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ABSTRACT 
Twenty-two species assigned to sixteen genera of flysch-type cosmopolitan agglutinated foram- 
inifera, associated with radiolaria, are reported for the first time from subsurface Danian sediments 
of the northeastern Sirte Basin, Libya. 

The most diagnostic genera recorded are: A) tubular, medium-sized finely agglutinated Rhizam- 
mina, Hyperammina, and Bathysiphon; B) small to medium-sized, finely agglutinated Ammodiscus, 
Glomospira, Rzehakina, and Saccammina; and C) large, often pyritized, coarsely agglutinated Clavuli- 
noides and Dorothia. This assemblage is assigned to the Rzehakinafissistomata Zone of Geroch & 
Nowak (1984). 

Based on a comparison with similar flysch-type assemblages of Maastrichtian to Danian Guaya- 
guayare and Lizard Springs Formations in Trinidad, it is concluded that the studied Danian 
deposits were deposited in a poorly-oxygenated environment at upper to lower bathyal depths. 

INTRODUCTION 
This study presents a brief description of a "flysch- 
type" cosmopolitan agglutinated foraminiferal as- 
semblage, documented for the first time in the lower 
part of the Hagfa Shale Formation in exploratory 
Well A1-41 in the Ajdabya Trough area of northeast 
Libya (Fig. 1). The term "flysch-type" is given to 
diverse agglutinated foraminiferal assemblages char- 
acterized by abundant primitive taxa (Gradstein & 
Berggren, 1981), previously described by Grzybowski 
(1898). The interval yielding the agglutinated assem- 
blage (12,885'-12,913'), is equivalent to the basal part 
of the Hagfa Shale Formation. This shale is homoge- 
neous, calcareous, pyritiferous interbedded with 
limestone. The limestone (lithoclastic floatstone) was 
deposited in off-shore, intertidal channels. Although 
Paleocene rocks crop out almost continuously along 
the southwestern and western margin of the Sirte 
Basin (Berggren, 1974), only the agglutinated 
foraminifera bearing interval is highlighted in this 

, study because of the bathymetric importance of this 
assemblage. These foraminifera characterise a deep 
water environment and are of sophisticated nature in 
response to the external conditions. 

METHODS: 
This study is based on analysis of twenty samples 
from the interval 12,885'-12,913'. These samples have 
been treated by soaking in hydrogen peroxide until 
disaggregated, then gently washed over 250 mesh (63 
pm) sieve. The residue was air-dried, and fauna 
picked. Both benthic and planktic foraminifers are 
common to abundant, and generally poorly to well 
preserved. Most selected species are illustrated by 
SEM microphotographs (Plates 1 and 2). Only two 

genera, whose diagnostic characteristics are best seen 
in transmitted light, have been illustrated by means 
of camera lucida line drawing (Plate 3). 

GEOLOGICAL SETTING 
The Sirte Basin is the youngest and the most oil pro- 
ductive sedimentary basin of the North African Cra- 
ton, occupying most of the central part of Libya (Fig. 
1). It is an elongated embayment in which several 
NW-SE trending faults, initiated in the Late Jurassic 
to Early-Cretaceous time are reflected in basement 
block-faults, tilted horsts and grabens. Subsidence 
was active throughout the Late Cretaceous and most 
of the Cenozoic, until at least Miocene and probably 
Holocene times (Conant & Goudarzi, 1967; Gumati & 
Kanes, 1985). As subsidence continued, shales, 
carbonates and to a lesser extent evaporites, all pre- 
ceded by sandstones, were deposited in the Basin 
(Barr & Weegar, 1972). The subsidence of the basin 
reached a climax during the Paleocene and Eocene 
times resulting in the deposition of thick Tertiary 
marine sequences. 

The Sirte basin in Paleocene times received sedi- 
ments which reflect the prevalence of subsidence and 
rifting followed by marine transgression. The pres- 
ence of interbedded deep and shallow marine de- 
posits appear to reflect sea level fluctuations. 
Renewed uplifting in the region, followed by weath- 
ering, caused total, and/or local partial removal of 
Paleocene strata from elevated areas such as the 
(Jabal Al- Akhdar and Cyrenaica Platform). By con- 
trast, considerable thicknesses of Paleocene strata 
have been preserved in topographically low areas, 
such as the Ajdabya Trough. 
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FAUNAL COMPOSITION 
The agglutinated benthic foraminiferal assemblage of 
the studied interval is rich, but moderately diverse, 
mostly consisting of agglutinated "flysch-type" as- 
semblage, dominated by astrorhizids, ammodiscids 
and rzehakinids with hormosinids and lituolids 
being conspicuous but less abundant. Trocham- 
minids and haplophragmoidids are rare. 

Large-sized, coarse-medium grained agglutinants 
such as textulariids are relatively less abundant. 
Minor, poorly preserved planktic foraminifers, cal- 
careous benthic and common calcified spumellarian 
radiolaria are also recorded. The agglutinated assem- 
blage displays moderate to good preservation partly 
exhibiting test collapse, but generally little distortion 
is observed in squashed Ammodiscus, Rhizammina, 
Trochammina, Trochamminoides, Paratrochamminoides, 
Saccammina, and Hormosina specimens. Distortion 
appears due to physical compaction, but may also be 
explained by crushing during a possible tectonic 
activity. The studied assemblage is closely com- 
parable to the "Rzehakina epigona" Zonule of Bolli 
(1957), and is specifically assigned to the "Rzehakina 
epigonafisistomata" Zone of Geroch & Nowak (1984). 
In the Sirte Basin, the latter is approximately 
equivalent to the lower part of "Subbotina pseudobul- 
loides" Zone of Bolli (1966). This assignment is based 
on the presence of Subbotina pseudobulloides, S. cf. S .  
inconstans, S .  triloculinoides, Planorotalites compressa, 
Chiloguembelina spp., and Eoglobigerina spp. in the 
studied assemblage. 

The agglutinated foraminifers in this study have 
been divided into three morphogroups based on the 
size and shape of the test, and wall composition. 
A. Tubular-shaped morphogroup: Representing 
portions medium sized pre-mortum test, and finely 
agglutinated walls. The most common species are 
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Rhizammina indivisa, Rhizammina sp, Hyperamminu sp., 
and few Bathysiphon sp.. 
B. Flattened morphogroup: Small to medium sized, 
somewhat flattened tests, fine to medium grained 
walls of originally globular, coiled planispiral/ tro- 
chospiral and uniserial tests of Ammodiscus cretaceus, 
Rzehakina epigona, R. fissistomata, Glomospira charoides, 
G. gordialis, Glomospirella cf. G. biedai, Trochammina sp. 
Paratrochamminoides sp., Trochamminoides dubius, T .  
subcoronatus, Hormosina velascoensis, H. trinitatensis, 
Saccammina placenta, Reophax duplex and Recurvoides 
SP. 
C Larger morphogroup: Large sized tests with 
robust coarse agglutinated walls, with tests partly 
replaced by pyrite. The most common species in this 
category are Clavulinoides globulifera, C .  aspera and 
Dorothia cf. D. trochoides . 

The calcareous benthic foraminiferal representa- 
tives are characterized by a relatively few genera, of 
deep water environment including, Nutallinellaflo- 
realis, Fissurina sp., Ceratolamarkina cf. C. tuberculata, 
Oridosalis sp., G u t t u l i n a  sp., Stensioeina sp. and 
Anomalinoides vanbelleni. Most of these are replaced 
by pyrite, thus affecting their preservation potential. 
In general the ratio of the planktic foraminifera tests 
to the benthic ones was roughly estimated to be 
lower in the basal part of the studied core. Planktic 
foraminifers are poorly preserved forms of the Sub- 
botina pseudobulloides Zone assemblage. 

Stratigraphically, the majority of the agglutinated 
species recorded are long-ranging and thus not use- 
ful for age determination. Only Rzehakinajssistomata 
and Clavulinoides globulifera were treated as indicator 
of Danian age (Fig. 2). Mass extinctions of the flysch- 
type agglutinated foraminifera at the K/T boundary 
are not pronounced (Beckmam et al., 1982). The K/T 
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Figure 1. Location of the A1 - 
- 20" 41 well in the Sirte Basin, 

northeast Libya. 
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Figure 2. Stratigraphic distribution of selected agglutinated 
foraminifers, com iled from Geroch & Nowak (1984), 
Kaminski er al (19&), and Bolli (1957). 
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boundary is masked by the complete absence of the 
Late Cretaceous diagnostic organisms as well as the 
only presence of Subbotina pseudobulloides Zone of 
Bolli (1966), and the boundary could be very close to 
the base of the sample interval in the A1-41 well, due 
to the co-occurrence of a single inoceramus prism 
which can be explained as tectonic derivative. 

-. 

PALEOECOLOGY 
The "flysch-type" cosmopolitan agglutinated foramin- 
iferal assemblage encountered in the present study, 
including species of the above-mentioned morpho- 
groups "A and B is considered to be characteristic of 
deep water environments (Kaminski et al., 1988; 
Kuhnt, 1988), The accompanying calcareous benthic 
foraminiferal assemblage is interpreted as deep water 
forms and partly derived from shallow water source. 
The above-mentioned morphogroups "A and B ,  are 
indicative of upper to lower bathyal paleodepths. 
Abundant and diverse, present day tubular forms are 
associated with quiescent middle to lower bathyal 
and abyssal environments (Charnney, 1976; Brasier, 
1981). The abundance and relatively low diversity of 
the tubular forms indicate a bathyal environment 
with oxygen deficiency on the sea floor (Fig. 3). This 
interpretation is supported by the presence of 
radiolarians replaced by calcite indicating deposition 
above the calcium compensation depth (CCD). The 
occurrence of abundant Rzehakina epigona and 
Ammodiscus cretaceus may be associated with 
increased input of organic matter (Kuhnt & 
Kaminski, 1990), and also suggests oxygen deficiency 
on sea floor. 

Morphogroup "C" is indicative of shallower paleo- 
depths (probably slope-derived faunas) formed as 
result of synsedimentary slumping, with Clavuli- 
noides globulifera being found at paleodepths shal- 
lower than 1800 m. (Kaminski et al., 1988). The test 
replacement by pyrite with the presence of pyrite 

aggregates in large amounts point to reducing condi- 
tions. The interval containing the studied aggluti- 
nated assemblage is considered as a mixture of 
autochthonous fauna (morphogroup A and B) and 
other slope-derived fauna (morphogroup C). 

COMPARISON 
All the reported agglutinated foraminifers are cos- 
mopolitan; faunal provincialization is not observed. 
This A1-41 assemblage is closely comparable to the 
agglutinated assemblages described by Kaminski et 
al. (1988) from the Guayaguayare and Lizard Spring 
formations of Trinidad. There is a possibility of some 
endemism due to the absence of Rzehakimfissistomata 
reported from the Trinidad localities. The only 
notable differences between both sites is the low 
abundance and diversity of the superfamilies Haplo- 
phragmiacea and Textulariacea, with lower specific 
diversity of ammodiscids and rzehakinids in the Al- 
41 well in comparison to Trinidad faunal assem- 
blages. The agglutinated assemblage recorded pro- 
vide an important contribution to the stratigraphic 
and biogeographic distribution of these deep water 
faunas. They act as a bridge in correlation of the 
strata containing these assemblages, indicating deep 
water connections with the Tethys ocean. 

This flysch-type assemblage is not observed in oil 
exploratory wells on-shore Cyrenaica or from the 
Cyrenaica Platform wells where the lithological 
character changes to an evap oritic sequence. Further- 
more, Duronio et al. (1991) reported a regional 
unconformity at the Danian level in wells drilled in 
offshore Cyrenaica. 

CONCLUSIONS 
1. A Danian age is assigned to the flysch-type assem- 
blage in the A1-41 well based on the presence of Rze- 
hakinafissistornata, in association with Planorotalites 
compressa and Subbotim pseudobulloides . 
2. Lower to upper bathyal depths in an oxygen-defi- 
cient deep sea environment is suggested by: 
a. Low species diversity, but moderately diverse 
genera. 
b. Abundance and dominance of smooth-walled 
ammodiscids, rzehakinids and rhizamminids. 
c. Larger morphogroup replaced by pyrite with the 
presence of large amounts of pyrite aggregation. 
3. The assemblage is closely comparable to the 
"flysch-type" agglutinated foraminiferal assemblages 
described by Kaminski et al. (1988) from Trinidad. 
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Figure 3. Lithology and 
interpreted paleobathymetry 
in the cored interval of the 
Hagfa Shale Formation 
(Danian) in well A1-41, 
northeastern Sirte Basin. 

preparation of microphotographs, especially Dr. M. 
Remarks: More flattened. Present in low numbers. Karninski, Professor A. Lord, Mr. J. Davy and Mr. T. 

Stiles. 
Saccammina placenta (Grzybowski) 

TAXONOMIC NOTES ~ 1 . 1 ,  Fig. 4 - 

All agglutinated foraminifera1 species recovered from Remarks: Common. 
the A1-41 well are listed herein. For generic classifi- 
cation Loeblich & Tappan (1987) has been followed. Superfamily: HIPPOCREPINACEA Rhumbler, 1895 
Taxonomic remarks are provided for selected species. Hyperammina sp. 
All the specimens used in this study are housed in P1. 1, Fig. 5 
the Geological Laboratory Micropaleontological Col- 
lection of the Arabian Gulf Oil Company, Benghazi. Remarks: Rare. 

Superfamily: ASTRORMZACEA Brady, 1881 

Bathysiphon sp. 
P1.l, Fig. 1 

Remarks: straight broken tube and smooth wall. 
Rare. 

Rhizammina indivisa Brady 
P1.l, Fig. 2 

Remarks: Unbranched curved tubes, finely finished. 
The morphotype resembling Brady's forms with 
planktic forams are not reported. Abundant. 

Rhizammina sp. 
P1.l, Fig. 3 

Superfamily: AMMODISCACEA Reuss, 1862 

Ammodiscus cretaceus (Reuss) 
P1. 1, Fig. 6 

Remarks: The undeformed forms are usually dis- 
coidal and circular in outline but the deformed ellip- 
tical, elongate forms with compressed whorls may 
belong to Ammodiscus peruvianus Berry as illustrated 
by Kaminski et al. (1988, p. 185, pl. 3, figs. 11, 12). 
Abundant. 

Glomospira charoides (Jones & Parker) 
P1. 1, Fig. 7; P1.3, Fig. 1 

Remarks: The variation shown in the illustrated spec- 
imens (pl. 3) is considered to be ontogenetic. Others, 
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eg. de Klasz & de Klasz (1990, pl. 2, fig. 8), have as- 
Remarks: Both species present in low numbers. signed the larger form with more whorls and irregu- 

lar coiling (p1.3, fig. lb) to another species ~ l o r n o s ~ i r a  
corona Cushman & Jarvis as illustrated by de Klasz & 
de Klasz (1990, pl. 2, fig. 8). Common. 

Glomospira gordialis (Jones & Parker) 
P1.l, Fig. 8 

Remarks: Common. 

Glomospirella grzybowskii (Jurkiewicz) 
P1.l, Fig. 9 

Remarks: Rare. 

Superfamily: RZEHAKINACEA Cushman, 1933 

Rzehakina epigona (Rzehak) 
P1. 1, Fig. 10; P1.3, Fig. 2 

Remarks: There are two different ontogenetic stages 
of the same species, the larger stage (length: 0.8 mm, 
width: 0.6 mm) was assigned to Rzehakina epigona var. 
hta by Cushman & Jarvis (1928, pl. 13, fig. 11). 
Common. 

Rzehakina fissistomata (Grzybowski) 
P1.l, Fig. 11; P1.3, Fig. 3 

Remarks: Only two specimens were recovered in this 
study. 

Superfamily: HORMOSINACEA Haeckel, 1894 

Reophax duplex Grzybowski 
P1.2, Fig. 1 

Remarks: Common. 

Hormosina trinitatensis Cushman & Renz 
P1. 2, Fig. 2 

Remarks: Several authors use Reophax pilulifer Brady, 
for this species. But here it is placed under H o r n s i n n  
based on Hofker's (1972) definition of Homzosinn pos- 
sessing a multilayer wall. Common. 

Hormosina velascoensis (Cushman) 
P1.2, Fig. 3 

Remarks: Only one specimen was recovered in the 
present study. 

Superfamily: LITUOLACEA de Blainville, 1827 

Paratrochamminoides sp. 
P1.2, Fig. 4 

Remarks: Rare. 

Trochamminoides dubius (Grzybowski) 
P1.2, Fig. 5 

Trochamminoides subcoronatus (Grzybowski) 
PI. 2, Fig. 6) 

Superfamily: HAPLOPHRAGMIACEA Eimer & 
Fickert, 1899 

Recurvoides sp. 
P1.2, Figs. 7 and 8 

Remarks: Present in low numbers. 

Superfamily: TROCHAMMTNACEA Schwager, 1877 

Trochammina sp. 
P1.2, Fig. 9 

Remarks: Rare. 

Superfamily: TEXTULARIACEA Ehrenberg, 1838 

Dorothia cf. D. trochoides (Marsson) 
P1.2, Fig. 10 

Remarks: Present in low numbers. 

Clavulinoides aspera (Cushman) 
P1.2, Fig. 11 

Clavulinoides globulifera (Ten Dam & Sigal) 
P1.2, Fig. 12 

Remarks: The above mentioned Clavulinoides do not 
possess an internal tooth plate, which excludes them 
from the genus Tritaxia. Specimens have been sec- 
tioned to examine the internal structure, they dis- 
played neither canaliculi nor pseudopores, but were 
solid. If pores were present they were possibly 
destroyed by pyritization. Therefore they have been 
excluded from Pseudoclavulina. Abundant. 
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PLATE I. (scale bar). 1. Batlrysi~Jton sp. (200 pmf Z RI~izamminn ilrdivisa Brady (200 pm); 3. Rhimrnmina sp. (200 
pm); 4. Saccfltnmina placentn (Grzybowski) (100 pm); 5. Hypernnlmina sp. (200 pm); 6. Am~nodisctrs crrtnceus 
(Reuss), (100 ~m); 7. Gbmospirn dmroirles (Jones Rr Parker) (30 pm); 8. GIornospirn ,qurdinlis (Jones & Parker) (50 
pm); 9. GFomospirella grzyhoutskii Ijurkiewicz) (100 pm); 10. Rzelinkina cpigonn (Rzchak) (100 pm); 11. Rrelmkina 
fissisfonraln (Grzybowski) (200 pm). 
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PLATE 2. (scale bar). 1. Reopllnx drrylex Grzybowski (200 pm); 2. Hormosinn trinitnfensis Cushrnan & Renz (200 
pm); 3. Hormosinn velascoensis (Cushman) (200 pm); 4. Parntrocllamminoides sp. (100 pm); 5. Trochamminoides 
dubius (Gtzybowski) (200 pn); 6. Trochamminoides subcoromfus (Grzybowski) (200 pm); 7,s. Recltwoides sp. (100 
pm); 9. Trocharnrninn sp. (100 pm); 10. Dorofhin cf. D.  trochoides (Massson) (50 pm); 11. ClavriEinoid~s aspera 
(Cushrnan) (500 pm}; 12. Clavulinoides globlrliJern (Ten Dam & Sigal) (200 pmj. 




