
M itt, Abt. Geol. Paläon r. Bergb. Landesmus. j oanneu m Heft 35 Gra z 1975

Pfenderina (Foraminifera) from the Jurassie Sediments
ofEthiopia

Aziz T . j\ [ ANS OU R, Hauston

\X'itb 4 plates

Abstract

The genus Pfel1r1erinaHENsoN, 1948 represents an imp orr anr srratigra ph ic mark er in th e Jurassie
scd imenrs of E rh iop ia. A cf. form of a known species (Pfen derina salernitana SARTO~ I and C RE S­

CE~Tl, 1962) is recorded and illustrated frorn Barhonian and younger stra ta. The raxonornic
background of the genera Pfenderina and Psendopfenderina HOTTI~GER, 1967 is di scu ssed in the
l ight of the Erhiopian material to check the valid ity of the latter genus.
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Introduction
This study is a part of an all-o ut study of the Jurassie forarninifera in the surface
and subsurface sedirnen ts of Et hiopia . I t was carried o ut between the years 1971
an d 1973 wi rhin the general exploration program of Tenneco O il Co. in Ethiopia .
Later in 1972, Texneo Inc. and Standard O il Co. of California joined Tenneco as
partners in its efforts to exp lore for oil and gas in this country.

The material of this study derives from four deep wells and three su rface sections
(see text-figure I). A ll of the th in sections used here are stored in the research
lab oraro ry of Tenneco Oi l Co . in Houston.

The gen us Pfeuderhta occ urs in E thio pia to gether with several other m ern bers
of the so-ca lied " M iddle Eas tern J ur assie fau na" such as PselldoC)'clollllllilloj occorrti ,
EvertiC)'clolJlIlJillo virgllliollo, Kllrll//uio polostillelisis, Trocbolina polostilleJlsis, Rho­
p)'dioliillo deserta-amij), Orbitopsella pra eatrsor . . . etc. Ir was, however, chosen to be
studie d separately because of its stratigraphie importance and the sorncwhat
intermingl ing of its different species as shown in the literature. So, to attain a
clear picture of its taxo no mic background, a chronologie review of the literature
is p resented bel ow.

We feel deepl y indebteel to th e managem ents of Tenneco O il Co ., Texneo Inc.
arid Standard Oil Co. of California for permissio n to publish thi s paper. Particu lar
thanks are du e T en neco Oi l Co . for allowing us to use th ei r research faci lities and
wo rk on thi s paper on co mpany's time. \\! e also wo uld like to express our per ­
sonal thanks to D r. J an E . VAl': HIKTE (E f'Rvllousto n) for reviewing the manu­
scrip t. Than ks are also du e M rs. M , M. RAJN\\'ATER for editing and typing the
text and to my wife for her hel p in t ran slating ma ny French re fe rences. T hanks
are also due NIr. F. R. A LLco RN (Tenneco's Senior Techn ician) for his va luab le
technical help .

Pfenderina and related forms as seen and dealt w ith by
different authors

Pfeuderinawas erected by HEJ':SOJ': in 1948 based on Eornpertia neocon/iensis describeel
by PFENDER in 1938 fro m th e Valang in ian of Pro ven ce (France) an d on his own
material from th c Middle Eas t, PFENDER (1938) stated in her Fre nch descripti on
t hat a characte rist ic feature of thi s form is th e reticulate "wall", a nd altho ugh she
used th e word " muraille" for wa ll, we beli eve that she wa s referri ng to the axis
(o r th e cen tral co lum n) rather than to th e wall as bein g rcticulate or "gui lloche" .
T his is simp ly beca use she refe rred to fig. 7, pI. XVI in her paper which shows
a dear ret iculate axis arid not wall. Hexsox (1948a) made the sarne observario n
arid he cond ude el that : p. 610 " PFEJ':DER evidently rnisinterprets the orientation
of her section shown in pI. XVI, fig. 7 .. . " .

His e1iagnosis of th e genus is largel y th e sarne as th at of Pfender fo r her Eortrpertia
neocomiensis. H e elescribed th e axial co re o r the ccntral co lu rnn as : p. 609 " . . . due
to thickening of shell material which occasionally shows an ir regular, rcticulate
tex ture in sect ions ; . . . " .

S~[OUT an d SUGDEN (1962 ) erected the farnily PjeJlderillidoe to include the genera
Pfeuderina Henson , 1948, Knrnubia H enson, 1948 and Meyendorffina AROUZE and
BIZOJ':, 1958. T his farnily was later red uced in rank to a subfamily by LOEIlLICH
an d T APPAl': (1964). S~IOUT an d SUGDEN saw PFEl':DER'S (1938) original "aspect



guilloche" of the chamber walls as caused by either a secondary g rowth of
rhombic crystals or by : P: 582 " ... th e perforations of th e ap errural part of the
septa an d by the labyrint hic passa ges in the endoskeleton of the central part of the
chambcr . . . " They gave this very clear and detailed description of the inner
structural element s of the tests of Pfenderiua : p. 584 "Typically the cha rnbers are
low and rather oval, each occupying a considerable part of th e basc 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 imperforatc, The large remaining inner
pa rt of the chamber is occupicd by endoskeleton in which thcre are labyrinthine
passages and the corresponding part of the septum is perforared by the pores of
thc cri brate apertures ." They then wcnt on to state that : p. 584 " . .. the aggre­
gation of thc infilled parts of th c chambers form an axial co lumclla." On the sarne
page (p. 584) they wrote that : " ln the earlier charnbers of the test the labyrinthine
passagcs were infi lled during the life of th e organism and thc columella .. . is
so lid in th is part . A seconda ry intercameral fo ramen is present in each septum
in th e form of a circular ape rture. These fo ram ina lie in what amount to a spiral
groove in th e margin of the columella." They also cite, with clarity and simp licity,
several generic differences between Pfeuderina und K" rJI"bia w here, as H EN SON

( 1948) orig inally suggested, th e absence of subepidermal partitions in P tenderina
is thc maj or di flerence bctwcen both gene ra.
BR UN in a pap er published in 1962 on a Middie Liassie new specics ( Pfeuderina
IJl/ller/illi) fro m Morocco ap pa ren tly accepted P FEN D E R'S description of th e wa ll as
bein g "guilloc he" o r re ticulate and went on to estab lish that Pfetuterina does
possess subepide rmal partitio ns contrary to H EN SO", ' S o rigina l diagnosis of the
ge nus. T hese subepiderma l partitions are partic ula rly visi ble in the tangential
sectio ns, They are pe rpendic ular to the principal partitions and never reach the
cen ter of the test . This, according to B R UN, makes the difference between PfeJI­
derina an d "Va/vu/illei/a" or Knmubia difficult to establish because HENSO N ( 1948 a)
cited the absence of subepidermal pa rtitions in Pfennerina as the only diflerence
between bot h genera . B R UN maintained the "Va/vlf/ille//a" described by 1-1ENs o ",

(19 48 a) still as an independent genus from Knmnbia but he admitted their sirni­
larity. For simplicity, we regard here his remarks on "Valtlfl/ illei/a" as pertaining
to Knrnnbia, because the va lidity of KlfrJIlfbia to indude HEN SO",'S "V. j "rassica"
and "V. JIIe//illgsi" is out of the ques tion. According to BR UI" S examination of
man y seet ions of KIII"IllIbia it appears to hirn that in this form the subepidermal
partiti ons perpendic ular to the epidermis da no t reach the septa. T hey form
rather "subepiderma l alveolar cana ls" sirnilar to those observed in Pseudocyclam­
mina. Ac co rding to B RUN also, there exists sorne ambig uity in HENSON 'S descrip­
tion of Knrnnbia becau se H ENSON writes th at in Knrnubia " there is a well-rnarked
sub-epide rma l cellular Iayer" . BRUN then sta ted that we cannot ta lk about true
subepide rmal partition s in Knmuoia, but rat her about su bepidermal alveolar
canals. In Pfenderiua, o n th e co nt rary, although th e seco nda ry partitions do not
reac h th e cente r, they are pcrpendicular to th e epidermis ari d thc septa. He then
points o ut th at th e micropaleo ntological vocabulary sho uld d iflerentiare betweeri
"s ubepiderrnal partitions" an d "s ube piderrnal alveolar canals", This difference,
according to him, is esscntially th e following: subepidermal partitions per­
pe ndic ular to the ep ide rmis an d to the septa as in Pfeuderina, versus subepidermal
alveolar canals as in Knrtmbia. Apparently unaware at the time of his paper, of
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S ~[ O UT and SUGDEN'S paper, BRUN th en emen de d th e genus P/ eJlderilia on the hasis
ofhis new speeies Pfenderina buffer/illi. His emendation largel y st resses the presen ee
of seeondary subepidermal partitions which are perpendicular to th e principal
partitions,

SARTONI and CRESCENTI (1962) identified a new species, Pf enderiua salernitana,
from Bathonian and Callovian strata of the Southern Appennines w hich is
dosely related to Pfeuaerina neocooriensis (PFENDER 1938) . This ne w species eo mes
dosest to our Ethiopian material both stratigraphieally and paleontologieally.
However, some differenees in the internal strueture of both materials rest rained
us from identifying our material as Pfeuderina salernitana sensu strictu. These
diffcrences and our views of P. saternitaua wi ll be diseussed elsew here in th is
paper.

RED~[OND (1964) in his paper on the Pfeuderinidae of the Jurassie of Saudi A rabia
stated that: p . 25 I " the endoskeletal material mentioned by S~IO UT and SUGDEN
does no t lie within the charnber cavity itse lf but, instead, outside of it, formin g
a labyrinthine filling betwecn a porous aperrural plate and the anterior wall of th e
corresponding charnber". More important, RED ~I OND (1964) subdivides th e
Pfeuderhtidae on the basis of the presenee or absenee of the seeondary infilling
of th e lab yrinthine passages in the een tral part of the test, into two subfamilies,
Pfeuderininae with seeondary infi lling du ring the life of the individual, and Kur­
uubimae without. RED ~IOND then emended the genus Pf ellderil1a on the basis of
his above sta ted observation that the en doskeletal material lies outside the charn­
ber eav ity . H e further notes that BRUN'S (1962) Pfeuderina IJllffer/illi : P: 255 "is
neither a Pf etlderilla nor a member of the Pfcnderiua nor a member of the Pfeude­
rininae, and thus eannot serve as a va lid basis for emendation of Pfenderiuo", He
eites the fo llowing diflerences to support his point of view: Pfenderina lnatertin!
BRUN (1962) : p . 255 "lacks the aperrural apparatus of the Pfenderinida e"; "shows
no evi denee of seeo ndary infi lling du ring the life of the individua l", the "walls of
the eharnbers do not show the characteristic outward taper of the Pfenderiuinae"
and finally " there is no semblanee of asolid eentra l eore or subcarneral tunnel" .
REDMOND thcn deserib es two new speeies of Pfenderh)» (graci/is and illßafa) of
whieh he publishes ph otog raphs of iso lated speeimens but no thin sections. The
ou tside appearanee of this new material, its stratigraphie range and its geo g raphi­
cal loeatio n (just across the Red Sea) make it highly probable that this Saudi
Arabian material an d our Ethiopian material are identieal. The laek of thin-seetion
photographs of this material does not permit the justifieation of this probability at
this time. REDMOND also records two other better kn own species (lieocolJlielisis and
frochoidea) and ereets three new genera: Pfeuderelta, Salldere//a and SfeilielJe//a be­
longi ng to the same new subfamily Pfenderiuinae.

Fina lly, base d on the remarks ma de by REmlo ND (1964) about Pfeuderina buffer/illi
BRUN, 1962, HOTTINGER (1967) ereeted the new genus Pseudopfenderina and chose
BRUN'S P. lmfferlilli as his genotype. HOTTINGER had many random seetions of
identieal material from the Middle Liassie of Moroeeo. He suggested that hi s and
BRUN'S Liassie forms represent the older member of th e family of Pfenderiuas
which diflers from the genera Pfenderhta and Pfenderella in the absence of a "s ub­
eameral tunnel" as defined by RED~IOND. HOTTINGER further gi ves an asto nish­
ingly detai led description of the internal strueture of Ps eudctf enderina based on his
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rando rn secti ons. He disagrees with BRUK on the subject of th e subepide rmal
partitions for he stated in his valuable work on the Moroccan Mesozic foraminifera
that: p. 87 (t ranslated from the French) "The chamber has simple external pa r­
titions. Ir does not possess supplementary exoskeletal structural elements like
those Knrnub!« arid Praeeprnubia hav e". His description of th e en dos keleta l
columellar apparatus resembles in general, the description of S~IO UT and SUG­
DEK'S (1962) new family Pfenderinidae. HOTTIKGER'S description seemingly differs
from S~IOUT and SUGDEK'S in the absence of a "secondary intcrcameral foramen"
sensu S~IOUT and SUGDEK (1962) or "subcarneral tunnel" sensu RED~IOKD (1964) .

HOTTIKGER (1967) also mentioned the presence of a new species Psendopfenderina
(n. sp. ) in his Moroccan material. i\ccording to hirn , it is always accornpanied by
P. blltler/illi bu t a sma ller form than the tru e P. bntterrin}, For lack of enough
ma teria l, he did not give a detai led description of this new species. Ir is worth
mentioni ng here that a very sirnilar sma ll-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 bett er develo ped Pfenderina by its smaller
size, and was designated by the unofficial name " dwarf Pfenderina" (group no . 3
in the foll owing pages). Ir will be discu ssed in mo re detail elsewhere in this paper.

T he Ethiopian material lack s any isolated spec ime ns, and alt ho ugh t his material
is very abundant, th e fact th at th ere are no isolated specimens for oriented thin
sec tio ns, limited very mu ch our ab ility to study and reco rd their internal struc­
ture, an d accordingly to examine the many sma ll details described by the many
authors an d to check th eir validity, Therefore, it is worth mentioning here that
o ur ide ntifica tion of th e Ethiopian material is based so lely, like most paleonto­
logical works, on cornparison of pub lishcd descriptions and photographs. Wie
have not seen or cornpared our material with act ual specimens described in the
literat urc.

T he basic differences between Pfenderiua arid Pseudopfenderisa (= Pfenderina
{J/(tter/i/li) originated by REDMOND (1964) and later adopted by HOTTIKGER ( 1967)
are no t clear at all. From the literature, it is evident that the description of the
en doskeleta l co lumellar elements by S~IO UT and S UGDEN ( 1962) of the fami ly
Pfenderinidae which indudes Pfenderina but not Psendopfeuderina, as RED~IOND

( 1964) in directly indicated , and the description of the sarne elements by HOTTIN­
GER (1967 ) of the genus Pseudopfenderma are largely the sarne, exduding the
diflerence of a "solid" col umella for Pfeuderina vers us a "spongy" co lumella for
Pseudopf enderina w hich seems to be one of the main difierences between both
genera. In this connection it is important to state that although our Ethiopian
material does not allow us to confirm or deny defin itel y that the colurnella was
already "solid" during the life of th e ind ividual as in Pfeuderina or "spongy" as
in Psendopfenderiua (that niean s if the labyrinthine passages within the co lumellar
regi on were or we re no t infill ed with seco ndary deposi tion during the life of the
individual), we stro ng ly te nd to believe th at it was so lid. Ilowever, we regard
this who le arg ume nt of a "solid" ve rsus a "s pongy" co lurnella to characterise both
genera as an invalid argument because, for example, the original Pfenderina neo­
comiensis (PFENDER), 1938 shows a d ear reticulate, in other words "spongy"
co lumella, and P(ellderillCl salernitana SARTONI and CRESCENTI, 1962 has also the
same feature (altho ugh to a lesser extent), It is also evident from the published



photographs of bo th genera by the different authors thar both share the presence
of a "spiral groove" or "subcameral tunnel" which puts the validity of the genus
Psendopfeuderina in doubt for the absence of th is feature is the ma in factor behind
the erection of th is new ge nus. These facts and the fact that HOTTIl'GER'S descrip­
tion (1967) of Psendopfe nderina resembles very much that of S~IOUT and SUGDEN'S
(1962) of Pfenderiua lead us to be lieve that we da not actually have Pseudopfenderina
and Pfenderiua as sepa rate genera, but in fact we are dealing wi th one and the
same genus, in which case of course, it will be Pfenderiua, Also the fact that our
material ide ntifies, in lesser or larger degree, with so m e individual specimens
which are published as different spec ies (e.g. Pfeuderina lmtterlm} in BRUl', 1962,
pl, 2, fig . 3 - Pfenderiua neocomiensrs in S ~IO UT and SUGDE:-J, 1962, pl. 75, no . 1
middle specim en - Pfenderiua salernitana in SARTOl'l and CRESCE:-JTI, 1962, part
of pl, 16 - Pfeuderina sp . in D ERI N and REIss, 1966, no. 70 - Psendopfenderina
buttertin! in H OTTINGER, 1967, pl, 19) lends much support to our suggestion that
we are dealing with one and th e sarne ge nus with differ ent stra tigraphie range
according to the geographie locality. We have in Ethiopia some qu esti on able
Bajocian occur rences, which if enoug h mate rial is found, could throw so me light
on this problern and answer the question if Pfeuderina has ori ginated in Middle
Liassie times and has managed to survive and evolve up till the Bath onian and
probably higher to the Neoeomian (see stratigraphie ran ge of the E thiopian
material).

Introduction to the systematics

In th e beginning stages of our explo ratio n, and for the benefit of our day to day
work requirements, we subdivided the Ethio pian fauna into fou r d ifferent
g ro ups.
These four g ro ups were :
1. The large abundant forms with 4-6 chamb ers in th e equato rial sectio n sim ilar
to those illustrated by BRUN, 1962, pl, 2, no. 3 (as Pfeuderina blllterlilli); SARTONI
and CRESCENTI, 1962, part of pl . 16 (as Pfenderina sfl/emifflllo); D ERIN and REIss,
1966, no. 70 (as Pfenderina sp .) ; HOTTINGER, 1967, pl . 19, mos t of the axial and
tan gential sections! (as Pseudopfenderina IJIIlter/illi); and BRUl', 1969, pl, 2, no . 14
and 15 (as "Pfenderiua" blllter/illi) .

2. The large much fewer forms (than gr. no. I) with 7-8 ehamb ers in the
equatorial section similar to those illustrated by PFENDER, 1938, pl, 16, n o , 3,
4 and 5 (as Eo rupertia lIeocollliensis) ; D UFAcRE, 1958, pl . 2, no . 5 (as Pfeuderina
neocomiensisv; HOTTINGER. 1967, pl, 19, most of the equat o rial sec tions (as Pseudo­
pfenderina IJllflerlilli) .

Although the number of chambers pe r whorl is considered to have th e least
taxonomie value, we made this subdivision because more than 80 % of our fau na
lies within the first group whieh has an average of five chamber s per whor! and
the appearance of a very few forms with an average of more than seven chambers
per whor! indicated at that time, an indepe ndent g ro up.

1 The citation of similari ty of cerrain seetio ns of H OTTI :-:G ER ' S phorographs wich both our groups 1

and 2 is an "c\'idence" th ar we are dealin g, basically, wich one arid the sarnc spccics in hoch
groups .



However , a major difFerenee bet ween group no. 2 an d Pfenderina neocomieusis sensu
strietu is the eentral eo lumn whieh in our material is mueh smaller in diarneter and
less elearly reticularc than the true P. neocomiensis, as is also th e ease in group no. 1

and its simi lar above-rnentioned published forms.

3. The " dwa rf fauna" which oeeurs abunda ntly fo r exa rn ple, in Marda Pass sur­
face seet ion (Lat . 9 ° 25' N., Long. 42 ° 45' E. ). These are tiny spccime ns w hich
usually have three to four and rarely five charnbers in the eq uatorial seetion and
in many eases are eoa ted with oo lites (see pI. 2, fig. 9, 10 and pI. 3, fig. 4, 5, 7, 8,
11, 12, 13 and 14). The fact that these "dwarf forms" oeeur alwa ys in assoeiation
with, 01' immediately overlying 01' unclerlying the large typieal forms of g ro up
no. 1 led us to the assumption that they are either phyllogenetieally elosely
rela ted to 0 1' aetua lly are a true but younger generation of Pfeuderina. In a particular
case, in Buri sur faee seetio n (lat. 8° 45' N ., long. 42 ° 50' E.) they were found
homogenously spar eemented with pe llets of the same tiny size (see pl , 3, fig . 13,
I4 and pl, 4, fig. I). This might indieate that, in some eases , the undcrwarer cu r­
ren ts separated the two generations (the adults and the youngsters) aeeording to
their size and later deposited them in different places,

l\[ACOIN, SCHIWEDER and V ILA (1970) deserib ed and illu strated several forms of
Call1palle//II/a capnensis fro m th e Barr emian of Aigeria. T his form, in so me photo­
g raphs of th e equatorial seetion (espeeially pl, 2, no. 12) resernbles, to some
extent, our "dwarf fauna" but diflers from it in the following eharaeteristies:
a) the in itia l spire of C. capueusis is typieally troehospiral, whereas in our ease ,

thi s eharaeterist ie feat ure is no t reeognized (see pI. 2, fig. 9).
b) the adult test of C. capnensis is multi or triserial , wh ereas ours is exclusively

biserial.
e) th e eentral eo lumn in C. capuensis (if there is any true one) is less developed and

defined than in our case,

4. T he tiny misleading forms, whieh were first thought to belong to gro up
no. 3 beeause of th eir tiny size and th eir oee ure nee with them. But a eloser loo k
(with a large r magnifieation) showed that th ey were unrelat ed to Pfeuderlna, and
we re aetually dwarf specimens of V emmi/illoides (see pI. 4, no . 5,6, 7,8,9 and 12),
and aeeording ly they were excluded fro m our study ,

The reason why we identified our fauna in this paper as a cf. form of Pfenderiua
salernitaua SARTONI and CRESCENTI, 1962 is beeau se we eonsider it to be identieal
with only apart of SART ONI and CRESCENTI'S original population of that spezies
(see pl , I, fig. 3). T he rest of SAItTONI and CItESCENTI'S material ineluding
ho lotype is different from ours and is more elosely related to Pfeuderina neo­
comiensis (PFENDER, 1938). It d iffers basiea lly from our material in the larger size
of the test , in the larger eentral eolumn and in having more charnbers per whorl.
D ERIN and REISS (1966) published some material from Israel wh ich shows these
diflerenc es. In their photograph no. 70, th ey have a spee imen exacrly identieal
with our material w hich they identified as Pfenderiua sp., and in photograph no. 71,
they have a specimen very elose to the holotype of Pjel/derillo salernitaua wh ich they
properly identified as P . salemitana.

A great possibility also exists that our material could be identieal with REO­
MOND's (1964) new spec ies from Saudi Arabia (Pfenderiua graci/is) but becausc
he published only photog raph s of iso lated spec irnens and no thin seetions we



eould not eompare both material as we stated befo re, and aeeordi ng ly we did
not deseribe our fauna as a ne w spe cies ,

Systematics
Family Pavonitidae LOEBLICH and T APPAN, 1961

Genus Pf enderillo HENSO:-l, 1948

PJeliderilio cf. salernltana SARTONI and CRESCEl':TI, 1962

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

For eomparison:

1962 Pfenderina salernltana - S. SARTONI and U . CRESCENTI, part of pI. 16.
1966 Pfenderina sp. - B. DERIN and Z. REIss, no. 70.

Correlation wi th other species : O ur forms differ from Pfenderiua neocomieusis
(PFENDER), 1938 mainly th roug h their smaller and less retieulate eentral eo lumn
(eolumella). Also more than 80 % of our material has fewer ehambers per whorl
(average 5) than P. neocomiensis (average 7). In some in dividua l eases we en­
eo untered other forms with seven ehambers 01' more wi th a relatively larger
een tral eo lumn (see pI. 3, fig . land 3 and pI. 4, fig . 3). A lso the younger age of the
forms (L. Cretaeeous and Kimmerid gian ) suggests tbat they are more dosely
related to the predominately L. Cre taeeous P. neocomiensis than they are to the
older Pfeuderina salernitana, Bu t beeause we laek any free speeimens for oriented
t hin seetions, we are u nable at th is time to de termine their proper identity.

O ur forms further are easily difle re nti able from Pfenderina trocbcidea SMOUT and
SUGDEN, 1962 which is so lo w trochospiral that , in thin seetions, it appears
almost p lanispira l.

As we sta ted above, we beli eve that Pfenderina salernitasa SARTONI an d CRESCENTI,
1962 sbo uld be divided into two forms : one dosely related to our fauna (see
pl. I, fig . 3), and tbe seeond is very mue h related to P. neocomieusis (PFENDER), 1938,
a faet wh ieh SARTONI and CRESCENTI also admitted in their paper where thc dif­
ferent st ratigraphie range of tbeir fauna (Bathonian -- Callovian) helped justify
tbe ereetio n of their new spec ies,

Anotber species to eo ns ider in our eorrelation is Pfenderiua IJlltterlilli BRUN, 1962
which in spite of BRUN'S erroneous o bse rvation tbat it shows subepidermal par­
t itions , its eboiee by HOTTINGER (196 7) as the genotype of Psetidopf ellderiJlo and
its older stratigraphie range (P liensbaebian), sbows a striking similarity to our
fauna (see pI. I, fig. 2) and tb e fauna reeorded by DERIN and REISS (1966) from
the Batho nia n of Israel and id ent ified as Pfenderina sp. As we showed in the
generie review of Pfenderina, tbe ereetion of tbe genus Pseudopfeuderiua HOTTIN­
GER, 1967 is no t just ified and aeeordingly the name PfeuderinaIJlltterlilii BRUN, 1962
sbo uld regain its va lidity.

Stratigraphie range of the Ethiopian material
The Etbiopian Pfenderiuas derive from Bat honian and younger strata. This age
dating is based on the faet that the Pfenderiuas are always direetly overlain by
Karnubia polastil1ensis HENSOl':, 1948 which , in its turn is oeeasionally overlain by



Pseudocyctnmmina jarrardi (SCHIW DT, 1894). Below ou r Pfeuderinas comes a rela­
tivel y thick, scarcely fossiliferous interval of p robable Bajocian to Upper Liass ie
age. Then th e M iddle Liassie fo llows wi th it s unmistakabl e Orbi/opsella praecursor
(GÜ ~IBE L, 1872).
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Fig. 2. Biostrat igraphie range cba rt ot sorn e importent Index Foraminifera o t the Jurassie end Lower Cretaceou s
in Et hic pia end worldwide.

Jn some particular sections we even have some Pfenderiuas of probable younge r
age (than Bathonian). These sections are:

I. Abrcd weil no. 1 (at 1 j6 0 m) with PSelldoq rlallllllilia jarrardi. Age : Upper
Oxfordian - Kimmeridgian .

2 . Callafo we il no. 1 (at 3830-3840 feet). Age: Kimmeridgian (see pI. 3, fig . 3).
3. Calub weil no. I (at 3660-3 780 feet ). Age: Lower Cretaceous (see pI. 3, fig. I).
4. Ganale D o ria surface section (sam ples J-2 7-3 and 4) with Psetldo()'rlallllllilla

jarrardi. Age : Upper O xfordian - Kimmeridgian (see pI. 2, fig. 7 and 8).

A ltho ugh the record of st ratigraphie range of such a fauna in different parts of
the world len ds 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 so lid
proof to the contrary is fo und .

We also have few questionable occurrences of the Ethiopian Pfeuderinas in stra ta
believcd to be of Bajocian ag e (see pl, 3, fig. 4 and j ).
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Plal e 1

Fig. I: Pfenderina cf. salernltana SARTON[ and CRESCENTl, 196" E I Kurart weil no. I, 5I '0-30
Feet, U p per Bathonian , cq ua torial scctio n , approx , x '0.

Fi g. z : "Pfenderina" bntterlini BRUN, 196" original ph orograph afrer B[W N (196,).
Fig. 3: Pfenderina salernltana SARTONI & CRESCENTI, 196" original photograph afte r SARTONI

and CRESCENTl ( 196, ) from the L. Ca llo vian - U . Barhonian of l ta ly fo r co rn pa ri so n
w irh fig . I , cquarorial secrion, x 34.

Fig . 4 : Pfenderina cf. salernitana SARTON[ an d CRESCENTl, 196 " E I Kurart w eil n o . I, eore
no , z (5' [5 feet), Bathonian, ax ial seeti on (parrly tangential in the u p per portion),
ap prox . x 80.

F ig . 5: "Pfenderina" bntterlini BRUN, 196" o rig inal phorograph after BRUN ( [96,) from the
Middle Liassie of M ar o cc o fo r cornpari son with fig . 4, axia l scc rio n (part ly ta ngent ial
in the upper po rrion), x 60 .

Fig. 6: Pfenderina cf. salernitana SARTON I an d CRESCENT[, 196" E I Kurart w e il no. I, eore no. z
(5' 15 fcer), Bathonian, equato rial and ax ial sec tions, app rox. x ' 0 .

Fig. 7 : Pfenderina cf, salernitana SARTONI and CRESCENT[, 196" E I Kuran weil n o , I , eore no . z
(5[89-5228 feet), Barhonian , equatorial and tangential secrions, ap prox. x '0.

F ig . 8 : Pfenderina salernitana SARTONt and CRESCENTI, [96" original phorograph after SARTONI
and CRESCENTl , 196, ) from rhc 1.. Ca llo vian - U. Bathonian of Italy, cquatorial
seetions (s lig h tly oblique ), x 34.

Fig. 9 : Pfenderina cf. salernitana SARTON[ an d CRESCENTI, 196" E I Kurart w eil n o , I , eo re no . z
(a ro u nd 5' 00 feet), Bathonian, equ atorial seeti on, appro x. x '0.

F ig. 10 : Pfenderina cf. salernitana SARTONI an d CRESCENT[, 196" E I Ku rart we il n o , I, core no . z
( p 15 feer ), Barhonian , both ax ia l sec tion (lower speeimen is magnified in f1g. 4),
ap p rox, x ' 0.
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Plate 2

Fig. 1: P seudopfenderina bntterlini (BRU:-;:), 196z, orig ina l ph otograph of a model rcconstrucred
by Hotringer (1967) , tangential and oblique sccrions.
J-[OTTINGER mea nt 10 exaggerate rhc free height of the chambers in the umbilieal arca
10 show the pillars an d the cornplcxiry of this zo ne. Original magni tication was x
5000 (sec attached em. sca lc),

Fig. 2 : Pfenderina cf. salernitana SARTO:--l l arid CRESCENTI, 1962, EI Kurart we ll no. I, core no . z
(5189-5228 fect ), Bathonian, ax ial seetio n (parrly tangential in the upper portion ),
ap prox . x 80 .

Fig. 3: Pfenderina cf. salernitana SARTO:--lI and CRESCENTI, 196 z , EI Kuran well n o. I, COre no . z
(5215 feer ), Barhonian, ax ia l arid cquarorial scctio ns , app rox , x zo.

F ig . 4 and 5: Pfenderiua cf. salernitana SARTONt and CRESCENTI, 1962 , EI Kuran well no. I, core
no . 2 (5189 -5228 fect), Bat honian, both axia l seetions (fig . 4 slightly tangential in the
upper p o rt io n), approx. x ao. .

Fig. 6: Pfenderina cf. salernitana SARTONI and CRESCENTI, 1962, EI K urart wcll no. I, corc no . z
(5z t 5 fect ), Barhonian , all rhrce sp ecimcns axial seetions (the lowcr speeimen with morc
than 6 chambers), approx. x 2 0 .

Fig. 7 and 8: Pfenderina cf. salernitana SARTONI and CRESCENTI, 1962 arid Pseudocyclamorinajaccardi
(SCHRODT), 1894, Gun ale Doria surface section, sample 1-27-3, U. O xfordian - Kim­
meridgian, the Pfend erinas are probably reworked P, fig . 7 ax ial seet ion and fig . 8
cquatoria l scction, both Pseudo eyclam mi nas are axial sect ious, approx, x 2 0.

Fig. 9 and 10: Pfenderina cf. saleruitana SARTONI an d CRESCENTI, 196z , surface secrio n, sarn plc
0 -2-7, L o wesr Bathon ian, sma ll spcc imens o f group no. 3 (see p. 7), axial seetions
(bo th photographs arc of th e sa rne speci rnc n), fig . 9 x 80, fig . 10 X 20.
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Plate 3

Fig . I: Pfenderina cf. salernitana SARTO:--i l and CRESCE:--iTI, 1962, Calub wel l no . I, 367o~80 feet,
Lower Cretacc ous, equat orial secrion, app rox . x 20 .

Fig , 2 and 6: Pfenderina neoromlensis (PFENDER), 1938, original ph or ograph afrer PFE:-<DER (1938)
from the Valangin ian of France for cornparison w ith fig . 1 und 3, equatorial sect ion s,
x 40.

Fig . 3: Pfe nderina cf. salernitana SARTONI and CRESCENTI, 1962 , Callafo weil no . I, 3830-40
fcer, K immeridgian, cq uarorial sect ion , approx. x 20.

Fig. 4 and 5: Pfenderina cf. salernitaua SARTO:--il and CRESCE:--iTI, 196 2, Callafo w eil no . 1, 6200-1 0
feer, highest Bajoeian ?, cquaror ial seetions (bo th phorographs are o f the sarn e specimen),
fig. 4 x 20, fig . 5 x 80.

Fig. 7 and 8: Pfenderiua cf. salemitana SARTONI and CRESCENTI, 1962, Buri surface scctio n, sarn ple
D -2-7, h ighest Bathonian, equatorial seetio ns (borh photographs ar e o f th e same
spccirne n), fig . 7 x 20, fig . 8 x 80.

Fig. 9: Pfenderina cf. salernitana SARTONI and CRESCENTl, 1962 , E I K uran we il no. I, co re no . 2
(5189 -5228 feet ), Barhoni an, oblique cquatorial section , app rox. x 20 .

Fig. 10 : Pfenderina cf. salernitaua SARTONI and CRESCENTI, 1962, EI Kuran weil no . I , 5310- 20
feet, Barhon ian, oblique equatorial sccrion, app rox , x 20.

Fig. I1 and 12: Pfenderina cf. salernitana SARTONI and CRESCENTI, 1962, Buri surface sect ion,
sarnple D -2-7, highest Barho nian, equarorial sccrions (bo rh photographs a re o f the
sarne specimcn), fig . 1I X 20, fig. 12 X 80.

Fig. 13 and 14: Pfenderina cf. salernitana SARTONI and CRESCENTl, 1962, Buri surface sect io n,
fig . 13 is fro m sarnplc D -2-8 and fig . 14 is fro m sarn ple D -2-16, borh Bathonian , rnixcd
ax ial arid equarorial sections homoge neous ly spar cemented wirh pe llcts of the sarn c
small size , approx. x 20.
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Plate 4

Pfenderiua cf. salernitana SARTONI and CRESCENTI, 196z , Buri sur face sectio n, sarnp le
D-z-8, Barhonian, mi xed axial and equarori al sect io ns homog ene ously spar cem ente d
wirh pel let s of the same size, approx. x zo.

Pfenderina cf. salernltana SARTONI and CRESCENTI, 196z , Callafo weil no . J, 5780- 90
feet, Barhonian, oblique equatorial sect ion, app ro x. x 80 .

Pfenderina cf. salernitaua SARTONI and CRESCENTI, 196z, Ca llafo we il no . I, 3880-90
feet , K immericlg ian , cquatorial secrion, appro x. x zo.

Pfenderina cf. salernltana SARTONI and CRESCENTI, 196z, Buri surface scction, sample
D -Z- IO, Bathonian, cquatorial sect ion, approx, x ZO.

and 6: Ve menitinoides »rinttta SAID and BARAKAT, 1958, Callafo wel! no. 1,5 37° - 80 feet ,
Callovian , cross seetion (bo rh phorographs arc o f the sa me species) , fig. 5 x Z O , fig. 6
x 80 .

and 8 : V ernenilinoides l//illl/la SAID and BARAKAT, 1958 , Buri su rface sect io n, sarnpl e
D- Z-16, Barho n ian , cross sccrio n (bo th phorographs a re of the same species) , fig. 7
x 20, fig . 8 x 80 .

and IZ: V ernemlinoides I// i lll/i a SAID and BARAKAT, 1958, Buri surface sectio n, sa rn ple
D-Z -16, Bathonian, cross secrion (borh photographs a re of the sa rne species), fig . 9
x 80, fig . IZ X ZO .

Nantilornlina circularis (SAID and BARAKAT), 1959, Callafo weil no. 1, 3670-80 feet
Kimmeridgian, equatorial secrion, approx. x 80.

V ernenilinoides »rinttta SAID and BARAKAT, 1958, Buri surface sectio n , sa mple D -Z-I6,
Bathonian, axial section, approx , x 80.
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