus, the earliest
member of the F. gatunensis group, occurs in this
unit, as well as in the Caraba, Panami, and La
Boca formations. F. antiguensis also is represented,
and Nodipecten denaius is doubtfully present. The
small form of Macrocallista maculate is shared with
the Bohio formation, and the earliest record of
Kuphus “incrassatus” in the faunas under study is
in the shallow-water facies of the Caimito.

Pelecypods_ (Pectinidae to Teredinidae) from shallow-water
facies of Caimiio formation in Gatun Lake area

[R, rare; C, common]

Localities

52 |52a(55b| 56 | 57 |} 57a

Flabellipecten gatunensis protistus

Woodring, n. subsp ... ______________ o |o—ol---] C|-_-] sp.R
Flabellipecten antiguensis (Brown) e e e ] R Rjccaaoo
Aequipecten SP oo ___ R|R|--
Nodipecten denaius Woodring, n. sp.? -___ | R fmafeeae |-
Anomia SP - - e e VR e e
Phacoides spl __ o ___ e | R | oo e e
Pegophysema cf. P. mauryae (Pilsbry

and Johnson)
Diplodonta (D.) cf. D. alta Dall _________ JRURS DEUURN DR ISR P
Ventricolaria sp
Macrocallista (Paradione) maculata

(Linné), small form? _________________ cen|eec]--<}---1 R
Chione spl _ o o= R
Kuphus ‘‘incrassatus Gabb”

1 Not describel.

MODERATELY DEEP WATER FACIES

The moderately deep water facies of the Caimito
formation is represented on Barro Colorado Island
and on Pato Horqueto Island. The nine species from
this unit described in the present chapter are listed
in the following table.

The fossils include Propeamussium cf. P. pennyi,
allied to a species from Trinidad, and Phacoides
cerma, the earliest and smallest species of the genus
in the Caribbean region. Myrtaea (M.) enischna and
Microcardium pollostum are represented and a spe-
cies still living, Tellina (Eurytellina) punicea. Raeta
¢f. R. gardnerae, which occurs also in the Bohio
formation, is allied to a middle Miocene species from
Perti.
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Pelecypods (Propeamussiidae to Cuspidariidae) from mod-

erately deep water facies of Caimito formation in Gatun
Lake area

[R, rare; F, few; C, common]

Localities

54g | 54h | 54j | 54k 541 | 54m |54n | 55a

Propeamussium cf. P. pennyi
(Harris) ___ . _________________
Phacoides cerma Woodring, n. sp __
Myrtaea (Myrtaea) enischna
Woodring, n. sp __._____________
Unidentified lueinid?t ____________ R| o) oo
Microcardium pollostum Woodring,
Mo SP oo
Raeta cf. R. gardnerae (Spieker) _
Tellina (Eurytellina) punicea
Born ___ . .
Tellina sp1 _______ R
Cyclinella? sp1 ___
Chione sp® _______
Cardiomya sp

1 Not deseribed.

The occurrence of the same species, or related
species, elsewhere, and in other Canal Zone forma-
tions, for both facies, is shown in the following table:

Mollusl‘cs from Caimito Formation and occurrence elsewhere
and in other Canal Zone formations of the same or related
species

Occurrence elsewhere and in other
Canal Zone formations of same

Species from Caimito formation or related species

Shallow-water facies:
Flabellipecten gatunensis
protistus Woodring, n.
subsp.

Caraba and Panami forma-
tions, late Oligocene: La
Boca formation, early
Miocene.

Bohio formation, late Oligo-
cene; Antigua formation,
late Oligocene, Antigua;
Lares limestone, late
Oligocene, Puerto Rico; La
Boca formation and its
Emperador limestone mem-
ber, Gaillard Cut area,
early Miocene.

Nodipecten denaius, La Boca
formation, Gaillard Cut
area, early Miocene;
Emperador limestone mem-
ber of La Boca formation,
Madden basin, identifica-
tion doubtful.

P. mauryae (Pilsbry and
Johnson), Miocene, Domini-

Flabellipecten antiguensts
(Brown).

Nodipecten denaius
Woodring? n. sp.

Pegophysema cf. P.
mauryae (Pilsbry and

Johnson). can Republic.
Diplodonta (D.) ef. D. D. (D.) alta Dall, Chipola
alta Dall. formation, early Miocene,

Florida; Bohio formation,
late Oligocene.

Macrocallista (Paradione) Bohio formation, late

maculata (Linné), small Oligocene.
form.

Kuphus “incrassatus Culebra formation, early Mio-
Gabb” cene; La Boca formation

and its Emperador lime-
stone member, early
Miocene; Gatun formation,
middle Miocene; late
Oligocene to middle
Miocene elsewhere,
Moderately deep water
facies:

GEOLOGY AND PALEONTOLOGY OF CANAL ZONE

Mollusks from Caimito Formation and occurrence elsewhere
and in other Canal Zone formations of the same or related

species—Continued

Species from Caimito formation

Occurrence elsewhere and in other
Canal Zone formations of same
or related species

Myrtaea (M.) enischna
Woodring, n. sp.

Raeta cf. R gardnerae
(Spieker).

M. (M.) vicksburgensis
(Casey), Oligocene, Mis-
sissippi.

R. gardnerae (Spieker), up-
per part of Zorritos forma-
tion; Pertu. Bohio forma-

Propeamussium cf. P.
pennyi (Harris).

P. pennyi (Harris), Oligo-
cene part Cipero forma-
tion, Trinidad.

tion, late Oligocene.

Late Oligocene to Holocene,
Caribbean region.

Tellina (Eurytellina)
punicea Born.

CARABA AND PANAMA FORMATIONS

Both the Caraba and Panama formations consist
chiefly of agglomerate. Flabellipecten gatunensis
protistus was found in both formations, as well as
in the shallow-water facies of the Caimito formation
and in the younger La Boca formation.

The occurrence in both formations of species de-
scribed in the present chapter is as follows:

Occurrence in Caraba and Panamd formations of species
deseribed in present chapter

Localities
Caraba Panamd
Species formation formation
Flabellipecten gatunensis
protistus Woodring, n. subsp _ 60 44
Argopecten? sp o ____________ 60 —
Nodipecten Sp — o ________ . 45

At locality 89, on the south limb of the Quebrancha
syncline, sandy siltstone in graywacke grit at the
base of the Panama formation yielded early Oligo-
cene benthonic Foraminifera (P 306-A, p. 26-27).
The age of the Panama4 is early to late Oligocene.

MIOCENE SERIES
CULEBRA FORMATION

The 18 species from the Culebra formation de-
scribed in the present chapter are listed in the fol-
lowing table.

Though the fauna of the Culebra is not extensive,
it has an unmistakable Miocene cast. Crassostrea
cahobasensis is widespread and locally abundant.
Lucina (Epilucina) aff. L. (E.) gratis is closely re-
lated to L. (E.) gratis, which occurs in the Gatun
formation. Trinitasia aff. T. sanctiandreae is a rep-
resentative of a genus originally named without any
knowledge of its affinities, but it is now known to be
a mactrid (Woodring, 1974, p. 212). It is an extinct
genus. Tellina (Eurytellina) ophiaca and Psamma-
coma diphas are especially characteristic of the
transition zone between the Culebra and Cucaracha
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formations, which is grouped with the Culebra (P.
306-A, p. 35). Pitar (Hyphantosoma) aff. P. (H.)

centangulatus is regarded as a small predecessor of

P. (H.) centangulatus, of the Gatun formation, and
Clementia (C.) dariena rabelli appears to be a small
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predecessor of C. (C.) dariena dariena, also of the

Gatun formation. Bothrocorbula

(Hexacorbula)

cruziana is the earliest known Hexacorbula. Phole-
domya occurs in the Culebra as well as in the upper
member of the Alhajuela and in the Gatun.

Pelecypods (Pectinidae to Pholadomyidae) from Culebra formation

IR, rare; F, few; C, common; A, Abundant]

Localities

103 | 104 |104a [104b| 105

106 | 107

107a} 108a|108c| 110 | 110a

111 | 111a

111b| 112 | 112a| 112b} 112¢

Lepidopecten proferus Woodring, n. sp.? ____
Crassostrea cahobasensis (Pilsbry and Brown)_| A F C C R
Phacoides cf. P. pectinata domingensis Dall __
Lucina (Lepilucina) aff. L. gratis Olsson ___

Lucinoma sp. al

Venericardia sp !

(Dall)

n. sp

Psammacoma diphas Woodring, n. sp

Donax sp! __________
Solecurtus sp 1

Tivela (Tivela) mactroides (Born), small form
Pitar (Pitar) aff. P. quirosanus (H. K.

Hodson)

Pitar (Hyphantosoma) aff. P.
centangulatus Brown and Pilsbry

Dosinia sp1
Cyclinella? sp1

Maury

(H. K. Hodson)
Lirophora (Panchione?) sp. b1

(Olsson)

Kuphus “‘incrassatus Gabb”

Carditamera cf. C. vaughani (Dall) _

Trachycardium (Dallocardia) phlyctaena

Trinitasia aff. T. sanctiandreae (Maury) -___
Tellina (Eurytellina) ophiaca Woodring,

(H.)

Macrocallista (Paradione) maculata (Linné) .

Clementia (Clementia) dariena rabelli

Lirophora (Lirophora) cf. L. quirosensis

Bothrocorbula (Hexacorbula) cruziana

Unidentifiable tubes of wood-boring teredinids_

.| ©

Fl.._-

ceecewee| F
| F C

eeee|-===| R

=

| F

|| A

—-—-| R

JEUSURE DUV (SSRN [P —— . 1

| R | R |.._.| F

| R

- C

RSP (R B :4 F
JRURUR RIS S ¢

--—--| R

-ee-| R

-——=-| R

-——-| R F R

—.--| ©C

—._| A

-—--| R

———-| R R

| R
-—-—--| R R

———-1 R

—— | R

-~ R F R

1 Not described.

The same or related species that occur elsewhere
and in other Canal Zone formations are given in the

following table:

Mollusks from Culebra formation and occurrence elsewhere
and in other Canal Zone formations of the same or related

species

Species from Culebra formation

Occurrence elsewhere and in other
Canal Zone formations of same
or related species

Lepidopecten proterus
Woodring, n. sp.?

Crassostrea cahobasensis
(Pilsbry and Brown).

Phacoides cf. P. pectinata

domingensis Dall.

La Boca formation, early
Miocene, Gaillard Cut and
Las Cruces areas.

Bohio formation, late Oligo-
cene; La Boca formation,
early Miocene; lower mem-
ber of Alhajuela formation,
early Miocene; Gatun for-
mation, middle Miocene.
Late Oligocene to middle
Miocene elsewhere.

La Boca formation, Gaillard
Cut area, early Miocene.

Mollusks from Culebra formation and occurrence elsewhere
and i other Canal Zone formations of the same or related

species—Continued

Species from Culebra formation

Occurrence elsewhere and in other
Canal Zone formations of same
or related species

Lucina (Lepilucina) aff. L.
(L.) gratis Olsson.

Carditamera cf. C. vaughani
(Dall).

Trachycardium (Dallocardia)
phlyctaena (Dall).

Trinitasia aff. T. sancti-
andreae (Maury).

L. (L.) gratis Olsson, Gatun
formation, middle Miocene;
Angostura formation, mid-
dle Miocene, Ecuador.

C. vaughant (Dall), late
Miocene, Florida.

Bohio formation, late Oligo-
cene, identification doubt-
ful; La Boca formation,
Gaillard Cut area, early
Miocene; lower member of
Alhajuela formation early
Miocene; Tampa limestone,
early Miocene Florida.

T. sanctiandreae (Maury),
San Jose calcareous silt
member of Manzanilla for-
mation, late middle Mio-
cene, Trinidad.
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Pelecypods (Propeamusstidae to Cuspidariidae)

[R, rare; F, few;

Localities

Gaillard Cut area

99b | 99¢

99d

99f

9% 101a(101b| 101c( 101d| 101e

Cyclopecten sp. a
Cyclopecten sp. b
Cyclopecten oligolepis (Brown and Pilsbry)? __________
Flabellipecten gatunensis protistus Woodring, n.
Flabellipecten antiguensis (Brown)
Amusium sol (Brown and Pilsbry) _._
Amusium toulae (Brown and Pilsbry) -
Chlamys anguillensis (Guppy)
Aequipecten canalis (Brown and Pilsbry)

Aequipecten spl

Lepidopecten proterus Woodring, n. sp -

Leptopecten spt

Nodipecten denaius Woodring, n. sp -
Spondylus scotti Brown and Pilsbry -
Dimya adaic Woodring, n. sp

Limaria? sp

Anomia SPp - _——_____
“Hyotissa” tryoni (Gabb) ___
Hyotissa haitensis (Sowerby) _

Gryphaeostrea sp

Crasgostrea cahobasensis (Pilsbry and Brown)
Cubitostrea rugifera (Dall)

Phacmdea cf. P. pectinata dommgemts Dall
L

Pawzluczm of. P. yaquensis (Gabb) -
Codakia (Codakia) sp
Myrtaea? (Myrtaea?) spl
Pegophysema cf. P. mauryae (Pilsbry and Johnson) .
Hadralucina xzenica Woodring, n. sp
Divaricella sp® __._______
Unidentified lucinid 1
Carditamera cf. C.

Carditamera sp!

Venericardia (Glyptoactis) metaicha Woodring, n.
Chama strepta Woodring, n. sp

Arcinella sp

subsp __

Eucraswtella (Eucrassatella) mediamericana (Brown

and Pilsbry)

Trachycardium (Trachycardium)

(Linné)

Trachycardium (Dallocardia) phlyctaena (Dall)
Trachycardium (Dallocardia) dominicense deminicense
small form
Americardia cf. A. medie (Linné)
Trigoniocardia (Apiocardia) cf. T. simrothi (Dall)
Nemocardium hadraternm Woodring, n. sp
Laevicardium laevigatum (Linné)

(Gabb),

Mactrid *
Harvella sp?
Solenid 1
Tellina (Eury

Strigilla (Strigilla) aff. S. carnaeria (Linné) __

Strigilla sp 1

Ventricolaria harrisiana (Olsson)

cf. T.

Psammacoma diphas Woodring, n. sp __
Pgammacoma talaor Woodring, n. sp _._
Donax gonioides Woodring, n. sp
Donax aff. D. asper Hanley
Gari (Gobraeus) sp?!
Solecurtus aff. S. broggii gatunensis Toula _
Semele chipolana Dall
Alveinus aff. A. rot

Tivela (Tivela) mactroides (Born), small form _

Pitar (Pitar) aff. P. quirosanus (H. K. Hodson) ___
Pitar (Hyphantosoma) aff. P

Brown and Pilsbry
Lamelliconche cf. L. aequicincta (Spieker) _
Macrocallista (Paradione) maculata (Linné)
Dosinia (Dosinia) delicatissima Brown and Pilsbry _

Cle:mentia (Clementia) dariena dariena {(Conrad)

Chione (Chionopsis) propingua Spieker
Chione (Chionopsis) eurylopas Woodring, n. sp
Lirophora (Lirophorae) cf.
(H. K. Hodson)
Lirophora (Panchione) sp. a __
Lirophora (Panch{o'ne?) sp. b1
sp
Caryocorbule sp1 __
Caryocorbula? sp1

Parastarte(?)

(L.) quirosensis

Bothrocorbula (Hexzacorbula) cruziana (Olsson) _

Varicarbula cf. V. vieta (Guppy)

Varicorbula sp 1

Kuphus
Cyathodonta aff.

Unidentified tubes of wood-boring teredinids .
“incrassatus Gabb’’

. gatunensis (Toula)

(H.) centangulatus

isocardia

N o S B 2

DN I Z_I-Z_J

JERPRN [ R I O

PN e R s
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BN I S O i

R [---

yeubes

-2 15 S I o B - U PR B - N i B
o I T T e e Ly T
3 PR N D U NS - RSO N B

R |----
R

SRR RPIOU DUSPIORY DUSIONS DRSOV (R
TV CIID) I LI T A

S v R [t [ NS

1 Not described.

2 Clementia (Clementia) dariena

(Conrad), subsp.?.
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from La Boca formation
C, common; A, abundant]

Localities—Continued

Las
Gaillard Cut area—Continued Cruces Summit Madden
area area basin

101f) 101g| 101h| 101i 1015 | 102 }102a) 113 | 114 115 115a] 115bf 116) 116a 119—[ 119a| 119b) 119¢ | 120 120a] 125| 94 | 94a] 127 | 127a | 128 75
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JRORUREN PSR (PRSI IS R b | N
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| A | o] i e e e aa
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The following table shows the occurrence else-
where and in other Canal Zone formations of the

same or related species:

Mollusks from La Boca formation and occurrence elsewhere
and in other Canal Zone formations of same or related

species

Species from La Boca formation

Occurrence elsewhere and in other
Canal Zone formations of same
or related species

Cyclopecten oligolepis
(Brown and Pilsbry) 2.

Flabellipecten gatunensis
protistus Woodring, n.
subsp.

Flabellipecten antiguensis
(Brown).

Amusim toulae (Brown and
Pilsbry).

Aequipecten canalis (Brown
and Pilsbry).

Lepidopecten proterus
Woodring, n. sp.

Nodipecten denaius
Woodring, n. sp.

“Hyotissa” tryoni Gabb ____

Hyotissa haitensis
(Sowerby).

Crassostrea cahobasensis
(Pilsbry and Brown).

C. oligolepis (Brown and
Pilsbry), Gatun formation,
middle Miocene; deposits
of middle Miocene age,
Limén Province, Costa
Rica.

Caimito, Caraba and
Panama formations, late
Oligocene.

Bohio formation, late Oligo-
cene; shallow-water facies
of Caimito formation, late
Oligocene; Antigua forma-
tion, late Oligocene,
Antigua; Lares limestone,
late Oligocene, Puerto Rico.

Lower and upper members
of Alhajuela formation,
early Miocene; Gatun
formation, middle Miocene;
Toro limestone member of
Chagres sandstone. late
Miocene or earlv Pliocene;
deposits of middle Miocene
age, Limoén Province. Costa
Rica; deposits of middle or
late Miocene age, Faleén,
Venezuela; Usiacuri
formation, late Miocene,
Atlantico Department,
Colombia.

Lower and upper members
of Alhajuela formation,
early Miocene; deposits of
late Oligocene age, Falcén,
Venezuela, identification
doubtful; Quebradillas
limestone of Vaughan
(1924), early Miocene,
Puerto Rico, identification
doubtful.

Culebra formation, early
Miocene.

Shallow-water facies of
Caimito formation, late
Oligocene, identification
doubtful.

Deposits of early Miocene
age, northeastern Costa
Rica.

Lower member of Alhajuela
formation, early Miocene;
Gatun formation, middle
Miocene; Toro limestone
member of Chagres sand-
stone, late Miocene or early
Pliocene; elsewhere late
Oligocene evidently to
Pleistocene.

See Culebra formation.

Mollusk:s from La Boca formation and occurrence elsewhere
and in other Canal Zone formations of same or related

species—Continued

Species from La Boca formation

Occurrence elsewhere and in other
Canal Zone formations of same
or related species

Cubitostrea rugifera (Dall) _

Phacoides cf. P. pectinata
domingensis Dall.

Lucinisea cf. L. calhounensis
(Dall).

Parvilucing cf. P. yaquensis
(Gabb).

Pegophysema cf. P. mauryae
(Pilsbry and Johnson).

Hadralucina xenica
Woodring, n. sp.

Carditamera cf. C. tegea
(Dall).

Venericardia (Glyptoactis)
metaicha Woodring, n. sp.

Eucrassatella (E.) medi-
americana (Brown and
Pilsbry).

Trachycardium (Dallocardia)
phlyctaena (Dall).

Trachycardium (Dallocardia)
dominicense dominicense
(Gabb), small form.

Americardia cf. A. media
(Linné).

Trigoniocardia (Apiocardia)
cf. T. (A.) simrothi
(Dall).

Nemocardium hadraterum
Woodring, n. sp.

Laevicardium laevigatum
(Linné).

Tellina (Eurytellina) ophiaca
Woodring, n. sp.

Tellina (Eurytellina) vetula
Brown and Pilsbry.

San Sebastian formation and
Lares limestone, late Oligo-
cene, Puerto Rico; early
Miocene part of Cibao for-
mation and Aguada lime-
stone, early Miocene,
Puerto Rico; Chipola and
Hawthorn formations,
early Miocene, Florida.

Culebra formation, early
Miocene.

L. callounensis (Dall),
Chipola formation, early
Miocene, Florida.

P. yaquensis (Gabb), Cer-
cado formation, middle
Miocene, Dominican

Republic.
P. mauryae (Pilsbry and
Johnson), Miocene, Domini-

can Republic.

H. augustana (Gardner),
middle Eocene, Alabama,
South Carolina.

C. tegea (Dall), Tampa lime-
stone, early Miocene,
Florida.

V. (G.) serricosta (Heil-
prin), Tampa limestone,
early Miocene, Florida.

Deposits of early Miocene
age, northeastern Costa
Rica.

Bohio formation, late Oligo-
cene, identification doubt-
ful; Culebra formation,
early Miocene; lower
member of Alhajuela for-
mation, early Miocene;
Tampa limestone, early
Miocene, Florida.

Upper member of Alhajuela
formation, early Miocene.

A. media (Linné), middle
Miocene to Holocene,
western Atlantic Ocean.

T. (A.) simrothi (Dall),
Chipola formation, early
Miocene, Florida; lower
member of Alhaijuela for-
mation, early Miocene,
identification doubtful.

N. nicollett: (Conrad), late
Eocene, Louisiana and
Mississippi.

Upper member of Alhajuela
formation, lower Miocene;
Gatun formation, middle
Miocene; elsewhere late
Oligocene to Holocene,
western Atlantic Ocean.

Culebra formation, early
Miocene.

T. (E.) ophiaca Woodring,
n. sp., Culebra formation,
early Miocene.
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Mollusks from La Boca_ formation and occurrence elsewhere
and in other Canal Zonme formations of same or related

species—Continued

Species from La Boca formation

Occurrence elsewhere and in other
Canal Zone formations of same
or related species

Species from La Boca formation

Occurrence elsewhere and in other
Canal Zone formations of same
or related species

Strigilla (Strigilla) aff. S.
(S.) carnaric (Linné).

Psammacoma diphas
Woodring, n. sp.

Psammacoma talaor
Woodring, n. sp.

Donax gonioides Woodring,
n. sp.

Donax aff. D, asper Hanley

Solecurtus aff. S. broggii
gatunensis Toula.

Semele chipolana Dall

Alveinus aff. A. rotundus
Dall.

Ventricolaria harrisiana
(Olsson).

S. (S.) carnaria (Linné),
middle Miocene to Holo-
cene, Caribbean region.

P. gatunensis (Toula),
Gatun formation, middle
Miocene, Culebra forma-
tion, early Miocene.

P. olivella (Dall), Bowden
formation, middle Miocene,
Jamaica.

D. stm:ata (Linné), Holocene,
Caribbean region.

D. asper Hanley, Holocene,
eastern Pacific Ocean.

S. broggit gatunensis Toula,
Gatun formation, middle
Miocene; deposits of middle
Miocene age, Limén Pro-
vince, Costa Rica.

Upper member of Alhajuela
formation, early Miocene;
Chipola formation, early
Miocene, Florida; Oak
Grove sand member of
Shoal River formation,
middle Miocene, Florida.

A. rotundus Dall, Chipola
formation, early Miocene,
Florida; Gatun formation,
middle Miocene; Shoal
River formation, middle
Miocene, Florida; Ango-
stura formation, middle
Miocene, Ecuador.

Lower member of Alhajuela
formation, early Miocene;
Chipola formation. early
Miocene, Florida; Cantaure
formation, middle Miocene,
Falcon, Venezuela.

Dosinia (Dosinta) delicatis-
sima Brown and Pilsbry.

Clementia (Clementia)
dariena dariena (Conrad).

Chione (Chionopsis)
propinqua Spieker.

Lirophora (Lirophora) cf. L.
(L.) quirosensis (H. K.
Hodson).

Bothrocorbula (Hexacorbula)
cruziana (Olsson).

Kuphus “incrassatus Gabb” _

Cyathodonta aff. C. gatunen-
sis (Toula).

Upper member of Alhajuela
formation, early Miocene;
Gatun formation, middle
Miocene; elsewhere early
Miocene to late Miocene.

Gatun formation, middle
Miocene; elsewhere early
Miocene to late Miocene.

Lower part of Zorritos
formation, early Miocene,
Perti; Subibaja formation,
early Miocene, Ecuador;
Progreso and Daule forma-
tions, middle Miocene,
Ecuador.

L. (L.) quirosensis (H. K.
Hodson), early Miocene,
Zulia, Venezuela: Culebra
formation, early Miocene.

Lower part of Zorritos for-
mation, early Miocene,
Pert; Culebra formation,
early Miocene.

See Culebra formation.

C. gatunensis (Toula), upper
member of Alhajuela for-
mation, early Miocene;
Gatun formation, middle
Miocene; Toro limestone
member of Chagres sand-
stone, late Miocene or early
Pliocene.

EMPFRADOR LIMESTONE MEMBER

The following table includes 17 species from the

Liménes formation, late
Miocene, Limén Province,
Costa Rica.

T. (T.) mactroides (Born),
middle Miocene to Holo-
cene, Caribbean region.

P. (P.) quirosanus (H. K.
Hodson), early Miocene,
Zulia, Venezuela; Culebra
formation, early Miocene.

Tivela (Tivela) mactroides
(Born), small form.

Pitar (Pitar) aff. P. (P.)
quirosanus (H. K.
Hodson).

Pitar (Hyphantosoma) aff.
P. (H.) centangulatus
Brown and Pilsbry.

Lamelliconcha cf. L.
aequicincta (Spieker).

P. (H.) centangulatus
Brown and Pilsbry, Gatun
formation middle Miocene.

L. aequicincta (Spieker),
upper part of Zorritos for-
mation, middle Miocene,
Perii; lower member of
Alhajuela formation, early
Miocene.

Early Miocene to Holocene,
Caribbean region.

Macrocallista (Paradione)
maculata (Linné).

Emperador limestone member of the La Boca forma-
tion described in the present chapter, making a total
of 25 species for the member. As outlined on pages
3811-313 of P 306-D, limestones at higher and lower
stratigraphic levels than the Emperador are exposed
in the Las Cascadas Reach. The Emperador, how-
ever, is the only limestone that contains abundant
corals.

All except six of the species listed in the following
table are recorded in the La Boca proper. Those so
recorded are not given further consideration.

The most notable mollusk yielded by the Em-
perador is the big cerithid, Campanile cf. C. her-
culeanus (P 306-D, p. 431), collected at locality 117c.
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Pelecypods (Pectinidae to Teredinidae) from Emperador limestone member of La Boca jormation

[R, rare; F, few; C, common]

Flabellipecten antiguensis (Brown)
Amusium toulae (Brown and Pilsbry)
Amusium sp ____ .

Chlamys sentis (Reeve)?
Chlamys sp

Spondylus scotti Brown and Pilsbry
Hyotissa polylopha Woodring, n. sp
Crassostrea? sp! ______________________
Pegophysema janus (Dall)?
Venericardia sp1

Venericardia (Glyptoactis) stenygra Woodring, n. sp

Trackycardium (Dallocardia) dominicense dominicense (Gabb), small form
Tellina sp1

Periglypta tarquinia (Dall)
Unidentified venerid1
Macrocallista (Paradione) maculata (Linné)
Dosinia (Dosinia) delicatissima Brown and Pilsbry
Dosinia? sp! __ . _____ o ___._.

Cyclinella? sp1

Kuphus “incrassatus Gabb”

Localities
Gaillard Cut area Madden basin
117a|117b|117¢| 118 |118a{118b| 123 | 129 | 129a T 72 73
_____ ROV B : SN PRV VIR DUPHPIUN PRI SV P PR, R U PN
JEURESE [UU I : N MUUIEY DUVI I SR SN PR [P IS PR
PRSI FRURRNS JUSUUURY DRUIIN FUUPHUN NUNVHUR SRR DU DU PR R
D N RN SRRV RO [UNPR INUUVHUN PRVNVIUHE PRIPUO PEURPIIN INSPIPIIN SR PR,
_____ JRSSURRGS IRV EUNUUU SURPS B  J AROUSIO IPNUPR PEIVIDNY PIONIN INVICRPONDI PEVIPRI BORIp,
[ o J0 (RN DUSRURURY SRR RN DRURRN EUEPUONS RO RO PR R
_____ JENSUEOIN RN SUNIUIN SN DU PRI NN PR DI [, R P,
_____ R | R |oooo oo e[| R oo e R [ DU,
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_____ Folocoo| P oo e cccc oo B | om | e e e [ eemeam
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_____ ;N OO ;N RO SRR FRUR PEUU DUV SRUUR [P IR U
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_____ f2 S SR A BN DUV ISR NI NSO N I J O [ R
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1 Not described.

The following table shows the occurrence else-
where and in other Canal Zone formations of the
same or related species:

Mollusks from Emperador limestone member of La Boca
formation, other than those recorded in La Boca proper,
and occurrence elsewhere and in other Canal Zone forma-
tions of same or related species

Occurrence elsewhere and in other
Canal Zone formations of same
or related species

Species from Emperador limestone
member

Chlamys sentis (Reeve)? ___ | C. sentis (Reeve), Holocene,

Caribbean region.

Hyotissa polylopha Woodring,
Oligocene evidently to
Pleistocene.

P. janus (Dall), Chivola
formation, early Miocene,
Florida; Gatun formation,
middle Miocene.

V. (G.) metaicha Woodring,
n. sp., La Boca formation,
early Miocene.

Suwannee limestone, late
Oligocene, Florida. identi-
fication doubtful; San
Sebastian formation, late
Oligocene, Puerto Rico
(Maury’s record) ; Cen-
tral Plain tuffs, early?
Oligocene, Antigua; Anti-
gua formation, late
Oligocene, Antigua, iden-

Hyotissa polylopha Woodring,
n. sp.

Pegophysema janus (Dall) ? _

Venericardia (Glyptoactis)
stenygra Woodring, n. sp.

Periglypta tarquinia (Dall) -

Mollusks from Emperador limestone member of La Boca
formation, other than those recorded in La Boca wroper,
and occurrence elsewhere and in other Canal Zone forma-
tions of same or related species—Continued

Occurrence elsewhere and in other
Canal Zone formations of same

Species from Emperador limestone E
or related species

member

tification doubtful: Tampa
limestone, earlv Miocene,
Florida: Anguilla forma-
tion early Miocene, An-
guilla; deposits of middle
Miocene age, Limén
Province, Costa Rica.

Periglypta tarquinia—
Continued.

ALHAJUELA FORMATION
LOWER MEMBER

The fauna of both the lower member and the
upper member of the Alhajuela consists chiefly of
pelecypods. The 27 species of the lower member (of
a total of 35 species) described in the present chap-
ter are listed in the following table.

Nodipecten clydonus is a species of the N. mag-
nificus group but not a typical species of that group.
Anomia peruviana gabbi includes valves of bizarre
shape. The earliest occurrence of Florimetis trini-
taria is in the lower member.
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Pelecypods (Pectinidae to Hiatellidae) from lower member of Alhajuela formation

[R, rare; F, few; C, common]

Localities

T4a | 76 | 77 | 18 79

Pecten. (Oppenheimopecten) colpotus Woodring, n. sp
Flabellipecten gatunensis gatunensis (Toula)
Amusium toulae (Brown and Pilsbry)
Aequipecten canalis (Brown and Pilsbry)
Nodipecten clydonus Woodring, n. sp ___
Anomia peruvieana gabbi Pilshry and Johnson -__

Hpyotissa haitensis (Sowerby)
Diplodonta? sp?l
Psammacoma sp 1

Florimetis trinitaria (Dall) _______
Ventricolaria harrisiana (Olsson)

Tivela mactroides (Born), small form

Pitar spl

Lamelliconcha cf. L. aequicincta (Spieker)? _
Macrocallista (Paradione) maculete (Linné) __
Chione (Chionopsig) tegulum Brown and Pilsbry __
Lirophora (Lirophora) falconensis (H. K.

Panopea sp

Crassostrea cahobasensis (Pilsbry and Brown)
T rqchyg:ardium ( 5&&3}&}&2&5 - _z;};l;/_c_t;,'ena (Dall)
Trigoniocardia (Apiocardia) cf. T. simrothi (Dall)? ___

Hodson)? __

1 Not described.

The occurrence elsewhere and in other Canal Zone
formations of the same, or related species is tabu-

lated as follows:

Mollusks from lower member of Alhajuela formation and
occurrence elsewhere and in other Canal Zone formations

of same, or related species

Mollusks from_lower member of Alhajuela formation and
occurrence elsewhere and in other Canal Zone formations
of same, or related species—Continued

Occurrence elsewhere and in other
Canal Zone formations of same
or related species

Atlantico Dept., Colombia
(Weisbord’s record) ;

Species from lower member of
Alhajuela formation

Species from lower member of
Alhajuela formation

Occurrence elsewhere and in other
Canal Zone formations of same
or related species

Pecten (Oppenheimopecten)
colpotus Woodring, n. sp.

Flabellipecten gatunensis
gatunensis (Toula).

Amustum toulae (Brown and
Pilsbry).

Aequipecten canalis (Brown
and Pilsbry).

Nodipecten clydonus Wood-
ring, n. sp.

Anomia peruviana gabbi
Pilsbry and Johnson.

Hyotissa haitensis
(Sowerby).

Crassostrea cahobasensis
(Pilsbry and Brown).

Trachycardium (Dallocardia)
phlyctaena (Dall).

Trigoniocardia (Apiocardia)
cf. T. (A.) simrothi
(Dall)?.

Florimetis trinitaria
(Dall).

P. (0.) urumaconis Harris,
late Miocene, Faleon,
Venezuela.

See upper member.

Ventricolaria harrisiana
(Olsson).

small form.

See La Boca formation. Lamelliconcha cf. L.

See La Boca formation. macnlata (Linng).

N. magnificus (Sowerby),
Holocene, eastern Pacific
Ocean.

Gatun formation, middie
Miocene; Miocene. Domini-
can Republic; middle Mio-
cene deposits, Faleon,
Venezuela ; upper part of
Zorritos formation and
Montera formation, middle
Miocene Peri.

See La Boca formation.

Brown and Pilsbry.

Lirophora (Lirophora)
falconensis (H. K.
Hodson) ?.

See Culebra formation. Panopea sp

Tivela mactroides (Born),
aequicincta (Spieker) ?.
Maecrocallista (Paradione)

Chione (Chionopsis) tegulum

Savaneta glauconitic sand-
stone member and Melajo
clay member of Snringvale
formation, late Miocene,
Trinidad.

See La Boca formation.

See Culebra formation.
See La Boca formation.
See Culebra formation.

Gatun formation, middle
Miocene; deposits of middle
Miocene age, Limén Pro-
vince, Costa Rica (Olsson’s
record) ; Cantaure forma-
tion, middle Miocene,
Faleon, Venezuela.

L. (L.) falconensis (H. K.
Hodson). Gatun formation,
middle Miocene; Urumaco
formation, middle or late
Miocene, Faleon,
Venezuela.

P. globosa Dall, Holocene,
eastern Pacific Ocean.

See Culebra formation.

T. (A.) simrothi (Dall),
Chipola formation, early
Miocene, Florida: La Boca
formation, early Miocene.

Tubari formation. middle
Miocene, Atlantico Dept.
Colombia ; middle Miocene
deposits, Faleén, Venezuela
(Hodsons’ record) ; Daule
formation, middle Miocene,
Ecuador (Mark’s undocu-
mented record) ; Usiacuri
formation, late Miocene,

lowing table.

UPPER MEMBER

The massive sandstones of the upper member of
the Alhajuela formation are conspicuous features of
Madden basin. The 13 species, of a total of 18, de-
scribed in the present chapter are listed in the fol-

The largest specimens of Flabellipecten gatunensis
gatunensis are found in the upper member. That
unit also contains the large Dinocardium robustum,
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a large Dosinia (D.) aff. D. ponderosa titan, the
large Panopea parawhitfieldi, and its fauna, like that

of two others of Miocene age under
Pholadomya.

study, includes

Pelecypods (Pectinidae to Thraciidae) from upper member of Alhajuela formation

[R, rave; F, few; C, common; A, abundant]

Localities

85 | 85a | 86 88 89 90 | 90a | 91 92
Flabellipecten gatumensis gatunensis (Toula) F F | .- R i F [...-| C |-
Amusium toulae (Brown and Pilsbry) - e JRUURUR [UPRURUURN I - ISP IDUSSURPREN RPNV IR ISP IS I
Aequipecten canalis (Brown and Pilsbry) -____ PRSI ISR AUV (NI (N : S [ B | S (PR [P
Argopecten venezuelanus (F. and H. Hodson) A C |l o2l R b O R I I
Trachycardium (Dallocardia) dominicense dominicense (Gabb), small form . ____.___ [N IS I AN (NN S IV (SRR (NN U I
Dinocardium robustum [Lightfoot], small form ____ e C F F C C ... C e R
Laevicardium laevigatum (Linné) _____________ [ N O IR IR ISR UUIPR (U R
Maectrid  ____ L ____ ... R NN (SRR NP (PR SR
Solenid ' _ __ __ . __ . [ I S I b SIS NN PRI
Semele chipolana Dall ____________________ JRUSRON VU IR ISR (R : JE IRUIORY (PRI I (U
Periglypta cf. P. caribbeana (Anderson) —_____ [EURES TN AUV (SN B : S AN (VUPONS IUUINN PRI
Pitar (Pitar) cf. P. coroanus (H. K. Hodson) VR S I ISVUUIUNY EIHN ENPRR [ I R
Macrocallista (Paradione) wmaculrta (Linné) F ol oo e e e | Bl oel
Doginia (Dosinia) delicatissima Brown and Pilsbry JRURSIUS RO IVUPUR IDUR I N S IR R I,
Dosinia (Dosinia) aff. D. ponderosa titan Maury e eee el R .2 R R | ---2
Cyclinella? Sp 1 o [N SN SN SO EUUIUONN ISV IUUPRURY PR R ;4
Lirophora (Panchione) sp. a - o e e e meen] e a2 —==<] R
Caryocorbula sp ______________________ JEURU IV (N (U E - S NSO USRY ENSUNO RO
Bothrocorbula (Hexacorbula) spl _______ VNN [N (URRURN (USRI I - A RIS NN NI RN
Varicorbula sp1 e e e e e eee e} el F
Varicorbula? spt e e e e e e RO ) s
Panopea parawhitfieldi (Gardner) ________ e oo 2] R JUUIORDNY NRUSN U R
Pholadomya falconensis F. and H. Hodson? _ PN SRR U (VRPN RSN I B :4 R | ----
Cyathodonta gatumensis (Toula) _____ e [ ISR (SN (U AN I : J (RSN IR RN R

1 Not described.

The following table shows the occurrence else-
where and in other Canal Zone formations of the

same or related species.

Mollusks from upper member of Alhajuela formation and
occurrence elsewhere and tn other Canal Zone formations

of same or related species

Species from upper member of
Alhajuela formation

Occurrence elsewhere and in other
Canal Zone formations of same
or related species

Flabellipecten gatunensis
gatunensis (Toula)

Amusium toulae (Brown and
Pilsbry).

Aequipecten canalis (Brown
and Pilsbry).

Argopecten venezuelanus
(F. and H. Hodson).

Trachycardium (Dallocardia)
dominicense dominicense
(Gabb), small form.

Dinocardium robustum
[Lightfoot], small form.

Laevicardium laevigatum
(Linné).
Semele chipolana Dall ______

Lower member of Alhajuela
formation, early Miocene;
Gatun formation. middle
Miocene ; middle Miocene
deposits, central Costa
Rica; Pioj6 formation,
Atlantico Dept., Colombia;
middle Miocene deposits,
Faleén, Venezuela; Angos-
tura formation, middle
Miocene, Ecuador; Liménes
formation, late Miocene,
Bocas del Toro area,
Panama (Olsson’s record).

See La Boca formation.

See La Boca formation.

Deposits of middle or late
Miocene age, Falcon,
Venezuela.

See La Boca formation.

Caloosahatchee formation,
Pliocene, Florida; Holo-
cene, New Jersey to Belize.

See La Boca formation.

See La Boca formation.

Mollusks from upper member of Alhajuela formation and
occurrence elsewhere and in other Canal Zone formations
of same or related species—Continued

Species from upper member of
Alhajuela formation

Occurrence elsewhere and in other
Canal Zone formations of same
or related species

Periglypta cf. P. caribbeana
(Anderson).

Pitar (Pitar) cf. P. coroanus
(H. K. Hodson).

Macrocallista (Paradione)
maculata (Linné).

Dosinia (Dosinia) delicatis-
sima Brown and Pilsbry.

Dosinia (Dosinia) aff. D.
ponderosa titan Maury.

Panopea parawhitfield:
(Gardner).

Pholadomya falconensis
F. and H. Hodson?.

Cyathodonta gatunensis
(Toula).

P. caribbeana (Anderson),
middle and late Miocene,
Atlantico Dept.. Colombia;
Cercado formation, middle
Miocene, Dominican Re-
public; Liménes formation,
late Miocene, Bocas del
Toro area, Panama.

P. (P.) coroanus (H. K.
Hodson), middle Miocene,
Falcén, Venezuela.

Early Miocene to Holocene,
Caribbean region.

See La Boca formation.

D. (D.)titan Maury, Savaneta
glauconitic sandstone mem-
ber of Springvale forma-
tion, late Miocene.
Trinidad; Gatun formation,
middle Miocene.

Gatun formation, middle Mio-
cene, Oak Grove sand
member of Shoal River
formation, middle Miocene,
Florida.

P. falconensis F. and H.
Hodson, presumably La
Vela formation, late Mio-
cene, Falcén, Venezuela.

Gatun formation, middle
Miocene; Toro limestone
member of Chagres sand-
stone, late Miocene or early
Pliocene.
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GATUN FORMATION

As in other chapters, the bulk of the taxonomic
part of the present chapter is devoted to the fauna
of the richly fossiliferous Gatun formation: 121
species and subspecies of a total of 396 for that for-
mation. Locality 138c yielded 197 species and sub-
species. Those species and subspecies covered in the
present chapter are listed in the table on p. 560-568.

The following species and subspecies are especially
characteristic of the Gatun:

Flabellipecten gatunensis gatunensis (Toula)
Aequipecten plurinominis (Pilsbry and Johnson)

Lepidopecten scissuratus (Dall)

Hyotissa haitensis (Sowerby)

Trachycardium (Dallocardia) dominicense (Gabb)
Tellina (Miratellina) anaxia Woodring, n. sp.
Psammacoma gatunensis (Toula)

Sem?le laevis costaricensis Olsson

Agmopoma (Pitarella) gatunensis (Dall)
C{ementza (Clementia) dariena dariena (Conrad)
Lirophora (Panchione) mactropsis (Conrad)
Bothrocorbula (Hexacorbula) gatunensis (Toula)

The occurrence elsewhere and in other Canal Zone
formations of the same or related forms are tabu-

lated as follows:

Mollusk_s from Gatun formation and occurrence elsewhere
and in other Canal Zone formations of same or related

forms

Species from Gatun formation

Occurrence elsewhere and in other
Canal Zone formations of same,
or related forms

Cyclopecten oligolepis
(Brown and Pilsbry).

Pecten (Euvola) bowdenensis
Dall.

Flabellipecten gatunensis
gatunensis (Toula),

Flabellipecten gatunensis
tapeinus Woodring, n,
subsp.

Amusium toulae (Brown and
Pilsbry).

Aequipecten plurinominis
(Pilsbry and Johnson).

Lepidopecten scissuratus
(Dall).

Argopecten levicostatus
(Toula).

Anomia peruviana gabbi
Pilsbry and Johnson.
Anomia simplex d’Orbigny __

Limatule asymbleta
Woodring, n. sp.

Deposits of middle Miocene
age, Lim6n Province, Costa
Rica (Olsson’s record).

Bowden formation. middle
Miocene, Jamaica.

See upper member of
Alhajuela formation.

Chagres sandstone, late
Miocene or early Pliocene.

See La Boca formation.

Gurabo formation, middle
Miocene, Dominican Re-
public; Bowden formation,
middle Miocene, Jamaica;
middle Miocene, Faledn,
Venezuela; Progreso for-
mation, middle Miocene,
Ecuador.

Middle Miocene, Falcén,
Venezuela.

Deposits of middle Miocene
age, Limé6n Province, Costa
Rica; Urumaco formation,
middle or late Miocene,
Falcén, Venezuela.

See lower member of
Alhajuela formation.

Late early Miocene to Holo-
cene, Caribbean region.

Bowden formation, middle
Miocene, Jamaica.
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Mollusks from Gatun formation and occurrence elsewhere
and in other Canal Zone formations of same or related

forms—Continued

Species from Gatun formation

Occurrence elsewhere and in other
Canal Zone formations of same,
or related forms

Pycnodonte (Pycnodonte?)
sp.

Hyotissa haitensis (Sowerby)

Crassostrea cahobasensis
(Pilsbry and Brown).

Ostrea equestris heothina
Woodring, n. subsp.

Lopha frons (Linné) _______

Lucina (Lepilucina) gratis
Olsson.

Bellucina actinus (Dall) ___

Lucinisca bocasensis
(Olsson).

Miltha chipolana (Dall)? ___

Pegophysema janus (Dall) _

Divaricella cf. D. comis .
Olsson.

Diplodonta (D.) cf. D. minor
Dall.

Timothynus capuloides
(Gabb).

Temblornia virgata
(Gardner).

Venericardia (Glyptoactis)
aversa Pilsbry and
Johnson.

Pleuromeris aff. P. acaris
(Dall).

Chama berjadinensis
F. Hodson.

Arcinella arcinella (Linné),
small form.

Undescribed species in Druid
Wilson’s (U.S. Geol.
Survey) collection from
middle Miocene Pungo
River formation of North
Carolina.

See La Boca formation.
See Culebra formation.

Ostrea equestris equestris
Say, Holocene, western
Atlantic Ocean.

Middle Miocene to Holocene,
Caribbean region.

Angostura formation, middle
Miocene, Ecuador.

Bowden formation, middle
Miocene, Jamaica; Cercado
formation, middle Miocene,
Dominican Republic
(Maury’s record) ; Limones
formation, late Miocene,
Bocas del Toro area,
Panama.

Liménes formation, late
Miocene, Bocas del Toro
area, Panama.

M. chipolana (Dall), Chipola
formation, early Miocene,
Florida.

Chipola formation, early
Miocene, Florida.

D. comis Olsson Angostura
formation, middle Miocene,
Ecuador.

D. (D.) minor Dall, Bowden
formation, middle Miocene,
Jamaica.

Cercado formation. middle
Miocene, Dominican Repub-
lic; Bowden formation,
middle Miocene, Jamaiea.

Shoal River formation, mid-
dle Miocene, Florida;
Subibaja formation, early
Miocene, Ecuador.

Miocene, Dominican Republic.

P. acaris (Dall), Bowden
formation, middle Miocene,
Jamaica; Cantaure forma-
tion, middle Miocene,
Faleén, Venezuela:
Urumaco formation, middle
or late Miocene, Falcén,
Venezuela.

Cantaure formation. middle
Miocene, Faleén, Venezu-
ela; Urumaco formation,
middle or late Miocene,
Falcédn, Venezuela.

Large form, middle Miocene
deposits, Limén Province,
Costa Rica, Cantaure for-
mation, middle Miocene,
Faleén, Venezuela; Angos-
tura formation, middle
Miocene, Ecuador.
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Mollusks from Gatun formation and occurrence elsewhere
and in other Canal Zone formations of same or related

forms—Continued

Species from Gatun formation

Occurrence elsewhere and in other
Canal Zone formations of same,
or related forms

Species from Gatun formation

Occurrence elsewhere and in other
Canal Zone formations of same,
or related forms

Eucrassatella (Hybolophus)
elassa Woodring, n. sp.

Eucrassatella (Hybolophus)
venezuelana (F. Hodson).

Crassinella martinicensis
(d’Orbigny) 2.

Trachycardium (Dallocardia)
dominicense dominicense
(Gabb).

Trachycardium (Dallocardia)
dominicense hadratatum
Woodring, n. subsp.

Trachycardium (Dallocardia)
baiterum Woodring, n. sp.

Trachycardium (Phlogo-
cardia) stiriatum (Brown
and Pilsbry).

Trachycardium (Mexicardia)
dominicanum costaricanum
(Olsson).

Trigoniocardia (Apiocardia)
aminensis (Dall).

Lophocardium gurabicum
(Maury).

Dinocardium cf. D. cabezai
(Gardner).

Laevicardium laevigatum
(Linné).
Mactrellana alata (Spengler)

E. (H.) berryi (Svieker),
lower part of Zorritos
formation, early Miocene,
Per.

Pioj6é and Tubara formations,
middle Miocene, Atlantico
Dept., Colombia; Caujarao
and Cantaure formations,
middle Miocene, Falcén,
Venezuela; Usiacuri for-
mation, late Miocene,
Atlantico Dept. Colombia;
El Veral formation, late
Miocene, Falcon, Vene-
zuela.

C. martinicensis (d’Orbigny),
Holocene, Caribbean
region.

Deposits of early Miocene age
at Sapote [Zapate],
northeastern Costa Rica
(Gabb’s record) ; Miocene,
Dominican Republic; de-
posits of middle Miocene
age, Lim6n Province, Costa
Rica; Miocene, Atlantico
Dept., Colombia (Ander-
son’s record) ; Angostura
formation, middle Miocene,
Ecuador.

T. (D.) dominicense
dominicense (Gabb).

T. (D.) puebloense (Ander-
son), Tubara formation,
middle Miocene, Atlantico
Dept., Colombia.

T. (P.) belchert (Broderip
and Sowerby), Holocene,
eastern Pacific Ocean.

Deposits of middle Miocene
age, Limén Province, Costa
Rica.

Gurabo formation, middle
Miocene, Dominican Re-
public; Toro limestone
member of Chagres sand-
stone, late Miocene or
early Pliocene.

Gurabo formation, middle
Miocene, Dominican Re-
public; deposits of middle
Miocene age, Liméon
Province, Costa Rica
(Olsson’s record) ; Liménes
formation, Limén Province,
Costa Rica (Olsson’s
record) ; deposits of late
middle Miocene age,
western Florida.

D. cabezai (Gardner),

Shoal River formation,
middle Miocene, Florida.

Late Oligocene to Holocene,
western Atlantic Ocean.

Deposits of middle Miocene
age, Limén Province, Costa
Rica, Jama and Canoa for-
mations, Pliocene, Ecuador;
Holocene, western Atlantic
and eastern Pacific
Oceans.

Mulinia aff. M. lateralis
(Say).

Mulinia aff. M. cleryana
(d’Orbigny).

Harvella elegans elegans
(Sowerby).

Raeta hasletti (Anderson) _

Raeta undulata (Gould) ____

Ervilia valhosierr Gardner _

Solen (Solena) obliquus rudis
C. B. Adams.

Tellina (Phyllodina)
lepidota Dall.

Tellina (Merisca) cristallina
Spengler.

Tellina (Merisca)
aequistriata Say.

M. lateralis (Say), Miocene

to Holocene, western
Atlantic Ocean.

Tubara formation, middle
Miocene, Atlintico Dept.,
Colombia; Usiacuri forma-
tion, late Miocene,
Atlantico Dept., Colombia.

Deposits of middle Miocene
age, Limon Province,
Costa Rica; middle Miocene
deposits, Rio Sinu area,
Cordoba Dept., Colombia;
Tubara formation, middle
Miocene, Atlantico Dept.,
Colombia; middle Miocene
deposits, Trinidad
(Maury’s record) ; Usia-
curi formation, late Mio-
cene, Atlantico Dept.,
Colombia; Borbon forma-
tion, late Miocene. Ecua-
dor; Las Sierras formation,
early Pliocene, Nicaragua;
Holocene, Gulf of Califor-
nia to northern Peru.

Tubari formation, middle
Miocene, Atlantico Dept.,
Colombia.

Progreso formation, middle
Miocene, Ecuador; Olsson’s
“Pinecrest beds.” late
Miocene, Florida: El Veral
formation, late Miocene,
Faleén, Venezuela; Uru-
maco formation, middle or
late Miocene, Falcon,
Venezuela; Borbon forma-
tion, late Miocene, Ecua-
dor; Tumbes formation,
late Miocene, Pert; Jama
formation, Pliocene, Ecua-
dor: Holocene, southern
California to northern
Per.

Shoal River formation,
middle Miocene, Florida.

Holocene, Costa Rica to
Peru.

Limoénes formation, late Mio-

cene, Bocas del Toro area,
Panama.

Deposits of middle Miocene
age, Limon Province, Costa
Rica; Cercado formation,
middle Miocene, Dominican
Republic; Mare formation,
early Pliocene, Venezuela;
Holocene, South Carolina to
Virgin Islands, Panama to
Ecuador.

Chipola formation, early
Miocene, Florida: Bowden
formation, middle Miocene,
Jamaiea; Yorktown for-
mation, early Pliocene,
Virginia; Chagres sand-
stone, late Miocene or
early Pliocene, identifica-
tion doubtful; formations
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Mollusks from Gatun formation and occurrence elsewhere
and in other Canal Zone formations of same or related

forms—Continued

Occurrence elsewhere and in other
Canal Zone formations of same,
or related forms

Species from Gatun formation

Occurrence elsewhere and in other
Canal Zone formations of same,
or related forms

Tellina { Miratellina)
anaxie Woodring, n. sp.

Tellina (Eurytellina)
punicea Born.

Tellina (Eurytellina) nitens
C. B. Adams.

Tellina (Eurytellina)
angulosa costaricana
Olsson.

Tellidora cristata (Récluz) _

Strigilla (Strigilla) carnaria
(Linné).

Psammacoma gatunensis
(Toula).

Psammotreta hadra
Woodring.

Donazx carinatus palaius
Woodring, n. subsp.

Sanguinolaria (San,qm'no-
laria) aff. S. tellinoides
A. Adams.

of middle Miocene to Plio-
cene age, southeastern
United States; Holocene,
southern Florida to Bahia,
Brasil.

T. (M.) aequizonte Pilsbry
and Olsson, Jama forma-
tion, Pliocene, Ecuador.

Moderately deep-water facies
of Caimito formation, late
Oligocene; deposits of
Oligocene (?) age on
Oronli Creek, Limén Pro-
vince, Costa Rica (Gabb’s
record) ; Miocene deposits,
Colombia (Anderson’s rec-
ord) ; Limones formation,
late Miocene, Bocas del
Toro area, Panamé
(Olsson’s record) : Mare
formation, early Pliocene,
Venezuela; Courbaril mem-
ber of Morne I’Enfer for-
mation, Pliocene, Trinidad;
Holocene, Belize and
Jamaica to Santa Catarina,
Brasil.

Oak Grove sand member of
Shoal River formation,
middle Miocene, Florida;
Holocene, North Carolina
to Rio de Janeiro, Brasil.

Deposits of middle Miocene
age, Limén Province, Costa
Rica.

Deposits of middle Miocene
age, Limén Province, Costa
Rica; Melajo clay member
of Springvale formation,
late Miocene, Trinidad; de-
posits of late Miocene age,
western Florida; Caloosa-
hatchee formation, Plio-
cene, Florida; Holocene,
North Carolina to
Yucatan.

Courbaril member of Morne
I’Enfer formation and
Matura formation, Plio-
cene, Trinidad; Holocene,
Florida and Bahamas to
Mar del Plata, Argentina.

Deposits of middle Miocene
age, Limén Province, Costa
Rica, Darién Province,
Panama3, Bolivar Dept.
Colombia; Urumaco for-
mation, middle or late
Miocene, Faleon, Vene-
zuela,

P. grandis (Hanley). Holo-
cene, eastern Pacifie
Ocean.

D. carinatus carinatus Han-
lev, Holocene, Sinaloa,
México. to northern Peru.

S. (S.) tellinoides A. Adams,
Jama formation, Pliocene,
Ecuador; Holocene, Gulf
of California to Ecuador.

Solecurtus broggii
gatunensis Toula.

Tagelus (Mesopleura)
divisus (Spengler) 7.

Semele cf. S. perlamellosa
Heilprin.

Semele laevis costaricensis
Olsson.

Semele sayi Toula _________
Abra (Abra) lioica (Dall)? _

Alveinus rotundus Dall ____

Gouldia costaricensis
(Olsson).

Tivela mactroides (Born),
small form.

Transennella cola Woodring,
n. sp.

Pitar (Hyphantosoma) cen-
tangulatus Brown and
Pilsbry.

Hysteroconcha rosea van-
winkleae (Olsson).

Lamelliconcha cora (Brown
and Pilsbry).

Macrocallista (Paradione)
maculata (Linné).

Agriopoma (Pitarella)
gatunensis (Dall).

Deposits of middle Miocene
age, Limon Province, Costa
Rica.

T. (M.) divisus Spengler,
late Miocene to Holocene,
western Atlantic Ocean.

Toro limestone member of
Chagres sandstone, late
Miocene or early Pliocene.

Deposits of middle Miocene
age, Limén Province, Costa
Rica; Tubara formation,
middle Miocene, Atlantico
Dept., Colombia; Ango-
stura formation, middle
Miocene, Ecuador; upper
part of Zorritos formation,
middle Miocene, Peri;
Urumaco formation middle
or late Miocene, Faleon,
Venezuela ; Gansul clay
and Melajo clay members
of Springvale formation,
late Miocene, Trinidad;
Courbaril member of
Morne PEnfer formation,
Pliocene, Trinidad.

Deposits of middle Miocene
age, Limon Province. Costa
Rica (Olsson’s record).

A. (4.) lioica (Dall), Holo-
cene, North Carolina to
Santa Caterina, Brasil.

Chipola formation, earlv Mio-
cene, Florida: Shoal River
formation, middle Miocene,
Florida; Angostura forma-
tion, middle Miocene,
Ecuador.

Deposits of middle Miocene
age, Limén province, Costa
Rica; Shoal River forma-
tion, middle Miocene,
Florida.

See Culebra formation.

T. caboblanquensis Weis-
bord, Mare formation,
early Pliocene,

Venezuela.

P. (H.) carbaseus (Guppy),
Bowden formation, middle
Miocene, Jamaica.

Deposits of middle Miocene
age, Limoén Province,
Costa Rica; late Miocene
deposits, Faleon, Vene-
zuela.

Subibaja formation, early
Miocene, Ecuador: Pro-
greso and Angostura for-
mations, middle Miocene,
Ecuador.

Early Miocene to Holocene,
Caribbean region.

Deposits of middle Miocene
age, Limén Province,
Costa Rica, Darién Prov-
ince Panamaé; Tubara for-
mation, middle Miocene,
Atlantico Dept., Colombia
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Mollusks from Gatun formation and occurrence elsewhere
and in other Canal Zone formations of same or related

forms—Continued

Species from Gatun formation

Occurrence elsewhere and in other
Canal Zone formations of same,
or related forms

Species from Gatun formation

Occurrence elsewhere and in other
Canal Zone formations of same,
or related forms

Dosinia (Dosinia) delicatis-
sima Brown and Pilsbry.

Dosinia (Dosinia) aff. D.
ponderosa titan Maury.

Cyclinella cyclica (Guppy) -

Clementia (Clementia)
dariena dariena (Conrad).

Chione (Chionopsis)
tegulum Brown and
Pilsbry.

Lirophora (Lirophora)
falconensis (H. K.
Hodson).

Lirophora (Panchione)
mactropsis (Conrad).

(Anderson’s record) ;
Machapoorie limestone
member and Brasso forma-
tion proper, Trinidad
(Maury’s record) ; Daule
formation, middle Miocene,
Ecuador (Mark’s record).
Limoénes formation, late
Miocene, Bocas del Toro
area, Panama.

See La Boca formation.

See upper member of
Alhajuela formation.

Deposits of middle Miocene
age, Darién Province,
Panami (Palmer’s
record) ; Miocene, pre-
sumably middle, Dominican
Republic (Gabb’s record) ;
Tubari formation, middle
Miocene, Atlantico Dept.,
Colombia; Cantaure forma-
tion, middle Miocene,
Faleén, Venezuela: San
Jose calcareous silt mem-
ber of Manzanilla forma-
tion, middle Miocene,
Trinidad; Urumaco for-
mation, middle or late
Miocene, Falcon, Vene-
zuela; El Veral formation,
late Miocene, Falcon,
Venezuela.

Early Miocene to late Mio-
cene; early Miocene: La
Boca formation; forma-
tions in northeastern Costa
Rica, southwestern Costa
Rica, Colombia. Ecuador,
and Perti; middle Miocene:
formations in Darién,
Colombia, Venezuela, Trini-
dad, Nicaragua, Ecuador,
and Perii; late Miocene:
formations in Bocas del
Toro area, Panama,
Venezuela, and Trinidad.

Deposits of middle Miocene
age, Limén Province, Costa
Rica (Olsson’s record) ;
Cantaure formation, middle
Miocene, Falcén, Vene-
zuela.

See lower member of
Alhajuela formation.

Early Miocene to Pliocene in
Tertiary Caribbean pro-
vince; early Miocene:
formation in southwestern
Costa Rica (locality needs
confirmation) ; middle Mio-
cene: formations in
Oaxaca, México, Veracruz,
México, Limén Province,
Costa Rica, Darién, Sina
area, Colombia, Atlantico
Dept., Colombia; Chiriqu{
Province, Panami, Faleén,
Venezuela, Ecuador; late

Nioche (Antinioche) dolicha
Woodring, n. sp.

Rupellaria typica (Jonas) .._

Caryocorbula oropendula
stena Woodring, n. subsp.

Caryocorbula oropendula
dolicha Woodring, n.
subsp.

Caryocorbula cf. C.
manzanillensis (Maury).

Caryocorbula prenasuta
Olsson.

Bothrocorbula (Hexacorbula)
gatunensis (Toula).

Varicorbula disparilis
(d’Orbigny), small form.

Varicorbula islatrinitatis
(Maury).

Panopea parawhitfieldi
(Gardner).

Martesia sanctipauli Maury _

Miocene: Tehuantepec
area, México, Bocas del
Toro area, Panama. Plio-
cene: Charco Azul forma-
tion of Terry (1941),
Panama.

N. (A.) beili Olsson. Holo-
cene, eastern Pacific
Ocean.

Holocene, western Atlantic
and eastern Pacific
Oceans.

C. oropendula oropendula
(Olsson), middle Miocene,
Limén Province, Costa
Rica.

C. oropendula oropendula
(Olsson), middle Miocene,
Limén Province, Costa
Rica.

C. manzanillensis (Maury)
San Jose calcareous silt
member of Manzanilla
formation, middle Miocene,
Trinidad.

Angostura formation, middle
Miocene, Ecuador.

Middle Miocene deposits:

Rio Sind area, Cérdoba
Dept., Colombia; Jesus del
Monte-Zambrano area,
Bolivar Dept., Colombia;
Tubara formation, Atlan-
tico Dept., Colombia; Choco
Dept., Colombia; Ango-
stura formation, Ecua-
dor; late Miocene de-
posits: Liménes formation,
Bocas del Toro area.
Panama; presumably La
Vela formation, Faledn,
Venezuela.

Deposits of middle Miocene
age, Limén Province, Costa
Rica; Darién Province,
Panami; Shoal River for-
mation proper and Oak
Grove sand member, middle
Miocene, Florida: Liménes
formation, late Miocene,
Limén Provinece, Costa
Rica, Bocas del Toro area,
Panama. Moin formation,
late Pliocene, Limén Pro-
vince, Costa Rica: Plio-
cene deposits, Bocas del
Toro area, Panama.

Savaneta glauconitic sand-
stone member and Melajo
clay member of Springvale
formation, late Miocene,
Trinidad; presumably La
Vela formation, late Mio-
cene, Faleon, Venezuela.

See upper member of
Alhajuela formation.

Cercado formation, middle
Miocene, Dominican
Republic.
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Species from Gatun formation

Occurrence elsewhere and in other
Canal Zone formations of same,
or related forms

Kuphus “incrassatus Gabb”

Pholadomya falconensis
F. and H. Hodson.

Pandora (Pandorella)
mconspicua Gabb.

Cyathodonta? cf. C.? dolicha
Woodring, n. sp.

Cyathodonta gatunensis
(Toula).

Cuspidaria cf. C. obesa
(Lovén).

Cardiomya mansfield:
(Olsson and Harbison).

See Culebra formation.

Presumably La Vela forma-
tion, late Miocene, Falcén,
Venezuela.

Cercado formation, middle
Miocene, Dominican Re-
public.

C.? dolicha Woodring, n. sp.,
Bohio formation, late
Oligocene.

Toro limestone member of
Chagres sandstone, late
Miocene or early Pliocene.

C. obesa Lovén, Holocene,
western Atlantic Ocean.

Deposits of late Miocene age,
western Florida. Caloosa-
hatchee formation,
Pliocene, Florida.

Mollusks from Gatun formation and occurrence elsewhere
and in other Canal Zone formations of same or related

forms—Continued

Species from Gatun formation

Occurrence elsewhere and in other
Canal Zone formations of same,
or related forms

Nucinella cf. N. woodii
(Dall).

Aturia curvilineata
Miller and Thompson?

N. woodii (Dall). late Mio-
cene, western Florida;
Caloosahatchee formation,
Pliocene, Florida.

A. curvilineata Miller and
Thompson, Cantaure for-
mation, middle Miocene,
Falcén, Venezuela.

Pycnodonte, Miratellina (subgenus of Tellina),

and Aturia are extinct.

The genera and subgenera in the following table
are paciphile taxa; that is, they formerly lived in
western Atlantic waters but are now extinct there,
though they survive in eastern Pacific waters.

Paciphile genera and subgenera covered in present chapter

[E, early; M, middle; L, late]

Western Atlantic waters

Genus or subgenus Formation Eocene Oligocene Miocene Late Miocene Plio-
E M L | E L E M L %fiﬁi':i.ye cene
Flabellipecten ___ . _ o __ Caimito through Chagres, except
Culebra __._________________
Mybolophus, subgenus of Eucrassatella,
elongate species . __________ e
Phlogocardia, subgenus of Trachycardium. B —
Mexicardia, subgenus of Trachycardium __ M
Nemocardium _________.__________________
Harvella oo _____ La Boea, Gatun e ———
Pitarella, subgenus of Agriopoma Gatun ——
Clementia, subgenus of Clementic ________ Culebra, La Boca, Gatun ______
Panchione, subgenus of Lirophora _______ La Boea, upper member of
Alhajuela, Gatun ________._ e ———
Antinioche, subgenus of Nioche __________ Gatun _______ . ___ —
Hexacorbula, subgenus of Bothrocorbula _ | Culebra, La Boca, Gatun _____ ————
Eastern Pacific waters
Genus or subgenus Formation Eocene Oligocene Miocene Lati Mi;)lcene Plio-
E M LI E L E M L Pliccene cene
Flabellipecten e Caimito through Chagres, except
Culebra ____ .o e — —
Mybolophus, subgenus of FEucrassatella,
elongate species _____ o __.._ Gatun - e e —
Phlogocardia, subgenus of Trachycardium_ |Gatun .. . _______ i ————
Mexicardia, subgenus of Trachycardium __|Gatun __ . ... D —
Nemocardium .o La Boea ________ _ _
Harvella La Boca, Gatun __.-- _ ——

Pitarella, subgenus of Agriopoma ____.__.
Clementia, subgenus of Clementia ___
Panchione, subgenus of Lirophora

Antinioche, subgenus of Nioche _________.
Hexacorbula, subgenus of Bothrocorbula

Gatun
Culebra, La Boca, Gatun

La Boca, upper member of

Alhajuela,
Gatun
Culebra, La Boca, Gatun

Gatun -
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A total of 41 genera or subgenera in the faunas
under study are now recognized as paciphile taxa.

The following three subspecies are paciphile taxa
at the species level:

Donax carinatus palaius Woodring n. subsp., Gatun formation.

Solecturtus broggii gatunensis Toula, Gatun formation; a
related form in La Boca formation.

Semele laevis costaricensis Olsson, Gatun formation, else-
where middle Miocene to Pliocene.

The following Canal Zone species are more closely
related to living eastern Pacific species than to
living western Atlantic species:

Canal Zone species more closely related to living eastern
Pacific species than to living western Atlantic species

Canal Zone species Living eastern Pacific species

Pecten (Oppenheimopecten)
colpotus Woodring n. sp.,
lower member of Alhajuela
formation.

Nodipecten denaius Wood-
ring, n. sp., La Boca for-
mation; Caimito formation
and Emperador limestone
member of La Boca for-
mation doubtful.

Nodipecten clydonus Wood-
ring, n. sp., lower member
of Alhajuela formation.

Psammacoma, gatunensis
(Toula), Gatun formation.

Psammotreta hadra Wood-
ring, n. sp., Gatun
formation.

Florimetis trinitaria (Dall),
lower member of Alhajuela
formation.

P. (0.) vogdest Arnold.

N. magnificus (Sowerby).

N. magnificus (Sowerby).

P. lamproleuca (Pilsbry and
Lowe).

P. grandis (Hanley).

F. cognata (Pilsbry and
Vanatta).

Donazx aff. D. asper Hanley,
La Boea formation.

Gari (Gobraeus) listrota
listrota Woodring, n. sp.
and subsp., marine rocks
of late Eocene age.

Gari (Gobraeus) listrota
hadratera Woodring, n.
subsp., Bohio formation.

Sanguinolaria (Sanguino-
laria) aff. S. (S.) telli-
noides Adams, Gatun
formation.

Dosinia (Dosinia) aff. D.
ponderosa titan Maury,
upper member of Alhajuela
formation; Gatun for-
mation.

D. asper Hanley.

G. (G.) panamensis Olsson.

G. (G.) panamensis Olsson.

S. (S.) tellinoides A. Adams.

D. (D.) ponderosa (Gray).

The following survive in the eastern Pacific Ocean:
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Anomia peruviana gabbi Pilsbry and Johnson (the species,
but not the subspecies), lower member of Alhajuela
formation, Gatun formation.

Harvella elegans elegans (Sowerby), Gatun formation.

Raeta undulata (Gould), Gatun formation.

Solen (Solena) obliquus rudis C. B. Adams. Gatun formation.

Mactrellona alata (Spengler) and Tellina (Me-
risca) cristallina Spengler survive in both oceans.
Both occur in the Gatun formation.

As discussed in earlier chapters, few caribphile
taxa (taxa that formerly lived in eastern Pacific
waters but that now are extinet there and survive in
western Atlantic waters) are rare. The following
caribphile genera and subgenera are covered in
present chapter:

Genus or subgenus Occurrence in eastern Pacific waters

Euvola, subgenus of Pecten _ | P. (E.) keepi Arnold,
Imperial formation of

Colorado Desert,

California.
Phacoides ________________ Early (?) Miocene in

Ecuador.
Dinocardium ______________ Middle Miocene,

Angostura formation,
Ecuador.

An unnamed subspecies of Polinices brunneus
(Link), a living Caribbean species, is recorded from
the late Miocene or early Pliocene Esmeraldas for-
mation of Ecuador (Olsson, 1964, p. 179, pl. 32, figs.
6, 6a), but only one specimen is available.

MIOCENE OR PLIOCENE SERIES

CHAGRES SANDSTONEFE

The eight species and subspecies from the Chagres
sandstone proper, from a total of 47, are listed in
the following table. The type of Flabellipecten
gatunensis tapeinus is from the Chagres. That sub-
species occurs also in the middle part of the Gatun
formation. The type of Amusium wmimyum, an
umbonally ribbed species, is also from the Chagres.
Cryptopecten cactaceus is an interesting species, the
type of which is from the Tehuantepec area of
México. Lucinoma tapeina is a small species of a
basically northern genus.

The species or related species that occur elsewhere
and in other Canal Zone formations are tabulated as
follows:
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Species from Chagres sandstone proper and_occurrence else-
where and in other Canal Zone formations of same or

related species

related species—Continued

Species from Cagres sandstone proper and_ occurrence else-
where and in other Canal Zone formations of same or

Species from Chagres sandstone
proper

Occurrence elsewhere and in other
Canal Zone formations of same
or related species

Species from Chagres sandstone
proper

Occurrence elsewhere and in other
Canal Zone formations of same
or related species

Flabellipecten gatunensis
tapeinus Woodring, n.
subsp.

Amusium mimyum Woodring,
n. sp.

Cryptopecten cactaceus
(Dall).

Argopecten nerterus
Woodring, n. sp.

Lucinoma tapeina
Woodring, n. sp.

Tellina (Tellinellg) cf. T.
rovale Olsson.

Gatun formation, middle
Miocene.

Deposits of late Miocene age,
Tehuantepec area, Vera
Cruz, México.

Spencer’s Coatzacoalcos
formation, Tehuantepec
area, Vera Cruz, México.

Toro limestone member of
Chagres sandstone, late
Miocene or early
Pliocene.

L. chiripanica Olsson,
Charco Azul formation of
Terry (1941), Panama-
Costa Rica border, Plio-
cene; Esmeraldas forma-
tion, Ecuador, Migcene or
Pliocene.

T. (T.) rovala Olsson,
Limones formation, Bocas
del Toro area, Panama,
late Miocene.

Tellina (Merisca)
aequistriata Say?.

Tellina (Angulus) cf. T.
(A.) umbra Dall.

T. (M.) aequistriata Say,
Gatun formation, middle
Miocene; elsewhere early
Miocene to Holocene.

T. (A.) umbra Dall, Deposits
of middle Miocene age,
Limén Province, Costa
Rica; Duplin formation (of
former usage), North
Carolina, Pliocene.

dant than mollusks.

TORO LIMESTONE MEMBER

The Toro limestone member lies at the base of the
Chagres sandstone. It is the only high-energy, non-
coralliferous, or sparingly coralliferous, limestone in
the entire succession of fossiliferous formations. At
many localities, barnacle fragments are more abun-

Pelecypods (Pectinidae to Veneridae) from Chagres sandstone proper

[R, rare; F, few; C,

common; A, abundant]

Localities

199 204

Flabellipecten gatunensis tapeinus Woodring, n.

Amusium mimyum Woodring, n. sp
Chlamys? sp1
Cryptopecten cactaceus (Dall )_
Argopecten nerterus Woodring, n.
Lucinoma tapeina Woodring, n. sp
Arcinelle sp1
Mactrid? 1 -
Tellina (Tellinella) cf. T. rovala

Psammacome sp1
Pitar (Pitar) sp1l

Olsson -
Tellina (Merisca) aequistriata Say? __..__
Tellina (Angulus) cf. T. (A.) wmbra Dall

1 Not desecribed.

Pelecypods (Pectinidae to Thraciidae) from Toro limestone member of Chagres sandstone

[R, rare; F, few; C, common; A, abundant]

Localities

187 | 188

188a| 188b] 188c| 188d| 188e| 189 | 190

191 | 192 193 | 194

Flabellipecten gatunensis macdonaldi (Olsson)
Amusium toulae (Brown and Pilsbry)
Argopecten levicostatus (Toula)? _.
Argopecten nerterus Woodring, n. sp —--
Plicatula gibbosa Lamarck, small form __

Anomia simplex d’Orbigny
Hyotissa haitensis (Sowerby) _
Venericardia sp?
Arcinella sp 1

R F

-———- | R C R

Trachycardium (Trachycardium) cf. T. isocardia (Linné) ____
Trigoniocardia (Apiocardia) aminensis (Dall)
Tellina (Tellinella) spl
Psammacoma sp 1
Semele cf. S. perlamellosa Heilprin
Macrocallista (Paradione) maculate (Linné)
Dosinia sp
Chione spt
Cyathodonta gatunensis (Toula)

TS

-—-——| R
-—-—--| R

1 Not described.
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No study has been made of the mineralogy and
source areas of the sandstones that constitute most
of the fossiliferous formations. Toula described the
sandstones of the Gatun formation as glauconitic. A
casual inspection, however, shows that the greenish
grains of the Gatun and other formations are from
volcanic rocks.

The 11 species and subspecies of mollusks (of a
total of 13) from the Toro described in the present
chapter are listed in the following table. Flabelli-
pecten gatunensis macdonaldi is a large subspecies
of F. gatunensis group. Hyotissa haitensts is a con-
spicuous species.

The species or related species that occur elsewhere
and in other Canal Zone formations are as follows:

Species from Toro limestone member of Chagres sandstone
and occurrence elsewhere and in other Canal Zone forma-
tions of same, or related species

Occurrence elsewhere and in other
Canal Zone formations of same,
or related species

Species from Toro limestone
member of Chagres sandstone

Flabellipecten gatunensis

Deposits of late middle
macdonaldi (Olsson).

Miocene age, western
Florida.

Amustum toulae (Brown and | See La Boca formation.

Pilsbry).
Argopecten levicostatus A. levicostatus (Toula), see
(Toula) 7. Gatun formation.

Argopecten nerterus

Chagres sandstone proner,
Woodring, n. sp.

late Miocene or early
Pliocene.
P. gibbosa Lamarck, middle
Miocene to Holocene.
Late early Miocene to
Holocene, Caribbean
region.

Plicatula gibbosa Lamarck,
small form.

Anomia simplex d’Orbigny __

Hyotissa haitensis (Sowerby)

Trigoniocardia (Apiocardia)
aminensis (Dall).

Semele cf. S. perlamellosa
Heilprin.

Macrocallista (Paradione)
maculata (Linné).

Cyathodonta gatunensis
(Toula).

See La Boca formation.
See Gatun formation.

Gatun formation, middle
Miocene.

Early Miocene to Holocene,
Caribbean region.

Gatun formation, middle
Miocene.

LINEAGES

Well-defined lineages are rare, especially lineages of

considerable duration. The best example is the line-
age of Trachycardium (Dallocardia) dominicense.
It starts as a small form in the La Boca formation
and the upper member of the Alhajuela formation,
is succeeded in the middle part of the Gatun forma-
tion by the larger 7. (D.) dominicense dominicense,
and culminates in the upper part of the Gatun in the
very large T. (D.) dominicense hadratatum. To be
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sure, the very large form was found in the western
area, and the relations of the strata there to other
parts of the Gatun are unknown.

Psammacoma diphas (Culebra and La Boca for-
mations), P. gatunensis (Gatun formation), and P.
lamproleuca (living, eastern Pacific Ocean) form a
lineage graded in increasing size with decreasing
age.

Solecurtus aff. S. broggii gatunensis (La Boca for-
mation), S. broggii gatunensis (Gatun formation),
and S. broggit broggii (Pliocene, Ecuador) are
graded in increasing size with decreasing age, but
the grading is not continued with living specimens
of S. broggii broggii.

AGE ASSIGNMENTS AND CORRELATIONS

The only difference in age assignments from those
adopted in P 306-E is that the Chagres sandstone is
now designated as late Miocene or early Pliocene.
That is the age designation adopted by Olsson
(1964) for the Esmeraldas formation of Ecuador,
with which the Chagres is correlated.

The Gatun formation is correlated with the An-
gostura formation of Ecuador. Calloarca cachla and
Lucina (Lepilucina) gratis have been found so far
only in the Gatun and Angostura formations, both
of which are assigned to the middle Miocene.

In July 1977, Mr. Patrick Nuttall, of the British
Museum (Natural History), wrote to inquire whether
I had any samples of Foraminifera from the Gatun
formation. Though I had no samples that were col-
lected specifically for Foraminifera, I had some
residues that looked promising. Three residues, one
from the middle part of the formation and two from
the upper part, were forwarded to him. They were
examined by Dr. J. E. Whittaker and Mr. R. L.
Hodgkinson, of the Protozoa Section of the British
Museum (Natural History), whose report Mr. Nut-
tall kindly sent to me. These specialists had a sample
from the lower part of the Gatun extracted from
a British Museum (Natural History) specimen of
Cymatophos veatchi, collected at locality 138 (USGS
16909). They reported an age of midzone N16 of
Blow’s zonation, early late Miocene = early Tor-
tonian, or younger. The most satisfactory residue
was from the middle part of the formation at lo-
cality 146 (USGS 5845). It gave a probable age of
N17 and certainly not younger than N18 (earliest
Pliocene). The residue from the upper part of the
formation at locality 175 contains mostly juvenile
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planktonic Foraminifera. The age is not diagnostic
but probably is latest Miocene or even early Pliocene.
The residue from locality 177¢ (USGS 5855), also
from the upper part of the formation, likewise con-
tains mostly juvenile planktonic Foraminifera. It is
dated as no younger than N1&. This brief summary
has been approved by Mr. Nuttall and is published
with his permission.

It is not surprising that the Gatun is late Miocene
or early Pliocene in terms of Blow’s planktonic zona-
tion. Throughout the Tertiary Caribbean province,
age assignments based on planktonic and molluscan
(basically Lyellian) data are in disagreement for
middle and late Neogene formations. Pending reso-
lution of this disagreement, molluscan ages are re-
tained. Middle Miocene is retained, for example, for
the Gatun and correlated formations—the Cercado
and Gurabo formations of the Dominican Republic,
which are faunal zones in a single formation, and
the “shell bed” in the Bowden formation of Jamaica,
Zone 16 of Blow’s zonation (Blow, 1969), early late
Miocene = early Tortonian. The most satisfactory
residue was from the middle part of the Gatun at
locality 146 (USGS 5845). It gave a probable age
of N17 and certainly not younger than N18 (earliest
Pliocene).

DESCRIPTION OF TERTIARY MOLLUSKS—
CONTINUED FROM P 306-E
PELECYPODS—CONTINUED FROM P 306-E

Family PROPEAMUSSIIDAE

On the basis of gill structure, Ridewood (1903,
p. 186, 207) proposed a family Amussiidae. He was
dealing, however, with species of Propeamussium,
which he assigned to Amussium. Abbott (1954, p.
361, 369) was aware of this and introduced the
family name Propeamussiidae. The shell microstruc-
ture and some of the anatomical features of pro-
peamussiids were described recently by Waller
(1971, 1972).

Genus Cyclopecten Verrill

Verrill, Connecticut Acad. Arts and Sci. Trans., v. 10, p. 70,
1897.

Type (Logotype, Sykes, Smith, and Crick, Zoological Record,
v. 34 (1897), Mollusca, p. 75, 1898): Pecten pustu-
losus Verrill, living Newfoundland to Virginia.

The left valve of the type species is strongly
sculptured.
Cyclopecten species a

Plate 96, figure 6

A poorly preserved, relatively large right valve
of Cyclopecten from the La Boca formation shows no
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disk sculpture. The auricles are exceptionally wide
dorsoventrally. The anterior auricle is slightly longer
than the posterior and is faintly sculptured radially.

Length (almost complete) 13.7 mm, height (prac-
tically complete) 18.7 mm (figured specimen).

The affinities of this species are undetermined.

Occurrence: La Boca formation (early Miocene),
Gaillard Cut area, locality 99g.

Cyclopecten species b
Plate 94, figure 2

The La Boca formation yielded another poorly
preserved, relatively large right valve of Cyclo-
pecten. It is sculptured with narrow, widely spaced,
radial riblets (partly obscured by matrix), which
bear conspicuous radially elongate pustules, ar-
ranged along widely spaced concentric lines. The
anterior auricle is decidedly longer than the left.
Whether it is sculptured is indeterminable.

Length 14.5 mm, height 14.5 mm (figured speci-
men).

This evidently is a new species, characterized by
its large size and bold right-valve sculpture. No
species as large as these two from the La Boca is
on record from the Tertiary Caribbean province.

Occurrence: La Boca formation (early Miocene),
Summit area, locality 127a.

Cyclopecten oligolepis (Brown and Pilsbry)
Plate 104, figures 9, 12, 13

Pecten (Cyclopecten) oligolepis Brown and Pilsbry, Acad.
Nat. Sci. Philadelphia Proc., v. 64, p. 512, fig. 5, 1913
(Miocene, Canal Zone).

Pecten oligolepis Brown and Pilsbry, Olsson, Bull. Am. Pale-
ontology, v. 9, no. 39, p. 203 (assigned to section
Cyclopecten), 1922 (Miocene, Costa Rica).

Pecten aff. subhyalinus Smith, Toula, K. k. Geol. Reichsan-
stalt Jahrb., v. 61, p. 492, pl. 31, figs. la, 1b, lc, 1911
(Miocene, Canal Zone).

Very small, right valve generally more convex
than left. Prodissoconch generally preserved. Right
valve generally smooth, exceptionally bearing faint
concentric sculpture and still fainter radial sculp-
ture. Left valve generally more or less distinctly
sculptured with widely spaced, low concentric la-
mellae, exceptionally also bearing faint radial sculp-
ture. Right anterior auricle longer than posterior,
set off from disk by very narrow byssal fasciole. Left
auricles subequal; with one exception, anterior
auricle strongly depressed below level of disk, gen-
erally sculptured by continuation of lamellae on disk.
Byssal notch narrow, moderately deep. No cteno-
lium. Interior vertically striate area adjoining dorsal
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margin well developed. A few left valves show faint
maculated color pattern of small, elliptical blotches.

Length 3.1 mm, height 8.0 mm (larger figured
left valve). Length 3.6 mm, height 3.5 mm (largest
specimen).

Type material: Lectotype, herewith designated,
right valve illustrated by Brown and Pilsbry, Acad.
Nat. Sci. Philadelphia 3843.

Type locality: Gatun Locks excavation, Canal
Zone, middle part of Gatun formation.

This minute species, minute even for a Cyclo-
pecten, occurs in the three parts of the Gatun forma-
tion—a total of 60 valves, left valves far outnum-
bering right. It is common, however, only in the
middle part of the Gatun; in fact, two immature
valves are the only representatives in the lower part
of the formation and two valves are in a collection
from the upper part. A right valve exposed in in-
terior view and a left(?) valve that lacks shell ma-
terial, both from the La Boca formation, are doubt-
fully identified as C. oligolepis, although they are of
the right size for that species.

In size and outline, C. oligolepis is most similar to
C. pernomus (Hertlein, 1935, p. 320, pl. 18, figs.
11-18), a living eastern Pacific species. The auricles
of the fossils are less strongly sculptured, and, for
the most part, left valves are less convex. Though
most species of the genus live in fairly deep water,
the depth record for C. pernomus is 1 to 194 fathoms
(Grau, 1959, p. 34).

Occurrence: La Boca formation (early Miocene),
Gaillard Cut area, localities 99e (identification
doubtful), 102a (identification doubtful). Lower,
middle, and upper parts of Gatun formation (middle
Miocene). Lower part, locality 136a. Middle part,
eastern area, localites 139b, 147b, 147f, 147g, 155a,
155¢, 157; western area, locality 169. Upper part,
eastern area, locality. Deposits of middle Miocene
age, Lim6én Province, Costa Rica (Olsson’s (1922)
record).

Genns Propeamussium Gregorio

Gregorio, Naturalista Siciliano, Year 8, p. 119, 1884.
Type (orthotype): Pecten (Propeamussium) Ceciliae, Mio-
cene, Sicily.

Propeamussium species
Plate 84, figure 1

Seven valves of a small Propeamussium were re-
covered from muddy siltstone of the Gatuncillo for-
mation at locality 35, a cut on the pipeline road in
the Rio Frijol area, northwest of Gamboa. They are
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internal molds to which bits of shell cling, or the
very thin shell is exposed in interior view. The illus-
trated right valve is in the best condition and is
the only one that has intact auricles. The anterior
auricle is slightly longer than the posterior. The
interior bears eight ribs that end near the shell mar-
gin or a considerable distance from the margin.
The exterior is unknown.

Length 4.8 mm, height 4.5 mm (figured speci-
men).

The material is too meager to attempt to assess
the affinities of this species.

The 53 species of smaller Foraminifera listed on
pages 16-19 of P 306—A were collected at the same
locality.

Occurrence: Gatuncillo formation (middle and
late Eocene), locality 35.

Propeamussium cf. P. pennyi (Harris)
Plate 92, figure 18

Small, equilateral, subcircular. Exterior sculpture
of closely spaced concentric striae partly showing
through shell exposed in interior view. Striae seen
under high magnification to be minutely pitted. In-
terior bearing eight ribs (anteriormost and pos-
teriormost not clearly discernible), extending almost
to margin of shell.

Length 7 mm, height (incomplete) 5.5 mm (esti-
mated restored height 7 mm) (figured specimen).

The description is based on a right valve that was
damaged during examination, including loss of the
auricles. It was found in the moderately deep-water
facies of the Caimito formation on Pato Horqueto
Island, in Gatun Lake. It has the sculpture of Pro-
peamussium pennyi (G. D. Harris, in Waring, 1926,
p. 108, pl. 19, fig. 5) from the Oligocene part of the
Cipero formation of Trinidad but is almost twice as
large.

Three internal molds, only one of which is com-
plete, are associated with the right valve. They are
ovate, have 10 interior ribs, and the complete one is
slightly inequilateral. Although the occurrence of
two species of Propeamussium at this locality is im-
probable, the molds are identified as P. sp. The type
of P. pennyi is slightly inequilateral, whereas a vir-
tual topotype of that species (USGS 20437), de-
posited by H. G. Kugler, is equilateral.

Occurrence: Caimito formation (late Oligocene),
locality 55a.
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Family PECTINIDAE

The Pectinidae, like the Arcidae covered in chap-
ter E, is a highly diversified family. Some 170 names
are on record for species and subspecies in the Ter-
tiary Caribbean province, all except 14 of which
were based on Caribbean fossils. In the faunas under
consideration, 27 species and subspecies in 12 genera
and subgenera are represented.

Subfamily PECTININAE
Genns Pecten Muller

Muller, Zoologiae Danicae prodromus, p. 248, 1776.

Type (logotype, Schmidt, Versuch iiber die beste Einrichtung
* # * yoriiglich der Conchylien-Summlungen * * *, p.
67, 1818 (not seen, quoted from Stewart, 1930, p.
33-35, and Winckworth, 1944) : Ostrea maxima Linné
living, eastern North Atlantic Ocean and Mediter-
ranean Sea.

Subgenus Oppenh

pecten T PP

Teppner, Fossilium catalogus, I, Animalia, pt. 15, Lamelli-
branchiata tertiaria, “Anisomyaria,” II, p. 254, 1922
(as subgenus of Philippia).

Type (orthotype): Pecten subbenedictus Fontannes, Mio-
cene, southern France.

Oppenheimopecten is distinguished from Pecten
s.s. by its smaller size and the lack of secondary
radial sculpture almost invariably present on the
valves of Pecten s.s.

As noted by Teppner on page 87 of the publication
cited above and by Roger (1939, p. 281), Teppner’s
manuscript (“Die Familie der Pectinidae, ihre Un-
terfamilien, Gattungen und Untergattungen”) was
submitted for publication twice but was not pub-
lished. Teppner, however, sent a copy to Roger, who
quoted from it; the diagnosis of Oppenheimopecten
is quoted from page 242. Deperetia, another sub-
genus of Phrillipia proposed by Teppner in the same
manuscript (p. 259; type (orthotype) : Pecten cris-
tatocostatus Sacco, Miocene, Italy) and Philippia
itself (p. 221, not Philippia Gray, 1847; type (ortho-
type): Pecten arcuatus Brocchi, Oligocene to Mio-
cene, Italy) are regarded as synonyms of Oppen-
heimopecten, and so is Convexopecten (Tucker, 1938,
p. 82; type (orthotype): Pecten josslingi James
Smith, Miocene, Portugal and southern France).

Oppenheimopecten was adopted at the subgeneric
level by Grau (1959, p. 148) for tropical eastern
Pacific living species and that classification is con-
sidered to be appropriate for tropical to warm-
temperate fossil and living American species. The
type species of Oppenhetmopecten and many other
species occur in the Neogene of southern Europe, but
after Pliocene time, the subgenus became extinct in

I
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the northern part of the eastern Atlantic Ocean as
well as in the Mediterranean Sea. One species, how-
ever, survives in the southern part of the eastern
Atlantic Ocean: Pecten turtoni (Smith, 1890, p. 306,
pl. 22, figs. 10, 10a), dredged off St. Helena Island.
In America, the earliest species are of late Oligocene
age, and the subgenus survives in the western At-
lantic and eastern Pacific Oceans.

As interpreted in the present account, Oppen-
heimopecten includes a group of diverse species. The
umbonal area of mature right valves extends above
the level of the hinge line on the type species (Fon-
tannes, 1878, p. 99, pl. 2, figs. 1-1¢) and on other
species, but generally is flush with the hinge line.
The two valves almost meet along the ventral mar-
gin, or the left valve is slightly to relatively deeply
recessed within the right and the ribs of the right
are extended. The extension has an effect on the fine
concentric lamellae, if present, and on the growth
lines, both of which are scalloped on the ventral third
to two-thirds of mature right valves: arched concave
toward the umbo on the ribs and convex toward the
umbo in the interribs. No scalloping is evident on
right valves of species that have valves that almost
meet, or on any left valve, although on left valves
of some species lamellae in the interribs are slightly
convex.

Among American species, the largest size, deepest
recessing of the left valve, and most pronounced
scalloping of the right are shown by the eastern
Pacific living species named Pecten cataractes by
Dall (1914a, p. 121; Pecten dentatus G. B. Sowerby,
1842, not Pecten dentatus J. Sowerby, 1829), which
is regarded as a subjective synonym of Pecten
vogdesi, from the late Pleistocene of California
(Arnold, 1906, p. 100, pl. 33, figs. 1, 1a, pl. 34, fig.
1). (For illustrations of living specimens of P.
vogdesi, see Grau, 1959, p. 149, pl. 55; Olsson, 1961,
p. 158, pl. 20, figs. 4-4b). G. B. Sowerby’s trivial
name was inspired by the dentate, or scalloped, mar-
gin of the right valve. Fleming (1957, p. 16) com-
mented on the “dentate” growth lines. The right
umbonal area of P. vogdest extends above the hinge
line.

The right valve of other tropical eastern Pacific
living species is scalloped, but the species are smaller
than P. vogdesi, and their right umbonal area is
flush with the hinge line (Grau, 1959, p. 152-154,
pls. 56, 57; Olsson, 1961, p. 158, pl. 20, figs. 3-3c,
pl. 21, figs. 3, 3a).

P. raveneli (Dall, 1890-1903, p. 721, pl. 29, fig. 10,
1898) and P. chazaliet (Dautzenberg, 1900, p. 228,
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pl. 10, fig. 1 [4 figs.]), are the sole survivors in west-
ern Atlantic waters. The type lot of P. raveneli, con-
sisting of three right and two left valves, is from the
Pliocene Caloosahatchee formation of Florida. The
illustrated right valve is herewith designated the
lectotype. The ribs on the ventral part of mature
right valves are divided by a shallow groove, and the
fine concentric lamellae are scalloped. An articulated
Pliocene specimen (USNM 646922) shows that the
left valve is slightly recessed and that the ribs of the
right are extended. When Dall described his species,
he identified as P. medins Lamarck the living species
now identified as P. raveneli. The Pliocene specimens
show variation in the width of right interribs. No
available living specimens have interribs as narrow
as those on a Pliocene valve collected at St. Peters-
burg, Fla. (USNM 646930). The present range is
said to be from North Carolina to the Gulf of Mex-
ico and the West Indies, but no West Indian speci-
mens are in USNM collections.

Pecten (Oppenheimopecten) colpotus Woodring, n. sp.
Plate 110, figures 12, 14

Of medium size, right valve strongly convex, at
least central dorsal area of left valve practically flat.
Umbonal area of right valve narrow, flush with
hinge line. Right valve sculptured with 21 or 22 high
ribs, wider than interribs; sides steeply sloping, crest
arched. Fine concentric lamellae scalloped. For most
part, lamellae worn off on crest of ribs and obscure
in many interribs. Anterior auricle set off by deep
narrow groove; wide swelling adjoining groove and
lower narrower undulations between swelling and
dorsal margin. Byssal notch shallow. Posterior
auricle not as strongly set off as anterior, not ribbed.
Left valve represented only by thin umbonal frag-
ment. Sculptured with 21 ribs, narrower than inter-
ribs on ventral part of fragment. On ventral part,
fine concentric lamellae extending across ribs and
interribs. Auricles depressed, not ribbed.

Length (almost complete) 48.5 mm, height
(almost complete) 49 mm, convexity about 20 mm
(type).

Type (right valve): USNM 646978; paratype
(right valve) USNM 646979.

Type locality: 82 (USGS 16929, Transisthmian
Highway, 6560 m south-southeast of Rio Chilibrillo
bridge, Canal Zone), lower member of Alhajuela
formation; paratype locality: 83 (USGS 16930,
Transisthmian Highway, 400 m north of Rio
Chagres bridge, Panami), lower member of Alha-
juela formation.
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Pecten colpotus, represented by three right valves
and an umbonal fragment of a left valve, was found
in the lower member of the Alhajuela formation.
The ventral margin of the right valves is defective.
The scalloped concentric lamellae, especially those in
interribs, are shown to best advantage on the pos-
terior ventral part of the paratype (pl. 110, fig. 14).

The late Miocene Venezuelan P. urumaconis (G.
D. Harris, in Hodson, Hodson, and Harris, 1927, p.
22, pl. 138, fig. 1, pl. 14, figs. 3, 4, as Pecten soror
urumaconis) reaches a larger size (length and height
as much as 60 mm) and the right umbonal area is
wider than that of P. colpotus. Though the scalloped
rib growth lines are apparent on the ventral part of
the type of the Venezuelan species, the interrib scal-
loping is visible only on the posterior ventral part,
as for the most part the interribs are filled with
matrix. The eastern Pacific P. vogdesi also is larger,
and according to the scalloping of growth lines on
the right valve, the left valve is more deeply re-
cessed.

Occurrence: Lower member of Alhajuela forma-
tion (early Miocene), localities 82, 83.

Pecten (Oppenheimopecten) reliqnns Brown and Pilsbry
Plate 108, figures 1-3

Pecten (Euvola) reliquus Brown and Pilsbry, Acad. Nat.
Sci. Philadelphia Proc., v. 64, p. 510, pl. 23, fig. 3,
1913 (Miocene, Canal Zone).

Pecten reliqguus Brown and Pilsbry, Li, Geol. Soc. China

Bull,, v. 9, p. 254, pl. 1, fig. 7, 1930 (Miocene, Canal
Zone).

?Janira soror Gabb, Gabb, Acad. Nat. Sci. Philadelphia Jour.,
2d ser., v. 8, p. 347, 1881 (Miocene, Canal Zone).

?Pecten sp. (vielleicht n. sp.), Toula, K. k. Geol. Reichsan-
stalt Jahrb., v. 58, p. 755, figs. 12, 13, 1909 (Miocene,
Canal Zone).

Of medium size, right valve moderately convex,
left valve slightly concave. Right valve sculptured
with about 18 inverted U-shaped ribs (9 on esti-
mated anterior half, not including 3 narrow ones at
anterior end); wider than interribs on dorsal third,
slightly narrower than interribs on ventral third, or
wider than interribs on at least dorsal half. Ventral
part of ribs divided by shallow groove. Anterior
auricle weakly ribbed, posterior auricle unknown.
Left valve sculptured with about 18 narrow ribs,
narrower than interribs. Posterior auricle not ribbed,
anterior auricle unknown. Evenly spaced fined con-
centric lamellae extending across ribs and interribs
on both valves; conspicuous on right valve, though
worn on crest of some ribs, for most part worn on
available left.
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Length (incomplete) 34.9 mm, height (almost
complete) 39 mm, convexity about 8 mm (syntype,
right valve). Length (incomplete) 34.7 mm, height
50.6 mm (syntype, left valve).

Type material: Two syntypes. Acad. Nat. Sci.
Philadelphia 3882,

Type locality: Gatun Dam spillway excavation,
Canal Zone, middle part of Gatun formation.

When Pecten reliquus was described it was not
adequately illustrated. Through the kindness of Dr.
H. G. Richards, former Chairman of the Department
of Geology, Academy of Natural Sciences of Phila-
delphia, the syntypes were forwarded on loan and
were photographed (pl. 108, figs. 2, 3).

This is a rare species, represented by three incom-
plete specimens from the middle part of the Gatun
formation: two syntypes (a right and a left valve),
and a right valve larger than the syntype right. On
the larger right valve (pl. 108, fig. 1), the interribs
are wider than on the syntype right at the growth
stage represented by the ventral margin of the syn-
type right, and the ribs are divided at an earlier
stage. In fact, on the syntype, only some ribs show
an almost imperceptible groove at and near the
ventral margin. Though the anterior auricle is pre-
served on both right valves, its margin is defective
on both.

The much larger late(?) Miocene Venezuelan P.
codercola (G. D. Harris, in Hodson, Hodson, and
Harris, 1927, p. 23, pl. 18, fig. 3, pl. 14, figs. 1, 5, pl.
15, fig. 7, as Pecten soror codercola; length up to 70
mm) has similar divided right ribs. The status of
the early Miocene Puerto Rican Pecten reliquus por-
toricoensis (Hubbard, 1920, p. 86, pl. 10, fig. 4),
based on left valves, awaits findings of right valves.

The splitting of ribs on the ventral part of right
valves recalls P. raveneli, mentioned in the discussion
of the subgenus. The right valve of that species,
however, is more convex than that of P. reliquus,
and the ribs on the ventral part are wider than those
on the larger specimen from the Gatun formation.

Pecten operculariformis (Toula, 1909, p. 712, pl.
26, fig. 3), a species from the Gatun formation, has
not been recognized in the collections under study.

Occurrence: Middle part of Gatun formation
(middle Miocene), eastern area, locality 147a, Gatun
Dam spillway excavation (Brown and Pilsbry’s
record).

Subgenus Euvela Dall
Dall, Wagner Free Inst. Sci. Trans., v. 3, pt. 4, p. 694, 1898.
Type (orthotype): Pecten ziczac Linné, living North Caro-
lina and Bermuda to northern Brasil.

GEOLOGY AND PALEONTOLOGY OF CANAL ZONE

The subgenus Euvola is characterized by greatly
subdued sculpture, especially on the right valve. The
allegation that it has only one pair of cardinal crura
(Woodring, 1925, p. 63) was not well founded. To
be sure, on valves of the type species, the slender
pair near the dorsal margin are the only well-
developed crura; one or two other pair are poorly
developed or absent. That arrangement, however, is
not shown by Pecten laurenti.

Euvole is now endemic in the western Atlantic
Ocean, where it is represented by the type species
and P. laurenti. The record in the Tertiary Carib-
bean province—the only western Atlantic area where
fossil species are known—extends back to middle
Miocene. In late Neogene time, Euvola gained a
temporary footing in the eastern Pacific, where it is
represented in the Imperial formation of the Salton
trough, north of the head of the Gulf of California,
by Pecten keepi (Arnold, 1906, p. 60, pl. 5, fig. 1,
pl. 6, figs. 1, 1a; Durham, 1950, p. 61, pl. 6, figs. 5, 6).
Whatever the age of the Imperial formation may
be—Ilate Miocene or early Pliocene—some of its fos-
sils have Miocene Caribbean affinities. Moreover,
they include the only eastern Pacific species of Cassis
and Euvola, both of which have been in the Carib-
bean region since middle Miocene time.

Pecten (Euvola) bowdenensis Dall
Plate 104, figures 3, 4, 8

Pecten (Euvola) bowdenensis Dall, Wagner Free Insti. Sci.
Trans., v. 3 pt. 4, p. 713, pl. 29, fig. 1, 1898 (Miocene,
Jamaica). Woodring, Carnegie Inst. Washington Pub.
366, p. 63, pl. 7, figs. 8, 9, 1925 (Miocene, Jamaica).

Not Pecten (Euvola) bowdenensis Dall, Bose, Inst. Geol.
México Bol. 22 p. 27, pl. 1, figs. 8, 10, 1906 (Miocene,
Oaxaca). Anderson, California Acad. Seci. Proc., 4th
ser., v. 18, no. 4, p. 157 (Miocene, Colombia). Perrilliat
Montoya, México Univ. Naec., Inst. Geologia, Paleon-
tologia Mexicana, no. 8, p. 15, pl. 2, figs. 11-14, 1960
(Miocene, Veracruz). Mongin, Bull. Am. Paleontology,
v. 54, no. 245, p. 477, 1968 (Miocene, Guadelope).

Not Pecten (Euvola) cf. bowdenensis Dall, Olsson, Neogene
mollusks from northwestern Ecuador, p. 34, pl. 4,
fig. 2, Paleontological Research Inst., 1964 (Miocene,
Ecuador).

Small, right valve strongly convex, left valve con-
cave. Auricles subequal so far as known, strongly
depressed. Right valve sculptured with about 19 very
low, flat ribs, separated by linear grooves. Fine con-
centric lamellae extending across ribs and grooves;
worn off on much of shell. Posterior auricle not
ribbed, anterior auricle unknown. Left valve sculp-
tured with 18 very low flat main ribs, narrower
than interribs. An interstitial riblet in some inter-
ribs on ventral third. Fine concentric lamellae, ex-
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tending across ribs and interribs conspicuous on
ventral two-thirds. Auricles not ribbed.

Length (incomplete) 17 mm (estimated restored
length 80 mm), height (almost complete) 28 mm,
convexity 9.5 mm (illustrated smaller right valve).
Length 27.8 mm, height 26.4 mm (illustrated left
valve).

Type material: Lectotype, herewith designated,
the left valve illustrated by Dall, USNM 135782.

Type locality : Bowden, Jamaica, Bowden forma-
tion.

The upper part of the Gatun formation in the
western area yielded two incomplete right valves at
locality 182a and a left valve at locality 184. All are
small and presumably are immature. The right
valves are like immature valves of Pecten bow-
denensis but are also like immature valves of the
living P. ziczac (Warmke and Abbott, 1961, p. 167,
pl. 4, fig. a, pl. 32, fig. h). The left valve, however,
has the relatively wide interribs of P. bowdenensis,
and the auricles, like those of P. bowdenensis, lack
the radial ribbing of P. ziczac. The height of the
largest right topotype of P. bowdenensis is 44.5 mm,
whereas that of the largest P. ziczac in USNM col-
lections is 103 mm.

Dall illustrated a relatively small left syntype, not
the largest, the dimensions of which were specified
in his text. No complete right valve was at his dis-
posal.

Bose, Olsson, and Mongin had only left valves. The
height of the ribs, as illustrated by Bose and shown
by Olsson’s specimen, and the relative width of ribs
and interribs, as described by Mongin, suggest they
were dealing with species of the subgenus Oppen-
heimopecten. A specimen from the Tubaria forma-
tion indicates the same for Anderson’s record. Topo-
types of Perrilliat Montoya’s species, including a
right valve at a later growth stage than hers (USGS
22279, height 39.8 mm), show that it is related to
P. raveneli.

Occurrence : Upper part of Gatun formation (mid-
dle Miocene), western area, localities 182a, 184.
Bowden formation (middle Miocene), Jamaica.

Status of Amussiopecten Sacco

Sacco, I molluschi dei terreni terziarii del Piemonte e della
Liguria, pt. 24, p. 55, 1897.

Type (orthotype): Flabellipecten fabelliformis (Brocchi)
(Ostrea flabelliformis Brocchi), Miocene and Pliocene,
Italy.

Status of Amussiopecten Sacco

No marked discontinuity is apparent between
Flabellipecten and Amussiopecten (Sacco, 1897, p.
53; type (orthotype) : Pecten burdigalensis Lamarck,
Miocene, southern Europe). The low height of the
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ribs, their suppression on the ventral part of the
shell, and the relatively slight convexity of the right
valve—features attributed to Amussiopecten—are a
matter of degree as compared with species of Fla-
bellipecten. If the view, here proposed, that Amussio-
pecten is to be suppressed is adopted, an appeal
should be made to the International Commission on
Zoological Nomenclature for the conservation of
Flabellipecten, despite the two-page precedence of
Amussiopecten.

Group of Flabellipecten gatunensis

Until 1961, American paleontologists did not take
seriously Toula’s assignment of his Pecten gatun-
ensis to Flabellipecten. In the same year that genus,
or subgenus, whichever is preferred, was recognized
as surviving in the eastern Pacific Ocean (Olsson,
1961, p. 160). That is, it is to be added to the steadily
enlarging list of paciphiles, as it is extinct in the
western Atlantic Ocean. It is extinet also in the
Mediterranean Sea and in the eastern Atlantic
Ocean. Its age range in western Europe is early Mio-
cene to Pliocene, and in America from late Oligocene
to the present time.

The group of Flabellipecten gatunensis can be
traced through nine stratigraphic units, ranging in
age from late Oligocene to late Miocene or Pliocene.
Its absence in the Culebra formation and in the
upper part of the Gatun formation represents the
only gaps.

A total of some 140 valves is available, many of
which are more or less incomplete. It is the greatest
array of the genus so far found in the Americas.
Despite the large number of valves, only eight speci-
mens are articulated, and only three of those consist
of complete valves. Four subspecies are recognized.
Figure 5 shows their distribution, number of valves,

The diagnostic features and age range of the sub-
species of Flabellipecten gatunensis are as follows:

Subspecies Diagnostic features Age range

Of medium size; both
valves slightly convex;
right-valve ribs very
low.

Middle to late
Miocene or
Pliocene.

F. gatunensis
tapeinus

Late Miocene or
Pliocene.

Large; right valve moder-
ately convex; right-
valve ribs almost in-
variably low.

F. gatunensis
macdonaldi

Late early to
middle Mio-
cene.

Of medium size to large;
right valve almost in-
variably moderately
convex; right-valve ribs
almost invariably
strong.

F. gatunensis
gatunensis

Late Oligocene to
early part of
early Miocene.

Smallest size; right valve
slightly convex; small-
est number of ribs.

F. gatunensis
protistus
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FIGURE 5.—Distribution of subspecies of Flabellipecten gatunensis, number
of valves, maximum length, and histogram peak and range of number
of right-valve ribs. Length estimated for F. gatunensis protistus and F.
gatunensis gatunensis in middle part of Gatun formation.
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maximum length, and histogram peak and range of
number of right-valve ribs.

The fourth, third, and second subspecies of the
preceding table, in descending order, are interpreted
as an unbroken main lineage. F'. gatunensis tapeinus
diverged from the main lineage in middle Miocene
time and continued in the upper Miocene or lower
Pliocene Chagres sandstone proper, which yielded
the type. The fossils of the Chagres proper indicate
moderately deep water. Those that are associated
with that subspecies in the middle part of the Gatun
formation, however, indicate water of moderate
depth.

All the subspecies have fine concentric lamellae on
both valves, but on many specimens the lamellae
have been effaced, especially on the ribs of right
valves. With the exception of a middle Gatun left
valve, which has faint riblets on the auricles and still
fainter ribbing on the anterior auricle of a Chagres
right valve, the auricles lack radial ribbing. All have
a shallow byssal notch, a pair of cardinal crura, and
on both valves interior paired lirae, like those of
Amusium, that extend upward a variable distance
from the ventral margin. These features are not re-
peated in the descriptions, except that the length of
the lirae is specified so far as known. In counting
ribs, faint riblets, one or two of which are present
or absent at the extreme anterior and posterior ends
(Conrad’s submargins), were omitted. Left-valve
ribs are almost invariably a few less than those of
right valves. The height and length of F. gatunensis
protistus are about equal, whereas in the other sub-
species, the height is 84 to 96 percent of the length.

Flabellipecten gatunensis protistus Woodring, n. subsp.

Plate 87, figure 15; plate 92, figures 10, 16, 17.

Of medium size, right valve slightly convex, left
valve practically flat to slightly convex. Right valve
sculptured with 16 to 20 inverted U-shaped ribs
(histogram peak at 18); strong throughout, except
at posterior end, at least to height of 46 mm, or
lower on ventral third. Ribs wider to much wider
than interribs. Left valve sculptured with 16 to 18
ribs, inverted U-shaped throughout, or lower and
more arched on ventral third. Ribs narrower than
interribs, or of about same width. Interior lirae
fading out short distance from ventral margin.

Length (almost complete) 71 mm, height (prac-
tically complete) 73 mm, convexity about 7 mm
(type). Length 72.3 mm, height 72.9 mm (para-
type).
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Type (thin-shelled right valve) USNM 646974.
Paratype (thin-shelled left valve) USNM 646975.
Paratype (thick-shelled right valve) USNM 646976.
Paratype (thick-shelled left valve) USNM 646977.

Type and paratype locality: 56 (USGS 6025, about
200 m south of southern end of switch at Bohio
Ridge station, relocated Panama Railroad (south
side of Bohio Peninsula), Canal Zone), Caimito for-
mation. Paratype locality: 60 (USGS 17685, north-
ward-flowing tributary of Rio Mandinga, pebbly cal-
careous tuffaceous sandstone, 3.831 km southwest of
west end of Gamboa bridge), Caraba formation.

Flabellipecten gatunensis protistus is identified in
three late Oligocene formations and one early Mio-
cene (the early half of early Miocene)—a total of
19 valves. The specimens from the Panami forma-
tion lack the outermost part of the shell and that
from the La Boca is an external mold.

The type was chosen as the most complete right
valve, although it cannot be properly cleaned. It and
the accompanying left-valve paratype of about the
same size are thin shelled, so thin that they are
translucent, and their ribbing is subdued on the ven-
tral part. An incomplete thick-shelled right-valve
paratype (pl. 92, fig. 10) has ribbing like that of
the typical form of the nominate subspecies. The
two thin-shelled and nine thick-shelled incomplete
valves collected at the type locality presumably rep-
resent different environments. Whether they were
found in the same bed is not known. A strongly
ribbed left-valve paratype, from the Caraba forma-
tion, is shown on plate 87, figure 15.

This subspecies is smaller than the nominate sub-
species and has fewer ribs: 16 to 20 on right valves
(histogram peak at 18), compared with 20 to 24
(peaks at 22 and 23). One middle Gatun right valve
of the nominate subspecies is only slightly convex,
and the ribs of a few right valves and of one left
valve are subdued.

One other late Oligocene American Flabellipecten
is on record: the Antiguan species, Pecten duplex
(Cooke, 1919, p. 140, pl. 11, figs. 10a, 10b), which
was assigned to Flabellipecten by Olsson and
Richards (1961, p. 5, pl. 1, figs. 5, 6) when they re-
corded it from the Guajira Peninsula of Colombia.
The ventral part of its ribs on both valves is divided.

Occurrence: Caimito, Caraba, and Panama forma-
tions (late Oligocene), and La Boca formation (early
Miocene). Caimito formation, localities 56, 57a (F'la-
bellipecten? sp.). Caraba formation, locality 60.
Panami formation, locality 44. La Boca formation,
Gaillard Cut area, locality 102a.
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Flabellipecten gatnnensis gatunensis (Toula)

Plate 104, figures 1, 2, 10; plate 107, figures 3, 6;
plate 110, figure 18; plate 113, figure 18

Pecten (Flabellipecten) gatunensis Toula, K. k. Geol. Reich-
sanstalt Jahrb., v. 58, p. 711, pl. 26, fig. 2, 1909 (Mio-
cene, Canal Zone).

Pecten gatunensis Toula, Brown and Pilsbry, Acad. Nat.
Seci. Philadelphia Proc., v. 63, p. 365, 1911 (Miocene,
Canal Zone). Olsson, Bull. Am. Paleontology, v. 9.,
no, 39, p. 197, pl. 16, figs. 3, 4, 1922 (Miocene, Canal
Zone, Panam4a). Hodson, Hodson, and Harris, Bull.
Am. Paleontology, v. 13, no. 49, p. 24, 1927 (Miocene,
Venezuela).

?Pecten gatunensis Toula?, Haas, Jour. Paleontology, v. 16,
p. 309 (list), 1942 (Miocene, Costa Rica).

Pecten (Flabellipecten) gatunensis gatunensis Toula, Wood-
ring, in Woodring and Malavassi, Jour. Paleontology,

v. 35, p. 494, pl. 70, figs. 2, 4, 5, 1961 (Miocene, Costa
Rica).

Pecten (Flabellipecten) gatunensis Toula, Olsson, Neogene
mollusks from northwestern Ecuador, p. 35, pl. 4, figs.
5, 5a, Paleontological Research Inst., 1964 (Miocene,
Ecuador).

?Pecten sp., Toula, K. k. Geol. Reichsanstalt Jahrb., v. 58, p.
755, fig. 12, 1909 (Miocene, Canal Zone).

Pecten flabelliformis Defr. [Brocchi], Toula, K. k. Geol.
Reichsanstalt Jahrb., v. 58, p. 756, fig. 14, 1909 (Mio-
cene, Canal Zone).

Pecten (Pecten) sp. (see explanation of Durham’s plate),
Durham, Geol. Soc. America Mem. 43, p. 60 (in dis-
cussion), pl. 7, fig. 2, 1950 (Miocene, Venezuela).

Of medium size to large, right valve almost in-
variably moderately convex, exceptionally slightly
convex, left valve barely convex along midline of
length, lateral margins generally slightly upturned.
Right valve sculptured with 20 to 24 ribs (histo-
gram peaks at 22 and 23); generally inverted U-
shaped, almost invariably strong throughout, excep-
tionally subdued and more arched; exceptionally
divided near ventral margin by one or two very
shallow grooves; exceptionally an interstitial riblet.
Ribs wider to much wider than interribs. Left valve
sculptured with 16 to 20 ribs (histogram peaks at
18 and 19); generally lower than ribs on right valve;
exceptionally an interstitial riblet. Ribs almost in-
variably narrower than interribs, Interior lirae gen-
erally fading out short distance from ventral mar-
gin, exceptionally extending halfway to umbonal
area,.

Length (incomplete) 73 mm (estimated restored
length 77 mm), height (incomplete) 69 mm (esti-
mated restored height 72 mm), convexity about 11
mm (smaller figured right valve from Gatun forma-
tion). Length 116.5 mm, height 98 mm, convexity
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about 20 mm (figured right valve from upper mem-
ber of Alhajuela formation, largest specimen).

Type: Paldontologisches Inst., Univ. Wien.

Type locality: Presumably Gatun Locks excava-
tion, Canal Zone, middle part of Gatun formation.

Flabellipecten gatunensis gatunensis occurs in the
Alhajuela formation and continues through the lower
and middle parts of the Gatun formation. A total of
some 90 valves is available. Loose right valves out-
number loose left by a margin of 24 percent.

The earliest appearance is in the lower member
of the Alhajuela (pl. 104, figs. 1, 2). As is evident
in text-figure 5, the largest specimens are in the
upper member. The largest collected is illustrated
on plate 104, figure 10. The largest number is from
the middle part of the Gatun, which yielded the type.
Plate 113, figure 18, represents a typical strongly
ribbed right valve as the nominate subspecies occurs
in the Gatun. The ribs of a right valve from locality
140 and of another from locality 141 are exception-
ally low, and those of a left valve from locality 141
also are exceptionally low. The lower part of the
Gatun yielded a relatively thin right valve (pl. 107,
figs. 3, 6) notable for its long interior lirae. Its ribs
are subdued on the ventral part.

Pecten sericeus (Hinds) was recognized by Olsson
(1961, p. 160, pl. 19, figs. 3, 3a, pl. 21, fig. 4) as a
survivor in the eastern Pacific Ocean. P. lunaris
Berry (Keen, 1971, p. 85, fig. 176), dredged off
Sonora, is closely related to P. sericeus. P. diegensis
Dall (Grau, 1959, p. 143, pls. 52, 53), suggested by
Olsson as a close ally of P. sericeus, has a much more
northern range than P. sericeus and P. lunarts, as
far north as off Bodega Bay, Sonoma County, Cali-
fornia. P. stearnsii, which occurs in the Pliocene of
southern California, presumably is to be grouped
with P. diegensis.

Occurrence: Alhajuela formation (early Miocene).
Lower member, localities 76, 79, 80, 81, 82, 82a.
Upper member, localities 85, 85a, 87, 89, 90, 91.
Lower and middle parts of Gatun formation (middle
Miocene). Lower part, localities 138, 138¢, 138d,
1381, 138h. Middle part, eastern area, localities 139d,
140, 141, 143, 144, 144a, 144b, 144d, 147a, 155, 155b,
159; western area, localities 160a, 160d. Middle Mio-
cene deposits, central Costa Rica. Piojé formation
(middle Miocene), Atlantico Dept., Colombia (USGS
11515). Middle Miocene deposits, Falcén, Venezuela.
Angostura formation (middle Miocene), Esmeraldas
Dept., Ecuador. Liménes formation (late Miocene),
Bocas del Toro area, Panama (Olsson’s record).
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Flabellipecten gatunensis macdonaldi (Olsson)
Plate 121, figures 3, 10

Pecten MacDonaldi Olsson, Bull. Am. Paleontology, v. 9, no.

39, p. 198, pl. 16, figs. 1, 2, 1922 (Miocene, Canal
Zone).

Pecten (Pecten) macdonaldi Olsson, Mansfield, Florida Geol.
Survey Bull. 8, p. 57, pl. 14, figs. 5, 6, 1932 (Miocene,
Florida). Tucker, Am. Midland Naturalist, v. 17, no.
2, p. 480, pl. 3, fig. 5 (type), 1936 (Miocene, Canal
Zone, Florida).

?Pecten MacDonaldi Olsson, Hodson, Hodson, and Harris,
Bull. Am. Paleontology, v. 13, no. 49, p. 25, 1927 (Mio-
cene, Venezuela; “cf.” cited under localities).

Large, right valve moderately convex, left valve
barely inflated along midline of length, lateral mar-
gins barely upturned. Right valve sculptured with
20 to 23 ribs (histogram peak at 22 and 23); ribs
almost invariably low, exceptionally moderately
strong, subdued on ventral part of many specimens;
wider than interribs; exceptionally divided by shal-
low groove. Left valve sculptured with 19 ribs,
strong throughout, slightly narrower than interribs
on available specimen. Interior lirae unknown.

Length (almost complete) 100 mm, height 93.5
mm, convexity about 10 mm (figured topotype right
valve sculptured with moderately strong ribs).
Length 118 mm, height (incomplete) 75 mm (esti-
mated restored height 110 mm), convexity about 12
mm (largest specimen, topotype right valve).

Type (right valve) : Paleontological Research Inst.
21132. Paratype (left valve): Paleontological Re-
search Inst. 21133.

Type locality: West (southwest) of Gatun Locks,
Canal Zone, Toro limestone member of Chagres
sandstone.

Flabellipecten gatunensis macdonaldi is a large
subspecies found in the Toro limestone member, a
shallow-water basal member of the Chagres sand-
stone. Ten of the 14 topotypes collected at locality
188d have a length, or estimated length, of 100 to
118 mm. Both of the illustrated specimens are topo-
types from that locality. Twenty-two right valves,
but only one left valve, are in the collections.

This subspecies is larger than the nominate sub-
species as it occurs in the Gatun formation, but not
as it occurs in the upper member of the Alhajuela
formation. The ribs of right valves almost invariably
are low, like those on plate 121, figure 3. The only
right that has moderately strong ribs is shown on
plate 121, figure 10.

The late middle Miocene Florida pectinid identified
by Mansfield as F. gatunensis macdonaldi suggests a
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small form (length 78.5 mm) of that subspecies. It
is the only recorded Flabellipecten from southeastern
United States.

Occurrence: Toro limestone member of Chagres
sandstone (late Miocene or early Pliocene), localities
187 (immature, identification doubtful), 188, 188c,
188d, 188e. Deposits of late middle Miocene age,
western Florida.

Flabellipecten gatunensis tapeinus Woodring, n. subsp.
Plate 113, figure 17; plate 122, figures 9, 10

Of medium size, right and left valves slightly con-
vex. Right valve sculptured with 20 to 22 ribs, very
low throughout, especially near ventral and lateral
margins, where they practically disappear or almost
disappear. Ribs wider than interribs. Left valve
sculptured with 20 narrow ribs, somewhat subdued
near ventral margin, strongly subdued near lateral
margins. Ribs narrower than interribs. Interior
lirae of small left(?) valve extending about a third
of distance from ventral margin to umbonal area.

Length 96.5 mm, height 90 mm, convexity (both
valves) 21.5 mm (type).

Type (articulated specimen) : USNM 646992.

Type locality : 207 (USGS 16969, Caribbean coast,
roadcut on south side of Rio Lagarto about 230 m
south of Lagarto, Panam4), Chagres sandstone.

Flabellipecten gatunensis tapeinus is represented
in the Chagres sandstone by the articulated type and
an incomplete left valve. Three right valves and a
small left (?), only the interior of which is exposed,
from the middle part of the Gatun formation are
assigned to ite Both valves of the type are slightly
convex and the other left valve from the Chagres
also is slightly convex. The right-valve ribs are lower
than those of the other subspecies, even lower than
those of other subspecies that are subdued near the
ventral margin.

Occurrence: Middle part of Gatun formation
(middle Miocene), eastern area, locality 139g;
Chagres sandstone (late Miocene or early Pliocene),
localities 199, 207.

A species of Flabellipecten not in group of F. gatunensis

Flabellipecten antiguensis (Brown)

Plate 96, figures 1-3

Pecten (Amusium) antiguensis Brown, Acad. Nat. Sci. Phila-
delphia Proc., v. 65, p. 603, 613, pl. 18, figs. 1-3, 5,
1913 (Oligocene, Antigua; fig. 5, showing beekite rings,
is irrelevant). Cooke, Carnegie Inst. Washington Pub.
291, p. 143, pl. 13, figs. 6, 7, 1919 (Oligocene, Antigua).

Amussiopecten antiguensis (Brown), Masuda, Palaeonto-
logical Soc. Japan Trans. Proc., n. ser., no. 84, p. 211,
pl. 26, figs. 4, 5, 1971 (Oligocene, Antigua).
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Not Pecten antiguensis Brown, Harris, in Waring, The
geology of the Island of Trinidad, B.W.1.: Johns Hop-
kins Univ. Studies in Geology, no. 7, p. 107, pl. 19, fig.
4, 1926 (Miocene, Trinidad).

Amussiopecten. woodringi Masuda, Palaeontological Soc.
Japan Trans, Proc., n. ser. no. 84, p. 214, pl. 26, figs. 2a,
2b, 8a, 3b, 1971 (Oligocene, Puerto Rico).

Of medium size, height little less than length.
Right valve slightly convex, left valve barely convex.
Auricles not ribbed, depressed; byssal notch shallow.
Right valve sculptured with 18 to 21 ribs; moderately
strong for distance of 5 to 10 mm from umbo, greatly
subdued on remainder of valve; slightly wider than
interribs, or of about same width. Left valve sculp-
tured with 17 or 18 ribs; greatly subdued through-
out, or moderately strong in umbonal area to dis-
tance of 15 mm; narrower than interribs; or of about
same width. Fine, closely spaced concentric lamellae
visible on some valves. On right valve, interior
paired lirae extending from ventral margin upward
for variable distance, as much as two-thirds of dis-
tance to umbonal area; lirae showing through to
exterior on some valves. On left valve, interior lirae
about equidistant, also extending upward for vari-
able distance, as much as two-thirds of distance to
umbonal area. A pair of strong dorsal cardinal
crura, two other weak pairs, and a pair of elongate
auricular crura.

Length (incomplete) 60 mm (estimated restored
length 80 mm), height 74 mm (left valve figured in
interior view, largest specimen). Length (practically
complete) 54 mm, height 50 mm, convexity (both
valves) 11 mm (figured articulated specimen).

Type material: Lectotype, herewith designated,
the valve illustrated in Brown’s figure 1, Acad. Nat.
Sci. Philadelphia 1648.

Type locality : Hodge’s Bay, Antigua, Antigua for-
mation.

A species of Flabellipecten, identified as F. anti-
guensis, like F. gatunensis protistus, in the Canal
Zone has an age range from late Olicgene to the early
part of early Miocene.

Occurrence and number of valves of Flabellipecten

antiguensis
Number
Age Formation of valves
21
Early La La Boca proper | (1 articulated)
Miocene Boca Emperador 3
limestone member | (1 articulated)
Late Caimito 3
Oligocene Bohio 5

GEOLOGY AND PALEONTOLOGY OF CANAL ZONE

Not only is the largest number from the La Boca
proper, but the best preservation also is found in
that unit.

The type material of F. antiguensis is in poor con-
dition, and the number of ribs is indeterminable. On
the largest available topotype (the left valve shown
in Cooke’s figure 7 and Masuda’s figure 5; USGS lo-
cality 6862, USNM catalog no. 167139) 18 ribs can
be counted in the umbonal area, and about 17 on the
small right topotype illustrated in Masuda’s figure 4
(USGS 9200b, same locality as 6862, but a different
collection and collector; the valve now cataloged as
646993). Despite the deficiencies in the Antiguan
specimens, they show the basic features of F. wood-
ring!, which was based on well-preserved articulated
Puerto Rican specimens.

Though the fossils from the Caimito formation
are disfigured by a partial coating of intractable
matrix, the right valves show the characteristic rib-
bing. The Bohio fossils are in better condition, but
are incomplete. The collection from La Boca locality
99f includes several partly exposed valves in addition
to those tabulated, and others doubtless would ap-
pear if the massive calcareous sandstone could be
split. The largest, the interior of a left valve, is illus-
trated on plate 96, figure 3. An articulated specimen
is of medium size (pl. 96, figs. 1, 2). The specimen
from the Emperador limestone member of the La
Boca in Madden basin is articulated and very small
(height 33 mm).

Occurrence: Bohio formation (late Oligocene),
locality 42d. Caimito formation (late Oligocene), lo-
calities 56, 57. La Boca formation (early Miocene),
Gaillard Cut area, localities 99f, 119c. Emperador
limestone member of La Boca formation (early Mio-
cene), Gaillard Cut area, locality 117b; Madden
basgin, locality 71. Antigua formation (late Oligo-
cene), Antigua. Lares limestone (late Oligocene),
Puerto Rico.

Genus Amusium Roding

Réding, Museum Boltenianum, p. 165, 1798.

Type (logotype, Herrmannsen, Indicis generum malacozoo-
rium, v. 1, p. 47 (“Amussium”), 1846) : Ostrea pleuro-
nectes Linné, living, western Pacific Ocean.

Ten names have been used for Tertiary species in
the present Caribbean region. They may be divided
into two groups on the presence or absence of riblets
in the umbonal area.

Two small specimens from the Quebrancha lime-
stone member of the Caimito formation at locality
62 are listed as Amusium sp.



PELECYPODS: PROPEAMUSSIIDAE TO CUSPIDARIIDAE; GASTROPODS; CEPHALOPODS

Group of species ribbed in umbonal area
Amusium sol (Brown and Pilsbry)
Plate 98, figure 12

Pecten (Amusim) sol Brown and Pilsbry, Acad. Nat. Sci.
Philadelphia Proc., v. 64, p. 513, pl. 23 (not 24), figs.
1, 2, 1913 (Miocene, Canal Zone).

Of medium size, height little less than length.
Right valve slightly convex, left valve very slightly
convex. Auricles not ribbed; right auricles slightly
more depressed than left; byssal notch shallow. On
both valves, riblets extending from tip of umbo for
distance of 9 to 12 mm. Interior lirae extending far
up from ventral margin. On right valve lirae paired,
13 to 15 pairs. On left valve, lirae generally paired,
12 or 13 pairs, exceptionally equidistant. Lirae show-
ing through to exterior on some valves. A pair of
cardinal crura and a pair of elongate auricular crura,
ending in a tubercle.

Length (almost complete) 80.5 mm, height
(almost complete) 79.5 mm, convexity about 5 mm
(figured left valve).

Type material: Lectotype, herewith designated,
the valve illustrated in Brown and Pilsbry’s figure 2,
Acad. Nat. Sci. Philadelphia 3888.

Type locality: “Pecten bed” at tower N [Panama
Canal, west side of Las Cascadas Reach], Canal Zone,
La Boca formation.

All the unequivocally identified valves of Amusium
sol are topotypes, or virtual topotypes. In three of
the four collections, however, exteriors that lack
the umbonal area and interiors are doubtfully iden-
tified. Brown and Pilsbry’s specimens were collected
from what they designated as the “Pecten bed” at
tower N, a signal tower on the pre-Canal alinement
of the Panama Railroad. During the construction
period, the railroad in that part of Gaillard Cut was
close to the west bank of the present canal. Mac-
Donald (1919, p. 537-539) measured 215 feet (65.5
m) of La Boca strata, upward from the base of the
formation in the tower N area. He found A. sol in
his units 16 and 19 near the top of the section (lo-
calities 99f and 99g, respectively). Unit 19 pre-
sumably is the “Pecten bed.” The specimens from
localities 119 and 119a also are from that unit. At
locality 991, A. sol is associated with Flabellipecten
antiguensis; it is not known to be associated with
Amusium toulae, the next species, although interiors
of the two species are indistinguishable.

In America, umbonally ribbed species of Amusium
are known only in the Miocene of the Caribbean re-
gion. The first described species, A. lyonit (Gabb,
1881a, p. 347, pl. 45, figs. 24, 25a, 25b) was collected
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by Gabb at his unrecognizable early Miocene locality,
Sapote [Zapote], on Rio Reventazén in northeastern
Costa Rica. Though the type material consists of
fragments, the auricles are longer than those of A.
sol and are more depressed.

Occurrence: La Boca formation (early Miocene),
Gaillard Cut area, localities 99f and g, 119, 119a.

Amusium mimyum Woodring, n. sp.
Plate 122, figures 2, 3; plate 123, figure 8; plate 124, figure 4

Pecten (Amussium) cf. Mortoni Rav., Toula, K. k. Geol. Reich-
sanstalt Jahrb., v. 61, p. 475, pl. 29, fig. 2a, 2b, 1911
(Miocene, Tehuantepee, México).

Of small to medium size, thin-shelled, height gen-
erally little less than length, exceptionally little more.
Both valves slightly convex. Umbonal area of both
valves sculptured with riblets, extending 5 to 16 mm
(generally not more than 12 mm) from tip of umbo.
Auricles not ribbed; right auricles generally very
slightly more depressed than left; byssal notch very
shallow, imperceptible on many small valves. In-
terior lirae generally extending far upward from
ventral margin; those of right valve generally weakly
grouped into 15 to 17 pairs, or equidistant; those of
left valve generally equidistant, or weakly grouped
into pairs. A pair of cardinal crura and a pair of
elongate auricular crura, ending in a tubercle.

Length 69.9 mm, height 66.5 mm, convexity 6 mm
(type, largest specimen). Length 47.5 mm, height
48.6 mm, convexity 6 mm (figured small left valve).

Type (right valve) : USNM 647134.

Type locality: 206 (USGS 16937, Caribbean coast
near mouth of Rio Pifia; roadcut on west side of
river about 90 m west of road fork, Panama),
Chagres sandstone.

Amusium mimyum, which occurs in the Chagres
sandstone, is the youngest of the umbonally ribbed
species and, with the exception noted in a following
paragraph, is also the smallest.

The distribution of the 65 valves, and the number
and maximum length at each locality are shown in
the following table:

Distribution of Amusium mimyum, number of valves,
and maximum length

Number Maximum

Locality of valves length
199 16 53.3 mm
2001 o __ 38 47.7 mm
202 __________ . __ 2 44 mm
206 o ___ 8 69.9 mm
208 .. 1 35+ mm

It is apparent that the only relatively large speci-
mens are from locality 206, the type being the
largest of all. The type is a right valve, but the
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ventral part of the anterior auricle is defective. The
very shallow byssal notch is shown on a smaller right
valve from the type locality (pl. 124, fig. 4), a valve
that is comparable in size to the largest from other
localities. Owing to the equal convexity of the valves,
the shallowness of the byssal notch, and the slight
difference in depression of the auricles, many small
valves are indistinguishable as right or left.

A small right valve (length 42 mm) from the
early Miocene Anguilla formation of the island of
Anguilla, originally in the Guppy collection, was
identified by Dall as A. lyonii, cited under the pre-
ceding species. Cooke (1919, p. 142, pl. 13, figs. 1a,
1b, 2) also identified as A. lyonii two additional An-
guillan specimens. The shell of A. mimyum is thinner
than that of the Anguillan fossils, doubtless corre-
lated with its deeper water habitat, and its auricles
are shorter and narrower than those of Cooke’s
larger specimen (his figs. 1a 1b), which has an
estimated restored length of 57 mm. Whether the
Anguillan fossils represent a small form of A. lyonii
is indeterminable at present.

Toula’s thin-shelled Amusium from Tehuantepec
also was identified by Dall as A. lyonii, but Cooke
thought it was not the same as the Anguillan spe-
cies. It is represented in USNM collections by an
incomplete left valve (135059, estimated restored
length 50 mm), which is assigned to A. mimyum.

Occurrence: Chagres sandstone (late Miocene or
Pliocene), localities 199, 201, 202, 206, 208. Deposits
of late Miocene age, Tehuantepec area, México.

Group of species not ribbed in nmbonal area
Amusinm toulae (Brown and Pilsbry)
Plate 96, figures 5, 7, 8; plate 100, figure 10; plate 108, figures
7, 8; plate 128, figure 7

Pecten (Amusium) gatunensis Toula, K. k. Geol. Reichsan-
stalt Jahrb., v. 58, p. 716, pl. 26, fig. 10, 1909 (Miocene,
Canal Zone). Not Pecten (Flabellipecten) gatunensis
Toula, same publication, p. 711.

Pecten (Amusium) toulae Brown and Pilsbry, Acad. Nat. Sci.
Philadelphia Proc., v. 63, p. 365, pl. 28, fig. 7, 1911
(Miocene, Canal Zone).

Pecten (Amusium) lunae Brown and Pilsbry, Acad. Nat. Sci.
Philadelphia Proc., v. 64, p. 514, pl. 24 (not 23), fig. 1,
1913 (Miocene, Canal Zone). Hodson, Hodson, and
Harris, Bull. Am. Paleontology, v. 18, no. 49, p. 37,
1927 (Miocene, Venezuela). Li, Geol. Soc. China Bull.,
v. 9, p. 256, pl. 2, fig. 14 (unrecognizable, but see
Pilsbry, 1931, under next entry), 1930 (Miocene, Canal
Zone). Pilsbry, Acad. Nat. Sci. Philadelphia Proc., v.
83, p. 429, 1931 (Miocene, Canal Zone).
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Amausium luna (Brown and Pilsbry), Olsson Bull. Am. Paleon-
tology, v. 9, no. 39, p. 205, pl. 17, fig. 1, 1922 (Miocene,
Canal Zone, Costa Rica). Weisbord, Bull. Am. Paleon-
tology, v. 14, no. 54, p. 13, pl. 3, fig. 1, 1929 (Miocene,
Colombia). Pilsbry Acad. Nat. Sci. Philadelphia Proc.,
v. 83, p. 434, pl. 41, fig. 1, 1931 (Miocene, Canal Zone).

Pecten (Amusium) cf. Mortoni Ravenel, Toula, K. k. Geol.
Reichsanstalt Jahrb., v. 58, p. 714, pl. 26, fig. 8, 9, 1909
(Miocene, Canal Zone).

?Pecten (Amusium) sp., Li, Geol. Soc. China Bull,, v. 9, p.
257, pl. 8, fig. 15 (unrecognizable), 1930 (Miocene,
Canal Zone). Pilsbry, Acad. Nat. Sci. Philadelphia
Proc., v. 83, p. 429, 1931 (Miocene, Canal Zone).

Of medium size to large, height generally little
less than length, exceptionally about equal to length.
" Right valve slightly convex, left valve very slightly
convex. Auricles not ribbed; right auricles, espe-
cially anterior one, slightly more depressed than left;
byssal notch shallow. Concentric sculpture especially
strong on few valves. Fine concentric lamellae on
right auricles emphasized on dorsal margin of some
valves, forming serrate outline. Interior lirae ex-
tending far up from ventral margin, showing
through to exterior on many valves. Lirae of right
valve grouped into 8 to 10 pairs, exceptionally 14 or
15; those of left valve generally equidistant, 16 to
19 lirae; exceptionally paired, 14 to 18 pairs, or only
8 plus a single lira at each end. A pair of cardinal
crura and a pair of elongate auricular crura, ending
in a tubercle.

Length (almost complete) 79 mm (estimated re-
stored length 83 mm), height 82 mm, convexity
(both valves) 14.6 mm (largest figured specimen
from La Boca formation). Length 90 mm, height
89.5 mm, convexity about 7 mm (largest figured
specimen, Toro limestone member of Chagres sand-
stone).

Type: Right valve, Acad. Nat. Sci. Philadelphia
1752.

Type locality: Gatun Locks excavation, Canal
Zone, middle part of Gatun formation.

It is unfortunate that Amusium toulae has prece-
dence over A. luna, as the type of A. luna is much the
better. The “gray rays,” emphasized in the descrip-
tion of A. toulae, are not exterior features; they are
due to interior lirae showing through to the exterior.

In the Canal Zone A. toulae has an age range of
early to late Miocene or early Pliocene. The distribu-
tion of the 130 available valves, number of valves,
number of articulated specimens, and maximum

length are tabulated as follows:
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Distribution of Amusium toulae, number of valves,
number of articulated specimens, and maximum length

Num- M
ber of axi-
Num- .
Age . i articu- | mum
4 Formation ‘1’):11- osf lated length
ve speci- | in mm
mens
Early
Pliocene
or Toro limestone member of
Late Charges sandstone 4 - 90
Miocene
Middle Gat Upper part, 2 _— 80+
Miocene atun Wwestern area
Middle part 16 1 88.8
Upper member 5 . 112
Alhajuela
Lower member 7 — 80+
La Boca formation at Las Cruces 5 2 83+
Early
Miocene Lea Boca proper 89 28 89.5
Gaillard Cut area
La Boca Emperador lime-
stone member 2 1 85

The largest specimens, like the largest of the Fla-
bellipecten gatunensis lineage, are found in the upper
member of the Alhajuela formation and the Toro
limestone member of the Chagres sandstone. The
large number of valves and large number of articu-
lated specimens in the La Boca formation are note-
worthy. The dorsal lateral margins of all the valves
from the La Boca are defective, producing a false
impression of the outline, which is shown to better
advantage by the illustrations of two valves from the
Gatun formation (pl. 108, figs. 7, 8). The tedious
cleaning of the left valve from the Gatun was aban-
doned after the dorsal third was cleaned.

Though concentric sculpture generally is weak or
practically absent, it is strong on five articulated
specimens collected at locality 101h, one of which is
illustrated (pl. 100, fig. 10). A serrate dorsal margin
on right auricles is shown on plate 96, figure 5. That
feature appears on many pectinids and propeamus-
siids.

A. papyraceum (Gabb) (Pilsbry, 1922, p. 413, pl.
43, figs. 8, 9; Miocene, Dominican Republic) was the
first of the Caribbean species of this group to be
named. That name has been widely used for Carib-
bean fossils ranging in age from late Oligocene to
Pliocene, as well as for the living species ranging
from the Gulf of Mexico and Florida to northern
Brasil. In the Dominican Republic, 4. papyraceum
occurs in both the Cercado and Gurabo formations.
The largest specimens, represented by fragments,
indicate a length of about 90 mm, although the type
is 54 mm long. A collection from the Gurabo forma-
tion (USGS 8535) contains the only well-preserved
specimens in USNM collections. The largest in that
collection is comparable in size to the type and, like
the type, has relatively short narrow auricles, like
those of A. toulae. Unlike the fossils from Panama4,
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however, all of some 30 fragments and specimens
from both the Ceracado and Gurabo have paired
interior lirae that fade out a short distance from
the ventral margin. A form that has long wide
auricles, represented by fragments, is found in the
Cercado (USGS 8526) and the Gurabo (USGS
8518).

It seems strange that no species is living in the
eastern Pacific Ocean.

Occurrence: La Boca formation (early Miocene),
Gaillard Cut area, localities 99d, 99e, 99h, 1011, 101h,
120a; Las Cruces area, locality 94. Emperador lime-
stone member of La Boca formation (early Mio-
cene), Madden basin, locality 73 (Amusium sp.);
Gaillard Cut area, locality 117c. Alhajuela formation
(early Miocene). Lower member, localities 75, 76.
Upper member, locality 86. Middle and upper parts
of Gatun formation (middle Miocene). Middle part,
eastern area, localities 144d (Awmusium sp.), 152
(Amusium sp.), 154, 155, 1556b, 159d (Amusium
sp.); western area, localities 160, 160a, 161c. Upper
part, western area, localities 181, 182, 185. Toro
limestone member of Chagres sandstone (late Mio-
cene or early Pliocene), localities 195 (Amusium
sp.), 196. Deposits of middle Miocene age, Limén
Province, Costa Rica. Deposits of middle or late Mio-
cene age, Falcon, Venezuela. Usiacuri formation
(late Miocene), Atlantico Dept., Colombia.

Subfamily CHLAMYDINAE
Genus Chlamys Roding

Roéding, Museum Boltenianum, p. 161, 1798.

Type (logotype, Herrmannsen, Indicis generum malaco-
zoorum, v. 1, p. 231, 1846): “Pecten islandicus Linn.”
[Ostrea islandica Gmelin = Pecten islandicus Miller],
living, Arctic Ocean, eastern and western North At-
lantic Ocean.

As in other Tertiary tropical faunas, this ancient
genus has a meager representation of small species.

Chlamys anguillensis (Guppy)
Plate 94, figure 6

Pecten anguillensis Guppy, Sci. Assoc. Trinidad Proc., v. 1, p.
175, 1867 (Miocene, Anguilla; reprinted, Bull. Am.
Paleontology, v. 8, no. 35, p. 54, 1921). Guppy, Geol.
Mag., 2d decade, v. 1, p. 443 (list), 446 (explanation
of plate), pl. 18, fig. 24, 1874 (Miocene, Anguilla).

Pecten (Chlamys) anguillensis Guppy, Dall, Wagner Frree
Inst. Sci. Trans., v. 3, pt. 4, p. 715, 1898 (Oligocene,
Antigua; Miocene, Anguilla). Brown, Acad. Nat. Sci.
Philadelphia Proc., v. 65, p. 602, pl. 18, figs. 4, 6-8,
1913 (Oligocene, Antigua). Cooke, Carnegie Inst.
Washington Pub. 291, p. 132, pl. 10, figs. 1a, 1b, 2,
1919 (Oligocene, Antigua; Miocene, Anguilla).

?Chlamys (Chlamys) anguillensis (Guppy), Mansfield, Flor-
ida Geol. Survey Bull. 15, p. 206, pl. 14, fig. 6, 1937
(Miocene, Florida).



590

Small. Right valve sculptured with 11 wide and
widely spaced ribs, of about same width as interribs,
or little narrower. Ribs obscurely and irregularly
noded (at least on ventral half), and weakly grooved
near ventral margin. Byssal notch apparently shal-
low. Exterior of anterior auricle not preserved. Pos-
terior auricle very short, apparently not ribbed. Left
valve unknown.

Length 22.4 mm, height 26.6 mm, convexity about
7 mm (figured specimen).

Type material: Lectotype, herewith designated,
USNM 115532.

Type locality: Anguilla, Anguilla formation.

The single right valve of this Chlamys from the
La Boca formation cannot be cleaned; in fact, it was
badly damaged when cleaning was attempted. It has
the basic right-valve features of C. anguillensis.
Cooke thought that the articulated specimen from
the Guppy collection he illustrated (pl. 10, figs. 1a,
1b) is the type; that is, Guppy’s poorly illustrated
specimen. It is now designated the lectotype (length
29.8 mm, height 33 mm). Its right-valve interrib
spaces are narrower than those of the fossi] from
the La Boca.

The articulated specimen from Antigua illustrated
by Cooke (pl. 10, fig. 2) has much stronger secon-
dary radial sculpture than has any Anguillan speci-
men. On another Antiguan specimen (USNM
154175), however, the secondary sculpture is not so
strong.

Though Mansfield’s incomplete valve from the
Tampa limestone has the right-valve ribbing of
C. anguillensis, the length seems to be too great for
the estimated height.

Occurrence: La Boca formation (early Miocene),
Gaillard Cut area, locality 119. Antigua formation
(late Oligocene), Antigua. Anguilla formation
(early Miocene), Anguilla. Tampa limestone (early
Miocene), Florida (identification doubtful).

Chlamys sentis (Reeve)?
Plate 100, figure 9

Small. Sculptured with about 40 very narrow,
closely spaced ribs, wider than interrib spaces. Some
ribs divided into two branches on ventral part. Ribs
bearing low scales, generally partly or entirely
effaced. An interstitial riblet in some interrib spaces.
Auricles ribbed. Posterior auricle very short. Ven-
tral margin of right anterior auricle defective.

Length (practically complete) 26.2 mm, height
29.9 mm, convexity about 7 mm (figured specimen).

GEOLOGY AND PALEONTOLOGY OF CANAL ZONE

Two right valves and an articulated specimen, all
in poor condition, from coralliferous limestone in
the Emperador limestone member of the La Boca
formation, are doubtfully identified as the living
Caribbean Chlamys sentis (Warmke and Abbott,
1961, p. 168, pl. 33, fig. ¢). So far as they go, they
show the features of that species.

Occurrence: Emperador limestone member of La
Boca formation (early Miocene), Gaillard Cut area,
locality 117a.

Chlamys species
Plate 100, figure 5

Small. Left(?) valve sculptured with 25 ribs,
slightly wider than interrib spaces. Ribs bearing
widely spaced vaulted constrictions, convex toward
umbo. Vaults effaced on dorsal part, but constric-
tions remaining. Auricles missing.

Length (practically complete) 26 mm, height (in-
complete) 28 mm (estimated restored height 30
mm), convexity about 3 mm (figured specimen).

Coralliferous limestone of the Emperador lime-
stone member of the La Boca yielded another species
of Chlamys, represented by an incomplete valve,
which cannot be cleaned properly. The slight con-
vexity indicates that it is a left valve.

Vaulted scales are not unusual in the genus, but
vaulted constrictions appear to be unique.

Occurrence: Emperador limestone member of La
Boca formation (early Miocene), Gaillard Cut area,
locality 118a.

Subfamily ?
Genus Aequipecten Fischer

Fischer, Manuel de conchyliologie, p. 944, 1886.

Type (monotype): Chlamysopercularis (Linné) (Ostrea
opercularis Linné), living, eastern North Atlantic
Ocean and Mediterranean Sea.

The western Atlantic strongly scabrous species,
variously known as Pecten muscosus Wood, 1828,
P. exasperatus Sowerby, 1842, and P. fuscopur-
pureus Conrad, 1849, is traditionally assigned to
Aequipecten, and that allocation seems to be justi-
fied. Its sculptural plan is like that of the type spe-
cies, although the secondary riblets of A. opercularis
are so minutely scabrous that the scales generally
are effaced on the primary ribs and are apparent
only in the interribs. To be sure, the left valve of
A. opercularis is more convex than the right, whereas
A. fusco<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>