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Planktonic Foraminifera from the Type Ilerdian

By S. Gartner, Jr., and William W. Hay

xeology Department, University of Illinois

With 1 table and 2 plates (I and II)

During the spring of 1960, it was possible for W. W. Hay, accompanied by
H. ScuHaus, to visit the type section of the Ilerdian stage recently proposed by
HortINGER and ScHaus, and to collect a series of samples for study. The trip
was made during a year of postdoctoral study at the University of Basel, Switzer-
land, sponsored by the United States” National Science Foundation. The authors
are greatly indebted to L.. HorTiNnGER and H. ScHAuB for their help and suggestions
in carrying out this program of research.

The Paleocene Problem

When the term Paléocéne was proposed by ScHIMPER in 1874, it was stated to
include the sables de Bracheux, the traverfin de Sézanne, the lignites du Soissonais,
and the argile plastique. He had concluded from a study of the flora at Sézanne
that these deposits were older than Eocene, but younger than Cretaceous. Although
originally defined by its flora, the term Paleocene as applied to terrestrial deposits
is now defined on the basis of fossil mammals. The Bracheux sand contains a
shallow water marine fauna which has been described in detail by FaArcuaD (1936)
and serves as the basis for correlation with marine deposits elsewhere. Unfortu-
nately, the molluscs are largely provincial, and correlation with distant areas is
uncertain. MaNGiIN (1957) bas suggested that in view of the continental nature of
the type locality the term “‘Paleocene’ be dropped altogether and “‘Lower Eocene”
substituted for it. However, the term “Lower Eocene” is even more ambiguous
than ‘‘Paleocene”, and its substitution would only result in further confusion.

For the present, it seems wise to avoid the problem of correlation of marine
and non-marine Paleocene terminology. Two sets of stage names, one for conti-
nental and one for marine deposits, would add to the objectivity of correlations
and avoid semantic pitfalls.

However, until recently there was no marine standard for Upper Palcocene
deposits. The interval represented by all or part of the Sparnacian and Landenian
could be correlated with marine deposits only on the basis of position in the
section, and considerable uncertainty existed. However, in 1960, HoTTINGER and
ScHAuB proposed a new stage to represent marine Upper Paleocene. This stage,
the Ilerdian, has its type locality in the Tremp basin in the Province of Lerida,
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Spain. Works already published or in press (HorriNngER 1960, ScHaur 1960)
describe the larger Foraminifera of the type Ilerdian. The purpose of the present
study is to examine the planktonic foraminifera in order to determine the correla-
tion of the Ilerdian with the planktonic foraminiferal zones already established for
the lower Tertiary.

Correlation

In Table I several of the planktonic foraminiferal zonations which have been
proposed are compared and correlated. There is a marked similarity between the
zonations, although not precisely the same criteria were employed in each case.

The Globigerina daubjergensis assemblage characteristic of the Globorotalia
trinidadensis zone of BoLL1 (1957), of the compressa-daubjergensis zone of LoEBLICH
and Tappan (1957a), and of the Globigerina daubjergensis subzone of Hay (1960)
can be correlated with the type Danian (see LoeBLicH and TAPpPAN, 1957b; TROEL-
SEN, 1957; BERGGREN, 1960c). There has been no agreement on the correlation of
the stages of the Paleocenc of the Paris basin with the planktonic foraminiferal
zones, because, except for HAvyNES’ (1955, 1956) record of Globorotalia velascoensis
var. acuta TourLmiN from the Thanet sand, no diagnostic planktonic foraminifera
have been found there. LLoEBLIcH and Tappan (1957b) have reported Globigerina
daubjergensis BRONNIMANN and Globorotalia pseudobulloides (PLuMMER) from the
tuffeau de Ciply, the unit immediately beneath the calcaire de Mons (type Montian),
concluding that the Montian stage of Belgium is equivalent to the Danian stage of
Denmark. They placed the Montian along with the Danian at the base of the
Paleocene, and correlated them with their Globorotalia compressa—Globigerina
daubjergensis zone. HorkeRr (1959, 1961), on the other hand, recorded Globorotalia
pseudomenardii Bovrri, Globorotalia ehrenbergi BoLrri, and Globorotalia pusilla
laevigata BorL1 from the tuffeau de Ciply, and stated that the specimens of Loes-
LicH and TAppAN are probably Globigerina triloculinoides PLuMMER. Consequently
Horker correlated the Montian with the Globorotalia pusilla pusilla and the
Globorotalia pseudomenardii zones established by Bovrr1 (1957) in Trinidad. This
correlation was accepted by Borri and Cita (1960). In the course of the present
investigation a number of samples from the tuffeau de Ciply were examined,
but only one specimen of planktonic foraminifer has been found. This specimen
resembles closest Globigerina daubjergensis BRONNIMANN. Neither LoeBLicH and
TappaN nor Horker has illustrated the planktonics from the fuffeau de Ciply,
and until these are described in detail and illustrated the exact correlation remains
in doubt. Correlation of the calcaire de Mons also remains uncertain, because no
planktonic foraminifera are known from it. The Globorolalia angulata zone of
LoeBLicH and TappaN was correlated with the Landenian, based on HAvNES’
record of specimens similar to Globorotalia velascoensis var. acuta TouLmIN from
~ the Thanet sand of England.

In contrast to the sparse and ambiguous planktonic foraminiferal faunules
from the Paris basin region, deposits in southern Europe contain assemblages
that can be correlated with the established zones.

The lower part of the type Ilerdian on the west side of the Tremp basin
contains the following species of planktonic foraminifera:
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Globorolalia acarinala (SUBBOTINA)

Globorotalia aequa CusumaN and REnz
Globorotalia esnaensis (LERoY)

Globorotalia velascoensis CUSHMAN ssp. parva REy
Globorotalia pseudomenardii BoLL1

Globorotalia cf. G. uncinata BoLLI

Globigerina aquiensis LoEBLICH and TAPPAN
Globigerina chascanona LLoEBLICH and TAppAN
Globigerina sp. cf. G. inaequispira SUBBOTINA
Globigerina varianta SUBBOTINA

This assemblage may be assigned to the Globorolalia pseudomenardii zone as
defined by BorL1 (1957).

Ilerdian deposits at Mont Cayla near Agel in southern France have yielded
the following species of planktonic foraminifera:

Globorotalia angulata (WHITE)

Globorotalia convexa SUBBOTINA

Globorotalia esnaensis (LERoY)

Globorotalia mckannai (WHITE)

Globorotalia nicoli MARTIN

Globorotalia caylaensis n. sp.

Globigerina aquiensis LoEBLICH and TappraN
Globigerina soldadoensis BRONNIMANN
Globigerina triloculinoides PLUMMER

This assemblage is less distinctive and might belong to either the Globorotalia
pseudomenardii or Globorotalia velascoensis zones of BoLri, or to LLoEBLICH and
TaprpaN’s Globorotalia angulata zone.

The Globorotalia pseudomenardii zone is distinguished from the Globorotalia velasco- -
ensis zone by the presence of the species . pseudomenardii. The G. velascoensis zone
assemblage has been found to overlie the G. pseudomenardii zone consistently in
Mexico (Hay, 1960), but the species G. velascoensis is restricted geographically and
has not been found as far north as G. pseudomenardii. Distinction between plank-
tonic foraminiferal zones in the Gulf and Atlantic coastal regions of the United
States is not as easy as further to the south in the Caribbean region because the
faunas tend to become impoverished. Thus the zonation proposed by LoEBLIicH
and Taprpan (1957a) is apparently quite different from that of BoLrLi. Examination
of the distribution chart given by LLoeBrLicH and TaprpaN reveals that . pseudo-
menardii BoLLi is present in a number of deposits in the United States: the
Matthews Landing marl and Salt Mountain limestone of Alabama, the Aquia
formation of Virginia and Maryland, and the Hornerstown and Vincentown
formations of New Jersey. It is also present in the Nanafalia formation, the base
of the Wilcox group in Alabama, which was considered “rex zone’ (Eocene) by
LoeBLicH and Tappan. The Nanafalia formation has long been called Eocene as
a matter of convention. BRAMLETTE and SuLLivaN (1961) have suggested that it is
Middle Paleocene on the basis of a nanofossil assemblage from it, and the presence
of Globorotalia pseudomenardii BoLLi substantiates this view. The “‘rer zone”
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assemblage of LoEBLicH and TAarpAN is not the same as that of the Globorotalia rex
zone of Borri in the upper Lizard Springs formation of Trinidad. Globorotalia
pseudomenardii BoLL1 has not been reported from the Coal Bluff marl of Alabama
which overlies the Matthews Landing marl and underlies the Salt Mountain lime-
stone, indicating that the species is more subject to ecologic control than some
others. It now seems fully justifiable to correlate the “‘angulata zone” and *‘rex
zone” of LoeBrLicH and Tappan with the Globorotalia pseudomenardii zone of
Botrvri. From the distribution chart of LLoEBLIcH and TappaN, it would appear that
only the Globigerina daubjergensis and Globorotalia pseudomenardii zones of BoLLi
can be identified in the Atlantic and Gulf coastal regions of the United States
and that the other zones recognized by BoLL1 and by Hay are represented either
by deposits which contain no planktonics or by local hiati.

In the literature, the presence of Globorotalia pseudomenardii is often indicated
by reference to Globorotalia membranacea (EHRENBERG). However, Globorotalia
membranacea (EHRENBERG) is actually a Pliocene species and a junior synonym
of Globorotalia cultrata (p’Or:BicNY) and not closely related to its Paleccene homeo-
morph.

In California Globorotalia membranacea (EHRENBERG) has been reported from
the Penutian, Bulitian and Ynezian stages by MaLLorY (1959), and a re-evaluation
of the California Paleocene planktonic Foraminifera might permit more detailed
correlation with the Caribbean region.

In Central America, Hay (1960) found the Globorotalia pseudomenardii zone
distinctly developed in the Velasco formation of northeastern Mexico. In Guatemala
(Vinson, 1962) Globorotalia membranacea (EHRENBERG) (=Globorolalia pseudo-
menardii BoLrri), has been recorded from the Cambio formation, but refined
zoning has not been done.

In South America specimens very similar to Globorotalia pseudomenardii BoLL1
. have been reported from lower Eocene Chacra shale of Peru (Weiss, 1950). How-
ever, Globorotalia crassata aequa CuseMaN and RENz (=Globorotalia aequa CusumMaN
and Renz), which is commonly associated with Globorotalia pseudomenardii BoLLi,
has been noted only from below this unit. A more detailed study might reveal the
presence of a distinctly developed Globorotalia pseudomenardii zone.

In Europe the Globorotalia pseudomenardii zone has been recognized by BoLLi
and Cita (1960a) in the Paleocene section of Paderno d’Adda of northern Italy,
where all zones of the Paleocene seem to be well developed in marine deposits.
In Austria (KUHN, 1960) Globorotalia membranacea (EHRENBERG) (=Globorotalia
pseudomenardi Borri) has been recorded from the “‘Danian II” of the Gams
basin. A cursory examination of samples from the Aquitaine basin of France on
the road N134 bis, between Gan and Rebenacq, near kilometerstone “Laruns 26
has shown Globorotalia pseudomenardii BoLL1 to be present there also, associated
with the typical fauna of this zone. DuraND-DELGA and MAGNE have reported
Globorotalia membranacea (EHRENBERG) (= Globorotalia pseudomenardii BoLvri)
from several Paleocene sections in the eastern Betic Cordillera of southern Spain.

In the northern Caucasus region of the USSR Globorotalia membranacea
(EHRENBERG) (=Globorotalia pseudomenardii BoLri) has been recorded from the
zone of Globorotalia crassata CUSHMAN (SUBBOTINA, 19533). Globorotalia crassata
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(Cusuman) of SuBBoTINA is in part equivalent to Globorotalia aequa Cusuman and
RENz, a species which is almost everywhere abundant in the Globorotalia pseudo-

menardii zone.

Trinidad
BoLLL. 1957 Gulf and Atlantic Coastal Tampico Embayment,
Regions, North America Mexico
Zone LoeBLIicH and TaprpaN, 1957a Hay, 1960
Globorotalia " Globorotalia
velascoensis ) velascoensis
Globorotalia rex zone Globorotalia
pseudomenardii . pseudomenardii
velascoensis-acuta-
angulata spiralis subzone
Globorotalia zone pseudobulloides
pusilla pusilla subzone @ | Globorotalia
? S | uncinata
Globorotalia § s subzone
uncinata ’ 5
D
Globorotalia compressa-daubjergensis 3 Globigerinoides
trinidadensis zone O | daubjergensis
subzone

Table I. Comparison and correlation of some zonations of the Paleocene based on planktonic
foraminifera

Along the south side of the Mediterranean Globorotalia pseudomenardii BoLLi
has been recorded as Globorotalia membranacea (EHRENBERG) from Morocco to
Israel. In Morocco, REy (in CUVILLIER et al, 1955) noted what corresponds to the
Globorotalia pseudomenardii zone as the lower of three zones above the Globo-
truncana beds of the Prerif region. Globorotalia pseudomenardii BoLLI is not known
in Algeria, however MaGNE and SicaL (in CuviLLIER et al, 1955) have recorded a
fauna (zone c¢) similar to that of LoeBLicH and TapraN’s “‘angulala zone” fauna,
and refer it to the Montian (Paleocene). Further east in Tunisia, according to
DaLBiEz and GLINTZBOECKEL (in CUVILLIER et al, 1955), the zone of Truncorotalia
(with a Globorotalia pseudomenardii zone assemblage) can be recognized. BUROLLET
and MAGNIER (1960) have similarly recorded this zone of Truncorolfalia from the
El Haria formation of Libya. Reiss (1952) has recorded Globorolalia membranacea
(EHRENBERG) (= Globorotalia pseudomenardii BorLi) from the Taguiya marls of
Israel.

Lys (1960) has noted Globorotalia membranacea (EHRENBERG) (= Globorotalia
pseudomenardii Borri) in deposits in the Majunga basin of Madagascar.

It appears from the foregoing that Globorotalia pseudomenardii BoLLi has a
world wide distribution in Paleocene marine sediments, and a restricted strati-
graphic range. It is a key for correlation of the Paleocene in widely separated
areas.
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List of samples studied

Mont Cayla, near Agel, Aude, France:

Marne bleue —Locality 15 of HorTINGER (1958)
Marne blanche —Locality 14 of HorTINGER (1958).

Section along road from Tremp to Puente de Montanana, Lerida, Spain?):

A —Turritella marl at km 20
B —Marl from bottom of cut at km 18.9
(C—Marl with assilinids from top of cut at km 18.9.

SYSTEMATIC DESCRIPTION

In the systematic description the suprageneric classification of LoesLicH and
Tarpan (1961) is followed.

There remains some doubt as to the correct placement of some species, as for
example Globorotalia mckannai (WHiTE), which could be placed in the genus
Globigerina with equal justification. For the sake of order and uniformity the
definitions of the genera given by Bowrri, LoEsrLicH, and Tappan (1957) are
followed.

All type material is deposited in the collection of the Department of Geology
of the University of Illinois.

Phylum Protozoa
Subphylum Sarkodina
Class Rhizopodea
Subclass Granuloreticulosia
Order Foraminiferida
Superfamily Globerinacea

Family Globorotaliidae
Subfamily Globorotaliinae
GENUS GLOBOROTALIA

Type species: Pulvinulina menardii (0’ORBIGNY) var. fumida Brapy, 1877.

Remarks: “Globorotalia differs from Globotruncana CusHMAN in having an
interiomarginal, extraumbilical-umbilical aperture and a simple umbilicus, and in
lacking the umbilical tegilla and accessory intralaminal and infralaminal apertures.
It differs from Truncorotaloides BRONNIMANN and BErRMUDEZz in lacking the
secondary sutural aperture on the spiral side.” (BoLLi, LoEBLICH, and TappaN,
1957, p. 41.) Globigerina p’OrBIGNY differs in having an interiomarginal aperture
restricted to the umbilicus.

1) In September, 1962, Hay ,HorTINGER and ScHAUB visited the section along the road from
Tremp to Puente de Montafiana again. The exposures at km 20 and 18.9 are above the highest
occurence of alveolinids of the Alv. cucumiformis zone and below the lowest occurence of those
of the Alv. corbarica zone. The nummulitids found at the top of the cut at km 18.9 include Num.-
mulites atacicus, N. globulus, N. exilis, N. spirectypus and Assilina leymeriei and are characteris-
tic of N. atacicus zone (SCHAUB, personal communication).
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Globorotalia acarinala (SUBBOTINA)
1953. Acarinina acarinata SUBBOTINA, Trudy. Vses. Neft. Naukno-Issledov. Geol.-Razved. Inst.,
new ser., v. 76, p. 229, pl. XXII, figs. 4-9.

Remarks: Globorotalia acarinata (SuBBoTiNA)issimilar to Acarininacrassaformis
(GaLLoway and WissLeER) of SusBoTtiNa, but is distinguished by its rounded
periphery and convex spiral side. Globorotalia acarinata (SussoTtiNa) differs from
Acarinina interposita SUBBOTINA in having chambers which increase more rapidly
in size and are more compressed. This species is placed in the genus Globorotalia
as redefined by BorLi, LoEBLIcH, and Tappan, 1957, since the position of the
aperture is exteriomarginal, umbilical-extraumbilical.

Occurrence: This species was originally described by Sussorina from the
lower Tertiary of the northern Caucasus region of the USSR.

In the section along the road from Tremp to Puente de Montanana Globorotalia
acarinata (SUBBOTINA) was found at localities A, B, and C.

Globorotalia angulata (WHITE)
PlL I, figs. 6a—c

1928. Globigerina angulata WHITE, Journ. Paleont., v. 2, no. 3, p. 191, pl. 27, figs. 13a—c.

1953. Acarinina conicotruncata (SUBBOTINA), Trudy Vses. Neft. Naukno.-Issledov. Geol.-
Razved. Inst., new ser., vol. 76, p. 220, pl. XX, figs. 5a-12c.

1957. Globorotalia angulata (WHITE), BoLLl, US Nat. Mus. Bull. 215, p. 74, pl. 17, figs. 7-9.

1957. Globorotalia angulata (WHITE), LoEBLICH and TappaxN, US Nat. Mus. Bull. 215, p. 187,
pl. 45, figs. 2a—c; pl. 50, figs. 4da—c; pl. 55, figs. 2a—c, 6a—Tc; pl. 58, figs. 2a—c; pl. 64,
figs. 5a—c.

1960. Globorotalia angulata (WHITE), OLsSON, Journ. Paleont., v. 34, no. 1, p. 44, pl. 8, figs. 14-16.

1960. Globorotalia angulata (WHITE), HaY, Report, Internat. Geol. Congr., X XI Session, Norden,
Part V, Section 5, p. 73.

1960. Globorotalia angulata (WHITE), Lys, idem., p. 123.

1960. Truncorotalia angulata (WHITE), BUROLLET and MAGNIER, idem., p. 136.

1960. Globorotalia angulata (WHITE), BoLLI and Crra, idem., p. 156.

1960. Truncorotalia angulata (WHITE), KUHN, idem., p. 167.

1960. Globorotalia angulata (WHITE), BoLLt and Crta, Riv. Ital. Paleont., v. LXVI, no. 3, p. 18,
pl. XXXXITII, figs. 8a—c.

1960. Globorotalia angulata (WHITE), BERGGREN, Stockholm Contr. Geol., v. VI:5, p. 74.

1961. Pseudogloborotalia angulata (WHITE), BERMUDEzZ, Memoria del IIT Congreso Geologico
Venezolano, Tomo III Boletin de Geologia, Publicacion especial 3, p. 1337-1338.

Remarks: Globorotalia angulata (Wurte) differs from Globorotalia aequa CusH-
MAN and RENz in that it usually has a greater number of chambers per volution,
the chambers increase in size more rapidly, and the sutures on the spiral side are
more nearly straight and tangential. Globorotalia angulata (WnuitE) differs from
Globorotalia caylaensis n. sp. in that it has a more lobate periphery, angular margin,
and nearly plano-convex coiling. The last volution of Globorotalia caylaensis n. sp.
usually rises above the plane of the periphery so that the spiral side is broadly
convex.

Globorotalia angulata abundocamerata BorL1 is an extreme variation of the
central form, but its range is not significantly different from Globorotalia angulata
(WHITE). SUuBBOTINA includes typical Globorotalia angulata abundocamerata BoLL1
in Acarinina conicotruncata (SUBBOTINA), a junior synonym of Globorotalia anqulata
(WHITE) (see BERGGREN, 1960Db).
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Hypotype: T-1801.

Maximum diameter: 0.27 mm.

Occurrence: Globorotalia angulata (WuiTeE) was first described by WHITE as
ranging “‘from the base of the Velasco formation up into the lower part of the
middle portion of that formation”. SusBoTriNa has recorded the species from the
zone of Danian foraminifers which BERGGREN regards as belonging somewhere
between the middle and the top of the Paleocene.

BovrL1 has found Globerotalia angulata (WHiTE) from the top of the Globorotalia
uncinata zone to the middle of the Globorotalia pseudomenardii zone of the Lizard
Springs formation of Trinidad, and LoesLicH and TappaN have recorded it from
the Vincentown formation of New Jersey, the Salt Mountain limestone of Alabama,
the Aquia formation of Maryland-Virginia, the Velasco formation of Mexico,
the Matthews Landing marl member of the Porters Creek clay of Alabama, and
the Hornerstown formation of New Jersey. Hay has recorded the species from the
top of the Globorotalia uncinata subzone to the top of the Globorotalia velascoensis
zone in the Velasco formation of Mexico. Lys states that in the Paleocene of
Madagascar Globorotalia angulata (WHITE) occurs abundantly in a zone above the
Danian and below the zone characterized by Globorotalia velascoensis (CUSHMAN).
BurorLLET and Macnier have found this species to range throughout the zone of
Truncorotalia in Libya. BorLL1 and Cita have noted the species from the top of the
Globorotalia uncinata through the bottom of the Globorotalia pseudomenardii zones
of the Paleocene of Paderno d’Adda of northern Italy. KUu~ lists the species
from the “Danian II"” of Austria.

Globorotalia angulata (WHriTE) is found in abundance in the “marne bleue” of
Mont Cayla.

Globorotalia aequa CusHMAN and Rexz
PlL. II, figs. 1a-2b

1942. Globorotalia crassata (CusHMAN) var. aequa CusHMAN and RENz, Contr., Cushman Lab.
Foram. Res., v. 18, no. 2, p. 12, pl. 3, figs. 3a-c.

1953. Globorotalia crassata (CUSHMAN) var. aequa CusHMAN and ReNz, Hamivton, Journ.
Paleont. v. 27, no. 2, p. 230, pl. 30, figs. 21, 22.

1953. Globorotalia crassata CUsSHMAN, SUBBOTINA (in part), Trudy Vses. Neft. Naukno-Issledov.
Geol.-Razved. Inst., new ser., v. 76, p. 211, pl. 27, figs. Ta-12c.

1957. Globorotalia aequa CusaMaN and RENz, Borri, US Nat. Mus. Bull. 215, p. 74, pl. 17,
figs. 1-3; pl. 18, figs. 13-15.

1957. Globorotalia aequa CusaMaN and RENz, LoeEBLIcH and TarpaxN, idem., p. 186, pl. 46,
figs. 7Ta-8¢; pl. 50, figs. 6a—c; pl. 55, figs. Ba—c; pl. 59, figs. 6a—c; pl. 60, figs. 3a—c; pl. 64,
figs. 4a—c.

1960. Globorotalia aequa CusumaN and RENz, Hay, Report, Internat. Geol. Congr., XXI Ses-
sion, Norden, Part V, Section 5, p. 73.

1960. Globorotalia aequa CusemaN and RENz, BorLLr and Cita, Riv. ital. Paleont., v. LXVI,
no. 3, pp. 17-18, pl. 31, figs. Ha—c.

1960. Globorotalia aequa CusHMAN and RENz, BERGGREN, Stockholm Contr. Geol., v. VI:5,
p- 78.

1961. Pseudogloborotalia aequa (CusHMAN and RENz), BERMUDEZ, Memoria del III Congreso
Geologico Venezolano, Tomo IIT Boletin de Gzologia, Publicacion especial 3, Caracas,
Venezuela, p. 1336, pl. 16, fig. 4.

Remarks: Within the species Globorotalia aequa Cusamax and ReNz two
groups can be recognized. One is identical with the holotype in always having 3!/,



PLANKTONIC FORAMINIFERA FROM THE TYPE ILERDIAN 561

chambers in the last volution, so that the last chamber makes up nearly half of
the final volution, giving the test a sub-rectangular appearance in umbilical and
spiral view (see pl. II, figs. la—c, see also LoeBrLicH and Tappan, 1957, pl. 59,
figs. 6a—c, pl. 64, figs. 4a—c).

Members of the other group are more common and usually have 4-41/,, rarely
5 or 5!/, chambers in the last volution. The chambers increase in size less rapidly
and are arranged more compactly. Both groups show a preference for sinistral
coiling. The two groups are present both in Spain and in the Globorotalia pseudo-
menardii zone of the Velasco formation (see pl. II, figs. 2a-b; see also BoLLi,
1957, pl. 17, figs 1-3; LoeBricH and Tappaxn, idem., pl. 60, figs. 3a-c), and
in a sample from the type Spilecciano of Italy.

Globorotalia aequa Cusumanx and Renz differs from Globorotalia angulata
(Wuite) in that it has fewer chambers in the last volution with the chambers
increasing in size more rapidly. Globorotalia acuta TouLmiN has a larger umbilicus,
a more pronounced umbilical shoulder, a greater number of chambers in the final
volution, a less lobate periphery, and a flatter spiral side.

Specimens from Tremp differ slightly from the holotype in having a weak
beaded keel and an umbilical shoulder in mature specimens. The sutures on the
spiral side are weakly beaded.

Hypotypes: T-1802, T-1803.

Maximum diameters: 0.40 mm, 0.34 mm.,

Occurrence: This species was first described by Cusumax and Renz from
Soldado Rock near Trinidad. HamiLToN has recorded the species from Paleocene
deposits on seamounts in the Pacific Ocean. SuBsoTiNa has noted the species in
the lower Tertiary of the northern Caucasus region of the USSR.

Borrr has found that in Trinidad the species ranges from the bottom of the
Globorotalia pseudomenardii zone through the Globorotalia rex zone of the Lizard
Springs formation. LoeBricH and Tapran have recorded Globorotalia aequa
Cusauman and Renz from the Vincentown limesand of New Jersey, from the
Velasco formation of Mexico, from the Aquia formation of Maryland-Virginia,
from the Nanafalia formation of Alabama, and from the Coal Bluff marl member
of the Naheola formation of Alabama.

Havy has also recorded it from the Globorotalia pseudomenardii and the Globo-
rotalia velascoensis zones of the Velasco formation of Mexico, and BoLL1 and Cita
have noted the species from the Globorotalia velascoensis zone of the Paleocene
of Paderno d’Adda in Italy.

In the Ilerdian of Tremp this species is found at localities A, B, and C.

Globorotalia caylaensis n. sp.
PL I, figs. 2a—c
1953. Globorotalia aff. G. angulata (WHITE), HaMILTON, Journ. Paleont., v. 27, no. 2, p. 229,
pl. 31, figs. 19-20.

Diagnosis: Radial periphery faintly lobate; axial periphery rounded; umbilicus
small, deep, open, surrounded by coarse spines; sutures on umbilical side straight,
radial, depressed; sutures on spiral side slightly curved; aperture exteriomarginal,
umbilical-extraumbilical.
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Description: Test trochoid, biconvex, equatorial periphery faintly lobate,
axial periphery rounded; test calcareous perforate, entirely covered by spines
which are coarse around the umbilicus; all chambers exposed on the spiral side,
but only those of the last volution are distinct; 5-6 chambers of the last volution
visible on the umbilical side; sutures on umbilical side straight, radial, flush,
becoming depressed in last volution of mature specimens; sutures on spiral side
slightly curved, tangential, depressed near periphery; umbilicus small, deep,
open; aperture interiomarginal lunate arch, extending over about 2/3 of the
base of the apertural face, usually with narrow lip, umbilical-extraumbilical,
sinistral coiling prevalent.

Remarks: Globorotalia caylaensis n. sp. differs from Globorotalia mckannai
{WHrTE) in that the latter has a more convex spiral side, more globular chambers,
wider umbilicus, and a more lobate periphery and rounded margin. Globorotalia
angulata (WHITE) has a larger umbilicus, more angular margin sometimes with a
faintly developed keel, and a more extraumbilical position of the aperture.

Holotype: T-1810, Pl. I, figs. 2a—c.

Paratypes: T-1810 (1-15).

Locus typicus: Mont Cayla (Aude, eastern Aquitaine, France).
Stratum typicum: marne bleue.

Maximum diameter of holotype: 0.32 mm.

Range of max. diameter: 0.20-0.32 mm.

Occurrence: This species occurs in the “marne bleue” of Mont Cayla.

HamiLtoN has found similar specimens in a Paleocene fauna from the Hess
guyot in the Pacific. ‘

Globorotalia convexa SUBBOTINA
PL I, figs. 4a—c

1953. Globorotalia convexa SUBBOTINA, Trudy Vses. Neft. Naukno-Issledov. Geol.-Razved. Inst.,
new ser., v. 76, p. 209, pl. XVII, figs. 2a-3c.

1957. Globorotalia convexra SUBBOTINA, LoEBLICH and TappaN, US Nat. Mus. Bull. 215, p. 188,
pl. 48, figs. 4a—c; pl. 50, figs. 7Ta—c; pl. 53, figs. 6a—8c; pl. 57, figs. 5a—6¢; pl. 61, figs.
4a—c; pl. 63, figs. 4a—c.

1960. Globorotalia convexa SUBBOTINA, OLssON, Journ. Paleont., v. 34, no. 1, p. 45, pl. 9, figs.
13-15.

1960. Globorotalia convexa SUBBOTINA, HaY, Report, Internat. Geol. Congr., XXI Session,
Norden, Part V, Section 5, p. 72.

1960. (?) Globorotalia convexa SUBBOTINA, BERGGREN, Stockholm Contr. Geol,, v. V:3, p. 91,
pl. XI, figs. 1la—c.

1961. Pseudogloborotalia convexa (SUBBOTINA), BERMUDEZ, Memoria del III Congreso Geologico
Venezolano. Tomo III Boletin de Geologia, Publicacion especial 3, 1960, Caracas, Vene-
zuela, p. 1340.

Remarks: This species is distinguished from Globorotalia pseudoscitula GLAESS-
NER in having a more rounded margin, lacking a keel, having a small or closed
umbilicus, and in having the entire surface of the test covered with fine nodes and
spines. Globorotalia mckannai (WHITE) has a more broadly rounded margin, more
inflated chambers, larger umbilicus, and an umbilical-extraumbilical aperture.

Hypotype: T-1804.

Maximum diameter: 0.20 mm.
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Occurrence: Globorotalia convera SuBBoTINA was originally described from
lower Tertiary deposits of the northern Caucasus region of the USSR. LoesLICH
and TappaN have noted its occurrence in the Vincentown and the Hornerstown
formation of New Jersey, the Aquia formation of Maryland-Virginia, the Salt
Mountain limestone and Nanafalia formation of Alabama, and the Velasco forma-
tion of Mexico. It has also been recorded by Orsson from the lower Tertiary of
New Jersey, and Hay has recorded it from the Globorolalia pseudomenardit and
Globorotalia velascoensis zones in the Velasco formation of the Tampico embayment
in Mexico.

The specimen figured by BERGGREN from the lower Eocene of northwestern
Germany is questionably referred to this species, as the figure does not resemble
very closely SusBoTINA’s figures of the species.

Globorotalia convera SuBBoTINA is found in the ““marne bleue’ of the Ilerdian
of Mont Cayla.

Globorotalia esnaensis (LERoY)
Pl 11, figs 4a—c

1953. Globigerina esnaensis LERoY, Geol. Soc. Amer. Mem. 54, p. 31, pl. 6, figs. 8-10.

1953. Acarinina pseudotopilensis SUBBOTINA, Trudy Vses. Neft. Naukno-Issledov. Geol.-Razved.
Inst., new ser., v. 76, p. 227, pl. XXI, figs. 8a-9¢; pl. XXTII, figs. 1a-3c.

1957. Globorotalia esnaensis (LERoY), LoEBLIcH and TappaN, US Nat. Mus. Bull. 215, p. 189,
pl. 57, figs. Ta—c ( ?); pl. 61, figs. 1a—2¢, 9a—c.

1960. (?) Globorotalia esnaensis (LERoOY), BERGGREN, Stockholm Contr. Geol., v. V:3, p. 92,
pl. V, figs. 3a—c; pl. VI, figs. la—c; pl. X, figs. 3a—c.

1960. Globorotalia wilcoxensis CusaMAN and PoNToN, BERGGREN, idem., p. 97, pl. XIII, figs.
3a—4c.

1961. (?) Globigerina esnaensis LERoY, BERMUDEZ, Memoria del IIT Congreso Geologico Vene-
zolano, Tomo IIT Boletin de Geologia, Publicacion especial 3, 1960, Caracas, Venezuela,
p. 1180, pl. 1, figs. 6a—c.

Remarks: Globorotalia esnaensis (LL:Roy) is similar to Globorolalia wilcoxensis
CusamaN and Ponton, but differs in having a rounded margin. Globorotalia
wilcoxensis CusamaN and PonToN has an angular margin along which spines and
nodes are prominently developed. Globorotalia quadrata (WH1TE) and Globorotalia
whitei WEIss both have less rapidly increasing chambers, and Globorotalia quadrata
(WHITE) also has a cancellate surface rather than the nodose surface characteristic
of Globorotalia esnaensis (LERoY).

As noted by BERMUDEZ, Acaranina pseudotopilensis SUBBOTINA is probably
a synonym of Globorotalia esnaensis (LERoY). Specimens from Tremp support
this conclusion. Globorotalia pseudotopilensis (SuBrBoriNA) of LoeBLICH and
Tappan (1957, p. 194, pl. 60, figs. 2a—c) is probably Globigerina topilensis (CusH-
MAN), and has little affinity with Globorotalia esnaensis (LERoY).

BERGGREN’s specimens of Globorotalia esnaensis (LERoY) all appear to have a
convex spiral side and a more rounded margin, differing from LERoY’s holotype
which has a flat spiral side, and subangular periphery. Specimens figured by
BERGGREN as Globorotalia wilcoxensis Cusuman and PonToN agree more closely
with description and figures of Globorotalia esnaensis (LERoY).

The specimen figured by BERMUDEz as Globigerina esnaensis LERoy has
globular chambers and a broadly rounded margin, and should probably not be
included in Globorotalia esnaensis (LERoY), which has a more angular margin.
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Some of the confusion surrounding this species stems from the fact that
LoesrLicH and Tappan figure specimens ‘‘similar to the holotype of Globorotalia
esnaensis (LERoY) in all respects, except that they are about half its size.” One
of the four specimens figured by LoeBLicH and TappaN is questionably referred
to the species by them (pl. 57, figs. 7a—c), a second specimen is indicated to be
atypical (pl. 61, figs. 9a—c), and the remaining two specimens lack the quadrate
outline LERoy mentioned as characterizing the species.

Hypotype: T-1805.

Maximum diameter: 0.30 mm.

Occurrence: This species was originally described by LERoy as occurring
throughout the Esna shale of the Maqfi section of Egypt. SuBBoTINA’S specimens
are from the lower Tertiary of the northern Caucasus region of the USSR. LoEg-
LicH and TappaN recorded Globorotalia esnaensis (LERoy) from the Nanafalia
formation of Alabama, and from the Aquia formation of Maryland-Virginia.
BERGGREN cites the species from the Rosnaes clay of the Rogle Klint of Denmark.
BeErMUDEZ obtained his specimens from the Capdevilla and Universidad formations
of Cuba.

In the type Ilerdian Globorolalia esnaensis (LERoy) is found at locality C,
and in the “marne blanche’” and “marne bleue” of Mont Cayla.

Globorotalia mckannai (WnITE)
Pl. I, figs. la-c

1928. Globigerina mckannat WHITE, Journ. Paleont., v. 2, no. 3, p. 194, pl. 27, figs. 16a—c.

1950. Globigerina cretacea var. esnehensis NAKKADY, Journ. Paleont., v. 24, n. 6, p. 689, pl. 90,
figs. 14-16.

1952. Globigerina gravelli BRONNIMANN, Bull. Amer. Paleont., v. 34, no. 143, p. 12, pl. I (II),
figs. 16-18.

1953. Acarinina pentacamerata SUBBOTINA, Trudy Vses. Neft. Naukna.-Issledov. Geol.-Razved.
Inst., new ser., v. 76, p. 233, pl. 23, figs. 8a—c; pl. 24, figs. 1a-9c.

1957. Globigerina gravellt BRONNIMANN, BoLri, US Nat. Mus. Bull. 215, p. 72, pl. 16, figs. 1-3.

1957. Globorotalia mckannai (WHITE), BoLLl, idem., p. 79, pl. 19, figs. 16-18.

1957. Globigerina mckannar WHITE, LoEBLICH and TappaN, idem., p. 181, pl. 47, figs. Ta—c;
pl. 53, figs. 1la—2c; pl. 57, figs. 8a—c; pl. 62, figs. 5a—Tec.

1957. Globorotalia strabocella LoEBLICH and TappaN, idem., p. 195, pl. 61, figs. 6a—c.

1960. Globorotalia strabocella LoEBLIcH and Tappaw, OrLssoN, Journ. Paleont., v. 34, no. 1,
p. 48, pl. 10, figs. 10-12.

1960. Globorotalia mckannai (WHITE), Hay, Report, Internat. Geol. Congress, XXI Session,
Norden, Part V, Section 5, p. 74.

1960. Globorotalia cf. mckannar (WHITE), BoLLr and Crra, idem., p. 156.

1960. Globorotalia mckannai (WHITE), BoLLl and Crra, Riv. Ital. Paleont., v. LXVI, no. 3.
p- 23, pl. XXXI, figs. 6a—c.

1960. Globigerina mckannai WHITE, BERGGREN, Stockholm Contr. Geol., v. V:3, p. 68, pl. 1.
figs. 4a—c; pl. IX, figs. 2a—4c; pl. X, figs. la—c.

1961. Globigerina mckannai WHITE, BERMUDEZ, Memoria del III Congresso Geologico Vene-
zolano. Tomo III Boletin de Geologia, Publicacion especial 3, Caracas, Venezuela, p. 1189.

Remarks: Globorotalia mckannai (WHiTE) differs from Globigerina spiralis
Borwr in that the latter has more rounded, globular chambers, more nearly umbili-
cal aperture, and is generally smaller. Globigerina soldadoensis BRONNIMANN has
more globular chambers, more lobate periphery, and a flatter spiral side.
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As LoesricH and Tappan have pointed out G. gravelli BRONNIMANN is a
synonym of Globorotalia mckannai (WHITE) as is Acarinina pentacamerata Sus-
BOTINA. Globorotalia strabocella LoEBLICH and TappAN is also considered a synonym
of Globorotalia mckannai (WHITE).

Hypotype: T-1806.

Maximum diameter: 0.27 mm.

Occurrence: Originally described from the Velasco formation of Mexico by
WHITE, NAKKADY observed the species from immediately below and above the
lower boundary of the Eocene of Egypt. BRONNIMANN’s records of the species
are from the Lizard Springs formation and the Ramdat marl of Trinidad. BoLL1
has noted its occurrence from the Globorotalia pseudomenardii zone through the
Globorotalia aragonensis zone in Trinidad.

SuBBoTINA has recorded the species from the lower Tertiary of the northern
Caucasus region of the USSR. LoeBLicH and Tappan have recorded it from the
Vincentown formation of New Jersey, the Salt Mountain limestone of Alabama,
and the Velasco formation of Mexico. Hay has recorded Globorotalia mckannai
(Wuite) from the Velasco formation, ranging through the Globorotalia pseudo-
menardii and the Globorolalia velascoensis zones. LoeEsrLicH and TappaN have
recorded the species under the name Glolorotalia strabocella LoEBLicH and TApPPAN
from the Nanafalia formation of Alabama and the Vincentown formation of New
Jersey. Orsson has also recorded it as Globorotalia strabocella LoeEsLicH and
Tappan from the early Tertiary of New Jersey. BERGGREN has noted Globorotalia
mckannai (WHITE) from the Rosnaes clay at Rogle Klint, Denmark, and from
the lower Eocene of northwestern Germany. BErRMUDEZ has observed the species
in the Habana formation of Cuba.

Globorotalia mckannai (WHITE) is common in the “marne bleue” of the Ilerdian
of Mont Cayla.

Globorotalia nicoli MARTIN
Pl II, figs. 3a—c
1943. Qloborotalia nicoli MaRTIN, Stanford Univ. Pub. Univ. Ser. Geol. Sci., v. III, no. 3, p. 27,
pl. VII, figs. 3a—c.

Remarks: Globorotalia nicoli MartiN differs from Globorotalia esnaensis (LE-
Roy) in having less inflated chambers and a less lobate periphery. Globorotalia
nicoli is biconvex whereas Globorotalia esnaensis (LERoY) usually has a nearly
flat spiral side. Globorotalia convexa SuBBOTINA is more equally biconvex, has a
closed umbilicus, more chambers per volution, and a more acute peripheral angle.

Hypotype: T-1807.

Maximum diameter: 0.27 mm.

Occurrence: This species was originally described by MarTtiN from the Lodo
formation of California.

It is found in the ““marne bleue’ of the Ilerdian of Mont Cayla.

Globorotalia velascoensis (CUSHMAN) parva REY
Pl II, figs. 5a—c

1954. Qloborotalia velascoensis (CUSHMAN) var. parva REY, Bull. Geol. Soc. France, ser. 6, v. 4,
p- 209, pl. XII, figs. 1a-b.
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1960. Globorotalia veluscoensis (CUSHMAN) var. parva REY, BoLLl and Cita, Riv. Ital. Paleont.,
v. LXVI, no. 3.

Remarks: This subspecies differs from typical Globorotalia velascoensis in
having a less pronounced keel and in lacking a deep umbilicus.

Hypotype: T-1808.
Maximum diameter: 0.43 mm.

Occurrence: BoLr1 and Cita have recorded Globorotalia velascoensis (CUSHMAN)
var. parva REy from the Globorotalia pseudomenardii zone and the lowermost
part of the Globorotalia velascoensis zone in the Paderno d’Adda section of the
Paleocene of northern Italy.

In the Ilerdian of Tremp this subspecies is found at locality C.

Globorotalia pseudomenardii BoLL1
PL 1, fig. 5
1928. Q@loborotalia membranacea (EHRENBERG) of WHITE, Journ. Paleont., v. 2, p. 280, pl. 38,
figs. 1la—c.

1953. Globorotalia membranacea (EHRENBERG), of SuBBoTINA, Trudy Vses. Neft. Naukno-
Issledov. Geol.-Razved. Inst., new ser., v. 76, p. 250, pl. XVI, figs. Ta-13c.

1957. Globorotalia pseudomenardii BoLL1, BoLrL1, US Nat. Mus. Bull. 215, p. 77, pl. 20, figs. 14-17.

1957. Globorotalia pseudomenardii BoLri, LoeBLicH and TapraN, US Nat. Mus. Bull. 215,
p. 193, pl. 45, figs. 10a—c; pl. 47, figs. 4a—c; pl. 49, figs. 6a—c; pl. 54, figs. 10a-13c; pl. 59,
figs. 3a—c; pl. 60, figs. 8a—c; pl. 63, figs. la—c.

1960. Globorotalia pseudomenardii BoLLt, Hay, Report, Internat. Geol. Congress, X X1 Session,
Norden, Part V, Section 5, p. 73.

1960. Globorotalia pseudomenardii BoLLl, Lys, idem., p. 124.

1960. Globorotalia membranacea (EHRENBERG), of BUROLLET and MAGNIER, idem., p. 136.

1960. Globorotalia pseudomenardii BoLLi, BoLL1 and CiTa, idem., p. 155.

1960. Qloborotalia membranacea (EHRENBERG), of KUHN, idem., p. 167.

1960. Globorotalia pseudomenardii BoLLi, BoLLI and Crta, Riv. Ital. Paleont., v. LXVI, no. 3,
p- 26, pl. XXXIII, figs. 2a—c.

1960. Globorotalia pseudomenardii BoLLl, BERGGREN, Stockholm Contr. Geol., v. VI:5, p. 75.

1961. Gl-borotalia pseudomenardii BorLrLi, BERMUDEzZ, Memoria del III Congreso Geologico
Venezolano, Tomo III Boletin de Geologia, Publicacion especial 3, Caracas, Venezuela,
p- 1298, pl. 15, fig. 9.

Remarks: Globorotalia pseudomenardii Bovrri differs from Globorotalia com-
pressa PLuMMER and Globorotalia elongata GLAESSNER in having less depressed
sutures, and in having a distinct peripheral keel. Only two specimens of this
species were found. One resembles closely specimens figured by BoLLi, and LoEgs-
LicH and TappaN as well as specimens from the Velasco formation of Mexico. It
has four chambers in the last volution which increase in size rapidly and give the
test a quadrilobate appearance (see pl. I, fig. 5). The spiral side of this specimen
has been destroyed.

The second specimen has six chambers in the last volution and consequently
the chambers are compressed and increase in size less rapidly. Nearly identical
specimens were found in the Velasco assemblage.

Globorotalia membranacea (EHRENBERG) was originally described from Pliocene
chalk beds thought at the time to be Cretaceous (Havy, in press). The name Globo-
rolalia membranacea (EHRENBERG) cannot be used for the Paleocene form, for as
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BoLvr1 points out (1957, p. 77) the Paleocene form has no genetic relationship to
similar but considerably younger forms.

Specimens referred to Globorotalia membranacea (EHRENBERG) by SuBBoOTINA
belong to Globorotalia compressa PLumMER, Globorotalia ehrenbergi BorLri, and
Globorotalia pseudomenardii BoLLl.

Hypotype: T-1809.

Maximum diameter: 0.34 mm.

Occurrence: The distribution of this species around the world has been discussed
at length in the introduction. It has been found at locality C in the Tremp section.

Globorotalia cf. Globorotalia uncinata BoLLl

1957. Globorotalia uncinata Borri, US Nat. Mus. Bull. 215, p. 74, pl. 17, figs. 13-15.

1960. Globorotalia uncinata BoLLt, Hay, Report, Internat. Geol. Congress, X XI Session, Norden,
Part V, Section 5, p. 72.

1960. Glcborotalia uncinata BoLri, BorL1 and CrTa, idem., p. 154.

1960. Globorotalia uncinata BorLLi, BoLrl and Crra, Riv. Ital. Paleont., v. LXVI, no. 3, pp.
30-31, pl. XXXII, figs. 5a—c, Ta—c.

Remarks: Thesc specimens resemble closely the specimens of Globorotalia
uncinata Borw1 figured by Bowrri from the Lizard Springs formation of Trinidad,
and by Borr1r and Crta from the Paleocene of Paderno d’Adda. They differ in
having a slightly more convex spiral side, somewhat higher chambers, and in
being smaller. Some specimens have a small but distinct keel developed on the
carly chambers of the last volution.

Globorotalia perclara L.oEBLicH and TAppAN is similar but has a more lobate
periphery, a rounded margin, and more inflated chambers.

Occurrence: Globorotalia uncinata BorLLt was originally described from the
Globorotalia uncinata zone of the Lizard Springs formation of Trinidad. It has
also been recorded by Hay from the Velasco formation of Mexico, and by BoLri
and Cita from the Paleocene deposits at Paderno d’Adda of northern Italy.

The specimens from the Ilerdian were found at locality C.

Family Globigerinidae
Subfamily Globigerininae
GENUS GLOBIGERINA

Type species: Globigerina bulloides D’ OrRBIGNY, 1826.

Remarks: Globigerina differs from Globorotalia in having an interiomarginal
aperture restricted to the umbilicus, while in Globorotalia the aperture extends to
a more or less extraumbilical position.

Globigerina aquiensis LLoEBLICH and TApPPAN

1957. Globigerina aquiensis LoEBLIcH and Tarpan, US Nat. Mus. Bull. 215, p. 180, pl. 51,
figs. 4a-5¢; pl. 56, figs. 4a—6c.

1960. Globigerina aquiensis LoEBLICH and TaPPAN, BERGGREN, Stockholm Contr. Geol., v. V:3,
p. 65, pl. 1, figs. 1a—2c.

1961. Globigerina kozlowskit BROTZEN and Pozaryska, Rev. Micropaleont., v. 4, no. 3, p. 102,
pl. 1, figs. 1-14; pl. 2, figs. 1-17; pl. 3.
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Remarks: Globigerina aquiensis LLoEsLicH and Tappan differs from Globigerina
spiralis BoLL1 in having fewer chambers per volution, more inflated chambers,
and a smaller umbilicus. Globigerina chascanona l.oEBrLicH and TappaN is smaller,
more tightly coiled, and has a closed umbilicus.

Occurrence: This species was originally described by LoesrLicH and Tappax
from an exposure of the Aquia formation on the west bank of the Potomac River
near the mouth of Aquia Creek. They also recorded it from the Vincentown forma-
tion of New Jersey. BERGGREN has noted the species from the lower Eocene of
northwestern Germany. BroTzEN and Pozaryska have cited Globigerina kozlowskii
BroT1zEN and Pozaryska (=Globigerina aquiensis LLoEBLicH and TappaN) from
middle and upper Paleocene deposits of Poland.

In the section near Tremp Globigerina aquiensis LoeBLicH and TaPPAN occurs
at localities A, B, and C. It is also found in the “marne blanche” of the Ilerdian
at Mont Cayla.

Globigerina chascanona LoesrLicH and TApPPAN
1957. Globigerina chascanona LoEBLICH and Tarpax, US Nat. Mus. Bull. 215, pp. 180-181,
pl. 49, figs. 4a-5c; pl. 61, figs. 8a—c.
1960. Globigerina chascanona LoEBLICH and TarpaN, BERGGREN, Stockholm Contr. Geol.,
v. V:3, p. 66, pl. 1, figs. 3a-c; pl. VII, figs. 3a—dec.

Remarks: This distinctive species is distinguished by its high spire and its
small size. Globigerina chascanona LoEBLIcH and Tappan differs from Globigerina
aquiensis L.oEBLicH and Tappan in having a more acute spire, a more spinose
surface, and in being much smaller. Globigerina spiralis BoLL1 has more chambers
per volution, is larger, has a less acute spiral side, and has an open umbilicvs.

Occurrence: This species was described by LoesLicH and Tappax from the
Hornerstown formation of New Jersey, and was also recorded by them from the
Nanafalia formation of Alabama. BErGGREN has noted this species from the
lower Eocene of northwestern Germany.

In the section near Tremp Globigerina chascanona LoeBrLicH and TappaN
occurs as a rare form at location C.

Globigerina sp. cf. Globigerina inaequispira SUBBOTINA
1957. Globigerina inaequispira SUBBOTINA, of LoEBLICH and TarpanN, US Nat. Mus. Bull. 215,
p- 181, pl. 61, figs. 3a—c.

Test free, trochoid, 2!/,-3 volutions of rapidly enlarging, subglobular chambers,
all visible on the spiral side; only 3-3/, chambers of last volution visible on
umbilical side; sutures distinct, depressed, radial; wall calcareous perforate; test
covered with nodes over entire surface; aperture umbilical and interiomarginal,
sometimes with narrow lip.

Remarks: Specimens of this species were found in several samples from the
Ilerdian section along the road from Tremp to Puente de Montanana; Globigerina
inaequispira SuBBOTINA differs from these specimens in that it has a much more
lobate periphery, and may have a combination of spinose and reticulate surface,
the spines being most prominent near the umbilicus.

Occurrence: LoeBLicH and Tappan have recorded this species from the Nana-
falia formation of Alabama.
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In the section along the road from Tremp to Puente de Montafiana this species
is found at localities A, B, and C.

Globigerina soldadoensis BRONNIMANN
PL 1, figs. 3a—c

1952. Globigerina soldadoensis BRONNIMANN, Bull. Amer. Paleont., v. 34, no. 143, p. 9, pl. I (II),
figs. 1-9.

1953. A%:arinina interposita SUBBOTINA, Trudy Vses. Neft. Naukno-Issledov. Geol.-Razved.
Inst., new ser., v. 76, p. 231, pl. XXIII, figs. 6a—7c.

1957. Globigerina soldadoensis BRONNIMANN, BoLLi, US Nat. Mus. Bull. 215, p. 71, pl. 16, figs.
7-12; p. 162, pl. 35, figs. 9a—c.

1960. Globigerina soldadoensis BRONNIMANN, BERGGREN, Stockholm Contr. Geol., v. VI:5, p. 99.

1961. Globigerina soldadoensis BRONNIMANN, BERMUDEZ, Memoria del 111 Congreso Geologico
Venezolano. Tomo IIT Boletin de Geologia, Publicacion especial 3, 1960, Caracas, Vene-
zuela, pp. 1199-1200.

Remarks: Globigerina soldadoensis BronNimans differs from Globorotalia
mckannai (WHITE) in that it has a more nearly flat spiral side, more inflated
chambers and lobate periphery, and more rapidly increasing chamber size.

As BERGGREN (1960b, p. 99) has observed Acarinina interposita SUBBOTINA is
probably a synonym of Globigerina soldadoensis BrONNIMANN. LoEBLICH and
Tappan (1957, p. 182) noted that the aperture in G. soldadoensis BRONNIMANN
extends as far extraumbilically as it does in Globorotalia mckannai (WHITE), which
1s probably the nearest related species. BorL1 placed them in separate genera, at
the same time he left Globigerina gravelli BRONNIMANN, a synonym of Globorolalia
mckannai (WHITE) in the genus Globigerina. SuBBoTINA placed both species in
the genus Acarinina, but according to LoeBLicH and Tappran (1957, p. 42) Acari-
nina is a synonym of Globorotalia.

Hypotype: T-1811.

Maximum diameter: 0.27 mm.

Occurrence: Globigerina soldadoensis BRONNIMANN was first described from the
Lizard Springs formation and the Ramdat marl of the Navet formation of Trinidad.
SuBBoTtiNa has recorded the species from the lower Tertiary of the northern
Caucasus region of the USSR.

This species is found in the “marne bleue” of the Ilerdian of Mont Cayla.

Globigerina triloculinoides PLUMMER

1926. Globigerina triloculinoides PLUMMER, Texas Univ. Bull. no. 2644, p. 134, pl. 8, fig. 10.

1957. Globigerina triloculinoides PLuMmMmER, BorLr, US Nat. Mus. Bull. 215, p. 70, pl. 15, figs.
18-20; pl. 17, figs. 25-26.

1957. Globigerina triloculinoides PLUMMER, TRoLSEN, idem., p. 129, pl. 30, figs. 4a—c.

1957. Globigerina triloculinoides PLuMMER, LoEBLICH and TappaN, idem., p. 183, pl. 40, figs.
4a—c; pl. 41, figs. 2a—c; pl. 42, figs. 2a—c; pl. 43, figs. 5a—c, 8a-9c; pl. 45, figs. 3a—c; pl.
46, figs. la—c; pl. 47, figs. 2a—c; pl. 52, figs. 3-7; pl. 56, figs. Ba—c; pl. 62, figs. 3a—c.

1960. Globigerina triloculinoides PLUMMER, JELETZKY, Report Internat. Geol. Congress, XXI
Session, Norden, Part V, Section 5, p. 33.

1960. Globigerina triloculinoides PLUMMER, NAGGAPA, idem., p. 43.

1960. Qlobigerina triloculinoides PLUMMER, Hay, idem., p. 73.

1960. Globigerina triloculinoides PLUMMER, Lys, idem., p. 124.

1960. Globigerina triloculinoides PLUMMER, REYMENT, idem., p. 134.

1960. Globigerina triloculinoides PLUMMER, BUROLLET and MAGNIER, idem., p. 136.

1960. Globigerina triloculinoides PLUMMER, MANGIN, idem., p. 145.
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1960. Globigerina triloculinoides PLuMMER, BoLL1 and C1Ta, idem., p. 155.

1960. Globigerina triloculinoides PLuMMER, KUHN, idem., p. 167.

1960. Globigerina triloculinoides PLUMMER, BERGGREN, idem., p. 185.

1961. Globigerina triloculinoides PLuMMER, BERMUDEZ, Memoria del III Congreso Geologico
Venezolano, Tomo III Boletin de Geologia, Publicacion especial 3, 1960, Caracas, Vene-
zuela, p. 1204, pl. 5, fig. 7.

1961. Subbotina triloculinoides (PLuMMER), BRoTZEN and Pozaryska, Rev. Micropaleont., v. 4,
no. 3, p. 160, pl. 4, fig. 4.

Remarks: This species is characterized by its three-chambered appearance,
rapidly increasing globular chambers, and coarsely reticulate surface. Globigerina
inaequispira SUuBBOTINA has more ovate chambers, a less coarsely reticulate
surface, and a more compressed spiral side.

Occurrence: Globigerina triloculinoides PLuMMER was originally described from
the Midway group of Texas. Since that time it has been described and recorded
from many parts of the world. In North America it has been cited from early
Tertiary deposits from along the Gulf and Atlantic coast, from southern California,
and from the Mississippi embayment. The species has also been noted from many
other early Tertiary deposits including those of South America, Europe, Africa,
Pakistan and southeastern USSR. Globigerina triloculinoides PLuMMER has been
reported to range from late Cretaceous through early Eocene deposits (BErMUDEZ,
1961). Most of the recorded occurrences are from the Paleocene. The many similar
forms occurring in late Paleocene and early Eocene deposits are closely related to
and probably derived from Globigerina iriloculinoides PLUMMER.

The species is abundant in the “marne bleue” of the llerdian of Mont Cayla.

Globigerina varianta SUBBOTINA
1953. Globigerina varianta SUBBOTINA, Trudy Vses. Neft. Naukno-Issledov. Geol.-Razved.
Inst., new ser., v. 76, p. 63, pl. 3, figs. 5a—12c; pl. 4, figs. 1a-3c; pl. 15, figs. 1a-3c.
1957. Globorotalia varianta (SUBBOTINA), LoEBLICH and TappanN, US Nat. Mus. Bull. 215, p.
196, pl. 44, figs. 1a-2b; pl. 45, figs. 4a—c.

Remarks: Globigerina varianta SusBoTiNA differs from Globigerina trilocu-
linoides PLUMMER in having less globular chambers, more chambers per volution,
and in having rounded nodes or bumps over the entire surface of the test instead
of the coarse pits and reticulae diagnostic of Globigerina triloculinoides PLUMMER.

Occurrence: Originally described by SusBoTiNa from the lower Tertiary of
the northern Caucasus region of the USSR, this species has been recorded by
LoesLicH and TappaN from the Mexia clay member of the Wills Point formation
of Texas, and from the Matthews Landing marl member of the Porters Creek
clay of Alabama.

In the Ilerdian the species occurs at locality C.
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Plate I

Figs. la—c. Globorotalia mckannai (WHITE). X 120, a, umbilical view; b, side view; c, spiral view.
Figs. 2a—c. Globorotalia caylaensis n. sp. Holotype. X 120, a, umbilical view; b, side view; ¢, spiral
view.
Figs. 3a—c. Globigerina soldadoensis BRONNIMANN. X 120, a, umbilical view; b, side view; c, spiral
: view.
Figs. 4a—c. Globorotalia convexa SUBBOTINA. X 120, a, umbilical view; b, side view; c, spiral view.
Fig. 5. Globorotalia pseudomenardii BorLL1. X 120, umbilical view.

Figs. 6a—c. Globorotalia angulata (WHITE). X 120, a, umbilical view; b, side view; c, spiral view.
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Plate 11

Figs. 1a-2b. Globorotalia aequa CusemMaN and RENZ. % 120, 1a and 2a, umbilical view; 1b and 2b,
side view; lc, spiral view.

Figs. 3a—c. Globorotalia nicoli MARTIN. x 120, a, umbilical view; b, side view; c, spiral view.
Figs. 4a—c. Globorotalia esnaensis (LERoY). X 120, a. umbilical view; b, side view; c, spiral view.

Figs. 5a—c. Globorotalia velascoensis (CUSHMAN) var. parva REY. X 120; a, umbilical view; b, side
view; c, spiral view.
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