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GLOBIGERINANUS, A NEW GENUS OF THE GLOBIGERINIDAE 
FROM THE MIOCENE OF EGYPT 

El .estudio de las muestras del sondeo 2 - Sudr East-, en la parte oriental del 
golfo de Suez, ha permitido r econocer varias nuevas especies de foraminiferos 
planct6nicos entre Ios microf6siles de Ios estratos de transici6n del Burdigaliense 
a l Langhiense. Tales nuevas especies, muy frecuentes e importantes desde el punto 
de vista estratignl.fico, no pueden atribuirse a ningtin genero conocido, y se incluyen 
en el nuevo genero Globigerinanus, perteneciente a la familia Globigerinidae, sub
familia Globigerininae. 

The study of rock samples from Sudr East Well No. 2, on the eastern side of 
the Gulf of Suez, Egypt, has sh~vn that among the microfossils occurring in the 
Burdigalian-Langhian transitional strata, there ar e several new planktonic forami
niferal species which, due to their frequent development and stratigraphic impor t
ance, need to be described. These new species did not fit into any previously 
described general, and hence they have been included in this paper for description 
under the name of Globigerinanus, a new genus belonging to the subfamily Globi
gerininae of the family Globigerinidae. 

INTRODUCTION 

Several publications, internal reports and 
unpublished theses describe the stratigraphy 
and structure of the Miocene rocks of the 
Gulf of Suez, as deduced from field study and 
from informations derived by drilling in con
nection with petroleum exploration in t his 
region. 

The Miocene rocks extend on both sides of 
the Gulf of Suez where they overlap the older 
rocks and show marked lateral variations, 
particularly as regards to their lithology and 
thickness. Moon and Sadek (1923) first dif-

ferentiated these rocks in Wadi Gharandal 
into a number of rock-units which began 
with basal conglomerates, followed by a thick 
succession of clays, grits and marls, known, 
later on, as Globigerina. Marls or Gharandal 
Group. The marls are overlaid by a series of 
solid anhydrite and gypsum interbedded with 
marls and shales. Such a classification still 
forms the basis upon which modern workers 
build up their subdivisions. In 1964, the 
Stratigraphic Committee of the Egyptian 
General Petroleum Corporation established a 
scheme for the classification of the Miocene 
rocks of the Gulf of Suez, but this did not 
concern the age of the different subdivisions. 
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The main rock units of this scheme, arrang
ed from top to botton, are as follows: 

GROUP 

!!AS MALMB) 

GHARANDAL Rudeis 

FORMATION 

Zeit 

South Gharib 

Belayim 

A M 
( J{areern 

yun usa /1 
Mreir 

Asl 

Hawara 

Mheiherrat 

Nukhul 

Biostratigraphic studies of these deposits 
and further informations on the foraminifer
al zonation in the surface and subsurface 
material, as well as foraminiferal range charts 
for the various wells are presented in the 
articles of Macfadyen (1930), Tramp (1949), 
Stainforth (1949), Said and Basiouni (1958), 
Osman and Hasanein (1962), Souaya (1966), 
Ansary and Andrawis (1965) , Said and El
Heiny (1967), Beckmann et al. (1969), Wasfi 
(1969), Fahmy et al. (1969), El-Shinnawi 
(1970). Nevertheless, a much controversy oc
curs concerning the age of the different Mio
cene subdivisions of the Gulf - of Suez. For 
example, the range of Kareem Formation 
(equivalent to the upper part of Ayun Musa 
Formation) was considered in the articles of 
Macfadyen (1930), Ansary and Andrawis 
(1965), Souaya (1966), Said and El-Heiny 
(1967) and Fahmy et al. (1969), to belong to 
((Schlier», ((Helvetian», Tortonian, Aquitanian, 
and Burdigalian stages respectively. It is, 
therefore, rather difficult to compare and cor
relate t,he different foraminiferal zonal sche
mes proposed by various authors, not .only 
because they have studied sections from dif
ferent areas in which respective faunas are 
apparently different, but is also due to the 
marked disparity which exists in t,heir opin
ions as regards the exact age of these faunas. 
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The foraminifera described in this paper 
have been obtained from the Miocene rocks 
of Sudr East Well No. 2, on the eastern side 
of the Gulf of Suez. The well is located two 
kilometers to the southeast of Sudr East Well 
No. 1, Lat. 29• 33' 14.038" N, and Long. 32• 50' 
52.61" E. It was supudded on September 9, 
1960 in the Miocene, and was deepended to 
4493 feet (total · depth), passing all the Eoce
ne and drilling 457 feet of the Upper Creta
ceous (Senonian). 

TYPE SECTION 

The Sudr East Well No. 2 passed an ideal 
section of Miocene formations, except for the 
basal part of the Mheiherrat Formation which 
was eliminated by a west dipping fault. It 
penetrates about 438 feet of evaporites (Be
layim Formation) w,hich starts at top by 20 
feet of sandy limestone representing the Nul
lipore rock that can be seen outcropping in 
the nearby vicinity, and this is followed by 
two beds of anhydrite gypsum with an inter
mediate bed of grey to dark grey, calcareous 
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Text Figure 1. Location Map of Sudr Well. 



shale. The evaporites are underlain by the 
Ayun Musa Formation whic):l attains about 
1 300 feet in thickness, and consists of sub
sequent beds of non-calcareous and calcar
eous, highly fossiliferous shale, usually dark 
to greenish grey and turning at few parts 
into marl. These are followed downward by 
315 feet of Asl Formation, which starts at 
top by a section of marl and calcareous shale, 
rich in microfossils and followed at base by 
± 90 feet of reefal, white limestone with ma
crofossils (pectens and oysters). 

The Asl Formation caps about 343 feet of 
fossiliferous shales which constitute in them~ 
selves the Hawara Formation. The shales are 
intercalated with thin marly beds and also 
characterised by a thick bed of sandstone 
near the top. They are followed downt~ard 
by the Mheiherrat Formation which is aimost 
composed of argillaceous limestone, rich in 
microfossils and turns at parts to marl, with 
few beds of s):lale inbetween. A thin bed of 
conglomerate at 2 921 feet was encountered 
in this well. By correlation with other neigh
bouring wells, it has been found that the 
basal part of the Mheiherrat section was cut 
by a west dipping fault. The Mheiherrat 
Formation overlaps a thin section of Nukhul 
Formation (170 feet thick) which consists 
almost of oyster limestone and sandstone, 
partly conglomeratic at base. 

The Miocene section of Sudr East Well No. 2 
rests unconformably over 416 feet of white 
crystalline, nummulitic limestone of Middle 
Eocene age. The limestone being very hard 
and porous at the top, and friable, poorly 
consolidated and fairly porous at the bottom. 

FAUNAL ASSOCIATION AND AGE 

Globigerinanus spp., new genus and new 
species, have been encountered from the up
per part of Ayun Musa Formation and the 
interbedded shale of the overlying Belayim 
Formation of Sudr East Well No. 2. The open 
sea shales of Ayun Musa Formation show a 
strong predominance of planktonic foramini-
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fera. The fauna! association consists essent
ially of large-sized Globigerirwides spp. com
prising, G. trilobus s.s. (Reuss), G. trilobus 
immaturus Le Roy, G. sicanus De Stefani, G. 
altiaperturus Bolli, G. sacculi fer (Brady) , G. 
subquadratus Bronnimann, G. quadrilobatus 
Blow and Banner, G. ruber (d'Orbigny), toge
ther with common to frequent specimens of 
Globigerina angustiumbilicata Bolli, G. bolli 
Cita et Premoli Silva, G. concinna Reuss, G. 
falconensis Blow, G. juvenilis Bolli, G. oua
chitaensis gnauki Blow and Banner, G. prae
bulloides occlusa Blow and Banner, Globo
quadrina dehiscens (Chapman, Parr, and Col
lins), G. baroemoen,sis (Le Roy) , Globorota
loides suteri Bolli, Globorotalia obesa Bolii, 
G. opima cf. nana Bolli, Hastigerina aequila
teralis (Brady), H. siphonifera. (d'Orbigny). 

The upper part of Ayun Musa Formation is 
notably marked by the development of Orbu
lina s.l. from its ancestor Globigerinoides sica
nus De Stefani. Frequent transitional forms 
between Orbulina. and Globigerinoides, includ
ing Praeorbulina. transitoria (Blow), P. glome
rosa curva (Blow) and P. glomerosa s.s. (Blow) 
could easily be traced throughout the upper 
part of Ayun Musa Formation, but in the top 
most part of this formation and the overly
ing Belayim Formation, Orbulina univ~r~a 

d'Orbigny becomes established as a distinct 
species and replaces Praeorbulina glomerosa 
s.s. (Blow) in the fossil group. The develop
ment of Orbulina is accompanied by a mark
ed change of the foraminiferal content in the 
higher part of Ayun Musa Formation, includ
ing the general richness and complexity of 
Globogerinoides spp., together with the con
spicuousness of Globorotalia mayeri Cush
man and Ellisor, G. fohsi peripheroronda . 
(Blow and Banner), Globoquadrina altispira 
s.s. Cushman and Jarvis, and Hastigerina ae
quilateralis (Brady). 

The evolution of Orbulina is an important 
paleontological event of stratigrap):lic signific
ance within the upper part of Ayun Musa 
Formation of Sudr East Well No. 2. The 
entire Orbulina bioseries can also be observ-
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ed in stratigraphically equivalent lithologic 
horizons of many parts of the Gulf of Suez, 
e.g. The Mreir Formation and Kareem Form
ation which are both equivalent, in their ma
ximum development to the Ayun Musa Form
ation (see e.g. Fahmy et al. 1969). It can 
serve as an effective marker for the Burdig
alianjLanghian boundary, since it has been 
generally recognised that the o·rbulina datum 
lies in the middle part of the stratotype 
Langhian at Langhe, northern Italy (Berg
gren, 1969; Blow, 1969; Cita & Blow, 1969). 
Accordingly, the Ayun Musa Formation of 
Sudr East Well No. 2 seems to cover, at least 
in its upper part, the span time between the 
Early and Middle Miocene. Its topmost part 
and the overlying Belayim Formation are 
practically belonging to the Langhian stage. 

Among the richly Globigerinoides assemb
lages of the Ayun Musa Formation, there has 
been a number of such species that are es
sentially Globigerinoides in which the umb
ilicus and primary aperture of the final 
chamber are covered by a perforate, swollen 
or plate-like final structure (e.g. bulla), with 
a few number (2-4) of small infralaminal ac
cessory apertures between the bulla and 
primary chambers. The bullae are normally 
distinctly smaller in size and much finely 
perforated as compared to the prior last-form
ed chamber. They are placed over the umb
ilicus wit;h no apparent relation to the coil
ing mode of the test. The dorsal supplement
ary sutural apertures on the spiral side are 
not covered by sutural bullae. These species 
did not fit well into any previously describ
ed genera, without greatly expanding the 
generic limits. They appear to have their 
first evolutionary appearance in the late 
Burdigalian, a short stratigraphic interval 
before t;he evolution of Orbulina. 

As too wide generic limits lessens their 
usefulness in stratigraphic work, it seems 
advisible to propose a new generic name, 
Globigerinanus, for these distinctive forms. 
Eight new species and subspecies belonging 
to this genus are encountered from the Ayun 
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Musa Formation and the interbedded shales 
of the overlying Belayim Formation. 

SYSTEMATICS 

Superfamily GLOBIGERINACEA Carpenter, 
Parker & Jones, 1862 

Family GLOBIGERINIDAE Carpenter, 
Parker & Jones, 1862 

Subfamily GLOBIGERININAE Carpenter, 
Parker & Jones, 1862 

Genus Globigerinanus new genus 

TYPE SPECIES 

Globigerinanus sudr i, new species (plate 1, 
figs. la-5c; plate 2, figs. la-c) . 

(Derivation, Globiger; L. globe-or ball-bear
ing+ ina L. diminutive; gendr, feminine+ 
+ anus, pertaining to.) 

Test free, trochospiral, chambers spherical 
to ovate, sutures depressed, wall calcareous 
perforate; surface pitted, cancellated or fine
ly hispid, primary aperture umbilical in posit
ion as in Globigerina d'Orbigny; with one or 
more secondary sutural apertures on spiral 
side as in GlobigeTinoides Cushman. In the 
adult stage, the primary aperture and umb
ilicus is covered by umbilical bullae with com
monly two or three accessory infralaminal 
apertures at the margins of the bulla. The 
secondary sutural apertures on the dorsal side 
are not covered by sutural bullae. 

REMARKS AND DISCUSSION 

Globigerinanus, new genus is a non-umb
ilicate form belonging to the group of the 
bullate Globigerinidae whose umbilical area 
is covered by a perforate, inflated, plate-like 
final structure (bulla), or large enveloping 
final chamber, with a number of accessory 
infralaininal or sutural apertures at the base 
of the final element and which may or may 
not covered by secondary sutural bullae. It 
is closely related to genus Globigerinoides 



Cushman from which it has been evolved at 
the late most Burdigalian by the secretion of 
a swollen, finely perforate umbilical bulla 
covering the umbilicus and primary aperture, 
with no apparent relation to the coiling mode 
of the test. 

The term bulla was originally introduced 
and defined by Bolli, Loeblich and Tappan 
(1957) as «Accessory structures which in ge
neral are not closely related to the primary 
chambers, but are instead related only to the 
aperture. Four different types of bulla (umb
ilical, sutural, umbilical-sutural and areal) 
were distinguished by these authors who 
established the subfamily Catapsydracinae to 
include forms in which the apertures in the 
adults are covered by bullae and with infra
lamina! accessory apertures. The genus Ca
tapsydrax Bolli, Loeblic,h and Tappan, type 
genus of subfamily Catapsydracinae, was con
sidered by the same workers to be distinct 
from genus Globigerinita Bronnimann in hav
ing a more restricted, smaller bulla covering 
only the umbilical region with relatively few 
number of infralaminal accessory apertures 
which are sutural in position. 

Banner and Blow (1959) redefined a bulla 
as a swollen, perforate plate (bulla) or bulla
like extension of the final chamber, and which 
opens to the exterior by accessory apertures 
at the margins of, or within the area of, the 
bulla. According to them a bulla can be 
similar in structure to the primary wall in 
Catapsydrax Bolli, Loeblich and Tappan, or 
be less coarsely perforated as in Tinophodella 
Loeblich and Tappan. Later Blow and Ban
ner (1962) included both genera in Globige
rinita Bronnimann, reasoning that maintain
ing these genera is unreal «insofar a distinct
ion between them are biologically, strati
graphically and taxonornically impractical 
andj or insignificann. They suggested that all 
the Globigerina-like forms which possess true 
bullae and accessory apertures should be plac
ed within the genus Globigerinita Bronni
mann, belonging to the subfamily Globigeri
ninae. 
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Hofker (1959, 1962), however, denied the 
taxonomic value of such c,haracters which 
based on the presence of bullae in a normal 
system of foraminifera. He (i959) suggested 
that a bulla may be a reproductive feature, 
perhaps associated with sexual diamorphism 
(or trimorphism) of a Globigerina d'Orbigny. 
The bullate Globigerinidae were also come 
under attack by Cati and Borsetti (1968), 
Quilty (1969) and El-Naggar (1971). Critic- · 
ism of some of the taxa was justified and a 
reduction in genera and species was desirable. 

In 1970, Proto Decima and Bolli included 
Globigerapsis Bolli, Loeblich and Tappan in 
its bullate form Globigerinatheka Bronni
mann whose definition was emended to in
clude all Middle to Late Eocene planktonic 
foraminifera that possess a trochospiral glo
bogerinid stage whose umbilical area is cover
ed by a final chamber with two or more 
sutural apertures which may or not be cover
ed by bullae. 

Bolli (1972) in his discussion on the final 
Globigerinatheka chamber and bulla, point
ed out that the size limits and characteristics 
of the wall may be important factors in the 
definition of a bulla. According to him, a 
typical Globigerinita-type umbilical bullae 
are normaly distinctly smaller in size compar
ed with the prior last-formed chamber and 
are placed over the umbilicus with no ap
parent relation to the coiling mode of the 
test. In Globigerinatheka Bronnimann, on 
the other hand, t,he final chamber covering 
the umbilical area is normally larger than 
the penultimate and may also remain part 
of the general spiral arrangement. 

The present author agrees with Bolli (op. 
cit.) that a distinction bet;veen an umbilical 
bulla and a final chamber in the same posit
ion clearly rests on si.ze and wall characteri
stics. With no respective definition on wall 
structure and size, one could, therefore, reg
ard the final chamber of Praeorbulina Ols
son, covering the umbilical area of the Globi
gerinoides stage as a large umbilical bulla. 
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Also the last-formed chamber of Orbulina 
d'Orbigny could be regarded as an extremely 
large bulla. 

Although t):lere are some specimens enco
untered among one species of Globigerinanus, 
new genus (G. bullatus, new species) with 
large end structure covering almost of the 
whole of the umbilical part of the Globiger
inoides stage, the size of the final growths 
in most species are distinctly smaller in size 
than the previous last-formed chamber and 
are placed over the umbilicus and primary 
aperture at a plane which is nearly perpen
dicular to the coiling plane of the original 
test, without remaining part of the general 
spiral arrangement. All the investigated 
samples are characterised, in addition to the 
dorsal supplementary apertures, by t):le pre
sence of accessory apertures on both anterior 
and posterior sides of the umbilical end 
structure. In . addition, the wall of this final 
element is structurally not comparable with 
and distinctly extremely finely perforate than 
the primary chambers of the original Globi
gerinoids stage. This makes it preferable to 
regard the ~inal structure covering the umb
ilicus and primary aperture in Globigerina
nus as an umbilical bulla of the Globigerini
·ta dissimilis (Cushman and Bermudez) type. 

However, a distinct variation occurs among 
specimens belonging to Globigeninanus, new 
genus as regards to the superficial form of 
the umbilical bulla. It may be flattened and 
plate-like or as inflated as the prior last form
ed chamber. It may be modified by extens
ions encroaching along the area marked by 
the intercameral sutures of the primary 
chambers, or encroaching more upon one side 
of the previous final chamber. Its wall may 
also. be smoothly finished or roughly pitted 
and cancellated. Moreover, the shape and 
position of the infralaminal accessory apert
ures varies considerably, from populations 
having small arched openings situated sym
metrically above the suture line of two suc
cessive earlier chambers, to those possessing 
long, slit-like or high asymmetrical apertures 

360 

placed over the umbilical margins of one or 
more primary chambers. 

Such variabilities in the superficial form 
of the umbilical bulla and accessory apert
ures of Globigerinanus, together with the size, 
shape and mode of arrangement of the pri
mary chambers of the original Globigerino
ides stage are all considered in t):le present · 
investigation to be of specific or subspecific 
value only. If the degree of convexisty of 
the bulla or its expansion along the interc
ameral suture lines of the primary chambers 
is considered to be of generic value as previo
usly suggested by Loeblich and Tappan (1957) 
in their Tinophodella concept and by Bolli, 
Loeblich and Tappan (1957) in their Catap
sydrax eoncepL, subdivision of these forms 
wciuld become chaotic. Therefore, t):le author 
considers that all Globigerinoides-like forms 
which possess an umbilical bulla covering the 
umbilicus and primary aperture with a numb
er of infralaminal accessory apertures at the 
base of the bulla, and without secondary 
sutural bullae covering the dorsal supple
mentary apertures, should be placed in Glo
bigerinanus. 

Within t):lis concept, Globigerinanus, new. 
genus could be distinguished from other bul
late Globigerinidae, e.g. Globigerinita Bron
nimann (Syn. Tinophodella Loeblich arid- Tap
pan; Catapsydrax Bolli, Loeblich and Tap
pan) in possessing an early Globigerinoides 

. stage only. 

Globigerinoita .Bronnimann (1952) resemb
les Globigerinanus, new genus in having the 
secondary spiral Globigerinoides apertures 
but differs in posessing two or more bullae, 
one over the primary umbilical aperture and 
others covering the secondary sutural apert
ures on the dorsal side (see original figures 
and description by Bronnimann, 1952). 

Globigerinatella Cushman and Stainforth 
differs from Globigerinanus, new genus in 
having a strongly embracing final chamber 
with areal and sutural secondary apertures 
which are cov.ered by small knob by, pustule-



like bullae or more irregular spreading sut
ural bullae. 

Praeorbulina Olsson is related to Globiger
inanus, new genus by the presence of the 
secondary spiral Globigerinoides apertures, 
but differs in having the strongly embracing 
final chamber which ,has small sutural sec
ondary apertures around its lower margin. 
Although Praeorbulina Olsson and Globiger
inanus, new genus seem to be genetically re
lated to genus Globigerinoides Cushman, both 
forms were originated in two different evolut
ionary ways. Praeorbulina was developed by 
the continuous gradual reduction of t,he numb
er of chambers in the last whorl, accompanied 
by the continuous shortening of the primary 
aperture of the original Globigerinoides stage. 
The chambers increase rapidly in size as add
ed, and each new chamber is added at an 
oblique direction to the coiling plane of the 
test, covering partially the primary aperture 
and embracing, in part, the first-formed 
chamber of the last whorl. By continuous 
adaptive change, the chambers of the last 
wohrl in Praeorbulina decrease in number 
and the primary aperture being obiscured 
with a final, strongly enveloping chamber 
which has smaller sutural secondary apert
ares around its lower margin. Globigerina
nus, new genus, on the other hand, develops 
directly from Globigerinoides by the sudden 
development of small, hemispherical bulla 
which covers the pril:nary aperture and umb
ilicus with no respective relation to size, 
number, shape and mode of coiling of the 
primary chambers of the original test. 

The umbilical bulla of Globigerinanus, new 
genus, is constant in shape, size, position, 
wall structure and number of accessory infra
lamina! apertures for its species, and this 
alone would indicate that it is genetically 
controlled. A recognizably constant and re
gularly inherited morphological character 
must be considered in classification whether 
or not it be associated solely with reproduct
ion (cf. Blow and Banner, 1962). 

The development of Globigerinanus, new 

KH. OUDA 

genus from Globigerinoides Cushman at the 
end of the Burdigalian indicates that the bul
late forms of the Globigerinidae represent 
cases in the evolution of planktonic foramini
fera, which for both morphologic and bio
stratigraphic reasons the genera should be 
maintained. Many of the members of this 
group in the Early Miocene are not only very 
characteristic morphologically but have also 
distinct and restricted stratigraphic ranges, 
e.g. Globigerinita dissimilis (Cushman and 
Bermudez), G. stain fort hi (Bolli, Loeblich and 
Tappan), supporting, therefore, their tax
onomic value in a natural system of foram
inifera. 

However, as previously mentioned by Blow 
and Banner (1962), the bullate forms of the 
Globigeridinae are more or less specialised 
bulla-bearing representatives of previously 
well recognized fundamental morphological 
groups, and thus no reason from this point 
of view to retain them in a separate sub
family. On this ground, the genus Globiger
inanus, now recognized in the present invest
igation is placed within the subfamily Globi
gerininae Carpenter, Parker and Jones, . be
longing to the family Globigerinidae Carpen
ter, Parker and Jones. 

TYPES AND OCCURRENCE 

In addition to the type species Globiger
inanus sudri, new species, five Miocene species 
and two subspecies of this genus are here de
scribed. Figured holotypes and paratypes 
are from the Ayun Musa and Belayim form
ations of Sudr East Well No. 2, on the eastern 
side of the Gulf of Suez, Egypt. 

Globigerinanus sudri, new species 

Globigerinanus sudri sudri, new subspecies 

Plate 1, figs. 1a-4c 

DESCRIPTION 

Test free, of moderately large size, and con
sists of about th,ree whorls of fairly rapidly 
enlarging, inflated, moderately embracing 
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chambers arranged i.n ·an increasingly high 
trochospiral with four chambers in each 
whorl. The equatorial profile is subquadrate 
to subcircular and the equatorial periphery 
is distinctly lobulate (quadrilobate). In axial 
profile, the test is broadly oval to ovate; the 
dorsal surface being more convex and the 
ventral surface is inflated but relatively 
weakly convex. In some specimens, the ven
tral and dorsal sides are approximately equal
ly convex; the inflated bulla occasionally 
gives a much convexity to t,he ventral surface. 
In axial view, the chambers are ovoid, their 
ventral surfaces being often slightly more 
inflated than the dorsal surfaces. In dorsal 
viet.r, the chambers are initially semicircular 
to reniform, but they become increasingly 
depressed and longer than broad during ont
ogeny. The last few chambers are not reg
ularly rapidly enlarging so that the ultimate 
chamber is often distinctly smaller in size as 
compared to the prior penultimate chamber. 
The spiral sutures are depressed and curved; 
the dorsal intercameral sutures are initially 
slightly curved but they later become increas
ingly depressed and subradial. The ventral 
intercameral sutures are weakly curved to 
subradial and distinctly depressed. The umb
ilicus is narrow and deep, but it is almost 
entirely covered by a broad, moderately inflat
ed bulla which protrudes little beyond the 
ventral surface of the primary c,hambers. The 
bulla extends from the apertural face of the 
ultimate chamber across to the umbilical 
margin of the opposing antepenultimate 
chamber. It is subquadrate to subcircular in 
outlines, completely covering the maximum 
extent of the umbilicus and of approximately 
the same outline, although in some specimens 
it extends along the anterior part of t,he 
apertural face of the final chamber almost· 
to the periphery of the first chamber of the 
last whorl. Deeply depressed sutures mark 
the attachment of the bulla to the last-form
ed primary chamber. Two broad and moder
ately high to high arched accessory infralam
inal apertures are present at the margins of 
the bulla, one being situated between the 
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bulla and the entire umbilical margin of the 
first chamber of the last whorl, and t,he other 
is placed at the posterior side of the bulla, 
above the umbilical margin of the penult
imate chamber. The posterior accessory ap
erture is comparatively much broader and 
almost of lower height throughout its length, 
being highest above the surface of the pen- . 
ultimate chamber. It may extend a short 
way along the anterior part of the umbilical 
face of the antepenultimate chamber. The 
primary aperture beneath the bulla is a high 
intraumbilical arch situated above the umbil
ical margin of the antepenultimate chamber. 
The dorsal side of the test shows two to three 

. uncovered supplementary sutural apertures 
on the last few chambers, one per a chamber. 
These apertures are similar in shape and oc
cupying a similar position. They are typical
ly high arches situated at the junction of the 
dorsal intercameral sutures and the spiral 
sutures, each aperture i.s situated above the 
two sutures between three earlier chambers. 
The wall of the primary chambers is calcar
eous, uniformly and finely perforate; its sur
face is fairly punctate to smooth. T,he wall 
of the umbilical bulla is distinctly thinner 
and very finely perforate. 

DIMENSIONS 

Maximum diameter of holotype is 0.5 mm; 
minimum diameter is 0.45 mm; thickness is 
0.4 mm. Paratypes range from 0.5 mm to 
0.57 mm in maximum diameter, from 0.4 mm 
to 0.55 mm in minimum diameter, and from 
0.37 mm to 0.47 mm in thickness. 

TYPE AND OCCURRENCE 

Figured holotype is recorded from the lower 
part of Ayun Musa Formation of Sudr East 
Well 2, at depth 1 390 feet a little stratigraph
ic interval below the Orbulina datum; figur
ed paratypes are from t,he upper part of the 
Ayun Musa Formation, at depths 820 feet 
and 550 feet, above the Orbulina datum; un
figured paratypes are from the intercalated 



shales of the overlying Belayim Formation, 
at depth 110 feet. 

OBSERVED STRATIGRAPHIC RANGE 

Late Burdigalian (Early Miocene) to Langh
ian (Middle Miocene). 

Globigerinanus sudri maturus, new subspecies 

Plate 1, figs. 5a-c; Plate 2, figs. la-c 

REMARKS 

This subspecies differs from GlobigeTina
nus sudri senu stricto in being larger in size 
an in having a much less tightly-coiled test, 
with fewer, more rapidly enlarging chambers 
in the last whorl so that the ultimate chamb
er is up to half the size of the test volume. 
It is also characterised by having a higher 
primary as well as dorsal supplementary ap
ertures, a less strongly depressed ventral sut
ures, and a broader umbilicus which is cover
ed by a more restricted umbilical bulla, with 
a longer and much lower accessory infralam
inal aperture at the base of the posterior side 
of the bulla. In addition, the wall of the 
primary chambers in G. sudri maturus, new 
subspecies is much more coarsely perforate 
and with a cancellate surface as compared 
to that of G. sudri sudri, new subspecies. 

DIMENSIONS 

Maximum diameter of holotype and para
types is 0.6 mm; thickness is 0.5 mm; mini
mum diameter ranges in different samples 
between 0:42 mm and 0.5 mm. 

TYPE AND OCCURRENCE 

Figure~ holotype and paratype are record
ed from the upper part of the Ayun Musa 
Formation, Sudr East Well 2, at depths 820 
feet and 550 feet. 

OBSERVED STRATIGRAPHIC RANGE 

Langhian (Middle Miocene). 
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Globigerinanus phodoaplatus, new species 

Plate 2, figs. 2a-4c, and 5 

DESCRIPTION 

Test free, of small to medium size and 
consists of three whorls of regularly enlarg
ing, inflated, slightly embracing chambers, 
arranged in a low trochospire with four loos
ely-coiled chambers in the last two whorls. 
In aquatorial profile, the test is subquadrate 
to subtrapezoidal and the equatorial periph
ery is quadrilobate. In axial vie"N, the test 
is oval to ovate; the ventral side is slightly 
more convex than the dorsal side. The 
chambers are subglobular to suboval, being 
slightly inflated ventrally than dorsally, lack
ing a distinct dorsa-peripheral shoulder. In 
some relatively tighter-coiled specimens, the 
dorsal side being more convex than the ven
tral side and the final chambers become in
creasingly longer than broad. The sutures 
are distinct and depressed throughout; they 
are initially curved on the dorsal side, later 
becoming subradial. The ventral intercamer
al sutures are deeply depressed and subradial. 
The umbilicus is broad, deep and characteri
stically quadrate in outlines. The primary 
aperture beneath the bulla is a moderately 

· high to high, symmetrical arc;h which is later
ally restricted to the breadth of the umbil
icus. A simple, flattened bulla of subquad
rate outlines is attached to the apertural face 
of the final chamber, extending across to the 
umbilical margin of the opposing antepen
ultimate chamber, covering partially or comp
letely the umbilicus. The bulla is only sligh
tly convex, and when narrow, appears to be 
merely arched. In some specimens, the bre
adth of the bulla is less than that of the 
umbilical limits (pl. 2, fig. 3a)), but in others 
the bulla is extending· to, and even beyond 
the umbilical limits (pl. 2, fig. 4a}. Two nar
row, slit-like accessory apertures are often 
present, one is placed between the bulla and 
the entire umbilical margin of the first 
chamber of the last whorl, and the other is 
placed between the· bulla and the entire umb-
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ilical margin of the penultimate chamber. 
In few specimens the bulla seems to be much 
longer than broad and attached to the apert
ural face of the final chamber only, cover
ing partially the umbilicus and leaving a 
single long and narrow opening between the 
suture of the bulla and the entire umbilical 
margin of the first three primary chambers 
of the last whorl (pi. 2, fig. 2a). The dorsal 
side of the test shows distinct supplement
ary sutural apertures; they are two or three 
apertures usually confined to the last few 
chambers, one per a chamber. These sup
plementary apertures are low to moderately 
high arches, often bordered by a thin rim, 
each aperture is placed over two sutures bet
ween three earlier chambers. The wall of 
the primary chambers is calcareous and mo
derately to coarsely perforate, its surface is 

punctate and distinctly hispid. The wall of 
the bulla is comparatively thinner, smooth to 
finely perforate and weakly hispid. 

·DIMENSIONS 

Maximum diameter of holotype is 0.45 mm; 
minimum diameter is 0.4 mm; thickness is · 
0.35 mm. Paratypes range from 0.3 mm to 
0.5 mm in maximum diameter, from 0.3 mm 
to 0.4 mm; in minimum diameter, and from 
0.27 mm to 0.37 mm in thickness. 

REMARKS 

The smaller size of the test, the typically 
quadrilobate form of tpe equatorial periphe
ry, the subglobular, very less embracing and 
less rapidly enlarging chambers, the quadrate 
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PLATE 1 

Globigerinanus species and subspecies. 

All specimens from the Miocene of Sudr East Well No. 2, on the eastern 
side of the Gulf of Suez, Egypt. 

Figs. 1-4. Globigerinanus sudri sudri, new species, new subspecies, from the 
Ayun Musa and Belayim formations, Late Burdigalian to Langhian; 
a, ventral view showing an umbilical, inflated bulla of subcircular 
to subquadrate outlines covering the umbilicus and primary apert
ure and with high broad accessory infralaminal aperture situated 
at the base of the posterior side of the bulla; b, axial view showing 
a moderately high, broad accessory aperture situated at the base 
of the anterior side of the bulla; c, dorsal view, showing uncovered 
sutural supplementary apertures situated in the dorsal surfaces of 
the last few chambers, at the junction of the dorsal sutures and 
spiral sutures; 1, holotype from the lower part of the Ayun Musa 
Formation, at depth 1390 feet, Late Burdigalian, X70; 2-3, paratypes 
from the upper part of the Ayun Musa Formation, at depth 820 feet, 
Early Langhian; 2a-3a, 3c, X70; 3b, X62; 4, paratype from the up
permost part of the Ayun Musa Formation, at depth 550 feet, Early 
Langhian; 4a, c, X70; 4b, X62. 

Fig. 5. Globigerinanus sudri maturus, new species, new subspecies, halo
type from the upper part of the Ayun Musa Formation, at depth 
820 feet, Early Langhian; a, ventral view, showing a more restricted 
umbilical bulla, with a much lower accessory aperture at the base 
of the posterior side of the bulla; b, axial view, showing a smaller, 
semicircular arch at the base of the anterior side of the bulla; c, 
dorsal view, showing higher arched sutural supplementary appert-
ures; Sa, X62; 5b-c, X70. -
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shape of the umbilicus, and the flattened 
umbilical bulla which is only slightly convex 
or merely arched, and which has two narrow, 
slit-like accessory infralaminal apertures, are 
all among tl:le many characteristic features 
which serve to distinguished this species from 
members of Globigerinanus sudri, new spe
cies. 

TYPE AND OCCURRENCE 

Figured holotype is recorded from the up
per part of the Ayun Musa Formation, Sudr 
East Well 2, at depth 820 feet; figured para
types are from the lower part of the Ayun 
Musa Formation at depths of 1 390 feet and 
1110 feet; unfigured paratype is from the 
intercalated shales of the Belayim Evaporit
es; figured paratype is from the top most 
part of the Ayun Musa Formation, at depth 
550 feet. 

OBSERVED STRATIGRAPHIC RANGE 

Late Burdigalian (Early Miocene) to Langh
ian (Middle Miocene). 

Globigerinanus sphaeroides, new species 

Plate 2, figs. 6a-c and 7 

DESCRIPTION 

Test free, of medium size, low-spired; the 
equatorial profile is ovoid to subquadrate; 
the equatorial periphery is distinctly lobulate. 
The axial profile of the test is suboval; the 
axial periphery is broadly and smoothly ro
unded. The cl:lambers are spherical to sub
globular and arranged in about three whorls 
with few, rapidly enlarging chambers per 
whorl, ranging from four in the penultimate 
whorl to only three in the final whorl. In 
dorsal view, the initial chambers are ovoid 
to reniform and distinctly longer than broad, 
but they become increasingly inflated and 
nearly as broad as long; no clear dorsa-per
ipheral shoulder is present. The sutures are 
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distinct, depressed and radial on the ventral 
side. On the dorsal side, they are initially 
slightly curved but they later become sub
radial. The primary aperture beneath the 
bulla is umbilical in position and symmetric- ' 
ally placed above the ventral intercameral 
suture between the first- and second-formed 
chambers of the last whorl. It is completely _ 
covered by a small, globular bulla which di
stinctly protrudes above the ventral surfaces 
of the primary chambers. The bulla is circul
ar in outlines and covering the maximum 
extent of tl:le umbilicus. I t is attached to 
the umbilical margins of the ventral .surfaces 
of the primary chambers of the last whorl, 
with a small, very low arched, infralaminal 
accessory aperture over each ventral inter
cameral suture. Three accessory apertures 
are thus present in the suture of the bulla, 
one over the suture between the first and 
second chambers, the second over the suture 
between the second (penultimate) and final 
chambers, and the third over the suture bet
ween the first and final chambers of the last 
whorl. A single supplementary sutural apert
ure is visible on the dorsal side of the test. 
It is a small semicircular arch which is low 
to moderately high and symmetrically placed . 
above the suture of two earlier chambers. The 
wall is calcareous, finely perforate; surface 
is smooth to finely punctate in appear;_nce. 
The surface of the bulla is distinctly thinner 
than that of the primary chambers, it is 
much more finely perforate and sparsely 
punctate. 

DIMENSIONS 

Maximum diameter of holotype is 0.47 mm; 
minimum diameter is 0.37 mm; thickness 
0.37 mm. Paratypes range from 0.4 mm to 
0.5 mm in greatest diameter and from 0.32 
mm to 0.4 mm in thickness. 

REMARKS 

Globigerinanus sphaeroides, new species is 
characterised l;ly its trilobate form, smooth 



surface and globose, rapidly enlarging later 
chambers. It is easily recognisable by the 
shape and position of the primary, dorsal sup
plementary as ¥;ell as accessory infralaminal 
apertures which are always semicircular 
arches restricted to the areas over the sut
ures. The umbilical bulla is small, globular 
in shape and possessing three, small openings 
which are symmetrically placed over the vent
ral intercameral sutures between primary 
chambers. 

Globigerinanus sphaeroides should be com
pared to G. multiaperturus, new species (see 
later). 

TYPE AND OCCURRENCE 

Figured holotype and paratype are from 
the upper part of the Ayun Musa Formation, 
Sudr East Well 2, at depth 820 feet. 

OBSERVED STRATIGRAPHIC RANGE 

Langhian (Middle Miocene). 

Globigerinanus bullatus, new species 

Globigerinanus bullatus bullatus, 
new subspecies 

Plate 3, figs. la-c 

DESCRIPTION 

Test free, of medium size, and consists of 
three whorls of rapidly enlarging, strongly 
inflated, weakly embracing chambers, arrang-
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ed in a high trochospire, witJ'l four chambers 
in each whorl. The equatorial profile of the 
test is semicircular with a slight tendency 
to be subquadrate, the equatorial periphery 
is broadly lobulate. In axial profile, the 
dorsal surface is convex wnilst the very high 
inflated bulla gives a very strong convexity 
to the ventral surface. The chambers are in
itially subglobular, but later becoming sub
ovoid in the last whorl where they are di
stinctly more inflated ventrally than dosally. 
The sutures on the dorsal side are distinctly 
depressed and initially curved but later be
coming subradial; the ventral intercameral 
sut.ures are deeply depressed and subradial. 
The umbilicus and primary aperture are 
completely covered by a large, very strongly 
inflated bulla which protrudes far beyond 
the ventral surfaces on the primary chamb
ers . . The bulla is approximately the same 
volume as the final chamber but often ex
ceeding it. In ventral view, the bulla extends 
far beyond the limits of the umbilicus; it is 
attached at or near the peripnery of the first 
chamber of the last whorl, aprroximately half
way across the ventral surfaces of the suc
ceeding two ' chambers and at the highest 
point of the apertural face of the final chamb
er. Three accessory infralaminal apertures 
are present, two fairly high arches are present 
on the posterior side of the bulla, one over 
each of the ventral sutures limiting the pen
ultimate chamber, and a single broad access
ory aperture situated anteriorly, over the 
ventral surface of the first-formed chamber 
of the last whorl. In some loosely-coiled spec
imens, where more of the ventral surface of 

PLATE 2 

Globigerinanus species and subspecies. 

All specimens from the Miocene of Sudr East Well No. 2, on the eastern 
side of the Gulf of Suez, Egypt. 

Fig. 1. Globigerinanus sudri maturus, new subspecies, paratype from the 
upper part of the Ayun Musa Formation, at depth 820 feet, Early 
Langhian; a, ventral view, showing a more restricted bulla of sub-
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triangular outlines covering partially the umbilicus, and with a 
longer and much lower accessory infralaminal aperture extending 
for the full breadth of the penultimate chamber and along of the 
breadth of the antepenultimate chamber; b, axial view, showing a 
moderately inflated bulla with a moderately high, asymmetrical 
arched accessory aperture at the base of the anterior side of the 
bulla; c, dorsal view, showing higher arched sutural supplementary 
apertures; X62. 

Figs. 2-5. Globigerinanus phodoaplatus, new species, from the Ayun Musa 
Formation, Late Burdigalian to Early Langhian; 3, holotype from 
the upper part of the Ayun Musa Formation, at depth 820 feet, 
Early Langhian; a, ventral view, showing a quadrilobate test with 
a small umbilical bulla which is distinctly less than the umbilical 
limits and with two narrow, slit-like accessory infralaminal apert
ures; b, axial view, showing a very weakly inflated bulla which is 
only slightly convex and with a narrow anterior accessory aperture; 
c, dorsal view, showing uncovered sutural supplementary apertures 
which are low to moderately high arches; X70; 4, paratype from 
the middle part of the Ayun Musa Formation, at depth 1110 feet, 
Latest Burdigalian; a, ventral view, showing a flattened t rapizoidal 
bulla which covers the maximum extent of the umbilicus; b-e, axial 
and dorsal views, showing the same as 3b-c; X70; 2, paratype from 
the lower part of the Ayun Musa Formation, at depth 1390 feet, Late 
Burdigalian; a, ventral view showing a longer bulla which is at
tached to the apertural face of the final chamber only, covering 
partially the umbilicus and leaving a single, long and narrow open
ing situated above the umbilical margin of the antepenultimate 
chamber; b, axial view, showing a very slightly protruding bulla; 
c, dorsal view, showing a high arched sutural supplementary apert
ure; X70; 5, paratype from the uppermost part of the Ayun Musa 
Formation, at depth 550 feet, Early Langhian, ventral view, show
ing a tri-chambered from with more rapidly enlarging chambers 
and a narrow umbilicus which is partially covered by a small, flat
tened bulla, with a single accessory aperture; X62. 

Figs. 6-7. Globigerinanus sphaeroides, new species, from the upper part of 
the Ayun Musa Formation, at depth 820 feet, Early Langhian; 6, 
holotype; a, ventral view, showing a tri-chambered form, with sphe
rical umbilical bulla which is attached to the ventral surfaces of 
the last three-formed primary chambers, covering completely the 

· umbilicus and with three accessory infralaminal apertures at the 
margin of the bulla; b, axial view, showing a small accessory 
aperture situated at the base of the anterior side of the bulla, on 
the ventral suture line between the first and last chambers of the 
final whorl; c, dorsal view, showing a single, semicircular sutural 
supplementary aperture situated on the dorsal suture between two 
earlier chambers; 7, paratype, ventral view, showing the same as 6a; 
6-7, X70. 

Figs. 8-9. Globigerinanus bullatus expansus, new species, new subspecies, 
from the uppermost part of the Ayun Musa Formation, at depth 
550 feet, Early Langhian; a, ventral view, showing a modified, 
umbilical bulla which extends unequally along the ventral inter
cameral sutures, especially anteriorly; b, axial view, showing a 
strongly inflated bulla with a minute slit-like accessory aperture 

.·.situated between the bulla and the umbilical margin of the first
formed chamb~r of the final whorl; 8, holotype; a, X80; b , X52; 9, 
paratype, XSO. 
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the first-formed chamber of the last whorl is 
exposed, the anterior accessory aperture may 
be replaced by two apertures, one over each 
of the intercameral sutures limiting this 
chambers; this produces a maximum of four 
accessory infralaminal apertures to the bulla. 
The dorsal side of the test shows distinct sup
plementary sutural apertures; they are two 
and occasionally three, one per a chamber, 
usually confined to the last three-formed 
chambers. These supplementary apertures 
are low openings which are about two times 
as broad as high; they are situated in the 
wall of the dorsal surfaces of the primary 
chambers, at the junction of the dorsal inter
cameral sutures and spiral sutures. The wall 
is calcareous, fairly thick and uniformly per
forate, its surface is densely and coarsly 
punctate. The wall of the bulla is distinctly 
thinner and more finely perforate and hispid. 

DIMENSIONS 

Maximum diameter of holotype is 0.5 mm; 
minimum diameter is 0.4 mm; thickness is 
0.5 mm. Paratypes range from 0.4 mm to 
0.5 mm in maximum diameter and from 0.4 
mm to 0.55 mm in thickness. 

REMARKS 

Globigerinanus bullatus bullatus, new sub
species possesses an exceptionally inflated, 
large and extensive bulla which distinguishes 
it from other kno -.vn forms of Globigerinanus, 
new genus. It also differs from members of 
G. sudri, new species in having much globose, 
weakly embracing chambers and numerous 
smaller accessory infralaminal paertures at 
the margins of the bulla. 

TYPE AND OCCURRENCE 

Figured holotype and unfigured paratype 
are from the upper part of the Ayun Musa 
Formation, Sudr East Well 2, at depth 820 
feet; unfigured paratype is from the inter
calated shales of the overlying Belayim Form
ation, at depth 110 feet. 
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OBSERVED STRATIGRAPHIC RANGE 

Langhian (Middle Miocene). 

Globigerinanus bullatus expansus, 
new subspecies 

Plate 2, figs. 8a-9b 

DESCRIPTION 

Globigerinanus bullatus expansus, new sub
species differs from G. bullatus senu stricto 
in being much smaller in size, in posssessing 
a much less tightly-coiled (low-spired), test, 
and in having a baloon-like bulla which ex
tends along the ventral intercameral sutures 
especially anteriorly, where it is modified by 
an extension usually encroaching more upon 
the anterior part of . the ventral surface of . 
the ultimate chamber than upon the poster
ior part, and which possesses much smaller 
accessory infralaminal apertures. In addit
ion, the wall of the primary chambers in G. 
bullatus expansus is much more finely perfor
ate and lacking a cancellate, hispid surface 
as compared to G. bullatus bullatus. 

Globigerinanus bullatus expansus, new sub
species is distinguished from G. sphaeroides, 
new species in possessing a much more vault
ed ventral surface to the primary chambers, 
a less globular, less rapidly enlarging chamb
ers, and a broader, strongly inflated bulla 
which extends far beyond the umbilical lim
its. Furthermore, the primary aperture in 
G. bullatus expansus is a low intraumbilical 
opening whic;h opens over the umbilical area 
of the antepenultimate chamber, instead of 
the high semicircular arch of G. sphaeroides 
which is symmetrically placed over the ven
tral intercameral suture between the first-

. and second-formed chambers of the last whorl. 

DIMENSIONS 

Maximum diameter of holotype is 0.38 mm; 
minimum diameter is 0.33 mm; thickness is 
0.35 mm. Paratypes range from 0.3 mm to 
0.4 mm in maximum diameter, from 0.25 mm 



to 0.35 mm in minimum diameter, and from 
0.27 mm to 0.4 mm in thickness. 

TYPE AND OCCURRENCE 

Figured holotype and paratype are record
ed from the top most part of the Ayun Musa 
Formation, Sudr East Well 2, at depth 550 
feet. 

OBSERVED STRATIGRAPHIC R ANGE 

Langhian (Middle Miocene). 

Globigerinanus loxophodellus, new species 

Plate 3, figs. 2a-4b 

DESCRIPTION 

Test free, of moderately large to large size, 
and consists of three or more whorls of rapid
ly enlarging, strongly inflated, weakly emb
racing chambers, arranged in a high trocho
spire with four chambers in each whorl. The 
equatorial periphery is strongly lobulate. In 
axial profile, the test is ovoid; the dorsal 
surface being strongly convex (high-spired) 
and the ventral surface is inflated but relativ
ely less convex. In some specimens, the height 
of the dorsal spire is almost as great as that 
of the ventral bulla. The axial periphery of 
the test is strongly lobulate and the axial 
periphery of each chamber is broadly and 
smoothly rounded; no dorsa-peripheral sho
ulder is present. The chambers are globular 
to subglobular; t):leir dorsal surfaces being 
almost as strongly inflated as the ventral 
surfaces. In dorsal wiew, the chambers are 
semicircular , being almost of constant shape 
throughout ontogeny. The sutures are bro
adly and deeply depressed. The spiral sut
ures are strongly lobulate; the dorsal and 
ventral intercameral sutures are weakly curv
ed and subradial throughout. The umbilicus 
beneath the bulla is broad, deep and of sub
quadrate outlines. The primary aperture of 
the final chamber may, sometimes, be observ
ed th rough the posterior accessory infralam
inal aperture, where it appears to be a low 
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to moderately )1igh intraumbilical arch fur
nished with a very narrow rim-like thicken
ing. It is entirely restricted to a position 
within the umbilicus which is directly faces. 
A broad, inflated bulla covers incompletely 
th,e umbilicus and primary aperture of the 
final chamber. It markedly protrudes beyond 
the limits of t):le umbilicus whether seen in 
axial or ventral view. In axial view, the bulla 
is subglobular to subovoid in shape, com
monly elongated in a lateral, slightly oblique 
manner. It is attached to the apertural face 
of the final chamber, extendling across to 
the umbilical margin of the antepenult imate 
chamber. In some specimens, the bulla att
ains a large size and becomes increasingly 
compressed and increasingly longer than 
broad. In ventral view, the bulla assumes 
subtriangular outlines, it is frequently extend
ing along the ventral face of the final chamb
er, often encreaching more upon the anter
ior part of the ventral face than upon the 
posterior part, but it can no longer reac)1 the 
periphery of the first chamber. Shallow sut
ures mark the attachment of the bulla to 
the final chamber. Two broad and high arch
ed accessory apertures are present, one at 
the base of the anterior part of the bulla, 
being situated between the bulla and the 
entire umbilical margin of the first chamber 
of t):le last whorl; and the other at the base 
of the posterior part of the bulla, being situat
ed between the bulla and the entire umbil
ical margin of the penultimate chamber. In 
some specimens, the posterior accessory apert 
ure extends along the anterior part of the 
umbilical face of the antepenultimate chamb
er and the most posterior part of the aper
tural face of the final chamber. On the dor
sal side of the test, three and occasionally 
four supplementary sutural apertures are 
present, they are restricted, one per a cham
ber, to t):le ' last four chambers of the final 
whorl. The dorsal supplementary apertures 
are similar in shape and occupying similar 
positions. They are low to moderately high 
arches furnished with a very narrow rim-like 
thickening; eac)1 aperture is placed above the 
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two sutures between three earlier chambers. 
The wall of the primary chambers is thick 
and coarsely perforate; its surface is coarsely 
punctate, densely and coarsely hispid. The 
wall of the bulla is distinctly thinner than 
that of the primary chambers, it is much 
more finely perforate and is sparsely and very 
finely hispid. 

DIMENSIONS 

Holotype and paratypes have nearly con- · 
stant dimensions, with a maximum diarneter 
of 0.6 mm and a thickness of 0.5 mm. Mini
mum diameter, however, varies between 0.5 
mm and 0.6 mm in different specimens. 

REMARKS 

Globigerinanus loxophodellus, new species 
is distinguished from G. sudri, new species by 
its higher trochospire, much more globular, 

_well separated, very less depressed chambers, 
strongly lobulate periphery, deeply depress
ed ventral intercameral sutures, broader umb
ilicus with subquadrate outline, and a lower 
primary as well as supplementary apertures. 
It also possesses a broader, more elongated 
bulla of subtriangular outline which unequal
ly extends along t):le ventral face of the final 
chamber and which possesses broader access
ory apertures. The wall of G. loxophodellus 
is also much thicker, more coarsely perforate 
and densely hispid than in G. sudri s.s. 

Globigerinanus bullatus bullatus, new sub
species differs from G. loxophodellus, new 
species in ):laving a much broader bulla which 
extends equally beyond t):le· umbilical limits, 
and which is attached to the umbilical marg
ins of the ventral surfaces of not only the 
ultimate and antepenutimate chambers, but 
also to the corresponding surface of at least 
one other c):lamber in the last whorl, so that 
at least three accessory infralaminal apert
ures are developed in the suture of the bulla. 

Globigerinanus loxophodellus, new species 
differs from G. phodoaplatus, new species in 
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being larger in size, in possessing strongly 
inflated, much tightly coiled and more rapid
ly . enlarging chambers, strongly depressed 
sutures, and in having a largely inflated 
bulla, which is commonly elongated in a later
al, slightly oblique manner and frequently 
extending along the anterior part of the ven
tral face of the ultimate chamber, and with- . 
two, much broader and higher accessory in
fralaminal apertures. 

TYPE AND OCCURRENCE 

Figured holotype and paratypes are from 
the uppermost part of the Ayun Musa Form
ation, Sudr East Well 2, at depths ranging 
from 820 feet to 550 feet, unfigured paratypes 
are from the intercalated shales of the overly
ing Belayim Evaporites, at depth 110 feet. 

OBSERVED STRATIGRAPHIC RANGE 

Langhian (Middle Miocene). 

Globigerinanus multiaperturus, new species 

Plate 3, figs. 5a-6b 

DESCRIPTION 

Test free, of medium to moderately- large 
size and consists of t):lree whorls of rapidly 
enlarging, moderately embracing, strongly 
inflated chambers, arranged in a low trocho
spire. The two early whorls consist of four, 
slowly enlarging, moderately inflated chamb
ers but this is reduced to only three, increas
ingly inflated and much more rapidly enlarg
ing chambers in the last whorl. In equatorial 
profile, the test is subcircular to subquadrate 
and the equatorial periphery is distinctly 
lobulate (trilobate). In axial profile, the test 
is broadly oval to subquadrate, the ventral 
and dorsal surfaces being approximately equ
ally convex. The chambers are initially semi
circular but later becoming ovoid, increasing
ly depressed and increasingly longer than 
broad during ontogeny. T):le ultimate chamb
er may be up to half the size of the test 



volume. The sutures are depressed on the 
dorsal side; they are initially slightly curved, 
later becoming subradial. The ventral sut
ures are deeply incised and subradial to weak
ly curved. The primary aperture beneath 
the bulla is an intraumbilical arch situated 
symmetrically above the ventral intercameral 
suture between the first- and second-formed 
(penultimate) chambers of the last whorl. 
The umbilicus is small, narrow and complet
ely covered by a broad, moderately inflated 
bulla which markedly protrudes above the 
ventral surfaces of the primary chambers. 
The bulla is subcircular to subtriangular in 
shape and attached to the highest point of 
the apertural face of the final chamber, ext
ending across to the umbilical margin of the 
first-formed chamber of the final whorl. It 
often extends unequally beyong the limits of 
the umbilicus, along the ventral surface of 
the final chamber. Ti¥o accessory infralam
inal apertures are present, one broad and 
high asymmetrical opening situated bet Neen 
the bulla and the entire umbilical margin of 
the penultimate chamber, and the other be
ing small arch situated over the intercamer
al suture between the first- and last-formed 
chambers of the final whorl. The primary 
aperture beneath the bulla is an intraumb
ilical arch placed symmetrically above the 
ventral intercameral suture between the first
and second-formed (penultimate) chambers 
of the last whorl. The supplementary sutural 
apertures on the dorsal side of the test are 
numerous, four of which are usually visible; 
t wo are present at the basal suture of the 
final chamber, and a single aperture on each 
of the preceeding chambers, at the junction 
of the dorsal intercameral sutures and spiral 
sutures. They are moderately high arches 
placed over the two sutures between three 
earlier chambers. A single supplementary 
sutura l aperture at the base of the terminal 
face of the final chamber is symmetrically 
placed above the suture between the last
formed chamber of the penultimate whorl 
and the first-formed chamber of the ultimate 
whorl. In some tightly-coiled specimens, the 
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last two sutural apertures at the base of the 
final chamber assume the same shape and 
occupy the same position. The wall of the 
primary chambers is fairly thick, uniformly 
and finely perforate; its surface is weakly 
cancellate and uniformily hispid. The wall 
of the bulla is slightly but distinctly thinner 
and more finely perforate than that of the 
primary chambers. 

DIMENSIONS 

Maximum diameter of holotype is 0.5 mm; 
minimum diameter i.s 0.4 mm; thickness is 
0.5 mm. Figured paratype attains 0.55 mm 
in maximum diameter, 0.5 mm in minimum 
diameter and 0.5 mm in thickness. 

REMARKS 

The trilobate form of the adult test and 
the symmetrical position of the primary 
aperture above the ventral intercameral sut
ure between the first- and second-formed 
chambers of the last whorl are characteristic 
features in both Globigerinanus sphaeroides 
and G. multiaperturus, new species. However, 
the latter species differs markedly in being 
much thicker and in having much more in
flated, strongly depressed and moderatelY 
embracing chambers, with numerous sup
plementary sutural apertures on the dorsal 
side, two of which are confined to the basal 
suture of the final chamber. The bulla in 
G. multiaperturus is attached to the highest 
point of the apertural face of the final chamb
er, extending across to the umbilical margin 

· of the first-formed chamber of the last whorl 
and with two accessory infralaminal apert
ures. G. sphaeroides, on the other hand, has 
a more restricted umbilical bulla which is 
attached to the umbilical margins of the last 
three-formed chambers and with three smal
ler accessory infralaminal apertures situated 
over the ventral intercameral sutures. In ad
dition, the wall of G. multiaperturus is relat
ively thicker, more coarsely perforate than 
that of G. sphaerqides. 
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PLATE 3 

Globigerinanus species and subspecies. 
All Figures X70 

All specimens from the Miocene of Sudr East Well No. 2, on the eastern 
side of the Gulf of Suez, Egypt. 

Fig. 1. Globigerinanus bullatus bullatus, new species, new subspecies; holo· 
type from the upper part of the Ayun Musa Formation, at depth 
820 feet, Early Langhian; a, ventral view, showing a large bulla 
which is attached to the umbilical margins of the last three-formed 
primary chambers, extending equally beyond the umbilical limits 
and with three accessory infralaminal apertures at the margins of 
the bulla; b, axial view, showing a strongly infiated bulla with a 
broad, lower arched accessory aperture situated between the bulla 
and the umbilical margin of the first-formed chamber of the final 
whorl; c, dorsal view, showing uncovered, lower arched sutural 
supplementary apertures on the last few chambers. 

Figs. 2-4. Globigerinanus loxophodellus, new species, from the upper part of 
the Ayun Musa Formation, Early Langhian; a, ventral view, show
ing quadrilobate test with a subtriangular to hemispherical bulla 
covering partially the umbilicus and extending unequally along the 
anterior part of the apertural face of the final chamber; b, axial 
view, showing high-spired test with strongly inflated chambers and 
elongated bulla which is compressed in a lateral, oblique manner 
and with broad, quadrate accessory aperture at the anterior side 
of the bulla; c, dorsal view, showing multiple, supplementary aper
tures which are low to moderately high arches, with a thin rim-like 
thickening; 2, holotype, and 3, paratype from the upper part of the 
Ayun Musa Formation, at depth 820 feet; 4, paratype from the up
permost part of the same formation, at depth 550 feet. 

Figs. 5-6. Globigerinanus multiaperturus, new species, from the uppermost 
part of the Ayun Musa Formation, at depth 550 feet, Early Langhian; 
6, holotype; a, ventral view, showing a three-chambered test with 
a moderately inflated bulla which is attached to the apertural face 
of the final chamber, extending across to the first-formed cham
ber of the last whorl and with a high arched accessory apert
ure at the posterior side of the bulla; b, axial view, showing 
a thicker test, with compressed final chambers and a high arched 
anterior, accessory aperture situated on the ventral suture between 
the first-and last-formed chambers of the final whorl; a sutural 
supplementary aperture is placed at the base of the terminal face 
of the final chambers; 5, paratype; a, ventral view, showing a more 
restricted umbilical bulla; b, axial view, showing the same as 5b; 
c, dorsal view, showing multiple, moderately high to high arched 
sutural supplementary apertures. 
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TYPE AND OCCURRENCE 

Figured holotype and paratype are from 
the top most part of the Ayun Musa Form
ation, Sudr East Well 2, at depth 550 feet. 

OBSERVED STRATIGRAPHIC RANGE 

Langhian (Middle Miocene). 

KEY TO THE IDENTIFICATION 
OF GLOBIGERINANUS SPECIES 

AND SUBSPECIES 

Forms of Globigerinanus are essentially 
Globigerinoides, in wic,h the umbilicus and 
primary aperture of the final chamber are 
covered by a bulla. The supplementary sut
tural apertures on the dorsal side of the test 
remain uncovered. The umbilical bulla pos
sesses a few number (2-4) of accesory infra
lamina! apertures situated in the suture of 
the bulla with the primary chambers. 

I. Forms in which t,he bulla is attached 
to the apertural face of the final chamber, 
extending across to the umbilical margin of 
the opposing antepenultimate chamber, cov
ering partially or completely the umbilicus 
and with two broad accessory apertures at 
its margins. 

A) Test is originally composed of four chamb
ers or nearly so in the adult; primary 
aperture is situated over the umbilical 
margin of the antepenultimate chamber; 
dorsal supplementary apertures are con
fined to the last few chambers, one per 
a chamber. 
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a) Bulla is inflated, ·semicircular to sub
quadrate in outlines, covering the 
maximum extent of the umbilicus and 
approximately of the same outline; 
chambers become increasingly depress
ed and longer t,han broad during onto
geny; primary and dorsal supplement
ary apertures are typically high arch-
es .. . . . . .. . . . . . . . . ............ G. sud1·i group. 

i) Chambers increase much rapidly 
in size as added, with a coarsely 
perforate wall and a cancellate, 
hispid surface. .. G. sudri maturus. 

ii) Chambers increase less rapidly in 
size as added, with a finely perfor
ate wall and lacking a cancellate 
surface . . . . . . . . . . . . . . . G. sudri sudri. 

b) Bull is inflated, subtriangular in out
lines, commonly elongated iri a lateral, 
oblique manner to the coiling mode of 
the primary chambers, and frequently 
extending unequally beyond the umb
ilical limits; c,hambers are strongly in
flated, very less depressed and arrang
ed in a high trochospire; primary and 
dorsal supplementary apertures are 
lo-;v arches . . . . . . . . . . . . G. loxophodellus 

c) Bulla is flattened, only slightly convex 
and when narrow appears to be mer
ely arched; its breadth is either less 
than that of the umbilicus, or extend
ing to, and even beyond t,he umbilical 
limits ..... ... .. ... ........ G. phodoaplatus. 

B) Test is originally composed of three 
chambers in the adult; primary aperture 
is situated over the ventral intercameral 
suture between the first- and ·second
formed chambers of the last whorl; dorsal 
supplementary aperture are multiple, two· 
of which are placed at the basal suture of 
the final chamber . . . G. multiaperturus. 

II. Forms in which the bulla is attached 
to the umbilical margins of the ventral sur
faces of not only the last-formed and antep
enultimate chambers, but also to the corre
sponding surface of, at least, one other chamb
er in the final w,horl, covering completely the 
umbilicus, and with three to four accessory 
apertures, situated in the suture between the 
bulla and primary chambers. 

A) Test is originally composed of four chamb
ers or nearly so in the adult; primary as 
well as dorsal supplementary apertures 



are situated over the two sutures between 
three earlier chambers; bulla is strongly 
inflated, extending far beyond the umb
ilical limits whether seen in axial or ven
tral view . . . . . . . . . . . . . . . . . . G. bullatus group. 

a) Bulla is non-modified, extending equ
ally along the ventral surfaces of the 
primary chambers; wall is coarsely 
perforate and with a hispid surface ... 
.... ... .. . ....... ....... G. bullatus bullatus. 

b) Bulla is modified by tunel-like prolong
ations which extend ·unequally along 
the ventral intercameral sutures, es
pecially anteriorly; wall is finely per-
forate with a smootiJ. surface ........... . 

G. bullatus expansus. 

B) Test is originally composed of three 
chambers in the adult; primary and dor
sal supplementary as well as accessory in
fralaminal apertures are situated over the 
suture between two earlier champers; 
bulla is restricted to the umbilical limits 
and nearly of the same outline ........... . 

G. sphaeroides. 

DEPOSITORY 

Holotypes and paratypes of Globigerinanus, 
new genus, new species and new subspecies 
are deposited in the archives of the Geolog
ical Service, E. N. Adaro, Serrano, 116, Ma-
drid-6. · · 
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