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CHEMICAL COMPOSITION in Bulletin 591.  The norms of the analyzed rocks were

The chemical analyses of some of the rocks deseribed
in the preceding paragraphs are inchuded in Mac-
Donald’s manuseript.  As noted in the explanatory
matter following the table of analyses, they have alrcady
been published in the Geological Survey’s Bulletin 591,  &ccount for the high soda and low lime content of some
Missing pages of the manuseript may contain deserip-  of the rocks, particularly the dacites (analyses 3, 6).
tions of the “andesitic rock near Empire” and the “lava. The low potash content is typical of many similar rocks
near Las Cascadas”, analvses of which were published in the Caribbean region.

caleulated by MacDonald.
Some abnormalities in mineralogical composition re-
sulting from various degrees of albitization probably

Analyses of igneous rocks and tuff from Canal Zone

{Analysts: 1,2,6,7, R. C. Wells

3,8, George Steiger; 4, 5, W, . Wheeler]
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P Shows o traee of Ve, 3 ghows traces of ZrOy, F, and V,0;.
. Quartz diorite porphyey, Cocovi Island, Panamd Bay. Clarke, T, W, \mxl\ 508 5. Basalt, Panama Railroad, 3 km nortliwest of Monte Lirio. Bull. 591, p. 214,
of rocks and minerals fram the laboratory of the U. 8. Geol, Survey: L‘ . Geol. analysis Q.
Survey Ball, 591, p. 284, 1915, analysis O. 6. Dacitic glassy lava in Tas Cascadas agglomerate, Gaillard Cut,  Bull. 591, 1. 213,
2, Augite quartz diorite, Point Tarfan.  Ball. 591, p. 214, analysis N, atalysis 0.
3. Dacatle, Ancon 1T Buall. 591, p. 213, analysis AL 7. Dacitic tuff in Cuearacha formation, Gaillard Cut. Buall 591, p. 213, analysis B,
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along the fault. Drilling through the agglomerate,
however, shows that some of the dikes are cup-shaped
rather than ring-shaped (Thompson, 1952).

STRUCTURE

STRUCTURAYL IHSTORY

Late Cretaceous or early Tertiary deformation.—The
strongest deformation in the known geologie history of
the Canal Zone and adjoining parts of Panamé took
place after cruption of the Cretaccous(?) lavas and
deposition of the interbedded sedimentary rocks and
hefore the laying down of the basal part of the Gatun-
cillo formation in widdle Kocene tune. At the present
time this deformation is poorly dated and the structural
pattern it produced will not be known until the base-
ment rocks are studied and mapped.  Almost vertical
altered tuffs on the Transisthmian Highway between
Rio Gatun and Rio Agua Sucia strike northiward.  The
basement rocks elsewhere in the castern part of the
Canal Zone and nearby show a north-south grain {(Jones,
1950, pl. 2). The intrusion of the dioritic and dacitic
vocks that metamorphosed the lavas and tuffs probably
accompanied the deformation.

Movements during late Focene(?) to early Miocene
time~—Minor and loeal movements during middle
Tertiary time ave indicated by coarse detritus and over-
Iaps. The carliest of these movements, late Eocene or
carly Oligocene, is suggested by the coarse detritusof the
Bohio formation and the overlap of the Bohio on the
bagement complex in the Pacific coastal area east of the
Canal Zone. The source of the coarse detritus may
have been beyond the limits of the region covered by
plate 1, both to the southwest and northeast.

Minor movement during the middle or late Oligocene
is indicated by overlap of the Caimito formation on the
Gatuncillo formation in the northern part of Madden
basin and by the presumed overlap of the Caimito on
the basement northeast of Gatun Lake.  Overlap of the
Culebra formation on the Las Cascadas agglomerate
points to late Oligocene movement.

The overlap ol the Ta Boea marine member of the
Panamd formation on the Bas Obispo formation sug-
gests comparable minor movement during carly Mio-
cene time.

Miocene or Pliocene deformation —Regional deforma-
tion, the second period ol regiomal deformation now
recognized, took place during Miocene or Pliocene time.
The present siructural features of the central Panamé.
area were then formed. The dating is uncertain not
only because basic data are still incomplete, but also
because the Gatun formation and the Chagres sand-
stone do not have an extensive distribution. The
Gatun formation, which is of middle Miocene age in the
region covered by plate 1, is not known to overlie early

Miocene deposits at outerop localitios anywhere in the
central Panamd arca. The structural relations be-
tween the Gatun formation and the Caimito lorma-
tion-—the next older formation in the Gatun Lake and
faribbean  coastal arcus —are at present unknown.
The overlap of the Gatun on the basement, bowever,
indicates at least minor movement presumably al the
end of early Miocene time and the regional deformation
probably tools place at that time. The Gatun forma-
tion and also the early Pliocene Chagres sandstone dip
gently seaward  the relatively narrow coastal strip
where those formations are prescrved. The distribu-
tion of the Caimito formation and the marine member
of the Bohio(?) formation in the western part of the
Gatun Lake area indicates a pronounced unconfornity
between the Gatun and those older formations or that
the Gatun is separated from them by afault. A fault is
suggested on plate 1. Minor movement, evidently of
late Miocene age, 1¢ indicated by the partial overlap of
the Chagres sandstone on the Gatun formation. The
regional deformation may have taken place in middle or
late Pliocene time after deposition of the Chagres sand-
stone, but that appears to be unlikely,

How far southward the Chagres sandstone and Galun
formation extended is not known,  The Chagres sand-
stone, however, apparently did not extend far. The
Toro limestone member, at the base of the Chagres in
the northeastern part of its outcrop area, and the
Anomia-bearing strata at the base farther southwest
are shallow-water deposits.  The conglomerate and
other deposits at the base of the Gatun formation be-
tween Sabanitas and Maria Chiquita also represent a
shallow-water facies. That arca, however, is at the cast
end of the basin.  T'o the southwest, in the Gatun Lake
arca, the Gatun may have extended considerably be-
youd its present inland border.  The base of the forma-
tion cast ol Zorra Island, however, has not yet been
examined and farther southwest the inland border of the
formation is under Gatun Lake, and was concealed by
extensive swamps before the flooding of the lake, Tu
the area where the inland border of the Gatun is con-
cealed, the middle part of the formation may overlap
the lower part, just as farther west, in the region covered
by figure 3, the upper part secins to overlap hoth lower
and middle parts. If the formation extended far
beyond its present inland border, the submerged arca
probably passed through Madden basin.  Fossils char-
acteristic of the Gatun formation are supposed to have
been dredged in Panamd Bay off La Boca during the
construction of the canal (Li, 1930). Pilsbry, (1931,
p. 427-428), who examined the types and figured speei-
mens deseribed by 1., found that the few Miocenc
fossils, among the Recent spectes actually dredged in
Panam4i Bay, are indeed characteristic of the Gatun.
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One ol them, however, is labeled “Gatun Locks and
Spillway” and all have a matrix typical of the Gatun
formation at and near Gatun. The record of Gatun
fossils in Panamé Bay is spurious.

STRUOCTURAL FEATURES

During the period when geological work was prac-
tically limited to a narrow strip along the canal, the
canal appeared to cross a major anticlinal crest whieh 1s
located immediately southeast of Gamboa, about half-
way across the isthmus, and is essentially parallel to the
trend of the isthmus.  When two sets of volecanic rocks
(Cretaceous(?) and Oligocene to carly Miocene) were
differentiated, however, it was evident that the anti-
clinal ¢rest along the canal is a minor feature in a belt of
Tertiary rocks extending obliquely across the isthmus.

Plate 1 shows a marked contrast between the Gaillard
Clat area and the region to the north and east.  Though
the numerous minor faults and folds of the Gaillard Cut
area reflect the detailed work that has been carried out
there, its location with reference to the trough of the
Tertiary marine basin may have a bearing on its struc-
tural features.  The Gaillard Cut area is in the transi-
tion zone between a voleanic sequence and a marine
sequence, and the cover of sedimentary strata in the
transition zone 1s thin.

The largest well-defined folds—Madden basin and
Quebrancha syneline—lie cagt of the Clanal Zone in
the trough of the Tertiary marine basin. Madden
basin has the greater structural rebief. It is the only
arca where late carly Miccene marine deposits have
been found and they ave almost exactly at the middle
of the isthmus. Madden basin is a broad gentle fold
trending north-northeastward.  Toward the south 1t
flares out in an arca where the geology is not well
known. As shewn by Reeves and Reoss (1930, pl. 6),
a narrow belt of relatively steeply dipping rocks (20°
to 45°) extends northward from Rio Chagres on the
west side of the basin.  The {loor of the basin may be
wregular through overlap of the Bohio formation by
the Caimito formation.

Quebrancha syneline also trends porth-northeast-
ward, but 1s more sharply folded than Madden basin.
The southward-plunging anticline between Quebrancha
syncline and Madden basin is greatly modified by the
Limon fault.

The northeastward trending anticline in  Bohio
Peninsula, in the Canal Zone, appears to be well
defined.  The interpretation that it extends farther
southwestward, and there reaches its greatest structural
relief, 1s adopted to account for the upper Hocene or
lower Oligocene strata of the marine member of the
Bohio(?) formation in the northern part of the peninsula
ending in Palenquilla Point and on Trinidad Island.

CANAL ZONE

Evidence for a major eastward-trending fault, just
north of Trinidad Island and just south of the Brujas
[slands, 1s presented on page 61.

So far as known the faults are steeply dipping normal
faults and many of them probably have strike-slip
displacement (Jones, 1950, p. 906). Most of the
major faults have a general northward trend, but the
trend of that group of faults ranges from about N. 30°
W. to about N. 30° E. A few major faults, such as the
Rio Gatan fault and a fault along the lower course of
Rio IFrijol northwest of Gamboa, trend more to the cast,
about N. 70° E. The Chinilla fault, onc of the group
of major faults having a general northward trend, Hes
close to the Panama Railroad south of the embayment
of Gatun Lake formed by Rio Agua Salud and Rio
Frijolito.  When MacDonald and Vaughan examined
the fresh cuts and collected fossils from the Caimito
formation along the railroad in 1911, they had no way
of knowing that strata older than any along the canal
or railroad (strata of the Gatuneillo formation) crop
out only 200 meters cast of the railroad.

Jones’ geologic map of the Gatun Lake area (1950,
pl. 2) shows many faults and fractares not shown on
plate 1 of the present veport.

The structure of the voleanic rocks west of Gaillard
Cut is practically unknown. Detailed field work cast
of the Gaillard Cut area should show whether there is
any corrclation between the thun sedimentary cover
and the strocture of the Gaillard Cut area. Two
characteristic formations of the thin sedimentary cover
do not extend far cast; the Culebra and Cuecaracha
formations. ‘The distribution of those two formations
in the complexly faulted Gaitllard Cut area deterimined
the course of the ecanal. Both are readily eroded and
form topographic basing between nregularly arranged
hills of basalt and agglomerate.

MINERAL RESOURCES
METALLIC MINERAL DEPOSITS

Gold —Gold ore has been mined 1n two distriets: in
the basement rocks southeast of Sabanila and at a
stock of dacite porphyry southeast of Gambos.

I am indebted to R. H. Stewart [or guiding me to the
area southeast of Sabanita. Kvidence of three periods
of mining activity may be scen along streams immedi-
ately north and northeast of Cerro Santa Rita (at the
summit of which is located the 268-meter friangulation
station plotted on plate 1): remnants of large stone
morfars pointing to aboriginal operations; caved and
also almost imperceptible adits associated with a
French boiler still standing upright; and modern adits.
The aboriginal operations suggest the origin of the
name for Bahia de las Minas, the bay into which the
streams drain. When Mr. Stewart first visited this
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region in 1947, the boiler fire-box door (now missing)
bore the name of a French manufacturer and the date
1883.  The country rock is olivine-rich basalt, a typical
exposure of which is readily accessible at the Trans-
isthmian Highway bridge across Quebrada Lépez, a
small stream 1% kilometers in a direct line northwest
of the junction with the road to Nueva Providencia.
The ore occurs in sulphide-bearing small quartz veins.
No data are available on the mineralogy and tenor of
the ore or on the tonnage that has been mined.

Gold-mining operations at a stock of dacite porphyry
southeast of Gamboa were carried on near the head of
Quebrada de Oro, a small northwestward-flowing trib-
utary of Rio Casaya. Locality 38 is located on Que-
brada de Oro downstream from the adits (pl. 1). Rem-
pants of mine and mill machinery and stretches of tram
track are strewn along the stream.  Mr. Adrian Bouche,
of Pedro Miguel, the present owner of the property,
orally reported that an Knglish Company installed the
mine and mill in the late 1870’s or early 1880’s, but
that there 1s no evidence any gold was produced.  The
adits are located in a narrow aureole of mildly contact-
metamorphosed sedimentary rocks of the Gatuneillo
formation at the border of the porphyry stock. No
attempt was made to enter the caved adits.

Other adils and pits are located in the same stock
of dacite porplyry, across the divide and 700 meters
south of locality 38, near the head of a tributary of
Rio Sardanilla, which flows southward and westward
toward the Panama Canal. Boutan (1880, p. 31-32)
mentioned & road built to haul machinery to a gold
mine on Rio Sardanilla. The last French map, in the
report of a Clommission of the second French canal
company that includes an account of the geology by
Bertrand and Ziircher (1899), shows near Rie Sardanilla
a ‘“mine de quartz aurifére en exploitation.”

In his wnpublished manuseript, written about 1918
and mentioned on page 4 of the introduction of the
present report, MacDonald reported that none of some
40 samples from the most promising veinlets, “about
2% miles east of the canal opposite Las Clascadas,”
showed gold values of more than $1.00 to the ton.
That statement evidently vefers to the Quebrada de Ovo
arca. Ile also reported on samples collected “a mile
more or less in a southeasterly direction from these
[those of preceding two sentences| old workings™'; that
5, in the Rio Sardanilla arca. The gold value of his
samples 15 as follows:

59

Gold value {as of about 1912) of samples collecied in Rio Sardantlla
area

[Extracted from mamuseript by D. T, MaecDonald]
Vaiue of gold

Sample per ton
Float from quartz vein____ . ______ e $6. 80
End of openeut. oo ___ R 1. 04
Openeub_ ... ... U I 3
Outerop, top of vidge. ... .. .20
Lower part of euwt.._ . . ___ Trace

Manganese.-—Plate 1 was extended far enough to the
north to show the location of the southern of two man-
ganese prospects near Rio Boquerén. An abandoned
tram line extends from the prospects to the coast near
Nombre de Dids.  Thie country rock consists of strongly
deformed, low-grade metamorphic rocks—quartzite,
siliceous limestone, micaccous schist (probably meta-
morphosed tufl), and greenstone (highly altered al-
glomerate)—all representing the Cretaceous(?) base-
ment complex.  The ore deposits are manganese oxides
associated with red jasper. Boulder-like masses of ore
form great trains dowun the slopes and streams.  These
deposiis were deseribed brielly by Sears (1919) and are
described n greater detail by Simons in a recent pub-
lication {Roberts, R.d., and Trving, 8. M., 1957, p. 119-
128), from which the preceding sentences were abstracted.

In the publication just eited Simons mentions a minor
manganese prospect in Madden basin, south of Rfo
Chilibrillo and about 2 kilometers south of Casa Larga.
According to a writien communication {rom T. I
Thompson, shallow pits and trenches scattered over an
area of about a hectare show aggregations of manganif-
erous concretions and lenses in the Bohio {formation.

NONMETALLIC MINERATL DEPOSITS

Limestone for cement—TXimestone in the Quebrancha
Iimestone member of the Caimito formation is at
presenb the most Important nonmetallic mineral de-
posit. The limestone 1s quarried by the Cia. Cemento
Panam4, S.A., immediately east of the Transisthmian
Highway on the east limb of the Quebrancha syncline
(locality 62, pl. 1) and is processed as an ingredient for
cement in the company’s adjoining plant. The thick-
ness and properties of three grades of limestone and one
of calcareous siltstone are desertbed in Thompson’s
(1944) detailed report. The reserves arc cnormous.

Other limestones in the Caimito formation of Madden
basin and the Gatun Lakearea, the Emperadorlimestone
member of the Culebra formation, and at the base of
the La Boca marine member of the Panamai formation
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may be suitable for cement. According to an oral
commuunication from Thompson, the widespread lime-
stones of the Gatuncillo formation are too high in
magnesia.

Liock for construction.. —MacDonald (1915, p. 35-38)
adequately covered construction material usod i the
building of the canal. The great quarry in dacite on
the west face of Ancon Hill, the quarry in basalt at
Sosa 1ill adjoining the Balboa docks, and the quarry
in basalt on the west side of the Panama Raillroad
kilometers northwest of Monte Lirto, are reminders of
the construction period.

Since MacDonald wrote hig account, a quarry has
been opened in hornblende andesite on the Chiva
Chiva Road 6% kilometers northeast of Pedro Miguel.

OLL POSSIBILITIES

Though the central Panamd area of Tertiary marine
sedimentary formations is small and the total thick-
ness of marine sirata s moderate, the oil possibilities
deserve consideration. especially since the discovery in
1956 of oil in the Costa Rican part of the Boeas del
Toro area. The somln‘axtu 1 end of the Costa Rican
part of the Bocas del Toro area 1s shown m figure 1,
At the time of writing (Sept., 1956) the discovery well,
Union Oil Co. No. 2 Cocoles, locatod 1Y%
north of the nternational bhoundary, had just been
completed and stratigraphic data had not been released.

I many respects the stratigraphic suceession in the
southeastern part of the Bocag del Toro arca is sunilar
to that in the central Panamd arca, which includes the
Canal Zone. Ou the islands of Bocas del Toro Archi-
pelago a thin section of carbonate and other rocks of
Pliocene age crops out.  They are underlain in the
archipelago and on the mainland by Miocene strata,
designated by Olsson the Gatun stage or formation
(Olsson, 1922, p. 10-16). The upper part of Olsson’s
(ratun consists of carbonate and fine-grained, calcarcous
detrital rocks of late Miocene age, correlated with the
upper part of the Gatan formation mn the western area
of the present report.  The lower part of Olsson’s
Gatun corresponds to the late middle Miocene middle
part of the Gatun in the Canal Zone and also to the
late middle Miocene upper part in the ecastern area,
although the depth-facies in the Boeas del Toro basin
is shallower than that of the upper part in the Canal
Zone. The equivalent of the early middle Miocene
lower part of the Gatun in the Canal Zone is missing
ab the outerop iu the Bocas del Toro area or is partly
represented by nonmarine conglomerate, rocks of finer

kilometers
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graitt containing land plants, and hlenite.  Olsson’s
Gatun rests unconformably on the Usecart formation
(or better Uscari shale), which consists almost cotirely
of moderately deep-water fine-grained rocls (Olsson,
1922, p. 10).  Light otl issues from fractures in strongly
deformed strata of the Useari in the type region along
Useari Creek. The Uscart is of late Oligocene and early
Miocene age and corresponds in age to the Caimito
formation of Madden basmi. The oldest outeropping
Tertiary strata in the southeastern part of the Bocas del
Toro area are limestones, probably of both Oligocene
and Hocene age. The prescnce of subsurface marine
strata of Eocene age is a reasonable expectation. There
are two mmportant differences between the two areas.
No oil seeps have been found in the central Pavami
area and nothing in tlie Oligocene and lower Miocene
ouwterop seetion closely resembles the almost uniformly
fine~grained rocks of the Uscari shale.

Three districts in the part of the ecenteal Panamé
arca covered by plate 1 are promising for testing oil
possibilities: the Gatun Lake disteict, Madden basin,
and the Pacific coastal district east f)l Panamd City.

Gatun Lake distriet.—Hstimates of outerop and prob-
able maximum subsurface thickness m the Gatun Lake
district are as follows.

Listimated outcrop and probable marcnin subsurface thickness of
sedimentory rock formations in Gatun Lake distriet

Moerimum

subsurface

Guterop thickness  thickness in

Forimatian in anelers neters
Chagres sandstone R 250 250
Deposits of Iate Miocence age. - Overlapped 100
Gatun formation. __ . _ . 250 500
Deposits of carly Mioecene age . Overlapped 300
Caimito lormation_ ___ . ____ 300 400
Bohio formation_ __ .. _. . 300 300
Marine member of Buhm( ?\ 1"01 -

tion_____ I 100 250
Gatunetllo for nmtlon ,,,,,,,, e 25+ 300

Total .. 1,225+ 2,400
The outcropping formations in the Gatun Lake
district are marine, with the exception of the Bohio

formation, which is nonmarine throughout most of the
area. On Barro Colorado Island, however, the upper
part of the Bohio includes thin marine tongues of some-
what calcareous, medinm-grained subgraywacke, sug-
gesting that the nonmarine coarse-grained rocks are
replaced scaward by marine vocks of [iner grain.

The upper part of the Gatun formation consists of
more or less calcareous, sandy and silty rocks containing
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a clay-like matrix. The fauna, which includes pelagic  a sample of readily disintegrated bmestone from the
Foraminifera, a few pteropods, and a rich assortment of  core. A synopsis of the core is as follows:
benthonie foraminifera and mollusks, indicates a mod-
enate-depth environment (50 te 100 fathoms; ouler
neritic zone of fortheoming “Treatise on palecccology”
to be publiQ ied by the Geological Society of America).
The late Miocens um)( rpart of the Gatun in the western Caimito(?) {“f”’”"“‘i‘"‘"

IS . Bentonitic tuft grading dovwnware
aren, west of the Canal Zone (fig. 3}, 18 overlapped by the in basal 3 1. “‘ T s
Chﬂ‘gws b.m(lhlmw, but is presumed to be present in gatuneilic Ahm,mw“
the subsirface section. {lard fossi
soff may

Log of Core Fole CH-5, drilled in Gatun Lake

ediments_ ... ...

Deposits of early Niocene age are unknown in the naestone

Galun Take district.  That they were deposited there
is ndicated by the Caribbean faunal affinities of the

early Miocene part of the Calmito formation in Made

and

Sandy #illeld

Total thicknes

Formation 1

rfh‘t PTeseno & i)}ﬁ ﬁui‘ a 1

I —\lf‘aW %

basit.  As it is unlifely that they were reimoved belor
deposition of the Gatun formation, it is concluded that
they ave overlapped by the Gatun, which, aloag the

northeast border of the central Panams area
)

aodiments

overlaps

the Caimitto formation and rests on the O

basemenit.

otaceous(?)

fmibe formad
the Bohio for mation anywl
Gatun Lake ares, althe
the ares, north uf ae
b Bohio and G
core hole overlying

suggest overlapping
%(mo strongly suggasts the ¢
Caitaito exposed on the south
Island (oeality 5! pj
oroup woest of the core-hole g H thesas stggestions
are correet, the core hole passed through a fault at a
depth of 20.7 meters below the surface of the lake —u
fault having a stratig mphm ="&plmmnmt of aboul 300
moters,  No evidence indicating o fault, however, wasg
recorded by the geologist who prepared the log.  As &
matter of fact, a fault of that character and of the
trond just specified accounts for the marine memboer of
the Bohio(?) formation on "J"*?miﬂ“d Tsland much more
satisfactorily than plate 1. The Gatuncille formation,
consisting chiclly of modemm -depth siltstone and

oroup.  The Ca

Eyeept on Barro Colorado fstand, the Caimato forma-
tion {’onqmtq of 1’1;@&1«‘«;';%01;‘3,' coarse, shallow-water,
highly tuffaceous vocks and thin algal-foraminiferal
hmc:»i«mm Though the lower part of the Caimito oun
Barro Colorado mecludes ihin a’ gal-forapmniferal ime-
stone, it s made up chiefly of medium- to very &
grained, somewhat ‘mihwﬂouq sandstone. Thess fne-
grained rocks contam o moderate-depth fauna, Ab one
loeality (841) wmilty, very fine-grained sandstone con-
tains nrnerous discoasters and other pelagic coceo-
lithophores and nuwmerous pelagic Foraminifera. The
outerop seetion of tive Caimito on Barro Colorado, like
that of the Bohic {ormation, points to progressively
deeper water and finor grain size in a seaward direction.

By the same line of reasoning cutlined for deposits of
early Miccene age, the Gatuueillo formation is expect-
able in the subswrface seetion of the Gatun Lake district.
That expectation recently was realized, when the
Gatupeillo was indentified at a depth much shallower
than expected. to 1955 R, H. Stewart, of the Panama
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. - mudstone, is g likely source for oil throughout the
Canal Company’s Meteorological amd Hydrographic N ot e
central [qn.mm area and its limestones are suitable

Braneh, ummmed the cores obtained 1n Core Hole

Cil-5, drilled in 1846 at a locality in Gatun Lake 325
meters sonth of Guava Island, a small island of the
Brjas Islands group. (The corc-hole loeality is 1.3
kilomelers east of locality 55a of plate 1.) The cores
: » il C fossil : i icrop and probable mavimum subsurface thickness of
mclude o considerable thickness of fossiliferous lime- Pstimaled ouicrop and probable mavinum subsurface thickness of
‘ N . . sedimentary rock foermaitons in Madden hasin
stone, logged ag part the Caimito(?) formation when

Teservoirs.

Madden basin.—The following table shows estimates
of outerop and probable maximum subsurface thickness
in Madden basin.

the core hole wag drilled. Mr. Stewart, however, uterop. iy
thought it probably is a limestone of the Gatupcillo ‘ Formution mciers) (meders)

. T .. R TR < Caimito formation. ..o oL L. 450 450
formation and his suspicion was confimed when W. 5. oo e (4200 200
Cole identified Helerostegina ocalane, ZLepidocycling  Gutancillo formation oo oo oo 200 500
macdonaldi, L. chaperi, and Asterocycling georgiana in Total oo 7B0-050 1, 250

41378857 5
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As in the Gaiun Lake distriet, the bulk of the Bohio
formation consists of nonmarine boulder conglomerate.
At the continental divide the upper part of the forma-
tion includes thin lenses of algal-foraminiferal lime-
stone. In the Qucbrancha syneline, northwest of
Madden basin, the Bohio is made up of graywacke grit,
the basal part of which includes marine siltstone. In
the northern part of Madden basin the Caimito forma-
tion overlaps the Bohio,

The Gatuncille formaiion ovidenily resis on an
uneven surface of the basement complex. Reeves and
Ross (1930, p. 18, pl. 5) mentioned and mapped a small
outcrop of dioritic rock near the head of Rio Azote
Caballo, just south of the present south shors of Madden
Lake. This outcrop evidently is the top of a basement
hill or ridge, on the sides of which the Gatuneillo is
overlapped by the Caimito. Practically pure quaris
sandstone in the upper part of the Gatuncillo is exposed
along the road from Casa Larga to Laguna, near
locality 13— the only locality where such sandstone was
observed in the areca covered by plate 1,

Pacific coastal dustrict east of Panomda Olgy.—In the
Pacific coastal distriet enst of Panamd City, the
Gatuncillo formation is overlapped by the Bohio forma-
tion. The Gatuncills reappears farther east in the
valley of Rio Bayane, 45 kilometcrs sast-northeast of
the castern border of plate 1 (Terry, 1956, p. 32).

DESCRIPTION OF TERTIARY MOLLUSKS

of species ig held to a mini-
s almost invariably include

of no value in the

The formal description
mum. Lengthy deseriy
matier at the generic
discrimination of spea

28,

The {ollowing terias
speries:

re used for type material of

o

Type: A specimen selected by the deseriber as the name-
bearer of a specics. 5 known ag holotype.

Paratype: A specimen showing a feabure, or features, not
shown by type. dso oy others for any specimen,
other than type, on which the deseription of a species is
based.

Bynilype: A specimen in
speeies is based, bad
describer as the name-bearer.

Tectotype: A syntype su

DOATer.

sotype.
the name-

Neotype: A speeimen

same locality and horizon,
¢

selected as the na - 10 bake the place of destroyed

or lost Lype materi
¥i

Topotype: A specimen T

the same locality and horizon
as the name-bea :

&

Terms used {or fypes of v are ag follows:

viion,
30 known ag haplotype,

Orthotype: Type

WA - tsal
Monotype: Ty

Tantobype: Typs by tw

Logotype: Type by sab signation.

GREOLOGY AND PALEONTOLOGY

OF CANAL ZONE

Adoption of the preceding jerms for the
genera, which have the advantage of brevigy, was
prompted by Iredale’s (1939, p. 223) usage In his Great
Barrier Reef report. Monotype, however, has been
substituted for haplotype. Iredale’s usage was based
on Jordan’s, who in turn picked up terros from Cooke,
but also added one of his own. Thosc interested in the
origin and varying usage of the terms in the preceding
two lists will find definitions and citations in Frizzell’s
useful “Terminology of types™ (1933). 1t is entively
appropriate to use the term “type” for a species and &
genus. There can be no confusion: the type of a spacies
is & specimen, whereas the type of a genus is a spocies.

The {ollowing new subgeneric names are proposed:

Aepystoma, subgenus of Teinostoma, Vitrineilidae,
Type: Teinostoma (Aepystoma) andrivin Woodring, n.
sp., Gatun formation, Mioecena, p. 7¢.  Goendoer neuter.

Diaerecallus, subgenus of Teinostome, Vitrinellidae,
Type: Teimostoma (Dicerccallus) sychnuwm Woodring, n.
sp., Gatun formation, Micecene, p. 71. Gender mascus=
line.

Hapalorbis, subgenus of Solariorbis, Yitrinellidac.
Type: Cirewlus liviope Bartseh, Recent, Gualf of Cali-
fornia, p. 75. Gender masculine.

Hypterita, subgenus of Neverita, Naticidae, Polinicinae.
Type: Natica helicoides Gray, Recent, Baja California
to Perti, p. 92, Gender feminine,

GASTROPODS
Family TROCHIDAE

Trochids are rave in the Tertiary formations of the
Canal Zone and adjolning parts of Panami. Hach of
the two species of Calliostoma hovewith described 1s
represented by two spocimens.  In addition three other
trochids are recognized: a minute “Margarites” from
the raddle part of the Gatun formation; an exfoliated
apical fragment sculptured with noedose spirals, evi-
dently o calliostome, also found in the middle part of
the Gatun formatiorn; and an incomplstc hmpression,
probably a calliostome sculptured with weskly noded
spirals, from the Toro mestone member of the Chagres
sandstonc. Fach of these three trochids is represented
by only one specimen,

Subfamily MARGARITINAE
Genus?
““Margarites’’ species

Minute, very thinshelled, outline mnaticid, whorls
rapidly enlarging. Frotoconch consisting of a smooth
aabicoid whorl. Knd of protoconch marked by fine
elosely spaced axial and spiral threads. DBoth sets of
threads gradually become more widely spaced and on
lator part of penult thoy disappesr, the early part of
the penult bearing a sutural thread, a thread on the
shoulder, and widely spaced volractive axial threads
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between them. Body whorl smeoth. Quter lip broken
far back. Columellar lip incomplete. Umbilicus evi-
dently very narrow, umbilical border broadly rounded.

Height 2.4 min, diameter 2.2 mm,

This curiously S(‘ulptured species represents an un-
Jknown genus of the Margaritinae. The outline and thin
shell suggest *‘Solariella’” iridec Dall (1889, p. 382),
dredged by the Blake off Cape Florida at a depth of
193 fathoms. “Solariella’ 7ridea, however, has more
inflated wheorls, no axial seulpture, a faintly undulated
spiral near the suture, a Wider umblicus, and elongate
nodes on the umbilical border. Though “Solarielle”
iridea was described as a Vﬂrlety of “Selariella’” Iubrica
Dall, it is not closely related to that species, which is
the type of the genus Suavetrochus (Dall, 1924, p. 90),
deseribed as a section of Selariella.

Occurrence: Middle part of Gatun formation (middle
Miocene), eastern arca, locality 155¢.

Subfamily CALLIOSTOMATINAE

Genug Calliostoma Swainson

Swainson, A treatise on malacology, p. 351, 1840,

Type (logotype, Herrmannsgen, Indiels generum malacozoorum,
v. 1, p. 1584, 1846): Trochus conulus Linné (cited by Swainson
as “conulc Mart.”), Recent, Mediterranean Sea.

Subgenus Calliostoma s. 8.

Calliostoma {Calliostoma) metalium Woodring, n. sp.

Plate 18, figures 12-14

An mperforate veory weakly sculptured, nonnoded,
carinate callistonic of medium size. Whorls rapid Ey
enlarging, outline of spire concave. Whorls, except
body whorl of mature shells near outer lip, wvery
strongly carinated by a peripheral spival, which is
visible on spire whorls adjoining anterior suture. Three
weak spirals visible on earhiest preserved whorl, which
is somewhat exfolinted. A few veory fain spivals visible
on anterior part of other spire whorls. Body whorl
between suture and per“"herv bearing weak spirals,
Base bearing faint spivals adjoining periphery and wider
faint qpi‘raﬁ“ @djoinmo columellar lip. Columellar lip
everted, molded against base of shell except nsar base
of lip.

Height (almost complete,
diameter (incomplete) 24 min

Type: UsNM 561430

Type locality: 206a (8

but erushed) 19.5 wuro,

(Lypei.

anford Univ. loecality 2699,
Caribbean coast near mouth of R’w Piiia, road cub on
west side of river about 90 m. west of road fork, Panamé;
same locality as UsSGS 16037), Chagros sandstone.

Though the type is somewhat erushed and evident]
is immature, the characters of this weakly sculpt
nonnoded, carinate Sjg;mcies are well defined.
of the type iz raore or less exifoliated, bub even unex-

f—
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foliated patches are very weakly sculptured, aside from
the strong peripheral spiral. That the type is not
mature and that the peripheral spiral is reduced near
the outer lip of mature shells are shown hy an exfoliated
body whorl fragment from the type locality——the only
gpecimen other than that illustrated. This Tragment
indicates a body-whorl diameter of at least 30
millimeters.

In outline of spirve, strongly carinate periphery, and
almost smooth base, C"ah’iostoma metalium 18 allied to
. gurora Dall (1889, p. 366, pl. 37, fig. 2), dredged at a
depth of 140 fathoms oft Bm, adnso ’\})&H also recorded
a fragment from a depth of 576 fathoms.) €. melalium,
however, lacks the noded spirals of . aurora and the
basal spirals of the fossil are even weaker.

Oceurrence: Chagres sandstone  (early Pliocenc),
loealities 208, 206a.

g

Subgenus Lelotrochus Conrad

Conrad, Aead. Nat. Sei. Philadelphia Proc., p. 288, 1862,

Type (monotype):  Leiotrochus  distans  Courad, Miccenc,
Maryland.
Assignment of Calliostome ¢remum to  Leiotrochus
has the advantage of indicating that this species has
an umbilicus. It 18 dmx tful, bowever, whether the

strongly sculptured O, eremum ax d its alhes are closely
related to the faintly sculptured O. distans. For the
characters of O distans, reliance i

s placed on specimens.
in the U, 8. National Museum fmm Yorktown, Virginia,
labelled C. briant Conrad.

Aceording to Dall (1890

1903, pt. 2, p. 402, 1862), andled specimens
identified by Conrad, C. briant is J. distons. The O
distuns of the Maryland Geological Burvey Mioccne
volume (Martin, 1904, p. 258, pl. 61, fig. 6) is Imper-
forate and has moderately strong sculpture.  Evidently
it 18 mot O, distans, as it does not agree with Conrad’s
description.

As suggested by Gardner Q‘Q%——/&? p.
1947), & more natoral grouping of
perforate specics o

who he

619-620,

perforate and tm-

of Calliosioma may pusU v be gained
through a study of the development of the sculpture.

Calliostoma (Lelotrechus; eremum Woodring, n. sp.

Plate 22,

, figures 3,5

medium size,

2 W"UO}"E SUCOTIU'}

A perforste calli
of spive slightly 1

ir l&b\“j o

Seulpture ol spire between
periphory and sul 1y noded

d whort, § 16 6
A wealkly
arapa On late
are transformed into
more shrongly nod
primary spirals,

nrimary spirals
on penulé, and
noded second
whorls some s
p;sf!md,mm by becomin
Bage scnlptured with
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secondary spiral present or absent in interspaces on

base, Nodes on basal spirals long, low, and not well
defined.  Hdge of umbilicus not sharply angudated
anid therefore junction of basal and columellar lips

not angulated.  Interspaces on base and umbilical
wall adjoining innermost basal Spn‘xl roughened by
axial wrinkles,  Remalinder of umbili
asicde from gubduod growth
1 \,l,ght {imcomplets)
dype).  Height (almost
9 (pam Vo).
o USNM 561
loeality: 1550
CXCRY «LUOU
or ‘h of

cal wall smooth,

lines,
7.5 mm,
somaplote)

f\}iz"z Lun
1 mﬂo

ensh side
\v‘m‘flm Liake,
speeies 18
soltesied ot the

e T
FET £ GetC)

(:”i i

Clatliostome grabau
Yo Arean the miaddle
YN

i
ary (J,‘J)]?

Bepublie,
mu% ﬂl@n has we '}Lu 00 &
whorl, particular
11922, u. 164, ]_},‘!,, ?,fn

Miocene of Costa Ricn,

the spirals of the body
etla Dsson
the muddle

,, less inflated

spiro whorlg, and more nodes,
The more 311]‘»1'0«1 and less angulated
umh.hud border of 1Y iate 1t from

2 living O suyanm LAN (1889, p. 370, pl. 33, figs,
m, 11y, which furthermore i fwice ag ]m!w Um— iwo

specimens of ) sayonwm mentioned by Dall 1o 1889
i 1

abill are the only representatives of that species in the
colleetions of the U. 8. National Museum: the type

drodeed at a depth of 120 fathoms 20 miles southcast
of Cape Hatteras and a body-whorl 'Frﬁ@;mcm from a
slepth of 107 fathoms 36 miles south of " Cape Hatieras.

Geourrence: Middle p(n't of Gratun formation (middle
Miocene), msl;e‘fn area, loealitios 155, 145¢,

Family TURBINIDAK

Il

Genus Turbo Linné

Linnd, Systema naturae, cd. 10, p. 761, 1758,

Type (ogotype, Montlfort, Cone nolume systématique, v, 2,
p. 208, 1810): Turbe wetholvivs (Twrbo wvetholatus Linnd),

Reoent, tropieal western Yasific and Indian Oceans,

Subgenus Marmarostoma Swaingon

Zoologieal Hlustrations,
14 (unnumbered), 1829,
Uype (orthotype): Turbo chirysostomus Linné, Recent, tropical

western Pacific.

Swiinsern, 2d ser., v. 1, text accompany-

ing pl.

When Swainson proposcd the generie name Maerma-
rastoma, he designated Turbo chrysostomus as the type.
The f,‘only species of Marmarostoma, however, described
by him at that time, M. wndulaia (correetly M. un~-

AND PALEONTOLOGY

OF CANAL ZONE

dulatum), e\'idmn] r g the Panamic species named
Turbo saxosus Wood {1828, p. 20, pl. 6, fig. 45)
thiat 18, 1t I8 a spm ies 01 hr« %uhgenus

a year ocarlier;

Callopoma ‘Gl'ﬂ} {Gray, M, I, 1 , p. 87; type (logo-
type, Cossmann, 1‘\0)7719245 pi‘, H ». 116, 1918):
Thrbo Ffluctuosus Wood, cited by Cossmann as Turbo
Fluctuatus Grav), Recent. tropical eastern Pacific),

characterized Dy a deep central pit and granular ribs
on the Upm‘mlnm,

Many years ag:
Hwainson’s L,g},e
tacit assumption that
type of Furbo, he cons
of Turbo,
tematischen

444) discussed
appare

ntly on the
marmaorging Tannd is tl

10
Aarmarostoma 0 be a
Thicke in his Handbueeh der sys-
Wenz m his treatise
niion to the avail-
s the -i\,}(‘?‘i‘(ﬁf known
» Ungotype),
Turbo chrys-
“elirysostomus

dered

SYIOnyIm
Werchtierkunde and
8L

ods have eal im aid
Marmwrostome

(1340

on Tossi
ability of

Senectis

L“‘i &H}%U i

mibboan {e
io Aarmae 1 pt ‘rf\f}‘)i(‘nl of ﬂmt subgenus,
: ysostomas 1ts close

e DRITOW grooves S({pﬂrat&ng

and

- less d

anulat or s

m(t leﬂow
mooth,

Turbo

[ Marmarostoma) aff. T, castaneus Gmelin
Plase 20, figure 10

Of mediom size, seulpture nonlainellar.  Warly whorls
bearing a congpicuous practically smooth basal spiral,

Later whorls weakly shouldered, sculptured with
noded spirals.  Semewhat worn operenlum  assumed

to represent this species is smooth,
defined shallow marginal fedge.

Height (not quite complete) 20.5 mm,
(incomplete) 18 mm (hgured specimen).

An incomplete apparently mnmature shell and asso-
ciated opereulam {rem the middle part of the Gatun
formation and a mold of a few whorls from the Tovo
haestone member of the Chagres sandstone ave identi-
fied as Furbe atf. 1. castaneus. They may, in fact,
represent the Recent Caribbean 7. castaneus. The
operculum fitted into a shell cousiderably larger than
the only shell collected at the same locality.,

The typical form of 7. castancus, as long accepted,
is seulptured with nonlamellar noded spirals. Recent
Caribbean shells that have noded spirals but also have
thin lamellae forming vaulted scales ou the primary
spiral at the shoulder, or on that spiral and others,
have been referred to 7. crenulatus, also named by
Gmelin. 7. erenulatus has the same geographic range

bearing a poorly

disineter
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srecurser occurs 1n the
npa hmf‘atone ﬁ. Florida,

strata as old as
liest American species

parrower wnbilical groove, 7.
sarly Miocene Tam

In Harops Tricolin is rm‘w*mmd in
Paleocene, but 1 calypio 1s the ear
a6 far deseribed.

Ocoarrence: Marine member of Bohio(D)
{late Hocene or carly Oligocens), Gatun

Incalities 40a, 404,

1 formation
La‘ke ares,

Family PHASIANELLIDARY
Tricolia? synioma Woodring, 1. sp.

Plate 17,

sutline

Small, stroogly inflated, Lo,
of a minute naticid,
edge bearing a faint low
ithick, continuous wi ’IL
sharply defined. Um
ctosed.  Operculum

Height 2.2 mm, diar

Type: USNM 56

Type locality: 170a

fyuebrada Cafis (Rio Catio i@u‘
part of Gatun formation.
The family and genes
species, represented by one specimoen from the middle
part of the Gatun formation, are doubiful. Some
features suggest o low-spived Tricolia, but no speeles
of Tricolia examined has a wide-mimmed columellar lip.
‘The type and only specimen of “Fucosmia’” lurida Dall
11897, p. 15, pl. 1, fig. 11) in the collection of the T, &,
National T\/[z,zseum (a Rece % shell from British Colum-
bia) has a wide distinetly ricmmed columellar lip, which
iz not shown on the g.emu? 7 deawn aper ture oi Dall’s
iflustration. This species, however, is probably a
Homalopoma related to H. subsbsoletum (Willett) (1937,
. 63, pl. 25). Most species of Tricolia have a thin
patie il callus that fades out on the pavictal wall,
Nevertheless some speacies have a moderately thick
callus that joing the columellar lip. Despite its rela-
tively narrow aperture, Tricolis? synicma may repre-
sent an undeseribed turbinid genus vemotely related fo
Homalopoma.

In outline Tvicolia? syntoma suggests the Miocone
Jamaican species Tricolia (Fuiihidium) hadre Wood-
ving (1928, p. 420, pl. 34, figs. 10, 11) and a minute
Iwumb C ub(m Tmcolm deseribed bv Dall (1889, p. 351,
pl. 19, fig. 10b) as “Phasianelle {(Iucosmia)” brevis

WMP

headwaters of
ebrade), Panamd, middie

S INRLE S B

of this minute

d’Orbigny. Both species, however, have Tricolra-like
apertural features,
Occurrence: Middle part of Gatun formation (mid-

1b
dle Miocene), western ares, locality 170a.

GREOLOGY AND PALEONTOLOGY OF

CANAL ZONE
Family NERITIDAE
Subfamily NERITINAE
Genus Velates Monifort
Montfort, Conchylic

Type { ¥ claws ¢ :mma’m

Focen
Velates perversus {Gmeliny, subspescie

tho! vpe,
Nevite perversa Groelind,

{
o
e, Paris

Bagin.

Plate 14, fguves h-8

Reaching & large size
moderately eccentrie,

ovid in ventral plan, apex
Colunellar Lp hearing seven or
cight teeth. Callus deeply indented adjoining lower
end of columellar hip and extending along inner border
of outer lip, forming a wide rim.

Approximate height 60 nun, resfored dismet
mm {largest specimen)., Height 225

3.7 morn (larger figured spectmen).

tor 100
ameter

-

T,

TmuOh Velates was found 1 limestons of the Gatun-
cille formation at five localities, the only specimens

mhwwmw the aperture are from locality 38 in the Rio
The

sirell of medium size shown on
g the largest of 18 colleeted at
that localit; Twe 18 have complete col-
umellar ]ipsa; and on 9 fhe outer Up i preserved.  The
shells from locality 38, and the mcomplete specimens
from the other localities so far as they are preserved,
resemble Lautetian

plate H

area.

closely Paris Basin specimens of
Velates perversus (for citations and synonymy see
Eames The fossils from Panamd that

s, 1652, p. 12).
show the outer hip, however, have a wide rim along

ner border of the Iip, whereas the rim is absent
on 10 Paris Basin shells ranging in diameter from three
to 70 millimeters.

Katherine V. W, Palmer has kindly called my atten-
tion to the Hlustrations of V. Z»fu/um wus  Boutscheff
{1896 1‘18*%} p. 380, pl. &, figs. 1--5), based on specimens
from the Iocene of Bul gum The 1H wrations show
a rim on the outer lip hike that on the specimens from
Panama. Bontschefl {1896 [1897], p. 380, pl. 6, fig. 6)
also described a variety (V. balkanicus marginatus) for
specimens on which the thin edge of the outer lip
extends around the entive aperture, bordering the callus.
The teeth of the Bulgarian fossils are heavier than those
of specimens from Panamd. 1t is doubtful whether
the rim on the outer lip is an indication of close relation-
ship

Velates has a range of Late Cretaceous to late Kocene.
V. perversus is widely distributed in Ifocene deposits
from India to the Mediterranecan region and the Paris
Basin, reaching its acme in the middle Eocene. The
genus is relatively rare in the American Eocene. Under
the name V. sehmideliana, V. perversus is recorded from

o=
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the Yellow Limestone of Jamaica (Trechmann, 1923,
p. 347, pl. 15, figs. 1-3). A similar, if not identical,
form {Trechmann, 1929, p. 490, pl. 18, figs. 19a, b) and
an unidentified specles {Trechmann, 1924, p. 10, pl. 1,
fig. 7) have been found in other Bocene strata of that
island. Fossils from California have been referred ic
V. perversus (Vokes, 1935, p. 382, pl. 25, figs. 1, 3, 5,
pl. 26, fig. 1) and to a species of doubtful validity, V.
californicus Yokes (1935, p. 384, pl. 26, figs, 3-8, A
Tlorida locality vielded o large T/ elates, possibly a large
form of V. perversus, described as V. floridanus Richards

(1946; Richards and Palmer, 1953, p. 13, plL 1, figs.
8-9). V. wokesi Cooke ( 194,6 1919, p. 126, pl. 5, figs.

7, 8}, from the middle Eocmm of the island 0& 6.
Bartholomew, 1s represented by poorly preserved
specimens, none of which shows the aperture. The
apex of V. vokesi 18 almost marginal, like that of V.
noeflingt Cossmann and Pissarre (Cox, 1031, p. 37).
The procve on bhe large specimen of V. pokest figured
by Cooke and also on ihe small figured specimen,
which s the type, evidently marks the boundary be-
tween the ares wheve growth takes place by addition
to the outer lip and the area where growth is the result
of resorption of the ocallus. The boundary between
these two aveas on the opposite side of the shell is not

ﬂ‘PPtu-en* A species of Velaies, similar in outline to V,
vokesi, 13 found in Hmestone of middie(?) Kocene age in the

Sierra de Baboruco of the Dominican Republic, and
in depomh@ of probable middle Focene age in Chiriqui
Province, Panams and Baja California.

The remarkable architecture of Velates wasg
many vears age by Woodward (1892},

deseribed

Occurrence: (-“rzlmncﬂ}o formation {middls and late
Eocene), Madden basin, localities 6, 7, 9, 15; Rio

Casaya area, locality 38.
Genus Neritina Lamarck

Lamduh Enevelopédie mathod}mm Histolre naturelle des vers,
7.3, pl. 455 Liste, p. 11, 1816,
Tvp@ 'looohmc L8 nldruh L&meoh g Genera
1823): Neritine pulligera {(Nerila pulligera Liund),
riverg of India and .\[QLMlebl.L

of shells, p. 111,
Recent,

Opmion 119 of the International Commission on
Zoological Nomenelature, issusd in 1931, placed
Neriting Lamarck, with N. pulligera as the type, in
the Official List of Generic Names,

Subgenus Vitta Morch

Mareh, Catalogus conchyliorum * * * Comes de Yoldi, pt. 1,
p. 166, 1852.

Type (ogotype, Baker, Acad. Nat. Sei. Phila, Proc., v. 75, b.
137, 1923): Nerita virginea Linné, Recent, southern Florida
to northern South Ameriea, mainly cstuarine.

The convex callus and color pattern suggest thai the
following two species may be allied to Neriting virginea.

They therefore are doubtfully assigned to the subgenus

TROCHIDAE

[
<3

TO TURRITELLIDAE

Vitta. According to Baker,
cited, Vitla is estuarine ’i;n
sastern America and west

n the pubiication just
h-water and is found in
K_Fﬁ?){‘b‘

res

Neritina (Vitta?) species

Small, spire worn, . Iy convex,
Columellar lip finely and weakly den zcuiai,a, Color
pattern poorly preserved, consisting of dark wavy axial
lines.

Height (practically eompicte) 7 mm, diameter (in-
complote) 6 mm. Height ¢ acbm&ﬂw complete) 5 mm,
diamefer (practically complete) 5 mm.

This wnidentified Nermting is represented by four
incomplete specimens from the Culebrs formation at
locality 108¢., The columellar lip is exposed on @niy
one of them. The smallest has traces of dark axial
lines and another shows such lines on a remnant of the
outer calcite shell layer adjoining the edge of the callug
This Culebra gpecies, like ¢ ;ﬂﬂovv!xw Gatun species,
may be allisd to the R 5 can Neritina virgined
{Tanné)., Tt has a thic 13 ’mzm small specinzens
of that Recent specias.

Oceurrence: Culehra  formation  (early
rd Cut, localivy 10%¢,

Aa]
¥ bl

Miocens),

{raiila

Weritina {(Vittal®) of. N, virgines (Linng)

i1, Agureg 1, 2

oorrodsad g moderately thick,
Columeliar Iip ﬁzm]y‘ and weakly
ing of docmy spaced

Small, spire
strongly convex,
denficulate. Color patbun 5ON;
minutely zigzag dark axial In wider forward
apex of Vs (apex toward ouber Nem outer Up
and alse near callus the widened apices disintegrate
into isolated triaugles. On Iater half of body whorl a
solid relatively wide dark spival band adioin% suture.

Height (incomplete, spire correded) 3.6 mm, diameter
3.6 mm (figured specimeny,

Two small shells, collected from the middle part of
the Gatun formation at two localitics in the western
area, are referred to Neritino of. N, virginea (Linné}.
The color pattern is well preserved on the figured
specimen.  On the other, shehtly larger, specimen only
small patches of the outer caleite layer, and therefore
of the color lines, remain. The lines evidently are not
as closely spaced as on the figured specimen,

The convex callus and color pattern suggest relation-
ship o the Caribbean Recent /N, wirginea, which
reaches a much larger size. The most common color
pattern of N. wirginea consists of wavy dark lines
interrupted by dark-bordered ovoid or triangular light-
colored eyes. The eyes are absent on some specimens
and in some subspecies, bui on Recent shells that lack
syes the lines are not as strongly zigzagged as on the
figurad fossil from Panamd. A specimen collected at
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the type locality of Neritina (Puperita) figulopicta
Maury (1917, p. 152, pl. 24, fig. 10; Cercado formation,
Dominican Republic), presumably conspecific with V.
Hgulopicta, has the callus and the prevailing color
pattern of N. wirginea and evidéntly belongs to that
specles,

The fossils from the Gatun formation, and also those
from the Cualebra formation referred to Nerifine sp.,
may be immature shells of specics ag large as N,
virguiea, or may be mature shells of small species.  As
shown by numerous spectmens, NN, rim"’ﬁolan(v Dall
(1890-1903, pt. 2, p. 422, pl. 23, fig. 19, 1892), from
the Chipola formation of Florida, 18 a smal}. species
(height 5 millimeters) comparable in size to the fossils
from Panamd. Tt has a color pattern of widely spaced,
irrogularly curved or zigrag, axial lines, or widely
spaced groups of two to five such Unes. The callus is
thinner than that of the fossils from Panamd and is
indented by a ledge adjeining the base of the columellar

fip.
Occurrence: Middle part of Gatun formation (muddle
Miocene), western area, lo ;@ai ties 161¢, 170a.
Family THIARIDALE?
Genus Hannatomy Olsgon?
Olsson, Bull. Am. Paleontol v. 17, no. 83, p. 80, 1931.

Type (orthotype): Melanni;

Oligocene, PertG.

gestert HManna and Israelshy,

orferi Olsson

cf, . eme

Plate ]

Hannatoma?
4, figure 2
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spire whorls., The spirals, however, are narrow and the
posterior one does not a,djom the suture.

Ocecurrence: Gatuncillo formation (middle Kocene),
Rfo Casaya area, locality 38.

Family LITTORINIDAE

Gienus Littorina Férussae

Férussas, Tablecaux systématicques des arimaux wmollusques,
p. XI (vernacular name “littorine’” for “paludines muarines”,
five species of which are listed or p. ix—x with the designation
“Paluding, marine”), p. NAXIV "“Littorine, Lattoring” as
subgenus of “Paludine, Poludina, Féruss. (fluv. et marin)™
no gpeeies mentionedj, 1822.

Type (logotype, de Blainvide, Dictionnaire des seience
naturetles, v. 56, p. 98 (“lc genre Littoring, ayaal pous
le T ldittoreus’), 1828: Twrbo litlorens Linné, Recent,
Europe.

Férussac gave no definition of the name Litioring and
cited no species under it,  On other pages, however, he
listed five species ag marine species of Paludine and on
still another page he stated that Lie was forming a sub-
genug under the name Lttorine for marine paludines,
which constituted the genus Yrochus of Adanson.
These vernsoular names are the same as those nsed on
page XX XIV with the corresponding formal names.
This is a munda[boma method, nvolving vernacular

names, of determining what specics Férussac incinded
under JJz,tim"znay,

Litforina aff. L. angulifera (Lamarck)

Plate 16, figures 1, 2
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amined, but on some small shells of the Recent species
it 1s as wide or wider.

According to Bequaert (1943, p. 24), in his recent
monograph of the western Atlantic species of the
genus, L. angulifera is found, generally on mangroves
n bm(/ ish inlets, from Florvida to Brazil, on the west
const of Afviea, and has reached the Pacific coast of
Panamé by transportation through the Panamsd Cansl.
This species is recorded from Plelstocens deposits on
the Caribbean side of the Canal Zono near Mount Hope
(Brown and Pilsbry 1913a, p. 495). 1t s znprenc bod
in three of MaeBDonald’s ’jlmsm(/one collections |
that arca (UJSGS 5844, 5830, 5868} and also in two |
of Pleistocene fossils he cohc ted at and near the north
end of Gatun Tocks (USGS 5867, 6038).

Afzer this report was i proof a small imperfoe
spectiens that scems o be L. angulifera was found in
a collection from struts of middie Miocene age on Rio
Banaiis Costa Rica (USGS 5882
and a large w,n clipen, “identified as dsm
specizs, was Towm <:w§‘%ef:éuolx of late Miccene
fossils from Swan Chay, o the Be del Toro Axvel
pelage, nocthwestorse Panamd (US )

R@w;‘w% \"s“" 3
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equivocally
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dhab are
Gatun formation y
the prescut repor L.
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Gepug Teinostoma H, and A. Adams

Creuora of Resent ‘\1@}5[15,(“ v, 1, D.
A, Adams, Thesanros
Teinostoma polilum A
mnbly Eeuador).

and MelGinty (194530, pt. 1, p. 1, 1045
have L out that Teinostoma was virtually mono-
bypic anvinaiwm O B, Adams, the only spocies
mel Lother than 77 poliium, was a nude namo.
No l\mm i Caribbean fossil spectes has the characters
of the subgenas Teinostoma s.a.: greatly depressed shell
and spoutlike extension of the peristome.

Subgenus Idioraphe Pilsbry

Pilsbry, Acad. Nat. Sei. Yhila. Proc., v. 73, p. 398, 1922,
Type {orthotype): Teinostoma angulotum (Gabb) (Cyclops

angulatus Gabb)y, Miocene, Dominican Republic,

It has been claimed that the spive of Teinostoma s.5
is concealed by overlap of the body whorl (Woodring,
1928, p. 444) and that 1t iz not concealed (Pilsbry and

TROCHIDAE 10 TURRITELLIDAE

6Y

Olsson, 1941, p. 47). As a maiter of faet, 1t has
hecome evident that both statements are jmufmd

The typical

(Pilsbry and Olsson, 1945-562, p. 38, 1952).

form of the type species, known only from Al thur
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Teinostoma spermalia is most widespread temo-
stome tn the middle part of the Gatun formation and is
p&rtmdaﬂv abundant aw the locality, where
several hundred specimens were collected. Tt g vep-
resented, however, by ouly one specimen from the
upper part of the formation, and none was found in the
lower part.

type

Tmmature shells (pl. 17, figs. 22-24) ave more nearly
circlar than mature aheﬂm Furthermore the outer
lip of tmmature shells ascends almost to the tip of the
spire and thercfore has a different outline from that of
mature shells. Threo specimens from the type locality,
one of which is illustrated (pl figs. 19—21), show
faint to fairly strong microscopically punctate spiral
strise. ‘This seulpture is doubtless a normal character,
but is ordinarily concealed by enamel. The three
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specimens that show it have thin enamel, except on the
later part of the body whorl, where the sculpture grad-
nally disappears under the ghicker coat of cnamel.
Fourteen specimens from the type locality that are
assigned to T spermatia are exceptionally large as cora-
pared with scores of apparently mature specimens, like
the type. As shown on plate 17, figure 31, the tip of
the spire of this relatively large form is covered with a
thin glaze of enamel. These 14 large specimens, which
de not intergrade with the much more abundang
smaller apparently alse mature form, may represent a
different species. If so, however, immabure shells of
the large and the small species have not been distin-
guished and apparvently are indistinguishable.

Species more or less closely resembling Teinosioma
spermatic have been living in American waters sinece
Eocene time. The very similar 7. fectispira (Pilsbry,
in Olsson and Harbison, 1953, p. 417, pl. 50, figs. 6-6¢),
3 Pliocene gpecies from Florida, has no trace of spiral
seulpture. 7. spermaiza is more depressed and more
elongate in dorsal outline than 7. angulatum (Gabb)
{(Pilsbry, 1922, p. 398, pl. 37, figs. 1, 1a, 1b), and even
the large form of 7. spermatia is a little smaller. 7.
angulotum, which is found in the Cercado formation of
the Dominican Republic, has very faint closely spaced
spiral strine. Species similar to 7. spermaiie arc living
in both western Aslantic and ecastern Pacific waters.
T, eryplospira (Vervilly {Bush, 1897, p. 118, figs. 1, 2)
ranging from Cape Hatteras to Florida, is more circular
in dorsal outline. 7' cecinelle Dall (1919, p. 369), a
species from Lower California, is more elongate in
dorsal outline, larger, and has a thicker shell,

Toula’s Teinostoma of. T. carinetum may be T\
spermadie, though his illustrations show an exposed
spire and g peripheral carina,  Pilsbry {in Olsson and
Harbison, 1953, p. 415}, however, thought it i1s very
similar to the Recent T, carinaium {d'Orbigny).

Occurrence: Middle and upper paris of Gatun forma-
tion (middle Miocens). WMiddle part, castern area,
localitics 146, 147b, 147f 147g, 147h, 1471 {(identifica-

tionn doubtful), 153a. Upper part, eastern ares,
locality 177.
Teinostoma (Idioraphe; angulatum trochalum Woodring, =

subsyp,

-

[e7]

Plate 17, figures 4-

Small, moderately depressed, dome-shaped. Periph-
ery moderately angular on early part of body whoil,
rounded on later part. Spire partly concealed by over-
fap of body whor!l and glaze of enamel, Umbilieal and
parictal callus thick and coalescing.

Ieight 1 mm, diameter (ncormplete) 1.7 mm (type).

Type: USNM 561431; paratypes, Stanford Univ.

GROLOGY AND PALEONTOLOGY OF
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Type locality: 137 (UISGS 16911, Transisthmian
Highway, 1.7 km northwest of Sabanita, Panamas),
lower part of Gatun formation.

This teinostome, found in the lower part of the Gatun
formafion, g considered a small race of 7. angulatum
(Gabb), the type of Idioraphe, from the Miocene of the
Dominican Republie (Pilsbry, 1922, p. 398, pl. 37, figs.
1, 1a, 1b). Gabb’s specimens weore collected at an un-
known localily in the Dominican Republic. Specimens
from the Cercado formation—Maury’s 1. sandomingense
{(Maury, 1917, p. 156, pl. 24, fig. 24)—evidently are
conspecific, although the early part of the hody whorl
of the type has a more sharply angulated periphery.
T. angulatum trochalum is smaller and lacks spiral
sculpture. 7. wmbilicatum (Lea) (Mansfield, 1930, p.
134, pl. 20, figs. 1-3) and other Tertiary species from
goutheastern United States, as well as the Recent 7.
erypltospire (Verrill}, have a less angular periphery.

Occurrence: Lower part of Gatun formation {middle
Miocene), localities 136a, 137, 138a.

Subgenus Aepystoma Woodring, u. subgen.
Fype: Teinostoma (Aepystoma) andrivim Woodring, n. sp., Mio-
cene, Gatun formation, Panamd and Canal Zone.

Of medium size, thick-shelled, spive moderately de-
pressed, exposed. Smooth or sculptured with punctate
fine spiral strise. Umbilical and parietal callus thick,
more or less coalesced. Callus filling wmbilicus on
mature shells,

The subgeneric name Aepysioma is proposed for a
group of thick-shelled feinostomes that have an ex-
posed spire and callus-filled umbilicus, Fossil and
Recent Panamic species allied to Teinostoma andrivm
have been assigned to the subgenus Pseudoroteile by
Pilsbry and Olsson.  FPseudorotelle, however, has a
smaller and thinner shell and less depressed spire.

Teinostoma (Aepystomsa) andrium Woodring, n. sp.
Plate 17, figures 40—-42; plate 18, figures 9-11

Of medimm size, thick-shelled, dorsal surface slightly
domed. Periphery rounded on later part of body whorl,
faintiy and bluntly angular on early part. Sculpture
of microscopically punctate faint spiral striac, for most
part eoncealed on body whorl of matare specunens by
glaze of enamel. Umbilical and pavietal callus thick
and coalescing.

Height 2 mm, diameter 4.7 mm (type).

Type: USNM 561315; paratype, Stanford, Univ.

Type locality: 137 (USGS 16911, Transisthmian
Highway, 1.7 km northwest of Sabamita, Panami),
lower part of Gatun formation,

Teinostomae andrium 1s by far the largoest of the Gatun
teinostomes, The sculpture is distinet only on early
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whorls. The umbilicus of immature shells is not com-
pletely filled with callus (pl. 17, fig. 41).

T. andrium is closely related to 7\ earoniense Maury
(1925, p. 249, pl. 43, figs. 3, 4), a late Miocene species
from Trinidad, but has a flatter columellar lip and
flatter umbilical callus. The recent Ecuadorean 7.
millepunctatum Pilsbry and Olsson (1945-52, p. 253,
pl 23, figs. 1, 1a, 1b, 1945) has more coarsely punctate
spirals, and is smaller and thinner. The Recent west-
ern Panamic T. imperfectum Pilsbry and Olsson (1945~
52, p. 254, pl. 22, figs. 2, 2a, 2b, 1045) also is smaller
and thinner, and has a thin, narrow umbilical callus.

Occurrence:; Lower and middle parts of Gatun forma-
tion {(middle Miocene). Lower part, loecality 137.
Middle part, eastern area, locality 1471

Subgenus Pseudorotella Fischer
Fischer, Jour. Conchyliologie, &. 6, p. 52, 1857.
Type (monetype): Pseudorotella semistriata {4’ Orbigny) (Rotella
semistriaic &’Orbigny), Recent, Cuba.

Pseudorotelle is used in the preseni report for small,
smooth or spirally seulptured teinostomes that have a
moderately thick shell, exposed relatively high spire,
wide umbilical callus {lling-—or not quiie filling—the
umbilicus, and narvow parietal callus, This usage may
be found to be inappropriate when specimens of the
type species are available. The type species has fine
spiral strise above the periphery, according to d’Or-
bigny’s illustrations.

As suggested by Pilsbry and Mchty (1945-50, pt.
1, p. 2, 1945), subgeneric rank is preferable to the
generic rank that has been assigned to Pseudorotella
(Woodring, 1928, p. 445). The Miocene Jamaican
“Pseudorotella’ homala Woodrin g (1028, p. 447, pl. 38,
figs. 13—-15) represents a minor group Of teinostomes,
more closely related to Aepystoma than to Pseudorotella,
characterized by a bicarinate truncated periphery and
relatively strong spival seulpiure,

Teinostoma {Pseudoroiella) p

Plade 17,

yenum {Woodring)

figures 25-27

Pseudorotella pycnae Woodring, Carncgie Inst. Washinglon Pub.

383, p. 446, pl. 3%, figz, 10-12) 1928 (Mioccene, Jamaica).

Small, moderately thick-shelled, periphery rounded,
Body Whoxl pinched againsi suture, producing & sug-
gestion of a sutural collar, corresponding to faint gutter

between outer lip and pm&eh‘zﬂ allus,  Umbilical callug
thick, flling wmbilicus. Parietal callus narrow, ifs

edge sharply defined.

Height 0.8 mum, diameter 1

Type: USNM 135502,

Type locality: Bowden,
(middle Miocenc).

un {figured specimens.,

Jamaica, Bowden formation

TROCHIDAE T0 TURRITELLIDAE 7]

The faint sutural collar and narrow parictal callus
are characteristic features of Teinostoma pyenum. The
few specimens from the Gatun formation are slightly
smaller than the type. 7. woireum (Gabb) (Pilshry,
1022, p. 309, pl. 37, figs. 3, 2a, 3b), from the Coreada
formation of the Dominican Bwpu} »lm lacks the faint
satural collar. T, parvicallum Pisbry and MceGinly
(104550, pt. 1, p. 4, pl 2, fig. 2, 1845), s Reeent
teinostome from Florida, is slightly larger and has o
higher spire.

QOceurrence: Lower and middle parts of Galun
formation (middle Miocene). ITower part, locality 138
Middle part, eastern arves, locality 147h. DBowden
formation (middle Miocens), Jamaica.

Teinostoma (Pseudorotella) stemonium Woodring, u. sp.
Plate 17, figures 1-3

Small, moderately thick-shelled, periphery rounded,
but marked by a spival thread. Body whorl somewhat

pinched against suture. Whorls smooth  between
suture and periphery. Periphery and base near

periphery senlpturved with four or five relatively heavy
spival threads (three or four on immature shells;.
Umbilical callus completely, or not quite completely,
filling umbilicus, Parietal callus narrow, overlapping
umbilical callus. Junciion of outer lip and parietal
catlus forming a faint gutter.

Hoi(fht 1 mm, diamter 1.5 mm (fype).

Type: USNM 561432, Paratype, USNM 561437,
Pm atypes, Stanford Univ,

Type locality: 138a (Stapford U
Transisthmian Highway
Zone boundary, Panamad; same as
part of Gatun formation.

This sculptured Ps m;dami@/!a 18 represented by ninc
specimens collected by T ¥ Thompson from the lower
part of the Gatun IGHH@L&O]L It seems to have nno
known close allies.

Occurrence: Lower par
Miocene), jocality 138a,

niv. locality 2656,
1.6 km wnortheast of Canal
USGS 16909), lower

of Gatun formation (middle

Subgenus Diaerecalius Woodring, n. subgen.

Type: Teinostoma {Dinerccallus) sychnum Woodring, n. sp.
Miocene, Gatun formation, Canal Zone,

Small, thick-shelled, smooth or practically smooth.
Suture strongly finpr esbedb Umbilicus filled with callus;
Edge of umbilical callus forming well delined ridge.
Txtension of parietal callus overlapping mmbilical eallus,
deeply grooved adjoining eohumellar lip.

Traerceatius is characterized by the strongly improssed
suture and the abrupt overlap of a grooved extension
of the parietal callus. Tt may represent a modilicaiion
of Aepystoma, or possibly of a teinosteme more or less
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stinilar to the snbgouus Annulicallus Pilsbry and  radigia, no matter how unequivoeal his intention proves
m be

MeGiingy (194550, ph. 4, p. 17, 1948 type (orthotype):
Ternostorma carinica 77 us Pilsbry and MeGinty, Recent,
Floriday,  Annudicallus has o sharp ridge ab the edge

of the wmabilieal callus, which is coneave,

Teinostoma (Diaerecallus) sychnum Woodring, n. sp
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Anticlimaz s.s., occurs in the Cercado formation of
the Dominican Republic and in the Thomonde forma-
tion of IIaiti. It has & more swollen base, narrower
perivheral ledee, fower and heavier folds on the base,
and no spival strige on the base,

Occurrence: Lower part of Gatun formation (middle
Miocene), localities 138, 138a.

figs, 2, 7)
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Subgenus Subclimax Pilsbry and Olsson

Pilsbry and Olsson, Bull. Am, Paleontology, v. 83, No. 135, p. 5,

1950. o
Type (orthotype): Anliclimax hispaniolensis Pilsbry and Olsson,

Miocene, Dominican Republie.

Subelimaz, which is somewhat intermediate between
Anticimaz s.5. and dome-shaped species of Teinostoma,
has the wmbilicus partly or completely elosed by
wide umbilical eallus. 1t has, however, axial undula-
tions or folds of varying strength on the base, like those
of Anticlemazs. 5. The earliest species, occurring in the
carly Miocene Baitoa formation of the Dominican
Republic, Is of the same age as the earliest species of
Anticlimaz s. s. Subelimaz 1z living in the western
Atlantic and the eastern Pacifie.

Anticlimax Subelimax) teleospira hystata Woodring, n. subsp,
Plate 18, figures 1-3

Dome-shaped, base slightly inflated. Periphery
bluntly angular, except near outer lip, where it is drawn
out Into & iedgoq Upper surface sculptured with faintly
punctate spiral striae, which ave indistinct or absent
on middle third of body whorl and near outer lip.
Base sculptured with fainily punctate spiral striae that
disappear near umbilical margit. and toward aperture,
exeept on peripheral ledge. Base also bearing faint
crude axial undulations. Umbilical callus filling uwm-
bilicus, except a narrow niche adjoining parietal callus.
Junction of outer and basal lips drawn out m an

angular thickened spoutlike projection, broken on
type.

Height 1.5 mm, diameiee (incomplete) 2.7 mum
(type).

Type: USNM 561319,

T\/pe loeality: 185 (USGS 5383, Caribbean coast,
west of Rio Miguel, station 26 plus 100 feet (30 x
Panamd), upper part of Gatun formation,

Anticlomear teleospira hystata is represented by twe
specimens from the upper part of the Gatun formation
m the coastal area west of the Canal Zone.  The spout-
ke projection (‘»f the perigtome is like the projection
of the type of 7 is brolken on the type
but preserved on which is other-

letnostome. 16
the ‘oLheF specimety,

wise loss (‘o‘rn[ﬁobo A deleosprra proper (Pilsbry and
Olsson, 1950, 3, ph. 2, flgs. 7, 7a), whicl cccurs in

the Tower p«ut ﬂi the Gatun formation but is not
represented in the U, 5, N q,homl Museum colloctions,

hag & eavinate periphery and stroneer has dunduim_on&

The closely related A. b ()l’u‘:' { Pilshbry and MeGinty)
(1945-50, pt. 3, p. 79, pL. 8, figs. 1, 1a, 1D, 2, 22, 1946),
a Recent gpecies from Florida, has stronger spival sculp-
gure and lacks the extended neristome, AQ unde-

seribed speeies, dredged at a depth of § to 9 fathoms

off Beaufort, N. I, bas a more angular perviphery,
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narrower umbilical callus, and lacks the extended peri-
stome. A, willetti Hertlein and Strong (1940-51, pt.
10, p. 112, pl. 9, figs. 13-15, 1951}, from the Pacific
coast of Costa Rl ra, 1s larger and has stronger basal
undulations. The only other recorded Miocene specics
of Subclimaz, A. hispaniolensis Pilsbry and Olsson, has
a sunken apex and dxial undulations on the upper
surface of the body whorl., Both Gatun species of

Anticlimaz are more similar to Recent species than to

contemporanecous or slighily older Miocene species in
the Caribbean region so far described.

Occurrence Upper part of Gatun foration, western

area (late Miocene), locality 185,
Genus Cyclostremiscus Pilsbry and Olsson
Pilsbry and Olsson, Acad. Nat. Sei. Phila. Proc.,, v. 97, p. 2646,
1945,
Type (orthotype): Vilrinellu panamensis ©. B, Adams, Recent,

Pacific coast of Panamd.

Subgenus Ponocyclus Pilsbry

Sei. Phila. Mon, & p. 426, 1953,
Adeorbis beanii Figeher, Reeent, Flovida und

Pilsbry, Acad. Nat.
Type (orthotype):
West Indies.
Ponoeyelus lacks the axial seulpture of the subgenns
Chyelosiremiscus s, 8. Some species, howoever, are more
or less intermediate and Pishry reabized that the nams
Ponoeyelus may eventually be found to be superlluous,

Oyclostremiscus {Ponocyclus) pentagonus (Gabb)

Plate 17, flgures 7-15
C’ycf()s[,rwm pentagone Gabb, Am. Philos. Soc. Trans., n. ser.,
15, e 243, 1873 (Mioeene, Dominican Republie).

‘G{LP[)} Acad. Nat, Sci. Phila. Jour,
fig. 6], 1881 (Miocene, Dominiean

Li;rzmlfa pentagona {Gabb),
2d ser., v. 8, p. 368, pl. 47,

Republic).

Cycostrema gquadrilineaium Toula, K. k. Geol. Relchsanstaly
Jahrb., Band 61, p. 497, pl. 31, figs. la—g, 1811 (Miocene,

Canal Zong).

C/ii‘CUZHS pentagona (Gabb), Pllsbry, Acad. Natb. Sci. Phila,
v, 73, p. 397, 1922 (Miocene, Dominican Republic).
“f'u us’’ p(/nmgon'u,s (Gabb), Woodring, Carnegic Inst. Wagh-
385, p. 441, pi 37, fige. 16-18, 1928 (Miocene,

Proo.,

ington Pub.

Jamaica).

Small, depressed, whorls 4%, the first 24 very slowly
enlarging. Protoconch rel ativel y large, rising abraptly,
Body whorl bicarinate or, less commonly, tricarinate.
Harly whorls rounded between suturez. A carina ap-
pears on laler hall of ot midway between
sutures and forms upper caring on body whorl.,  DBasal

penult ab

caring  gcnerally  weaker than  upper.  Periphery
vounded, bluntly angular {(the usual condition), or

d carina. A few speci-
spiral threads on penuls

sharply angular, forming a thiv
mens have one or more faint
above carina, and a few have a low spiral thread on
body wharl %elow and near upper cavina or above and
near Umbilical wall bearing crude goen-

lower carina.



