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Pfenderina (Foraminifera) from the Jurassic Sediments
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Abstract

The genus Plendering HENSON, 1948 represents an important stratigraphic marker in the Jurassic
sediments of Ethiopia. A cf. form of a known species (Pfenderina salernitana Sarroxt and Cres-
ceNTI, 1962) is recorded and illustrated from Bathonian and younger strata. The taxonomic
background of the genern Pfenderinag and Prendopfendering Horrincer, 1967 is discussed in the
light of the Ethiopian material to check the validity of the latter genus.
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Introduction

This study is a part of an all-out study of the Jurassic foraminifera in the surface
and subsurface sediments of Ethiopia. It was carried out between the years 1971
and 1973 within the general exploration program of Tenneco Oil Co. in Ethiopia.
Later in 1972, Texaco Inc. and Standard Oil Co. of California joined Tenneco as
partners in its efforts to explore for oil and gas in this country.

The material of this study derives from four deep wells and three surface sections
(see text—figure 1). All of the thin sections used here are stored in the research
laboratory of Tenneco Oil Co. in Houston.

The genus Pfenderina occurs in Ethiopia together with several other members
of the so-called “Middle Eastern Jurassic fauna” such as Presdocyclammina jaccardi,
Everticyclammina virgnliana, Kurnibia palastinensis, Trocholina palastinensis, Rha-
Ppydioniina deserta-amiji, Orbitopsella praecursor . . . etc. It was, however, chosen to be
studied separately because of its stratigraphic importance and the somewhat
intermingling of its different species as shown in the literature. So, to attain a
clear picture of its taxonomic background, a chronologic review of the literature
is presented below.

We feel deeply indebted to the managements of Tenneco Oil Co., Texaco Inc.
and Standard Oil Co. of California for permission to publish this paper. Particular
thanks are due Tenneco Oil Co. for allowing us to use their research facilities and
work on this paper on company’s time. We also would like to express our per-
sonal thanks to Dr. Jan E. Vax Hixte (EPR-Houston) for reviewing the manu-
script. Thanks are also due Mrs. M. M. Rainwater for editing and typing the
text and to my wife for her help in translating many Ii'rench references. Thanks
are also due Mr. F. R. ArLcorn (Tenneco’s Senior Technician) for his valuable
technical help.

Pfenderina and related forms as seen and dealt with by
different authors

Pfenderina was erected by HENsON in 1948 based on Eerupertia neocomiensis described
by PrENDER in 1938 from the Valanginian of Provence (France) and on his own
material from the Middle East. PrexpEer (1938) stated in her French description
that a characteristic feature of this form is the reticulate “wall”, and although she
used the word “muraille” for wall, we believe that she was referring to the axis
(or the central column) rather than to the wall as being reticulate or ,,guilloche®.
This is simply because she referred to fig. 7, pl. XVI in her paper which shows
a clear reticulate axis and not wall. Hexsox (1948a) made the same observation
and he concluded that: p. 610 “PreExpEr evidently misinterprets the orientation
of her section shown in pl. XVI, fig. 7...”.

His diagnosis of the genus is largely the same as that of Pfender for her Eorupertia
neocomiensis, He described the axial core or the central column as: p. 6og “. .. due
to thickening of shell material which occasionally shows an irregular, reticulate
texture in sections; 2.

Syour and SuGneN (1962) erected the family Pfenderinidae to include the genera
Pfenderina Henson, 1948, Kurnubia Henson, 1948 and Meyendorffina Arovzr and
Bizon, 1958. This family was later reduced in rank to a subfamily by LoesLicu
and Tarpax (1964). Smoutr and SUGDEN saw PrENDER’s (1938) original “aspect
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guilloche” of the chamber walls as caused by either a secondary growth of
rhombic crystals or by: p. 582 “...the perforations of the apertural part of the
septa and by the labyrinthic passages in the endoskeleton of the central part of the
chamber...” They gave this very clear and detailed description of the inner
structural elements of the tests of Pfenderina: p. 584 “Typically the chambers are
low and rather oval, each occupying a considerable part of the base and over-
lapping the axis of coiling. An outer, crescentic part of the chamber is empty and
the part of the septum covering this is imperforate. The large remaining inner
part of the chamber is occupied by endoskeleton in which there are labyrinthine
passages and the corresponding part of the septum is perforated by the pores of
the cribrate apertures.” They then went on to state that: p. 584 “...the aggre-
gation of the infilled parts of the chambers form an axial columella.” On the same
page (p. 584) they wrote that: “In the earlier chambers of the test the labyrinthine
passages were infilled during the life of the organism and the columella ... is
solid in this part. A secondary intercameral foramen is present in each septum
in the form of a circular aperture. These foramina lie in what amount to a spiral
groove in the margin of the columella.” They also cite, with clarity and simplicity,
several generic differences between Pfenderina und Kurnnbia where, as HEnson
(1948) originally suggested, the absence of subepidermal partitions in Plenderina
is the major difference between both genera.

Brun in a paper published in 1962 on a Middle Liassic new species ( Pfenderina
butterlini) from Morocco apparently accepted PFENDER’s description of the wall as
being “guilloche” or reticulate and went on to establish that Pfenderina does
possess subepidermal partitions contrary to Hensow’s original diagnosis of the
genus. These subepidermal partitions are particularly visible in the tangential
sections. They are perpendicular to the principal partitions and never reach the
center of the test. This, according to Brun, makes the difference between Pfen-
derina and “Valenlinella” or Kurnubia difficult to establish because HeENsON (1948 a)
cited the absence of subepidermal partitions in Pfenderina as the only difference
between both genera, BRun maintained the “Valvulinella” described by Henson
(19484) still as an independent genus from Kurnubia but he admitted their simi-
larity. For simplicity, we regard here his remarks on “Valvuiineila” as pertaining
to Kurnubia, because the validity of Kurnubia to include HeNsoN's “V. jurassica”
and “V. wellingsi” is out of the question. According to BrRun’s examination of
many sections of Kuraubia it appears to him that in this form the subepidermal
partitions perpendicular to the epidermis do not reach the septa. They form
rather “subepidermal alveolar canals” similar to those observed in Prewdocyclan-
mina. According to Brun also, there exists some ambiguity in HensoN’s descrip-
tion of Kurnubia because HensoN writes that in Kurnubia “there is a well-marked
sub-epidermal cellular layer”. Brun then stated that we cannot talk about true
subepidermal partitions in Kwrnupia, but rather about subepidermal alveolar
canals. In Pfenderina, on the contrary, although the secondary partitions do not
reach the center, they are perpendicular to the epidermis and the septa. He then
points out that the micropaleontological vocabulary should differentiate between
“subepidermal partitions” and “subepidermal alveolar canals”. This difference,
according to him, is essentially the following: subepidermal partitions per-
pendicular to the epidermis and to the septa as in Pfenderina, versus subepidermal
alveolar canals as in Kwrnubia. Apparently unaware at the time of his paper, of
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Smour and SUGDEN'S paper, BRuN then emended the genus Pfenderina on the basis
of his new specics Pfenderina butterlini. Iis emendation largely stresses the presence
of secondary subepidermal partitions which are perpendicular to the principal
partitions.

Sarront and Crescentt (1962) identified a new species, Pfenderina salernitana,
from Bathonian and Callovian strata of the Southern Appennines which is
closely related to Pfenderina neocomiensis (PFENDER 1938). This new species comes
closest to our Ethiopian material both stratigraphically and paleontologically.
However, some differences in the internal structure of both materials restrained
us from identifying our material as Pfenderina salernitana sensu strictu. These
differences and our views of P. saternitana will be discussed elsewhere in this
paper.

RepmonD (1964) in his paper on the Pfenderinidae of the Jurassic of Saudi Arabia
stated that: p. 251 “the endoskeletal material mentioned by Smouvr and SuGpeN
does not lie within the chamber cavity itself but, instead, outside of it, forming
a labyrinthine filling between a porous apertural plate and the anterior wall of the
corresponding chamber”. More important, REpmoND (1964) subdivides the
Pfenderinidae on the basis of the presence or absence of the secondary infilling
of the labyrinthine passages in the central part of the test, into two subfamilies,
Pfenderininae with secondary infilling during the life of the individual, and Kur-
nibiinae without. REnpMonD then emended the genus Pfenderina on the basis of
his above stated observation that the endoskeletal material lies outside the cham-
ber cavity. He further notes that BRuN’s (1962) Pfenderina butterlini: p. 255 “is
neither a Pfenderina nor a member of the Pfenderina nor a member of the Pfende-
rininae, and thus cannot serve as a valid basis for emendation of Pfenderina”. e
cites the following differences to support his point of view: Pfenderina butteriini
Brun (1962): p. 255 “lacks the apertural apparatus of the Pfenderinidae”, “shows
no evidence of secondary infilling during the life of the individual”, the “walls of
the chambers do not show the characteristic outward taper of the Pfenderininae”
and finally “there is no semblance of a solid central core or subcameral tunnel”.
RepmonD then describes two new species of Pfenderina (gracilis and inflata) of
which he publishes photographs of isolated specimens but no thin sections. The
outside appearance of this new material, its stratigraphic range and its geographi-
cal location (just across the Red Sea) make it highly probable that this Saudi
Arabian material and our Ethiopian material are identical. The lack of thin-section
photographs of this material does not permit the justification of this probability at
this time. REnmonD also records two other better known species (neocomiensis and
trachoidea) and erects three new genera: Pfenderella, Sanderella and Steinevella be-
longing to the same new subfamily Pfenderininae.

Finally, based on the remarks made by REpymonD (1964) about Pfenderina butteriing
Brun, 1962, HorriNGER (1967) erected the new genus Pseudopfenderina and chose
BruN’s P. batterlini as his genotype. HorrinGer had many random sections of
identical material from the Middle Liassic of Morocco. He suggested that his and
Brun’s Liassic forms represent the older member of the family of Pfenderinas
which differs from the genera Pfenderina and Pfendere/la in the absence of a “sub-
cameral tunnel” as defined by ReEpmonn, Horringer further gives an astonish-
ingly detailed description of the internal structure of Prendepfenderina based on his
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random sections. He disagrees with Brux on the subject of the subepidermal
partitions for he stated in his valuable work on the Moroccan Mesozic foraminifera
that: p. 87 (translated from the French) “The chamber has simple external par-
titions. It does not possess supplementary exoskeletal structural elements like
those Kurnubia and Prackurnubia have”. His description of the endoskeletal
columellar apparatus resembles in general, the description of Smout and Suc-
DEN's (1962) new family Pfenderinidae. HorriNGER’s description seemingly differs
from SmouT and SUGDEN’s in the absence of a “secondary intercameral foramen”
sensu Syout and SUGDEN (1962) or “subcameral tunnel” sensu REDMOND (1964).

HorriNnger (1967) also mentioned the presence of a new species Prendopfenderina
(n. sp-) in his Moroccan material. According to him, it is always accompanied by
P. butterlini but a smaller form than the true P. batter/ini. For lack of enough
material, he did not give a detailed description of this new species. It is worth
mentioning here that a very similar small-size form was recognized in our Ethio-
pian material. In the beginning stages of our research, it was mainly differentiated
from the more abundant, larger and better developed Pfenderina by its smaller
size, and was designated by the unofficial name “dwarf Pfenderina” (group no. 3
in the following pages). It will be discussed in more detail elsewhere in this paper.

The Ethiopian material lacks any isolated specimens, and although this material
is very abundant, the fact that there are no isolated specimens for oriented thin
sections, limited very much our ability to study and record their internal struc-
ture, and accordingly to examine the many small details described by the many
authors and to check their validity. Therefore, it is worth mentioning here that
our identification of the Ethiopian material is based solely, like most paleonto-
logical works, on comparison of published descriptions and photographs. We
have not seen or compared our material with actual specimens described in the
literature.

The basic differences between Pfenderina and  Psendopfenderina (= Pfenderina
butterlini) originated by REDMOND (1964) and later adopted by HotrriNGER (1967)
are not clear at all. From the literature, it is evident that the description of the
endoskeletal columellar elements by Smour and SuGpeEn (1962) of the family
Pfenderinidae which includes Pfenderina but not Prendopfenderina, as REpmoND
(1964) indirectly indicated, and the description of the same elements by Horrin-
GER (1967) of the genus Psendopfenderina are largely the same, excluding the
difference of a “solid” columella for Pfenderina versus a “spongy” columella for
Psendopfenderina which seems to be one of the main differences between both
genera, In this connection it is important to state that although our Ethiopian
material does not allow us to confirm or deny definitely that the columella was
already “solid” during the life of the individual as in Pfenderina or “spongy” as
in Psendopfenderina (that means if the labyrinthine passages within the columellar
region were or were not infilled with secondary deposition during the life of the
individual), we strongly tend to believe that it was solid. However, we regard
this whole argument of a “solid” versus a “spongy” columella to characterise both
genera as an invalid argument because, for example, the original Pfenderina neo-
comiensis (PFENDER), 1938 shows a clear reticulate, in other words “spongy”
columella, and Pfenderina salernitana SarroNt and CreEsCENTI, 1962 has also the
same feature (although to a lesser extent). It is also evident from the published
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photographs of both genera by the different authors that both share the presence
of a “spiral groove” or “subcameral tunnel” which puts the validity of the genus
Prseudopfenderina in doubt for the absence of this feature is the main factor behind
the erection of this new genus. These facts and the fact that HorrinGeR’s descrip-
tion (1967) of Pseudopfenderina resembles very much that of SmouTt and SuGpen’s
(1962) of Pfenderira lead us to believe that we do not actually have Pseudopfenderina
and Pfenderina as separate genera, but in fact we are dealing with one and the
same genus, in which case of course, it will be Pfenderina. Also the fact that our
material identifies, in lesser or larger degree, with some individual specimens
which are published as different species (e.g. Pfenderina butter/mi in BrRux, 1962,
pl. 2, fig. 3 — Pfenderina neacomiensis in Smouvr and SUGDEN, 1962, pl. 75, no. 1
middle specimen — Pfenderina salernitana in SArroNt and CRESCENTI, 1962, part
of pl. 16 — Pfenderina sp. in DErix and Rriss, 1966, no. 70 — Psendopfenderina
buttertini in HOTTINGER, 1967, pl. 19) lends much support to our suggestion that
we are dealing with one and the same genus with different stratigraphic range
according to the geographic locality, We have in Ethiopia some questionable
Bajocian occurrences, which if enough material is found, could throw some light
on this problem and answer the question if Pfenderina has originated in Middle
Liassic times and has managed to survive and evolve up till the Bathonian and
probably higher to the Neocomian (see stratigraphic range of the Ethiopian
material).

Introduction to the systematics

In the beginning stages of our exploration, and for the benefit of our day to day
work requirements, we subdivided the Ethiopian fauna into four different
groups.

These four groups were:

1. The large abundant forms with 4—6 chambers in the equatorial section similar
to those illustrated by Brux, 1962, pl. 2, no. 3 (as Pfenderina butterlini); SARTONT
and CrEsCeNTI, 1962, part of pl. 16 (as Pfenderina salernitana); DEriN and Rerss,
1966, no. 70 (as Pfenderina sp.); HorriNGER, 1967, pl. 19, most of the axial and
tangential sections' (as Psendopfenderina butterlini); and Brux, 1969, pl. 2, no. 14
and 15 (as “Pfenderina” butterlini).

2. The large much fewer forms (than gr. no. 1) with 7—8 chambers in the
equatorial section similar to those illustrated by PrexDER, 1938, pl. 16, no. 3,
4 and 5 (as Eorupertia neocomiensis); DUFAURE, 1958, pl. 2, no. 5 (as Pfenderina
neacomiensis); HOTTINGER, 1967, pl. 19, most of the equatorial sections (as Pseudo-
pfenderina butterlin).

Although the number of chambers per whorl is considered to have the least
taxonomic value, we made this subdivision because more than 80 Y9, of our fauna
lies within the first group which has an average of five chambers per whorl and
the appearance of a very few forms with an average of more than seven chambers
per whorl indicated at that time, an independent group.

1 The citation of similarity of certain sections of HOTTINGER’S photographs with both our groups 1
and 2 is an ,evidence” that we are dealing, basically, with one and the same species in both

groups.
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However, a major difference between group no. z and Pfenderina neocomiensis sensu
strictu is the central column which in our material is much smaller in diameter and
less clearly reticulate than the true P. neocomiensis, as is also the case in group no. 1
and its similar above-mentioned published forms.

3. The “dwarf fauna” which occurs abundantly for example, in Marda Pass sur-
face section (Lat. 97 25" N., Long. 42° 45" E.). These are tiny specimens which
usually have three to four and rarely five chambers in the equatorial section and
in many cases are coated with oolites (see pl. 2, fig. 9, 10 and pl. 3, fig. 4, 5, 7, 8,
11, 12, 13 and 14). The fact that these “dwarf forms” occur always in association
with, or immediately overlying or underlying the large typical forms of group
no. 1 led us to the assumption that they are either phyllogenetically closely
related to or actually are a true but younger generation of Pfenderina. In a particular
case, in Buri surface section (lat. 87 45° N., long. 427 50" E.) they were found
homogenously spar cemented with pellets of the same tiny size (see pl. 3, fig. 13,
14 and pl. 4, fig. 1). This might indicate that, in some cases, the underwater cur-
rents separated the two generations (the adults and the youngsters) according to
their size and later deposited them in different places.

MacomN, ScHrOEDER and Vira (1970) described and illustrated several forms of

Campanellnla capuensis from the Barremian of Algeria. This form, in some photo-

graphs of the equatorial section (especially pl. 2, no. 12) resembles, to some

extent, our “dwarf fauna” but differs from it in the following characteristics:

a) the initial spire of C. capuensis is typically trochospiral, whereas in our case,
this characteristic feature is not recognized (sce pl. z, fig. 9).

b) the adult test of C. capuensis is multi or triserial, whereas ours is exclusively
biserial.

c) the central column in C. capuensis (if there is any true one) is less developed and
defined than in our case.

4. The tiny misleading forms, which were first thought to belong to group
no. 3 because of their tiny size and their occurence with them. But a closer look
(with a larger magnification) showed that they were unrelated to Pfenderina, and
were actually dwarf specimens of Verneuilinoides (see pl. 4, no. 5, 6, 7, 8, g and 12),
and accordingly they were excluded from our study.

The reason why we identified our fauna in this paper as a cf, form of Pfenderina
salernitana SarToNt and CRESCENTI, 1962 is because we consider it to be identical
with only a part of SarTont and CriscexTI’s original population of that spezies
(see pl. 1, fig. 3). The rest of Sarront and CrescentT’s material including
holotype is different from ours and is more closely related to Pfenderina neo-
comiensis (PFENDER, 1938). It differs basically from our material in the larger size
of the test, in the larger central column and in having more chambers per whorl.
DeriN and Rerss (1966) published some material from Israel which shows these
differences. In their photograph no. 70, they have a specimen exactly identical
with our material which they identified as Pfenderina sp., and in photograph no. 71,
they have a specimen very close to the holotype of Pfenderina salernitana which they
properly identified as P. salernitana.

A great possibility also exists that our material could be identical with Rep-
MOND'S (1964) new species from Saudi Arabia (Pfenderina gracilis) but because
he published only photographs of isolated specimens and no thin sections we
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could not compare both material as we stated before, and accordingly we did
not describe our fauna as a new species.

Systematics
Family Pavonitidae LorsricH and Tarpan, 1961
Genus Pfenderina HENsON, 1948
Plenderina cf. salernitana SArToNt and CRESCENTI, 1962

Plate 1, fig. 1, 4, 6, 7, 9 and 10; Plate 2, fig. 2-10;
Plate 3, fig. 1, 3-5, 7-14; Plate 4, fig. 1-4

For comparison:

1962 Pfenderina salernitana — S. Sarront and U, Crescentr, part of pl. 16,

1966 Pfenderina sp. — B. DERIN and Z. RErss, no. 7o.

Correlation with other species: Our forms differ from Plenderina neocomiensis
(PrENDER), 1938 mainly through their smaller and less reticulate central column
(columella). Also more than 80 %, of our material has fewer chambers per whorl
(average s5) than P. neecomiensis (average 7). In some individual cases we en-
countered other forms with seven chambers or more with a relatively larger
central column (see pl. 3, fig. 1 and 3 and pl. 4, fig. 3). Also the younger age of the
forms (L. Cretaceous and Kimmeridgian) suggests that they are more closely
related to the predominately L. Cretaceous P. neocomiensis than they are to the
older Pfenderina salernitana. But because we lack any free specimens for oriented
thin sections, we are unable at this time to determine their proper identity.

Our forms further are easily differentiable from Pfenderina trocheidea Smout and
SuGDEN, 1962 which is so low trochospiral that, in thin sections, it appears
almost planispiral.

As we stated above, we believe that Pfenderina salernitana Sarront and CrescenTt,
1962 should be divided into two forms: one closely related to our fauna (see
pl. 1, fig. 3), and the second is very much related to P. neocomiensis (PFENDER), 1938,
a fact which Sarront and CrescENTT also admitted in their paper where the dif-
ferent stratigraphic range of their fauna (Bathonian — Callovian) helped justify
the erection of their new species.

Another species to consider in our correlation is Pfenderina butterlini Brun, 1962
which in spite of BRUN’s erroneous observation that it shows subepidermal par-
titions, its choice by HorriNGER (1967) as the genotype of Pendopfenderina and
its older stratigraphic range (Pliensbachian), shows a striking similarity to our
fauna (see pl. 1, fig. 2) and the fauna recorded by Deri~ and Rerss (1966) from
the Bathonian of Israel and identified as Pfenderina sp. As we showed in the
generic review of Pfenderina, the erection of the genus Pusendopfenderina Horrin-
GER, 1967 is not justified and accordingly the name Pfenderina butterlini Brun, 1962
should regain its validity.

Stratigraphic range of the Ethiopian material

The Ethiopian Pfenderinas derive from Bathonian and younger strata. This age
dating is based on the fact that the Pfenderinas are always directly overlain by
Kurnubia palastinensis HENSON, 1948 which, in its turn is occasionally overlain by
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Prsendocyclammina jaccardi (ScHroDT, 1894). Below our Pfenderinas comes a rela-
tively thick, scarcely fossiliferous interval of probable Bajocian to Upper Liassic
age, Then the Middle Liassic follows with its unmistakable Orbitspsella praecursor
(GiMBEL, 1872).

Pseudn Everticyc
cyclammina lammina

Plenderina Tracholing

INDEX FORMS
“trochaidea™
Orbitopselia pragcursor

wirgulian
Rhuapydionina deserta - amija

Kurnubia palasiinensis

jaccard|
lituus
lassica
grelg
salernitana
butterling
palastinensis
elongata
lenticularis
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= Cenomanian

Alban

Aptial 1

Barremian !

Hauterivian

CRETACEOUS
Lower

Valanginian

Meocomian

Berriasian

Purbeckian

Portlandian

Upper
(Malm)

Kimmeridgian

Oxlordian
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Toarchian '
Plignsbachian | |

Sinemurian

{Lias)

Lower

Hettangian

Fig. 2. Biostratigraphic range chart of some impartant index Foraminifera of the Jurassic and Lower Cretaceous
in Ethiopiz and worldwide.

In some particular sections we even have some Pfenderinas of probable younger
age (than Bathonian). These sections are:

1. Abred well no. 1 (at 1560 m) with Prsendocyclammina jaccardi. Age: Upper
Oxfordian — Kimmeridgian.

2. Callafo well no. 1 (at 3830-3840 feet). Age: Kimmeridgian (see pl. 3, fig. 3).

3. Calub well no. 1 (at 3660—3780 feet), Age: Lower Cretaceous (see pl. 3, fig. 1).

4. Ganale Doria surface section (samples I-27-3 and 4) with Psesdocyclammina
Jaceardi. Age: Upper Oxfordian — Kimmeridgian (see pl. 2, fig. 7and 8).

Although the record of stratigraphic range of such a fauna in different parts of

the world lends much support to the idea that these younger occurrences are in

situ, we also leave the possibility of the reworking of the material open until solid

proof to the contrary is found.

We also have few questionable occurrences of the Ethiopian Pfenderinas in strata

believed to be of Bajocian age (see pl. 3, fig. 4 and 5).
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Fig. 1
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Fig. 4:

Fig. s5:

Fig. 6:
Fig. 7:

Fig. 8:

Fig. o:

Fig. 10:

Plate 1

Pfenderina cf. salernitana Sartont and Crescenti, 1962, El Kuran well no. 1, 512030
feet, Upper Bathonian, equatorial section, approx. x zo.

“Pfenderina” butterfini Brun, 1962, original photograph after Bruxn (1962).

Pfenderina salernitana Saxront & CrESCENTI, 19062, original photograph after Sarront
and Crescenti (1962) from the L. Callovian — U. Bathonian of Italy for comparison
with fig. 1, equatorial section, x 34.

Pfenderina cf. salernitana Santont and Crescenti, 1962, El Kuran well no. 1, core
no. z (5215 feet), Bathonian, axial section (partly tangential in the upper portion),
approx. x 8o.

“Plenderina” butterlini BRuN, 1962, original photograph after Brun (1962) from the
Middle Liassic of Marocco for comparison with fig. 4, axial section (partly tangential
in the upper portion), x 6o.

Pfenderina cf. salernitana Sartont and Crescenti, 1962, El Kuran well no. 1, core no. 2
(5215 feet), Bathonian, equatorial and axial sections, approx. x 20.

Pfenderina cf. salernitana Sartont and Crescent, 1962, El Kuran well no. 1, core no. z
(5189—s228 feet), Bathonian, equatorial and tangential sections, approx. x 20,
Pfenderina salernitana Sanront and CRESCENTI, 1962, original photograph after SArroNt
and Crescenti (1962) from the L. Callovian — U. Bathonian of Iwly, equatorial
sections (slightly oblique), x 34.

Pfenderina cf. salernitana Sarroni and Crescenti, 1962, El Kuran well no. 1, core no. 2
{around 5200 feet), Bathonian, equatorial section, approx. x zo.

Pfenderina cf. salernitana Sarront and CrReEsceNTI, 1962, El Kuran well no. 1, core no. 2,
(5215 feet), Bathonian, both axial section (lower specimen is magnified in fig. 4),
Approx. x zo.
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Plate 2

Fig. 1: Prendapfenderina buiterlini (BRUN), 1962, original photograph of a model reconstructed
by Hottinger (1967), tangential and oblique sections.
Horrmcer meant to exaggerate the free height of the chambers in the umbilical area
to show the pillars and the complexity of this zone. Original magnification was x
soo0 (see attached cm. scale).

Fig. 2: Pfenderina cf. salernitana Sarront and Crescenrti, 1962, El Kuran well no. 1, core no, 2
(5189—s228 feet), Bathonian, axial section (partly tangential in the upper portion),
approx. x So.

Fig. 3: Pfenderina cf. salernitana SarTonNt and Crescentr, 1962, El Kuran well no. 1, core no. 2
(5215 feet), Bathonian, axial and equatorial sections, approx. x zo.

Fig. 4 and 5: Pfenderina cf. salernitana Sartost and CReEsceNTI, 1962, El Kuran well no. 1, core
no. 2 (5189—s228 feer), Bathonian, both axial sections (fig. 4 slightly tangential in the
upper portion), approx, x zo.

G: Pfenderina cf. salernitana Sartont and Crescentr, 1962, El Kuran well no. 1, core no, 2
(5215 feet), Bathonian, all three specimens axial sections (the lower specimen with more
than 6 chambers), approx. x zo.

. 7and 8: Pfenderina cf. salermitana Saxront and Crescentr, 1962 and Prendocyclammina jaccardi
(Scuropt), 1894, Ganale Doria surface section, sample 1-27-3, U. Oxfordian — Kim-
meridgian, the Pfenderinas are probably reworked?, fig. 7 axial section and fig, 8
equatorial section, both Psendocyclamminas are axial sections, approx. x 20.

. 9 and 10: Pfenderina cf. salernitana Sawront and Crescenti, 1962, surface section, sample
D-2-7, Lowest Bathonian, small specimens of group no. 3 (see p. 7), axial sections
(both photographs are of the same specimen), fig. ¢ x 8o, fig. 10 x 20,
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Plate 3

v: Pfenderina cf. salernitana Sarront and CREscenTi, 1962, Calub well no, 1, 3670—80 feet,
Lower Cretaceous, equatorial section, approx. x 20.

2 and 61 Pfenderina neocomiensis (PFENDER), 1938, original photograph after PFENDER (1938)
from the Valanginian of France for comparison with fig. 1 and 3, equatorial sections,
X 40.

31 Pfenderina cf. salernitana Sartont and Crescentr, 1962, Callafo well no. 1, 3830—40
feet, Kimmeridgian, equatorial section, approx. x 20,

4 and 5: Pfenderina cf. salernitana Sarront and Crescenti, 1962, Callafo well no. 1, 6200—10
feer, highest Bajocian?, equatorial sections (both photographs are of the same specimen),
fig. 4 x 20, fig. 5 x Bo,

7 and 8: Pfenderina cf. salernitana Sarront and Crescenti, 1962, Buri surface section, sample
D-2-7, highest Bathonian, equatorial sections (hoth photographs are of the same
specimen), fig. 7 x 20, fig. 8 x 8o.

9: Pfenderina cf. salernitana Sarront and Crescenrti, 1962, El Kuran well no. 1, core no, 2
(5189—5228 feet), Bathonian, oblique equatorial section, approx. x zo.

10: Pfenderina cf. salernitana Sartont and Crescenti, 1962, El Kuran well no. 1, 531020
feet, Bathonian, oblique equatorial section, approx. x zo.

11 and 12: Pfenderina cf. salernitana Sarron: and Crescenti, 1962, Buri surface section,
sample D-2-7, highest Bathonian, equatorial sections (both photographs are of the
same specimen), fig. 11 x 20, fig. 12 x 8o,

13 and 14: Pfenderina cf. salernitana Sarront and Crescenti, 1962, Buri surface section,
fig. 13 is from sample D-2-8 and fig. 14 is from sample D-2-16, both Bathonian, mixed
axial and equatorial sections homogeneously spar cemented with pellets of the same
small size, approx. x zo.
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Plate 4

Pfenderina cf. salernitana Sarront and Crescenti, 1962, Buri surface section, sample
D-2-8, Bathonian, mixed axial and equatorial sections homogeneously spar cemented
with pellets of the same size, approx. x 20,

Pfenderina cf. salernitana Sawront and Crescenri, 1962, Callafo well no. 1, 5780—g0
feet, Bathonian, oblique equatorial section, approx, x fo.

DPlenderina cf. salernitana Savront and Crescenti, 1962, Callafo well no. 1, 3880—go
feet, Kimmeridgian, equatorial section, approx, x 20.

: Pfenderina ck. salernitana Sartont and Crescenti, 1962, Buri surface section, sample

D-2-10, Bathonian, equatorial section, approx. x 20.

and 6: Vernenilingides minnta Satp and Baraxar, 1958, Callafo well no. 1, 537080 feer,
Callovian, cross section (both photographs are of the same species), fig. 5 x 20, fig, 6
x Bo.

and 8: Vernewilinoides minuta Sato and Barakar, 1958, Buri surface section, sample
D-2-16, Bathonian, cross scction (both photographs are of the same species), fig. 7
x zo0, fig. 8 x 8o.

and 12 Vernenilinoides minta Satp and Baraxar, 1958, Buri surface section, sample
D-2-16, Bathonian, cross section (both photographs are of the same species), fig. ¢
x Bo, fig. 12 x 20,

Nantifoculiva cirenlaris (Sato and Baragar), 1959, Callafo well no. 1, 367080 feet
Kimmeridgian, equatorial section, approx. x 8o,

Verneuilinoides minnta Saip and Baragar, 1958, Buri surface section, sample D-2-16,
Bathonian, axial section, approx. x 8a.
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