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ABSTRACT

The new superfamily Bilamellidea is described. It in-
cludes several families of Foraminifera having a test
built of lamellae of radial-hyaline calcite, such as the
Globorotaliidae, as herein amended, the Anomalinidae, the
Discorbidae (pars), most, if not all, Globigerinidae, et al.,
thus corresponding to part of the superfamily Discorbidea
Smout, 1954. The remainder of the Discorbidea Smout is re-
named in Monolamellidea, nom. nov. The Globotruncaninae,
emend. and the Globorotaliinae, nov. subfam., are defined

*as subfamilies of the Globorotaliidae, emend. The wall-
structure, the keels and the apertural characters of the
Globotruncaninae are discussed. The new genera Helveto-
globotruncana, Globotruncanella and Globotruncanita are
described. The genus Planomalina is regarded to belong
to the Globotruncaninae. The phylogenetic relationships
of the genera belonging to the Globotruncaninae are briefly
discussed.

INTRODUCTION

During an investigation of various ‘“rotaliform”
Foraminifera, now in progress and carried out by this
writer, it has been shown that the Discorbidea Smout,
1954, include two distinct groups of Foraminifera build-
ing their test of lamellae of radial calcite: one, com-
prising canaliculate, double-walled forms, described
herein as the Bilamellidea, nov. superfam., and a sec-
ond group, comprising non-canaliculate, single-walled
forms, corresponding to the original definition of the
Discorbidea Smout (1954, 1955), to which — for rea-
sons to be discussed below — the new name Monola-
mellidea is given.

To the Bilamellidea, nov. superfam., belong certain
important “rotaliform” families, like the Globorotalii-
dae, as herein amended, the Anomalinidae, part of
the Discorbidae, most, if not all, Globigerinidae, etc.
An investigation in progress will show how far certain
families must be redefined and which families must be
included in the Bilamellidea.

The family Globorotaliidae, emend., is believed to
comprise two subfamilies: the
emend., and the Globorotaliinae, nov. subfam. Certain
observations on the genera of the Globotruncaninae
with regard to wall-structure, keels and apertural char-
acters are herein presented and the new genera Helve-
toglobotruncana, Globotruncanella and Globotruncan-
ita are described. The genus Planomalina shows char-
acters of the Globotruncaninae and is placed in this
subfamily. The phylogenetic relationships of the gen-
era of the Globotruncaninae are briefly discussed.

Globotruncaninae,
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METHODS AND TECHNICS

Isolated specimens were cleaned with the aid of
brush, needle and cactus-spines and many of them
calcinated or stained with a solution of methylene-
blue. They were examined under a stereoscopic micro-
scope with a magnification of 80-200 X. Oriented thin-
sections were prepared by the usual Canada-balsam
method and examined under a high-power binocular
microscope with a magnification from 200-600 X. It
is only with high magnification that the wall-structure
of certain bilamellids can be studied.

Superfamily BILAMELLIDEA nov.
(see pl. 18, figs. 1-4; pl. 19, figs. 1-8; pl. 20, figs. 1-9)

Description.—Pluriloculinid, spirally arranged Fo-
raminifera, the test of which is built of lamellae of
radial calcite; chamber-walls double, formed by an
outer lamella, one per instar and covering the whole
test, and by an inner one, lining each chamber and
confined to it, partly coalescing with the outer lamella
and adhering to a small extent only to the margins of
the previous septum, which is primarily double; both
parts of the chamber-wall partly perforate and partly
imperforate; canal-system present; aperture well-de-
fined and primarily formed, single or accompanied by
accessory apertures.
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Remarks—The Bilamellidea, nov. superfam., differ
from the Lagenidea Glaessner, 1945, emend. Smout,
1955, by their double chamber-walls and by the pres-
ence of a canal-system, as well as by the position of
the aperture which is never terminal in the Bilamelli-
dea; from the Discorbidea Smout, 1954, 1955 (pars),
by their double walls and septa and by the presence of
a canal-system; from the Rotaliidea Glaessner, 1945,
emend. Smout 1954 (1955), by their primarily formed
double walls and septa in all chambers, including the
last one, by the lack of a septal flap and by the pres-
ence of a well-defined and primarily formed aperture.

The Discorbidea Smout, 1954 (1955), must be re-
stricted to non-canaliculate Foraminifera with single
walls and septa and renamed for the following reasons:
the central group from which the Discorbidea derive
their name is that of Discorbis, s. 1., with Discopulvin-
ulina Hofker as central genus (Hofker, 1951). Typical
Discopulvinulina have been shown, however, to have
the structure of the Bilamellidea (see pl. 19, fig. 1).
The name Monolamellidea, nom. nov., is herewith pro-
posed for the non-canaliculate, single-walled Discorbi-
dea Smout, 1954, as redefined by Smout, 1955 (see
pl. 18, figs. 5, 6).

In section, bilamellid Foraminifera are easily dis-
tinguished from other “rotaliform” groups of lamellar
Foraminifera by the double walls in all chambers, in-
cluding the last one, in both horizontal and vertical
sections (see text figs, 1 and 2).

It seems that the outer lamella is deposited by the
ectoplasma, the inner lining by the endoplasma. By
maintaining the presence of protoplasmic matter be-
tween them during and after deposition a canal-system
is formed. Perforate and imperforate parts of the
inner lining correspond to the perforate and imperfo-
rate parts of the outer lamella. Part of the distal
chamber-face (and, therefore, part of each septum) is

TEXT FIGURE 1

Schematic drawing showing a slightly oblique, hori-
zontal section near the surface of the evolute (dorsal)
side of a flatly trochospiral bilamellid. Details omit-
ted. (o.l. - outer lamella; 1.l. - inner lining; c. - canal-
system) .

TEXT FIGURE 2

Schematic drawings showing equatorial sections of

planispiral lamellar Foraminifera. a. Lagenidea. b.
Monolamellidea. c. Rotaliidea. d. Bilamellidea. De-
tails omitted. (o.l. - outer lamella; il. - inner lining;
sf. - septal flap; c. - canal-system). (Fig. c after
Smout, 1954).

imperforate and so are the apertural face (the peris-
tomal area), the apertural lips (if present) and very
often the peripheral margin. The imperforate parts of
the test are the main regions of canal-system develop-
ment. Keels, often canaliculate, are frequent. Canal-
iculate keels are formed by the outward bending of
the outer lamella. Outer lamella and inner lining coa-
lesce in the apertural region either at the border of a
thickened “rim” (formed by an inflection of the lamel-
lae) or at the border of apertural lips, if such are pres-
ent. Communications of the canal-system with the
main protoplasmic mass is maintained by “pores,” sit-
uated in the imperforate parts of the test and different
from the normal pores of the perforate parts of the
chamber-walls as far as size and regularity of arrange-
ment are concerned.

It is noteworthy that this writer observed at least in
one case (see pl. 18, fig. 3) what seems to be a shriv-
elled and partly destroyed chitinous chamber-lining,
yellowish-brown in colour, as described by Brotzen
(1942) in Gavelinella and by Hagn (1955) in Eoru-
pertia. Although further study is needed to ascertain
the exact systematic position of Eorupertia, it seems
that the latter genus, as described by Hagn (o0p. cit.)
belongs rather to the Bilamellidea, than to the Rotalii-
dea. The “Zentrallamelle” of Hagn (o0p. cit.) seems to
correspond to our “outer lamella,” the “Primirlamelle”
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of Hagn to our “inner lining.” The “Sekundirlamelle”
as described by Hagn seems to be actually the inner
lining sectioned in the area of its adherence to the
margin of the previous septum. This “overlap” is vis-
ible in sections passing near to the lateral chamber-
wall (and to the margin of the septum), but is absent
from sections passing through a plane more removed
from this margin. Our figured specimen (pl. 18, fig. 1)
shows “three-layered” septa; the backward bending of
the inner lining and its overlap on the previous septum
can, however, be clearly seen in the chambers of the
last coil.

Family GLOBOROTALIIDAE Cushman,
1927, emend.

Amended description—Bilamellid Foraminifera,
mostly trochospirally and rarely planispirally arranged,
provided with canaliculate keels at least in the earlier
chambers or with incipient canaliculate keels at least
in earlier chambers (in the most primitive forms of
the group); proloculus and the earliest few chambers
globular; lamellae usually fairly thin; pores medium-
to large-sized; test surface smooth, granular, pustu-
lose, spinose or covered by ridge-shaped protuberances,
often arranged in a regular pattern; parts of the wall
forming these ornamentations imperforate; part of the
distal face of each chamber, hence at least part of each
septum, apertural fdce, peristomal thickening (“rim”)
and apertural lips (if present) imperforate; keels im-
perforate; scattered “pores” at the junction between
apertural face and peristomal “rim” and in the keels;
aperture primarily formed, rounded and usually large,
fringed by a “rim” and provided in many genera with
an apertural lip; usually single with the exception of
a few genera having accessory cameral apertures; posi-
tion of main aperture interiomarginal, interiomarginal-
umbilical or umbilical; accessory cameral apertures in
sutural position; apertural lips fused in many Creta-
ceous genera, forming “labial apertures” and covering
partly or entirely the umbilical cavity; canal-system
carinal and peristomal (septal). Lower Cretaceous to
Recent. Largely pelagic.

Remarks—The Globorotaliidae, emend., include the
subfamilies Globotruncaninae, emend., and Globoro-
taliinae, nov. subfam. The connection between these
two subfamilies poses various problems and they may
still have to be regarded as independent families. The
relationship between the Globorotaliidae and the Glo-
bigerinidae also requires further study. Generally the
Globorotaliidae differ from the Globigerinidae only by
the presence of keels in the former. The wall-structure
of all hitherto examined globigerinids (including Cre-
taceous, Tertiary and Recent specimens) is in prin-
ciple the same as that of the Globorotaliidae (see pl.
20, figs. 1-4, 6-9) (compare, however, Reichel, 1949,

and Smout, 1954). Although generally the chamber-
form of globigerinids is spherical or nearly so and that
of globorotaliids mostly asymmetrically flattened, there
are globorotaliids with globular or nearly spherical

TEXT FIGURE 3

Schematic drawing of a globorotaliid in axial section.

chambers and various genera regarded as belonging to
the Globigerinidae have asymmetrically flattened cham-
bers. Certain globorotaliids are provided with primi-
tive, incipient keels only and some forms having the
general characters of the Globigerinidae and nearly
spherical chambers are provided with keels. Certain
globorotaliids doubtless originate from globigerinids;
certain globigerinids have been regarded lately as hav-
ing originated from globorotaliids, etc. All these prob-
lems will have to be ‘investigated in detail, especially
in connection with the revision of the Globigerinidae.
It might still be necessary to revise the validity of the
Globigerinidae as a family.

There is little doubt that the earliest globorotaliids
have evolved from such bilamellids as Pseudovalvu-
lineria lorneiana (Gandolfi) (non d’Orbigny), a con-
clusion arrived at by many authors, but unaccepted
by others who believe the Cretaceous globorotaliids to
have evolved from globigerinids. It might be that the
Cretaceous globorotaliids originate from the same
stock from which the Cretaceous globigerinids evolved,
the latter being possibly derived from the same group
of globular-chambered, early Cretaceous Pseudovalvu-
lineria to which P. lorneiana (Gandolfi) and P. lornei-
ana trochoidea (Gandolfi) belong. At least one Cre-
taceous globorotaliid has doubtless evolved from -a
middle Cretaceous Globigerina (s.1.). Brotzen (1942)
regards the Globigerinidae as a planktonic specializa-
tion of the Valvulineriiddae (Brotzen, op. cit.) and the
Globotruncaninae (Brotzen, op. cit.). which include
among others all Globorotaliidae as herein amended,
as having evolved from the Globigerinidae. The fam-
ily Valvulineriidae Brotzen is, however, heterogeneous
and includes monolamellids, bilamellids and granular-
calcareous (perforate) forms. Topotypes of Valvulin-
eria californica Cushman show monolamellid struc-
ture, while all hitherto examined globigernids show
bilamellid structure. Hofker (1951) regards the Glo-
bigerinidae as directly derived from the Valvulinerii-
dae Hofker (non Brotzen). The latter family is, how-
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ever, heterogeneous, too, and includes monolamellids,
bilamellids and perforate, granular-calcareous forms.
Globigerina is believed by Hofker (op. cit.) to be de-
rived from Valvulineria (see, however, above). The
family Marginolamellidae Hofker (1951, 1954), which
includes the Globorotaliidae, as herein redefined, in
addition to Cancris as central genus, i1s regarded by
Hofker to have evolved from the Discopulvinulinidae
Hofker, independently from the Globigerinidae. The
genus Cancris, however, has the typical structure of
the Monolamellidea, while Discopulvinulina has all at-
tributes of the Bilamellidea (see pl. 18, fig. 6).

All these problems need careful study and other
points will have to be cleared up (e. g. the possible
connection between Cretaceous Globigerina (s. 1.) and
certain Trochamminidae on one hand and certain mon-
olamellids (e. g. Valvulineria) on the other, the rela-
tionship between Cretaceous and Tertiary globigerin-
ids, as well as that between Cretaceous and Tertiary
globorotaliids, the relationship between such forms as
Pseudovalvulineria lorneiana (Gandolfi) (non d’Or-
bigny) and Cretaceous globigerinids, etc.) before it
will be possible to answer the many questions involved.

From the Globorotaliidae, emend., we exclude for
the time being such genera as Sherbornina, Cyclolocu-
lina, all Cymbaloporidae, as well as the genus Globo-
rotalites Brotzen (having two apertures, see also Gan-
dolfi, 1955b). The position of Globoquadrina Finlay,
having a toothed aperture, is doubtful.

Subfamily GLOBOROTALIINAE nov. subfam.

Description—Trochospiral, partly or entirely, but
always single-keeled, globorotaliids; keels peripheral
(“spiral”) with septal (sutural) branches present on
the dorsal (spiral) side only; aperture single in most
genera, fringed by a thickened “rim”, in interiomar-
ginal or interiomarginal-umbilical position; secondary
apertures in sutural position on the dorsal side of the
test present in one genus; apertural lips greatly re-
duced, mostly absent, never forming umbilical cover-
plates; canal-system carinal and septal-peristomal.
- Paleocene to Recent. Pelagic.

Remarks—To the Globorotaliinae, nov. subfam.,
belong the genera Globorotalia Cushman, Truncorotalia
Cushman and Bermudez, Truncorotaloides Bronni-
mann, Turborotalia Cushman and Bermudez and some
new genera to be described elsewhere. The origin of
the Globorotaliinae needs further study. For various
groupings of the Globorotaliinae, as well as of the
Globorotaliidae, emend., the reader is referred to the
publications by Bermudez, Brotzen, Cushman, Gallo-
way, Glaessner, Sigal (in Piveteau), etc.

Subfamily GLOBOTRUNCANINAE Brotzen,
1942, emend.
Amended description—Mostly trochospiral, rarely

planispiral, partly- or entirely-keeled globorotaliids;
keels undifferentiated (broad) (see below), double,
single or single and dichotomic; peripheral (“spiral”)
with septal (sutural) branches on both dorsal (spiral)
and ventral (umbilical) sides, mostly with periumbili-
cal extensions on the ventral side at least on earlier
chambers; peripheral margin of keeled chambers im-
perforate, provided with an undifferentiated (broad) -
keel or with a single keel, or bordered by the branches
of a dichotomous keel or by two keels (“carinal band”);
adult chambers often devoid of keels; primary aper-
ture large, rounded, single, in interiomarginal-umbili-
cal or in umbilical position, in one genus accompanied
by an accessory cameral aperture in sutural position
on the ventral side of adult chambers; apertural lips
strongly developed, forming “labial apertures” (see
below) ; lips U-shaped in section and arched towards
the umbilical cavity, slightly to strongly arched
lengthwise; lips covering partly or entirely the umbili-
cal cavity (umbilical plates); canal-system carinal and
septal-peristomal. (Late Aptian?), Albian to Mae-
strichtian. Probably pelagic.

Remarks—To the Globotruncaninae, emend., be-
long the genera: Ticinella Reichel, Thalmanninella
Sigal, Rotalipora Brotzen, Planomalina Loeblich and
Tappan, Praeglobotruncana Bermudez, Globotruncana
Cushman, as well as the new genera Globotruncanita,
Globotruncanella and probably Helvetoglobotruncana.
They form in part the subfamily Globotruncaninae
Bermudez, 1952.

The origin of the Globotruncaninae is subject to
discussion (see also above). Some authors believe
them to have evolved from Globigerina (s. 1.), either
ortho- or proterogenetically, others believe them to
have evolved from Pseudovalvulineria. Still others
believe that the Globotruncaninae have evolved re-
peatedly towards Globigerina (s. 1.) and Rugoglobi-
gerina and have produced different species of the lat-

TEXT FIGURE 4

Explanation of terms used in the present paper in
the description of Globotruncaninae on a drawing of
Globotruncana. a. dorsal view. b. profile view. c. ven-
tral view. l.c. - lateral chamber-wall; k. - keel; p.k. -
peripheral keel; s.k. - “spiral” keel; d.s. - dorso-septal
(-sutural) branch of keel; d.k. - dorsal keel; c.b. -
carinal band; v.k. - ventral keel; s.f. - septal face; a.f.
- apertural face; a.l. - apertural lip; l.ap. - labial aper-
ture; c.ap. - cameral aperture; ls. - labial suture; p.e.
- periumbilical extension of keel; v.s. - ventro-septal
(-sutural) branch of keel; u.c. - umbilical cavity.
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ter genera by mutation, conditioned by ecological fac-
tors (adaptation, preadaptation). A polyphyletic ori-
gin of the Globotruncaninae has been advocated by
some authors (reference is made to the publications
listed at the end of the present paper, especially to
those by Bolli, Brotzen, Cita, Gandolfi, Hagn and Zeil,
Reichel, Sigal, and Thalmann). As pointed out above,
further study is needed to approach a solution of the
many problems involved. Little attention has been
paid up to the present to the concept of “plexus” in
the sense of Sigal (1952¢).
“plexus”-groups, as well as phenomena of convergence
might greatly hamper the drawing of final conclusions.

The existence of such

In this writer’s opinion the Globotruncaninae have
evolved from such forms as Pseudovalvulineria lornei-
ana (Gandolfi) (non d’Orbigny) in two main branches:
one leading by way of Ticinella towards Thalmanni-
nella, Rotalipora and Planomalina; the other evolving,
either directly or by way of a Globigerina-like form
(compare Reichel, 1949), towards Praeglobotruncana
and leading to Globotruncanella on one hand and to
Globotruncana and Globotruncanita on the other. Hel-
vetoglobotruncana has evolved from a Globigerina

(s. 1), which in turn might have evolved from a -

Pseudovalvulineria (s. 1.)-stock. The position and
origin of certain forms, morphologically intermediate
between Globotruncana and Globigerina (s. 1.) or
Rugoglobigerina, will be discussed below.

In the following paragraphs certain structural and
morphological details of the Globotruncaninae, emend.,
are discussed.

Wall-structure

With regard to the wall-structure of the Globotrun-
caninae there is little which may be added to the gen-
eral description of that of the Bilamellidea in general
and of the Globorotaliidae in particular. The most im-
portant structural features of some genera of the Glo-
botruncaninae have been described already by Reichel
(1949). He pointed out the presence of two calcareous
layers in the septa and in the apertural lips, as well as
in the chamber walls, and stated that earlier cham-
bers show more than two layers in the wall, forming a
parallelly striated, thickened zone (“zone d’epaississe-
ment”); the perforate and imperforate parts of the
test; the presence of canals in the keels, in the septa
and in the peristome. These observations agree fully
with the bilamellid structure of the Globotruncaninae.
Published photographs and careful drawings of sec-
tions of certain Globotruncaninae illustrate the struc-
tural features of this subfamily (see publications listed
at the end of this paper and especially those by Bolli,
Hagn and Zeil, Ksiazkiewicz, deLapparent, Renz,
Reichel).

Keels and Carinal Band
(See text figs. 5 a-k).

The keels of all Globotruncaninae (and of the Glo-
borotaliidae in general) are formed by the outward
bending of the outer lamella which leaves an enlarged
space between the latter and the inner lining, forming
a canal. Very slight bending will result in not more
than a hardly distinguishable sharpening of the pe-
ripheral chamber-margin. Strong bending will result
in a hemicylindrically shaped (in section), elongated
marginal protuberance. The portion of the outer
lamella forming the keel is imperforate (except for
scattered canal-communications) and so is the corre-
sponding part of the inner lining. The chamber-wall
near and along the keel is imperforate and so is the
area comprised between two keels or between the
branches of a single, but dichotomic keel. This imper-
forate area is the “carinal band.” Hofker (1954) calls
the carinal band the “poreless margin of the test” and
regards the double keels as being actually a single keel
with two rims bordering the poreless margin. We be-
lieve, however, that the form and number of keels are
of taxonomical and systematical importance and that
the canaliculate keels of the Globotruncaninae (and of
the Globorotaliidae in general) must be sharply dis-
tinguished from the poreless, thickened margin of vari-
ous bilamellids, in which these thickened “keels” are
non-canaliculate. Communication between the carinal
canals and the main protoplasmic mass is maintained
by the scattered “pores” which open either through
the outer lamella or through the inner lining or through
both. The beaded, spinose or fimbriated form of glo-
borotaliid keels might be connected with these com-
munications. Although keels of Globotruncaninae are
present mostly in those areas of the chamber-wall
which bend more or less sharply or show a tendency
to, they are present on segments of nearly spherical
parts of the test. In some Tertiary globorotaliids (e. g.
Globorotalia, sharply bending wall-
regions do not form keels at all, those being replaced
by some kind of pillars. It seems, therefore, that keel-
formation in the Globorotaliidae is connected both
with strengthening weak (bending) chamber-wall
regions and with the canal-system.

Truncorotalia)

Whereas, as pointed out above, the Globorotaliinae
have only peripheral keels with septal branches on the
dorsal side, the Globotruncaninae have various kinds
of keels- and exhibit a variable development of the
carinal band.

The only genus of the Globotruncaninae devoid of
a definite keel or carinal band, Ticinella, shows a weak-
ening of the pores in the peripheral region of the
chambers and enlarged spaces between outer lamella
and inner lining in this region. These features repre-
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sent the most primitive type of Globotruncaninae-keel
and Ticinella is regarded as the most primitive mem-
ber of the Globotruncaninae. The incipient keel of
Ticinella evolves towards that of Thalmanninella.

In Thalmanninella the keel is already well-devel-
oped, at least in earlier chambers in geologically older
forms and in all chambers in geologically younger
ones. The chamber-wall bends more or less sharply at
the periphery, recurving slightly and forming a hemi-
cylindrically shaped, single keel. The peripheral keel
merges into a septal extension (the “sutural” keel in
carlier chambers) on the dorsal side. On earlier cham-
bers in geologically older forms and in all chambers in
geologically younger ones of Thalmanninella, branches
of the peripheral keel are formed which bend away
from the latter at its junction with the dorso-septal
branch, fringing the septal face of the chambers on
the ventral side. These form a ventro-septal branch
and continue backwards above the umbilical part of
the apertural area, along the bending of the chamber-
wall towards the umbilicus, forming a “periumbilical
extension.” The branching of the peripheral keel —
or dichotomy — takes place always in the region where
lateral chamber-walls meet the septal face.

In the genus Rotalipora the keels are like those in
geologically younger Thalmanninella. In both genera
the keels and their branches are stronger in earlier
chambers than in later ones. This is also more ap-
parent because of “secondary thickening,” 1.e. super-
position and adjustment to form of lamellae in earlier
chambers. This is true of all other genera of the Glo-

. borotruncaninae as well.

Thalmanninella and Rotalipora have, therefore, a
single keel, which splits into branches and is thus “di-
chotomic.” The dichotomization takes place at the
junction of the septal face with the lateral chamber-
walls.

The genus Planomalina shows the same kind of a
single, dichotomic keel. For this and other reasons to
be discussed below, Planomalina is placed in the Glo-
botruncaninae, in the same group as Thalmanninella
and Rotalipora. All these genera are distally-dichoto-
mic, single-keeled.

The genus Praeglobotruncana presents a different
type of keel, incorrectly called a “single” keel (com-
pare, however, Mornod, 1949, and Reichel, 1949). It
is formed by a rather broad arching of the outer la-
mella at the periphery of the chamber and has a dis-
tinct tendency to split into two parallel ones, without
reaching, however, such a definite differentiation. The
peculiarly broad, apparently “single” keel is covered
by two rows of beads or spines (see Kiipper, 1955,
Mornod, 1949, Reichel, 1949). This broad peripheral
keel splits into septal branches on the dorsal side and
ventro-septal branches and periumbilical extensions

are present at least in earlier chambers, especially in
geologically younger forms, although bad state of pres-
ervation or strong inflation and bulging of the cham-
bers on the ventral side may hamper their being easily
visible. Adult chambers of Pracglobotruncana-species
are mostly devoid of keels and have a more or less
rounded periphery.

The type of keel found in Praeglobotruncana can
be called “broad” or “undifferentiated.” From this
type of keel evolved apparently the double keel of
Globotruncana, as well as that of -Globotruncanella,
gen. nov. (compare also Hagn and Zeil, 1954, and
Reichel, 1949). The keel of Globotruncanella, gen.
nov., is not much different from that of Praeglobo-
truncana, being rather broad, but it does not show a
tendency to form two keels, while no ventro-septal
branches are formed. The dichotomic keel of Globo-
truncana ()
proximal, not distal) originates apparently from a
Praeglobotruncana-type of keel and represents an at-
tempt to produce two keels by “accelerated,” proximal
dichotomization (see also Mornod, 1949). The ab-
sence of ventro-septal branches, the small umbilicus,
the type of apertural lips, etc., point also to a deriva-
tion of G. (?) imbricata from Praeglobotruncana, an

wmbricata Mornod (dichotomization

assumption supported by the latter’s stratigraphical
position (compare also Hagn and Zeil, 1954, Mornod,
1949, and Reichel, 1949). '

The complete splitting into two parallel keels of an
undifferentiated Praeglobotruncana-type of keel is
achieved in Globotruncana (the imperforate marginal
area bordered by the two keels is the carinal band or
“bandeau carenal” of French authors). To distinguish
between the two keels of Globotruncana, we shall call
them “dorsal” and “ventral” in accordance with dorsal
and ventral sides respectively (to avoid confusion, the
terms “dorsal” and “ventral” instead of “spiral” and
“umbilical” are used here). In earlier forms of Globo-
truncana the ventral keel 1s usually weaker than the
dorsal one and might be discernible only in earlier
chambers, being still united with the dorsal keel in
adult chambers. Septal (sutural) branches on the
dorsal side are formed by the dorsal keel, ventro-septal
(-sutural) ones by the ventral keel. This is also true
of those chambers in which both keels are still united
and not differentiated into two (keel differentiation
seems to start mostly on earlier chambers progressing
towards later chambers during phylogeny); ventro-
septal branches are always present and the single keel
of later chambers of such “partly double-keeled” early
(Cenomanian-Coniacian (Santonian?)) forms of Glo-
botruncana is usually fairly thick and distally dichoto-
mous (e.g. G. renzi Thalmann, G. sigali Reichel, G.
schneegansi Sigal).

A second type of Globotruncana-keel is the fully
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and equally developed “double” one, found in many
Turonian-Maestrichtian species of Globotruncana (e.g.
G. lapparenti group, etc.). Both dorsal and ventral
keels are equally strong or nearly so and present on
all chambers; septal branches are present on both
sides in all chambers, as well as periumbilical exten-
sions. Ventro-septal and periumbilical extensions might
be difficult to see because of inflation or bulging of
the chambers (“depressed sutures,” but nevertheless
“raised” because of ventro-septal (-sutural) branches).

A third type of Globotruncana-keel apparently must
be distinguished. It is in principle very similar to that
mentioned above as the first type: double in earlier
chambers, single and branching in adult ones. The
derivation of the third type of keel seems, however,
not to be from an undifferentiated keel with a ten-
dency to split into two equally strong keels, but from
a well-differentiated double keel, dorsal and ventral,
with a tendency to approach and finally to coalesce in
the late adult chambers into a single keel (e.g. G.
wiedenmayeri Gandolfi group, G. gagnebini Tilev).
From this last type of keel the one found in Globo-
truncanita, gen. nov., is derived.

The keel of Globotruncanita is single both in early
and adult chambers, distally dichotomic and forming
septal branches on both dorsal and ventral sides, as
well as periumbilical extensions in all chambers. Its
derivation is different from that of the keel of Thal-
manminella or Rotalipora, which originates from a
broadly rounded, incipient one (Ticinella).

A different type of single keel 1s present in Helveto-
globotruncana, gen. nov. It is dorsal, not necessarily
peripheral, with septal branches on the dorsal side
only, never dichotomic. Canal weak.

The last type of keel to be mentioned here is that
found in certain “globigerinid” species of Globotrun-
cana (see below). Although double and bordering an
imperforate carinal band, as in Globotruncana with
two keels equally developed, it is often extremely weak
and hardly distinguishable and moreover formed by
rows of pustules more or less regularly arranged along
two parallel lines, forming “interrupted” keels. The
genesis of this type of keel needs further study.

Apertural Lips and Labial Apertures
(See text figs. 6-7)

The apertural (or “umbilical”) lips are strongly
developed in all members of the Globotruncaninae.
They may be free on three sides or they may be fused
partly or entirely, in the latter case forming “umbilical
cover-plates.” This fusion may be such as to leave
openings between consecutive lips, often referred to as
“accessory apertures” or “intraumbilical apertures.”
Any opening formed by the free parts of the apertural
lips will be called herein “labial aperture” and repre-

sents a passage way for the protoplasmic mass to pass
from the main aperture of the respective chamber to
the outside. Labial apertures are present in all Globo-
truncaninae and must be distinguished from main or
accessory apertures formed by the chamber-wall and
not by the lips. Only one genus of the Globotruncani-
nae has true, cameral, accessory apertures: Rotalipora.
The so-called accessory apertures of other genera of
the Globotruncaninae are actually labial apertures.
The term “cameral aperture” is used herein instead of
“septal aperture” (Brotzen et al.) for the main cham-
ber-opening; a cameral aperture might be quite re-
moved from the actual septum. Additional openings
of the chambers not formed by lips will be called
“accessory cameral apertures.”

The apertural lips are U-shaped in section, arched
towards the umbilical cavity to a smaller or greater
degree. They may be nearly flat or arched lengthwise,
sometimes strongly so and becoming hemicylindrical
in form. The forms of lips are manifold and so are the
forms of the labial apertures; both are important in
classification. Apertural lips have been described under
various names (see Reichel, 1949, pp. 598-599); we
prefer to call them “apertural lips” since they are cov-
ering part of the main cameral aperture and since they
form, themselves, various kinds of apertures.

The first type of apertural lips found in the Globo-
truncaninae (and the most primitive one, being found
also in the ancestors of the Globotruncaninae) is that
where the lips are not fused one with the other, being,
therefore, free on three sides. The lips are fairly flat,
although U-shaped in section, not arched lengthwise
or only slightly so. Proximal and distal sides (in di-
rection of coiling) are nearly equal in length. They
leave passage-ways for the protoplasma directed for-
wards, backwards and towards the umbilicus-centre.
These might be termed “interiomarginal-umbilical-
sutural” labial apertures. This type is found in the
carlier chambers of Ticinella, in Planomalina and in
the early Cretaceous Pseudovalvulineria.

By partly fusing one with the other in “sutural”
(with regard to two consecutive lips) position, as well
as by several or all lips fusing together in the central
area of the umbilical cavity, the lips form a second
type of labial aperture: “interiomarginal and sutural.”
A “pierced” umbilical cover-plate is thus formed. The
lips are relatively long, both sides being of nearly
equal length. Such lips and labial apertures are found
in Ticinella, Thalmanninella, as well as in primitive
species of Rotalipora. More evolved Rotalipora have
only “interiomarginal” labial apertures.

A further type of labial aperture is found in the
genera Praeglobotruncana and Globotruncanella, gen.
nov. The lips are relatively longer i the latter, both
sides being nearly equal in length, the distal side tend-



134 REISS—BILAMELLIDEA, NOV. SUPERFAM.; CRETACEOUS GLOBOROTALIIDS

ing to be somewhat longer. They are slightly arched
lengthwise and fused in sutural position. Their um-
bilical tips are broadly rounded or truncated, not
fused. The labial apertures thus formed may be
termed ‘“interiomarginal-umbilical.”

From such lips and labial apertures have apparently
developed those found in early “partly double-keeled”
Globotruncana. The lengthwise arching of the lips in-
creases, the distal side 1s conspicuously longer than the
proximal one, the lips remaining fairly long. Fused in
sutural position, the lips form “interiomarginal-umbili-
cal” labial apertures. The interiomarginal part of the
latter is greatly reduced (main cameral aperture mov-
ing into an almost umbilical position) and the umbili-
cal part points backwards (through differences in
length between distal and proximal sides of the lip).
This type of lips and labial aperture has been well-
figured and described by Reichel (1949) in Globo-

truncana sigali.

The lips of double-keeled (throughout) Globotrunc-
ana are very similar to the last described type, but
much more arched lengthwise and more enlarged to-
wards the umbilical cavity. The interiomarginal part
of the labial aperture is almost entirely absent (main
aperture being in completely umbilical position) and
there remains only an “umbilical” labial aperture, di-
rected backwards with regard to the direction of
growth.

From this latter type apparently evolves one found
in later “partly double-keeled” Globotruncana and in
Globotruncanita, gen. nov. The lips are shortened on
the proximal side and long on the distal one. They are
extremely highly arched lengthwise, narrow at the
junction with the chamber-wall and greatly enlarged
at their umbilical extremities, forming arches or “ar-
cades” (Reichel, 1949), becoming trumpet-shaped and
overriding each other (“cornets” of Reichel, 1949).
The labial apertures are pointing strongly backwards
and “umbilical” in position. Reichel (op. cit.) has
pointed out already the resemblance of this type of
opening formed by lips with that of Thalmanninella,
the genesis being, however, different in both cases. A
further development of the trumpet-shaped lips men-
tioned above is that described by Reichel (op. cit.) in
Globotruncana aff. G. conica (White). Strongly back-
ward and finally recurving and outward bending of
the lips (towards the periphery) results in labial aper-
tures pointing towards the peripheral margin and in
“suprasutural” position. Fusion .of the lips is strongly
developed, resulting in the formation of an umbilical
cover-plate, covering the umbilicus entirely. This last
tvpe is found in certain later species of Globotruncana

(partly-keeled) and Globotruncanita (e.g. G. conica).

The type of development of lips and labial apertures
found in Helvetoglobotruncana, gen. nov., as well as in
certain Cretaceous species of Globigerina (s.1.) is that
in which the lips are slightly arched lengthwise, fairly
large and partly covering each other in consecutive
chambers, free on three sides. Certain Cretaceous spe-
cies of Globigerina (s.l.), as well as Rugoglobigerina,
show a variant of this type of lips, viz. fusion in an
irregular manner, connected with the formation of
umbilical cover-plates with irregularly arranged labial
apertures. The same type is found in certain “globi-

gerinid” species of Globotruncana (see below).

The Genera of the Globotruncaninae

There follow brief redefinitions of the already de-
scribed genera of the Globotruncaninae and descrip-
tions of three new genera. The question whether a
group of species should be regarded as forming a genus
or a subgenus is difficult to answer, especially when
fossil forms are involved. In any case it seems inade-
quate to regard all Globotruncaninae (the “Rosalines”
of French authors) as subgenera of Globotruncana
(s.1.). On the other hand Ticinella, Thalmanninella,
Rotalipora and Planomalina might be regarded as sub-
genera of one and the same genus; Globotruncanella,
gen. nov., and Praeglobotruncana as subgenera of
Praeglobotruncana (both have been included appar-
ently in the invalid genus Rotundina Subbotina, see
Kiipper, 1955, 1956) ; Globotruncanita, gen. nov., as a
subgenus of Globotruncana s.s.; or all last mentioned
four genera might be regarded as subgenera of one
genus. Helvetoglobotruncana, gen. nov., must be sep-
arated. From a practical point of view this question
is, however, immaterial and the application of subgen-
eric names for the various forms herein regarded as
genera will not lessen the number of names on the
supraspecific and infrafamilial level.

For reasons to be discussed below the genus Rugo-
globigerina Bronnimann and its allies have not been
included for the time being in the Globotruncaninae,
as proposed by Gandolfi (1955a), who regards the lat-
ter genus and its allies as a subgenus of Globotruncana.
The same is true of Trinitella Bronnimann, although
1t is morphologically somewhat similar to Globotrunc-
anita. No specimens of T'rinitella have been available
to this writer and it seems that the latter belongs
rather to the family (?) Globigerinidae, having flat-
tened chambers (and, therefore, an acute or subacute
periphery) in the very last ontogenetic stages only and
not in the earlier stages as in all other genera included
here in the Globotruncaninae.



CONTRIBUTIONS FROM THE CUSHMAN FOUNDATION FOR FORAMINIFERAL RESEARCH 135

Superfamily BILAMELLIDEA, nov.
Family GLOBOROTALIIDAE Cushman,
1927, cmend.

Subfamily GLOBOTRUNCANINAE Brotzen,
1942, emend.

Genus Ticinella Reichel, 1949

I Type-species: Anomalina roberti Gandolfi, 1942

Amended description—Test trochespiral; chambers
globular; keels and carinal band incipient on earlier
chambers; cameral aperture single, interiomarginal-
umbilical; labial apertures interiomarginal and sutural;
lips partly fused forming an umbilical cover-plate.
(Late Aptian?), Albian to lower Cenomanian.

Genus Thalmanninella Sigal, 1948
Type-species: Thalmanninella brotzeni Sigal, 1948

Amended description.—Test flatly trochospiral; cham-
bers flattened to subglobular; partly or entirely keeled;
keel single, peripheral, with dorso-septal branches and
distally dichotomic, forming ventro-septal branches
and periumbilical extensions at least in earlier cham-
bers; cameral aperture single, interiomarginal-umbili-
cal; labial apertures interiomarginal and sutural; lips
long, slightly arched lengthwise, if at all, fused and
covering the umbilical cavity with an umbilical cover-
plate. Upper Albian to upper Cenomanian.

Genus Planomalina Loceblich and Tappan, 1946

Type-species: Planomalina apsidostroba Loeblich
and Tappan, 1946

Amended description.—Test flat, planispiral through-
out; biumbilicate; partly or entirely keeled; keel pe-
ripheral, distally dichotomic, forming septal branches
on both sides of the test at least in earlier chambers;
cameral aperture symmetrical, interiomarginal-umbili-
cal; labial apertures interiomarginal-umbilical-sutural;
apertural lips slightly, if at all, arched lengthwise;
umbilici partly covered by the lips on both sides.
(Late Aptian?), Albian to lower Cenomanian.

Remarks—This genus is usually placed in the
Anomalinidae together with Planulina. The well-dif-
ferentiated lips, the canaliculate, dichotomic keel and
the relatively deep umbilici point clearly to its rela-
tionship to the Globotruncaninae, as herein redefined
(compare also Reichel, 1949, p. 616). It is probably
related to Thalmanninella, possibly in the same way
as Globigerinella is related to Globigerina. Its occur-
rence in large numbers with other genera, usually re-
garded as pelagic, points to a pelagic habitat. Geo-
logically older species of Planomalina have the later
chambers devoid of keels, geologically younger ones
are keeled throughout.

Genus Rotalipora Brotzen, 1942
Type-species: Rotalipora turonica Brotzen, 1942

Amended description—Test flatly to highly trocho-
spiral; chambers flat or inflated; often elongated to-
wards the umbilicus; peripheral marg.n always acute;
single-keeled throughout; keel peripheral, distally di-
chotomic, forming dorso-septal and ventro-septal
branches, as well as periumbilical extensions; cameral
aperture interiomarginal-umbilical, accompanied by an
accessory cameral aperture in sutural position at least
in adult chambers; labial apertures interiomarginal
and sutural in all chambers or in early chambers only,
later chambers being provided with an interiomarginal
labial aperture only, the proximal side of the lip being
fused with the previous lip entirely; lips slightly, if at
all, arched lengthwise; fused and forming an umbilical
cover-plate. Cenomanian to Turonian.

Remarks—In well-preserved specimens of Rotali-
pora a ventro-septal keel-branch can always be ob-
served, at least in earlier chambers (compare Reichel,
1949, p. 604). Transition-forms between T halmanni-
nella- and Rotalipora- types of labial apertures are
frequent (see text figs. 6 d-e).

Genus Praeglobotruncana Bermudez, 1952
Type-species: Globorotalia delrioensis Plummer, 1931

Amended description—Test flatly to highly trocho-
spiral; chambers flat, slightly or strongly inflated to
subglobular, always more rounded in adult stages;
broadly, undifferentiatedly keeled; keel showing ten-
dencies to split into a double one, weak or absent in
adult chambers, pustulose or spinose, peripheral and
dorso-septal with ventro-septal and partly periumbili-
cal extensions at least in earlier chambers of geologi-
cally younger forms; cameral aperture single, interio-
marginal-umbilical; labial apertures interiomarginal-
umbilical; lips, relatively short, slightly, if at all, arched
lengthwise, covering partly the umbilical cavity. Lower
Cretaceous to Turonian.

Remarks—There is general agreement among auth-
ors that the genus Globotruncana s.s. evolved from
Globotruncana stephani Gandolfi, which is actually a
Praeglobotruncana (see also Kiipper, 1956). The an-
cestor of Praeglobotruncana might be a Pseudovalvu-
lineria (s.1.), a Ticinella or — as suggested by Reichel
(1949) — a Globigerina-like form related to the group
of Pseudovalvulineria lorneiana.

Genus Globotruncanella, gen. nov.
Type-species: Globotruncana citae Bolli, 1951
Description—Test flatly trochospiral; chambers flat,
slightly inflated; peripheral margin subacute to acute,
imperforate, provided with an undifferentiated keel;
keel pustulose to spinose, never showing tendencies to
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split into two keels, forming dorso-septal branches
only, which are usually weak; ventro-septal branches
and periumbilical extensions absent; cameral aperture
interiomarginal-umbilical; lips long, slightly
arched lengthwise, covering partly the small umbili-
cus. Cenomanian to Maestrichtian.

tairly

Remarks—Globotruncanella, gen. nov. differs from
Praeglobotruncana to which it is closely related, by its
less broad, but “undifferentiated” keel, which shows
no tendencies to split into a double keel, by the ab-
sence of ventro-septal keel-branches and by the
peripheral margin in adult chambers which is hardly
more rounded than in earlier chambers (as is typical
for Praeglobotruncana) as well as by its larger and
longer lips, which are more arched lengthwise than
those of the latter genus. Various, hitherto undescribed
species of Globotruncanella have been observed by
this writer in material from Africa and Europe, of
Cenomanian to Senonian age. Rugoglobigerina petal-
oitdea petaloidea and R. petaloidea subpetaloidea as
described by Gandolfi (1955a) are apparently species
of the genus Globotruncanella. This seems to be true
also of certain species described. as Globigerina (e. g.
by Sigal, 1952b, compare Kiipper, 1956; Globigerina
aumalensis Sigal 1s, however, rather a Globotruncanella
than a Praeglobotruncana). The section of a supposed
globigerinid published by Renz (1936, pl. 6, fig. 14)
might be that of either a Praeglobotruncana or a Glo-
The transition from Globotruncana
mtermedia Bolli to Globotruncanella citae, assumed
by Bolli, needs further study. A possible relationship
between Globotruncanella and such Tertiary forms as
Globigerina (7)
study.

botruncancella.

compressa Plummer needs careful

Genus Globotruncana Cushman, 1927
Type-species: . Pulvinulina arca Cushman, 1927

Amended description—Test flatly to highly trocho-
spiral; chambers flat to subspherical, elongated, sub-
elliptical to polygonal in outline; partly or entirely
double-keeled; keels peripheral with dorsal-septal and
ventro-septal branches from the dorsal and from the
ventral keels respectively, with periumbilical exten-
sions; dorsal and ventral keels separated and well-dif-
ferentiated at least in earlier chambers, approaching
and coalescing in some forms in later chambers, form-
ing one distally dichotomic keel with dorso-septal and
ventro-septal branches; cameral aperture single, in
umbilical position; labial apertures umbilical, pointing
backwards, often strongly so; lips fairly large, distinctly
to very strongly arched lengthwise, shorter on the prox-
imal side than the distal one, narrower at the junction
with the chamber-wall of the corresponding chamber,
irregularly half-cylindrically shaped to trumpet-shaped
in form; umbilicus large, partly or entirely covered
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TEXT FIGURE 5

Schematic drawings of sections through various types
of peripheral margins and keels. a. Ticinella, Thal-
manninella. b. Praeglobotruncana. c. Globotrunca-
nella. d. Globotruncana (gr. 1 and 3). e. Globotrun-
cana (gr. 1 and 3). f. g. Globotruncana (gr. 2) (g.
showing communications of canal-system). h. Thal-
manminella, Rotalipora, Globotruncana (gr. 1 and 3),
Globotruncanita. 1. Helvetoglobotruncana. j. “Globi-
gerinid” Globotruncana. k. Globigerina, sl., Ticinella,
“globigerinid” Globotruncana. Depending upon the
point of section Planomalina shows keél-sections of
type e, f, or h.

by the lips, which form in some species an umbilical
cover-plate. Upper Cenomanian to Maestrichtian.

Remarks.—Three groups of Globotruncana could
be distinguished:

1. Partly double-keeled forms which evolve from
undifferentiatedly-keeled ones, with rather long lips,
which are slightly arched lengthwise (e.g. G. sigali
Reichel).

2. Double-keeled (throughout) forms, which evolved
from the partly double-keeled ones mentioned above;
lips more strongly arched, labial apertures pointing
more strongly backwards (e.g. G. arca (Cushman),
G. lapparenti Brotzen group).

3. Partly double-keeled forms which evolved from
entirely double-keeled ones by approach and coales-
cence of the two keels in later chambers. Lips highly
arched to trumpet-shaped, often very large, labial
apertures pointing strongly backwards (e.g. G. wied-
enmayeri Gandolfi group, G. cretacea Cushman). (G.
cretacea apparently has been often confused with such
forms as G. sigali). It is from this third group that
Globotruncanita, gen. nov., evolved.

Genus Globotruncanita, gen. nov.
Type-species: Rosalina stuarti de Lapparent, 1918

Description.—Test  highly chamber
form variable, mostly polygonal in outline; single-

trochospiral;
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TEXT FIGURE 6

Various types of labial apertures. (Chamber-form
simplified and not corresponding to the actual one of
the respective genera). c.a. - cameral aperture. a.
Pseudovalvulineria, Planomalina. b. Ticinella. c. Thal-
manminella. d. Rotalipora (transition from Thalmanni-
nella- to Rotalipora-type). e. Rotalipora (combined
T halmanninella-Rotalipora-type). {f. Rotalipora. g.
Praeglobotruncana. h. Globotruncanella. 1. Globotrun-
cana gr. 1. j. Globotruncana gr. 2. k. Globotruncana
gr. 3, Globotruncanita. 1. Globotruncanita.
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TEXT FIGURE 7

Types of labial apertures (continued). m. Globi-
gerina, sl. (Cretaceous forms), Helvetoglobotruncana.
n. Globigerina, sl. (Cretaceous forms), Rugoglobige-
rina, “globigerinidd” Globotruncana.

keeled throughout; keel present on all chambers (ex-
cept the earliest ones), distally dichotomic with dorso-
septal and ventro-septal as well as periumbilical exten-
sions; spine-shaped extensions of the chambers present
in some forms; cameral aperture umbilical, single;
labial aperture pointing strongly backwards, in re-
flexed position opening into the umbilical cavity or
suprasuturally towards the periphery; lips much longer
on the distal side than on the proximal one, extremely

highly arched, much narrower at the junction with the
corresponding chamber and trumpet-shaped, overrid-
ing each other or fusing the strongly recurving distal
ends and forming an umbilical cover-plate covering
entirely the umbilical cavity with labial apertures
opening towards the periphery; umbilicus large, partly
or entirely covered by the apertural lips. Late San-
tonian to Maestrichtian.

resembles
somewhat Truncorotalia Cushman and Bermudez, but

Remarks—Globotruncanita, gen. nov.,
differs from the latter in many respects. There is ap-
parently no connection between these genera (Trunc-
orotalia appears in the Paleocene) and they have been
often confused. It has been emphasized by various
authors that the stuarti- group is very distinct from
other “Globotruncanas,” as far as chamber-form, keels
and apertural characters are concerned (see among
others Reichel, 1949, Gandolfi, 1955a). To Globo-
truncanita belong many species, e. g. G. elevata (Brot-
zen), G. stuartiformis (Dalbiez), G. calcarata (Cush-
man), G. conica (White), etc. The single-keeled Glo-
botruncana helvetica Bolli, which resembles Globo-
truncanita, shows, however, distinctive features and is
included in a new genus, Helvetoglobotruncana.

Genus Helvetoglobotruncana, gen. nov.
Type-species: Globotruncana helvetica Bolli, 1945

Description—Test flatly trochospiral, chambers
globular, slightly to strongly flattened on the dorsal
(sub-
peripheral keel) at the margin of the flattened part
of the chamber-wall with dorso-septal branches and
never dichotomic; keels granular to subspinose; cam-
eral aperture umbilical, extending slightly into a partly
interiomarginal position; labial apertures interiomar-
ginal-umbilical-sutural (latter part often reduced
through partial fusion of the lips); lips very slightly,
if at all arched lengthwise, covering partly the umbil-
ical cavity. Upper Cenomanian to lower Coniacian.

side; keel dorsal, not necessarily peripheral

Remarks—The systematic position of Helvetoglo-
botruncana helvetica has been regarded by various
authors as uncertain (see also Bolli, 1945) and it has
been repeatedly emphasized by many of them (Bolli,

_1945, Schijfsma, 1955, Sigal, 1955b, etc.) that transi-

tions between a Globigerina and this form can be ob-
served. Schijfsma and Sigal (op. cit.) stated that
Globotruncana helvetica is derived from a Globigerina.
This writer’s observations fully support the above-
mentioned authors’ conclusions. Helvetoglobotruncana
helvetica evolves gradually from a certain, apparently
as yet undescribed Globigerina (s.1.) (“grandes Globi-
gerines” of Sigal, 1955b, figured by Schijfsma, 1955),
which appears in the Cenomanian and is most abun-
dant in later Cenomanian and Turonian strata (prae-
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cursors already occur in the Vraconian). It exists to-
gether with H. helvetica up to the early Coniacian.
The presence of a keel in the latter form is the only
difference between it and the mentioned Globigerina
(s.1.). The resemblance of H. helvetica to Globo-
truncana gansseri Bolli (= G. lugeoni Tilev) is only
slight: the latter has a dichotomic peripheral keel, as
well as lips and labial apertures characteristic of Glo-
botruncanita. The chamber-form is also quite different.

As already pointed out above, the relationship be-
tween the Globigerinidae and the Globotruncaninae
needs further study, the results of which will show
whether or not Helvetoglobotruncana should be placed
in the Globotruncaninae.

The “Globigerinid” Globotruncana

Under this name is included a group of Cretaceous
forms which shows the attributes of the Cretaceous
species of Globigerina (s.l.) and Rugoglobigerina
(wall-structure, ornamentation, apertures, apertural
lips, chamber-form, etc.), but differs from the latter
by the presence of weak, incomplete, often inter-
rupted or discontinuous keels or rows of papillae or
pustules, arranged in two parallel lines [e.g. Globo-
truncana cf. G. globigerinoides Brotzen, as figured by
Bolli (1951), various keeled forms described as Rugo-
globigerina by Gandolfi (1955a), many of the forms
recorded as Globotruncana globigerinoides Brotzen (in-
cluding the holotype), etc.]. These Cretaceous forms
have been treated in detail by Gandolfi (1955a). He
regards some of these forms as transitions to Rugo-
globigerina and others as belonging actually to the
latter genus. It seems, however, that various questions
in connection with this group are not yet satisfactorily
answered and some of the problems involved will be
briefly reviewed below. For this reason the genus
Rugoglobigerina, as amended by Gandolfi (op. cit.)
has not been included for the time being in the genus
Globotruncana, as he proposed, or in the Globotrunc-
aninae, as herein amended.

Gandolfi regards Rugoglobigerina, as amended by
him, as forms which “are genetically related to Globo-
truncana but morphologically reminiscent of Globi-
gerina” (op. cit. p. 15) or “as forms with a Globiger-
ma-form and a Globotruncana-like umbilicus” (p. 87).
Rugoglobigerina should be regarded, therefore, as a
subgenus of Globotruncana (s. 1.), (in the sense of
Gandolfi, 0p. cit., as well as in that of Reichel, 1949).
According to Gandolfi the Globigerina-form is nothing
but a form of adaptation to pelagic life, which devel-
ops in species and genera of quite different genetical
rclationship (convergence). The process of “globiger-
inization” 1s regarded by Gandolfi as conditioned by
ccological factors and as having taken place repeatedly

during Cretaceous times in Globotruncana, s.s., as
well as in Rotalipora and possibly also in Ticinella
and Thalmanninella. According to the results of Gan-
dolfi’s study both double- and single-keeled species of
Globotruncana have produced Rugoglobigerina (in
the sense of Gandolfi). A derivation of Globotruncana
from Globigerina (s.1.), assumed by various authors,
s, therefore, regarded by him as highly improbable.

Reichel (1949) pointed out that certain species of
Globotruncana show a great resemblance to Globiger-
ina, possibly a phenomenon of convergence. The ten-
dency to globular chambers is present in various
groups of Globotruncana, especially in that of G. mar-
ginata, of which G. globigerinoides Brotzen would be
the end-form, viz. a “globigerinized” Globotruncana
with keels which tend to disappear. A Globigerina-
Globotruncana lineage seems doubtful also to Reichel
(compare also Hagn and Zeil, 1954), since the true
Globigerina is an evolved form, adapted to full pelagic
life and tending towards a perfectly spherical form,
Orbulina. Reichel admits, however, the possibility of
the stephani-linneir lineage having originated from a
Globigerina-like form, belonging to the Pseudovalvu-
lineria-group from which Ticinella evolved.

Due consideration must be paid, however, to sev-
eral points before final conclusions are drawn both
with regard to the origin of Globigerina (s.l.) and
Rugoglobigerina on one hand and of Globotruncana
and its allies on the other.

In the first place it is highly questionable, as pointed
out by various authors (see also Reiss, 1955), whether
the Cretaceous forms traditionally placed in Globiger-
ina actually belong to this latter genus: ornamenta-
tion, apertural lips, pore-size, etc. of Cretaceous forms
distinguish them clearly from Tertiary species of Glo-
bigerina. The Cretaceous species of “Globigerina” ap-
parently must be separated from the-Tertiary ones
and possibly split in several genera. They apparently
belong to the same group to which Rugoglobigerina
belongs. It seems, however, difficult to accept fully
Gandolfi’s emendation of this latter genus, for the fol-
lowing reasons:

In the paper in which Bronnimann described Rugo-
globigerina (Bronnimann, 1952a) the author clearly
stated that this genus differs from all other Upper
Cretaceous and Tertiary species of Globigerina by its
regular pattern of ornamentation — the “meridional
pattern” of rugosities —, present at least in adult
chambers. Furthermore, Rugoglobigerina has been de-
fined as having rounded to subglobular (although
truncated towards the umbilicus) chambers, without
hantkeninoid spines (subgen. Rugoglobigerina) or pro-
vided with such spines (subgen. Plummerita). The
genus I'rimitella, showing ornamentational affinities
with Rugoglobigerina, but flattened adult chambers,
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has been distinguished by Bronnimann as a separate
genus.

By including in Rugoglobigerina forms with or
without the characteristic meridional ornamental pat-
tern, forms with subglobular or flattened chambers
with a rounded to acute periphery, forms without
keels, as well as forms with one or two keels, the
genus is rendered almost meaningless, its definition
and separation from other genera, as Globigerina s. 1.
or Globotruncana, being extremely difficult if not im-
possible. Plummerita-forms would have to be rele-
gated to specific level (Rugoglobigerina becoming a
subgenus) and T'rinitella would fall evidently in the
scope of Rugoglobigerina. It is still not clear what
actually is meant by a “Globigerina”-form (in the
sense of Gandolfi). Furthermore the status of the
subgenus Rugoglobigerina Bronnimann, emend. Gan-
dolfi (non subgen. Rugoglobigerina Bronnimann) is
not clear. If Rugoglobigerina is actually a phylogenic
subgenus of a morphogenic genus (in the sense of
Tintant, 1952) there is no reason why keeled species
of Rugoglobigerina (which according to Gandolfi
evolve from Globotruncana, s.s.) should not be trans-
ferred to Globotruncana, while the unkeeled ones
should be regarded as belonging to a morphogenic
genus (which is polyphyletic), like Globigerina, s.1. or
any other genus which would include, from a morpho-
logical point of view, all Cretaceous species of Globi-
gerina, s.l. or Rugoglobigerina. On the other hand
most of the species of Rugoglobigerina described by
Gandolfi have a keeled subspecies and an unkeeled
one, the latter being, according to Gandolfi, only an
end-member of a certain Globotruncana-group. The
separation of such a keeled subspecies of Rugoglobi-
gerina from Globotruncana remains almost arbitrary.

If Rugoglobigerina is only an ecologically conditioned
form of (various) Globotruncana, its separation as a
subgenus (even morphogenic) might be questionable.
Such a form would have at best subspecific value, re-
ceiving the species-name of the Globotruncana which
produced it. On the other hand such ecologically con-
drtioned forms (if thus conditioned) as species of
Rugoglobigerina would be quite different from ecologi-
cal “phases” (e.g. as in Tretomphalus). -As pointed
out by Gandolfi (1955a) the process of “globigerini-
zation” must have taken place repeatedly throughout
Cretaceous times in various species, species-groups and
genera. That means that a certain species of Globo-
truncana, for example, has lived for a certain geologi-
cal time-span as a benthonic organism and has devel-
oped afterwards an offshoot adapted to full pelagic
life. The latter would have lived for a certain time-
span together with the benthonic form, which, how-
ever, ultimately disappeared. This process has been
repeated time and again, producing stratigraphical se-

quences of benthonic and pelagic forms (compare
Gandolfi’s plate 8) in all groups of Globotruncana. It
seems, however, that this kind of repeated and phylo-
genetic evolution, explained by Gandolfi by ecological
adaptation, needs further study, especially since cer-
tain groups of Globotruncana (e.g. the forms described
herein as Globotruncanita) do not produce “globigeri-
nids,” as shown by Gandolfi himself.

Furthermore, several forms described by Gandolfi as
Rugoglobigerina (in his sense) seem to belong actually
to other genera and are, therefore, no proof for the
process of “globigerinization” (Rugoglobigerina petal-
oidea Gandolfi, for example, which according to him
is closely related to Globotruncana citae, which in
turn, however, is a Globotruncanella). Praeglobotrunc-
ana or Globotruncana are not derived from T halmann-
inella as stated by Gandolfi (compare also Reichel,
S'gal, et al.) and the inflated chambers of Praeglobo-
truncana are, therefore, no indication of a “globigerini-
zation.” On the contrary, Praeglobotruncana produces
the flat and strongly keeled Globotruncana s.s. In the
same way Ticinella produces the flat Thalmanninella.
Helvetoglobotruncana helvetica is not connected with
Globotruncana aft. G. renzi, as shown by Gandolfi, but
has doubtless evolved from a Globigerina s.1. It has
also not produced any “Globigerina” or Rugoglobi-
gering as assumed by him. H. helvetica is a convinc-
ing example of the existence of a process leading from
a “Globigerina”- to a “Globotruncana”form.

It has been pointed out by Brotzen (1936) that al-
though Globotruncana globigerinoides resembles ex-
tremely globular-chambered forms of G. wventricosa
(Brotzen, non White), no transition between them
could be observed. On the other hand, according to
Brotzen it is difficult to separate G. globigerinoides
from Globigerina cretacea, as described and figured by
the latter author. The only difference between them
is, according to Brotzen, the presence of extremely
faint keels in G. globigerinoides. Gandolfi, however,
states that G. globigerinoides produced Rugoglobiger-
wma hexacamerata Bronnimann. The present writer has
examined various faunules containing “Globigerina”
cretacea and found associated with it forms which dif-
fered only in the presence of extremely faint keels
(often visible only after calcination and under high
magnification) and which corresponded to Brotzen’s
original description and figures of Globotruncana glo-
bigerinoides. Size, form, wall-structure and ornamen-
tation (irregular pustules or granules) are the same in
both forms. No specimens which could be identified
as Rugoglobigerina hexacamerata have been found as-
sociated with them. Both forms have thinner walls
than the accompanying species of true Globotruncana.
This is true of all Cretaceous keeled “globigerinids.”

There is apparently no correlation between weak-
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ness of keel and increase of ornamentation (compare
also Gandolfi). Extremely faintly keeled, “globigerinid”
species of Globotruncana have been shown to have a
very strongly developed ornamentation of tubercles or
pustules, while others, just as faintly keeled, have
smooth walls.

There is much less difference between a keeled “Glo-
bigerina” or Rugoglobigerina (i.e. a ‘“globigerinid”
Globotruncana) and the accompanying species of
Globigerina s.1. or Rugoglobigerina, than between such
keeled forms and the accompanying species of Gdobo-
truncana, no matter how globular the latter’s cham-
bers are. It is noteworthy in this connection that Gan-
dolfi sharply separated most keeled species of Rugo-
globigerina from those of Globotruncana from which
they are supposed to evolve and placed them as sub-
species of Rugoglobigerina species.

Various Cretaceous Globigerina, s. ., species as well
as all those of Rugoglobigerina show a strong develop-
ment of apertural lips; this is in fact one of the main
differences between the Cretaceous and Tertiary globi-
gerinids. On the other hand the lips of Cretaceous
globigerinids and of the “globigerinid” species of Glo-
botruncana are much less regular in shape than those
of true Globotruncana, resulting in the formation of
labial apertures which are irregular in size and position.

While agreeing with Reichel (1949) that the spheri-
cal form of the proloculus in the Globotruncaninae is
no indication of their derivation from a globigerinid
stock (the spherical shape of the proloculus being de-
termined by the laws of liquid drops in suspension)
and that many Globotruncana species show a tendency
towards globular chambers and weakening of the keels,
we can not overlook the fact that apparently all Glo-
botruncaninae, as herein redefined, evolved from an-
cestors with strongly globular chambers and appar-
ently always have the earliest few chambers in glob-
ular form. Reichel himself pointed out that G. steph-
ani (i. e. Praeglobotruncana) might have evolved from
a Globigerina-like form of the Pseudovalvulineria-
group, from which Ticinella evolved. Pseudovalvulin-
eria lorneiana (Gandolfi, non d’Orbigny) and P. lorne-
tana trochoidea (Gandolfi) have strongly globular
chambers. Both groups, Ticinella and Praeglobotrunc-
ana, have evolved towards flat forms which are
strongly keeled and peripherally truncated in many

species. The case of Helvetoglobotruncana helvetica
has been mentioned above. Also it must not be over-
looked that e. g. Ticinella-T halmanninella assemblages
occur always associated w.th “Globigerina”; usually
all are numerically abundant and occur in sediments
deposited apparently under open-sea (not necessarily
deep-water) conditions. There is nothing in chamber-
form, in numerical association of their members, or in
type of sediment in which they occur which would
contradict a pelagic habitat for such Ticinella-Thal-
manninella-“Globigerina” assemblages. They very much
resemble Recent Globigerinoides-Globorotalia-Globige-
rina assemblages, which are evidently pelagic. Cham-
ber-form in relation to habitat is still a problem of
foraminiferal research.

The various points mentioned above still need clari-
fication. A revision of the Globigerinidae as a whole
will probably be helpful in this respect.

Until such a revision is carried out it seems adequate
to separate from Globotruncana all Cretaceous species
of “Globigerina” and Rugoglobigerina, as well as forms
which show all attributes of the latter two groups, but
are provided with carinal bands and with incomplete,
discontinuous keels. These “globigerinid” species of
Globotruncana might have originated from Globo-
truncana, as suggested by Gandolfi; or — as believed
by this writer — they have originated from Cretaceous
“globigerinids.” Evidence at hand is not yet fully
convincing.

Rugoglobigerina should be separated from other spe-
cies of Cretaceous Globigerina s.l., as originally defined
by Bronnimann. The Cretaceous “Globigerina” species
must be separated from the Tertiary ones and de-
scribed as distinct genera and subgenera. The position
of the “globigerinid” species of Globotruncana seems
doubtful for the moment. In daily routine-work at
this writer’s laboratory the Cretaceous species of
Globigerina (s.l.) (except Rugoglobigerina) are re-
ferred to under various provisional genera-names and
the “globigerinid” species of Globotruncana as “Globi-
globotruncana” and “Rugoglobotruncana” respectively;
the difference between the latter forms is the same as
that between the Cretaceous species of “Globigerina”
and Rugoglobigerina, viz. the presence or absence of a
“Globiglobo-

truncana” is frequent in the early Senonion of Israel;

meridional pattern of ornamentation.

EXPLANATION OF PLATE 18
(BiLamEeLLIDEA, figs. 1-4 and MoNOLAMELLIDEA, figs. 5-6)

Fics. i Pace
1-4.  Pseudovalvulineria lorneiana (d’Orbigny). Campanian. Paris-basin. ... ... 128
5. Valvulineria californica Cushman. Miocene. California. ... 128
6. Cancris sp. Miocene. Israel. ..., 128, 130

Figs. 1, 2, 3, 5 and 6, horizontal sections.

Fig. 4, vertical section.

All figures X 100.

Note double septa and walls, as well as relationship between outer lamella and inner lining in figs. 1-4 and the

simple (single) septa and walls in figs. 5 and 6.
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“Rugoglobotruncana” is very frequent in the late
Campanian and in the early Maestrichtian of that
country.

It is possible that the Globigerinidae are more
closely related to the Globorotaliidae than chamber-
form and certain morphological details (e.g. keels)
would suggest and that present concepts of genera and
higher systematic groups of Foraminifera are inade-
quate. The concept of “plexus” in the sense of Sigal
might prove a more satisfactory approach to forami-
niferal systematics and would help to curtail the —
at present necessary — proliferation of genera.

Stratigraphical Distribution of the Globotruncaninae

The accompanying table shows the stratigraphical
distribution of the various genera of the Globotruncani-
nae, as well as their assumed phylogenetic relationships.

The very low stratigraphical occurrence of Plano-
malina 1s based on the record of a typical species of
this genus (P. cheniourensis) from the Aptian-Albian
boundary in Algeria (Sigal, 1952b), that of Ticinella
at the Aptian-Albian boundary on the record of a new
Ticinella from North Afr.ca by Sigal (1955a).

ADDENDUM

After the completion of the typescript of the present
paper the publication “Taxonomy of the Globotrun-
canidae” by P. Bronnimann and N. K. Brown, Jr.
(Ecl. Geol. Helv. vol. 48, No. 2, 1955) came to hand.
The subfamily Globotruncaninae Brotzen, 1942, is
elevated to the rank of family. It includes 12 genera,
three of them new, as follows: without “costellae”

(rugosities arranged in a meridional pattern), with-

out accessory apertures — Hedbergina and Praeglobo-

truncana, or with accessory apertures — Ticinella,
Rotalipora, Thalmanninella and Globotruncana; with
costellae, without accessory apertures — Kuglerina

and Bucherina, with accessory apertures — Rugoglobi-
gerina, Plummerita, Rugotruncana and Trinitella. All
these genera are regarded as having a granular-calcar-
eous structure (see, however, Reichel, 1955, “Sur une
Trocholine du Valanginien d’Arzier”: Ecl. Geol. Helv.
vol. 48, No. 2). The two layers of the double walls

are believed to be two parts of a “primary” lamella,
deposited on both sides of a capsular membrane or
diaphragma, which enclosed the protoplasmic mass.
Later lamellae have been added on the outside only.
The dark “dots” visible in section at the border of the
aperture and at the periphery of the test are not re-
garded as canals (in section). The genera of the
Globotruncanidae are believed to have evolved either
by proterogenesis or by palingenesis from Cretaceous
species of “Globigerina” (which are regarded to be
different generically from the Tertiary ones) in 4 main
groups, comprising 14 lineages. All genera of the Glo-
botruncanidae have early globular chambers. Pseudo-
valvulineria lorneiana (Gandolfi, non d’Orbigny) and
P. lorneiana trochoidea (Gandolfi) are placed in the
new genus Hedbergina, which has evolved from “Glo-
Ligerina” towards Ticinella and Thalmanninella. Ro-
talipora is regarded to be devoid of an umbilical cover-
plate and to have evolved from Praeglobotruncana.
The latter is regarded to be double-keeled. The double
keel of the Globotruncanidae is regarded as being ac-
tually one keel with two rims. Rugotruncana com-
prises single- and double-keeled forms, having costellae
or traces of them. It includes among others Globo-
truncana citae, G. gansseri, G. calcarata, G. mayaro-
ensis, G.intermedia; (our “Rugoglobotruncana” is con-
generic with the type-species of Rugotruncana). Glo-
botruncana formicata Plummer is believed to be de-
rived from G. imbricata; G. linnetana to be distinct
from G. lapparenti and to have evolved from a “Globi-
gerina”-Globotruncana saratogaensis (Applin) (= G.
globigerinoides Brotzen) -G. marginata lineage; G. arca
to be derived from G. lapparenti tricarinata; G. rosetta
(Carsey) to be derived from a G. lapparenti-cretacea
lineage. G. stuarti and G. conica are believed to have
evolved from a G. marginata-renzi-sigali lineage. Ru-
gotruncana calcarata, R. gansseri and the R. havanen-
sis (= Globotruncana citae)-intermedia-mayaroensis
lineages are believed to have evolved independently
from Rugoglobigerina. The main trends ef evolution
are: increase in size of individuals, intensification of
ornamentation, progressive modification of shape, in-
crease in size of the umbilicus, increase in size of the

EXPLANATION OF PLATE 19

(BILAMELLIDEA)
Fics. Pace
1. Discopulvinulina sp. Recent. Atlantic Ocean. ................. .o 128
2,3,5. Globorotalia menardii (d’Orbigny). Recent. Atlantic Ocean. (Details). ... 130
4. Truncorotalia cf. aragonensis (Nuttall). Lower Eocene. Israel. ... ... . ... . 130
6,8. Globotruncanita stuarti (de Lapparent). Maestrichtian. Aquitaine, France. (Details). .......... 136
7. Planomalina buxtorfi (Gandolfi). Vraconian. TiCINO. ... 136

All figures X 100 and representing vertical sections.

Note double walls in last chamber, peristomal canals and non-canaliculate keel in fig. 1; the lamellar structure
and keel-canals in figs. 2. 3 and 5-8; the pillar-like structures in the wall at point of sharp inward-bending of
chamber-wall in fig. 4; the canaliculate keels in fig. 7 (in lower part of picture section passes through the keel
far from the point of dichotomization, in upper part of picture near to this point).
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apertural flaps, increase in height of coiling and pro-
gressive refinement of shell-wall material.

As can be seen from the present paper, this writer
does not agree with Bronnimann and Brown (op. cit.)
with regard to various points (wall-structure, keels,
interpretation of various genera, etc.). The conclu-
sions reached by those authors with regard to the phy-
logeny of the Globotruncanidae are opposed to those
of other authors, especially Gandolfi, and are nearer
in certain points to those reached by Sigal, being in
disagreement in various points with the present writer’s
views. It seems that all conclusions with regard to
the phylogeny of the “Globotruncanas,” reached lately
by various authors (including the present one) war-
rant further study and discussion.
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(BILAMELLIDEA)

Fics. Pace
1. Globigerina (s.1.) sp. Vraconian. AIZEITa. ... 129
2. Globigerina (s.1.) sp. transition to Helvetoglobotruncana helvetica (Bolli).

Upper Cenomanian. Israel. .. ... 129, 137
3. Globigerina (s.1.) sp. Upper Cenomanian. Israel. ... ..., 129
4. Globigerina (s.1.) cretacea d’Orbigny. Campanian. Paris-basin. ... 129
5. Helvetoglobotruncana helvetica (Bolli). Lower Turonian. Israel. ... 137
6. Globigerina sp. Recent. Atlantic OCEAN. ..o oo, 129
7. Globigerina sp. Recent. . Atlantic Ocean. ... 129
8. Globigerina sp. Recent. Atlantic Ocean. (Detail). ... e, 129
9. Globigerina sp. Pliocene. Israel. ... e, 129

All figures, except fig. 8, X 100; fig. 8, X 200. Figs. 1 and 4, horizontal sections; figs. 2, 3, 5-9,

vertical sections,

Note the lamellar structure, the double walls and the peristomal-septal canals in the various figured specimens.
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EXPLANATION OF PLATE 21
All figures X 42

Fics. Pace
1-4. Hyperammina aff. H. elongata Brady var. clavatula Howchin ..., 147
la, complete specimen with unequal cementation of sand grains on the tubular chamber;
1b, apertural view; 2a, specimen with damaged proloculus; 2b, apertural view; 3, fragment
of another specimen, showing feeble external constrictions; 4, section of a fragment of the

tubular chamber. :
5-7. Hyperamming gracilis WaTETS ...........c.coiiiiiiiiiiieieeeeeeeeee ettt 146

5, specimen with damaged proloculus; 6a, attached specimen showing the fusiform proloc-
ulus; 6b, apertural view; 7a, fragment of another specimen; 7b, apertural view of the highly
compressed tubular chamber.
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OCCURRENCE OF THE GENUS HYPERAMMINA IN THE MARINE

PERMO-CARBONIFEROUS BED AT UMARIA, CENTRAL INDIA

S. B. BuaTia and 1. P. SAxENa
Department of Geology, University of Lucknow, India

ABSTRACT

The foraminiferal genus, Hyperammina, is recorded for
the first time from the marine Permo-Carboniferous bed
at Umaria, Central India. The genus.is represented by
two species — H, gracilis Waters and H. aff. H. elongata
Brady var. clavatula Howchin.

INTRODUCTION

The marine Permo-Carboniferous bed at Umaria in
Central India has attracted great attention since its
occurrence was first recorded by K. P. Sinor in the
General Report of the Geological Survey of India for
the year 1921 (vide Fermor, 1923, pp. 14-16). The
thin marine bed, 10 feet thick, occurs intercalated with
fresh-water beds of the Lower Gondwana System. It
unconformably overlies the Talchir Boulder bed and
is overlain by the fresh-water Barakar sandstones and
grits, The stratigraphy of these beds, together with
that of the coal-bearing formations of the Umaria
Coalfield, has already been described in detail (Gee,
1928).

According to Wadia (1953, p. 232) “This bed must
be regarded as a solitary record of an evanescent trans-
gression of the sea-waters into the heart of the Penin-
sula, either from the North through Rajputana, or
from the West Coast, induced by some diastrophic
modification of the surface of the land, which, how-
ever, must have been of a transient nature and must
have soon ceased to operate.”

Krishnan (1954, p. 5) postulated that there was a
marine connection between Umaria and the Salt Range
through the Narbada wvalley, Gujarat, Kutch and
western Rajasthan.

The marine bed contains four distinct fossiliferous
bands (Gee, op. cit.). These bands are of variable
thickness and lithology and are crowded with agglom-
erated shells of brachiopods, gastropods, etc. Reed
(1928) recorded a rich fauna from them, the predom-
inant species being Productus wmarienesis Reed, P.
umariensis var. spinifera Reed, P. rewahensis Reed,
Spirifer narsarhensis Reed, Reticularia barakarensis
Reed, Pleurotomaria wmariensis Reed, Rhombopora
sp., crinoid stems, etc.

Although these bands are rich in megafossils, par-
ticularly brachiopods, microfossils have been consid-
cred to be comparatively rare. Only a few ostracods
(Jonesina ! sp., Cyiherella ? sp., Palacocypris sp.) and

some dermal tubercles of fish have been reported (Reed,
op. cit.). This paper reports the first known occurrence
of the arenaceous foraminiferal genus Hyperammina.
The following species have been recognized: H. gra-
cilis Waters and H. aff. H. elongata Brady var. clava-
tula Howchin. The former species is present in great
abundance.

PROVENANCE OF MATERIAL

The marine bed at Umaria is exposed on both sides
of the railway cutting, near Narsarha Nala, two miles
west of Umaria railway station (Topographic sheet
No. 64 A/14: 23° 31" 30” N.; 80° 49’ 30” E.). The
material from which the species of Hyperammina were
obtained comes from the yellowish-brown calcareous
siltstone band, 5 inches thick, exposed on the western
side of the railway cutting (vide etiam Gee, 1928).
The material was collected several years ago by the
junior author.

DESCRIPTION OF SPECIES

Family HYPERAMMINIDAE
Subfamily HYPERAMMININAE
Genus Hyperammina Brady, 1878, emend Conkin,
1954
Hyperammina gracilis Waters
Plate 21, figures 5-7

1927, Hyperammina gracilis WATERs, Journ. Paleont.,
vol. 1, p. 130, pl. 22, figs. 4-5.

Description—Test free or attached; proloculus
somewhat fusiform in shape; second chamber consist-
ing of a straight, undivided, strongly compressed tube,
very slightly increasing in width towards the aperture;
test often feebly constricted externally at irregular
intervals; aperture elliptical, terminal; wall arenaceous,
thick, fine to medium grained, pale brown to cream
coloured.

Dimensions.—Length, up to 2.1 mm.; longer diam-
eter, up to 0.77 mm.; shorter diameter, up to 0.30 mm.

Discussion—The species resembles H. glabra Cush-
man and Waters, from the Pennsylvanian of Texas,
but differs from it in the greater size of the proloculus
and the nearly uniform width of the second chamber.
H. compressa Paalzow, from the Permian of Germany,
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appears to be closely related to the present species
and may come within its range of variation. Although
topotype specimens of the two species were not avail-
able for study, the differences between the two appear
to be trivial (as is evident from their description).

Remarks—Specimens of this species are very fragile
and the proloculus is seldom found intact. Out of over
25 specimens examined, only one was complete. The
interior of the tubular chamber is invariably ‘filled’
with clay material.

Hyperammina aff. H. elongata Brady
var. clavatula Howchin

Plate 21, figures 1-4

1888, Hyperammina elongata BRrApY var. clavatula
HowcHiNn, Roy. Micr. Soc. Lond., Journ., p. 535,
pl. 8, figs. 1-2.

Description—Test free, consisting of a rounded pro-
loculus and an elongate, straight tubular second cham-
ber of uniform diameter throughout; tube circular in
cross section, occasionally irregular in shape, often con-
stricted externally at irregular intervals; wall arena-
ceous, texture variable, pale brown to cream coloured.

Dimensions—Length up to 2.14 mm.; diameter, up
to 0.71 mm.

Discussion.—This species differs from H. gracilis in
the circular cross section of the tubular second cham-
ber. A few specimens, which may be questionably re-
ferred to it, occur in our material. It was originally
described from the Carboniferous limestone of north-
ern England.

Remarks—It is possible that the two species de-
scribed here represent dimorphic generations. Owing
to the fragile nature of the tests, only three complete
specimens have been found, the rest being represented
only by the tubular chamber. Other better preserved
specimens are required before any definite relationship
between the two can be established. For the present,
however, they are considered to be separate species.

GENERAL REMARKS
ON THE AGE OF THE BED

Although the genus Hyperammina has a long strati-
graphical range — Silurian to Recent — some of the
species have a limited vertical range.

H. gracilis was originally described from the lower
Pennsylvanian rocks of the Dornick Hills formation,
Ardmore Basin, while H. elongata var. clavatula was
described from the Carboniferous limestones of north-
ern England. Cooper (1947, pp. 88-89) recorded the
following species of Hyperammina from the upper
Kinkaid (Mississippian) of Illinois: H.cf. H. elongata
clavatula, H. cf. H. glabra and H. sp. Conkin (1954)

recorded a monospecific assemblage comprised of H.

kentuckyensis Conkin from the

Kentucky.

Mississippian  of

Conflicting views have been expressed concerning
the age of the Umaria Marine bed. Reed (1928, pp.
393-394) on the basis of the contained megafossils
concluded that the bed is of Permo-Carboniferous age,
with a noticeable admixture of types possessing affini-
ties with both Carboniferous and Permian species, but
as Krishnan (1944, p. 250) pointed out “. . . . . the
species are all new, with highly individual characters.”
Wadia (1953, p. 232) also assigns a Permo-Carbonif-
erous age to the bed. Krishnan (1953, p. 20; 1954)
groups the Umaria Marine bed along with the Barakar
and Karharbari stages in the lower Permian. Fox
(1931) while placing the marine bed at the base of
the Barakar series, assigned an upper Carboniferous
age to it, and Permian to the over-lying beds.

It would be manifestly suspect to draw conclusions
regarding the age of the marine bed, based entirely on
the evidence of Hyperammina spp. Of the two species
recorded, only one has been definitely identified. H.
gracilis, originally described from the Carboniferous,
might range upwards to the Permian, should H. com-
pressa be synonymous with it. The topotype speci-
mens of these two species have to be studied to clarify
this point. It is hoped that future work, planned by
the authors, will clarify the disputed problem of the
age of the bed.
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RECENT LITERATURE ON THE FORAMINIFERA

Below are given some of the more recent works on
the Foraminifera that have come to hand.

AKERS, W. H.,, and DROOGER, C. W. Miogypsinids,
planktonic Foraminifera, and Gulf Coast Oligocene-
Miocene Correlations.—Am. Assoc. Petr. Geol. Bull,,
v. 41, No. 4, April 1957, p. 656-678, text figs. 1, 2
(correlation table, map).—By means of miogypsinid
species in common between Mediterranean and Gulf
Coast regions, the European time scale is applied to
the planktonic zones established in Trinidad with the
result that the Globigerinatella insueta zone is tenta-
tively placed in late Helvetian. Eleven species of

Miogypsina are discussed.

ALMGREN, A. A, and SCHLAX, W. N. Post-Eocene
age of ‘““Markley Gorge’' fill, Sacramento Valley, Cali-
fornia.—Am. Assoc. Petr. Geol. Bull.,, v. 41, no. 2,
Febr. 1957, p. 326-330, figs. 1-4.—Oligocene age of
the lower part of the fill is based on Foraminifera.

ASCOLI, P, Cibicides flor-
idanus (Cushman) var. suturatus n. var.—Riv. Ital.
Pal. Stratig., v. 62, No. 4, 1956, p. 265, 266, text fig.
1.—From Tortonian of Mombisaggio.

Microfaune del Tortoniano di Mombisaggio e della serie
pliocenica di Volpeglino.—Riv. Ital. Pal. Stratig., v.
63, No. 1, 1957, p. 3-30, pls. 1, 2, text fig. 1, table 1.—
Table shows range and abundance of about 60 Pliocene
species. The Miocene species are listed. Two photo-
graphs illustrate assemblages typical of the two ages.

Diagnosi di forme nuove.

BARNARD, TOM. Frondicularia from the Lower Lias
of England.—Micropaleontology, v. 3, No. 2, April
1957, p. 171-181, pls. 1, 2, text figs. 1, 2, table 1.—
Evolutionary study of a group of smooth forms (F.
brizaeformis) and a group of ornamented forms (F.
sulecata), including discussion of significance and
range of the chief variants.

BERRY, E. WILLARD. Fossil Cyclammina, with a de-
scription of two new species from Peru.—Bol. Soc.
Geol. Peru, v. 30, 1956, p. 81-97, text figs. 1, 2, table
1.—Fifty-two fossil species of Cyclammina are listed
with their recorded occurrences.

BIEDA, F. Die Fauna Grosser Foraminiferen im Obere-
ozin der Slowakei (German summary).—Geol. Sbornik,
Slovenska Akad. Vied, Bratislava, Rocnik 8, cislo 1,
1957, p. 28-71, pls. 2-6.—Descriptions and illustra-
tions of nummulites and related forms.

BYKOVA, E. V. Foraminifery Ordovika I Silura Sovets-
koj Pribaltiki, in Mikrofauna SSSR, Sbornik 8.—
Russia, Vses. neft. nauch.-issl. geol. instit., Trudy, n.
ser., no. 98, 1956, p. 6-37, pls. 1-5.—Twenty-one spe-
cies, 11 new and 7 indeterminate, in 9 genera, 2 new.

COLE, W. STORRS. Variation in American Oligocene
species of Lepidocyclina.—Bull. Amer. Pal., v. 38,
No. 166, May 10, 1957, p. 27-51, pls. 1-6, table.—
Three species of the subgenus Lepidocyelina are illus-
trated and discussed and a species is transferred to
Amphistegina from Operculinoides. A key includes the
7 known American Oligocene and Miocene species of
the subgenus Lepidocyelina,

COLOM, G. Notas sobre Foraminiferos fosiles.—Instit.
‘‘Lucas Mallada’’ Invest. Geol., Madrid, No. 33, 1957,
p. 27-34, text figs. 1, 2 (pls.).—Two new species, one
Miocene and one Lower Cretaceous, and a new sub-
species from the Miocene.

DABAGJAN, N. V., MJATLJUK, E. V., and PISHVAN-
OVA, L. S. Novye Dannye Po Stratigrafii Tretich-
nykh Otleczhenij Zakarpat’ja Na Osnovanii Izuchenija
Fauny Foraminifer.—Geol. Slhornik, 2-3, 1956, p. 220-
236, pls. 1, 2.—Eight species, 4 new.

DALBIEZ, F. The generic position of Rotalia deeckei
Franke, 1925.—Micropaleontology, v. 3, No. 2, April
1957, p. 187, 188, text figs. 1-5.—Belongs to Thal-
manninella which is regarded as a subgenus of
Rotalipora.

EDGELL, H. S. The genus Globotruncana in Northwest
Australia.—Micropaleontology, v. 3, No. 2, April
1957, p. 101-126, pls, 1-4, text figs. 1-4, table 1.—
Thirteen species (1 new) and 1 subspecies of Globo-
truncana and 1 of Rugoglobigerina are described and
illustrated and their structural characteristics com-
pared in tabular form. Correlation with European
and American Upper Cretaceous is indicated. The
species are combined into 6 morphological groups and
their morphogenetic trends are discussed. Quantita-
tive analysis of the faunas suggests that the genus is
chiefly benthonic, at least in adult stages.

FRANZENAU, A., and MAJZON, L. New and inter-
esting Foraminifera species.—Ann. Hist.-Nat. Mus.
Nat. Hungarici (n. ser.), v. 7, 1956, p. 211-220, pl. 1.
-—Publication, on the centenary of Franzenau’s birth,
of previously unpublished notes, descriptions, and il-
lustrations. Twenty-three species, 11 new and 6 others
first illustrated here, from Miocene and Rupelian beds.
Lists of species also included.

GANELINA, R. A. Foraminifery Vizejskikh Otlozhenij
Severo-Zapadnykh Rajonov Podmoskovnoj Kotloviny,
in Mikrofauna SSSR, Sbornik 8.—Russia, Vses. neft.
nauch.-issl. geol. instit., Trudy, n. ser., no. 98, 1956,
p. 61-183, pls. 1-12, tables.—Fifty-nine species, nearly
all new, from the late Paleozoic. One new genus.

GIANNINI, ENZO. Studio micropaleontologico di un
livello argilloso di dubbia interpretazione nel complesso
neo-autoctono mio-pliocenico, presso Pomaia (Pisa).—
Atti. Soc. Toscana Sci. Nat., ser. A, v. 62, fasc. 2,
1955, p. 445-466, pls. 1, 2.—A rich lower Pliocene
fauna, no new species, a few illustrated.

GIUNTA ILACQUA, M. I Foraminiferi Calabriani di
Rometta Superiore (Messina).—Riv. Ital. Pal. Stratig.,
v. 62, No. 4, 1956, p. 225-238, pl.
planktonic fauna; no new species,

20.—A largely

GLAESSNER, M. F. Crustacea, from the Cretaceous
and KEocene of Western Australia.—Journ. Royal
Soc. West. Australia, v. 40 (1956), pt. 1, Febr. 21,
1957, p. 33-35, pl.—Eocene age of the South Perth
Bore occurrence determined by smaller Foraminifera.
Fourteen species listed.
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GORODISKI, ALEXANDRE, Notice explicative sur les summary).—Acta Geol. Polonica, v. 7, pt. 1, 1957,
feuilles Ouakam et Dakar.—French West Africa, p. 71-103, pls. 12-25, text figs. 1-3, distrib. chart 1.
Carte Géol. de la presqu’ile du Cap Vert, 1952, p. 1- —Lists, distribution chart, and illustrations of
63.—Several Tertiary and Cretaceous faunas of Foraminifera.

snigllon Foramintfers are lsted, KUGLER, H. G. Contribution to the geology of the is-

GROZDILOVA, L. P. Miliolidy Verkhneartinskikh Otlo- lands Margarita and Cubagua, Venezuela.—Bull.
zhenij Nizhnej Permi Zapadnogo Sklona Urala, in Geol. Soc. America, v. 68, May 1957, p. 555-566, pl.
Mikrofauna SSSR, Sbornik 8.—Russia. Vses. neft. 1 (geol. map), text fig. 1 (sections).—Tertiary age
nauch.-issl. geol. instit., Trudy, n. ser., no. 98, 1956, determinations based on Foraminifera.

p. 521-531, pl. 1.—Six species and one variety of

= N - LEBEDEVA, N. S. Foraminifery Ehtrenskikh Otlo-
Hemigordius, all but one species new.

zhenij Tengiehskoj Vpadiny, in Mikrofauna SSSR,

HAGN, HERBERT. Das Profil des Beckens von Gosau Sbornik 8.—Russia, Vses. neft. nauch.-issl. geol. in-
(bsterreichische Kalkalpen) in mikropalidontologischer stit., Trudy, n. ser., no. 98, 1956, p. 39-59, pls. 1-3.
Sicht.—Sitz. math.-nat. Kl., Osterreich. Akad. Wiss., —Thirteen species, 6 new and 3 indeterminate, and 3
Jahrg. 1957, Nr. 4, p. 31-67, 1 table. varieties, 1 new, from the Late Paleozoic. Two new

genera.

HAGN, HERBERT, and ZIEGLER, JOSEPH. Zur Ent-
stehung ‘‘pseudolabyrinthischer’’ Strukturen bei sand- LEVIN, HAROLD L. Micropaleontology of the Oldsmar

schaligen Foraminiferen.—Paliont. Zeitschr., Band limestone (Eocene) of Florida.—Micropaleontology, V.
31, heft 1/2, March 1957, p. 66-77, pls. 5, 6.—Re- 3, No. 2, April 1957, p. 137-154, pls. 1-4, text figs. 1,
placement of calcium carbonate by iron sulfide. 2, chart 1.—In a quantitative study of Foraminifera

in well cuttings from the subsurface Oldsmar lime-
stone of lower KEocene age, the 4 biostratigraphic
zones established by Applin and Applin are revealed.
Depositional environment is interpreted by compari-
son of lithologic and paleontologic data with similar
data on Recent sediments. Twenty-three species (5
new and 3 indeterminate) and 3 varieties (2 new) are
included and most of them illustrated.

HOUBOLT, J. J. H. C. Surface sediments of the Per-
sian Gulf near the Qatar Peninsula (Proefschrift
Utrecht 1957). (With appendix, ‘‘Description of
Heterostegina gatarensis’’ by KLAUS KUPPER, p. 103-
106, photographs 28-31).—Mouton & Co., The Hague,
1957, p. 1-113, text figs. 1-28, 31 photographs, enclo-
sures 1-6 (maps, sections).—Six foraminiferal assem-
blages, based on predominant genera, are distinguished
and illustrated by photographs, from various bottom LOEBLICH, ALFRED R. JR., and TAPPAN, HELEN.
types and depths between 0 and about 50 fathoms. The new planktonic foraminiferal genus Tinophodella,

and an emendment of Globigerinita Bronnimann.—

Journ, Washington Acad. Sci., v. 47, No. 4, April

1957, p. 112-116, text figs. 1-3.—Tinophodella ambita-

crena n. gen., n. sp., from paratypes of Globigerinita

naparimaensis, is described from off Brazil. Also,

G. parkerae n. sp. from Recent Gulf of Mexico.

HUSS, FELICJA. Stratigraphy of the Weglowka unit
in the light of its microfauna (in Polish with English
summary).—Acta Geol. Polonica, v. 7, pt. 1, 1957, p.
29-69, pls. 1-11, text figs. 1-7, tables 1-3, distrib.
charts 1-6.—A continuous Flysch sequence with il-
lustrations of 22 faunal assemblages, extending from
Lower Cretaceous to Oligocene. MAC GILLAVRY, H. J. Mutation pressure a possible

cause of directional evolution in Cyecloclypeus Carpen-

IORGULESCU, T. Nota preliminara asupra datelor ter (Foraminifera).—Verhandl. Kon. Nederl. Geol.-
micropaleontologice obtinute in profilul normal V. Mijnb, Genootschap, Geol. Ser. deel 16, Oct. 1956
Oltului, intre Fedelesoiu si Ramnicu-Valcea.—Ru- p. 296-308.

mania, Comitetul Geologic, Dari de Seama Sedintelor,

v. 38 (1950-51), 1954, p. 58-71, 1 chart.—Numerous MALAKHOVA, N. P. Foraminifery Izvestnjakov R.

Foraminifera listed from Aquitanian? to middle Shartymki Na Juzhnom Urale.—Trudy Gorno-Geol.

Sarmatian in a well section. Instit. vyp. 24, 1956, p. 26-71, pls. 1-8.—Fifty-six
species and varieties, 15 new, from the Late Paleozoic.

Foraminifery Verkhnego Turne Zapadnogo Sklona Se-
vernogo I Srednego Urala.—Trudy Gorno-Geol. Instit.
vyp. 24, 1956, p. 72-155, pls. 1-15, tables 1, 2, map.—
Eighty-six species and varieties, all but 17 new, from
the Late Paleozoic.

JIROVA, DANA. An investigation of modifications of
Ca.CO3 in the shells of Foraminifera (in Czech with
English summary).—Casopis pro Min. Geol., Ceskoslo-
venska Akad. Ved, Rocnik 1956, Cislo 2, Sv. I, bp.
101-104,

KANMERA, KAMETOSHI. Toriyamaia, a new Permian
fusulinid genus from the Kuma Massif, Kyushu,
Japan.—Trans. Proc. Pal. Soc. Japan, n. ser., No.
24, Oct. 31, 1956, p. 251-257, pl. 36.

MANUKALOVA, M. F. Stratigrafischeskoe Podrazdele-
nie srednego Karbona Donethkogo Bassejna po fora-
miniferam.—Moskovskoe obshch. ispytatelei prirody.
Otdel geol. Bull., tom 31, No. 6, 1956, p. 79-102, pls.

KELLOUGH, GENE ROSS. Distribution of Foraminif- 1-3, tables.—Thirteen species, 1 subspecies, and 3
era around a submerged hill in the Gulf of Mexico.— varieties of fusulinids and related forms, all new.
Trans. Gulf Coast Assoc. Geol. Soc., v. 6, 1956, p.
205-216, text figs. 1-10.—Comparison of fauna with
those previously published from nearby stations re-
veals reworked forms and indicates sedimentary con-
ditions different from normal continental slope.

MATTHEWS, WILLIAM H. III. The Paleontology and
Paleoecology of the Biostrome Fauna of the Edwards
formation of Texas.—Trans. Gulf Coast Assoc. Geol.
Soc., v. 6, 1956, p. 109-116, pls. 1-3.—Orbitolina
texana and Lituola edwardsensis abundant in one of

KOZIKOWSKI, HENRYK, and MORAWSKA, KRYS- the reefs.
TYNA, Miocene deposits from Zglobice near Tar- MAYNC, WOLF. Coscinophragma cribrosum (Reuss) in
now, southern Poland, in the light of geologic and a Lower Cretaceous limestone from Switzerland.—

micro-palaeontologic studies (in Polish with English Micropaleontology, v. 3, No. 2, April 1957, p. 183-186,
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text figs. 1-4.—Photographs of external view and thin
sections of this sessile arenaceous and labyrinthic
species.

MIKLUKHO-MAKLAI, K. V.
permskikh Otlozhenii Severnogo Xavkaza.—Trudy
Vses. Nauchno-Issled, Geol. Inst. (Vsegei), 1954, p.
1-163,. pls. 1-19, 3 range charts, tables 1-3.—About 90
species in 21 genera, 6 new, from Paleozoic rocks.

Foraminifery Verkhne-

MOORE, WAYNE E. Ecology of Recent Foraminifera
in northern Florida Keys.—Am. Assoc. Petr. CGeol.
Bull., v. 41, No. 4, Apr. 1957, p. 727-7T41, text figs.
1-4 (maps. graphs), tables 1, 2.—Environments sep-
arated into Florida Bay, back reef, reef, and fore
reef, with recognition of environments based on abun-
dance within family groups.

OGNIBEN, LEO. Le Argille Scagliose del Crotonese.—
Mem. e Note Istit. Geol. Appl. Univ. Napoli, v. 6,
1955, p. 1-72, text figs. 1, 2 (maps), pls. 1, 2 (map
and sections).—Many Foraminifera listed from vari-
ous parts of the continuous sequence from middle Mio-
cene to early Pleistocene.

PERROT, CHRISTIANE, and SIGAL, JACQUES. Notes

micropaléontologiques nord-africaines. 7. Sur un
Foraminifére du Séquanien et sur la position systé-
matique probable de Conicospirillina basiliensis Moh-
ler.—C. R. S. Soc. Géol. France, No. 10, May 13,

1957, p. 165-167, text figs.

PETRI, SETEMBRINO.
da Amazonia.—Bol. Soc. Brasil. Geol., v. 5, No. 2,
Sept. 1956, p. 17-33, pls. 1, 2, text figs. 1-3, map.—
Seven Pennsylvanian species, 2 new,

Foraminiferos do Carbonifero

PLOCHINGER, B., and OBERHAUSER, R. Die Nie-
rentaler Schichten am Untersberg bei Salzburg.—
Jahrb. Austria Geol. Bundes., Jahrg. 1957, Band 100,
heft 1, p. 67-79, text figs. 1, 2 (maps, sections).—In-
cludes lists of many Upper Cretaceous Foraminifera.

POKORNY, VLADIMIR. New Discorbidae (Foraminif-
era) from the Upper Eocene Brown Pouzdrany marl,
Czechoslovakia.—Univ. Carolina, Geol. v. 2, No. 3,
1956, p. 257-278, text figs. 1-15.—Five species, 4 new,
in 4 genera, 2 new. Svratkina n. gen. (genotype Dis-
corbis tuberculata (Balkwill and Wright) var. austra-
liensis Chapman, Parr, and Collins 1934) and Biaper-
torbis n. gen. (genotype B. biaperturata n. sp.).

Semitextulariidae, a new family of Foraminifera.—
Univ. Carolina, Geol. v. 2, No. 3, 1956, p. 279-286.—
Family created for the Middle to Upper Devonian gen-
era Semitextularia, Pseudopalmula, and Paratextularia.

The zone with Globigerinoides mexicanus (Cushman) in
the Eocene of Moravia, Czechoslovakia.—Univ. Caro-
lina, Geol. v. 2, No. 3, 1956, p. 287-293, text fiz. 1,
1 pl. (microphotograph).—Includes discussion of sig-
nificance of adventitious chambers.

The selective value of the shape of the tests in the
Foraminifera (English résumé).—Casopis pro Min.
Geol., Ceskoslovenska Akad. Ved, Rocnik 1956, Cislo
1, Sv. I, p. 40-50, text figs. 1-25.

PUMRJA, F, S. Stratigrafija I Foraminifery Srednek-
amennougol’nykh Otlozhenij Vostochnogo Donbassa,
in Mikrofauna SSSR, Sbornik 8.—Russia, Vses. neft.
nauch.-issl. geol. instit., Trudy, n. ser., no. 98, 1956,
p. 333-519, pls. 1-17, distrib. charts.—One hundred
and two species and varieties, mostly fusulinids, many
new. One new genus.

SAKAGAMI, SUMIO. Fusulinids from the Limestone
conglomerate in the Yagooki Valley, Tamanouchi,
Hinode-mura, Nishitama-gun, Tokyo-to, Japan.—
Trans. Proc. Pal. Soc. Japan, n. ser., No. 24, Oct. 31,
1956, p. 259-265, pl. 37, text fig. (map).—A new spe-

cies and new variety.

SANTINI, L. Studi stratigrafici sul Terziario Subalpino
Lombardo. Nota VII, Studio stratigrafico e micro-
paleontologico delle formazioni marnoso-arenacee della
gonfolite di Como.—Riv. Ital. Pal. Stratig., v. 62,
No. 4, 1956, p. 239-264, pls. 21-23, text figs. 1, 2
(map, sections).—Includes lists and illustrations of
Foraminifera from lower Oligocene, upper middle Oli-
gocene, and lower Miocene, '

SQUIRES, DONALD F., and SACHS, K. NORMAN.
Corals and larger Foraminifera at Anse la Butte
reef, Louisiana.—Am. Assoc. Petr. Geol. Bull., v. 41,
no. 4, Apr. 1957, p. 746-750, table 1.

TAVANI, GUIDO. Studio paleontologico delle carote di
alcuni sondaggi effettuati nel Miocene della Val di
Cecina.—Atti Soc. Toscana Sci. Nat., ser, A, v. 62,
fasc. 1, 1955, p. 142-176, text figs. 1, 2.—Many Fo-
raminifera are listed from 8 well sections. Three
new species are described and illustrated.

THOMPSON, A. O. Geology of the Malindi area, expla-
nation of degree sheets 66 N.E. quarter and 67 N.W.
quarter (with coloured map).—Geol. Survey Kenya,
Rept. No. 36, 1956, p. 1-63, pls. 1, 2, text figs. 1-4,
map.—Larger and smaller Foraminifera are listed
from Miocene and Pliocene beds.

TOCORJESCU, M. Studiul Globotruncanelor din Creta-
cicul superior din zona Flisului.—Rumania, Comitetul
Geologic, Dari de Seama Sedintelor, v. 38 (1950-51),
1954, p. 215-228.

VELLA, PAUL. Studies in New Zealand Foraminifera.
Part I: Foraminifera from Cook Strait. Part II:
Upper Miocene to Recent species of the genus Noto-
rotalia.—New Zealand Geol. Survey Pal. Bull. 28,
Febr. 1957, p. 1-64, pls. 1-9, text figs. 1-3, tables 1-7.
—A Recent fauna of 189 species in dredgings from
Cook Strait, 46 species and 2 subspecies new, and one
new name. Three new genera and a new subgenus:
Parvigenerina (type species Bifarina porrecta (Brady)
var. arenacea Heron-Allen and Earland), Siphonaperta
(type species S. macbeathi n. sp.), Quinquinella (type
species Q. hornibrooki n. sp.), and subgenus Lachla-
nella (type species Quinqueloculina (Lachlanella) cooki
n. sp.). Excellent illustrations of the new forms and
a few others. Fifteen species and subspecies of
Notorotalia, 13 new, described and combined into
three species groups with discussion of their lineages,
and tabulation of their geographic and stratigraphic
distribution.

WADE, MARY, and CARTER, A. N. The foraminiferal
genus Sherbornina in southeastern Australia.—Micro-
paleontology, v. 3, No. 2, Apr. 1957, p. 155-164, pls.
1-3, text figs. 1, 2, table 1.—Emendation of the type
species and description of two new species with dis-
cussion of their stratigraphic distribution. Structure
indicates relationship to Elphidiidae.

WARREN, A. D. Ecology of Foraminifera of the Buras-
Scofield Bayou region, southeast Louisiana.—Trans.
Gulf Coast Assoc, Geol. Soc., v. 6, 1956, p. 131-151,
pls. 1-4, text figs. 1, 2, tables 1-3.—From 22 local-
ities in marsh, lakes, and Gulf of Mexico, about 70
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species are recorded and illustrated. Three biofacies YOSHIDA, SABURO. Palaeogene Foraminifera from
are recognized. Konbumori, eastern Hokkaido, Japan.—Trans. Proc.
Pal. Soc. Japan, n. ser., No. 26, June 15, 1957, p.
63-68, text figs. 1-26.—Ten species (2 new) and 2
varieties (both new).

WELLMAN, H. W. The Geology between Bruce Bay
and Haast River, South Westland.—New Zealand
Geol. Survey, Bull. n. s. 48 (2nd ed.), 1955, p. 1-46,
pls. 1-11 (photographs), text figs. 1-6 (maps, cross zZgLLER, EDWARD J. Mississippian Endothyroid Fo-
sections), colored geol. map.—Foraminifera listed raminifera from the Cordilleran Geosyncline.—Journ.
from Pleistocene strata by H. J. FINLAY. Pal., v. 31, No. 4, July 1957, p. 679-704, pls. 75-82,

text figs. 1-11, table 1.—Four widespread faunal zones

recognized. Nineteen species, 18 new, in 4 genera, 1

new: Granuliferella (type species G. granulosa n. sp.).

WOOD, B. L. The Geology of the Gore Subdivision.—
New Zealand Geol. Survey, Bull. n. s. 53, 1956, p.
1-128, text fig. 1-46, tables 1-26, 2 maps.—Numerous
smaller Foraminifera listed by N. DE B. HORNI-
BROOK from Oligocene strata. Ruts Tobp
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