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GEOLOGY AND PALEONTOLOGY OF CANAL ZONE AND ADJOINING PARTS OF PANAMA

DESCRIPTION OF TERTIARY MOLLUSKS (GASTROPODS: VERMETIDAE TG THAIDIDAE)

By W. P. Woobring

AESTRACT

The deseription of the mollusks found in the Tertiary de-
posits of the Canal Zone and adjoining parts of Panami—
ranging in age from middle and Iate Focene to early Pliccene—
started in chapter A, is continued in the present echapter.
A total of 104 species and subspecies in 17 families of gastro-
pods (and seven additional species in four faniilies already
covered in chapter A} is considered. Ninety-three are for-
mally described under separate headings; the other 18, all
represented by inadequate material, are briefly descrihed or
merely mentionad.

Notable fossils from the Gatuncillo formation, of middle and
late Tocene age, include Dirccerithivin ame (a speecies of a new
genug, evidently of Tethyan affinities, that reached southeastern
United States daring middie Eocene time), Oosérombus aff.

0. c¢hirgensis, Terebellum {(Terebellum) proecrum?, 7.
(Seraphs) belemnitum?, EcHnochilus cf. FB. geudichaudi,
Morum (“Oniscidia”) sp. (the earliest known American

species of “Oniscidia”), and Yasila aft. Y. paytensis.

The late Hocene or early Oligoeene marine member of the
Bohio(?) formation has both Iocene and (ligocene faunal
affinities, as shown by Architeclonica aff. A. elvcaia, A. ef. A.
funging, Morum cf. M. aenfiguum, and TyPhis aff. 7.
curvirostrotug.

The Bohic formation of Barro Colorade Island, where only
the upper part of the formation is exposed, yielded fossils
of late Oligocenc age, including Hemisinus ceciscus, Turritella
listrote (which seems o be the earliest known species of the
T. oecoyene group), Ortheulsw cf. O. pugnew, and Gonosycon
epoimnis (the type of a new ficid genus). Orthaulez is an ex-
tinet endemic American genus that has an age range of late
Oligocene to early Miocenc., Orthauwlexr ci. 0. pugnew also
occurs in deposits of Iate Oligecone age in the Caimito formna-
tion of the Gatun Lake area and in the Iate Oligocene part of
the Caimito formation of Madden basin, as well a3 in the upper
part of the Bohio. Orthaeulex cf. O. aguedillensis is found in
the Culebra formation proper and in its Fmperador limestone
member, hoth of early Mioeene age.

The upper Oligocene Caimito formnation of the Gatun Lake
area containg Admpullinopsis spenceri., Awmipullinopsis is widely
distributed in the Oligocenc of western Turope, southeastern
United States, the Caribbean region, Central Ameriea, and
northern South America, but recentiy has been found in the
middle or upper Eocene of Tlorida.

Potamides suprusulcatus, which oeccurs in the lower Miocene
Culebra formation, is found in the Dominiean Republic, along
the south border of the Caribbean Sea from Trinidad to Colom-
bia, and also in XFcuador and Pert. Ifg age range iz late
Qligocene to middle Miocene.

A new locality in the lower Miocene Cucaracha formation
Fielded fresh-water snails (Hemisinus aff. i, Oeciscus). a
crocodite tooth, turtle fragments, an incomplete mammal femur,

and minute obgonia of a charophyte (Teciochare aff. 7.
escheri).

Almost half of the fossils described in the present chapter
(44 species and subspecies) are from the richly fossiliferous
middle and upper Mioeene Gatun formation. They include
two species now living in both the Caribbean Sea and the
easgtern Pacific Ocean {(Architcctonice nobilis and Murer re-
curvirostris) ; genera, subgenera and an unnamed species group
that are no longer in the Caribbean Sea but survive in the
eastern Pacific Ocean (Astronecus, Ochetoclava, Malea, group
of Fics vendricose and Cymic) ; and a genus (Sconsic) that
formerly lived in both the eastern and the western Pacifie Ocean
but survives in the Caribbean Sea. FEupleure fhompsondi is the
first Caribbean species of the genus to be deseribed.

The Chagres sandstone proper, of early Pliocene age, is note-
worthy for its relatively large number of epitonids: species of
Epitonivm, Sthenorytis and Scaling. The fossils of the Cha-
gres aise inelude Bathygaiea hadra, a species of a recently
deseribed moderately deepwater and deepwater cassid genus.

The 202 forms covered in chapters A and B are estimated to
be less than a third of the totul available mollusean fauna to
be described.

INTRODUCTION

The description of the mollusks found in the Ter-
tiary deposits of the Canal Zone and adjoining parts of
Panamd—ranging in age from middle and late Focene
to early Pliocene—started in chapter 4, is continued
in the present chapter. One hundred and eleven spe-
cies and subspecies, including seven species in families
covered in chapter A, are considered. Ninety-three
are formally described and the other 18, represented
by inadequate material, are briefly described or merely
mentioned. The 202 forms so far covered in chapters
A and B are estimated o be less than a third of the
total available molluscan fauna to be deseribed.

The arrangement of gastropod families adopted in
chapter A, based on a combination of Pelsencer’s classi-
fication and Pilsbry’s arrangement for “Biological
Abstracts,” differs considerably from the arrangement
in the Thiele-Wenz classification. The arrangement
in the present chapter more closely follows the Thiele-
Wenz classification. Though that classification is
widely used; it has some unsatisfactory features. A
all events, the present chapter completes the Archaeo-
gastropoda of the Thiele-Wenz classification and in-
cludes two families of their Mesogastropoda: Muri-
cidae and Thaididae.
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The following new generic and subgeneric names are
proposed :

Astronacus, subgenus of Heliveus, Heliacidae.
Type: Heliacus planispira FPilsbry and
Lowe, Recent, Mazatlin, México, p. 168.
Gender masculine.

Dirocerithium Woodring and Stenzel, Cerithiidae,

Cerithiinae.

Type: Dirocerithium wechesense Stenzel, n.
sp., middle Kocene, Texas, p. 172. Gender
neuter.

onysycon, Ficidae,

Type: Gonysycon epomis Woodring, n. sp.,
Bohlo formation, Oligocene, p. 213. Gen-
der neuter.

Panamurez, subgenus of Paziella, Muricidae,

Muricinae.

Type: Murexw (Phyilonotus) gatunensis
Brown and Piisbry, Gatun formation, Mio-
cene, p. 217. Gender masculine,

Pilsbrytyphis, subgenus of Pyphis, Murlcidae,

Typhinae.

Type: Typlis gabbdi Brown and Pilsbry,
Gatun formation, p. 220. (Gender mascu-
line,

ADDITIONS TO ANNOTATED BIBLIOGRAPHY

The following items should be added to the anno-
tated bibliography on pages 5-10 of chapter A.

1958, Woodring, W. I, and Olsson, A. A., Bethygelea, a genns of
moderately deep-water and deep-water AMiocene to
Recent cassids: U. 8. Geol. Burvey Prof. Paper 314-B,
p. 21-26, ple. T-10, fig. 1, 1957 [1258]. Includes de-
scription of fathygaeles hadra from the Chagres
sandstone.

1958, Woedring, W. P, Geology of Barre Colorado Island, Canal
Zone: Smithsonlan Misc. Coll, v. 135, no. 8, 29 p, 3
ple., 3 figs. Aecount of geology and paleontology of
Barre Colorado Island written primarily for visitors
to the ixland.

ADDITIONS TG LOCALITIES AT WHICH FOSSILS WERE
COLLECTED

The following new localities at which fossils were
collected should be added to those listed on pages 115~
130 of cliapter A.

Additions to loealities at which fossils were collected

No. TaGS
used in | Cenozoie | Field No. Description’of loeality
1his re- No.
port 1}
i i
; Bohio formation, Pacific coastal
area, Panamd
T T P RPP19 | Rio Lajas, 3.1 kilometers east-north-
! cast of locality 43. Calearcous
i sandstone at base of Bohio forma-
i tion. R. I, Stewart, 1956.

GEOLOGY AND PALEONTOLOGY OF CANAL ZONE

Additions Lo locelities at which fossils were collected—Con.,

No. ‘ T8as l
usod in | Conozoic | Field No. |
this re- No. i

port ;

Description of locality

Cucaracha formalion,
Canal Zone

19965 Contractors Hill, west side of Gail-
lard Cut at econtinental divide, 10-
centimeter fossiliferous layer in
bentonitic clay, 7 to 9 meters

I above top of welded tuff. R. H.

Stewart, 1956.

Same locality, Lentonitic clay about
10 meters above top of welded tuff,
R. H. Stewart, 19586,

122b

Lower part of Gatun formation
19853 Transisthmian Highway, south edge
of village of Cativa, Pansind.
Practically a duplicate of localities
138 and 138a. L. TIL. Stewart,
! 1955.

FALNAL SUMMARIES OF SPECIES

Aside fromn data covering larger Foraminitera from
the Bohio formation at a new locality, faunal summaries
and brief comments are presented ouly for the species
covered in this report. As explained in chapter A (p,
4}, a full discussion of the faunas, the age and correla-
tion of the formations and the palececologic implica-
tlons of the fossils is reserved for the final chapter.

Contrary to what was done in chapter A, the faunal
tables list relative frequency, as follows:

Symbols used for relative frequency

Bymiol Number of apecimcns
R, rave 1-2
I, few_______ - - . 3B
C, common_____________ . ___ G-20

A, abpndant . ______________________
EOCENE SERIES
GATUNCILLO FORMATION
Most of the species from the Gatunciilo formation—
and all those that are well preserved—are silicified
fossils from locality 88 in the Rio Casaya area. Diéro-
cerithivm ame is a rvepresentative of a genus that is
widely distributed in the middle Focene of the Carib-
bean region and appeared in the middle FKocene of the
Gulf coast of the United States. As the genus ap-
peared earlier in the Caribbean region than in conti-
pental North America, it evidently was a migrant—a
migrant of Tethyan allinities—{from the Caribbean
region. CQostrombus afl. 0. chivaensis, Eetinochilus cf.
E. goudichaudi, and Yasia all. Y. paytensis show Pe-
ruvian affinities. Morwm (“Oniscidia”) sp. is the ear-
liest known American species of the subgenus “Onis-
cidia”



GASTROPOD3. VERMETIDAE TO THAIDIDAE

Moltusks from Gatuncillo formation (Vermetidee to Muricidac)

[R, rarc; 7, fow; C, common; A, abundant; 2sp., genus doubtlul, species unidemntified]

Localitics

T
IR N 1

Madden basin Sﬁu; Frijoli Casaya
ates | 2¥Ca | orea

a4 | 48
;

-fumttul" genus? oo |
Largo cori L‘lld, possibly Campanile.
Cerithinm sp. o

8P D e e
Diroceri. ¢ g, T, 5P-
Gostrombus aff, Q. cfmamsee Olsgon.: TSD, !
Perabetium (T:ra(ﬂriwm) procerim | b

Merian?
OSerapis) b
Tctmuc'mm

Galeodza? of. O, nodosa (3
Adorae (COniscidin’) sp
Yasite all. ¥ paylensis Olsson____

EGCENE OR CLIGGCENE SERIES
MARINE MEMDER OF BOHIO(?) FORMATION
The mollusks of the marine member of the Bohio(?)
formation have both Rocene and Oligocene aflinities.
Arehitectonica afl. A, alveais is closely related to an
Bocene species from southeastern United States; Ar-
chitectonica ¢f. A. jungina seems to be related to an
Hocene species Trom the same region: and Morum cf.
M. antiguum Is similar to an KEocene European species.
Typhis aff. T. curvirostratus, however, is closely allied
to an Oligocene species of southeastern United States.
Mollusks from maring member of Bohio(?) formation

(Vermetidac fo Muricidac)
[R, rare; I, Few]

Localities
[ N
| Vamos Pafr'nqmlla' Trini-
| Vajuus Point | I

4Ma

Vermeli?, menus? ool ___ |
Cae(:um? ST

cl A, funamu ((*(m )
Cerithinm, P
Sealfnuf ap__
Morum (*On
Ficus oi. £, »
Typhis (Luaevity

OLIGOCENE SERIES
BOXIO FORMATION

During the course of field work at the site of a pro-
posed dam on Rio Lajas (the unnamed stream of plate
1 located 3.5 kilometers cast of Las Cumbres, on the
Transisthmian Highway), R. H. Stewart found foram-
iniferal calecareous sandstone at the base of the Bchio
formation (locality 43a). W. S. Cole identified the
following larger Foraminifera in a sample from this
locality.
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Larger Foreominifora from basal part of Bohio formafion in
Pacific coaslal arce at locality 43a
[Identifications by W. 8. Cole]

Heterosteging panamensis Gravell

Lepidocycling  (Lepidocyclina)
Douviilé
parvule Cushman
waylandvannhani Cole
(Nephrolepiding) vaughani Cughman

canellei  Lemoine and R.

Stewart forwarded other samples from the Rio Lajas
area, one of which consists of a dense mat of large
eulepidine Lepidocyclina.

In the Rio TLajas area the Bohio formation overlaps
part of the Gatuncillo and a short distance farther east
(as shown on plate 1) completely overlaps the Gatun-
cillo and rests on the Cretaceous(?) basement. Ac-
cording to these new collections, the overlapping strata
of the Dohio are of late Oligocene age, whercas in the
(uebrancha syncline, the basal part of the Bohio is
early Oligocene. Moreover, the upper part of the
Bohio of the Pacific coastal avea contains late Oligo-
cene larger Foraminifera at localities 43 and 45,

The only molluscan faunas of considerable size from
the I3ohio formation—and the only faunas containing
species described in the present chapter—were found
In the upper part of the formation on Barro Colorado
Island. The collections from Barro Coelorado were re-
ceived too late to be included in chapter A. The
species in the families covered by chapter A, however,
were listed on page 27. Five of those species (the
first five of the followiug table) are described in the
present chapter. These fossils from Barre Colorado
are of late Oligocene age. Turritelia listrota evidently
is the earliest species of the 7', ocoyana group to be de-
scribed.  Ovthmilas of. &, pugnas, which also occurs
in the Caimito formation of the Gatun Lalke area and
n the late Oligocene part of the Calmito formation of
Madden buasin, 1s a species of an extinet endemie Amer-
lean genus that has an age range of late Oligocene to
early Miceene,
ficid genus.

Gonysycon epomis 1s the type of a new

Molluzlhs from upper purt of Bolio formation on Barro Colorido
Island (Trochidae to Muricidae)

IR, vare; T, few; C, common; A, sbundant; of., comparabie speocies;

0., gonas
cloubtlu), species unidentified)

Localities

| sa0 | 49f | 42

Selarielle eplinidic W oof‘rm:, TS ..
Hewnivinus { Londiverena) mcm‘u& Woodring, n. sp
Globufarie (Globularie) all. G, fischerd (Dall) -
Pachyeromminm all. P.guppyi (Qabb) . ____
Turritelle fsfroln Woodring, T 8D .o oieo L
Certthinm (Thericium) m-z-meiicum Woodring, 1. sp_.._._..
Orthautlnz of. O. pupnar (Mellprin) ...
Conysycon epomts Woodring, 1. spo.
AU, e s e o

‘
R
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CAIMITO FORMATION, EXCLUSIVE OF MADDEN BASIN

The species in the following table cccur in the mid-
dle member of the Caimito formation in the Gatun
Liake area, in the undifferentiated Caimito of the Rio
Mandinga area, and in the Quebrancha limestone mem-
ber of the Calmito in the Quebrancha svneline, In
these three areas the fossiliferous strata are of lafe
Oligocene age.

Though Ampullinopsis spenceri was listed on page
31 of chapter A, it is described in the present chapter.
The genus Ampuilinopsis is widely distributed in the
upper Oligocene deposits of the Caribbean region but
in the area covered by the present report was found
only on Pato ITorqueto Island (locality 55b). The
shallow-water deposits of the Caimito, like the upper
part of the Bohio formation on Barro Colorado Island,
contain Orihaulan of. O pugnez.

Mollusks from Cainvito formation of Gatun Lake arca, Rio
Mandinga ares and Quebreneha synclhine (Neticidae to
Ficidac)

IR, rare; F, few; C, common}

Localities

|
i L)o

Q ue-

Gratun Take Aren
SYTL-

54l 54§
Ampullinopsis spenceri (Cooke) Lo __|____
Architectomica (Architectonica)
rhiene Woodring, n. spo. ... dan
R

sp

BpUonium 5. i iinan R
Orthrr.u’a:r of. O. pugﬂaz ({ITeil-

Primy e emicomoo N
Cyprazacf, C. chzlona Dalll ...
Semicossis (chnmcphnrm) apenes

‘Woodring, n, sp

FRITRY-

™
R v 0 TS+ [
Ficus of. F. pidebryi (3. Smith) . | B
sp., wronp of F, wveniricora
(Bowerby) . aaae. PR PO

OLIGOCENE AND MICCENE SERIES
CAIMITO FORMATION OF MADDREN DASIN

Limestone in the pyroclastic-clay member of the
Caimito formation of Madden basin, of late Oligocene
age, yielded the following species:
Mollusks from Hmestone in pyroclastic-clay member of Caimilo

formation of Madden basin (Strombidae to Fieidae)
[R, rare]

Localitics

SErombts SD o - e
Orthauder ef. Q. pugnaz (Heilprin) .
Cyproeca ef. C. chilona Dall. .

Ficus of. F. carbasen micronematica (Brm-.n ‘and Pwlabrn),,_,g,,,,,,

GEQOLOGY AND PALEONTOLOGY OF CANAL ZONE

A few species in the families covered by this report
were found in the early Miocene upper part of the
Caimito formation in Madden basin. Locality 82a
and probably localities 77 and 79 represent the cal-
careous sandstone member; the cther localities repre-
sent the Alhajuela sandstone member, the youngest
Tertiary strata in Madden basin.

Mollusks from upper part of Caimite formetion of Madden basin
(Vermetidae to Ficidae)

[R, rare; G, comwmon; sp., unidentified species]

Localities

Vermetid, genns?
Mualen sp. ... -
Fiewus corbasea carbasee (Guppy)

MIOCENE SERIES

CTULEBRA FORMATION, INCLUDING EMPERADOR
LIMESTONE MEMBIR

Potamides suprasuleatus, a species widely distributed
in brackish-water deposits of late Oligocene and early
and middle Miocene age in the Caribbean region—
and in deposits that contain marine and brackish-water
fossils—oceurs in the Culebra formation proper. The
formation, including the Emperador limestone member,
contains OTJhaulaw cl. 0. aguadillensis.

Molivske from Emperador Umesgtone member of (Qulebra
formation (Strombidee to Muricidae)

[Ik, rare; 7sp., genus doubth, species onidentified]
'

Loealitics
1 i ¢
i I i Other
t118 119 | 119a ! 120 121 ¢ collec-
! i ; tiens
! i i :
— ; ! Y
SEombu 81 ke [ ______ 122 ) 3 O D,
Orthasilar cl. O, nguadillens sury...-| 7sp R R | A T R P
Cymraee of, Coekdlona Dall . | __ i RN PR B T I
Fieus earbasea micronemetica (Brown i
and Pilsbryd. o e ___
Fgziella {Panemurer) gatumensiy
{Brown and PHsbUy) _ a e oo

CUCARACHA FORMATION

In addition to the mammal femur mentioned on
page 39, R. H. Stewart found a erocodile tooth and
turtle fragments in the Cucaracha formation at lo-
cality 122b. At locality 1222 he collected many erushed
specimens of a fresh-water snail (Hemésinus afl. I,
oeciscus), minute odgonia of a charophyte, (identified
by R. K. Peck as Tectochara aff. 7. eschers), and car-
bonized plant fragments. These fossils support the
inference that much of the Cucaracha is nonmarine.
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Mollusks from Culebra formation, exclusive of Bmperador limestone momber (Vermetidue fo Huricidae)

[R, rave; I, Tew; C, common; A&, abundant; Psp., genus doublful, speeies unidendified]

Lionalities

Vo e | asm | 1on | 100m 1 |

901, ¢ 98¢ ; 99 | 9% | 9of | O%g | WOh | o0 | 100m 100‘1)! 01 ;502§ f03 | Ida 566 | 108¢ | 110 le| 111 illlh

Vermelid, genuis?o o
Avekitzetonica (Pscudolorinia?} sp_ ...
Architectonica (A rr‘r’nrcriomcr\) of. A nobilis
Réding_ oo aeaas
Large Lurli hid, g
Potonddes eu'prasuhams (Gﬁ.hl))
Peredrolio dentilabris (Gabb)?.
Hittium seotli Brown and I’usbw
Epifoninm sp
Strombus L -
Grthaulor cf, O, agumhllﬂm
Muaury
Cypraca of, .
Semicussis? (
(Dall}. . .....
Maruwr (”Om?urfm") of
Manry :
Picus carbasea wicromsma . .
Pilsbry) 3 i - - : R S i
AMurex (Muvez?) ol AL polynematicus
Brown und Pilsbry .. o0 s

itona (Oall} ___________ :_: 75p
ylocassis?) cf, 8.

SAOLOULEVD

HVATAI¥ L 0L AVALLEWUHA
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152 GEOLOGY AND PALEONTOLOGY OF CANAL ZONE

Mollusks from Gatun formation (Vermetidae to Thaididac)

IR, rave; T, few; C, common; A, abundant; sp., species unidentified; 23p,, genus deubthnl, speefes unidentifed)

. LOCALITIES
! Afiddle park :
| Tower part [— |
]‘ Eastern arca i
| Ty I i | | T T T !
| i ! \ [ i i
H : H : {
| ] § 1 i
I 1 H
1
) . o - o
| & - 2 o - = o o = ~ Z1E | & = e e & @ B
EIElEIE 8 BIE1E| 2|2 |F |5 :‘3:!: z S IE|EEE
‘]4-~— g ] | i em o ——| | s [ l—— -
- s |
Vermetid?_ e !
Serpulorbis paprfoses (Guppyy .

Petaloconchus afl, P, floridarnits Ol
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LA BOCA MARINE MEMBER OF PANAMA FORMATION

Strombus sp. (locality 129a), fécus? sp. (locality
131a), aud Fhais ali. . melones (locality 123) are the
ony mollusks from the La Boca marine member of the
Panami formation in the families covered by this
report.

GATUN FORMATION

Almost half (44 species and subspecies) of the fossils
described in the present chapter were found in the
richly fossiliforous Gatun formation. Heliceus store-
manee is an cxample of the faunal similarity between
the lower part of the Gatun formation and the Cercado
formation of the Dominican Republic. Fupleura
thompsoni is the first Caribbean species of the genus
to be described. The Gatun tossils include two species
now living in both the Caribbean Sea and the eastern
Pacific Ocean (Awvehitectonica nobilis and Hrrez recur-
wiresiris) ; genera, subgenera and an unnamed species
group that are no longer in the Caribbean Sea but sur-
vive in the eastern Pacific Ocean (Astronacus, Oche-
toclava, Malea, group of Ficus vanivicosa and Cymia) ;
and a genus (Seensiz) that Tormeily fived in both the
eastern and the western Pacific Geean but snrvives in
the Caribbean Sea.

PLIOCENL SERIES

CITAGRES SANDSTONE, INCLUDING TORO LIMESTONE
MEMBER

The Chagres sandstone, including the Toro lme-
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stone member, is notable for its relatively large num-
ber of epitonids. The fossils of the Chagres proper
include Bathygalea hadra, » species of a recently de-
seribed moderately despwater and deepwater cassid
Zenus.

DESCRIPTION OF TERTIARY MOLLUSKS—CONTINUED
FROM CHAPTER A

GASTRCPODS—CONTINUED FROM CEAPTER A

TYPES AND OTHELR STECIMENS OF TCULA'S
PODS FROM GATUN FORMATION

GASTRO-

The fossils from the Gatin formation described by
Franz Toula in 1909 and 1911 (in the publications
listed on pages 6, 7, and 184 of chapter A of the pres-
ent report) were deposited in the Technische Floch-
schule in Vienna, In the late 1920°s the gastropods
were borrowed by Dr. . F. Rutsch, when he was on the
stall of the Basel Naturhistorisches Museum and was
working on Tertiary Caribbean fannas. Owing to the
outbreak of World War 1T, the specimens wore kept in
Switzerland. When Dr. Rutsch moved to the Univer-
sity of Bern, the collection was transferred to that in
gtitution, but later was returned to Dasel. At the
suggestion of Dr. Rutsch in April 1957, T wrote to Dr.
E. Gasche, Curator of the Geology Department of the
Basel Mugeum, mquiring whether T could borrgw the
speeimens.  When Prof. A. Kieslinger, Director of
the Geological Department of the Technische Hoch-
schule, kindly gave his approval, they were forwarded
to Washingtorn, I, C., with the understanding that they
are to be returned to the Technische Iochschule.
They have been forwarded recently to that institution.
The specimens have no catalog numbers, but the year -
when they were collected is entered on the labels.
Three types and nine other fignred specimens are miss-
ing. According to a communication from Prof. Kies-
linger, the missing specimens are no longer in the col-
lections of the Techmische Hochschule, and he has been
unsuccessful in attempting to locate them elsewhere.

As outlined by Toula (1909, p. 673-675; 1911, p.
487}, the fossils were forwarded by W. Rowland, a
former student of Prof. Toula and an engineer of the
Isthmian Canal Commission. Rowland collected one
lot in 1908 and a second in 1910, “Most” of them were
collected at the Gatun Locks site or at the Gatun Dam
Spillway., The locality for the remainder was not
specified, but all the fossils evidently were found in
the middle part of the Gatun formation. Toula (1909,
p. 749-7568) slso examined fossils from the Gatun for-
mation and Pleistocene depoesits near Limon Bay in the
collections of the Staatsmuseum in Munich., Fhe Ga-
tun fossils in the Munich Museum also evidently were
found in the middle part of the Gatun formation.
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The following comments cover Toula’s species In the
families of gastropods described in chapter A of the
present report.  The page notation in parenthesis, fol-
lowing the name used by Toula, refers to chapter A.
His remaining gastropods are to be taken up in system-
atic order in the pregent and later chapiers.

Teinostoma ef. carinatvm d'0reigny (p. €5)

Toula, K Lk Geol. Reichsanstalt Jakrb., Band 61, p. 497, pl. 31,

figs. 10a—¢, 1011,

This minute vitrinellid 15 missing. Principally on
account of the fairly wide digtribution of Y'ednostoma
spermatie Woodring near Gatun (but not at the Gatun
Tocks or the Gatin Dam Spillway), Toula’s vitrinellid
was referred doubtlully to that species. It was pointed
out, however, that his illustrations show an exposed
spire and a peripheral carina, and that Pilshry thought
Toula’s species is very similar to—perhaps identical
with—Q’Orbigry’s Recent Caribbean specics, Tor
other species Toulw's illustrations are trustworthy.
Therefore Teinostoma afl. T. carinaiuwm (A’Orbigny)
presumably is to be added to the list of species from the
middle part of the Gatun formation.

Cyclostrema gquadrilineatum Toula (p. 73)

Toula, K. k. Geol. Reichsganstalt Jahrbh., Band 61, p. 497, pl. 31,
figs.11a—¢,1911.
This species also is missing. The identification as
Cyclostremisous pentagonus (Gabb) is based on Toula’s
lustrations.

Crepidula gatnrensis Toula (p. 79)

Toula, K. I Gr_;eol. Reichsanstalt Jahrb., Band 61, p. 498, pl 31,
fige 12a, b, 1911, .

COrepidula gatunensis is the third missing species.
Toula’s illustrations of the type, an immature specimen
(length 2.8 mm, width 1.8 mm) suggest the species
identified it the present report as Crepidula of. 0. maou-
lose Conrad. As pointed out on page 79, should addi-
tienal material show that the slipper-shell from the
Gatun formation needs a name, . gatunensis is avail-
able.

Capulus? gatnnensgis Toulz (p. 83)
Touln, K. k. Geol. Reichsanstalt Jahrb, Band 58, p. 692, pl. 25,

fig. 1 (not fig. 2; see explanation of pl.y, 1909,

The only specimen Toula had is the type, illustrated
in lateral view. It is immature (length 11.7 mm,
width 7.4 mm, height 7 mm) and peorly preserved—
partly internal mold, partly inner shell and partly
corroded outer shell. The corroded outer shell shows
no sculpture, but toward the posterior margin, where
the shell is almost or quite gone, there is a faint sug-
gestion of radial seulpture. The part of the speciten

thai 1 Internal rold shows the impression of what
seems to be one side of the cup of Orucibulum. The
specimen inay be a species of Cructbulum that was
crowded during growth and therefore laterally com-
pressect,  Un page 83 of chapter A Capulus? gatunensis
is doubtfully cited under Crucibulum springvoleense
Rutsch, deseribed in 1942. Examination of the type
confirms Dr. Tiutseh'’s opinion that Toula’s species is un-
recognizable. The only comment that can be added to
the discussion on page 83 is that the remarl concerning
the absence of traces of girong sculpture is irrelevant in
view of the abgence of outer shell material toward the
borders of the fossil. Capulus? gatunensis is consid-
ered to be a nomen dubium.

Capules? sp. (p. 83)

Toula, K. k. Geol. Reichsansgtalt Jahrb,, Band 38, p. 692, pl. 25.

fig, 2 (see explanation of pl.), 1909.

The figured specimen (length 14.5 mm, widil: 7.8
i, hieight 8.3 mim), as surmised from the illustration,
18 a laterally compressed, poorly preserved, imumature
specimen of Crucibulum springvaleense Rutsch.  Like
the type of Capulus? gatunensis, it is partly internal
mold, partly inner shell and partly corroded outer shell.
The internal mold shows part of the impression of a
(rucibulum, cup, and on the right side the edge of cor-
roded shell clearly shows coarse radial sculpture,

It should be noted that in the description of Capu-
tus? sp., Tonla mcluded the dimensions of both that
form and the type of Capulus? gatunensis. Further-
more, in the text, plate 25, figure 2 is erroneously cited
for Capulus? gatunensis, whereas in the explanation
of the plate that illustration is properly cited for Capu-
lus? sp. Copies of the illustrations, agresing with
the explanation of the plafe, are in the vials with the
appropriate specimen.

Natiea guppiana Toula {p. 86)

Toula, K. k. Geol. Reichsaustalt Jahrb, Band 58, p. 696, pl.

235, fig. 6, 1908,

Four specimens are in three lots, two collected in
1908 and one in 1910. The type (height 18.5 1w, diam-
eter 17.6 mm) is the immature figured specimen of
this species of Stigmanlez—ihe most widespread and
must abundant of the Gatun naticids. A specimen of
considerably larger size (height 30.5 nm, diameter 28.4
mm) was collected in 1910. Two other naticids in that
lot represent Natica stenope Woodring.

Operculum (sp.?) {p. 86)

Toula, K, k. Geol., Reichsanstalt Jahrh., Band 61, p. 511, pl. 81,
fig. 26, 1911

This uaticid operculum is missing. There is no
doubt, however, that it is the operculum which has
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been found in place in the aperture of Toula’s own
species, “Naiica” guppiena.

Sigaretus (Lupia) gatunensis Toula (p. 93)

Toula, K. L. (Geol. Reichsanstalt Jalrb.,, Band 58, p. 697, pl

28, figs. 3a—c, 1909,

Two specimens of this small (possibly on account
of immaturity) greatly depressed species of Sinum
are in the collection. The larger specimen (height 5.8
mm, diameter 22 mm) is an internal mold, to which
patciies of corroded shell are attached; the other is an
internal mold that has less shell material. The larger
was illustrated and is the type.

As noted on page 93 of chapter A, Sinum gatunense
is not represented in the collections of the U. S. Na-
tional Museum and Stanford University., Toula’s in-
adequate specimens, and the fossils from the Bowden
formation of Jamaica and the Cercado formation of
the Dominican Republic, identified as 8. gatunense,
show no features to distinguish S. dedonum Gardner,
found in the Shoal River formation of Florida, from
8. gatunense. It has not yet been demonstrated, how-
ever, that any of these fossils can be distinguished from
the Recent 8. perspectivum (Say), cxcept Dy their
smaller size. S, perspectivim ranges from Virginia to
the West Indies and is found in deposits of Plioccne
age. The Recent Panamic S. noyesi Dall has some-
what weaker seulpture.

Turritella gabbi Toula (p. 102)
Toula, K. k. Geol. Reichsansialt Jahrb., Band 58, p. 695, nl. 25,

fig. 5, 1909.

The type (height 24.5 mm, diameter 9.8 mm) consists
of six Intermediate whorls of the typical form of
Turritella eltilire Conrad, one of the most characteristic
species 1n the Gatun formation. As on other specimens
found in the lower half of the middle part of the forma-
tion, one of the minor spirals between the primaries is
stronger and more coarsely noded than the others.

An impression of several whorls in oxidized sand-
stone, from which a mold was made, also was collected
in 1908. Rowland forwarded to Toula in 1910 a four-
whorled speeimen, much larger than the other two.

Turritella conradi Toula (p. 108)

Toula, K. k. Geol. Reichsanstalt Jahrb, Band 58, p. 694, pl. 25,

fig. 4, 1909.

Two specimens, both fllustrated under the same figure
designation, are in the type lot. The larger (4 whorls,
height 34.5 mm, diameter 15.2 1om) is herewith desig-
nated the lectotype. As was evident from the illustra-
tions, Twrritella conradi is 7. gatunensis Conrad,
another characteristic species of the Gaatun formation,
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Turritella (Haunstator) aff. Hanleyana Reeve (p. 110)

Toula, K. k. Geol. Reichsanstalt Yahrb., B3and 61, p. 498, pl. 39,
fig. G, 1911.
Rowland collected two fragments, both of which were
illustrated. As surmised from the illustrations, they
represent Z'urritella mimetes Brown and Pilsbry.

ADDITIONAL DESCRIPTIONS OF SPECIES IN FAMILIES
COVERED IN CHAPTER A

The first seven species on the following pages were
received too late to be included in chapter A.

Family TROCHIDAE
Subfamily MARGARITINAE
@enus Solariella 8, Wood

8. Wood, Ann. Mag. Natural Hist,, v. 9, p. 531, 1842,
Trpe (monotype}: Soleriells maculate 8. Wood, Pliocene,

England,

The Caimito formation at loeality 541 on DBarro
Colorado Island yielded two minute exfoliated fossils
(height 1.5 mm) that may represent immature speci-
mens of Solariella.

Solariclla ephnidia Woodring, n. sp.
Plate 26, figures 2, 3
Solarielle n, sp., cf. S. depresse Dall, Woodring, U. 8. Geol.

Survey Prof. Paper 306, p. 27 (list), 1957 (Oligocene, Canal

Zone). Woodring, Smithsonian Mise. Coll, v. 183, no. 3, p. 15

(ligt), 1958 (Oligocene, Canal Zone).

Small, somewhat turreted, suture of body whorl
descending near outer lip. Spire whorls and body
whorl above base sculptured with widely spaced spiral
threads, three on spire whorls and four on body whorl.
Base and umbilicus senlptured with similar, but more
closely spaced, threads; wmbical threads weaker than
thiose on base. Spaces between spiral threads bearing
microscopic strongly retractive aceentuated growth
lines parallelinug outer lip. Faint coarse axial un-
dulations are apparent. Umbical spiral threads weakly
noded. Aperture very oblique.

Height 3.5 mm, diameter 3.6 mm (type).

Type: USNM 562557,

Lype locality: 42d (USGS 18837, Barro Colorado
Island, northern part of island, streamn heading west
of Miller Trail near Miller 17, abont 100 meters above
mouth, Canal Zone), upper of Bohio formation.

The exceptional featnres of the fossils found in
subgraywacke of the Bohio formation on Barro Colo-
rado Island at locality 42d are illustrated by the
occurrence of this small Solariella, the fifth species of
the genus to be recorded from the Tertiary deposits of
tropical Aineriea. It is described and named, although
the type is the ouly specimen.
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8. ephnidia is similar to the Recent 8. depressa Dall
(1889, p. 382), but is not as strongly turreted or as
depressed. 'The Miocene Jamaican S, altiuscula Guppy
(Woodring, 1928, p. 432, pl. 36, figs. 6-8; alfiusulca
by ervor) is considerably larger, less turreted, and has
strong coarsely noded umbical threads.

8. depressa was described as a variety of S. lacu-
nella (Dall). The types of both forms, both dead
shells, were dredged ab a depth of 805 fathoms off
Havana, S. depressa is represented, however, in a 20-
fathom haul from Bimini Island in the Bahamas and
8. lacunelle is very common at depths of 20 to 100
fathoms along the coast of southern Florida.

Occurrence: Upper part of Bohio formation (late
Oligocene), locality 42d.

Family THIARINAE
Subfamily THIARIDAE
Genus Hemisinus Swainson

Swainson, A treatise on malacology, pp. 199-200, 341, 1840.

Type (orthotype, p. 200} : Melenie lneolate Gray (cited as
Melonia linesie on p. 200 and as Hemisinus lineolata on
p. 341}, Recent, Jamaica.

Subgenus Longiverena Pilsbry and Olsson

Pilshry and Olsson, Acad. Nat. Sei. Phila. Proc., v. 87, p. 11,
13, 1933.

Type {logotype, Wenz, Handbuch der DPaliozoologie; Gus-
tropoda, pt. 3, p. 719, 1939) ; Hemiginus iubereulotus (Wag-
ner) (Melonic fubercuicte Wagner), Recent, Brazil.
Hemisinms tuberouloius was indicated as the type by

Pilsbry and Olsson, but the term type was inadvert-

enfly cmitted. To claim that that species is the mono-

type because it was the only species cited on page 11,

where #.ongiverena was first mentioned, is a strained

interpretation. IPage precedence does not deserve the
~emphasis that is now heing attached to it, for it is not
real precedence.
The gpecies of the subgenus Longiverena are elongate
and have axial and spiral sculpture,

Hemisinus (Longiverena) oeciscus Woodring, n. sp.
Plate 23, figures 1-4, 9, 10

Hemisinus (Longiverena) n. sp., cf H. atriformis Cooke, Wood-
rivg, U. 8 Geol. Survey Prof. Paper 308, p. 27 (list), 1957
(Oligocene, Canal “one). Woodring, Smithsonian Misc. Cell,
v. 135, no. 3, p. 15 (list), 1958 (Oligocene, Canal Zone).
Of medinm size, somewhat turreted, rapidly enlarg-

ing, spire whorls slightly inflated. Axial sculpture

conzisting of wide flat ribs, practically straight on

carly whorls, gently curved on later whorls, 12 or 13

on last few whorls. Ribs disappearing on body whoxl

or penultimate whorl, or represented only by low broad
swellingg on posterior part of whorl. Spiral seulpture
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consisting of low flat bands, separated by very narrow
interspaces and overriding axial ribs without forming
nodes, four or five on later spire whorls, generally ab-
sent on body whorl of large specimens, except seven or
eight on anterior half of whorl. Posterior half of
outer lip, as shown by growth lines (which have same
curvature as axial ribg), forming a shallow wide in-
dentation. I3asal spout very narrow.

Height (incomplete) 12 mm, diameter (slightly mn-
creased by crushing) 6.5 mm (type). Ileight (incom-
plete) 15.2 mm, diameter (slightly increased by crush-
ing) 8 mm (larger paratype).

Type: USNM 562558; 2 paratypes, USNM 562559,
paratype, Stanford University.

Type locality: 42f (USGS 18836, Barro Colorado
Tsland, northern part of island, stream southeast of
TFuertes House, about 335 meters ahove mouth, from
slide on west side of stream, Canal Zone), upper part
of Bohio formation,

The type cvidently is not mature, as less complete
specimens indicate a size about a third larger. Though
18 specimens of this species were collected from the
Bohio formation at locality 42f, where marine, brack-
ish-water and freshi-water mollusks were found, none 1s
well preserved. Tf all are properly relerred fo one
species, both whorl profile and sculpture are variable.
The body whorl of some incomplete large specimens
has a strong eoncave construcetion adjeining the suture.
The type shows the beginning of such a constriction
(pl. 25, fig. 10). DBoth axial ribs and spiral bands tend
to disappear on the body whorl. The most aberrent
specitien, of which only a little more than two whorls
remaing, has alinost corounate stubs of axial ribs ad-
joining a sutural constriction.

Hemisinus oeciscus appears (o be an exceptional form
of a group of Oligocene, Oligocene( ), and Miocene( ?)
species found in Cuba, Antigua, the Magdalena Valley
of Colombia, the upper Amazon valley of Brazil and
Perd, and Ecunador. It is mostsimilar to the Oligocene
Antiguan H. atriformis C. W. Cooke (1919, p. 118, pl.
3, fizs. 4, 5, which also enlarges rapidly bnt has spirals
that are someswhat swollen as they override the axial
ribs. The axials and spirals of H. atriformis ave per-
sistent, and so are the axials and spirals of the other
species of the group just mentioned, all of which are
more clongate than H. atriformés and 1. oeciscus.

Qccurrence: Upmner part of Bohio formation {late
Oligocene), locality 421,

Hemnisinus (Longiverena) aff. H, oeciseus Woodring, n. sp.

Many speeimens of a species of Hemisinus oceur in
bentonitic elay of the Cucaracha formation on the face
of Contractors Hill, on the southwest side of the Pan-
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ama Canal at the continental divide (pl. 2. As a re-
sult of compaction of the clay, all these fossils are
flattened and none can be extracted from the rock.
Only a small part of the shell material is preserved.
In size, general outline and sculpture this species is
similar to Hemisinus oecisous and may, indeed, be that
species. It cannot be determined, however, whether
the gpire of the specimens from the Cucaracha forma-
tion is somewhat turreted, One of the large specimens
i3 16 mm high and 7 mm in diameter, but the diameter
1s slightly increased by crushing.

These fossils were found by R. H. Stewart, of the
Panama Canal Company, i a layer of fossiliferous
clay (thickness 10 cm) 7 to 9 meters above the top of
the welded tuff in the Cucaracha described on p. 54.
The fogsiliferous layer, which Mr, Stewart traced for
a distance of about 185 meters across the face of Con-
tractors IIill, alse contains minute charophyte obgonia,
identified by R. L. Teck as Tectochara all, T. escherd
{Braun), and carbonized plant fragments.

Occurrence: Cucaracha formation (early Miocenc),
locality 122a.

Family NATICIDAE

Subfamily GLOBULARIINAE
znus Globularia §wainson (see p. 94)
Subgenus Globularia s, s,
Globularia (Globularia) aff, G. fischeri (Dall)
Piate 26, figures 16, 18, 19

Globularia {Globularia) all. G, flacheri (Dally Woodring, U. 8.
Geol. Survey Prof. PPaper 306, n, 27 (list), 94, pl. 15, figs. 9,
17, 18, 1957 {(Oligocene and Miccene, Canal Zone). Woed-
ring, Smithsonian Misc, Coll.,, v. 133, no. 3, p. 15 (list), 1958
(Olizgocene, Canal Zone).

A moderately large, greatly inflated Gleobularia is one
of the most abundant species in the Bohio formation
at locality 42d on Barro Colorado Island. About 40
specimens, ranging in height from 2.5 to 33 mm, were
collected and more than that number were discarded as
incomplete molds. This Globularia is identified as the
species from the Caimito and Culebra formations de-
seribed in chapter A as Globularie aff. @. fischeri. The
new material, however, shows some features that were
unavailable or poorly shown on the fossils from the
Caimito and Culebra. These features indicate that the
speeles of the Bohio formation, thongh closely allied to
G fischeri, can be distinguished from that forn. Never-
theless it is not named as a new subspecies or species,
for no adult specimen is well enongh preserved to serve
as a type. The only specimens retaining the greater
part of the thin shell are immature, like that shown on
plate 26, figure 16, Accentuated growth lines are much
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stronger than on . fischerd; they are so strong and go
evenly spaced that they practically constitute sculpture.
The spire of immatumre shells is higher and more
strongly turreted than that of &, fischeri. Some im-
mature shells, like some immature sheils of &. fischers,
show faint, nonpersistent widely spaced spirals.

Additional occurrence: Upper part of Bohio forma-
tion {late Mligocens), locality 424,

Genus Fachycromminim Woedring (See p. 88)
Pachycerommium aff, P, guppyi (Gabb)
Pachycromamiun afl. P, guppyi (Gabb), Woodring, U. S. Geol.

Survey Prof. Paper 306, p. 27 (list), 1957 (Oligocene, Canal

Zone), Woodring, Smithsonian Mise, Coll, v. 135, no. 3, p.

15 (list), 1958 (Oligocene, Canal Zone).

A minute shell (height 8.7 mm, dlameter 5.5 mm),
which shows part of the apertural features, and a sinall
mold (height, minus early whorls, 20 mam, diameter
15.5 mm) were found in the upper part of the DBohio
formation on Barro Colorado Island. The mold, which
Iacks the early whorls, resembles the high-spired
globularine from the Culebra formation described as
Pachycrommivin cf. P. guppyi (p. 97 of chapter A, pl.
16, fig. 12), but is not gquite as strongly shouldered* The
minute shell has a higher and more slender spire than
specimens of . guppyi, the type of the genus, of the
$aIne 1.

This material shows that a species of Pachyorom-
manm, allied to P. guppyi, occurs in strata of late Oli-
gocene age in the Canal Zone.

Occurrence: Upper part of Bohio formatien (late
Oligocene), locality 42d.

Genus Ampullinopsis Cenrad

Conrad, Am. Jour. Conchology, v. 1, p. 27, 1863.

Type (monotype}: Ampullinopgie mississinpiensis {(Conrad)
(Natioa miegiseippionsis Conrad), Oligocene, Mississippi.
Ampullinopsis 1s found 1n the Oligocenesof western

Europe, southeastern United States, the Caribbean re-

oion, Central America, and northern South America.

It therefore iz an expectable fossil in tlie Oligocene of

the Canal Zone, but was not found there until fossils

were collected fromn conglomerate of the Caimito for-
mation on Pato Horqueto Island.

Despite statements to the contrary (Ixall, 1909, p.
90), Ampullinopsis is not knewn to cecur on the Pacific
coast of the United States or farther north. With the
exception of A. ¢itrinensis Palmer {Richards nnd Pal-
mer, 1953, p. 26, pl. 3, figs. 10, 11), from the middle or
upper lLocene of Florida, iIn America the genug has an
age range of early Oligocene to the ecarly part of early
Miocene. The very incomplete molds from the island
of Anguilla doubtfully identified as Ampullinopsis
spenceri (C. W, Cooke, 1919, p. 124} probably repre-
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sent Globularia anguillane (Cooke), which may be
synonyin of &, fischeri (Dail).
Ampullinepsis spenceri (Cooke)
IPlate 27, figures 2,5, 7, §

Ampulting amphora Heilprin, Joukowsky, Soc. Phys. Histoire
Nat. Geneva Ménw, v. 35, p. 174, pl. 6, figs. 17, 18a, 18h, 1906
(Oligocene, Panami)., .

Ampuiling  (Ampullinopsis) spenceri Cooke, Carnegie Inst.
Washington Pub. 267, p. 123, pl. 5, figs. 1-3, 1819 (Oligocene
Antigna). 70lgson, Bull. Am. Palecontology, v. 17, no, 63, p.
72, pl. 11, figs. 2, 6, 1931 (Oligocene, Pern).

Watica (Ampulling?) cofiezecnsis Habbard, New York Acad.
Sei., Sci. Survey Porto Rico and Virgin Iglands, v. 3, pt. 2,
p. 135, pl. 21, figs. 11, 12, 1920 (Oligocene” Puerto Rico).

Ampullinopsis spencerd (Cooke), Woodring, U. 8. Géol. Survey
Prof. Paper 306, p. 31 (list), 1657 (Oligocene, Canal Zone).
ﬁIoderéLtely large, moderately thiek-shelled, low-

spired, body whorl strongly inflated.  Sutural channel

deep, moderately wide. Quter border of sheath (shell
layer emerging from umbilicus) marked by a well-de-
fined rim, forming a shelf on well-preserved speciinens,

Lobe (downward extension of parietal callus) thick,

generally completely closing umbilicus only at a late

stage (height 47.5 mm), exceptionally closing it com-

pletely at an early stage (height 16 mm).

Height (practically complete) 47.5 mm, diameter
(incomplete) 425 inm (larger figured specimen).
Height (practically complete) 36.5 mm, diameter (al-
most complete) 36.5 mm (smaller figured specimen).

Type material: 2 syntypes, USNM 167031.

Type locality: Antigua, Antigua formation.

The shells of Ampullinopsis are more or less similar
wherever they are found and it still is uncertain how
many species are to be recognized. The fossils from
the Canal Zone are identified as A. spencers, which was
based on three specimens, all of which-were illustrated.
These threc specimeus have a well defined rim, even the
largest (C. W. Cooke, 1919, pl. 5, fig. 3), which is
somewhat worn. In strength of rim, width and thick-
ness of lobe, height of spire, and inflation of body whol,
the best preserved among 17 specimens collected in the
Canal Zone closely resemble the better preserved of the
two syntypes of A. spenceri. They have a slightly
narrower sutural channel, however, and show no traces
of faint spiral lineation. Such spiral lincation is not
unusual among globtlarines and evidently is not a spe-
cific character. It isnot shown by the largest Antiguan
specimen, but its absence may be the result of wear.
The larger figured specimen from the Canal Zone (the
largest found) has a less distinet rim. Tt is worn,
however, and has a badly damaged lobe.

A spenceri is closely allied to the last surviving
North American species, A. amphora (Heilprin) (1887,
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p. 112, pl. 16, fig. 50}, of the lower Miccene Tampa
limestone of Florida.  As noted by Cooke, A. amphora
has a higher spire.  The type (Leight about 116 mm.),
a less complete large specimen of comparable size
(USNM 112947) and one of intermediate size have an
open umbilieus and thinner lobe than A. spenceri.
The type and a fragment in the U, S, National Museum
have a shaiply defined rim, but no rim is apparent on
the Iarge specimen just mentioned, which was worn
aid corroded before it was silicified. A larger suite
irom Florida may indicate that the Caribbean form is
to be assigned to A. amplora.

A. mississippionsis (Conrad) (1848, p. 114, pl. 11,
fig. 10}, of the Vieksburg group, was the first Ameri- .
can species to be named. "Lle outer edge of the sheath
of that species is marked by a bending and accentua-
tion of the growth lines rather than by a rim, exeept
near the base of the aperture where a rim is recoeniz-
able. The thick lobe generally closes the wmbilicus
at an early stage, even at a height of 14 mm. Qf about
60 specimens examined, one (restored height about 22
mm.) has an incompletely closed umbilicus. The
sutural channel on the later half of the body whorl of
large speeimens is wider than that of A. spencers of
the same size. As has long been recognized, A. missis-
sippiensis closely resembles the Oligocene Ruropean
A. erassating (Lamarck). Perhaps they can be dis-
tinguished by the wider sutural chanunel on the body
whorl of large speeimens of the American form.

IT A. spenceri oceurs in Antigua and the Canal Zone,
it 15 to be looked for elsewhere in the Caribbean region.
No unequivocal examples have so far been found.
The late Oligocene Puerto Rican “Natica (Ampul-
lina?” collazoensis Hubbard is practically unrecogniz-
able as described and illustrated. An exceptionally
well preserved large Ampullinopsis (height 73 mm),
collected by A. D. Zapp and H. R. Bergquist in the
type region of “Natica” collazoensis, can hardly be 4.
spenceri, despite the sharply defined rim and faint
spiral lineation. The Jobe is thin and overlaps the rim
about halfway between the base of the aperture and its
top, instead of at a point about four-fifths of the dis-
tance between the base and top. Ampullinopsis, pos-
sibly the species collected by Zapp and Bergquist,
reaches an enorinous size in Puerto Rico. Many years
age a resident of the island presented to David White,
while he was Chiet Geologist of the U. 8. Geological
Survey, a mold that has a diameter of shout 185 mm.
It was picked up at an vimknown Puerto Rican locality
and served as a door stop. A Mioccene Fijian globu-
larine of comparable size (diameter 142 to 215 mm)
was described by Ladd (1934, p. 212, pl. 36, figs. 7, 8,
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pl. 87, figs. 1, 2, pl. 38, fig. 1) as Globuluria (Waluia)
edwardst.

Joukowsky’s “Ampullina” amphora was found in
late Oligocene deposits in the Santiago area near
Macaracas, in the interior of the Los Santos Peninsula
of western Panamd. His description strongly suggests
A. spenceri. The only available specimens, collected
on & tributary of Rio Mariato, on the west side of the
peninsula, are badly preserved. Though they have
apertural features like those of A. spenceri, their body
whorl 1s less inflated: Olsson’s Peruvian A. spencers
also has a slightly less inflated body whorl and the
the body whorl of a large Venezuelan form, A. santia-
ganae (F. Hodsor) (IModsen, Hodson and Harris, 1927,
p- 72, pl. 88, fig. 8, pl. 39, figs. 1, 2,), i3 decidedly less
inflated. Perhaps the somewlhat or markedly fattened
body whorl of these fossils from I’anaméi, PPerfi, and
Venezuela is the result of deformation. Ingofar as
they show other features, they are otherwise similar
to A. spencert.

A, spencerd is sald to oceur in deposifs of Inte Eocene
age in Perdt (Stainforth, 1955, p. £,076). Coniirma-
tion of this ocemrvence is desivable. ‘The claim that
Ampullinopsis is a brackish-water genus (Stainforth,
1953, p. 255) is based on no known jnstification.

Occurrence: Middle member of Caimito formation
(late Oligocene), Gatun Lake avea, locality 55b.
Antigua formation (late Oligocene), Antigna. San
Sebastidn formation (late Oligocene), Puerto Rico
(identification doubtful). TLate Cligocene, Santiago
arca, Panamd (identification doubtful). TLate Oli-
gocene, P’erd and Hcuador (identification doubtful).

Family TURRITELLIDAE
Genus Turritella Lamarck (see p. 97)
Subgenus? (Iferriam’s T, ocoyana siock)
Turritella listrota Woodring, n. sp.
Plate 26, figures 1,6, 7

Turritelle n. sp,, afl. T. venezuclana ITodson, Woodring, U. 8.
Geol. Survey DI'rof. Paver 206, p. 27 (list), 1857, (Oligocene,
Canal Zone). Woodring, Simnithsonian Alisc. Coll., v. 135, no.
3, p. 15 (list), 1958 (Oligocene, Canal Zone),

Of medium size, slender, late whorls almost flat.
Earliest preserved whorls sculptnred with two primary
spirals: one at middle of whorl, the other about half-
way between 1t and snterior sutnre, the anterior one
modifying whorl profile. Earliest preserved whorls
also bearing very fine secondary gpirals. With further
growth, seconduary spirals become as strong as the two
original primaries. Iate whorls almost flat, thonugh
constricted at sutures. Senlpture of late whorls con-
sisting of seven to nine almost uniformly spaced pri-
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mary spirals. A fine secondary is present in some in-
terspaces and one or two generaily stronger second-
aries near anterior and posterior suture. Base sculp-
tured with weal closely spaced spirals. Growth-line
simus very shallow and wide, the apex necar anterior
suture. Growth-line angle very wide.

Height (mcomplete, 6 whorls) 85 mm, diameter 11
mm (type). Height (incomplete, 7 whorls) 18.5 mn,
diameter 6.5 mm (paratype).

Type material: Type, USNM 562561; paratype,
USNM 562562; paratype, Stanford University.

Type locality: 42d (USGS 18837, Barro Colorado
Island, northern part of island, stream heading west of
Miller Trail near Miller 17, about 160 meters above
mouth, Canal Zone), upper part of Bolilo formation.

Turritella listrota is fairly abundant at the type lo-
cality and is represented by a few doubtfully identified,
poorly preserved fragments from locality 42g. De-
spite the almost flat outline of late whorls, this species
1s related to the early Miocene 7', wencazuclonag Hodson
and other species of the 7', ocoyana group, and ap-
pears to be the earliest species of the group to be recog-
nized. 7% wenezuelang occurs in the Culebra formation
and 1s described in chapter A of the present report
(p. 106, pl. 16, figs. 8, 9). Tmmature whorls of 7
listrotg enlarge less rapidly than those of 7. venczue-
lang and are not as strongly carinate at the anterior
primary spiral. 7' listroto is larger and not only,loses
at an early stage the carina formed by the anterior
primary spiral, but also soon loses the convex whorl
profile. A form incladed in 7. wenezuelana quirosana
by Hodson (1926, p. 34, pl. 22, fig. 9) has somewhat
flattencd whorls, but no form of that variable species
has the strongly flattened whorls of 7', listrota.

Similar larger and more convex-whorled species are
found in the Miocene of Pert and Fcuador: 7. in-
fracarinate Grzybowski (Olsson, 1932, p. 196, pl. 22,
fig. 8; Marks, 1951, p. 101, pl. 6, figs. 1, 14; p. 103, pl.
6, fig. 12) and 7. prenuncia Spieker (Olsson, 1932, p.
198, pl. 23, figs. 8, 9).

Occurrence: Upper part of Bohio formation (late
Oligocene), localitics  42d, 42  (identification
donbtful}.

FAMILIES NOT COVERED IN CHAPTER A

Family VERMETIDAE

Unidentified or doubtful vermetids oceur in the
Gatineillo formation, the marine member of the Bo-
hio(?) formation, the Culebra fovination, the Alha-
juela sandstone meinber of the Caimite fermation, and
the (zatun formation. o
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Genus Serpulorbis Sassi

Sassi, Glornale Idgustico di Scienze, Lettere ed Arii, pt. 5, p.
483, 1827.

Type (monotype) : Serpulorbis polyphragma Sassi (= Serpule
arenaric Linné), Reeent, Mediterranean Sea.

Chavan (1944, p. 385-338) has discussed the unsatis-
factory status of Lemintinae Risso, a name that has been
used for this genus of vermetids (Woodring, 1928, p.
345). He found in the Paris Museum of Natural His-
tory the type material of Leminting cuvieri Rigso (the
monotype of Lemintina), consisting of two broken
tubes (Chavan, 1944, fig. 16), and concluded that the
tubes are those of an annelid. Risso’s illustrations of
a vermetid-like animal in and withdrawn from a tube,
reproduced by Chavan (1944, fig. 8), cannot be taken
seriously. Though tbe outline of the animal is ver-
metid, the foot bears a rosette that would be unique in
a gastropod,

Serpulorbis papulesus (Guppy)
Plate 29, figure 13

Verinctus papulosus Guppy, Geol. Soc. London Quart. Jour., v.
22, p. 292, pl. 17, fig. 3, 1866 (Miocene, Jamaica).

Leminting papulosa (Guppy), Weodring, Carnogie Inst. Wash-
ington Pub. 383, p. 346, pl. 26, fig. 6, 1928 (Miocene, Jamaica :
additional citations). Gardner, U. 8. Geol. Survey Irof.
Taper 142, p. 585, pl. 55, fig. 20, 1947 (Miocene, Florida).
Aguayoe, Soc. Malacoldgica Carles de la Terre Rev, v. 6,
p. 62, 1948 (Miocene, Cuba).

Serpulorbis papuiosus (Guppy) ?, Weisbord, Bull. Am, Paleon-
tology, v. 14, no. 54, p. 35, pL. 8. fig. 13, 1929 (Miocene, Colom-
bia).

Serpulorbis papulose (Guppy), Anderson, Calif. Acad. Sci. Troc.,
4th ger., v. 15, no. 4, p. 144, 1929 (Miocene, Colombia).

Vermetus (Lemintinag) papulosus Guppy, Rutsch, Schweizer.
I’a’l'aennt. Gesell. Abh., Band 44, no. 3, p. 46, pl. 1, fig. 14, pl. 2,
iz, 1, text fig, 6, 1934 (Miocene, Venezuela).

Relatively large, irregularly curved tubes. Sculp-
ture very strong to subdued, dominated by widely
spaced heavy spirals bearing widely spaced swollen
knobs. Between the knobbed spirals are one to three
crudely noded narrower spirals.

Length 37 mm, greatest diameter 9.5 mm (largest
fragment). T.ength 16 mm, greatest diameter 8.8 mm
(figured fragment).

Type: British Mus. (Natural ITist.), Geol. Dept.
64081.

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

The middle part of the Gatun formation yielded
threo short lengths of tubes representing late stages
of a vernetid, identified as Serpulordis papulosus on
the basis of the widely spaced swollen knobs. As usual
in vermetids, the sculpture is of variable strength
depending on the growth stage. S. papulosus is widely
distributed in the Miocene of the Caribbean region and
is recorded from the Miocene of Florida. The swollen
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knobs distinguish it from 8. graniferus (Say), from
the Miocene of eastern and southeastern United States
(Mansfield, 1930, p. 102, pl. 14, fig. 4}, and the Recent
West Indian species known as S. decussatus {Gmelin),
which occurs in the Pliocene of Florida {Olsson and
Harbison, 1953, p. 303, pl. 46, figs. 3-3c).

Occurrence: Middle part of Gatun formation {mid-
dle Miocene) eastern area, localities 155, 155e, 157,
Bowden formation (middle Miocene), Jamaica. Mio-
cene, Cuba. Cercado and Gurabo formations (mmiddle
Miocene), PDominiean Republic. Middle Miocene,
Columbia., Punta Gavilin formation (late Mioeene),
Venezuela. Drasso formation {early middle Miocene)
and Springvale formation (late Miocene), Trinidad.
Middle Miocene, Costa Rica. Shoal River formation
(middle Miocene), Florida.

Genus Petaloconehns Lea

Lea, Am, Philos. Boe, Proc., v. 3, p. 162, 1843.
Type {monotype) : Pectaloconchus sculpturaius Lea, Miocene,

Virginia.

Tho type species was not described when the generic
name was proposed. According to Opinion 43 of the
International Commission on Zoological Nomenclature,
such names are nomenclaturally available. This is a
legalistic matter, for the type specles was described
and ilustrated three years later (Lea, 1846, p. 233,
pl. 34, fig. 3).

Petaloconchus aff. P. floridanus Olsson and Harbison
Iate 29, figure 9
fPetaloconchus domingensis Sowerby, Brown and DPilsbry,

Acad. Nat. Sci. Phila. Proc, v. 63, p. 359, 1911 (Miocene,

Canal Zone),

Small to moderately large tubes coiled in a short
irregular open eylinder or in an irregular coil, Pro-
toconeh, presumably representing this species, consist-
ing of at least three rapidly enlarging smooth whorls
of hiydroboid outline. Slender tube immediately fol-
lowing protoconch sculptured with very closely spaced
axials. Tater sculpture more or less reticulate, een-
crally strong except toward apertnral end of tube;
consisting of moderately strong spirals and closely
spaced axials, which are swollen as they cross the
spirals. Columellar laniellae not present were colwmel-
lar wall is exposed.

Height of coil 22 mm, greatest diameter of tube 6 mm
(figured speeimen).

The genus Petaloconchus is represented in the Gatun
formation, but the representation iz so meager that
specific identification is umeertain. The figured ir-
regular coll (locality 1350), an irregular cylmder (lo-
cality 155}, and two short irregular cylinders seated
on a Serpulorbis papulosus tube (locality 157} (all
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Caecum cf. C. anellifer Pilsbry and Johnson

A minute imperfect tube (length 1.2 mm, maximum
diameter 0.3 mm) evidently is inunature. It is faintly
seulptured with closely spaced, very low annular rings
and closely spaced, very low axial vibs. The seunlptuie
is so faint that it would dizappear even with slight
wear. The sculptural pattern suggests Caecum anelli-
fer (Pilsbry, 1922, p. 378, fig. 18), which was based
on a Miocene fossit collzeted by Gabb at an anlknown
locality in the Dominican Republic. A form compa-
rable to (. anellifer is found in the Miocene of Jamaica
(Woodring, 1928, p. 330, pl. 26, fig. 10).

Oceurrence : Middle part of Gatun formation (middle
Miccene), eastern area, locality 147i.

Genus Meioceras Carpenter

Carpenter, Xool, Soc. London Proc., p. 488, 1858,
Fype (logotype, Cossman, lissais de paléeconchoiogic com-
parée, ut. 9, p. 184, 1012) ¢ Aeicceras eornucopite Carpenter,
Lieeent, Wost Indics.

Ileioceras a.'nblyocnras Woodring, 1. sp.
Plate 31, figure 1

Moderntely arched, moderately inflated, greatest in-
{lation at about anterior third of le ength, Anferior
part rapidly tapering to form the narrow very oblique
aperture. Plug [th, terminating in a sharp apex at
dorsal edge.

Length 2.1 mm, diameter of aperture .5 mm (type).

Type: USNEL 562591, _

Type locality: 155a (USGS 16970, spoil dump of
Gatun Third Locks excavation, units 11 znd 12 of sec-
tion [chapter A, p. 44], (/ﬂnd.J Zone), middle part of
Gatun formation,

Meioceras amblyoceras, like thie other caecids, is rep-
resented by one specimen. It is the third species of
the genus to be recognized in the Tertiary deposits of
tropical America. It evidently is not closely (ﬂhed to
cither of the other two species, both of Biiocene age:
the slightly inflated, dome-plugged M. constrictum
(Gabb) (Pilsbry, 1922, p. 878, fig. 17) from the Do-
minican Republic, and the Jamalcan M. aponium
Woodring (1928, p. 351, pl. 26, figs. 11, 12), which has
a bulging equator. M. ambiyoceras appears to be more
closely fs,lj ied to the Recent Caribbesn and Iloridian
M. witidwm (Stimpson). That species, however, has a
less contracted aperture and a mors convex plug. The
degree of inflation of M. ndtidum iz variable, ranging
from less inflated than 3. amblyoceras to more inflated
than it 3. nétidum oecurs in the Pliocene of southern
Florida and has been recognized in the upper Miocene
of western Florida (Mansfield, 1930, p. 102, pl. 14, fig.
6).

Qccurvence: Middle part of Gatun formation
(middle Miocene), castern area, loculity 155a.

Family ARCHITECTONICIDAE
Genus Architectonica Roding

Rioding, Museum Baoltenianmm, 0. 73, 1795,
Type (logotype, Gray, Zool. Sce. London Froc, mo 151, 1847
Areh nag Ly errov) o Architcolondca perspective ilGding
=Trochas perspectivus Linnd), Tlecent, tropical western
Iacific Ocean.

Gray designated I"'rsc/'-m pcrswcéiws ag the type
without L]Ull'x()ﬂ;.ugl Riding’s name for that specics.

The genus Architectonica oceurs in the marine mem-
ber of the Bo 1'0(?\ fermation, the Calmito, Culebra,
and Gatun formations, and the Chagres sandstone, but
the materiai from the Bohio(?) and Culebra formations
IS very meager.

Subgenus Stellaxis Eall

Dall, Wagner Mree Inst Sci. Traus., v. 3, pt. 2, p. 523, 1802,
Type (orthotsne) 1 Solarivm clrectus Courad, Docene, South-

eastern United States,

Architectonica (Sfellaxis) aff. A. alveata (Cenrad)

Soiariwm eivaufom Conrad, Dally in T, Muos, Comp. Zool, ilar-
vaird College Bull, v, 28 p. 275, 1808 (iist; Locene, Canal
zone).

I1il1’s principal Vamos Vamos collection includes a
poorly preserved Arehitectonien (height ¥ mm, diameter
15.8 mm). It has a pevipheral cord and a cord on both
dovsal and ventral surfaces adjoining the peripheral
cord. The ventral cord is a Jitile farther from the
peripheral cord than that on the dorsal surface, The
remainder of the ghell 1s smooth, aside fromn poorly ex-
posed coarse corrugations at the umbilical border. A
better preserved half whorl of the same species was
found near Palenquilla Point. 1t shows to good advan-
tage the spirai cords and the coarse corrug: ations at the
umbilical border. I¢ also shows very faint microscopie
spiral linestion on dorsal and ventral surfsces. The
umbilical wall is inaccessible.

This species was labeled and listed by 1lall as “So-
Larium” alweatum Conrad. Architectonica alveata oe-
curs in the middle Eocene (Palmer, 1937, p. 178, pl. 19,
figs. 8-18) and upper Eocene (Harrlb and Palmer,
104647, p. 276, pl. 82, figs. 9-11, 1947) of the Gulf coast
of the United States. Ifarly unworn whoerls have weak
retractive axia] wrinkles, stroogest at periphery and
suture. The dorsal cord of the Canal Zone form is
somewhat stronger than that of . elvsata, but the
featnres of the Clanal Zone form are too inadequately
known for satistactory evaluation. Nevertheless Dall’s
identification clearly indicates the affinities of this
Arehitectonica and no species similar to . alvecis
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has been found iu the Oligocene of southeastern United
States.

A poorly preserved specimen from the upper Eocene
deposits of Columbia swas identified as A. alveata
(Clark, in Clark and Durham, 19486, p. 23, pl. 17, fie.
13). Amnother specimen from the same deposits, prob-
ably the same species, was deseribed as A, gadrielensis
(Idem, p. 23, pl. 17, figs. 11, 12}.

Oceurrence: Marine member of Bohio(?) formation
(late Toocene or early Oligocene), localities 40a, 41.

Sthecnus?
Architectonica species

A small, presumably immature, poorly preserved
Architectonica (height 2.7 mm, diameter 7.7 mm), also
collected by ITill at Vamos Vamos, shows few charac-
ters. It has a blunt rounded periphery. Though the
sculpture of the dorsal surface is obscure, a suggestion
of retractive axial wrinkles can be made out. The ven-
tral surface bears five shallow spiral grooves. The
umbilical border is corrugated and the corrugations ex-
tend outward beyond the border with rapidly diminish-
mg strength. The affinities of this species are un-
determined. The specimen may be badly worn.

Oceurrence : Marine member of Bohio(?) formation
(late Eocene or early Oligocene), locality 40a.

Subgenus?
Architectonica cf. A, fungina (Conrad)

Three specimens of Arehitectonica collected by Hill
at Vamos Vamos are assigned to three species. The
third species is represented by a small specimen (height
about 3.5 mm, diameter 7.5 mm). Much of the dorsal
surface is exfoliated and the ventral surface is not
exposed. The dorsal surface shows retractive axial
wrinkles adjoining the suture. The periphery has a
narrow slightly serrate cord. So far as it goes, this
specimen is an Architectonica suggesting A. fungina
(Conrad), a species found in the middle FEocene ol
southeastern United States (Palmer, 1937, p. 162, pl.
17, figs. 17, 21, 24). Similar species are unknown in
the upper Focene or Oligocene of that region.

Occurrence : Marine member of Bohio(?) formation
(late Toocene or early Oligocene), locality 40a.

Subgenus Pseundotorinia Sacco?

Sacco, I molluschi dei terreni terziarii del Piemonte e della
Ligurid, pt. 12, p. 66, 1892,

Type (orthotype): Solariwm obfusum Bronn, Miocene and
Pliocene, Italy.

Architcetonica (Pseudotorinia?) species

An inecmplete and partly corroded Architectonica
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{height about 2.2 mm, diameter about 8 mm) from the
Culebra formation is sculptured on both dorsal and
ventral surfaces with narrow spiral cords overridden
and noded by very narrow retractive axial threads.
The sutural and peripheral cords are slightly wider
than the others, not including the noded cord at the
umbilical border, which is still wider. The reticulate
seulpture suggests the subgenus Pseudolorinia.

Occurrence: Culebra formation (early Miocene),
locality 114.

Subgenusg Architectoniea s. s,
Architectonica (Architcctoniea) rhiecna Woodring, n. sp.

Plate 24, figures 4, b, 10

Of medium size, umhilicus wide, peripheral cord
overhanging base. Dorsal surface sculptured with
four weakly noded spiral cords, not including periph-
eral cord. Peripheral cord weakly noded. On body
whorl cords separated by intervals almost as wide as
cords. Ventral surface sculptured with a narrow
weakly noded spiral cord near periphery, separated
by a smooth space from three more strongly noded
cords of about same width as those on dorsal surface.
Umbilicus bordered by very coarse corrugations seated
on a low cord.

Height 9.5 mm, diameter 17.7 mm (type}.

Type: USNM 562569,

Type locality: 86 (USGS 6025, about 200 yards (200
meters) south of southern end of switch at Dohio
Ridge station, relocated Panama Railroad, Canal
Zone), middle member of Caimite formation.

The type and two ofher specimens, one of which is
a fragment, were collected from the Caimito forma-
tion at locality 56, on the Panama Railroad immedi-
ately southeast of Bohio Peninsula. Locality 56 is the
type locality of O perculinoides panamensis, Lepidocy-
clina pancanales, now considered a synonym of L. ca-
nelled (Cole, 1952 (1953}, p. 18), and Miogypsina pana-
mensis, The fragment represents a shell considerably
larger than the type.

Architectonica rhicna is remotely allied to the Recent.
A. nobilis (Réding). The less elongate nodes on the
more widely spaced spiral cords, the wide umbilicus,
the very coarse corrugations bordering the umbilicus,
and the smooth space on the ventral surface near the
periphery show that it is not in the direct lineage of
A. nobilis. The short nodes are like those of the early
Miocene Drazilian /. eudaidela (Maury) (Maury,
15254, p. 891, pl, 2, fig. 2), the ventral surface of which
is unknown.

Occurrence: Middle member of Caimito formation
(late Oligocene), locality 56,
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Architectenica (Architectonica) of. A. nobilis (Réding)

Fragmentary remains from the Culebra formation
indicate the presence of an Arehitectonica (estimated
height 10 mm, diameter about 23 mm) allied to A.
nobilis, evidently more closely allied than A. phicna.
The dorsal swface is sculptured with closely spaced
spiral cords bearing elongate nodes. Noded spiral cords
also are visible on the ventral surface. Though the
material is inadequate for identification, this species
may be A. nobilis.

The middle member of the Caimito formation on
Barro Colorado Tsland at localities 54h and 54k yielded
incomplete speecimens that have less elongate dorsal
nodes. The relations of this form, listed as Architec-
tonica sp., to that of the Culebra formation are unde-
fermined.

Occurrence: Culebra formation (early Miocene), lo-
calities 99b, 99¢, 100, 116.

Architectonica (Architectonica) nobilis nobilis Réding

’late 19, figures 1-6, 10-12, 14-16

Architectonica nobilis Roding, Museum Bolteniauum, p. 78,
1798  (Recent, locality unknown). Rautsch, Schweizer,
Palaeont, Gesell Abh., Band 54, no. 3, p. 42, pl. 1, figs. 5-T,
1934 (Miocene, Venczucla). Gardner, U. 8. Geol. Survey
Prof. Paper 199, p. 199, pl. 24, figs, 9, 13, 1948 (Miocenc, North
and South Carolina ; figured specimen Recent, off Cape Hat-
teras). Marks, Bull. Am. Paleontology, v. 33, no. 139, p. 91,
1951 (Miocene, Tcuador). Hertlein and Strong, Am. Mus.
Nat. istory DBull, v, 107, art. 2, p. 275, 1535 (Recent,
Tanamd to Ecuador; additional citations).

Solarium granulatum Lamarck, Histoite naturelle des animaux
sans vertébres, v. 7, p. 3, 1822 (Recent, locality unknown}.
Dall, Wagner Free Inst. Sci. Trans., v. 3, pt, 2, p. 829, 1802
(Miocene to Pleistocene, southeastern United States).
Maury, Bull. Am. T'aleontology, v. 5, no. 29, p. 131, pl. 23,
fig. 13, 1917 (Miocene, Dominican Republic). Maury, Brazil
Serv. Geol. Mineral. Mon. 4, p. 61, pl. 2, figs. 6, 12, 1925
{Miocene, Brazil).

Solarium gquadriseriatum Sowerby, Geol. Soc. London Quart.
Jour., v, 6, p. 51, pL. 10, figs. 8¢—e, 185G (Miocene, Dominican
Republic). Maury, DBuli. Am. Paleontology, v. 5, mno. 29,
p. 131, pl. 23, figs. 1, 2, 1917 (3{iocene, Dominican Repnblic).

Solarium sexlineare Nelson, Connectient Acad. Arts Seci. Trans.,
v. 2, p. 11, pl. 6, fig. 11, 187G (Miccene, Perti).

Architectonica granwlata (LamaTck), Gabb, Acad. Nat. Sei
Phila. Jour., n. ser, v. 8§, p. 359, 1881 (I"liccene, Costa Rica).
Olsgon, Bull, Am. Ialeentology, v. %, no. 59, p. 154, pl. 13,
figs. 10-12, 1917 (Miocene, Costa Rica, Panami), Maurny,
idem, v. 10, no. 42, p. 236, pl. 40, fig. 1, 1925 (Miocene, Trin-
idad). Hoedseon, Flodson, and Harris, idem, v. 13, no. 49,
p. 66, pl. 36, fig. 7, 1927 (Miocene, Venezuela). Anderson,
Calif. Acad. 8ci. Proc, 4th ser., v. 18, no. 4, p. 122, 1929
(Miocene, Colombia}. Mansgfield, Tlorida Geol. Survey Bull.
3, p. 110, pl. 18, figs. 1, 2, 1930 (Miocene, Florida). Qino-
mikado, Geol. Soc. Japan, Jour., v. 46, p. 620, pl. 29, fiz. 11,
1939 (Miocene, Colombia).

Solariun intraorngium White, Mus. Nac. Rio de Janeiro Arch.,
v. 7, p. 191, pl. 10, figs. 21, 22, 1887 (Miocene, Brazil).
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Maury, Brazil Serv. Geol. Mineral. Mon. 4, p. 59, pl. 2, fig. 1,

1925 (Miocene, Braszil).

Solerium villercilol Bise, Tust, Geol. México Bol, 22, p. 30,
pl. 3, iigs. 4-11, 1806 {Miocene, México).

Holarium getuncnse Toula, K. k. Geol. Reichsanstalt Jahrh.,
Band 58, p. 692, pl. 25, fig. 3, 1909 (Miocene, Canal Zone).
Li. Geol. Soe. China Bull, v. 9, p. 265, pl. 6, fig. 42, 1930
(Miocene, Canal Zone), Trechmann, Geol. Mag, v 72, D
349, pl. 21, figs, 21, 22, 1935 (Miocene, Carriacou).

Solarium  gronadatum gatuncasis Toula, Brown and Pilsbry,
Acad. Nat. Sci. Phila. Proc., v. 63, p. 360, 1911 (Miocene, Canal
Zone),

Architcotonice (Architeetonica) nobilis guodriscriata (Sower-
by), Woodring, Cinegie Inst. Washington Dub, 3853, p. 334,
pl. 27, fige. 5-7, 1028 (Aliocene, Jamaica ; additional citations).

Architectonica quadrisericta (Sowerby), Anderson, Calif. Acad.
8ci. I'roe., 4th ser., v. 18, no. 4, p. 123, 1829 (Miocene, Co-
lombia).

Arehitectonicy (Architectonica) scaxlinearis i Nolzon), Qlsson,
Bull. Am. Paleontology, v. 19, no. 68, p. 213, pl. 21, figs. 7, 10,
1932 (Miocene, Peru; additional citations). Pilsbry and
Olsgson, Acad. Nat. 8ci. Phila. Proc., v. 93, p. 43, 1941 ({Plio-
cene, Ecaador).

Architeetonict gcxlinearis corusces Olsson, Bull. Am. IP’aleon-
tology, v. 19, no. 68, p. 214, pl. 21, nigs. 5, 8, 9, 1952 (Miocene,
Costa Rica, Perd). Marks, idem, v. 33, no. 189, p. 03, 1951
(Miocene, Beuador).

Architectonice quadriseriota {(Sowerby), subsp., Gardner, U, 8.
Geol. Survey I'rot. Puper 142, p. 587, 1047 (Miocene, Florida).

Architectonica quadriseriate waltonensis Gardner, idem, p. 588,
pl. 38, figs. 8§, 10, 1847 {Miocene, Klorida).

Moderately large, ratic of height fo diameter vari-
able, umbilicus narrow to moderately wide. Iroto-
conch 214-whorled, the first 114 whorls submerged and
hyperstrophic, only the last whorl visible on dorsal
surface. End of protoconch marked by very thin varix
and abrupt beginning of seulpture. Sculpture con-
sisting basically of a peripheral cord, four closely
spaced dorsal cords and six closely spaced ventral
cords, all eut into flat closely spaced nodes by narrow re-
tractive axial grooves, except umbilical cord which is
coarsely corrugated. At first sutural cord and outer-
most cord (not including peripheral cord, which also
is strongly noded) stronger and more strongly noded
than other two dorsal cords; and the two cords next
to nmbilical cord and onfermost cord, which is narrow,
more strongly set off and more strongly unoded than
other two ventral cords. With further growth dorsal
cords more uniform. With still further growth nodes
of dorsal and peripheral cords gradwvally suppressed,
those on sutural cord generally suppressed last. On
large shells outermost of four dorsal cords generally
flanked by wider grooves than others and sutural cord
tends to be slightly wider than others. At interme-
diate growth stages noding and strength of second, third
and fourth cords from umbilical cord variable, but
noding gencrally decreasing outward and groove be-
tween third and fourth genecrally shallow; outermost
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ventral cord strong and strongly noded. During late
erowth stages nodes gradually suppressed on second,
third, fourth, and outermost cords beyond umbilical
cord, those in second and outermost gencrally sup-
pressed last: groove between third and fourth grad-
ually suppressed. At all growth stages wmbitical cord
relatively wido and coarsely corraga L°d and next cord
more or less sirougly nodm and set off i by deep rela-
tively wide grooves. Secondary spiral thread in first
dorsal and ventral grooves from perip}zcrv absent or
present. Secondary spiral thread in second dorsal and
veniral grooves from petigliery generally absent. In
absenee of sccondary thiead adjoining peripheral cord,
outermost ventral cord well saparated from peripheral
cord or crowded against it. Microscopie spiral linea-
tion visible on late whorls. Umbilical wall sculptured
with arcunte growth threads and weak sviral threads,

Height 19.5 mun, diameter 41.2 mm (largest speci-
men). Ileight 163 mm, diameter 36.5 mn (Jargest
figured specimen).

A \-Vi(i(:spl'e“d Architectonics in the Gatun formation
is identified a¢ the Recent Caribbesn and Panamic A.
nobilis proper. It 1s one of the relatively few specics
widely recogmized us surviving on br)t i Caribbean and
Pacific coasts of Central Americe and ranges back fo
the early Miocene. A total of lcil speclinens are avail-
able: 38 from the lower part of the Gatun, 106 from
the middle part n the eastern area and one in the west-
eI ares, : >0 from the upper part in the sastern area and
six i1 the western area. Numerous minute shells from
Tocality 147b and a few from other Icealities show the
partly hyperstrophic (partly inverfed and pseudo-
sinistral), typically architectonicid protoconch.

Though details of the sculpture ave variable, the
basic plan is uniform snd closely inatches that 01 Te-
cent. shells. The principal variable details also can be
matehed, but the frequencies are different. A second-
ary dorsal spiral thread in the groove between the pe-
ripheral cord and the next cord and a similarly located
ventral secondary are less frequent on the fessils than

on Recent shells, as shown by the following table.

Frequency of secondary spiral threads in Architectonica nobilig

Number Dngal Ventral
Ago of speci- seeplidnly | sceondary
mensg spiral sphiral

('rxu,wl) (pereent)
—— " | s
Regent, Panatmnie region. . [, 85 1 03" 95
l{cuuc, Carihheu-w tern Aﬂ"nm’ region. o 5 ai ; 98
4 . 1 S -

1 1,

Miceene, Gatun formation. L., {gr. : ____________ \ i

Three of the fossils have a secondury dorsal spiral
thread in the second groove from the periphery and six
have a secondary ventral spiral in the same position.
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None of the Recent shells examined has more than one
dorsal or vertral secondary.

'_[;Ln'l'y six percent of the fossils that lack a secondary
spiral in the outermost ventral groove have the outer-
most ventral cord crowded against the periphetval cord
(pl. 29, fig. 2), whereas only one of the Recent shells
(collected at dazatlan, México, UBNM 350846) is sim-
ilarly seulptired. The crow dmrr is due to widening of
the neripheral or the outermoest cord, or beth. Two
of the fossils show an extra ventral cord resulting from
splitting of the fourth frem tho umbilical cord.

The stage ot which nodes ave suppressed is variable,
particaiarly for veniral nodes, as shown by the illustra-
tions. emparakle vaviation is shown by Recent
The suppression of ventral nodes follows an al-
nost mvariable pattern: first those of the fourth and
third cords from {the umbilical cord, then thosze of the
fifth (ontermoest) and second. Those of the first cord
ara not ssed and the cord itself is sel off by deep
relatively wide grooves. Recent shells show the same
pattern, one of the striking similarities of fossil and

Supp:‘e%ion of veutral nodes is ac-

~

suppTe

living specimens.
cmnnmnul on fossil and Recent shells by super ecsum of
the groove between the third and fourth cords 1
the wmbilical coxd

On an aberraut fossil (locality 155¢) the thivd,
fourdh, and Afth ventral cords and also the frst and
second dorsal are disintegrated into faint minor
threads. The change in dorsal seulpture abruptly fol-
lows a bresk in tho shell near the end of the penult
whorl—a break f’()h(‘mled on the venlrzl surface by
overlap of the body 1 therefore evidenily is
a defoxmuy.

It is concluded that the pa‘eon‘rolr)frists (Manry, Ols-
son, Hodson, Ilodson and Ilarriz, Anderson, Rutsch,
and Cinomikado) wheo considered Solarium gatunense,
hased on three f]\eun ens from the middle part of the
Gatun formation in the eastern area, to be Arclitoc-
tonics nobilis were jusiifed in Lt;dopt].i1g that view. Iu-
agmuch as a named subgpecies iz recognized in the
Chagres sandstone, the Gatun fossils are given the
cumbersome designation A. nobilis nedilis.

- 1O

Toula llustrated, under the same fignre designation,
two of three specimens of his Selaridum gatunense.
The larger 111115t1f\fe(1 specimen (height 17 mm, di-
aineter 2.7 mm) is herewith designated the lectotype.
It represenfs the prevailing form of Arehitectonica
nobilss In the Gatun formation.

With two exceptions the fossils from the Gatun
formation show no discernible correlation between
senlptural details and stratigraphic or geographic oc-
enrrence. Lhe f{irgt exception is shown by specimens
from the lower part of the formation that lack a sec-
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ondary ventral thread (11 specimens). All have the
cutermost ventral cord crowded against the peripheral
cord and have relatively strong ventral nodes. More-
over most of them have a relatively low height to di-
ameter ratio. Similar specimens occur in the middle
and upper Gatun of the eastern area (pl. 29, figs. 1-3),
but the frequency is much lower: 16 and 29 perceut,
respectively. The same sculptural features are shown
by the middle Miocene Costa Rican form described as
A. sexlinearis corusca, which has also been recognized
in the lower Miocene of Pert and the lower and middle
Miocere of Eeuador. In the Gatun formation as well
as In the type region in Costa Riea, such specimens—
at least in collections that consist of more than one
or two specimens—are associated with others that lack
the crowded ventral cord and have either strong or
suppressed ventral nodes. Association, of course, does
not demonstrate a single breeding population. Tn view,
however, of the demonstrable variation shown by the
fossils, recognition of two named subpieces or variefies
is rejectod, at least for the Gatun formation. “Selur-
tum” sexlineare itself is considered a synonym of A.
nobilis. 'The type lot of three worn specimens is avail-
able through the kindness of Dr. C. G. Dunbar. On
the type, the small specimen (diameter about 25 mm)
illustrated by Nelson and Olason, and on a Iarger para-
type the outermost ventral cord is crowded against
the periphkeral cord. The other paratype, which is
still larger (diamecter about 33 mm), has a sccondary
ventral and dorsal cord.

The second exception is shown by the six specimens
from the upper part of the Gatun in the western area,
assigned to the upper Miocene. Though six speeimens
are not an adequate sample, their ventral nodes are
strongly suppressed, even at a diameter of 20 mm, and
they have a parrow umbilical cord (pl. 29, fie. 15). A
Recent shell from St. Thomas, West Indies (USNM
530227) and another from the Gulf of California
(USXM 46297) show the same features,

“Selarium” quadriseriotum is the carliest name pro-
posed for Miccene Caribbean fossils that have the basic
plan of Architeciorica nobilis. It has been treated as
a distinct species, a subspecies of A. nobilis, or sup-
pressed in favor of A. nobilis. Treatment as a sub-
species was based on grounds that fossils from the
Dominican Republic (the type region) and Jamaica
generally have a narrower umbilical cord than Recent
shells and dorsal nodes that generally last until a later
stage. That view wag adopted without adequate con-
sideration of the range of variation of fossil and Recent
shells,

Fogsils from formations of middle and late Miocene
age in Florida and late Miocene in the Carolinas also
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are referred to A. mobilis. A small race from the
Chipola formation of Florida, of early Miocene age,
was named “Solarium granulatum” chipolanum by
Dall (Gardner, 192647, p. 587, pl. 58, figs. 1, 2, 1947).
The type (diameter 15 mm) and six other specimens
of comparable size have an extra ventral cord, either
single or doubled by splitting.

Whether 4. nobilis arose in Caribbean or eastern
Tacific watersisunknown. Itisrecognized inthe lower
Miocene of Haiti, Carriacou (the largest of the Grena-
dines, West Indies), Brazil, Ecuador, and Perti, and is
represented by a small race in the lower Miocene of
Venezuela and Florida. During middle Miceene thue
and thereaffer it was widely distributed.

Occurrence: Lower, middie, and upper parts of
Gatun formation (middle and late Miccene). Lower
part, loealities 1362, 137, 1537a, 138, 138a, 138b, 139
(mold, Architectonioa sp.). Middie part, castern area,
localities 142, 146, 147h, 147f (immature, identification
doubtful), 147g, 147h, 1471 (immatare, identification
doubtful), 150a, 151, 153 (mold, identification doubt-
ful), 153a, 155, 155a, 155b, 155¢, 157, 159 ; western arca,
locality 161c. Upper part, eastern area, localities 172,
173, 175, 176, 176a, 177b. 177c, 178 ; western area, locali-
ties 182, 182a, 183. TLower Miocene, Venezuela (small
race), Brazil, Carriacou, Haiti, Florida (small race,
A.nobilis ehipolana) , Benador, Perd.  Middle Miocene,
Trinidad, Venezuela, norvtheastern and southwestern
Colombia, Dominican Republie, Jamaica, southeastern
Costa Rieca, southeastern México, Florida, Eeuador,
Pertt, Upper Miocene, Trinidad, Venezuela, north-
western Panamd, Florida, North and South Carolina,
Perd, Pliocene, Trinidad, Venezuela, southeastern
Costa Rica, South Carolina, southwestern Panamd,
Fcevadeor. Pleistocene, Sounth Carolina, southwestern
Panamd, Gulapagos, Baja California. Recent, Cape
Hatteras to Colombia; Magdalena Bay, Baja Califor-
nig, ond Guif of California to Negritos, Pert.

Architectonica (Architectonica) nobilis karstent Rutsoh
Piate 30, figures 1-3
Architectonice nobilis kersieni Rutsch, Schweizer. Palaeont.

Gesell. Abh, Band 54, no. 3, p. 44, pl. 1, fies. 810, 1034

(Miocenn, Venezuela).

Architectonice sewlinearis haughti Marks, Bull, Am. Daleontol-
ogy, ¥. 33, no. 189, . 03, pl. 2, figs. 2, 6, 1551 (¥fiocene,
Teuador).

Dorsal nodes and groove between second and third
dorsal cords from peripheral cord suppressed at an
carly stage. At intermediate and late growth stages
ventral surface sculptured with a relatively wide,
coarsely corrugated umbilical cord and an onter non-
noded cord, erowded against peripheral cord. Coarse



170

tioned, both from the Cercado formation, are the only
ones lmown from the Dominican Republic.

Ll eliaous stonemanae 15 closely related to £1. planis-
pira (Plsbry and Lowe, 1932, p. 83, pl. 8, figs. 9-11),
but is not flat-topped, and has a less distinct sutural
cord, narrower umbiliens, and a wide ventral cord ad-
jolning the umbilical cord. Though H. lewei Durham
is not flat-topped, in other features it is similar to .
planispira. No species of Astronacus is known to have
survived 1 the Caribbean region.

Occemrrence : Lovwer part of Gatun formation (middle
Miocene), localities 137a, 138, 138z, Cercado forma-
tion (middle Miocene}, Doininican Republic.

Heliacus {(Astronacus) anaglyptus Woodring, n. sp.
Plate 20, figures 9-11

Of medium size, moderately Tow-spired, wmbilicus

moderately wide. Upper peripheral cord slightly
wider than lower, cxcept near outer lip. Tast 114
whorls of nrotoconch visible on dorgal surface.  About

one-eight of first sculptured whorl inflated and crudely
senlntured. Tater dorsal sculpture consisting of very
narrew and very closely spaced rofractive axial threads,

swollen on well defined peripheral cord (uvnpst per- |

ipheral cord of body whorl) to form {ine nodes and
less swollen at nairow groove adjoining suture. About
half of axial threads reach sutural groove, the others
faliing short or joining a thread that reaches sutura
groove, _Axial threads and sutural groove gradually
supprassed near outer lip, the axial threads bhaing re-
placed by growth threads. Lower peripheral eord
finely noded like upper peripheral cord; the two sets
of nodes jomed by axial threads, Ventral
seillptnred with a narrow corrngated umbilical cord,
set off by o deep groove and followed outward by a
wide nongrooved aren, a narrow spiral cord and a very
rariow spiral thread. TInmer part of wide nongrooved
ares bearing corrugations. QOubward from these cor-
rogationg ventral surface bearing axial threads like
those on periphery and dorsal surface.

Height 5.3 mm, dinmeter 9.5 mm (type).

Type: USNM 562621.

Type locality: 173 (Stanford University 2654, Pan-
ama Rallread realignment cut about thres-fourths of
amile {1 kilometer) north of north end of Gatun Third
Tocks execavation, Canal Zone. ILat 9°18” N, long
O35 W., plus 200 feet [50 meters], upper part of
Gatun formation.

The type and only specimen of this handsomely
seulptured species was found by T. F. Thompson in
the upper part of the Gatun formation at locality 173,
between (Gatun and Mount ITope. Though it ig similar
to Heliacus stonemanee and I, planispire 10 general

suriace |
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features, it is mowe finely sculptured and the ventral
surface is more weekly sculptured. . stonemanae and
H. planispira may represent a single lineage, but it is
nnlikely that H. anaglypius represents a direct ofishoot
from that lizeage.

Occurence: Upper part of Gatun formation (middle
Miocene), eastern area, locality 173.

Family CERITHIIDAE
Subtfamily CERITHIINAE

Unidentified eerithids ave in the collections from
the Gatuneillo formation, the marine member of the
Bohio(?) formation, and the Culebra formation. The
Gatuncillo fossils include molds of a fow whorls of a
large species. Though it is listed as “large cerithid,
possibly Campanile,” it is unidentifiable. The Gatun-
cillo also yielded two species of Cerithéum in the un-
restricted sense, both represented by fragments of a
few whorls. The species listed as “Cerithivm sp. a”
has gtrong spiral sculpture, but no axial sculpture, at
least not on late whorls; “Cerithiuwm sp. b” is sculptured
with moderzately strong narrow axials and weak nar-
row spirals. The Bohio(?) specimens, which may
represent two specics, are small and slender. 'The
Culebra, formation yielded a large cerithid (height,
4 whorls, 56 mm). It is so firmly encased in tough
tuffaccous sandstone that only traces of the sculpture
can be made out. Iarge cerithids are found 1 the
upper Oligocene of southicastern United States and
Puerto Rico and in the lower Miocene of the island
of Anguilla. Thelir generic affinities are still un-
determined. The sculpturs and whorl proiile of the
Anguillan  species, Cerithium herculeanum C. W.
Cooke (1919, p. 116, pl. 1, fig. T}, suggests Jampanile.

Genus Cerithinm Bruguiére

Bruguiére, Encyclopédie méthodique, Histoire ﬁatureue des
vers, v. 1, p. xv, 1785 (genus without species).

Type (virtual tauwtotype}: Cerithium adensonii Bruguiére
(idem, p. 479, 1792; Adanson’s Le Cerite, which Adanson
arranged under the genus Cerithium, cited in synonymy),
Recent, Red Sca.

If the interpretation of virtual tautenymy, involving
use of o pre-Linnean vernacular name, is too straiued,
action by the International Commission en Zoological
Nomenclature validating Cerithivm adansonii as the
type of Cerithivm is desirable.

The former uncertainty concerning identification of
Cerithium adonsonid has been rezolved by TFizscher-
Piette (1942, p. 250-253, pl. 8, figs. 16a, b), who found
that Adanson’s specimen of his Le Cerite 13 the Red
Sea species named erithivm  erythraconense by
Lamarck in 1822, Adanson’s Le Cerite is considered



172

at sutural edge of sutural band. Varix appearing on
last few adult whorls. Penultimate varix very heavy,
located on apertural face of body whorl, about 110°
from outer lip. Quter lip varicose, ascending almost
to snture of preceding whorl. Median columellar fold
strong within aperture; fold bordering siphonal canal
not ag strong.

TTeight (incomplete) 35.5 mm, diameter 11.5 mm
(type}.

Type: USNM 562599,

Type locality: 1556 (USGS 16949, spoil dump of
Gatun Third Locks excavation, nnits 11 and 12 of sec-
tion (chapter A, p. 44), Canal Zone), middic part of
Gatun formation.

R hinoclovis costaricana conabina is a slender sub-
species of . ecostaricana proper, which was described
by Olsson (1922, p. 144, pl. 10, figs. 3, 4) and occurs
in middle Miocene deposits in southeastern Costa Rica.
It also is more slender than the Miocene Jamaican /2.
costaricans stene {Woodring) (1928, p. 385, pl. 25, figs.
7, 8), and has wider and stronger axial ribg than that
subspecies. f2. venade (Maury) (1923, p. 222, pl. 41,
fig. 1), a middle Miocene spceics from Trinidad, has
more subdued axial ribs and a narrower sutural spiral.

This 18 the largest cerithid so far found in the Gatnn
formation. Three specimens, all iucomplete, are in
the collections: two from the type locality and au im-
mature gpecimen was locality 162, Neither of the fos-
si's from the type locality was buried soon after death.
Both have a worn broken apex and both served as the
attachment area for several Septastrea-like coral cal-
ices. An immmature Hehénochama shell also was at-
tached to the type.

Occurrence : Middle part of Gatun formation (mid-
dle Miocene), eastern area locality 155b; western area,
locality 162.

Genus Dirogerithium Woodring and Stenzel, n, gen,

Type: Dirocerithium wechesense Stenzel, n. sp., middle Foeene,
Texas.

Though the new name Dirocerithivm appears in a
publication by Woodring, the description of the new
genus and the discussion were preparcd jointly by
Woodring and Stenzel, and the new name is to be at-
tributed to them. The description of D). wechesenss
is by Stenzel, that of D). aine is by Woodring.

Dr. L. R. Cox, of the British Mnseum (Natural His-
tory), kindly loaned two topotypes'of Bellatore palae-
ochroma and three of B. gomphoceras. We also are
indebted to Mr. Herman Gunter, Director of the Flor-
ida Geological Snrvey, for the loan of the type of
B. citrana and paratypes of B. americana and
B. floridana.

GEOQOLOGY AND PALEONTOLOGY (OF CANAL ZONE

Cerithids of medium size to moderately large (50 to
90 mm). Later hall of body whorl generally more
loosely coiled than spire whorls. Shell profile gen-
erally straight, or slightly concave. Spire whorls di-
vided by a groove, or ledgelike groove, into a posterior
band (sutural collar) and a generally wider anterior
band. Tarly whorts sculptured with vertical or
slightly protractive axial ribs and spiral grooves.
Axial ribs disappearing at different growth stages in
diflerent species, those on sutural collar disappearing
last. Spiral grooves also disappearing at different
growth stages, the groove seiting off sutural collar most
persistent and generally extending to outer lip, or
gradually disappcaring on late spire whorls. Idarly
sculptured whorls bearing narrow wvarices. Varices
present or absent on early intermediate whorls, Ma-
ture shells generally bearing 2 low wide varix near end
of penult whorl and a stronger varix on body whorl
almost opposite onter lip. Aperture of varying
widih depending on presence or absence of slight varix-
like swelling near outer lip. Outer lip moderately
thick or thin, flaring, slightly indented, apex of in-
dentation below sutural collar; anterior part scoop-
shaped. Siphonal canal narrow, of moderate length,
strongly bent backward. Parictal callusspreading over
innerlip. Posterior canal short and narrow.

The sutural collar, terebrid-like early seulpture, and
scoop-shaped outer lip are characteristic features of
Dirocerithium. Were it not for the varices, early
whorls deprived of the aperture might be mistaken for
those of Strivterebrum.

Dirocerithivm apears to be an endemic American
genus ewbraciug spbcies that have been referred to
various genera. Their aflinities were not understood
nntil Palmer (Richards and Palmer, 1958, p. 17-21)
assigned some of them to Rellatera, when it became
evident that they have Tethyan aflinities.

Dirocerithium appears to be an endemic American
Texas as an invader during the middle part-of middle
Iiocene time snd eventnally spread castward to
Flovida, where the youngest species in southeastern
United States (D). americanum) has recently been
found. As the genus is known to oceur in the carly
middie Eocene of the Caribbean region, it evidently
invaded sontheastern United States from the Carib-
bean region. Its roots are surmised fo lic in the lower
Eocene of the Caribbean or Mediterranean regions, but
the lower Eocene mollusean fauna of the Mediter-
ranean region is poorly known and that of the Carib-
bean reglon is practically unknown. Direeerithium
and Bellatora presnmably had a common Tethyan an-
cestry, for they have the same apertural features and
both Jose early axial and spiral scuipture coverin o en-
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tire spire whorls. Zellatara, however, lacks a sutural
collar and late, or even intermediate, whorls bear
spines which are very heavy on the penult whorl of the
type species. Instead of a sutural collar, Bellatura
has a low spiral thread at, or near, the anterior cdge
of spire whorls.

Bellatare (Strand, 1928, p. 39) was proposed as a
substitute name for Bellardia Mayer (1870, p. 329),
which is a homonym of Bellardic Robireau-Desvoidy,
1863. The type species, Cerithium (Bellardia) janus
Mayer (the monotvpe of Mayer’s Bellardia}, occurs in
middle Eocene strata at Monte Postale, Verona, Italy.
According to Iluropean anthors (de Gregorio, 1894
(1895}, p. 3, 16; Oppenheim, 1896, p. 182; Cossmanmn,
1906, p. 69, footnote), “Cerithium® palacochroma
Bayan (1870, p. 478; 1870a, p. 35, pl. 1, figs. 1, 1a, 3},
described in the same year and from the same locality,
has precedence as the name for the fype species.
Bayan’s illustrations of the type species are entirely
satisfactory, but the publication in which they ap-
peared (a lithographic reproduction of very neat
seript) is very rare. A copy is in Stenzel’s personal
library. Cossmann’s illustrations (1906, pl. 2, figs, 6-
8) are the best of those that are readily accesible (ex-
cept for the early sculpture) and Malaroda’s (1954, 1.
47, pl. 2, fig. 12, pl. 3, figs. 1-4b, pl. 11, fig. 21) are the
most recent.

“COerithium” wvellicatum DBellardi, from the upper
Hocene of the French Riviera and the upper(?) Kocene
of Yugoslavia (Oppenheim, 1901, p. 261, pl. 19, figs.
10, 11; Boussac, 1911, p. 288, pl. 18, figs. 1-11) is closely
related to Bellatare palacochrome. Doussac’s series of
illustrations show that the early whorls are sculplured
with axial ribs and spiral threads, and infermediate
and late whorls with blunt spines, but the spines on
the penult whorl are not as heavy as those of 5.
palacochroma.

At fArst glance “Cerithium® gomphoceras Bayan
(1870, p. 478; 1870a, p. 29, pl. 1, fig. 2, pL 2, figs. 3,
4; Malaroda, 1954, p. 47, pl. 2, figs, 14-18, pl. 6, figs.
1,2, pl. 11, figs. 19, 27}, a large species (height 100 mm,
diameter 85 mm) associated with Bellatara palueo-
chroma at Monte Tostale, appears to be a gpecies of
Dirocerithium that has the slightly concave outline and
entirely smooth late whorls of D. whitfields. DBayan’s
plate 2, figure 3—the only illustration of a well pre-
served oufer lip—and the growth lines on topotypes
show a scoop-shaped outer lip like that of Bellatara
and Dirocerithivm, and his plate 2, figure 4 and a topo-
type show an axially senlptured sufural band on early
whotls. What appears to be a sutiral band on the late
smeoth whotls, Lowever, is an entire whorl. Altbough
the adult body whorl has a height of almost 40 mm,
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the height of the exposed part of spire whorls is only
5 to 7 mm; that is, the whorls are very tightly coiled.
The tight coiling and high flat body whorl result in a
long very narrow aperture. Unless a great deal of
latitude is given to Bellatara and Dirocerithivm, it
does not seem to be proper to refer “Cerithivm™ gom-
phoceras to either, at least not in the vestricted sense,
although it is related to both.

d’Archiac and Haime’s (1853-54) illustrations of the
species they described as “COerithium” subnudum (p.
301, pl. 28, fig. 17}, “C. nudum? (p. 304, pl. 29, fig,
4}, “Rostellaria” angistoma (p. 314, pl. 30, figs. 14,
15), “Terebra” contorta {p. 321, pl. 31, lig. 18, pl. 33,
fig. 10), and “7." fleminge (p. 322, pl. 31, fig. 17) sug-
gest that earlier remote allies of Bellatara and Diro-
cerithivm arve found in West Pakistan. These ceri-
thids, which were overnamed by d’Arehiac and Haime,
have been discussed by Cossmann and Pissarro (1909,
p. 54-56), Vredenburg (1928, p. 51-56), and Cox
(1930, p. 146; 19381, p. 43). They occur in the Ranikot
and Laki series, both of which appear to be of early
Kocene age, although fhe Ranikot has been assigned
to the Paleocene. “Beilardia” indica Douvillé (1929,
p. 93, pl. 9, fig. 6) and “B.” wicine Douvillé (idem, p.
53, pl. 9, fig. T), from the early Paleocene of Sind,
are melanopsine thiarids, now referred to Pseudo-
bellardia (Cox, 1931, p. 46), described as a subgenus
of Pirena.

The species of Dirocerithium now recognized, rang-
ing in age from early middle Focene to late Eocene,
are listed 1n the table on page 174.

Dirocerithium vinctum, D. wechesense, and D. aff.
D. wechesense are progressively younger and form a
graded series in progressively earlier loss of axial and
spiral sculpture; that is, they meet the requirements
of a lineage. 7. americanum, tho youngest species in
sontheastern United States, however, does not fit into
this lineage. In relative width of sutural collar and
anterior band it resembles D. wechesense, but the axial
sculpture, in the form of narrow wrinkles, seems to
disappear at a later stage than that of D. wechesense.
The slightly concave ontline of D. whitfieldi indicates
that it is not closely related to the other species in
southeastern United States. Tt loses its sculpture at
a very early stage and, unlike any other species of the
genus, even loses its sutural collar.

D. arme is the only Caribbean species for whiel ade-
gunate material is available. It may possibly be a pred-
ecessor of 1, whitfieldi. D). mariense, the oldest species
of the genus, is characterized by a deep groove set-

ting off the sutnral collar. The early whorls are not

| preserved on the type, but a few additional whorls

are preserved on a topotype collected by 1T, (i, Kngler.
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Species of the genus Dirocerithium

Southeastern United States
Age Caribbean region
Texos Mississippi Alabama Florida
Early late D. cf. D. mariense
Logenc. (Trechmanmn},!
Carmen formnation,
Colombia.
D. americanum
D. whitfields Palmer) 2 Vernon's
(Meilprin) 2 Inglis 1.orma;b10n
Gosport sand. and Avon Park
limestone.
© D. alf. D. wechesense
= Stenzel, n. sp., Stenzel’s
= TTurricane marine len-
til of Landrum mem-
ber and  Stenzel's
Wheelock marl mnem-
ber, Cook Mountain
formation.
i
2 . ame Woodiing, 1.
sp., Gatunecillo for-
mation, Canal Zone.
=) D. sp.s, Charco Re-
g o donde  limcstone
& = member of Cobre
H =g formation, Cuba.
= = D. wechesense Stenzel, 1.
i sp., Weehes greensand
= member of Mount Sei- | DL winctum  (Whit- D, vinelum (Whit-
= man formation. fieid)t, Winona iieid), Lisbon
sand member of formation.
Lishon formation.
D. mariense (Trech-
N manm®,  Carbona-
B it
- ceous  onale,  Ja-
l’g e,
! '

L lgve {Ochetoelpve) aff. vincte (Whitfleld), Clark (Clark and Dur-
ham. 1946, p. 29. pl. 24, fiz, 1, deposits of late Eoeene nge, Colombia).

2 Rostellarin whiticldi Hellprin (1879, p. 216, pl. 13, fie, 14, [Gosport
sand], Claiborne, Alabama). Cerithinm whitfieldi (Heilprin}, Palmer
(1937, p. 215, pl. 28, 8g. 8, Gosport sand, Claihorne, Alubama),

3 Belletara nmericgng Palmer (Richards and Palmer, 1953, p. 18, pl. 2,
I‘ﬁ’s.'.‘%,)ﬁ, 12, Avon Park limestone and Vernon’s Inglis formation,
Mloridal,

s Cerithium vinctem Whitficld (1863, ». 285, pl. 27, §, crroncouslty
reported from Vicksburg, Misslssippl, actoally from Lisbon, Alabaina
Gardner (19453, p. 158, pl. 14, figs. 3, 7. syntype). (lave (“Ocheiocluve’™)
wincte (Whitfield), Palmer (1987, p. 217 (part). pl. 29, figs, 7, 10, 11
(type), 18, not figs, 15, 18, 17, 1%, Lizhon formation, Lishon Alabama).

Sireretraiin? sp., Woodring (Woodring and Daviess, 1944, p, 373

(list}, Chareo Redondo limestone [member of Cobre formation], Cuba).
dum?? aff, <07 pinetym Whitfield, Woodring (1052, p. 61 (meu-
Charco Redondo limestone [member of Cobre formationl,

tione:

Cubu).)’ Theugh the Chareo Redondo limestone was given formation rank
when the name wns proposed and was considered of late Eocene age, It
iz now ciassilied a5 o member of the Cobre Tormation and Is assigned to
the middle Locene (Lewiz and Straczek, 1955 {1856), pp. 280-232,

rable 1; Bermitder, 1950, p. 246).

¢ Morganie meriensig Trechmann (1824, p, 13, pl. 2, fig, 3, Carhonaceous
ghale, Jamaica). Trechmann thousht that the fossils of the Carhena-
ceous Shale “appear to have affinity with forms in the Cuisiau, Spar-
naecian, or Thanetian, or with the Ranikot beds™, but its meager faena
indieates an age not older than early middlc Hocene.
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Although the axially sculptured whorls are missing,
the axial sculpture disappears at an early stage. The
deep groove setting off the sutural collar of the Colon-
bian species indicates it may be allied to D. mariense.
A large specimen in the collection of the Museum of
Paleontology of the University of California (locality
1$162), which is in better condition than Clark’s, shows
that the apical angle of the Columbian species is larger
than that of £). mariense, and that the sutural band is
wider and the groove gefting it off is deeper. On the
one specimen from Cuba the last two axially seulp-
tured whorls, bearing relatively wide axial ribs and
variees, are present. The axial sculpture disappears at
a relatively late stage. The anterior band is only a
little wider than the sutural collar, which is set off by
a ledgelike groove.

Two cerithids associated with 7). americanwm in
Florida have been described as Bellatara citrana 1alm-
er (Richards and Pahner, 1953, p. 18, pl. 2, fig. 8)
and Bellatara foridena Palmer (idem, p. 19, pl. 2, figs.
10, 11, 18). B. citrane has relatively strong spiral
seulpture, but no axial sculpture, on Intermediate
whorls. The irregular swellings of B. floridana sug-
gest the much larger “Cerithium” coracinum Oppen-
heim (1901, p. 262, pl. 19, figs. 1-3}, an upper(?)
Kocene species from Yugoslavia. These two species
from Florida evidently do not represent Dérocerithium
or Bellatara. '

Dirocerithium wechesense Stenzel, n. sp.
Plate 24, figures 10, 12-14
[Desecription and comments prepared by II. B. Stenzoi]

Vertegus wechesensis Stenzel, in Renick and Stenzel, Texas
Univ,, Bar. Econ. Geol., Bull. 3101, p. 87 (name only), pl. G,
fig. 8, 1931 (®ocene, Texas).

Clava (“Ochefoclove’) wvinete (Whitfield), Palmer, Bull. Am,
Paleontology, v. 7, no. 32, p. 217, (part) pl 29, figs. 15, 16,
17, 19, not figs. 7, 10, 11, 18, 1937 (Eocene, Texas).

Bellatora wechesensis (Stenzel), Palmer, in Richards and Palm-
er, Florida Gceol. Survey Bull. 35, p. 20 (name only), 1953
(Eocene, Texas).

Shell of medium size, slender; spire profile straight
in juveniles, somewhat irregular in anterior part of
fully adult shells; apical angle about 27°. Juvenile
whorls nearly straight-sided, divided into a sutural
collar and an anterior band about twice as wide as
sutural eollar; sculptured with numerous -closely
spaced slightly protractive axial ribs; two narrow
spiral striae setting off sutural collar from anterior
band of same whorl; three to four rounded spiral cords
overrunning anterior band, but suppressed as they cross
ribs and gradually disappearing about 15 mm from
apex. Anterior band gradually losing sculpture and
becoming smooth in early adult stage, but on sutural
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collar sculpfure persisting until someswhat later stage

and ribs changing to vertical closely spaced wrinkles

before they too disappear. At that stage (early adult)

anterior band 114 times as wide as sutural collar.
Relative widitl of sutural ccllar and anterior band
changed only during very last stage, when coiling be-
comes irregular and whorl is angulated at division be-
tween sutural collar and anterior band. Spire varices
in juvenile stage pronounced and somewhat bulbous;
varices absent in early adulf stage; in last stage varices
consisting of irregular outbulgings which produce ir-
regular rise and fall of suture. Aperture moderately
wide; siphonal canal shoxt and twisted ; posterior canal
simple, Tocated at sutural collar; outer lip thick, gen-
crally broken ; parietal callus moderately thick, bearing
a spiral fold delimiting posterior canal; callus extend-
ing from parietal wall over inner lip to siphonal canal,
where it forms a fold following twisted edge of canal.

TTeight (incomplete) 58 mm, diameter 24 mm (type).

Type: Type and paratypes temporarily in collection
of T. B. Stenzel, Houston, Texas.

Type locality : Road cut on abandoned county road
adjoining new Marquez-Centerviile road (State ITigh-
way 7), 0.6 mile east of crossroads known as Robbins
{crossing of Farm to Marlet road 39, or Jewett-Nor-
mangec road), central Teon County, Tex., Stenzel’s
Viesca member of Weches formation (to which he
assigns formation rank, instead of member rark in
Mount Selman formation), middle Eocene (Cubito-
stree smithvillensis zone).

Dirocerithium wechesense is distmguished from D.
winctum, which evidently is its predecessor, by its
larger size, the presence of two (not three) spiral striae
separating the sutural collar and anterior band, the
more conspicnous juvenile varices, the unegual width
of sutural collar and anterior band on early adult
whorls, and the earlier disappearance of the sculpture.

Occurrence: Weches greensand memher of Mount
Selman  formation (middle Xocene), Robertson
County northeastward to San Augustine County, Tex.

Diroecerithium ame Woodring, n. sp.
late 24, figures 15-18

Moderately large (restored height about 85 mm,
diameter 30 mm), outline very slightly concave, later
half of body whorl loosely coiled. Sutural collar of
early whorls narrow, 14 to 14 as wide as anterior band.
LEarly whorls also sculptured with practically vertical
narrow axial ribs extending from suture to suture, and
narrow spiral cords on anterior band. Axial sculpture
and spiral sculpture, except for groove seiting off
sutural band, gradually disappearing about 20 mm
from apex. Sutural collar gradually widening until
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it is as wide as anterior band, or even a little wider,
and groove dividing sutural collar and anterior band
becoming ledge-like (ledge of shelf facing sutural col-
lar). Karly whorls bearing one or two varices.
Varices persisting later than axial sculpture, but grad-
ually disappearing on early intermediate whorls. A
wide varix swelling, flattening posteriorly, about 180°
in counter-clockwise direction from outer lip and
another about 860° from outer lip. Anterior part of
outer 1ip scoopshaped.

Height {iucomplete, 6 whorls) 64 mm, diameter 30
mm {largest specimen). Height (incomplete, 9
whorls) 52 mm, diameter 26 mm (type).

Type: USNM 562545; 3 paratypes USNM 562546 ;
paratype, Stanford University.

Type lacality: 88 (USGS 17166, Rio Casaya area,
Quebrada de Oro, a northwestward-flowing tributary
of Rio Casaya, 8.3 kilometers southeast of east end of
Gamboa bridge, Canal Zone}, Gatuncillo formation.

The silicified Focene fossils found on Quebrada de
Oro include 36 iucomplete specimens of this cerithid.
Some are fragmentary remains of one or two whorls
and many are somewhat riddled by a boring organism,
probably a sponge. The only specimen that has a
complete aperture is disfigured by a cluster of attached
immature oyster shells (pl. 24, fig, 17). A few of the
earliest whorls are not preserved on any of these fos-
sils and their granular silica is not an effective medium
for showing the sculpture of tlie carly whorls that are
preserved. Nevertheless it can be seen, especially on
a small paratype (pl 24, fig. 16) that the sutural col-
lar of the early whorls is relatively very narrow and
that the carly sculpture is strikingly Stricterebrum-
like, except for the varices. The outer lip shown on
plate 24, figure 17 does not show the slight posterior
indentation of Dirocerithium, but the edge of the lip
is somewhat defective. The two wide varices of adult
shells produce a dorso-ventral flattening of the shell
and a pronounced coustriction of the space occupied by
the animal. The constriction is especially marked on
shells that have the outer lip broken back a short dis-
tance from the aperture, which is the usual condition.

The slightly concave outline suggests that Diroce-
rithium ame may be more closely related to D. whit-
field? than to the other species. [, whitfieldi, however,
lias a larger apical angle, loses its sutural collar ou the
last few whorls, and lacks varices on the body and
penult whorls. The only specimen at hand {collected
from the Gosport sand at Claiborne, Ala., evidently
a topotype) is badly worn and the tip is broken, butf, the
axial sculpture seems to disappear at a later stage than
on D. ame. Where the sutural collar disappears, the
collar is about as wide as the anterior band and in that
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respect the two species are similar. 2. americanum
has a narrower apical angle that D. ame, lacks a
slightly concave outline, and has a relatively narrower
gutural collar on intermediate and late whorls.
Occurrence : Gatuncillo formation (middle Kocene}),
locality 88,
Subfamily POTAMIDINAE
Genus Potamides Brongniart
Brongniarg, Mus. Hist. Nat. (Paris) Ann., v. 15, pp. 367, 368,
1810.
Type (monotype) : Potamides lamarckii Brongniart, Oligocene,
Taris basin.

Potamides suprasnleatus (Gabh)
P'late 28, figures 3-6

Cerithivm suprasulcatum Gabl, Am. Philos. S8oc. Trans, n. s,
v. 15, p. 237, 1873 (Oligocene?, Dominican Republic.)

Potamides ormei Maury, Bull. Am. Paleontology, v. 5, no. 25,
p. 126, pl. 22, fizg. 8, 1917 (Migocene?, Dominican Republic).

Potamidas suprasuleatus (Gabb), Pilsbry, Acad. Nat. Sei. Phila.
Proe, v. 73, p. 873, pl. 29, fizs. 10, 11, 1922 (Oligocene?,
Dominican Republic).

Potumides ormet var, infralirefus Spieker, Johns Hopkins Uniy.
Studies in Geology, no. 3, p. 58, pl. 2, fig. 11, 1922 (Miocene,
Teri}.

Potemides (Lampanclie) ormei Maury, Weisbord, Bull. Am.
Paleontology, v. 14, no. 54, p. 38, pl. 8, figs. 6, 7, 1929 (Afi-
ocene, Colombia}.

Potamides infraliratus Spieker, Olsson, idem, v. 19, no. 68, p.
193, pl. 23, figs. 5, 12, 1932 (Miocene, Pert). Marks, idem,
v. 33, no. 139, p. 105, 1951 (Miocene, Ecuador).

Potamides? suprasulcatus Gabb, Hedberg, Geol. Soc. Am. Dull,
v. 48, p. 2024, pl. 8, figs. 10, 11, 1937 (Miocene, eastern
Yenezuela).

Of medium size, rapidly enlarging, spire whorls
practically flat. Irotoconclh not preserved. ILarly
whorls sculptured witl a sutural spiral band and a wider
anterior spiral band occupying remainder of whorl.
Sutural spiral bearing strong nodes and anterior spiral
bearing axial ribsaligned with thenodes. 'With further
growth the wide anterior spiral is divided by a narrow
groove into two closely spaced spirals, narrower than
sutural spiral. Groove setting off sutural spiral wider
than that between the two anterior spirals. On largest
shiell edge of a fourth spiral emerges at anterior suture.
Tho three spirals of intermediate and late spire whorls
bearing streng nedes aligned in slightly areunate axial
series. Alignment of nodes on correspouding spirals
of body whorl more strougly arcuate. Base of body
whorl sculptured with six to eight additional narvow
spirals (the number depending on size of shell), which
are not noded, but are somewhat undulatory, less undu-
latory anteriorly. Aperture very heavily margined.
Outer lip strongly varicose, slightly ascending, bearing
a shallow indentation, apex of which is opposite second
spiral from sutnre, Siphonal canal very short, wide.
Inner lip covered with thieck callus.
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Height (incomplete) 30 mm, diameter (including
varicose outer lip) 17 mm (larger figured specimen).
Height (incomplete) 21.8 mm, diameter (somewhat
increased by crushing; including upper part of varicose
outer lip} 14.3 mm (smaller figured specimen).

Type: Acad. Nat. Sci. Phila. 2600.

Type locality : Dominican Republic (probably Tab-
era formation on Rio Yaque del Norte below Tabera}.

This boldly sculptured potamidine cerithid is fairly
common in calcareous sandstoine of the Culebra forma-
tiom, including the transition zone between the Culebra
and Cucaracha formations. Fragments of a whorl or
two-—and most of these fosgils are fragments—are read-
ily identifiable. Nomne of the specimens is complete and
none has a complete aperture, but by using several speci-
mens complete apertural features are available. Hed-
berg’s illustrations of eastern Venezuelan specimens
show perfect apertures and Weishord’s figure 7, illus-
trating a Colombian specimen, eflectively shows growth
lines.

Gabb’s type lot (his only lot) consists of 14 worn or
somewhat worn specimens. The matrix is poorly sorted
dirty gray sandstone containing subangular rock anud
mineral granules. A small collection of fossils from
conglomerate and sandstone of the upper Oligocene
Tabera formation on Rio Yaque del Norte below I3aitoa
{(USGS locality 8557), in the Dominican Republie, in-
cludes an incomplete specimen of P. suprasuleaius
(Lieight, 6 whorls, 24.5 mm). Though the matrix of the
type lot is not as coarse grained as that of the specimen
from the Tabera formation, the unknown type locality
may represent the Tabera on Rio Yaque del Norte some-
where downstream from Tabera. The type and only
specimen of P. ormei was received from Gabb. In mor-
phologic features, preservation, and matrix it is indis-
tinguishable from specimens in Gabb’s type lot. It is
practically a paratype of P. suprasulcatus and £. ormed
is practically an objective synonym of P. suprasulcatus.
The apical angle of the fossils in the type lot (but not
of the specimen from the Tabera formation) is slightly
larger than that of the fossils from the Culebra forma-
tion and their sewpture is slightly coarser.

Peruvian, Xcuadorian and Colombian representa-
tives of this species are larger than those from other
arcas. The fossils frow Perd and Fenador have a de-
cidedly larger apical angle and somewhat coarser
sculpture than those from the Canal Zone, markedly
coarser on the late whorls of large speeimen. Should
a name be considered advantageous for the Peruvian-
Ecuadorian form, Potamides suprasuleatus infroli-
ratus 1s available. There is, however, as much justi-
fication for a subspecific name for the relatively slender
and more delicately sculptured Canal Zone form.
Moreover, In width of apical angle and coarseness of

sculpture, specimeng from Colombia are Intermediate
between the Peruvian-Iicuaderian form and that in
eastern Venezuela, which closely resembles the Canal
Zone form. It ig concluded that P. suprasulcatus 1s a
variable specles and IHedberg's suppression of
Spieker’s name, as well as Mawy’s, is accepted. 2.
suprasuleatus thereforve is widely distributed and oc-
curs in deposits ranging in age from late Oligocene to
middle Miocene. Though it is unrecorded from Trini-
dad, it 1s represented in the Brasso formation at Mayo
Quarry, on the north side of the Central Range
(UsGS locality 19851), in a collection recently for-
warded by H. G. Iugler. It occurs alse in 2 mixed
fresh-water and brackish-water fauna of Miocene age
on Rio Carboneras in the Izabel area of eastern Gruate-
mala (USGS loc. 10588).

P. suprasulcatus is not a typical Poiwmides in a
narrowly restricted sense. The type of the genus is a
small slender species (height 24 mm, diameter 8.5 mm).
Nevertheless the type species and P. suprasuleatus have
comparable apertural features and comparable basic
sculpture. The absence of varices on the spire and
opposite the outer lip, the shape of the outer lip, and
the length and shape of the siphonal canal show
similarities. The most marked differences are the
heavy sculpture and heavily margined aperture of P.
suprasuicatus, particularly the heavy outer lip. Close
allies of that species have a thin or moderately thick
outer lip: . roumaini Pilsbry (1910, p. 487, fig. 1;
Miocene, Haiti), £. eaobasensis Pilsbry (idem, p. 488,
fig. 2; Miocene, Haiti}, P. tippenhaueri Woodring and
Mansfield (Woodring, Brown, and Burbank, 1924, p.
G11, pl. 16, figs. 3, 4; Miccene, Haiti), and P. matsoni
1all (1913, p. 231, pl. 21, figs. 1,2, 7; Miocene, Louisiana,
Texas). This group of potamidine cerithids failed to
survive the Miocene. /2 smafsond is 4 migrant in south-
eastern United States. It had no known predecessors
in that region and left no known descendants there or
clsewhere. It therefore is a useful guide for a brack-
ish-water tongue in the Fleming formation as used in
Louisiana and eastern Texag, designated the Potamides
matsonz zone. At an ouferop locality In eastern Texas
that zone has been dated by laud vertebrates as late
Miocene (Stenzel, Turner, and ITesse, 1944), bnt is now
considered middle Miocene (Quinn, 1955, p. 70, 80).

Oceurrence: Culebra formation (early Miocene}, lo-
calities 103, 104a, 106, 108¢c, 110, 114, 115a, 115h. Ta-
bera formation (late Oligocene}, Dominican Republic.
Brasso formation (early middle Miocene}, Trinidad.
Middle(?) Miocene part of Santa Inés group, eastern
Venezueln, Middle Miocene, Colombia. Progreso
and Daule formations (middle Miocene}, Ecuxdor.
So-called variegated beds of Zorritos group (middle
Miocene), Perti. Miocene, Guatemala.
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Genus Terebralia Swainson

Swainzon, A treatise on malacology, p. 315, 1340.

Type (logotype, Sacco, molluschi dei terreni terziarii del Pie-
monte e della Liguria, pt. 17, p. 51, 1895): Tercbralic
palustris (Linné) (Sérombus polusiris Linné), Recent, tropi-
cal western Pacific and Indian Qceans.

Until about the end of Miocene time erebralic was
widely distributed in Tertiary seas. Since then it has
become restricted to the tropical western Pacific and
Indian Oceans, where it is found in brackish-water
mangrove-swamp communities. Miocene species from
the Caribbean region are the only well authenticated
American species. The following doubtfully identified
Terebralia occurs in the Culebra formation in associa-
tion with a close ally of Littorina angulifcra, which
lives in brackish inlets in modern Caribbean mangrove

SWamps.
Terebralia dentilabris (Gabb)?

Sandstone in the transition zone between the Culebra
and Cucaracha formations, on the east side of the
Canal at locality 110, yiclded two specimens doubtfully
identified as Terebralia dentilabris. These fossils are
in poor condition. They are filled with hard caleite,
lack an aperture, and the shell material is recrystallized
to caleite, which is corroded. It can be seen, however,
that the better preserved of the two represents a fairly
large cerithid (height, 614 whorls, 42 mm), the early
whorls of which enlarge rapidly. The sculpture is
stronely cancellate, consisting of narrow axial ribs,
slighfly arcuate on late whorls, and narrower spiral
bands, slichtly swollen as they override the ribs. Spire
whorls bear four or five of these spiral bands. A
heavy varix is apparent on at least the last three whorls.

The size, outline, sculpture, and heavy varices
strongly swgeest Terebralia dentilabris (Pilsbry, 1922,
p. 374, pl. 29, figs. 6, 7), but the aperture and Internal
features are unknown. Though Pilsbry assigned
Gabb’s “Cerithium” dentilabris to Potamides, he
pointed out its similarity to the type species of 7ere-
bralia and later (Pilsbry and Iarbison, 1983, p. 115)
referred it to that genus. T'wo other species from the
Dominican Republic also represent Terebralia. “Cerith-
jum? prismaticum CGabb (Pilsbry, 1922, p. 373, pl
29, fig. 12) and “Potamides” gastrodon Pilsbry and
Johnson (idem, p. 874, pl. 32, figs. 5, 6). These three
species, eollected by Gabb at an unknown locality or
localities, presumably are of Miocene age, probably
early Miocene. “Potamides (Pyrazisinus)” bolivaren-
sis Weisbord (1929, p. 32, pl. 8, fig. 5}, from the middle
Miocerne of Colombia and also found in the Miocene
of eastern Venezuela (Iedberg, 1937, p. 2024, pl. 8, fig.
12), has no columellar fold—at all events the type and
3 specimens in the collections of the U. S. National
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Museum show none—but the type has a few internal
tubercules opposite the only varix that can be ex-
amined. Despite the abgence of a columellar fold, it is
so similar to Tercbralia dentilobris that it is Improbable
that the two forms are not closely related, if not the
same species. A remarkable species from the late lower
Miocene Chipola formation of ¥lorida, described by
Maury (1902, p. 66, pl. 28, figs. 2, 2a) as Pyrazisinus
harrisi, has the same type of sculpture as Ferebralia
dentilabris. Nevertheless its heavily margined aper-
ture and deep indention on the outer lip suggest that
it is properly assigned to Pyrazisinus (Heilprin, 1887,
p. 115; type (monotype) Pyrazisinus campanulatus
Heilprin, Miocene, Florida). The carliest species of
Pyrazisinus are found in the carly lower Miocenc
Tampa limestone of Florida and the last in the Pliocene
Caloosahatchee marl of Florida.

Occurrence: Culebra formation (early Miocene),
locality 110.

Subfamily BITTINAE
Genus Biftium Leach

Leach, Ann. Mag. Natural History, v. 20, p. 270, Oct., 1847.

Type {logotype, Gray, Zool. Soc. London Proc., p. 154, Nov,
1847) : Murex reticulatus Montagu (Strombiformis reticulae-
tus Da Costa), Recent, eastern North Atlantic Ocean.

Bittium scotti Brown and Pilsbry
Plate 28, figures 10, 11

Bittium scoiti Brown and Pilsbry, Acad. Nat. 8ci. Phila. Froe,
v. G4, p. 509, pl. 22, figs, 11, 12, 1913 (Miocene, Canal Zone}).
Of medium size, slender, early sculptured whorls

rapidly enlarging. Protoconch consisting of about

three apparently smooth whorls. Sculpture consisting
of relatively wide low axial ribs (12 to 15 on late spire
whorls), overridden by narrow spiral threads (six to

elght on late spire whorls). Some interspaces bear a

very fine secondary spiral. Dase of body whorl sculp-

tured with four to six narrow spirals. DBody whorl
bearmg one to three varices, DBasal spout very narrow.
ITeight (not quite complete) 8 mm, diameter 3 mm

(larger figured specimen). Ileight (practically comn-

plete) 7.2 mm, dimmeter 2.7 mm (smaller figured

specimen).
Type material: two syntypes, Acad. Nat. Sci. Phila.

3826,

Type locality: Yignitic layers near Tower N, Las

Cascadas, Canal Zone (Culebra formation).

Bittsum. scotti is one of the few mollusks of the Cu-
lebra, formation that has been described. It is fairly
common to abundant in dark-colored carbonaceous
shale and mudstone in the type region, the northern-
most outcrop area of the Culebra formation in Gaillard
Cut, where it can still be collected. Though many
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specimens are available—for example about 100 from
locality 100a—they leave much to be desived. The aper-
tures are imperfect, the shell material is replaced by
fragile gypsum, and adhering.flakes of gypsum and
particles of carbonaceous shale cannot be removed
without damaging the fossils. Therefore the illustra-
tions are poor. The syntypes are in the same condition.

B. scotti is more inflated than B. permutabile Dall
(18901903, p. 272, pl. 21, fig. 17, 1892}, of the Chipola
formation of Florida, and has fewer and more widely
spaced spirals.

Oceurrence: Culebra formation (early Miocene), lo-
calitics 99b, 100,1004a, 101,

Bittium nugatoritm Brown and Pilsbry
Plate 38, figure 12

Dittium nugatorivm Drown and Pilsbry, Acad. Nat. Sci. Phila.

Proc., v. 63, p. 357, fig. 1, 1911 (Miocene, Canal Zone).
Cerithinm (Bittiwm) aflf. scabrum Olivi, Toula, K. k. Geol

Reichsanstalt Jahrb., Band 61, p. 499, pl. 31, fig. 14, 1911

(Miocene, Canal Zone).

Small, slender, early whorls rapidly enlargmg. Pro-
toconch eonsisting of 314 to 4 smooth whorls. T'wo
spirals appear gradually, followed by axial ribs. Later
sculpture strongly reticulate. Axial ribs slightly
arcuate, slightly wider than spiral threads, 16 to 19
on penult whorl. Spiral threads wealkly noded as
they override ribs, increasing from two on first sculp-
tured whorl to three on late whorls. In addition, a
weak very slightly noded spiral generally adjoins
posterior suture and a4 narrow nonnoded gpiral emerges
at anterior suture on penult of large shells. Dase of
body whorl sculptured with five or six nonnoded
spirals. Later half of bedy whorl bearing a varix.
Axial ribs narrow and closely spaced between varix
and outer lip. Quter 1ip slightly arcuate, the curvature
the same as that of axial ribs. DBasal spout short and
Narrow.

Height 5.7 mm, diameter 1.7 mm {largest specimen).
Height 4 mm diameter 1.4 mm (figured gpecimen).

Tvpe: Acad, Nat. Sci. Phila, 1790.

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

Though RBittium nugoeleriwsm oceurs in the lower,
middle, and upper parts of the Gatun formation and is
fairly widespread in the middle part, is it abundant
only at locality 158¢c. About 200 specimens from that
locality show little variation. Ilsewhere there is con-
siderable variation in shell outline and in the presence
or absence of a spiral at the posterior suture and its
strength, if present. The outline ranges from slender
to relatively inflated. Inflated shells, however, are
rare.
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No closely allied species have been recognized.
Brown and Pilsbry compared B. nugatorium with B.
collinsii (Gabb) (1881, p. 362, pl. 46, fig. 54) a Pliocene
Cosga Rican species. The type lot of B. collinsii, con-
gisting of three incomplete specimens glued on a card,
is very unsatisfactory. Their apical angle is wider
than that of B, nugatorium. All cxcept the earliest
whorls are sculptured with three spirals. The base ig
not preserved on any of the specimens now in the type
lot.

Toula’s Cerithium (Bittium) aff. O, scabrum is miss-
ing in his collection,

Occurrence: Lower, middle and upper parts of
Gatun formation (middle Miocene). Lower part:
localities 136a, 138, 1382, Middle part, eastern area:
localitics 1471, 155, 155¢; western area: localibles 161c,
162, 170a. Upper part, eastern area: localities 163, 174,
178.

Bittinm pericallum Woodring, n. sp.

Plate 38, figure 11

Small, very glender, evenly tapering whorls slightly
inflated. Protoconch consisting of 215 to 3 smooth
whorls, Two spirals, median and anterior, appearing
on first sculptured whorl. On second sculptured whorl
two evenly spaced noded spirals appearing, the anterior
one stronger. Later sculpture dominated by verv
strongly noded primary spirals. Late whorls bearing
three primary spirals, the anteriormost (eontinuation
of early anterior noded spiral) strongest. A secondary
spiral adjoining anterior suture and another between
anterior and middle primary. Axial sculpture con-
sisting of very strong nodes on primary spirals and
slight swellings joining the nodes aeross interspaces
and on secondary spirals: 13 to 15 nodes on late whorls.
Base of body whorl sculptured with five to seven nar-
row spirals. A varix appearing on body whorl and
penult, and on one or two still earlier whorls of some
shells. Quter lip broken. Basal spout short and
NATTOW.

Height 5.2 mm, diameter 1.5 mm (largest specimen).
Height 4.5 mm, diameter 1.3 mm (type).

Type: USNM 562622; paratype, Stanford Univer-
sity.

Type locality: 177e (GSGS 5855 [west side of Pan-
ama, Railroad] opposite Mount Ilope Cemetery, Canal
Zone), npper part of Gatun formation,

Bitltivm periealfuwm was found af one locality, in the
upper part of the Gatun formation at Mount Hope,
where 10 specimens were collected. Tt is well charac-
terized by the slender cutline and sharply chizeled, very
strongly noded sculpture. The slender outline sug-
gests slender forms of Alabina wsperides proper, the
next species described. The seulptare of B. pericallum,
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however, is more strongly noded and the basal lip has
a more distinct spout.

Qccurrence: Upper part of Gatun formation, east-
ern area (middle Miocene), locality 177c.

Gznus Alabina Dall

Dall, Nautilus, v. 15, p. 127, 1902,
Type (ovthotype) : Rittium cerithidioide (Dall) (Alabe ceri-
thidioides Duil), Recent, North Curolina to West Indies.

Alabina asperoides asperoides (Gabb)
T'late 38, figures 8,9

Bittiwm asperoides Gabb, Am. Philes. Soc. Trans., n. 8, v. 13,
P 239, 1873 (Miocene, Dominican Republic). Maury, Bull
Am. Paleontology, v. 5, no. 29, p. 125, pl. 21, fig. 17, i%17
(Miocene, Dominican Republic). Pilsbry, Acad. Nat. Sci.
Phil. Proc., v. 73, p. 875, pL. 35, fig. 4, 1922 (Miocens, Domin-
ican Republie).

Bitliune  wsporoides asperandum Pilshry,
{Miocene, Iominican Rtepubiic).

Idem, p. 375, 1917

Small or moderately small, slender to moderately
slender, early scuiptuved whorls somewhat angulated
by a median spiral, later whorls slightly to moderately
inflated. Protoconch consisting of tlree rapidly en-
larging smooth whorls. A median spiral gradually ap-
pearing on {irst sculptured whorl, followed immedi-
ately by an anterior spiral and 1t inl' on same whorl by
very narrow axial ribs, which form minute nodes on

he spirals. These two spirals, still noded, are con-
spicucus oil third or even fourth whorl. In meantime
one or two other weaker spirals appearing. Sculpture
of late whorls strong, cearse or moderately conrse, con-
sisting of four or five nodad spirals, or as many as six
or seven less strongly noded spirals, and widely spaced,
or relutively widely spacad, slighily sreuate axial ribs.
Buse of body whorl sculptured with five or six ol f‘fsdy
spaced spirals. Omne to thres wide varices on bod
Wl'fn"a; one or fwo on penult of some shells. Onter l.lp
arcuate, cdge general h.* broke Basnl l]p slightly
everted forming a wenlsshallow spout.

Height 2.1

Q‘i)ec;men).

mm, dizmeter 1.1 min ( I:Lr'gol

figured

l‘j,*pe: Acad. Mh.S(n Phila. 3100,

T\«'pe locality © Dominicun Republic (probably Cer-
cado f()"]ll:tiﬂ‘l)

This minuvte cerithid, which has a variable outline
and variable Bittium-like sculpture, Is discussed under
Alabine cspereides oconalicvlate, ﬂ.lu deseription of
which follows.

Oceurrence: Lower part of Gatun formation (mid-
dle Miocene) localities 136a, 158, 188a, 128b Cercado
formation (niddle 3iocene), Dominican Republic.
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Alabina asperoides eanalicalata (Gabb)

Plate 38, figures 2-5

Bittium canaliculetum Gabb, Am. Philos. Soc. Trans., n. s, v.
15, p. 239, 1873 (Miocene, Dominican Repubiic). Maury,

Bull. Am. I'zleontology, v. 5, no. 20, p. 126, pl. 21, fig. 18, 19i7
{Miocene, Dominican Republic).

Alabine conaliculate (Gabl), Pilsbry, Acad. Nat. Sc¢i. Phila.
Proc., v. 78, n. 375, pl. 35, fig. 2, 1022 (Mioecene, Idominican
Lepublic).

Alebing engustior Pilsbry, idem,
(Miocene, Dominican Itepublic).

Alabing curte Woodring, Carnegie Inst. Washington I*ul. 385,
. 339, pl. 25, fig. 13, 1928 (Miocene, Jamaica).

n. 878, pl. 35, fig. 3, 1922

Simall, moderately slender. Protoconch, early sculp-
ture, varices and aperture as in A. asperoides proper.
senlpture gradually changing on fourth or fifth seulp-
tured whorl to weak nom‘f)d(,d closcly crowded spirals
{as many as nine), separated by narrow grooves, and
very narvow generally very closely spaced slightly
arcuate axial ribs Spn al sculptire generally faint or
absent on poscerzol' part ¢t lagt whorl or two.

Height 2.5 mm, diameter 1 mm (largest figured
specimen).

Type: Acad. Nat. Sel. Phila. 2618.

‘w pe locality: Dominican Republic (probably Cer-
cado formation).

The names Alobing aspercides osperoides and A,
asperdides canaliculate are used with some hesitation
for a very variable Alubing from the Gatun formation.
The variation affects ontline (slender to modevately
slender; slight to moderate whorl Infiation) and sculp-
tare (widely spaced to very closely 9paced axial ribs;
a few strong noded widely spuced spirals to suppressed
clogely spaced spirals). Shells thuat have suppressed
spirals gencrally have very closely spaced axials, but
sorme have widaly spaced axiuls. The ecmbination of
strong p[m]q cmd very closely spaced axialg is not
represented.  The name A. as*f}ﬂ;v'oidrz.s' asperoides 13
used for the stron ely sonintured and intermediate
forms and A. asper ozd cwnaowulam for those that
have suppressed spivals,

The greatest range of variation is
mens from the lower part of the Gatin formation, in-
cluding A, asperoides vroper and the variety 4. asper-
otdes canmzcwhta&. A slender strongly sculptured form
referred to /. asperoides proper (pl. 38, fig. 9), a less
slender and less strongly sculptured form also assigned
to A. asperoides proper (pl. 38, fig. 8), and the variety
A. asperoides cenaliculate (pl. 58, fig. 4), all from the
same locality, have a very different appearance.
Twenty specimens from the middle part of the Gatun
represent the variety 4. asperoides canaliculata., They
begin where those from the lower Gatun stop in sup-

shown by €1 speci-
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pression of spiral sculpture (pl. 88, fiz. 3) and go
farther (pl. 38, fig. 5).

In the following discussion strongly sculptured
forms (like A. asperoides proper) are designated
adamsi-like and those that have suppressed spirals
(like A. asperoides canaliculata) arc designed cerithi-
dioides-Tike. Alabina adamsi and A. cerithidioides are
the names for the correzponding Recent forms and are
the earliest names.

“RBttium” boiplex Dall (1890-1903, p. 275, pl. 21,
fig. 14, 1892), from the late lower Miocene Chipola
formation of Florida, appears to be the earliest form of
the ancestral stock of Alabing adamsi and A. cerithi-
dioides. Tt was described and illustrated as slender
and coarsely and strongly senlptured. The type and
other specimens in the collections of the U, 8. National
Museum are misplaced or lost. Though Dall men-
tioned variation in outline and sculpture, nothing in
his description or comments indicates eerithidioides-
like suppression of spiral scnlpture.

The fauna of the early middle Miocene Cercado
formation of the Dominican Republic includes adamsi-
like and eerithidicides-like forms, which have been
assigned to different genera: “Ditiéum” asperoides and
Alabina eanaliculate, respectively, 'Were it not for the
large number of specimens—estimated fo be 2,000—
from one locality (USGS locality 8525 on Rio Mao},
1t might not be apparent that they intergrade and are
variable in other features. “Hit#um® asperoides and
infermedintes are six times as abundant as Algbina
conaliculata, which is given varietal rank under 4.
aspercides. It should be polnted out that “Ditéium”
asperoides hag hs aperture of Alabinaj that is, the ba-
sal gpout is less distinet than in Bitédum. These shells
from the Dominican Republic ave glightly larger than
those from the Canal Zomne. Thoungh hundreds of
specimens from the Dominican Republic show the
protoconch and early sculptured whorls, only excep-
tional specimens that escaped slight wear etfectively
show the two noded spirals of early sculptured whorls.
Discouniing woar, however, the two spirals are not as
strong as those on the fossils from the Canal Zone.
They have little effect on whorl profile and lose their
distinctive featnres at an cavlier stage. The late mid-
dle Miocene Gurabo formation yiclded only two spec-
imens, They are geritiidivides-like and have strong
early spirals. The Canal Zone fossils named 4. as-
peroides cunaliculate are more similar to them than
to the corrvesponding fossils from the Cercado
formation.

A cerithidioides-like Torm in the late middle Miocene
Bowden Jormation of Jamaica was named 4. curia.
It 15 slightly larger than A. asperoides conaliculata of
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the Dominican Republic and has strong early spirals
and exceptionally heavy varices. Though the sculp-
ture is variable, no edemsi-like form has been found
at Bowden, as in the middle part of the Gatun forma-
tion and in the inadequate sample from the Gurabo
formation.

Late Miocene deposits in western Florida (Mans-
field’s Cancellaria zone) yielded adamsi-like and inter-
mediate forms, for which three names were proposed:
A. adamsi floridane (Mansfield, 1930, p. 99, pl. 13, figs.
2, 8), A. adamsi leonensis (idem, p. 99, pl. 13, fig. 3),
A. edamsi harveyensis (idem, p. 100, pl. 13, fig. 6).

Both adamsi-like and serithidicides-like forms are
found in the Pliccene Caloosahatchee marl of Florida.
In fact, the names 4. adamsi (Dall, 1890-1903, p. 276,
1892; Olsson and Harbison, 1953, p. 293, pl. 48, fig. T)
and A. cerithidioides (Dall, 1890-1903, p. 276, pl. 16,
fig. 8, 1892; Olsson and ITarbison, 1253, p. 292, pl. 48,
fir, 9) were used for them. The two strong spirals
are not noded on the first or first two senlptured whorls.
If the material in the 1. S. National Museum is repre-
sentative, . adamsi is more abundant and the two
forms do not completely intergrade. Olsson and ITar-
hison’s illustration of A. adamsi represents u slender
shell, the lip of which presumably is defective and
does not show the faint basal spout. They proposed
the subgeneric name Caloosalba for A. adumsi.

“Alaba” adamsi and “Aleba” cerithidicides were
briefly deseribed in the same paragraph and neither
was illustrated (Dall, 1889, p. 258). They have prac-
tically the same range fromn North Carolina to the West
Tndies. The type lot of “Alaba” adomsi, dredged at a
depth of 15 fathoms off Cape Hatteras, consisis of
four specimcens that have sirong spirsl sculpture and
moderately strong closely spaced axials, which begin
at a late stage on the third sculptured whorl. ILots
from localities farther south have stronger axial seuln-
ture. The type lot of “Aludba” ceritiidicides, from a
denth of 22 fathoms off Cape Lookout, consists of two
worn gpecimens that have suppressed spirals and very
closely spaced axials.  On unworn shells from localities
farther south the axials begin ¢n the second or third
sculptnred Complete infegradation with
“Alaba’ adamsi is not apparent.

whorl.,

This brief survey, which does not pretend to be ex-
haustive and doubtless Is oversimplified, mdicates that
early Miccene edamasi-lilte ancestors evolved by early
middle Miocene time into a variable complex including
adamsi-like and cerithidioides-1ilke forms. Ty Dlio-
cene time ademsi and -cerithidioides lines emerged.
Progressive changes in development of the sculpiure
arc apparent in the variable complex and the two lines.
Tho two early spirals become stronger and are consple-
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uous until a later growth stage and the axials begin at
a later growth stage.

The names Alebina asperoides asperoides and A.
asperoides canaliculate are not entirely satistactory for
the Canal Zone fossils. Nomenclatural treatment,
however, is complicated by the practice of using Liu-
nean trinomials for grades in single populations and
for successive chronologic grades involving other char-
acters. In development of sculpture the Canal Zone
fossils appear to represent the grade reached by A.
curita. Both A, ecanaliculeta and A. curta would ordi-
narily be given subspecific rank under A. ecerithi-
dioides. That treatment would not provide for the
contemporancous adamsi-like form 4 name that shows
its relation to the eerithidioides-like form. TUntil a
better solution is apparent, the name A. curta, is
suppressed.

Occurrence: Lower and middle parts of Gatun for-
mation (middle Miocene). Lower part, localities 138,
138a. Middle part, eastern area, localities 147b, 1471;
western  area, localities 162, 170a. Cercado and
Gurabo formations (middle Miocene), Dominican Re-
public. Bowden formation (middle Miocene),
Jamaica.

Family EPITONIIDAE
Genus Epitonium Réding

Riding, Museum Boltenianum, p. 91, 1798.

Type (logotype, Suter, Manual of New Zealand Mollusca, D.
319, 1913) : Epifonium scalore Riding (= Twurbo scalaris
Linné), Recent, western Pacific Ocean,

Suter cited T'urbo scalaris as the type without men-
tioning Réding’s name for “die echte Windeltreppe.”

A small epitonid, listed as Epitoniuwm sp., is repre-
sented in calcareous sandstone of the Culebra formation
by two incomplete whorls. The lamellae, where un-
damaged, are blade-like and no spiral sculpture is
visible. Though the genus oceurs in the Gatun forma-
tion and the Chagres sandstone, the material from those
formations is meager.

Subgenus Epitonium s. s.
Epitonium (Epitonium) ef, E. foliaceicostum (d'0rbigny)

Plate 38, figures 13, 16

Small, moderately slender, imperforate, whorls
strongly inflated, deeply constricted at suture. Proto-
conch eonsisting of four stightly inflated smooth whorls,
Axial lamellae blade-like, the edge slightly bent back-
ward, prolonged at shoulder of whorl to form a hook,
slightly bent backward. Lamellae of successive whorls
coalesced at suture, seven lamellae on a whorl. Inner
lip and lamellae coalesced.

Height (incomplete) 3.7 min, diameter 2 mm (larger
figured specimen: the largest specimen).

GEOLOGY AND PALEONTOLOGY OF CANAL ZONE

Three small specimens of this species are in the col-
lection from the middle part of the Gatun formation at
locality 147b, which includes numerous small shells of
other genera. The largest doubtless is immature.
Many of the lamellae are broken and fail to show the
hook-like extension at the shoulder of the whorl. The
lower part of the Gatun at locality 138a yielded a minute
shell doubtfully identified as the same specics, Tt con-
sists of a 5-whorled protoconch and 114 post-protoconch
whorls bearing 10 lamellae on a whorl. The lamellae
are broken, but some show the base of a shoulder-hook.

The middle Gatun fossils are similar to the Recent
Caribbean Epitonium  foliaceicostum (d’Orbigny)
{(Clench and Turner, 1951, p. 273, pls. 123, 124), which
reaches a height of about 18 mm. On the basis of the
madeguate material now available, the fossils are
more slender and their protoconch is more slender and
has more inflated whorls. An Epitonium also identi-
fied as Z. ¢f. . foliaceicostum occurs in the Pliocene
of Florida (Olsson and Harbison, 1958, p. 336, pl. 58,
fig.2).

The type of Epiionium is a large (height about 70
mm), deeply umbilicate species, the whorls of which
are in contact only at the lamellae and lack spiral
seulpture.  Nevertheless assignment of the small
American umbilicate or imperforate species, the whorls
of most of which are in contact and all of which lack
spiral sculpture, to subgenera other than Zpitonium
8.8. involves excessive dismemberment of a genus dis-
membered into many other subgencra—a view adopted
by Clench and Turner in their recent review of the
west Atlantic species, just cited. According to that
view, the Miocene Jamaican species desceribed as Z.
(Cycloscala) eumetrum, E. (Nitidoscala) aduncum,
and 7. (Nitidoscale) ventulum (Woodring, 1998, p.
396, 400-401) are to be referred to the subgenus Zpi-
tonium 8.8,

Occurrence: Yower (identification doubtful) and
middle parts of Gatun formation (middle Miocene).
Lower part, locality 138a (identification doubtful).
Middle part, eastern area, locality 147b.

Subgenus Asperiscala de Boury

de Boury, Jour. Conchyliclogie, v. 57, p. 258, 1909.
Type (orthotype): Scalaric bellastriate Carpenter, Recent,

California.

A minute shell from the lower part of the Gatun
formation at locality 138a, listed as Epitonium (As-
periscala) sp., consists of two whorls following a four-
whorled proteconch. The post-protoconch whorls are
sculptured with numerous low, thin axial lamellae, be-
tween which are very fine spiral threads.
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Epitonium (Asperiscala) ef. E. gabbi (de Boury)
Plate 38, figure 17

Small, slender, imperforate, whorls strongly inflated,
deeply constricted at suture. Protoconch not pre-
served.  Axial lamellae bent backward, prolonged at
shoulder to form a low hook, slightly bent backward.
At irregular intervals a lamella is varix-like. Tamel-
lae of successive whorls coalesced at suture, eight
lamellae on @ whorl. Spaces between lamellae sculp-
tured with relatively strong, narrow spiral threads and
spaces between spiral threads bearing very fine micro-
scopic axial threads. Aperture broken.

Ileight (incomplete) 3.9 mm, diameter 2 mm
(figured specimen).

Only one middle Gatun specimen, broken at both
ends -and probably immature, is in the collections.
Some of the lamellae are more or less broken. In
sculpture and outline this specics is comparable to
Epitoniwm gabbi (de Boury) (Woodring, 1928, p. 397,
pl. 31, figs. 11, 12}, but has more sharply sculptured
spiral threads. F£. gadbi occurs in the middle Miocene
of the Dominican Republic and Jamaica. The Recent
E. novangliae (Couthony) (Clench and Turner, 1952,
p- 306, pls. 144-146), which ranges from Virginia to
Brazil, reaches a height of 14 mm and like £. gabbi
has less sharply sculptured spiral threads, even on
early whorls, than those of the middle Gatun fossil.

I, gabbi has been assigned to the subgenns Spiniscala
de Boury (Woodring, 1928, p. 397}). TFor the time
being, however, it is placed under Asperiscaia to agree
with Clench and Turner’s tentative classification of
similar Recent wesfern Atlantic species (Clench and
Turner, 1952, p. 290-319). Under that arrangement
the other Miocene Jamalean species deseribed under
the subgenus Spiniscalz and also those under the sub-
genera Hirtoscale and Striatascele (Woodring, 1928,
pp. 897-399) are to be assigned to Asperiscala.

Oceurrence: Middle part of Gatun formation (mid-
dle Miocene), eastern arvea, locality 147¢.

Epitonium (Asperiseala) cf. E. rushii (Ball)
Tlate 38, figure 22

Of mediun  size, slender, imperforate, whorls
strongly inflated. Proteconch and aperture not pre-
served. Axial lamellae low, narrow, not uniformly
alined on successive whorls. At irregular intervals a
lamella is varix-like. Iighteen lamellae on Iast pre-
served whorl. Spaces beiween lamellze sculptured
with narrow spiral threads and spaces between spiral
threads bearing obscure microscopic axial threads.

Height (incomplete} 4.6 mm, diameter 2.3 mm
{figured specimen).

483664 —58—4

The single specimen of this species, from the upper
part of the Gatnn formation in the western area, is
broken at both ends and is somewhat worn, so that some
of the lamellae are worn down and the microscopic
axial sculpture is obscure. In outlinc and type of
sculpture it is similar to Hpitondum rushi (Dall)
(Clench and Turner, 1952, p. 296, pl. 136), a Recent
species ranging from North Carolina to the Florida
Keys at depths of 38 to 100 fathoms.

Ocecurrence: Upper part of Gatun formation, west-
ern areu (late Miocene}, locality 133.

Subgenus Depressiscala de Boury

de Boury, Jour. Conchyliologie, v. 57, n. 258, 1609,
Type (orthotype) : Scelariz eurite Sowerby, Recent, Bay of
Bengal.

Epitonium (“Depressiseala”) euncteanum Woodring, n. sp.
Plate 28, figure 9

Large, very slender, imperforate, early post-pro-
toconch whorls strongly inflated, Iater whorls slightly
inflated. Protoconch and aperture not preserved.
Axial lamellac low, narrow, widely spaced, slightly
widened at suture, generaily alined on successive whorls
and coalesced at suture, 11 or 12 on a whorl, At ir-
regular intervals a lamella is slightly varix-like.

ITeight (incomnlete} 28.3 mun, diameter (slightly
increased by crushing) 7.8 mm (type).

Tvpe: USNM 562637,

Type locality : 206b (UGSGS 16938, Caribbean coast
near mouth of Rio Pifia, road cut about 90 meters west
of locality 206, Paramd}, Chagres sandstone.

Epitonium eucteanum, found in the Chagres sand-
stone, is a large slender species sculptured with low,
narrow, widely spaced lamellae. No trace of spiral
sculpture 1s discernible. Though the lamellae of the
earliest preserved whorls are worn, it is unlikely that
those of later whorls are modified by wear. The type
is the only specimen.

This species is closely allied to the Recent £. seipio
(Dall) (1889, p. 310), the only large specimen of which
is the type, colleeted at Vera Cruz, Mexico. It is al-
most twice as large as . seipio and its early postpro-
toconch whorls are more inflated than those of F.
scipio. Clench and Turner (1952, p. 329, pl. 159) il-
lustrated the type of . scipio, identified it as Z.
noutlae (Moreh), and assigned that species to Depres-
siscala. No speeimens of “Sealoria” aurita, the typo
of Depressiscaln, are available. Sowerby’s illustration
(Sowerby, 1844, pl. 33, fig. 62) of the moderately
slender, mmbilicate “Secalaria” aurita, however, suggest
that Depressiscala 1s not an appropriate name for 7.
seipio and K. eucteanum. Whether any of de Boury's
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lamellae more ereci and extended to form short hook.
Between shoulder and sutwre lamellae lower and not as
strongly bent baclward as below shoulder. On some
shells a Jamella is very wide and varix-like, but not
higher than others. Well preserved mterlamella

spaces show faint, liregularly spaced spiral siriae and
microscopic spiral lineation.

TTeight (incomplete) 19.2 mm, diameter 17.3 mm
(type}. Height (incomplete) 22.5 mm, diameter 20
mm (largest specimen).

Type and paratype: USNM 214345,

Tyne locality : 186 {USGS 6037, coguing limestone al
Toro Point, Canal Zone), Toro limestone member of
Chagres sandstone.

"This small Sthenorytis is represented by 21 more or
less damaged shells and fragments. These specimens
are in threc lots collected at different times at Toro
Point, on the west side of Limon Bay opposite Colén.
Though Toro Point is the general locality for the three
colleetions, they may represent slightly different loeali-
ties, MacDonald (1919, p. 543) specified that the type
locality (UUSGS leeality 6037) is 2 guarry one-third of
& mile south of the sontliern end of Toro Point break-
water. Kenny’s Blufl, the type locality of “Stanoriy-
8" chaperi, presumably is the bluff at Toro Point.

Dall selected as the type lot two specimens from a
collection of 14. The one he later illustrated is con-
sidered the type. It isa little smaller than the largest
specimens, but is in better condition. The immature
paratype is the most nearly complete specimen., The
paratype and several other specimens have a very wide
varix-like Jamella. The paratype also shows the upper
adge of a slightly swollen basal disk, similar to the more
trongly swollen basal disk of very small shells of
Sthenorytis pernobilis.

8. toroensis foroensis is smaller and move rapidly
enlarging than 8. pernobilis, and has fewer, wider, and
more strongly flattened lainellae. Tor the size of the
shell the shoulder hook is farther from the suture.
Even at a height of 6 win the body whorl of 8. perno-
hilis bears 12 lamellae. Despite its well defined faa-
tures, perhaps S. foroensis is to be treated as a sub-
species of 8. pernobilis. 'That a small, rapidly en-
larging, nine-lamailac Sthenorytis, evidently a sub-
species of §. pernobilis, is living off the Florida Keys
is shown by a dead shell (incomplete height 26 1nm,
diameter 20 mm) dredged by Henderson at a depth of
98 fathoms off Key West. Though the lamellze are
as wide as those of 8. toroensis toroensis, they are not
as strongly flatiened. This shell was the home of a
hermit crab, the remains of which are still in the shell.
The same dredge haul also yielded a dead shell of the
typical form of 8. pernobilis. There is no assurance,
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however, that the two forms were associated during
life. The status of the small form awaits the dredging
of live, or at least fresh, shells.

S, ampla (Gabb) (Pilsbry, 1022, p. 388, pl. 34, fig.
22), a Miocene species from the Dominican Republie,
mlarges rapidly and has 16 lamellac, but the lamellae
are relatively narrow and not strongly flattened. The
type (and only) specimen evidently is immmature, as
the basal disk is visible. 8. stearnsié (Dall) (1890-
1803, pt. 2, p. 245, pl. 21, fig. 4, 1892}, a smal} vapidly
enlarging late Pliocene species, is the only species of
the genus to reach California, It bears seven lamellas
that are mot strongly flattencd. The Pliocene fossil
from Monserrate Island in the Gulf of California,
listed as Sthenorytis toroense, is that specics or a very
closely related form. It is sculptured with 12 strongly
flattened lamellae. The whorls are not turreted and
the lamellae are rot extended at the shoulder.

cenrience: Toro limestone member of Chagres
sandstone (early Pliocene), localities 186, 186a, 186b,
Deposits of Pliocene age, Monserrate Island, Gulf of
California (identification doubtful),

Sthenorytis toroensis euthynta Woodring, n. subsp.
I'Iute 37, figures 1, 4, 5, 8

Of medium size, rapidly enlarging. Axial lamallae
moderately wide, high, bent backward except on shoul-
der, where they are prolonged to form a practically
erect hook. DBetween shoulder and sutvre lamallae
lower than below shorlder. Body whorl bearing eight
lamellae. Interlamellar spaces bearing more or less
distinet ow, irregularly spaced spiral bands and micro-
scopic spival strize.

Ileight (incomplete) 29.5 mm, diameter (incom-
plete) 24 mm (type}. Height (incomplete) 23.2 mm,
dizmeter 20.6 mm (paratype).

Type: USNM 562630; paratype, USNM 562640,

Type locality: 205 (USGS 8387, Caribbean coust
between Rio Chagres and Pifia, near Pifia, Canal
Zone), Chagres saudstone.

Sthenorytis toroensis euthynta, which occurs in the
main body of the Chagres sandstone, is based on two
specimens, both damaged. Tt is distinguished from
8. toroensis toroensis by its larger size and higher, nar-
rower, less flattened lamellae. Because of the larger
size, the greater distance between the shouldér-hook
and the suturve, as compared with 8. pernobilss, is
The
paratype shows the edge of a faint basal disk, partly
modified by slight wear,

The fauma of the Chagres sandstone proper indicates
deposition iu desper water than the Torvo limestone
member at the base of the formation. Perhaps &.
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genus or a subgenus of Amaee H. and A. Adams (1853~
54, p. 223, 1853; type (logotype, de Boury, 1909, p.
258) : Sealaria magnifica Sowerby, Recent, western Pa-
cific Ocean), as was done by Clench and Turner (1950,
p- 243), is a matter of preference. The type of Amaea
has a less distinet basal disk and is twice as large as
the species of Sealina.

The marine member of the Bohio(?) formation at
Vamos Vamos (localities 40a, 40d) yielded two incom-
plete specimens that have the outline and sculpture of
a dlender Scaling, but the basal disk is not preserved.
This species is listed as Scalina? sp.

Scalina pseudoleroyi (Maury)
Plate 38, figures 6, 21
Bpitonium  (Acrille) pseudoleroyi Maury, Bull, Am. Paleon-
tology, v. 10, no. 42, p. 242, 1025 (3Miocene, Jamaica).
Perminoscala peeudoleroyi (Maury), Woodring, Carnegie Iust.

Washington I*ub. 385, p. 402, pl. 32, figs. 3, 4, 1928 (MMiocene,

Jamaica ; additionsal citations).

Moderately large, moderately slender. Ioarliest pre-
served whorls somewhat angulated, later whorls
rounded and moderately inflated. Sculpture modified
by wear. Undamaged axial lamellae slightly extended
on shoulder. At irregular intervals, particularly on
later half of body whorl of large specimens, a lamella
is slightly wider than others. Primary spiral threads
worn on periphery of whorls, six or seven on late whorls,
not including several closely spaced weak threads be-
tween shoulder and suture. Secondary spirals micro-
scopie, barely visible on primary spirals, stronger on
spaces between them. Dasal disk sculptured with sub-
dued axial lamellae and closely spaced narrow spiral
threads.

Height (incomplete) 35 mm, diameter 16 mm (largest
specimen, figured).

Type: USNM 115437.

Type locality : Bowden, Jamaica, Bowden formation.

Seven incomplete, more or less worn shells are identi-
fied as Secalina pseudoleroyi. A very small specimen
was found in the middle part of the Gatun formation
in the eastern area, the others in the upper part of the
formation in the eastern area. The identification is
based on size and outline, sculpture of the main body
of the shell and basal disk, and slight angulation of the
earliest preserved whorls. The Canal Zone fossils are
more worn than those from Jamaica and the early
whorls increase more rapidly in diameter. The earliest
preserved whotls of the figured specimen are somewhat
flattened dorso-ventrally. The rock matrix cannot be
removed from the sutural area without damaging the
axial lamellae.

8. pseudoleroyi is more closely related to the eastern
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Pacific 8. ferminiana (Dall) (1908, p. 316, pl. 8, fig. 8)
than to either of the two species now living in the
Caribbean Sea and the Gulf of Mexico. The early
whorls of 8. pseudoleroy: are not as strongly angulated
as those of 8. ferminiana. S. ferminiana has been rec-
ognized in the Pliocene deposits of southwestern
Panam4 (Olsson, 1942, p. 76, pl. 9, fig. 6).

Qccurrence: Middle and upper parts of Gatun for-
mation (middle Miocene). Middle part, eastern area,
locality 147g. Upper part, eastern area, localities 175,
176. Bowden formation (middle Miocene), Jamaica.

Scalina weigandi (Bise)
Plate 29, figures 7, 8

Seale (Acrilla) weigandi Dise, K. k. Geol. Reichsanstalt Jahrb.,
Band 60, p. 228, pl. 12, fig. & 1910 (Miocene, hI¢xico).
Moderately large, moderately slender. Earliest pre-

served whorls rapidly enlarging in diameter, very

slightly angulated, later whorls rounded and moder-
ately inflated. Axial lamellae blade-like, extended on

shoulder to form short hook. At irreguar intervals a

lamella is wider than others. Primary spiral threads

strong, seven on late whorls, not including several nar-
rowor and more closely spaced threads between shoulder
and suture. Primary spirals and spaces between them
bearing microscopic spiral threads and fainter micro-
scople axial threads. Axial lamellac relatively strong
on basal disk. Basal disk also bearing narrow closely
spaced spiral threads and microscopic sculpture like
that on main part of whorl.

Ileight (incomplete) 26.5 mm, diameter 14.5 mm

(larger figured specimen).

Type: Geol. Bundesanstalt, Vienna.
Type locality : Kilometer 70, Tehuantepec Railroad,

Vera Cruz, México, deposits of late Miocene age.
This stronely senlptured Sealing is represented by

three incomplete specimens from the Chagres sand-

stone. Omne is larger than those illustrated, but is
poor condition. No specimens from the type region of

8. weigandi ave available. According to Bdse’s illus-

tration, the type is a small, rapidly enlarging shell

that has strong sculpture, including relatively strong
axial lamellae on the basal disk. The sculptural plan
is the same as that of &. pseudoleroyi and there is a pos-
sibility that the sculptural difference between the two
forms is a matter of wear. It seems to be unlikely,
however, that wear would uniformly plane down the
sculpture of large specimens. Nevertheless a small
specimen (height of 10 whorls 19.2 mm) from locality

208, doubtfully referred to &. weigandi, has uniformly

reduced sculpture, including suppressed axial lamellae

on the basal disk. Its early whorls enlarge a little
more rapidly than those of the Gatun fossils identified
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for unequivocal identification of the Canal Zone spe-
cies.. The Tocene Colombian Strembus {Oostrom-
bus?) cedroensis Clark (Clark and Iurbam, 1946, p.
32, nl. 24, fig. 9) appears to be Qostrombus cliracensis.
More complete specimens than Clark’s are now in the
collections of the Museum of Paleontology of the
University of California. The winglike outer lip is
preserved on the largest (height 76 mm}), which is
much largor than the fossils from the Canal Zone.
Wine Colombian spesimens have practically flat-topped
whorls, but on one the top of the whorls bulges
slightly.

Despite the defective outer lips and upertures, the
outline, unscuiptured Iate whorls and {hick pavielal
callus—especially thick on the upper part of the pari-
etal wall—of the fossils from Peril, Colombia, and Pan-
ami strongly point to the Hocene and Oligocene Medi-
terrancan genus Qostrombus, as suggested hy Olsson
In fact, the fossilg from

for “Strombus™ chiraensis.
are very similar to Q. fowrnoueri (Bayan)
870, p. 48035 1870a, p. 45, pl. 7, fgs. 5, G}, wiieh oc-

rat Ionea, Italy, and

curs in the middle Jhocene strata atb |
perhaps alss ot Monte Puostale {0, ef. . dournoueri
(Bayan), Malavoda, 1954, p. 58, pl. 4, figs. 7, 9-12, 14,
w12, figs. 15, 29).

Qosirombus evidently 15 an early Terfiary genus.
Sacco thought that Stromlus gibberulus 1iuné, one
of the numerous strombids living in the tropieal west-
ern Pacific and Indian Oceans, is a Receul species of
Qostrombues, preswmably on account of the outline and
sharply limited thick parietal callus, Strombus gib-
berulus, however, has a vonflaring onter Hp, bearing
a wide noteh at the posterior end and a deep strombid
notch near the anterior end, and its hody whorl is
weakly sculptured.

Despite records to the contrary, the genus Strombus
is unknown in the Hocenc of America, Strombus
albirupianus Dall (1890-1908, p. 174, pl. 12, figs. 2, 10,
1890) was sald to occur in limestone of Jackson age at
Claiborne Bluff, Alzhama, but really occurs in lime-
stone of late Oligocene age at Jacksonboro, Georgia
(ider, p. 1400, footnote, 1908). “Stromdbus” sp.? (IKel-
lam, 1928, p. 27, pl. &, fig. 7), from the upper FBocene
Castle Hayme limestone of North Carolina, does not
have a backward bent pillar and therefore is rejected
as a Strombus. The Eocene Peruvian “8trombus” bur-
hinus Olsson (1929, p. 24, pl. 5, figs. 5, 6) lacks char-
acteristic strombid features.

Ocecurrence: Gatuncillo forration (middle Focene),
locality 38.

YERMETIDAE TO TITAIDIDAL
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Genus Strombus Linné

Linné, Systema palurae, 10th cd., p. 742, 1748,

Type (logotype, Montfort, Cenchyiiclogie systématique, v. 2,
0. S15, 181G) ¢ Strombus pugilis Linné, TRecent, YWesf Indies
and Florida.

Unidentifled poorly preserved small species of
Strombus were found in limesgtone of Iate Oligocenc
age in the lower part of the Caimito formation of Mad-
den basin, in the Culebra formation and its Emperador
Iimestoue member, and iz limestone of the Ta Boca
marine member of the Pausmi formation. The Cail-
mito gpecies Liag weak spiral sculpture and biunt spines
on spire whorls. 'E'wo specles apvear to cceur in the
Culebra formation, one of which has a slightly ascend-
gz outer 1ip and the other a strongly ascending outer
lip. The ouly fairly complete specimen, collected at
lToeslity 115a, has a slightly ascending outer lip, weak
spiral scalpture, and strong spines that disappear on
the bedy whorl. The one specinien from the La Boea
is slender and has a high slender spire.

Strombus gatanensis Tovla
Plate 38, figures 15, 19, 20, 23

Strombus gofunensis Toula, K. k. Geol. Reichsanstalt Jahrb.,
Band 38, p. 607, pl. 25, fig. 7, 1808 (3Mlocene, Canal Zone).
Brown and Pilsbry, Acad. Nut. Sci. Phila. Proe., v 63, p. 355,
pl. 36, figs, 3-5, 1911 (Miocene, Canal Zone). 1sson, Dull
Am. Daleontology, v. 9, no. 39, p. 141, pl. 13, figs, 5, 6, 1022
(Miocene, Panani, Costa Rica).

Strombus sp, Toula, K. k Geol. Reichsanstalt Jahrh, DBund
b8, p. 698, pL 25, fig. 8, 1609 (immature; Miocene, Canal
Zone).

Of medinm size, strongly inflated. Spire high, ont-
line strongly concave. Suture of body whorl gradu-
ally withdrawing from shoulder of penult whorl, but
rising again to shoulder at eid of whorl. Protoconch
consisting of 314 to 4 rapidly enlarging smooth whorls.
Lariy whorls sculptured with very closely spaced, very
narrow, slightly arcuate axial ribs extending from
sature to suture. DBetween the ribs lic weak closely
spaced spirals. Harly whorls also bearing one to three
varices. Narrow ribs of carly whorls gradually trans-
formed into widely spaced blunt spines limited to the
subangular shoulder. Spines disappearing on the
rounded or bluntly subangular shoulder of mature
body wlorl, or practically disappearing and later re-
appearing. All except last whorl or two of mature
shells sculptured with closely spaced narrow spirals.
On mature body whorl spirals limited to space between
suture and shoulder and to base. Outer lip bearing a
wide shallow noteh between shoulder and suture and a
shallow strombid notch. Interior of outer lip coarsely
puckered.
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Height (not quite complete) 59.5 mm, diameter 37.5
mm (larger figured specimen). Helght (incomplete)
47.3 mm, diameter 32.3 mm (smaller figured specimen).

Type: Tech. Hochschule, Vienna.

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

Strombus gotunensis oceurs In the lower, middle, and
upper parts of the Gatun formation and possibly in the
Chagres sandstone. The only specimen from the
Chagres is worn and incomplete. This Strombus is
most widely distributed in the middle part of the
Gatun in the eastern area, but is nowhere abundant.
Two specimens from the lower part of the Gatun are
available. Ome of these, collected at locality 138a,
has somewhat stronger spirals on the penult whorl
than other specimens and the withdrawal of the body-
whorl suture from the shoulder of the penult is more
marked than on specimens from the middle part of the
formation. All mature body whorls, however, have
spiral sculpture only at the top and base. The weak-
est body-whorl spiral sculpture is shown by two well
preserved specimens from the upper part of the forma-
tion in the western area, one of which is illustrated
(pl. 38, figs. 20,23). Omn both withdrawal of the body-
whorl suture is as marked as on the lower Gatun fos-
sil just mentioned. Miocene deposits in Costa Rica
and on islands in Almirante Bay off the northwestern
coast of Panami, contain somewhat larger specimens,
which also have very wealk spiral sculpture on the body
whorl but only slight body-whorl withdrawal from
the suture.

The type of 8. gatunensis (incomplete Leight 41.5
mm, incomplete diameter 30.F¥ mm), the illustrated
spectmen, closely resembles that shown on plate 38,
figures 15, 19, but the shell is replaced by calcite and
the early whorls are missing. Toula’s Strombus sp.
Is an immature, and therefore strongly strongly sculp-
tured, specimen of 8. gatunensis. His Strombus sp.
indet. 1s missing.

Strombus gatunensis is perhaps most closely related
to 8. bifrons Sowerby (1850, p. 48, pl. 9, fig. 9), which
occurs in the Gurabo formation of the Dominican Re-
public and the Bowden formation of Jamaica, both of
middle Miocene age. S. bifrons has more widely
spaced axial ribs on early whorls, spiral sculpture on
the entire body whorl, and persistent shoulder spines.
It also has a peculiar bulge on the body whorl beyond
the apex of the shallow strombid noteh.

Occurrence: Lower, middle, and upper parts of
Gatun formation (middle and late Miocene)}. Lower
part, localities 136a, 188a. Middle part, eastern area,
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localities 141 (identification doubtful), 155, 155a, 155b,
185¢, 159 (identification doubtful), 160. Upper part,
western area, localities 182, 182a. Chagres sandstone
(early Pliocenc), locality 208 (identification doubtful).
Middle Miocene, Costa Rica. Deposits of late Mio-
cenc age, Bocas del Toro area, Panam4.

Genus Orthaulax Gabb
Gabb, Acad, Nat. Sci. Philadelphin Proc, v. 24 (1872), p.

272, 1873,

Type (nonotype) : Orihaulaw inornatus Gabb, Miocene, Do-
minican Republic.

Orthaulaz is an endemic American genus found in
the Caribbean region and its borders. Tt is recorded
from Georgia, Alabama, Florida, Cuba, J amaica,
ITaiti, Dominican Republic, Puerto Rico, Vieques, St.
Croix, Anguilla, Antigua, México, Guatemala, Canal
Zone, Venezuela, and Brazil. Twelve species and sub-
species have been described, but some of them are
purely nominal. . gabdi, the last species in southeast-
ern United States, is the only species represented by a
full suite of growth stages and is the only species well
enough preserved to have an undamaged outer lip.

The genus appears throughout its known maximum
geographic range (except Brazil) during late Oligo-
cene time and survived until the end of early Mioccene.
That is, it occurs in three Taunal zones: one late Oligo-
cene and two carly Miocene. As suggested by Davies
(1935, p. 266), the massive shell of Orthaulas, strength-
ened by the thick parietal callus under the snccessively
overlapping whorls, is reasonably interpreted as an
adaptation to strongly surging water. Iis wide distri-
bution in the late Oligocene coincides with an equally
wide development of coral reefs. It appears as sud-
denly as an invader and has no known immediate
predecessors in the Caribbean region or clsewhere.
Nevertheless it presumahly arose from an Qostrombus-
like ancestor in the Caribbean region. A suitahle facies
for immediate ancestors has not yet been found in the
lower Oligocene deposits of that region.

A Japanese Eocene species has been described as
Orthavlar japonica (Nagao, 1924, p. 15, pL 1). It has
been pointed out that the occurrence of this American
genus I Japan should be deleted (Woodring, 1928, p.
91). The Japanese fossil is not a strombid; it evi-
dently is a buccinid.

In the Canal Zone and adjoining parts of Panamé
Orthaulox occurs in the upper Oligocene and the lower
part of the lower Miocene. The material is very in-
adequate, too inadequate for illustrations. In fact, it
ts not suitable for much more than establishing the
presence of the genus.



GASTROPODS: VERMETIDAE TO THAIDIDAE

Orthaulax cf, O, pugnax (Heilprin)

Orthaular pugnaz (Heilprin), Cooke, in Vaughan, U. 8. Natl.

© Mus. Bull. 103, p. 5350 (mentioned), 533 (list), 1919 (Oli-
gocene, Canal Zone).

Orthaules gabbi Dall, Cooke, U, 8. Geol. Survey Prof. Paper
129, p. 29, 30 (USGS locality 5901), 1921 (Oligocene, Canal
Zone).

Ortheuloz cf. O, pugrew (Heilprin), Woodring, Smithsonian
Mise. Coll., v. 135, no. 3, p. 15 (list), 1958 {Oligocene, Canal
Zone).

Fragmentary remains of Orthauiar from the upper
part of the Bohio formation on Barro Colorado Island,
the middle member of the Caimito formation in the
Gatun Lake area, and in limestone of the lower part
of the Caimito in Madden basin are identified as Or-
thawlaz cf. O. pugnaz. Of the nine specimens, one of
medium size (diameter 26 to 86 mm) from each area
shows the shoulder outline, which is triangular. All
except one of the few topotypes and other specimens of
0. pugnaz (Heilprin) (Dall, 1830-1308, p. 170, pl. 8,
figs. 5, 8, 1890) in the collections of the U. S. National
Museumn have a triangular shoulder outline, formed by
swellings produced by the thick callus pad on the pos-
terior part of the parietal wall and two earlier con-
cealed callus pads. The exception is an unusually well
preserved topotype of medium size (diameter 25 mm},
which has a circular outline. A fairly large specimen
from Madden basin (diameter 52 mm) appears to be
low-spired and circular. An axial section, however,
shows that what appears to be shell outline is modified
by hard fine-grained calcareous sediment.

0. gabbi Dall (1890-1903, p. 170, pl. 12, figs. 5-5b,
1890) has a triangular or circular outline. Immature
shells are circular; a few of medium size are eircular,
but most are triangular; and mature shells are triangu-
lar. 0. gabbi is more strongly shouldered than O.
pugnaz. As 0. gabbi nears maturity, and at matu-
rity, a bulging ridge projects from the shoulder between
the swellings producing the triangular outline (Dall,
1890-1903, pl. 12, fig. 5b, 1890). Dehind the ridge the
shell is flattened or even concave. None of the large
specimens, on which the shoulder ridge is particulaily
strong, has yet been illustrated. The lower part of
the well preserved cirenlar-shouldered topotype of O.
pugnax is seulptured with closely spaced, narrow, weak
spirals. 0. gabbi has no spirals, but stronger spiral
sculpture covering a larger part of the shell is present
or absent on 0. aguadillensis Maury.

0. pugnaz is found in deposits of late Oligocene age
in southeastern United States, northeastern México,
and Antigua, and in the lower Miocene Tampa lime-
stone of Florida (type locality). . gabbi occurs in
the lower Miocene Chipola formation of Florida, which
is younger than the Tampa limestone.

- 13 shown in axial section.
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Occurrence: Upper part of Bohio formation (late
Oligocene), locality 42d. Middle member of Caimito
formation (late Oligocene), Gatun Lale area, localities
57, 57a. Lower part of Caimito formation (late Oligo-
cene), Madden basin, locality 71.

Orthaulax cf. 0, aguadillensis Maury

Orthaulas gabbi Dall, Cooke, U. 8. Geol. Survey Prof, Paper
129, p. 29, 30 (USGS localities 6513, 6019 (“identifleation
very doubtful” for 6019g), 1921 (Miccene, Canal Zone).
The Culebra formation and its Emperador lime-

stone member yielded six poorly preserved incomplete

fossils (maximum diameter 55 mm) identified as

Orthaulan cf. O. aguadillensis. The circular shoulder

outline of the specimens that have a complete and un-

modified outline and the thick parietal callus on en-

veloped whorls suggest 0. aguadillensis (Maury, 1920,

p- 58, pl. 9, fig. 4). To be sure, the outline of some

specimens is incomplete or modified by rock matrix

and only the lower part of the concealed parictal callus

0. aguadillensis has a cir-

cular shoulder outline at growth stages ranging in di-

ameter from 15 to 100 nun. Q. gabbi shows thick callus

in an axial section passing through a shoulder swell-
ing and thin callus in ofther axial sections (C. W. Cooke,

1921, pl. 3, fig. 7; pl. 4, fig. 1). Any randam axial sec-

tion of 0. aguadillensis, however, shows thick callus

(C. W. Cooke, 1921, pl. 4, figs. 5, 6; pl. 5, fig. 1b; Wood-

ring, 1923, pl. 1, figs. 3, 4, 10, 11; pl. 2, fig. 4).

0. aguodillensis is widely distributed in both the
lower and the upper early Miocene faunal zones. Tt
has been recognized in Guatemala (identification
doubtful), Cuba, Jamaica, Haiti, Dominican Republic,
Puerto Rico (type locality), Vieques, St. Croix, and
Anguilla (identification doubtful). The early Miocene
Cuban 0. bermudesi Clench and Aguayo (1939) seems
to be 0. aguadillensis. TUnlike other fossils identified
as 0. aguadillensis, the type of 0. bermudezi has part
of the outer lip preserved. It is flaring and winglike,
Like that of many strombid gastropods.

Occurvence: Culebra formation (carly Miocene), lo-
calities 99g, 115a. Emperador limestone member of
Culebra formation (early Miocene), localities 119, 120.

Genus Tercbellum Roding

Riding, Musenm Boltenianum, p. 135, 1798,

Type (tautotype and logotype, Winckworth, Malacological Soc.
TL.ondoun Proc., v. 26, p. 144, 1945} : Tercbellum nebulosum
Riding (=Bulle terebellum (Tinné)=~Conus tercbollum
Linné}, Recent, tropical western Pacific Ocean.

Both Terebellum nebulosum Riéding and 7. lineatum

Réding are available as tautotype, for under both Bulla

terebellum (Linnd) is cited. This is a legalistic matter



192

of no importance, for both of Roding’s names refer to
one species, Z'erebellumn terebellum (Linné), the ouly
Recent species of the genus.
Subgenus Terebellum s.s.
Terchellum (Tercbellum) procerum Merian?
Plate 25, figures o, 7

Targe, moderately slender, high-spired. Ileight of

gpire wnolls increasing at moderate rate, excopt [,enuL,

the height of which increases very rapidly. Body
whorl slightly inflated. Suture of body whozl rapidly
descending, then siraightening near oufer lip. Cuter
lip and aperture unknown

Teight (incompliete) 53.5 inm, diameter (slightly

inereased by crushimg) 17 mm {lavgest specimen).
Helght (m(’o.‘mo]ctc) A8 mim, diameter {slightly in-
creased by crushing) 165 mm (larger figured
specimen).

Tneomplete molds of a large Terebellum from lime-
stone of the Gatuncillo formation at locality 12, so far
as they po, closely resemble 7. subdistortum Trech-
mann (1923, p. 349, pl. 18, Lgs. 8, 9), which was based

on ore complete molds f1 om ﬂle mmd g Focene Yel-
low Limestene of Jamaica. The largest mold collected
at locality 12 would have a height of sbout 75 mm, if
it were complete. As may be scen on Trechmann’s
photographs, the outer lip of 7', subdistortum extends
upward, how far is not determinable on molds. The
straightening of the body-whorl suture near the outer
lip indicates that adult shells from Panami also had
an ascending outer lip. The outer lip of 7. fusiforme
Lamarck (Cossmann and Pissarvo, 1010-13, pl. 31, {ig.
158-1), a small slender Iocene European species,
ascends the spire, but generally is partly broken. The
sole surviving Recent species, 7. ferebelium (Linné),
hag a nonasscending outer lip and an extension of the
parietal callus bovders the slit-like suture. 7. fusi-
Forme has a closely appressed suture not hordered by
an extension of the parietal callus. It evidently is
intermediate between Zercdelfum proper and the in-
volute subgenus Seraphs, the slit under the extension of
thte outer lip corresponding to the slit-like sutnre of
7. terebellum.

According to Rutsch (1931, p. 254, footno‘te), 7.
subdistortum 1s the species casually named 7. procerom
by Merian (1844, p. 64) at a much earlier date. Merian
reported on 4 few Jamalcan fossils aitribnted to the
White Limestone of de la Beche, which included both
the White Limestone and the Yellow Limestone of
lIater usage. Merian’s species is unrecognizable on the
basis of his one-sentence description ** * * has about
the shape of 7. sudwlatum Lam,, but is almost twice
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as long and wide”. The type, in the collection of the
Basel Naturhistorisches Muscum, saves the name. The
type and also the type of the Antiguan Sealaria mela-
noideq, deseribed even more biielly at the same time,
should be llustrated. As a matter of fa-ct, 7. sub-
d@storz,‘-wrfa s neh almoest Lwlce ag lerge as 7 subuletum
(that 1s, 7. ferebellum) 3 1t s only slighily larger.

There are at least thres species of Perebellim in the
lower Tertlary lmestones of Jamaica: 7. procerum
and two species collected by J. W, Spencer “near Port
Antonio,” both represented by molds made up of mili-
oild white limesione. Oue 13 high-spired and very
gle ; the other is low-spired snd has « relatively
stvon;s;l) intlated body whorl.

7. procerem 13 the largest of the few American
gpecies of the subgenus Yerebellum  proper. The
subgenus was w melv distributed 1o the Kocene, sur-
vived vntil Oligecens time in America and Lurope,
and is now a rclic in the tropical western Pacifie
Ocean, where one species survives.

Geenrrence: Gatuncillo formation (late Eocene),
locality 12,

-m('l an

Subgenus Seravhs Montfort

Montfort, Conchyliologie systématique, v. 2, p. 575, 1810,
Type (orthetype) : Scruphs convolutus (Tamarck) (Terebel-

T convolutuwm Lamarck), Tocene, Ifurope.

Tersbelium (Seraphs) belemnitum Palmer?

Plate 23, figure 6

e b1

The silicified fossils collected in the o Casaya
area include thres Incomplete remsains of a relatively
large Seraphs. The figured specimen, which is the
largest, is eskimated 4o have Tad a helght of abont 53
mm when it was complete. This specimen shows the
slit-like extension of the aperture and that the slit is
bordered on the parietal wall by 2 ledge. It does
not show any parietal callus, but the parietal callus of
Seraphs 18 very thin. The type species of Seraphs
and other species in western Hurope do not have a
ledge on the parietal wall; the wall extends smoothly
under the outer lip.

These fossils are almost as large as the molds from
the same formation identified as Terebelivm procerum?
and have a gimilar outline, The molds, however, can-
not he molds of the Seraphs, besause one of the silici-
fied shells of the Seraphs shows that it is involute at
an ecarly stage.

This invelute Terebellvm probably is . belemmnitum
Palmer (Richards and Palmer, 1953, p. 25, pl. 3, figs.
9, 12), which oceurs in the middle or upper Eocene
of Florida. Though the ficured Canal Zone specimen
(the only large specimen showing the apical end of
the shell) tapers a little more rapidly than the type of
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7. belemmitum, the Florida specics has o ledge on the
parictal wall.

Seraphs, like Tercbellum proper, was widespread
during the Eocene and less extensively distr lbuted dur-
ing the Oligocene. Unlike Perebellum preper, it {ailed
to survive the Oligocene. 7. belemmitum is the scle
American species.

Occurrence : Gatuncillo formation (middle Tocene),

locality 38.
Genus Ectinochilus Cossmann

Cossmann, Hoe. Toy. Malacologiqne Relgique Annales, v. 24, p.

87, 1880,
Type (orthotypa) :

Strombus cenalis Lamarck, Hocene, Turope.

Ectinockilus ¢f. E. gaundichaudi (d'0rbigny)

Plate 25, figureg 8, 14-16

Molds of a Inirly large Avtinochilus are common in
limestone of the Gaiuneillo formation at some locali-
ties and a few melds ot snall gpecimens, presumably
representing the same species, were found in sandstone.
The molds collected from limestone show the general

utline (approximate maximur dimensions: height 37
mm, dinmeter 14 mmn).  Some show a few of the rela-
tlvely strong widely spaced axial tibs on the body
whorl (pl. 25, fig. 15) and some show coarse spirals
at the base of the body whorl. The total number of
ribs on the body whorl is estimated to be 14, The
ascending ounler lip and accompanying slitlilce oxten-
sion of the aperture are prescrved on one of the molds
from sandstone (pl. 25, fig. 16). There is no strombid
noteh on the outer lip. Thls specimen and the other
two small molds from sandstone show body-whorl axlal
ribs like those of the larger limestone molds, more
numerous and rnore closely spaced axial ribs on at
least two preceding whorls, coarse spirals on the basal
third of the body whorl, and a snggestion of fine spirals
on the remainder of the body whorl and on spire
whorls.

Fetinochilus has been found in middle and apper
Focene deposits in Perdi, Colombia, Venezuela, Trini-
dad, and Jamaica, and also in &outnmste-rn United
States and on the Pacific coast of United States. Most
of the species from tropical America are not well
lenown.  The inadequate material from Panami sug-
gests a species that is more inflated and has stronger
axial ribs than the typical form of the Peruvian 7.
goudichandi (A’Orbigny) (184247, p. 116, pl. 14, figs.
6-8; Olsson, 1928, p. 71, pl. 16, figs. 6, 7), and hus
stronger body-whorl axial ribs than &. geudichaudi
awlada Olsson (1928, p. 73, pl. 16, figs. 3, 4), a small
form more strongly sculptured than the typical form.

Fetinochilus s another strombid genus that is widely
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distzibuted in the Tocene (Wrigley, 1038, p. T1).
survived until early Oligocens time 1n Burope. The
spectes from Panaind, like other American species, is
el largoer than the i uropeai species,

Oceurrence: Galuneillo formation (Iate Eocene), lo-
enlities 0, 11,12, 34,

Family OYPRATRIDAE
Genug Oypraca Linngd

Linud, Bystema naturace, 10th ed., p. 718, 1798,
Trpae (logotype, Montfort, Conchrliologie systématique, v. 2,
B G631, 1810)

Cypraca tigris Linnd, Recent, tropieal western
Pacific Ocean.

(Montlort spelled the generic namwe Cypren.)

Molds of an unidentifled small strongly inflas
Cyprace (height 21 mun, lateral dinmeter 16 min, dor-
ral diameter 10.5 1..:11) were found in Iimestone

SOV

of the Guatuncillo formution at localities 11 and 12,
Their exposged spire distinguishes them from molds of
Cypracdia of. O, subclegans (p. 198) th“ show no

trace of senlpiure. The two spacles are sssocinted and

have practically the same dimneasions.

Subgzenns?

Cyyraea ¢f. €. chilena Dall

ITncomplote molds of a wide Cyprace, strongly in-
flated dorsally, occur in strata of late Oligoeene and
early \[mccno age. They sugaest Cyprose elilona
Dall (Gardner, 1‘)26 47, p. 541, pl. 54, figs. 7, 9, 1947),
oL the lower Bliocene CI\lpolfL iormatmn of Florida.

hese molds are of medivm size (approximate dimen-
sions: height 32 mm, lateral diameter 26 mm, dorso-
ventral diameter 20 mm) and with one exception are
smaller than C. ehilone. The oxception is a specimen
from the Culebra formation whicl, were it complete,
would have a height of about 42 mm, comparable to
that of &. chilona.

The Anguilla formation of the island of Angnuilla
and the Giines Limestone of Cuba, both of early 3lio-
cenc age, have yielded similar molus (C. W. Cooke,
1919, p. 115).

O. chilona was referred to the genus Cypracorbis
Conrad, subgenus roadusta Sacco, by Schilder (1932,
p. 125} and to Cypracorbis, as a subgenus of Cypraea,
Ly Gardner.

Ocecurrence: Middle member of Caimito formation
(late Oligocene), Gatun Lake area, locality 56. Que-
brancha limestone member of Caimito formation (late
Oligocene), locality 62. Lower part of Caimito for-
mation (late Oligocene), Madden basin, locality 71.
Culebra formation (early Miocene), localities 9%g, 100D,
110. Emperador limestone member of Culebra for-
mation (early Miocene), localities 119, 121.
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Subgenus Muracypraca Woodring

Woodring, Nautilus, v. 70, p. 88, 10957.
Type {orthotype) : Cypraee mus Linné, Recent, south border
of Caribbean Sea.

As outlined in the publication just cited, Awracy-
pracg was proposed for Cyprase mus and its fossil
allies, for which the nmne Séphocyprasca has been used
erroncously. The American Tertiary species of Mura-
eypreee represent the liueage of Cypraes hensheni
Sowerby. That lineage appeared in strata of early
Miocene age in Trinidad (€. Lenckeni), Venezuela (.
angustirima hyaena (Schilder), and Pert (. angus-
tirimae Spieker) and reached its maximuin distribution
in the middle Miocene: in Jamaica (C. henckeni), the
Dominican Republic (. henekeni), Trinidad (C. fene-
keni), Venczuela (0. henekeni), Colombia (. hene-
kent), the Canal Zone (/. henskent), Costa Rica (.
henekeni), Ecuador (. cf. . henckeni), and Baja
California (C. heneleni amondusi Hertlein and Jor-
dan, which may be indistmguishable from . Lenelhend
proper). The known distribution in late Miocene time
included Trinidad (. kenckeni)y, Venezuela (', hene-
keni), and Panami (C. henekeni, 0. almirantensis
Olsson), but during early IPliocene time it dwindled to
Venczuela (€. aff. €. lenckeni) and Ecuador (C.
cayapy Pilsbry and Olsson). €. mus 13 sinaller than
the species of the lineage of (. henekeni. It is not
known to antedate the Pleistocene and its immediate
predecessor has not been recognized, . maus is found
along the Caribbean coast of Colombia and Venezuela.
That is, the geographic range of Muracypraca has
steadily dwindled since middle Miocene time. Muracy-
praea reached the western Pucific Ocean during the
Miocene. Martin’s illustrations (1891-1922), p. 168,
pl. 26, figs. 386, 386a, b, pl. 27, ligs. 387, 387a, 888, 1899)
indicate that his Qypraca maurisimilis, from the Mio-
cene of Java, is closely allied to C. henekeni; in fact
Vredenburg (1920, p. 95) claimed that it is 7, Aenekeni.

Cypraea (Muracypraea) henekeni Sowerby
Plate 31, fisures 6—10; plate 32, figures 1,4, 6,9

Cyprace henikeri Sowerby, Geol. Soe. London Quart. Jour.,
v. §, p. 43, pl. 9, fig. 3, 1850 {Miocene, Dominican Republic;
error for hencheni).

Cypraca henckeni Sowerby, @abb, Am. Philos. Soc. Trans.,
n. s, v. 15, p. 235, 1873 (Miocene, Dominican Republic).
Maury, Bull. Am. Paleontology, v. 5, no. 29, p. 114, pl. 19,
fig. 4, 1917 (Miocene, Dominican Republic). Pilsbry, Acad.
Nat. Sci. Phila. Proc, v. 73, p. 363, 1922 (Miocene, Domini-
can Republic}). Maury, Bull. Am. Paleontology, v. 10, no.
42, p. 219, pl. 87, fig. 1, 1925 (Miocene, Trinidad). Anderson,
Calif. Acad. Sci. Proc., 4th ser., v. 18, no. 4, p. 139, 1929 (Mio-
cene, Colombia). Ingram, Bull. Am. Paleontology, v. 24, no.
85, p. 8, pl. 1, fig. 3, 1939 (Miccene, Dominican Republic).
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Cypraca henilieni Sowerby, var., Brown and Pilsbry, Acad. Nat.
Sci. Phila. Proc, v. 63, p. 366, pl. 26, fiz. 8, 1911 (Miocene,
Canal Zone; error for heneleni).

Cyprace henckeni lacrimule Maury, Bull. Am. I"aleontology,
v. 10, no. 42, p. 220, pl. 37, fig. 2, 1925 (Miocene, Trinidad).

Cypraea caroniensis Maury, idem, p. 221, pl, 37, figs, 3, 5, 6, 1925
(Miocene, Trinidad).

Siphocypreea isthmice Schilder, Arch, Naturgesch., 91st year
(1925), pt. A, no. 10, p. 99, 144, 1927 {Miocene, Canal Zone).

Siphocypraca henileri (Sowerby), Schilder, Schweizerischen
Palueont. Gesell. Abh.,, Band 62, p. 24, 1939 {Miocene, Trini-
dad).

Siphocyprece caroniensis (Maury), Schilder, idem, p. 24, figs.
26, 27, 1939 (Miocene, Trinidad).

Siphocypraea quaggae Schilder, idem, p. 25, fig. 28, 1939 (Mio-
cene, Venezuela).

Cypraca henckent potrerowis Ingram, Bull. Am. Paleontology,
v. 24, no. 85, p. 5, pL 1, figs. 8, 9, 1939 (Miocene, Dominican
Republic). :

Cyprace andersond Ingram, idem, v. 31, no. 120, p. 42, pl. 2,
fig. 2, 1947 (AMiocene, Colombia). Ingram, Calif. Acad. Sei.
Proc., 4th ser., v. 26, no. §, p. 125, pl. 2, fige. 5, 7, 1948 (Miocene,
Colombia ).

Cypraea tuberge Ingram, Bull. Am. Paleontology, v. 31, no. 120,
p. 61, pl. 2, fig. 1, 1947 {Miocene, Colombia). Ingram, Calif.
Acad. Sel. Proc., 4th ger., v. 26, no. 6, p. 128, pl. 2, figs. 9, 12,
1948 (Miocene, Colombia).

Cypraee projecta Ingram, Bull. Am. Paleontology, v, 31, no. 121,
p. 4, pl. 1, figs. 4, 5, 1947 (Mioecene, Colombia).

Cypraca graltamid Ingran, iden, p. 6, pl. 2, figs. 6, 7, 1947 {Mio-
cene, Venezuela).

Cypraea rugose Ingram, idem, p. 7, pl. 2, figs. 8, 9, 1947
(Miocene, Venezuela; not €. rugose Droderip, 1827).

Of medium size, pyriform, very wide, strongly in-
flated dorsally. Lips, sides, and posterior part of dor-
sal surface heavily enameled. Quter lip and sides
smooth, roughened, or slightly corrugated. Posterior
part of dorsal surface smooth, roughened, warty, or
bituberculate. Quter lip wide, slightly consiricted
near anterior end, bearing 17 or 18 short teeth on large
specimens. Inmer lip of large specimens bearing 18 to
16 short teeth. Ifossula indistinct; wide, shallow,
smooth. Aperture moderately wide. Siphonal canal
long and deep, bordered on columellar side by a strong
narrow terminal ridge and a weak ridge on outer lip.
Outer and inner lips prolonged to form short flanges
bordering siphonal canal or long flaplike flanges.
Posterior outlet very deep and long, it sides indis-
tinetly or strongly rimmed. Color pattern consisting
of brownish mottling on central part of dorsal surface
and interrupted narrow brownish bands on sides of
dorsal surface. The bands reaching ventral surface,
but on inner lip, and on outer lip of some specimens,
obscured by enamel. If present on outer lip, they are
alined with teeth, except small anterior teeth.

Height 558 mm, lateral diameter 40.8 mm, dorso-
ventral diameter 29.3 mm (largest figured specimen
from middle part of Gatun formation). Height 55.7
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mm, lateral diameter 44 mm, dorsoventral diameter
82.5 mm (figured specimen from upper part of Gatun
formation).

Type: British Museum (Natural History), Geol.
Depart., Geol. Soc. London collection, 12772,

Type locality: Northern part of Dominican Repub-
lic (presumably Cercado or Gurabo formation, mid-
dle Miocene).

The trivial name of this species has been spelled in
three ways: heniferi, hencheni, and henikeni. The
original orthography was Aenikeri. That spelling was
used consistently, both by Sowerby and by Moore in
his accompanying paper, for the name of the Dritish
Army officer who was the collector of the first fossils
from the present Dominican Republic to reach Ing-
land. Three years later, however, the collector himself
published an article on his observations in Santo
Domingo and his name is printed T. S. Heneken
(1853). He then was a Fellow of the Geological
Society of ILondon, which printed his paper. Mr.
Arthur Greig, Assistant Secretary of the Society,
kindly informs me that there is no doubt that the name
was Col. T. S. Heneken, as that spelling appears in
all of the records of the Society. Mr. Greig suggests
“s, reasonable explanation is that he sent the fossils
and notes from San Domingo and, as he was personally
unknown to Moore and Sowerby, they misread his
handwriting.” Though there is no internal evidence
in the original account, the original orthography clearly
was an unintentional error and alteration to Aenckeni
is justified. To eclaim that the alteration is inadmis-
sible because Sowerby did not state that the species
(and threc others) was named for the collector is un-
realistic. Guppy and Gabb, who were the first to deal
with the fossils named for Ieneken, made the change
without any comment, as though it were to be done as
a matter of course. Maury (1917, p. 53) and Pilsbry
(1922, p. 305) commented on the change in spelling.
The third spelling, henikeni, evidently is a typographic
error.

This variable species occurs in the three parts of the
Gatun formation, but has not been found in the middle
part in the western area or in the upper part in the east-
ern area. A total of 1T specimens, or parts of speci-
mens, i1s available: eight from the lower part, seven
from the middle part, and two from the upper part.
The presence or absence of dorsal warts or tubercules,
the length of the flanges bordering the siphonal canal,
and the height of the rim bordering the posterior outlet
are the most conspicuous expressions of variability.
Shells that are only roughened are most common, but
warly or tuberculate shells occur in the three parts of
the formation. Variation affecting the flanges 1s well
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shown by two specimens collected at the Gatun Locks
excavation (pl 81, figs. 6-8). Though the short flanges
of the larger specimen are intact, the longer fianges of
the smaller specimen are broken back. The most ex-
tended flaplike flanges are shown by a specimen from the
lower part of the Gatun (pl. 32, figs. 8, 9). Their an-
terior edge is nicked and therefore irregular in outlne.
Another specimen from the lower part of the Gatun has
the highest rim bordering the posterior outlet (pl. 32,
figs. 1,4).

At least part of the color pattern is visible on almost
all of these fossils. Tt is best shown on the two speci-
mens from the Gatun Locks excavation just mentioned
(pl. 31, figs. 6-8). They hawve well preserved smoothly
polished enamel. Their pale ocherous overall color
probably is a bleached version of the original color.
Some specimens show a darker brownish background
color. '

The variability of Cypraca henekeni has resulted in
excessive naming. Siphocypraca isthmice was based
on DBrown and Pilsbry’s remarks and illustration.
Oypraca henekeni lacrimuda, C. caroniensis and 0. hene-
keni potreronis were based on features depending on the
amount and shape of enamel on the posterior part of
the dorsal surface. (. andersoni, . tuberas, and ¢,
projecta oceur in middle Miocene strata near Tuberd,
Colombia. €. grahami and . “rugose” were found at
the same locality on the island of Cubaga, off the coast
of Veneczuela. Some of the names in the synonymy
may prove to be useful for local populations when ade-
quate samples are available. Most of the names, how-
ever, are based on features shown by small samples
from a single region.

With due regard for variability, Cypraca henekeni
has an extensive distribution in Miocene deposits: in
the Dominican Republie, Jamaica, Trinidad, Vene-
zuela, Colombia, and the Canal Zone. Tt is recognized
in the lower Miocene, is most widely distributed in the
middle Miocene, and continues into the upper Miocene.
In the type region Maury’s collectors found (. Zene-
Eeni in both the Cercado and Gurabo formations; the
TU. 8. Geological Survey party only m the Gurabo for-
mation. The species was well illustrated by Sowerby,
except that on his illustration the aperture is too sinu-
ous and the anterior construction of the outer lip is
too pronounced. (. kenckeni is rare in the Bowden
formation of Jamaica. A few years ago C. B. Lewis,
Director of the Institute of Jamaica, collected two
fragments of a large specimen at Bowden.

Occurrence : Lower, middle, and upper parts of Gatun
formation (middle and late Miocene). Lower part, lo-
calities 186a, 138, 138a. Middle part, eastern arca, lo-
calities 155, 155a, 159b. Upper part, western area,
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localities 182, 182a. Cercado and Gurabo formations
(middle Miocene), Dominican Republic. Bowden
formation (middle Miocene), Jamaica. Machapoorie
limestone (early AMiocene), Brasso formation (middle
Miocene), and Springvale formation (late Miocene},
Trinidad., Deposits of middle and late Miocene age,

Venezuela. Deposits of middle and late Miocene age,
Colombia, Deposits of middle Miocene age, Costa
Rica.

Family OVULIDAR
Genus Cypracdia Swainson
Swainson, A treatise on malacology, p. 325, 1840.
Type (monotype} : Oygracdio concelate Swainson ( *=Cypraca
clegans Sowerby, Hocene, western urope).

Cypraedia aff. €. subelegans (Trechmann)

Limestone of the Gatuncillo formation }1e1ded molds
of a strongly inflated Cypraedic of medium size. The
molds are involute and some show traces of cancelizte
sculpture, the axial threads being fainter than the
spiral. The dimensions of the largest specimen are as
Tollows: height 27.5 mm, lateral diameter 22 mm, dor-
soventral diameter 16 mm. These molds strongly sug-
gest Cyproedia subelegans (Trechmann, 1923, p. 332,
pl. 13, fig. 4), which was based on poorly preserved
material from the middle Focene Yellow Limnestone of
Jamaica. 0. subelegans evidently is more closely re-
lated to the larger €. femestralis (Conrad} (Flarris and
Palmer, 191647, p. 320, pl. 40, figs. 9, 10, 17, 18, 1947),
an upper Focene species from c;outhmmo' 11 I /nited
States, than to the middle and upper Eocerne Furopean
. elegans (Sowerby), which is smaller and less in-
fated. Trechmmann’s (1923, p. 352, pl. 15, figs. 5, 6)
Cypracdio of. 0. elegans, associated with ¢, subelegans
in the Yellow Limestone, presumably is €. subelegans.

Ocenrrence: Gatnneillo formation (late Kocenc}, lo-
calities 11, 12,

Genus Eocypraea Cossmann
Cossmann, Essais de paléoconchologie comparée, pt.
1903.

Type (orthotype):
Iurope,

, . 162,
Cypraca inflate Lamarck, Docene, western

Subgenus Apiocypraea Schilder?

Schilder, Arch. Naturgesch, 91st year (1925), pt. A, no. 10, p.
T3, 1927,

Type (orthotype): Cypreea michaudiane Grateloup, Miocene,
southwestern Eirope.

Eocypraca (Apioeypraea?) keenae Woodring, n. sp.
Plate 32, figures 8, 10

Very large, clongate ovate, moderately inflated, in-
volute, thin-shelled. Outer lip moderately wide, its
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inner edge bearing about 37 teeth, which extend about
a third of distance across lip. Anterior and apical
parts of outer lip not preserved. Termninal ridge (on
columellar side of siphonal canal) wide and swollen.
Inner lip bearing a deep indentation adjoining termi-
nal ridge, Tollowed in succession by two ghort oblique
tecth and a shallow indentation. Remainder of inner
lip smooth, at least down to level of outer lip. Aper-
fure very narrow. Posterlor ontlet evidently absent.

Height (not quite complete) 115 mm, lateral di-
ameter (increased by dorsoventral crushing) 76 mm,
dorsoventral diameter (diminished by dorsoventral
crushing) 56 mm (type).

Type: USNM 562604.

Type locality: 155 (Stanford Univ. 2653, Gatun
Third Locks excavation, lat. 9°16° N., pius 4,700
Teet (1,430 weters), long, 79°54” W. plus 5,800 feet
(1,770 meters), Canal Zone, units 11 and 12 of section
(chapter A, p. 44), middle part of Gatun formation.

This remarkable fossil is one of the few undeseribed
large species from the middle part of the Gatun for-
mation. The tyne, foond by T. F. Thompson at the
Gatun Third Locks excavation, is the only specimen.
It wag r ccognl?ed a8 a new species by Miss Myra een,
for whom it is named. The thin shell is crushed dor-
sovenirally and at nmmnerous places is cracked, or
cracked and displaced. Part of the shell on the dorsal
surface and much of the outer lip are missing. The
fine-grained mold, however, shows impressions of the
migsing teeth of ﬂ]e outer ]1p Though the posterior
part of the outer lip is missing, it evidently formed
a low arch as it eurved down to the concealed apex.
There appavently was not even a poorly defined pos-
tericr outlet. Ixecept at its anferior end, the inner
lip is smooth, down to the level of the outer lip. Tt
was not exeavated to a lower level in order to leave
support for the undamaged part of the outer lip and
the mold where the shell is missing. If there were
aity teeth ov fubercles on the apparently smooth part
of the inner lip, they presumably would be vigible at
the level of the outer lip.

De~plie its large sve—ccven tlmeq ag large as the

tecturul plan of this species indicates alliance to
Eocypraca. Focypraes proper, however, is pyriform
and has a low rm at the outer edge of the outer lip.
It also has shovt teeth on the inner lip, a low callus
swelling at the posterior end of the inner lip, and a
narrow terminal ridge. European species of medinm
size, ranging in age from Oligocene to Pliocene, have
been assigned to the subgenus Apiocypraca (Schilder, -
1932, p. 219-222). According to Cossmann and Pey-
rot’s (1922, p. 857, pl. 9, figs. 22, 23, pl. 10, fig. 5; de-
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seribed as Cypraca (Adusa) subamygdulum I'Or-
bigny) deseription and illustrations of the type species,
typical Apiocypraea has no teeth on the posterior halt
of the inner lip, but the outer lip is rimmed and there
is no indication of a wide swollen terminal ridge. A
new subgereric or generic hame may be justified for
Focypraca keenae. A new name, however, should be
based on more complete material.

The Miocene Veneznelan moderately large ovulid
described as Marginoeypraca paraguane by Ingram
(1947, p. 3, pl. figs. 1, 2) is the only American fossil or
living species with which Focypraea keenae needs to be
compared. The Venezuelan species has a thicker shell,
rimmed outer lip, narrower terminal ridge, and teeth
along the entire inner lip. It is the type of Margino-
cypraca. Despite the presence of tecth along the entire
inner liv, Marginocypraea paraguanc seems to be not
far removed from Apiocypraca.

Occurrence: Middle part of Gatun formation
(middle Miccene), eastern area, locality 155.

Family ATLANTIDAE
Genus Protatlanta Tesch
Tesch, Notes from Leyden Mus., v. 30, p. 8, 1908,

Type (orthotype): Atlente Ilzmanonii Souleyet—A. souleyet!
Smith, Recent, circumtropical.

Suhgenus Atlantidae Filsbry

Pilsbry, Acad. Nat. Sci. Phila. Proe., v. 73, p. 314, 1922,
Type (orthotype) : Atlente rofundete Gabb, Miocenc, Domin-
ican Republic.

Protatlanta (Atlantidea) lissa (Woodring)
Plate 30, figures 5, 6
Atlanta (Atlantidea) Ussa, Woodring, Carnegie Inst. Wash-
ington Tub. 385, p. 134, pl. 2, figs, 26, 27, 1928 (MMiocene,

Jamaica).

Of medium size, nautiloid. ISarly whorls deeply
and asymmetrically recessed. IProtoconch consisting
of about two slowly enlarging whorls. Ilemaining
three whorls rapidly enlarging and strongly inflated.
Periphery of body whorl broadly rounded, early half
bearing two very low faint ridges. Aperture broken.

Height 2.5 mm, diameter 5 mm. (figured specimen}.

Type: USNM 369336.

Type locality : Bowden, Jamaica, Bowden formation.

Two specimens of thig inflated heteropod, which has
a rounded Oaygyrus-like periphery, were collected by
Rowell and Hill many years ago at and near Mount
Hope. One is fragmentary: half of an immature body
whorl. The periphery of this fragment bears two faint
grooves, instead of ridges, and obscure, somewhat ob-
lique spiral undulations are visible on the sides. The
ficured specimen is larger than the type of Protatlonta
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lzssa (diameter 2.8 mm), which does not show any indi-
cation of peripheral ridges or grooves. I’ rotundata
(Gabb) (Pilsbry, 1922, p. 314, fig. 15} has a similar
outline, but is seulptured with microscopie spirals. It
occurs in the Cercado formation of the Dominican
Republic. 'The periphery of the type bears two faint
grooves.

Whether the periphery of these two species bears two
ridges or two grooves, or shows no indication of either
evidently is determined by the state of shell prescerva-
tion. The significance of the 1idges {or grooves) is un-
certain. They may mark the trace of the attachment
of a cartilaginous keel split into two limbs at the aper-
tural margin, or may possibly mark the borders of a
shallow V-ghaped apertural slit. The sides of the
figured specimen show faint gently arcuate growth lines
which step at the ridges. There is a vague suggestion
of ¥-sliaped growth lines in the narrow space between
the ridges, but they are too obscure for nngualified
interpretation.

As sugeested by Pllsbry, P. souleyeti (Smith)
(Tesch, 1949, p. 13, figs. 4-6}, the type and only species
of the subgenus Profutlanta .., appears to be the most
closely related Recent species. The early whorls of that
species Torm a spire visible in apertural view and the
periphery bears a very thin, transparent cartilaginous
keel split at the aperture into two coalescing limbs.
Until the features of P, rotundato and P, lissa are betier
known, Atlantidez is treated as a subgenus of
Frotationio.

Occurrence: Upper part of Gatun formation (middle
Miocene), eastern area, localities 174, 177. DBowden
formation {middle Miocene), Jamaica.

Family CASSIDIDAE
Genus Galeodea Link?
Link, Beschreibung der Naturalien-Sammlung der Universitif
zu Rostock, pt. 3, p. 113, 1807.
Type (monotype): Guleodea echinophore (Linné) (Buecinum

echinophorum Linné) Recent, Mediterranean Sea and eastern
Atlantie Ocean.

Galeodea? cf. G. nodosa (Solander)

Plate 25, figures 18, I9

Moderately large, strongly inflated, shouldered, rela-
tively high spired. Body whorl sculptured with four
low spiral ridges, all except anteriormost of which bear
strong blunt knobs; 12 knobs on ridge forming shoul-
dor. Similar knobs on shoulder of spire whorls.
Traces of narrow spiral threads and exaggerated
growth lines visible between ridges. Aperture not pre-
served.

Tleight (incomplete) 46 mm, diameter (modified by
crushing) 40 mm (figured specimen).
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A crushed mold, to which some leached shell ma-
terial is attached, was found in siltstone of the Gatun-
cillo formation at locality 27 on the Transisthmian
Highway. The mold presumably represents Galeodea,
but the aperture is not preserved and generic assign-
ment therefore is uncertain. The outline is modified
by crushing. In apertural view the mold is somewhat
turreted, but not in dorsal view.

LT this fossil is a Galeodea, it is a moderately large
species and appears to be more similar to &. nodosa
(Solander) (Wrigley, 1934, p. 120, pl. 17, figs. 81, 82)
than to described American species. The knobs of &.
nodosa are more compressed axially than those of the
fossil from Panamad. . nodosa ocenrs in the middle
and upper Eocenc of western Europe from England
to the Mediterranean region,

Occurrence: Gatuncillo formation (late Eocene),
locality 27.

Genus Bathygalea Woodring and Qlsson

Woodring and Olsson, U. 8. Geol. Survey Prof. Paper 314-E, p.
22, 1957 [1958].

Type (orthotype) : Cussis eoronadoi Crosse, RRecent, north coast
of Cubsa, off Cape Fear, N. Car.

Subgenus Miogalea Woodring and CGlsson

Woodring and Olsson, U. 8. Geol. SBurvey Prof. Paper 314-B, p.
22, 1957 [1958].

Type (orthotype}: Oassis {Phalium) dalli Anderson, Miocene,
Colomhia,

Bathygalea (Miogalea) hadra Woodring and 0Olsson
Plate 37, figures 10, 13
Buathygalen (Miogalen) hadre Woodring and Olsson, U. 8. Geol.

Survey I'rof. Paper 314-B, p. 23, pL. 8, figs. 1, 2, 1957 {1958]

(Pliocene, Panamd,).

Of medium size, moderately thick-sheiled, Galeodea-
like in outline, strongly shouldered at early stage, spire
turreted. Varices absent, except for terminal varix.
Protoconch worn, consisting of about three naticoid
whorls. Body whorl bearing 10 sharply peinted knobs
on shoulder, Three low swellings on body whorl below
shoulder bearing lower blunt kuobs on carly two-thirds
of whorl. Spiral threads narrow, closely spaced on
early whorls; closely spaced, but less uniform in width
and spacing, on body whorl, in general widest on knob-
bearing swellings. Axial sculpture limited to exag-
gerated growth lines and faint wrinkles at suture of
lIate whorls. Microscopic spiral and axial lineation
visible on faintly worn parts of shell. Outer lip mod-
erately thick; its interior bearing short moderately
strong ridges. Iarietal callus and shield thin. Si-
phonal canal and siphonal fasciole missing. Insertion
of siphonal wide.

ITeight 43.7 mm, diameter 33.6 (type).
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Type: USNM 562268,

Type locality: 208 (USGS 8437, Caribbean Coast at
mouth of Rio Indio, Panamd), Chagres sandstone.

The type and a small damaged shell were collected
by Olsson at the mouth of Rio Indio, 37 kilometers
southwest of Colén, where the Chagres sandstone crops
out (chapter A, fig. 3, p. 45). Part of the type (the
part that was exposed when it was collected) is cor-
roded and the entire shell is slightly or faintly worn.
The siphonal canal and siphonal fasciole are missing
on both speciinens, but the wide insertion of the canal
on the type shows that the canal itself was wide.

As pointed out when this species was described, it
evidently is a direct descendant of Bathygalea dalls
(Anderson) (Woodring and Olsson, 1957 [1958], p. 23,
pl. 7, figs. 1-4, pl. 8, figs. 3, 4), the type of the sub-
genus Miogalea. B. hadra,the youngest known species
of Miogalea, has a thinner shell, corresponding thinner
outer lip, parietal callus and shield, and weaker ridges
on the interior of the outer lip.

Occurrence: Chagres sandstone (early IPliocene),
locality 208.

Genus Semieassis Moreh

Mdbrch, Catalogus conchyliorum * # * Comes de Yoldi, pt. 1,
p. 112, 1852,

Type (logotype, Harris, Catalogue of Tertiary Mollusca in the
Department of Geology, Dritish Muscum; pt. 1, Australasian
Tertiary Mollusca, p. 198, 1807} : Cassis japorica Rceves,
Recent, Japan.

Subgenus Echinophoria Saeco

Sacco, I molluschii dei terreni terziarii del Piemonte e della
Liguria, pt. 7, p. 39, 1890.

Type {logotype, Dall, U. 8. Geol. Survey Prof. Paper 59, p. 62,
1909) : Buccinum intermedium DBrocechi, Miocene and Pli-
ocene, southwestern Burope.

Wrigley (1934, p. 109, 129) proposed to treat
Lelinophoria as a small, strongly knobbed, Oligocene
to Pliocene subgenus of Semicassis, which seems to be
a satisfactory arrangement. For a further discussion
of Fehinophoria sce Woodring and Olsson (1957
[1958], p. 25).

Semicassis (Eehinopheria) apenes Woodring, n. sp.
Plate 28, figures 11, 17

Small, strongly inflated, weakly shouldered, spire
low, conical. Varix preceding terminal varix present
or absent on body whorl. Shoulder of body whorl
marked by about 11 blunt knobs arranged along a low,
obscure spiral band. Lower knolbs on three or four
other low spiral bands. Three or 4 narrower, but rela-
tively wide, spiral bands between anteriormost knob-
bearing band and base of body whorl, Three weakly
noded spiral bands lying between shoulder and suture,
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the sutural band widest and most distinctly noded.
Knob-bearing shoulder band of body-whorl fornming a
knob-bearing band at anterior edge of spire whorls.

Three other poorly preserved, narrow, noded spirals on

spire whorls. Apertural features missing.

Height (almost complete) 31 mm, diameter (incom-
plete} 22 mm (type).

Type: USNM 562570.

Type locality : 56 (USGS 6025, about 200 yards (200
meters) south of southern end of switch at Bohio
Ridge station, relocated Panama Railroad, Canal
Zone), middle member of Caimito formation.

MacDonald and Vaughan collected three poorly pre-
served specimens of this strongly knobbed cassid at the
type locality. Despite the absence of the siphonal ca-
nal and siphonal fasciole, there seems to be no reason-
able doubt that this species is to be referred to Zchino-
phoria. Unlike the type of Echenoploria, Semicassis
apenes has no shoulder on the penult whorl and a weak
shoulder on the body whorl.

Oceurrence: Middle member of Caimito formation
(late Oligocene), Gatun Lale area, locality 56.

Semicassis (Echinrophoria) specics
Plate 26, figures 8, 12

Semicassis (Echinophoria) sp., Woodring, Smithsonian Misc.
Coll., v. 135, no. 3, p. 25, 1958 (Oligocene), Canal Zone.
Small, moderately inflated, strongly shouldered,

spire turreted. Varix present or absent on penult

whorl. Shoulder bearing strong blunt knobs, about 10

on body whorl. Body whorl bearing three other rows

of somewhat lower knobs, Narrow spiral threads of
unequal width closely spaced. Apertural features
missing. Insertion of siphonal fasciole suggesting fas-
ciole is inflated and limited posteriorly by a sharp nar-
row thread.

Height (incomplete) 30 mm, diameter (incomplete)

23.5 mm (most nearly complete specimen, figured).
Four specimens of a species of Echinophoria, all of

which are incomplete and m poor condition, were re-

covered from the moderately deep-water facies of the

Calmito formation on Barro Colorade Island. The

shell is thinner than that of Semicassis apenes, and the

late spire whorls and body whorl are strongly shoul-
dered. In outline and emplacement of knobs the un-
named species is more similar to the type of Echino-
phoria than any other described American cassid. The
knobbed shoulder of the fossils from Barro Colorado

Island, however, appears at an earlier stage.

This is a new species, but none of the specimens is
suitable as type material.
Oceurrence: Middle member of Caimito formation
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(late Oligocene), Gatun Lake area, localities 54h, 54j,
541.
Subgenus Tylocassis Woodring
Woodring, Carnegie Inst. Washington Pub. 385, p. 806, 1928,
Type ({orthotype): Buccinum inflatum Shaw (=DBuccinum
granulalvm Lorn), Recent, North Carolina to Brazil.

“Buccimum” inflatum is a large Caribbean form of the
species for which Clench (1944, p. 8) adopted the name
Phaliven. (Semicassis) granulatum (Born). Should
Born’s type be found at the Zoological Museum in Vi-
enna, confirmation of the adoption of that name would
be welcome.

Tylocassis was proposed for the Caribbean and east-
ern Pacific species of Semicassis, all of which have
wart-like denticles on the outer part of the fully formed
inner lip. Wrigley (1934, p. 109, footnote) pointed
out that the Mediterranean and eastern Atlantic Sems-
cassis undulota (Gmelin) (also known as 8. suleosa
(Born))} belongs in this group of species. TUnlike
American waters, the Mediterranean Sea and eastern
Atlantic Ocean harbors another group of Semicassis,
represented by 8. saburon {Bruguidre), which has allies
extending baek at least to the Miocene. The earliest
American species of T'ylocassis, and apparently also
the earliest Iluropean species, are of Miocene age.

Generic rank for both Phaliwm (Link, 1806-07, p.
112, 1807; type (logotype, Dall, 1909, p. 62) : Phalium
glaucum (Linné) (Buccinum glawcwmn Linné), Recent
western Pacific Ocean) and Semicassis, and subgeneric
rank for T'ylocassis represents a nomenclatural frag-
mentation of Phalium-like cassids whicli some paleon-
tologists and zoologists are unable to accept. Never-
theless on the basis of the wart-likke dentieles, Clench
(1944, p. 9) was enabled to conelude that an alleged
Australian species presumably is a Caribbean species.

Semicassis? (Tylocassis?) cf. 8. aldrichi (Dall)

The uppermost part of the Culebra formation in
Gaillard Cut (the transition zone between the Culebra
and Cucaracha formations) yielded four incomplete
molds of a small, inflated, shouldered cassid (approxi-
mate dimensions: height 22 mm, diameter 17 mm).
The shoulder is noded and below the shoulder the body
whorl is sculptured with closely spaced spirals. There
is little doubt that this species is a Semicassis, and the
small size and noded shoulder suggest comparison with
8. aldrichi (Dall) (Gardner, 192647, p. 536, pl. 54,
fig. 6, 1947), an early 7ylocassis from the lower Mio-
cene Chipola formation of Florida. The wartlike
denticles of the type and only specimen of 8. aldrichi
do not extend over the parietal wall as shown in Dall’s
illustration, reproduced by Gardner,
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Occurrence: Culebra formation (early Miocene), Jo-
calities 110, 111, 111b.

Semicassis (Tylocassis) reclusa (Guppy)
Plate 34, figures 1, 4-6

Cassis monilifore Guppy, Geol. Soe. London Quart. Jour, v. 22,
p. 287, pl. 17, fiz. 8, 1866 (Miocene, Jamaica). Nof Cassis
monilifer Sowerby, 1846.

Cassis reclusa Guppy, Sci. Assoe. Trinidad Proe, v. 2, no, 2,
p. 84, 1873 (Miocenc, Jamaica). (Reprint, Bull. Am. aleon-
tology, v. 8, no. 35, p. 68, 1921}.

Dotium? (Endolinm) sp. indet,, Toula, K. k., Geol. Reichstan-
tult Jahrb.,, Band 38, p. 698, 1909 {(Miocene, Canal Zone).
Dolium sp. indet., Touls, ideni, Band 61, p. 500 (dirst para-
graph under Dolium (Melea) sp.), 1911 (Miocene, Canal

Zone).

Sewmicassis (Tylocessis) reelusa (Guppy), Woodring, Carnegie
Inst. Washington IPub. 385, 307, pl. 19, figs. 7-9, pl. 20,
figs, 1, 2, 1928 (Miocene, J.un ica; additional citations).

Cassis (Phalium) moniliferum Guppy, Anderson, Calif, Acad.
Sei. Proc., 4th ser., v. 18, no. 4, p. 142, 1929 (Miocene, Canal
Zoned,

Of medium size, inflated, slightly shouldered or non-
shouldered. Protoconch consisting of 814 naticoid
whorls. Sculpture consisting of flat spiral buands
separated by narrow grooves, some of which contain
a secondary spiral.  Spiral bands more or less weakly
noded or undulated along retractive axial lines. Nodes
most distinet on shoulder of shonldered specimen.
Outer lip, siphonal canal, and siphenal fasciole not pre-

served. Inner lip incomplete, upper part bearing
gpirally amanged denticles. Parietal wall thinly
glazed.

Height (incomplete) 345 mm, diameter {(mcom-
plete) 30 mm (largest specimen, figured).

Type: USNM 115505,

Type locality
formation,

:Jamaica (Rowden), Bowden

Though Semicassis reciusa occurs in the lower and
middle parts of the Gatun formation, it is a rarve species
in the Canal Zone. All of the five specimens are in-
complete. Toula’s Doliwm? (Indelium) sp. indet.
(three speeimens) and his Dolévm sp. indst. (one speci-
men) are poorly preserved, incomplete specimens of S.
reclusa. The two that show the top of the body whorl
are nonshouldered.

Ag elsewhere in the Miccene deposits of the Carib-
bean region, 8. recluse inclades shouldered and non-
shounldered forms. The shouldered form in the Canal
Zone (pl. 34, figs. 1, 4) is slightly shouldered and
noded, whereas in the Gurabo formation of the Do-
minican Republic it is strongly shouldered and noded.
The shounldered form is similar to the Recent eastern
Pacific §. centiquadrata (Valenciennies) and the non-
shouldered form to the Recent S. granulata (Born).

GEOLOGY AND PALEONTOLOGY OF

CANAL ZONE

Pilebry (1922, p. 361) suggested S. recluse is the ances-
tor of both Recent specics. The Miocene specics is
much smaller than its probable descendants on both
sides of Central America. 8. centiguadrata (Pilsbry
and Olgson, 1941 p. 40, pl. 8, fig. 2) and a very weakly
shouldered form of that species (idem, p. 41, pl. 7, figs.
3, 6) occur In the Pliocene of Ecuador, and §. granu-
lata in deposits of Pliocene age at Limén, Costa Rica.

A moderately large, relatively glender Semicassis
that has weak axial scu]pture is found in the upper
Miocene Punta Gavilin formation of Venezuela and
was described by Rutsch as Phalium (Tylocassis)
sulcosum senmi {Rutsch, 1934, p. 55, pl. 3, figs. 1, 2);
that is, as a qubspecio‘% of the Recent Mediterranean-
eastern Atlantic speues Semicassis granuicta has a
considerable range in degree of inflation and strength
of axial sculpture. It is suggested that the V enezuelan
fossil be considered a slender subspecies of S. granulata
that is weakly sculptured axially and intermediate in
size between 8. reclusa and S. granulata proper.

Oceurrence: Lower and middle parts of Gatun for-
mation (middle Miocene). Lower part,localities 136a,
138 (fragment, identification doubtful). Middle part,
eastern area, localities 14Th, 160 western area, locahty
161d {immuture, 1dent-1ﬁcatlon doubtful).

Genus Sconsia Gray

Gray, Zonl, Soc. London Proe., p. 137, 1847,

FType (orthotype) : Cassidorie stricie Lamarck, Recent, south-
castern Florida and Bahamas to Gulf of Mexice and West
Indies.

Though Sconsia lins F-orene predecessors in America
and Furope (Pilsbry, 1922, p. 361; Woodring, 1928,
D. 308; Wrigley, 15)34, p. 114: “Almer, 1937, p. 253;
Gardner, 1939, p. 27; age changed to early Oligocene,
Gardner, 19 Lo P. 1‘%’)) the earliest species in the re-
stricted sense are of Oligocene age in southeastern
United States (“Classidoria” linteq Conrad, 1848, p.
118, pl. 11, fig. 43; Vickshurg group, Mississippl) and
of e:u]y Miocene age in the Caribbean region (8.
cocleana Olsson, 1622, p, 138, pl, 12, fg. T3 Uscari shale,
Costa Rica).

During Miocene time the genus gained a temporary
footing in the Pacific Ocean, both in the western Pacific
(Martin, 1891-1922, p. 158, pl. 26, figs. 366, 367, 1899)
and in the eastern Pacific. It is represented in the
lower Miocene of Ecuador (Marks, 1951, p. 107, pl. T,
fig. 14) and in the middle Miocene of the Darién area
of Panamd, where the Canal Zone form has been found
(USGS locality 8477, Rio Tuyra). Marl’s illustration
is poorly drawn, but his specimen, as he recognized,
is a typical Seonsia. S. striata, which ranges from
southeastern Florida and tlie Bahamas to the Gulf of
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Mexico and the West Indies at depths of 85 to 255
fathoms, is the sole surviving species.. Because it is
obtainable only by dredging, it formerly was rare in
museum collections, but now is more common as a result
of shrimp trawling in the Gult of Mexico.

Secomsia laevigata sublaevigata (Guppy)
Plate 34, figures 8, 9, plate 35, fizures 1-4

Cassidarig, sublaevigata Guppy, Geol. 8oc. London Quart. Jour.,
v. 22, p. 287, pl. 17, fig. 10, 1866 (Miccene, Jamaica).

Seconsie sublasvigeie (Guppy), Bise, Inst. Geol. México Bol. 22,
B 26, pl. 4, figs. 9, 10, 1906 (Miocene, México).

Leucozonia (Lagena) sp. aff. L. smaragduie Linngé, Tonla, K. k.
Geol. Reichsanstalt, Jahrb, Band 58, p. 699, pl. 23, fig. 9,
1909 (Miocene, Canal Zone).

Seonsia lacvigate (Sowerby), Brown and Dilsbry, Acad. Nut.
Sci. Phila. Proc., v. 63, p. 356, 1911 (Miocene, Canal Yone).
Anderson, Calif. Acad. Seci. Proc., 4th ser, v. 18, no. 4, p.
142, 1929 (Mlocene, Columbia, Canal Zone).

Sconsie (Sconsia) stricie subdlacvigate (Guppy), Woodring,
Carnegie Inst. Washingfon Pub. 883, p. 309, pl. 20, figs. 30,
1928 (Miocene, Jamaica).

Moderately large, strongly inflated. DBody whorl
generally bearing a varix of variable strength 180° to
225° (in counter-clockwise direction) from outer lip.
One or two low varices present or absent on penult
whorl. Protoconch consisting of about three naticoid
whorls. Spire whorls sculptured with narrow, closely
spaced spiral bands and threads of unequal width and
more or less exaggerated growth lines. Strength of
body-whorl sculpture variable;, but generally more or
less reduced, particularly on middle part of whorl.
Outer lip bearing strong ridges. Siphoual eanal
broken, evidently short and slightly notched. Siphonal
fasciole barely swollen. Basal part of inner lip bear-
ing strong ridges, the remainder and parieta]l wall
bearing shorter ridges and irregular swellings. Dari-
etal wali thinly glazed.

ITeight {incomplete) 57 min, diameter (modified by
crushing) 37.5 mm (largest figured specimen). Height
42 min, diameter 26,5 mm (smallest figured specimen).

Type: Dritish Mus. (Natural Iistory), Geol
Depart, 64075,

Type Jocality: Jamaica (Bowden), Bowden forma-
tion,

Twenly-four specimens of a Sconsia, identified as S.
lacvigata sublacvigata, ave available. They were found
in the middle part of the Gatun formation in both
tho eastern and western aveas and in the upper part
in the cagtern area; that is, in strata considered of
late middle Miocene age. All except two of inter-
mediate size are incomplete and the largest are dis-
torted by crushing. The body-whorl sculpture is vari-
able, but only one specimen (pl. 33, figs. 1, 2) has
moderately strong sculpture. The degree of inflation
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appears to be fairly uniform, Comparison of the
crushed large specimens, however, with large speci-
mens from other localities is difficult. A shell of
intermediate size (Jocality 1552) shows a color pattern
of brownish, narrow, axial bands of irregular outline.
Some specimens of the Recent S. striate (Lamarck)
Lave a similar pattern, but the usual pattern of that
speices consists of spirally arranged more or less rec-
tangular blotches.

Toulw’s Leucozonia (Lagena) sp. ail. L. smaragdula
is an immature specimen (incomplete height 5.5 mm,
diameter 18.6 min) of Sconsia lacvigata sublaevigata
that has fairly strong sculpture, comparable to that
of other immature specimens from the Canal Zone,

There are two groups of Seonsiz in the late middle
and upper Miocene deposits of the Claribbean region:
the weakly seulptured, more or less strongly inflated S.
lgevigata (and its subspecies) and the strongly sculp-
tured, moderately inflated 8. bocasensis, which is con-
sidered a subspesies of 8. siriata.

8. laevigata laewigate (Sowerby) Maury, 1917, p.
111, pl. 19, fig. 2), the first Caribbean fossil form to be
named, is widespread and abundant in the late mniddle
Miocene Gurabo formation of the Dominican Republic
and was chosen by Maury as the zonal index for the
strata she later named as the Gurabo formation. 1t is
weakly sculptured, groatly inflated, and the dorsal sur-
face of the body whorl of large specimens and those of
medium size is somewhat shouldered—a feature not
shown in Maury’es illustration, an apertural view.
Though 8. subloevigate (Guppy), the formn found in
the late middle Miocene Bowden formation of Jamaica,
has been treated as a subspecies of the Recent &.
striota, subspeeific assignment nnder 8. Leevigata is a
better arrangement. The Jamaican form is not as
greatly inflated as 8. lacvigate lncvigain and jmmature
shells are more strongly senlptured. The dorsal sur-
face of the oune large toputype is not as distinetly
shouldered.  The type of 8. leevigota gabbi Olsson
(1922, p. 136, pk 12, lig. 3) is from upper iocene
strata on Toro Cay, in the Beceas del Toro area of
northwestern Panami and southeastern Costa Rica.
According to seven well preserved topotypes, that form
like S, lasvigate laewigata, is weakly sculptured and
greatly inflated, but the dorvsal surface is not as dis-
tinctly shouldered. Tt is more or less intermediate be-
tween 8. laevigaia laevigate and S. laevigata sublaevi-
gata. S, lasvigata gabbi also oceurs in upper Miocene
deposits on Water Cay, near Toro Cay, but fossils
from the late middle Miocene of Rio Banana and Rio
Bananito and the upper Miocene of Coco Plun (locali-
ties in the same arca) are more similar to Canal Zone
fossils. The name 8. laevigata sublacvigaia is adopted
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for the Canal Zone Sconsia, although the specimen
shown on plate 35, ficures 1, 2 is strongly sculptured
at a later stage than Jamaican specimens and it is un-
certain whether the dorsal surface of the large speci-
mens (pl. 34, figs. 8, 9) was slightly shouldered be-
fore erushing.

The three forms so far digcussed more or less inter-
grade and it may be a strained interpretation to attempt
to distinguish them. If they are accepted, 5. laevi-
gata locvigata and 8. laevigata gabbi have a restricted
geographic distribution, whereas S. laevigata sublaevi-
gate is more widely distributed. And if they are ac-
cepted, it follows from the next paragraph that three
forms of Sconsia are represented in the late midde and
upper Miocenc strata of the Bocas del Toro area.

The strongely sculptured and moderately inflated S.
bocasensis Olsson (1922, p. 137, pl. 12, figs. 12, 13;
type locality Bocas Island or Isla de Colén) also oc-
curs in the late middle and upper Miocene deposits of
the Bocag del Toro area. Three well-preserved topo-
types of late Miocene age and a late middle Miocene
specimen from Rio Estrella, in Costa Rica, indicate
that 8. bocasensis is a snbspecies of 8. stvicte. It is a
little smaller than the typical Recent form, and has =
more conspicuons sutural band and strong ridges on the
entire parietal wall and columellar lip. 8. stricia
proper occurs in Pliocene strata at Limén, Costa Rica.
No other Miocene occurrence of a form of 8, stricte is
Eknown, nnless the poorly preserved Sconsia from the
upper Miocene Punta Gavilin formation of Venezuela,
described by Rutsch (1934, p. 38, pl. 2, fig. 11) as
Seconsia of. 8. striata, 18 that species. The sculpture of
8. striafe is stronger than suggested by Clench and
Abbott’s illustrations (Clench and Abbott, 1943, p. 6,
pl. 4, figs. 1-4).

Oceurrence: Middle and upper parts of Gatun for-
mation (middle Miocene). Middle part, eastern area,
localities 142, 133, 155a, 155b; western area, locality
161a. Upper part, eastern area, localities 173, 175, 176
(fragments, identification doubtful), 177 (immature,
incomplete, identification doubtful), 177h, 177¢c (im-
mative, incomplete, idenfification doubtful), 178,
Deposite of middle and late Miocene age, nortliwestern
Panami and southeastern Costa Rica. Middle Mio-
cene, southeastern México. Bowden formation (mid-
dle Miocene), Jamaica. Middle Miocene, Colombia.
Middle Miocene, Darién area, Panamé.,

Family CASSIDIDAE?
Genas Moram Réding
Riding, Museum Bollentanum, p. 53, 1798,
Type (monotype) : Morum purpureum Riding (=~8irombus

oniscus Linnd), Recent, southeastern Florida and Bahamas to
Brazil.

GELEOLOGY AND PALEONTOLOGY OF CANAL ZONE

Morwm in the restricted sense is unknown in the Car-
ibbean region before Pliocene time.

Subgenus “Oniscidia Swainson™

Oniscidia has been used widely for the cancellate
gpecies of Morum. That name (Swainson, 1840, p.
2993, however, was attributed by Swaingon to Sowerby.
Agpointed out repeatedly, first by Herrmannsen (1846-
52, v. 2, pp. 150, 151, 1847), it evidently is an error for
Sowerby’s name (niscie, which is cited elsewhere in
Swamson’s book, including an index citation for the
page where Oniscidia, but not Oniscia, appears. Oniscia
is a synonym of Morwm. A Recent Japanese species of
“Oniscidia” hag been cited recently as Morum (Oni-
masiro) grande (A, Adams) in the explanation of a
plate (Kira, 1954, p. 43). 1f Onémausire has been prop-
erly published, it has not come to the attention of the
compiler of the part of the Zoological Record dealing
with molhusks.

“Oniscidie” 1 an ancient group, first appearing in
the Focene of the Caribbean and Mediterranean regions.
The last Furepean species are of Miocene age and the
survivors are living in the Caribbean Sea and the west-
ern Pacific Ocean. The Recent species are larger than
the American and European fossils. The Caribbean
Morum denmisoni (Reeve} (Clench and Abbott, 1943,
p- 8, pl. 4, fig. 5), arare species living in moderately deep
water, has weaker axial sculpture than the American
fossils and the Recent western Pacific forms.

Morum (“Oniscidia’) species
Plate 25, figures 11,17

Small, slightly inflated, slightly shouldered, spire and
dorsal part of body whorl not preserved. Axial ribs
relatively wide, at least near outer lip, and widely
spaced. Spiral ecords swollen on axial ribs. DBody
whorl bearing eight axial ribs between outer and inner
lips and 11 gpiral cords from shoulder to siphonal
fasciole. Axial ribs and spaces between them sculp-
tured with fine axial lamellac. Outer lip thick and
wide for size of shell; inner edge bearing ridges, which
are subdued at anterior end and fade out at posterior
end. Tnner lip spreading widely over parietal wall;
inner part bearing ridges, outer part bearing irrégular
denticles disappearing ontward. Siphonal fasciole
slightly inflated, its growth lines lamellar.

Height (incomplete) 21 mm, diameter (incomplete)
13.5 mm (figured specimen).

The fossiliferons limestone of the Gutuncillo forma-
tion in the Rio Casaya area yielded a small incomplete
specimen of “Onéscidia.” Though it is too incomplete
to determine its affinities, it is of special interest. Ac-
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cording to current age assignments, it is the earliest
American species.

Oceurrence: Gatunecillo formation (middle Eocene),
locality 38.

Mornm (“Oniscidia”) cf. M. antiquum (Bayan)
Plate 25, figures 12, 13

Small, moderately mflated, moderately shouldered,
spire low. Sculpture strongly cancellate. Axial ribs
narrow, widely spaced on spire whorls and beginning
of body whorl, closely spaced on remainder of body
whorl. Spiral cords noded on axial ribs. Body whorl
bearing 16 axial ribs between outer and inner lips and
11 spiral cords on preserved part of body whorl on and
below shoulder. IFine lamellar axial sculpture poorly
preserved. Aperture greatly expanded. Outer lip
thick and wide; inner edge bearing wide swellings. In-
ner lip spreading widely over parietal wall; inner part
bearing ridges, outer part bearing irregular elongate
denticles disappearing outward. Siphonal fasciole
not preserved.

Ileight (incomplete) 21.5 mm, diameter 18.3 mm
(figured specimen).

The axial groove in the apertural view (pl. 25, fig.
12} is due to a broken axial rib.

This strongly cancellate, low-spired species, evi-
dently a new species, is represented by an incomplete
specimen collected by Hill at Vamos Vamos. The
sculpture suggests “Oniscia” antiqua Bayan (1870, p.
479; 1870a, p. 53, pl. 7, fig. 4), a species found in Kocene
strata at Croece Grande and Val di Ciuppio, Ttaiy.
Bayan’s illustration, however, show narrower and more
widely spaced axial ribs. M. cf. WM. antiguum is less
pyriform and more strongly shouldered than the upper
Focene or lower Oligoeene Peruvian M orwm chiraense
Olsson (1931, p. 96, pl. 17, figs. 6, 8) and the upper
Eocene Colombian #. corrugaiwm Clark (Clark and
Durham, 1946, p. 34, pl. 21, figs. 5,21). The Peruvian
and Colombian forms may be found to represent the
same species. “Athieta (Volutospina)” caracoli Ander-
son (1938, p. 19, pl. 1, fig. 5) is an earlier name for 7.
eorrugatum, 1f not also for M. chiraense. The type of
“ A ¢hleta” caracoli, which is unrecognizable on the hasis
of Anderson’s illustration, was assigned to Morum and
refigured by Clark (Clark and Durham, 1946, p. 33, pl.
21, fig. 12). Itisin poor condition, but is a small, pyri-
form Morwum.

Oceurrence: Marine member of Bohio(?) formation
(late Kocene or early Oligocene), locality 40a.

Morum (“QOniscidia’®) cf. M. chipolanum Maury

A small specimen (estimated height about 23 mm,
diameter 16.8 mm), broken at both ends and otherwise
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defective, was found in the Culebra formation at a
locality near Paraiso. It represents an “Owniscidie”
characterized by strong axial ribs that are widely
spaced on the later half of the body whorl, relatively
strong axial lamellae, and strong, widely spaced spiral
cords. The body whorl bears 11 axial ribs. The
strength of the axial lamellae sugeests that this “Onzs-
oidia” is allied to Morum chipolanwm Maury (1925a,
pp- 115, 617, pl. 4, fig. 4; Gardner, 1926-47, p. 538, pl.
54, fig. 18, 1947), which hag narrower and nore closely
spaced axial ribs and more clogely spaced spiral cords.
The typical form of 3. chipolanum oceurs in the lower
Miocene Chipola formation of Florida. A very simi-
lax, perhaps identical, form from the Tampa limestone
of Florida has been named . chipolanum tampanum
Mansfield (19387, p. 141). The type of that form—the
specimen illustrated by Dall (1915, p. 83, pl. 12, fig. 28)
as M. domingense {Sowerby)—is low-spired and has
widely spaced axial 1ibs on the later half of the body
whorl, as on the fragmentary specimen from the Cule-
bra formation. Two other speciniens, however, one of
which was identified by Mansfield (1937, p. 141) as
Morum cf. M. chipolanim, are more similar to the form
from the Chipola formation. According to Maury’s
illustration, the axial ribs of the lower Miocene I3ra-
zilian M. harrisi Maury (1925a, p. 115, pl. 4, fig. 14)

are narrow.

The name M orum c¢hipolanum, which Maury attrib-
uted to Dall, was first published by Maury and the
type is the specimen she illustrated. The name as used
by Mansfield in 1937 was nude, bnt, unkown to him, it
has been validated 12 years earlier, Dr. K. V. W,
Palmer reports that the type is not in Maury’s Chipola
collection at the Paleontological Research Institution
and was not seut to Rio de Janeire. If it is not found
at Cornell University, the specimen illustrated by
Gardner and designated by her as the type is available
as the neotype. The type is more inflated than Gard-
ner’s specimen or its proportions were not properly
drawn.

QOceurrence: Cnlebra formation {(early Miocene), lo-
cality 114.

Family CYMATIIDAE

Poorly preserved immature cymatids, representing
undetermined genera, oceur in the marine member of
the Bohio( ?) formation, the Bohio formation of Barro
Colorade Island, and the Caimito and Culebra forma-
tions.

Genus Cymativm Roding
Riding, Museum Boltenianum, p. 129, 1798,
Type (Togotype, Dall, Smithsonian Misc. Coll, v. 47, no. 1475,

p- 133, 1904) : Cymativm femorale Roding (Murer femorale

Linné¢), Recent, West Indies.
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Subgenus Septa Perry

Perry, Arcana, pl. 2, fig. 2, 1810,
Type (monotype): Septa scerieting Perry=Murcz rubcoula
Linné, Recent, Western Iacific Geean.
As pointed out by Clench and Turner (1957, p. 214),
Septa is available for the group of cymatids for which
Schumacher’s name Lampusia has long been used.

Cymatium (Septa) ogygium Woodring, n. sp.
Plate 27, figures 4, 6

Small, moderately inflated, slightly shouldered.
Protoconch not preserved. Varices on all except
earliest preserved whorl, very heavy, about two-thirds
of a whorl apart. Body whorl slightly humped be-
tween outer Iip and preceding varix., Sculpture con-
sisting of heavy primary spiral cords, poorly preserved
subdued secondary spiral threads, and wide low axial
ribs.  Primary spirals swollen on varices and slightly
swollen on axial ribs. Three primary spirals on spire
whorls and a narrower more subdued spiral between
shoulder and suture; six on body whorl. Seven axial
ribs between varices, subdued on body whorl. Second-
ary spirals slightly noded. Quter lip very heavy, in-
terior bearing seven heavy ridges. Inner hip bearing
short ridges. Tip of siphonal canal broken.

Ileight (almost complete) 40 mm, diameter 23 mm
(type).

Type: TISNM 562573,

Type locality: 35b (USGS 18847, Pato Iorqueto
Island, south coast about 75 meters west of southeast
end of island, Canal Zone), middle member of Caimito
formation.

The type and only specimen of this small Cymativm
was found in a conglomerate lens interbedded with
siltstone of the middle member of the Caimito forma-
tion on Pato Horqueto Island, Tt was somewhat bat-
tered before fossilization. The broken apex is smoothly
worn.  The subdued secondary spirals are Dest pre-
served on the sides of varices, where they were pro-
tected.

Cymatium ogygium is the oldest species of the genus
so far found in the Caribbean vegion. Tt is smaller and
less hmmped than the Recent Caribbean and western
Pacific species long known as €. chlorestomum (La-
marek), and has narrower and more subdued second-
ary spirals. The name (. nicodbaricum (Réding) has
recently been resurrected for that Recent species
(Clench and Turner, 1957, p. 210).

Occurrence: Middle member of Caimito formation
(late Oligocene), Gatun Lake area, locality 53b.

GEQLOGY AND PALEONTOLOGY

OF CANAL ZONE

Cymatium (Septa) pileare hericum Woodring, n, subsp.
Plate 36, figures 1, 4

Of medivm size, moderately inflated, moderately
shouldered. Protoconch not preserved. Varices on
last four whorls, about two-thirds of a whorl apart.
Body whorl humped between outer lip and preceding
varix.  Scultpure consisting of closely spaced spiral
cords and threads, low wide axial ribs, and fine axial
threads. Primary spiral eords swollen on varices and
axial ribs. Three primary spirals (anteriormost partly
overlapped) on spire whorls and five on body whorl;
posteriormost formimg shoulder. Axial ribs ending on
shoulder; five ribs between varices, the last of the five
subdued and subdivided into minor riblets at beginning
and end of body whorl. Fine axial threads conspieuous
and forming fine nodes on spirals of earliest pre-
served whorls, subdued on late whorls. Interior of
outer lip bearing seven long heavy ridges; the second,
third, fourth and fifth from anterior end doubled at
edge of lip. Tnner lip bearing narrow ridges.
Siphonal canal brolen.

Height (ineomplete) 353.5 mm, diameter 28 mm
(type).

Type: USNM 562584,

Type locality: 136a (Stanford University 2611,
Transisthmian Highway, lat. 9°217 N., plus 1,100 feet
(835 meters), long. 75°49’ W., Panamé; same as USGS
16192), lower part of Gatun formation.

The type, collected by T. F. Thompson from the
lower part of the Gatun formation, is the only speci-
men of this cymatid. It is considered a subspecies of
the widely distributed Recent Cymatium pileare
(Linné), perhaps representing a stage earlicr than the
appearance of uniform paired ridges, or denticles, on
the interior of the outer lip. The later whorls of the
fossil also have more subdued fine axial threads and
correspondingly subdued nodes on the spirals. The
subduing of the fine axials does not appear to be a mat-
ter of wear.

A speciinen of €. pileare, which, like some Recent
shells, has subdued axial ribs but strong fine axial
threads, is in a lot of Gatun fossils collected by W. S.
Standifer at the Gatun Locks excavation in 1909, when
the excavating was in progress (locality 159). A little
muddy matrix, mmlike the matrix of the Gatun fossils,
remains on this fossil, which presumably is of Pleisto-
cene age. The north end of the excavation penetrated
fossiliferous Pleistocene strata. (. pileare, however,
hias been recognized in the Gurabo formation of the
Dominican Republic (Maury, 1917, p. 105) and in the
Gabb collection of Miocene fossils from that country
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(Pilshry, 1922, p. 356). The Recent distribution of C.
pileare has heea discussed recently by Dodge (1957, p.
117-118) and Clench and Turner (1957, p. 218-220).

Occurrence : Lower part of Gatun formation (middle
Mioeene), locality 136a.

Subgenus Ranularia Schumacher?

Schumacher, Essai d’'un nouveau sysiéme des habitations des
vers testacés, p. 233, 1817,

Type (logotype, Gray Zool. Soc. London Proc., p. 133, 1847) :
Ranularia longiresira Schumacher (Muree clavator Dill-
wyn), Recent western Pacific Ocean.

Gray designated Murex clavator as the type without
citing Schumacher’s name for that species.

Cymatinm? (Ranularia?) species

Priton sp., Toula, K. k. Geol. Lleichanstalt Jahrb,, Band 58, p.

699, pl. 28, figs. 5a, 5b, 1800 (Miocene, Canal Zone).

Toula’s internal mold (incomplete height 43.2 mm,
diameter 33 mm) from the Gatun formation suggests a
specles of Cymafium of the subgenus Renularia, Ile
suggested similarity to the Recent Carihhean C. eyno-
cephalum (Lamarclk)—mow designatea 0. caribbacum
Clench and Turner (1937, p. 204)—but the mold shows
no indication of the heavy primary spirals of that
species. This cymatid is not represented in the collec-
tions at hand.

Another mold in Toula’s collection, received in Rovw-
land’s second lot and labeled “7'réiton sp. indet.”, was not
mentioned by Toula. Iis affinities are indeterminable.

Ocecurrence: Middle part of Gatun formation (mnid-
dle Miocene) (Toula’s record}.

Genns Distorsio Roding

Riding, Museum Boltenlanum, p. 133, 1798.

Type {logotype, Pilsbry, Acad. Nat. Sci. Phila. Proc., v, 73, p.
857, 1922): Distorsio enus Riding (Mwurer anus Linné),
Recent, western Pacific Ocean.

The gender of Destorsio, derived from a Latin noun
of the same spelling, is feminine. Not only is the deri-
vation unmistakable, Réding’s adjective trivial names
are feminine.

Pilsbry (1922, p. 856-859) skillfully traced the geo-
logic history of the genus, which has its immediate
roots in the Focene genus Personelle of southeastern
United States. FEmerson and Puffer (1953) have pub-
lished a useful catalog of trivial names in Distorsio.
“Tpiton’ simillimus Sowerby (1850, p. 48), the first
Caribbean fossil form to be named, however, is omitted
except in a discussion {p. 99).

Oinomikado’s (1939, p. 623, pl. 29, fig. 17) Cancel-
laria cossmanmi is an Immature specimen of Disforsio.

THAIDIDAE
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Subgenus Rhysema Clench and Turner

Clench and Turner, Johnsonia, v. 3, no. 36, p. 236, 1957.
Type (orthotype): Triton clathraeiuwm Lamarck, Recent, West
Indies.
The much smaller parietal shield and less strongly
bent siphonal canal distinguisk RhAysema from Dis-
torsio s.s., which ismonotypic.

Distorsio (Rhysema} decussata gatunensis Toula
T'late 34, figures 7, 10, plate 34, figure b

Distorsio (Distortriz, Persong) gatunensis Toula, K k. Geol
Reichsanstalt Jabrb, Band 58, p. 700, pl. 23, fig. 10, 1909
(Miocene, Canal Zone).

Distorsio gatunensis Tonla, Brown and Pilsbry, Acad. Nat. Sci
I’'hila. Proc., v. 63, p. 356, pl. 26, fig. 8, 1811 (Mioeene, Canal
Zone).

Distorsio decussotus gafunensis Toula, Iiutsch, Liclogae Geol
IIelvetiae, Band 23, pp. 600, 614, pl. 17, fig. € (type), 1930
(Miocene, Canal Zone)., Emerson and Puffer, Biol. Soc.
Washington I'roc., v, 66, p. 100, 1953.

Fidiglorsio decussatus ol getunensis Toula, Rutsch, Eelogae
Geol. Iielvetiae, Band 23, p. 610, pl. 17, fig. 7, 1930 (Miocene,
Venezuela).

not Distorsio (NDistorsio) clethraetus getunensis Toulz, Wood-
ring, Carnegie Inst. Washington I'nb. 383, p. 300, pl. 19, figs.
2, 3, 1928 (Miocene, Jamlicia ;=small form of D. clathruie
{(Lamarck) ).

not DHMstorsio atf. gatuncnsis Tonla, Weisbord, Bull. Am, ’aleon-
tology v. 14, no. 54, p. 41, pl. §, fig. 8, 1929 (Miocene, Colom-
Dbia ;=small form of N. eluthrata (Lamarek)).

not Distoririe goiunensis Toula, Li, Geol. Soc. China Bull, v. 9,
p. 269, pl. T, fig. 54, 1930 (Miocene, Panami Bay;=1}. decus-
sate (Valenciennes), IRecenl; see Pllsbry, Acad. Nat. Sci.
I’hila. P'roe., v. 83, p. 433, 1931).

Moderately large, strongly humped. Protoconch
large, low-spired, strongly tilted, consisting of 814
whorls, rapidly enlarging in diameter, last whorl
strongly inflated. End of protocench marked by abrupt
appearance of reticulate sculpture: four spiral cords,
noded by axial ribs. Anteriormost spiral overlapped as
first sculptured whorl straightens out and generally
overlapped on other spire whorls, except midway be-
tween varices of succeeding whorl. Tirst varix ap-
pearing on third sculptured whorl. Later whorls
progressively more strongly hummped and shouldered
between varices, which are about two-thirds of 2 whorl
apart. The two primary spirals on shoulder of humped
and shouldered whorls more closely spaced than others.
Body whorl sculptured with 11 to 13 primary spirals,
Primary spirals faintly doubled on late spire whorls
and posterior part of body whorl. Secondary spirals
subdued, generally most conspicuous between shoulder
and suture. Axial ribs widely spaced on late whorls,
except those Immediately preceding varices and outer
lip; subdued between primary spirals on humped part
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of body whorl. Microscopice spiral and axial lineation
apparent on unworn surfaces. Denticles on outer part
of inner lip elongate and irregular. Parietal wall bear-
ing two elongate oblique denticles. Siphonal canal
moderately long, moderately recurved, tip broken.

Height (almost complete) 50.5 mm, diameter 80.5
mm (largest specimen, figured).

Type: Tech. Hochschule, Vienna.

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

Distorsio decussata gatunensis is widely distributed
m the three parts of the Gatun formation and an in-
complete, doubtfully identified specimen was found in
the Chagres sandstone. Twenty-one specimens are in
the collections from the Gatun. The type i an im-
mature specimen (height 32.2 mm, diameter 20 mm)
not much more than half as la‘rgu as that shown on
plate 34, figures 7, 10.

The most distinctive feature of this Distorsio is the
large, lowspired strongly tilted protoconch (pl. 36, fig.
5), whereas the protoconch of D. decussata proper is
smaller, highspired, and not tilted. The protoconch of
the Recent Caribbean D). clathrata is tilted, but is not
as strongly tilted, and is smaller and highspired. On
account of the distinctive protoconch, Pilsbry gave
specific rank to D. gatunensis. On the basis of the
apertural features and sculpture, however, it is a small
subspecies of the Recent Panamic I, decussata (Valen-
clennes) (Pilsbry and Olsson, 1941, p. 40, pl. 5, {ig. 9),
an arrangement proposed by Rutsch. Despite the
protoconch, it is unlikely that the aperture and scnlp-
ture belie the affinities. This fossil subspecies may be
present in the middle Miocene of Colombia, the upper
Miocene of Toro Cay, PPanami, and the upper(?)
Miocene of Faleon, Venezuela, but those occurrences
are unsupported by data concerning the protoconch.

D. decussata gatunensis hus more subdued second-
arv psplmlcs than ). decussaia szm@tha So“ erbs%} o
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GEOLOGY AND PALEONTOLOGY OF CANAL ZONE

Dall (1889, p. 222) realized that two forms of Ds-
forsip are living in the western Atlantic Ocean: the
large, sinoothly humped, and evenly reticulate D).
clathrate (Lamarck) (Dall’'s D. reficulate), ranging
from Cape Lookout to the Gulf of Mexico and Vene-
zuela, and the small, abruptly humped, unevenly retic-
ulate, and short-canaled D. constricte megintyi Iimer-
sen and Puffer (Dall's D. retiouwlote olethrata),
ranging from Cape Hatteras to southeastern Florida
and the Gulf of Mexico. The affinities of the small
form were not realized until Olsson and MeGhnty
(1951, p. 26, pl. 1, figs. 5, 6) described it as D. constricta
Aforidanc, a small subspecies of the Recent Panamic D.
constriota (DBroderip). D, constricte floridune i3 a
homonym of “Personelle” floridana Gardner (192647,
p- 535, pl. 53, fig &, 1947), a small Distorsic (apparently
a small form of the 2. decussata group) from the mid-
dle Miocene of Florida, and has been renamed 2.
meginty? (Kmerson and Pufler, 1853, p. 101). Pilsbry
and Olsson (1941, p 40, pl. 5, fig. 12) had pointed out
that D. constricta iz abruptly humped and has a short,
strongly recurved siphonal canal and small denticles
on the outer part of the inmer lip and on the parictal
wall above an elongate obligue denticle. The slightly
swollen siphonal fasciole also is more distinetly set off
than that of other American species. D. megintyi in-
deed appears to be a small subspecies of D). constricta
that has elongate denticles, instead of small denticles,
on the outer part of the inner lip., If its affinities have
been properly determined, a still unknown predecessor
is to be looked for in the Miocene or lower I’liacene of
the Caribbean regicn. Olsson and MeGinty thought
that 2. sémillima is a predecessor, but that form is very
closely related to 2. decussata.

The erroneous designation of the representafive of
D. colathrata n the Bowden formation of Jamaica as

D Arthrgfp ggdunensis w s g g1épeyb et h &H hal &
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GASTROPODS. VERMETIDAE TO THAIDIDAE

Family BURSIDAE

Genus Bursa Roding

Riding, Museum Boltenianum, p. 128, 1798.

Type (logotype, Jouszeaume, Soc. Zool. Frauce Bull, v. 6, p.
174, 1881; Smith, Jour. Conchology, v. 14, p. 228, 1914):
Dursa mammate Riding (=M urce bufonins Gmelin), Recent,
western Pacific Ocean,

Jousseaume cited Murer bufornius as the type. Fora
formal designation, however, one of Réding’s species
shonld be designated. Rdding cited Murm bufonius
under Bwrsa mammata and B. monitata. Smith used
the expresston “Jousseaume selected from the species
quoted by Dolten [Réding], B. dufonia Gmelin
{(=mammata Bolten) as the type”.

Subgenus Colubrellina Fischer

Fischer, Manuel de conchyliologie, 1p. 656, 1884,
Type (monotype): ERanelle condiseote Lamarck
conditus Gmelin), Recent, western Pacific Ocean.

(=Murex

Colybrelling appears to be an appropriate name for
moderately large, somewhat compressed or rounded
species of Bursa that have varices offset somewhat on
suceessive whorls {or practically alined), more or less
closely spaced noded spirals, and a pad on the parietal
wall bordering the posterior canal. The most satisfac-
tory illustrations of the type species, which evidently is
rare and 1s not represented in the collections of the
U. 8. National Musenm, are those published by Kiener
(1841, p. 35, pl. 13, fig. 1).

Bursa {Colubrellina) caelata amphitrites Maury
Plate 28 figures 1, 2, 7, 8

Bursa amphitrites Maury, Bull. Am. I’aleontology, v. H, no. 249,
p. 109, pl. 17, Bg. 9, 1917 (Miocene, Dominican Republic).
Pilsbry, Acad. Nat. Sci. Phila, Proc,, v. 73, p. 360, 1922 (3io-
cene, Dominican IRepublic).

Burse  (Marsuping) albofasciate  boussingaulti
Schweizer. Paleont. Gesell. AbL,, Band 54, p. 58, pl. 3
4, text fig. 7, 1934 (Miocene, Yenezuela},

Rutsch,
5 fies, 3,

Moderately large, rounded, strongly shouldered.
Protoconch consisting of 314 naticoid whorls, all, ex-
cept first, rapidly enlarging in diameter. TFaint traces
of axtal and spiral sculptuve visible on early whorls of
least. worn protoconchs.  End of protoconch marked by
abrupt appearance of six strongly noded spirals, the

third from anterior edge of whorl (corresponding to
shoulder spiral of su(*cpedlno' wh01].~,~) 2 little wider
than others. First varix appearing 270° to 315° from
beginning of first sculptured whorl. Two strongly
pinched varices on succeeding whorls, Varices prac-
tically alined or slightly offset on spire whorls, mod-
erately offset on body whorl. Shoulder appearing iin-
mediately after first varix. Shoulder nodes strong and
widely spaced. Nodes closely spaced on narrow closely

433664—58
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spaced spirals above and below shoulder. Eight nar-
row noded spirals between shoulder and siphonal
faseiole on body whorl of moderately large specimen.
Fine undulated spiral threads between noded spirals.
Microscopic axial and spiral threads, forming clothlike
texture, preserved on unworn surfaces. QOuter lip flar-
ing, strongly set off from adjoining varix. Trace of
onter lip and posterior canal well marked ia corre-
sponding position near earlier varices. Posterior canal
deep. Denticles on outer part of inner lip elongate.

Hetght (almost complete, tip of siplional ecanal
broken) 45 inm, diameter 30 mm (largest specimen, fig-
ured). Height 29.6 mm, diameter 20 mm (smaller fig-
ured specimen}.

Type: Cornell University 36819.

Type locality: Rio Amina between Flato Viejo and
Potrero, Dontiniean Republic, Gurabo formation.

Nine specimens of Bursa caclata amphitrites were
found in the Gatun formation: four in the lower part
and five in the middle part in the eastern area. The
small fignred specimen (pl. 28, figs. 1, 2) and other
small specimens have coarsely noded spirals alternat-
ing with minor finely noded spirals below the shoulder,
like those ou large specimens from the Dominican Re-
public. On the only moderately large specimen (pl.
28, figs. 7, 8) and on some small specimens the noded
spirals below the shonlder are of practically uniform
width and noding, except for a few moderately coarse
nodes on the second spiral below the shoulder immedi-
ately following the earlier varix on the body whorl.
The varices are practically alined on spire whorls and
moderately offset on the body whorl. On the type, how-
ever, they are strongly offset on the body whorl and
on two other large specimens from the type region they
are strongly offset throughout. Rutsch realized that
his 2. albofasciata boussingaulti is very closely related
to B. caeluta amphitrites and his illustrations suggest
that it is that form.

These fossils from the Canal Zone, Dominican Re-
public, and Venezuela are Miocene representatives of
a species complex, or a group of very closely allied
species, now represented in the Panamic region by 7.
caslate (Broderip) (DBroderip and Sowerby, 1832, p.
179; Reeve, 1844, pl. 3, species 10; type locality Pan-
amdi Clity), in the Caribbean Sea by a form for which
the name 5. ponderosa (Reeve) (1944, pl. 3, species 14
type locality unknown} has been used, and in the east-
ern Atlantic Ocean by the very coarsely noded 2. pus-
tulosu (Reeve) (1844, pl. 3, species 11; type locality
Ascention Island). Though the sculpture of the fos-
sils and of Recent Caribbean and Panamic shells is
variable, the fossils consistently have conspicuons minor
finely noded spirals. Such spivals are absent or less
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conspicuous on six Recent Caribbean. shells and on all
except one of 88 Recent Panamic shells. The exception
is a shell collected at Venado DBeach, Canal Zone
(USNM 589628). On some Recent shells, especially
large shells, wartlike denticles as well as more elongate
denticles are present on the outer part of the inner lip,
but that feature is variable. There is some justifica-
tron for Morrison’s (1949, p. 12) view that the same
name is to be used for B. umphitrites and the Recent
Panamic and Caribbean forms. He adopted for them
the name 5. corrugate (Perry) (1811, pl. §, fig. 1; type
locality unkown). Perry’s illustrafion suggests a
coarsely noded Caribbean or eastern Atlantic shell. In
view of the uncertain status of Perry’s name, Broderip’s
name 1s used for the American species complex and
Maury’s name is given subspecific rank, despite the oc-
currence of a Panamic shell that closely resembles the
fossils. Regardless of what names are used, Mor1ison’s
treatment calls attention to the Miocene appearance of
a lineage that survived without any significant modi-
fication on both sides of Central America.

The sculpture of the fossils from the Canal Zone is
much like that of B. cudaniane (d’Orbigny) (1841-
47(%), v. 2, p. 165, pl. 23, fig. 24), also living in the
Caribbean Sea. The varices of that species are less
strongly pinched and more nearly alined. Its outer
lip also is not as strongly flared or as strongly set off
from the varix, and the trace of earlier lips und poste-
rior canals is correspondingly suppressed.

Occurrence: Tower and middle parts of Gatun for-
mation (middle Miocene). Lower part, locality 138.
Middle part, eastern area, localities 155, 155b, 157.
Cercado and Gurabo formation (middle Miocene),
Dominican Republic. Punta Gavilin formation (late
Miccene), Venezuela.

Family TONNIDAE

Genus Malea Valenciennes

¥alenciennes, in Hnmholdt and Bonpland, Voyage aux régions
équinoxales du nouveau continent; Recueil d’observations de
zoologie et d’anatomie comparée, tome 2, p. 324, 1832.

Type (logotype, Herrmannsen, Indicis genernm malacozoorum,
Band 2, p. 13, 1847) : Malea latilabris Valenciennes (=Cassis
ringend Swainson). Itecent, Baja California to Pert.

The lower Miccene part of the Ciamito formation in
Madden basin, at localities 79, 82¢, and 854, yielded un-
identified small tonnid molds. One of these molds (lo-
cality 79} shows that the outer lip was strongly
constricted and therefore can be accepted as Malea.
The others, though probably the same species, are listed
as Maleaf sp.

GEOLOGY AND PALEONTOLOGY OF CANAL ZONE

Malea camura Guppy
Plate 33, figures 1-4.

Malea ringens (Swainson), Conrad, U. 5. Pacific R. R. Expl.
v. 6, pt. 2, p. 72, pl. 5, fig. 22, 1857 (Miocene, Canal Zone).
Giabb, Am. Philos, Soe: Trans., n. s., v. 15, p. 2¢3 (part), 1873
(Miocene, Dominjcan Republic).

Malea camure Guppy, Geol. Soc, London Quart. Jounr., v. 22,
p- 287, pl. 17, fig. 9, 1866 (Miocene, Jamaica). DBrown and
Pilsbry, Acad. Nat. S¢i. I’hila. Proc., v. 63, p. 356, 1911 (Mio-
cene, Canal Zone). Manry, Bull. Am. Paleontology, v. 5, no.
20, p. 112, pl. 19, fig. 3, 1917 (Miocene, Dominican Repuhlic).
Pilsbry, Acad. Nat. Sci. Phila. Proc., v. 73, p. 363, 1922 (Mio-
cene, Dominican Rlepnblic). Woodring, Carnegie Inst. Wash-
ington TI'ub, 385, p. 311, pl 20, figs. 7, 8, 1928 (Miocene,
Jamaica).

Dolium (Malea) sp., Toula, K. k. Geol. Reichsanstalt Jahrh,
Band 61, p. 5300, pl. 30, fig. 7, 1911 (Mioeene, Canal Zone}.
Malea elliptica Pilsbry and Johnson, Olsson, Bull. Am. Paleon-

tology, v. 9, no. 39, p. 139, pl. 12, fig. 2, 1922 (Miocene, Costa

Rica, Panam).

Moderatcly large, rapidly enlarging in diameter,
slightly to distinetly shouldered. Protoconch eonsisting
of about three smooth naticoid whorls. Sculpture con-
sisting of low spiral bands, which are wider than the
grooves between them, or near shoulder are of about
same width as grooves; 16 to 18 bands on body whorl
from shoulder to siphonal fasciole, three or four on
antepenult from shoulder to suture of body whorl. In
addition one to three narrow bands between shoulder
and suture on body whorl and penult. First two sculp-
tured whorls, or a little more, bearing one or two fine
secendary spiral threads between the narrow bands and
retractive exaggerated growth threads. Well preserved
shells show micrescopic spiral lineation.  Apertural
face of outer lip relatively narrow. Apertural features
of columellar lip and parietal wall not clearly shown.

Height (slightly reduced by crushing) 105 mm, di-
amcter (increased by crushing) 83 mm (largest speci-
men, fignred). Height (incomplete) 75 mm, diameter
56 mm (smaller figured specimen).

Type: British Museum {Natural History), Geol.
Depart. 64076.

Type locality: Jamaica (Bowden)}, Bowden forma-
tion.

A moderately large M alea occurs in the Gatun for-
mation: in the three parts of the formation, and in
hoth eastern and western areas of the middle and upper
parts. Tt is most widespread in the middle part in the
eastern area and was, in fact, among the first of the fos-
gils to be recorded near Gatun. Almost three-quarters
of the 33 specimens from the entire formation are melds
or shell fragments, all of which are listed with various
qualifications depending on how mnech they show.



GASTROP(ODS! VERMETIDAE TO THAIDIDAE

Toula had four fragments of this species, all pre-
sumably from the same small shell. He illustrated two
of these fragments, one of which shows the apertural
face of the outer lip.

This Malea is identified as M. camura. Though H.
camura is very closely allied to M. ringens (Swalinson),
the type of the genus {a Recent species ranging from
Magdalena Bay, Baja California, to Peril), it may be
distingnished from the Recent species by its smaller
size and, as pointed out by Pilsbry (1922, p. 363), by
the narrower and less flattened apertural face of the
outer lip. No large specimens of I/, camura have so far
been found at Bowden, Jamaica, the type locality. The
largest so far known have a height of between 35 and
40 mm,
range from 60 to T0 mm; the largest from the Canal
Zone measures 105 mm. M. ringens reaches a height of
190 mm. The Melea from the Gatun formation has
been claimed to be more distinctly shouldered than 3.
camura (Woodring, 1928, p. 312).  Though no avail-
able specimens of Jamaican and Dominican Republic
fossils are as distinctly shouldered as the most strongly
shouldered Canal Zone fossils, the degree of shoulder-
ing of those fossils is variable and 3. ringens includes
both rounded and shouldered forms.

A mold collected at the Gatun Locks excavation (lo-
cality 159b, which also yielded the crushed shell shown
on plate 33, figures 1, 2) and a mold in the collection
of the Academy of Natural Sciences of Philadelphia

(1728) show an unusual feature: a deep impression of -

an outer lip preceding the terminal lip. That is, the
earlier outer lip was not absorbed when shell growth
was resumed. No such varix has been observed on any
Recent or other fossil specimen of AMalea that was ex-
amined.

According to present identifications, #. camura is the
most widely distributed of the Miocene species of Malea
in the Caribbean region. It has been suggested that A7.
goliath Pilsbry and Johnson (Pilsbry, 1922, p. 363, pl.
29, fig. 1, 9) is a large form of ¥. camura (Woodring,
1928, p. 312). Though M. goliath has a relatively nar-
row outer lip, like M. camura, it is not known that the
narrow spiral grooves of the type of M. goliath repre-
sent a variable feature. J{. goliath is the largest Carib-
bean form (height 129 mm). M. elliptica Pilsbry and
Johnson (Pilsbry, 1922, p. 863, pl. 29, fig. 3) is high
spired and relatively slender. Both of the preceding
two species have been recognized only in the Gabb col-
lection of Miocene Dominican Republic fossils. Their
locality and horizon therefore are unknown. M. ringens
densecostata (Rutsch) (1934, p. 60, pl. 3, figs. 6, 7) an
upper Miocene Venezuelan form, has the outline and
narrow outer lip of M. camura, but is sculptured with

The largest from the Dominican Republic
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about 25 closely spaced spiral bands and even the si-
phonal fasciole is strongly banded. Subspecific rank
under M. camagra may be better for this form. Rutseh,
however, preferred subspecific rank under H. ringens
for M. camura itself. Anderson’s (1929, p. 140, pl. 12,
figs. 3-6) M. ringens, from the middle Miocene of Co-
lombia, should be compared with M. densecostata.

In both America and Europe the earliest species of
Malea are of Miocene age. The youngest Caribbean
species also are Miocene, whereas in the Mediterranean
region the genus survived until Pliocene time. The
genus did not reach southeastern United States, but in
Miocene time reached the Colorado Desert, in southern
California. Two species survive in the present seas:
M. ringens in the eastern Pacific and M. pomum (Linné)
in the western Pacific,

Occurrence: Lower, middle, and upper parts of Ga-
tun formation (iniddle and late Miocene). Lower part,
localities 136 (mold, Malea? sp.), 136a, 138. Middle
part, eastern area, localities 141 (molds, identificaiion
doubtfnl), 143 (molds, identification doubtful), 146
{mold, Malea? sp.}, 147 (mold, identification doubtful),
147h (mold, Malea? sp.), 150 (immature, identifica-
tion doubtful), 153 (molds, identification doubtful),
155, 156 (molds and incomplete replaced shell, identi-
fication doubtful), 159b, 159¢; western area, localities
161a (fragment, identification doubtful), 162a (im-
mature and incomplete, identification doubtful), 168.
Upper part, eastern area, localities 171, 175 (fragment,
Malea? sp.); western area, locality 182. Middle Mio-
cene, Costa Rica. Deposits of late Miocene age, north-
western Panami. Bowden formation (middle Mio-
cene), Jamaica. Cercado and Gurabo formations
(middle Miocene), Dominican Republic,  Rec-
ords from deposits of early Miocene age in Cuba, Puerto
Rico, and Trinidad, and of Miocene age in Perd, all
based on molds, need confirmation.

Malea? of. M. elliptica Pilsbry and Johnson
Plate 31, figures 2, 5

Small, relatively slender, high spired, slightly shoul-
dered. Protoconch consisting of three smooth naticoid
whorls. Body whorl sculptured with 16 low spiral
bands, wider than the grooves between them except
near siphonal fasciole, and two very narrow spiral
bands between the poorly defined shoulder and suture.
Penult sculptured with four spiral bands and two
threads between shoulder and suture. Penult and
earlier sculptured whorls also bearing a fine secondary
spiral thread between the bands and retractive exag-
gerated growth threads. This spiral and axial micro-
scopic sculpture fainter on body whorl, except a rela-
tively strong secondary spiral in anteriormost two



