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ABSTRACT - A lower bathyal to abyssal agglutinated foraminiferal fauna (over 7X taxa belonging t o  

31 genera) is documented from Palaeocene-Eocene deep-water sediments o f  the Numidian Flysch 
(Talaa Lakrah LJnit) in Northern Morocco. The sample locality is adjacent to the Strait o f  Gibraltar. 
which comprised an oceanic 'gateway' between the Tcthys Ocean and the North Atlantic during the 
Palaeogene. The  chronostratigraphy of the section ia based upon long-distance comparisons with the 
stratigraphic ranges of identifed species in the North Atlantic region and the Polish Carpathians. 
Although n o  major evolutionary turnover among deep-water agglutinated foraminifera (DWAF) is 
observed across the Palaeoccnc/Eocenc boundary. a change from Palaeocene Aschcwiocrlln- and 
Troc.hcrrnr?rinoi~lle.v-dominated assemblages t o  a n  early Eocene Glonmpirrr assemblage is recognized. 
This Glortrospirrr hiofacies occurs throughout the North Atlantic and western Tethys and may indicate 
lowered productivity and widespread oxygenated deep-water conditions during the early Eocene 
greenhouse conditions. A change to an overlying Relic.rrlr,phrrrRmiirrii rrnrplrcrm.~ biofacics in green 
claystones reflects renewed higher productivity. Taxonomic atTinities and the succession of benthic 
foraminiferal assemblages from the Gihraltar gateway display greater aflinities t o  Tethyan as- 
semblages than North Atlantic assemblages. This is interpreted as launal evidence for a late 
Palaeoccne to early Eocene equivalent o f  'Mediterranean outflow water'. flowing from the western 
Tethys i n t o  the Atlantic. ./. Microp[i/neorrrol. 15( I): 1-19. April 1996. 

INTRODUCTION 
The Palaeocene/Eocene boundary witnessed the greatest 
turnover in the taxonomic composition of deepwater  
benthic foraminiferal faunas of any time during the last 80 
million years. At this time, the last of the typically 
Cretaceous benthic foraminifera became extinct. and the 
new deep-sea faunas of the Eocene migrated down into the 
ocean basins from the continental margins (Berggren & 
Olsson, 195%). I~Jnfortunately, few continuous oceanic 
Palaeocene-Eocene records with deepwater  agglutinated 
foraminifers (DWAF) are available from the North Atlantic 
area. In the northeastern North Atlantic, lithofacies changes 
associated hith the Thulean volcanism and the onset of 
biosiliceous sedimentation render the sediments un- 
favourable for foraminiferal preservation, and many of the 
exposed sediments in passive margin settings in the Atlantic 
area are complicated by sequence boundaries. 

One of thc few land sections containing well-preserved 
assemblages of DWAF across the Palaeocene/Eocene 
boundary is in the Numidian Talaa Lakrah Flysch of 
northern Morocco. This series cornprises a succession of  
distal deep-sl,a turlbiditic sediments with thick hemipelagic 
layers that was deposited within the oceanic gateway 
between the North Atlantic and the western Tethys. This 
section enables us to examine faunal changes in a 
continuous deep-sea setting below the CCD. The main 
objective of this study is to investigate the nature o f  the 
Palaeogene turnover in DWAF in the Talaa Lakrah Flysch 
and assess their biostratigraphic and palaeoecological 

significance in light o f  palaeoceanographic changes that took 
place in the early Palaeogene. 

GEOLOGIC SETTING 
The Moroccan Rif mountain chain is an area of  complex 
geology, characterized by numerous sub-basins and troughs 
that were folded and overthrusted during the Miocene 
collision o f  the African and Iberian plates and an 
intermediate Alboran microplate. Deep ocean sediments are 
mainly preserved in the 'flysch nappes' of the External Rif 
Zone, which was originally situated between the Alboran 
Block and the North African continental margin. Five 
different facial-tectonic units are distinguished (Durand- 
Delga. 1972: Suter, 1980; Wildi. 1983): ( I )  the Predorsalian 
LJnit formed by the continental margin sediments o f  the 
Alboran microcontinent; (2) the Mauretanian Flysch Unit, 
deposited in a deep trench adjacent to the Alboran Block: 
(3) the Massylian Flysch IJnit, which represents the basinal 
sedimentation of the ocean gateway between North Africa 
and Alboran/Iberia. The Massylian Flysch is generally 
restricted to the Cretaceous; (4) the Numidian Flysch LJnit, 
situated in a similar palaeogeographic position relative to 
the Massylian Flysch, but which may overlap with the 
Mauretanian and Tellian sequences. The Numidian Flysch is 
comprised of uppermost Cretaceous, Palaeogene and 
Miocene deep water turbidite sequences: ( 5 )  the Tellian 
deep water sediments deposited adjacent to  the North 
African continental margin. 
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We sampled a continuous section within the lower part of 
the Numidian Flysch sequence in a Numidian subunit known 
as the Talaa Lakrah Flysch. The Talaa Lakrah Flysch Unit 
was first defined by Didon et ul. (1973), based on the 
Miocene turbiditic sandstone unit exposed in the Strait of 
Gibraltar on the northern coast of Morocco approximately 
18 km ENE of Tangier, near the village of Talaa Lakrah 
(Fig. 1). The unit consists o f  Campanian to Miocene 
deepwater  sediments, and has been included in the 
Numidian Flysch, which is a geographically widespread unit 
extending from Sicily along the coast of North Africa to  the 
Strait of Gibraltar. The Numidian Flysch represents the 
compressional phase of tectonics between the North African 
and European continents. The flysch unit is overthrust onto 
Cretaceous deep-water sequences that were probably based 
on oceanic substratum. The sediments comprising the 
Numidian Flysch are generally believed to  be derived from 
the North African continent. However, a part of the detrital 
input to the Talaa Lakrah Unit may have been derived from 
the Alboran microplate. 

The outcrop of the Palaeogene portion of the Talaa 
Lakrah IJnit sampled in this study is situated above a 
retaining wall behind a Moroccan military outpost, 
immediately west of the mouth of the Lediane valley. The 
section is overturned, and consists of steeply dipping 

turbidite sandstones and interbedded claystones. The base 
of the sampled section is identified by a c. 1 m thick 
sandstone ledge. overlain by dark bluish-grey, tectonically 
disturbed claystones. The sandstones in the sequence thin 
upwards, and the sand/shale ratio decreases. The colour of 
the hemipelagic claystones changes from bluish-grey at the 
base to reddish-brown, and then to greenish-grey at the top. 
The colour changes may reflect changing oxygenation of the 
bottom waters and sediment surface rather than sediment 
input, and invites comparisons to the coeval oceanic 
sequences of the North Atlantic. 

MATERIAL AND METHODS 
Fifteen large samples (Table 1) were collected from the 
Talaa Lakrah outcrop (Fig. 2). Samples wcrc dried. 
weighed, and disaggregated by repeated boiling and drying 
using sodium carbonate solution. Samples were washed over 
a 63 p m  screen. All foraminifera from the > 125 p m  fraction 
were picked and mounted onto cardboard microscope slides. 
In  this material, the 63-125 pin fraction did not yield 
identifiable foraminifera. 

Smear slides were made of each sample, but all samples 
were barren of nannofossils. The green samples were tested 
for palynomorphs and found to be barren. 

I w  Talaa Lakrah 
FLYSCH NAPPES Dj. Moussa 

E 

Fig. 1. (a) Simplified geological map of the Northern Rif (aftcr Didon et d,. 1073 and Suter. 19x0). (h) Palacogcnc palaeogeography 01 thc 
western Mediterranean (modified after Dercourt et al., 1985) with the position of ihc sampled locality. (c) Simplified gcological cross-section 
along the Moroccan side of the Strait of Gibraltar (after Didon et d., 1973). 
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sarnplc COIOUT sediment foraminifcral 
abundances 

(individuals/g) 

JDRl 
JDR2 
JDR3 
JDR4 
JDRS 
JDR6 
JDR7 
JDRX 
JDR9 
JDRlO 
JDRlI  
JDR12 
JDR13 
JDR14 
JDRIS 

dlark grey 
rnottlcd brown-grey-purple 
chocolate brown 
chocolate brown 
chocolate brown 
chocolate brown 
chocolate brown 
gingcr brown 
ginger brown 
hrown-purple 
gingcr brown with green reduction spots 
grcen 
green 
ginger brown 
green 

fissile claystone 
brittle fissilc claystone 
tissile claystone 
tissile claystonc 
lissilc claystone 
tissile claystone 
hard tissile claystone 
fissilc claystone 
tissile claystone 
highly tissile claystone 
tissilc claystone 
massivesandyclaystone 
fissile claystone 
friabletotissileclaystone 
friable green mudstone 

0.96 
0.17 
0.54 
0.8 
0.4 
0.48 
0.31 
0.38 
0.05 
0.14 
0.07 
0.09 
0.X 
0.15 
0.3 

Table 1. Lithologic description. weights, abundance o f  foraminifera. 

BIOSTRATIGRAPHY 
Because the Palaeogene autochthonous claystones were all 
barren of calcareous nannofossils, and palynomorphs were 
probably oxidized, the DWAF provide the only stratigraphic 
control to constrain the age of the sediments. The 
chronosl ratigraphy is necessarily based upon long-distance 
comparisons will the stratigraphic ranges of identified 
species in the North Atlantic region and thc Polish 
Carpathians (Fig. 3). 

The Palaeocene to Eocene benthic foraminiferal biostrat- 
igraphy of the North Sea region has been calibrated to the 
standard chronostratigraphy by the use of dinoflagellate 
zones (C'harnock & Jones, 1YYO). In the Zumaya section of 
northern Spain, the stratigraphic ranges of D W A F  are 

calibrated to planktonic foraminiferal zones in the 
Palaeocene to lower Eocene (Fig. 3). The DWAF 
biostratigraphy at  Site 647 in the southern Labrador Sea is 
calibrated by the use of standard nannofossil zones 
(Kaminski et al., 198Y), but this record only extends upward 
from lower Eocene Zone NPl I .  Although nearby DSDP 
Site 112 penetrated into the Palaeocene. the hole was 
spot-cored, and did not recover the Palaeocene/Eocene 
boundary (Miller et ul., 1982). The biostratigraphy of 
DWAF in Trinidad was calibrated to the standard, 
low-latitude planktic foraminifera1 zonation by Kaminski et 
al. (1988). This biostratigraphic scheme was based upon 
isolated samples from Zones P lc  to P8. However, the 
I'alaeocene/Eocene boundary in Trinidad is represented by 

W e s t  

Fig. 2. Vicw of the sampled outcrop at the bcach west o f  thc Lcdiane vallcy. redrawn from photos. Numbers 1-13 refer to collected samples. 
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Age NP P Stage 

40 - 

45 - 

50 - 

55 - 

60 

65 . 

LEGEND 
Stratigraphic scheme 

adapted from Berggren 
et al (1985) 

Fig. 3. Rangcs of selectcd Palaeogcnc DWAF species from thc Polish Carpathians (Geroch & Nowak, 19X4), the Basque Basin of northern 
Spain (Kaminski. 1988). Trinidad (Kaminski CI id., 1988). and thc North Sea (Charnock & Jones, 1990). Calibration to planktonic zones applies 
o n l y  10 Trinidad and Zumaya. Notes: ( I )  FO of K. rrmp/ecrms is in Zone PX in the North Sea (M.A.  Charnock. pcrs. comm., 1994): (2) 
reported a s  ('onglophrrrgniirrni coronrr1um by Charnock & Jones, 1990 

an unconformity (Bolli, 1957). In the abyssal North Atlantic, 
Palaeocene claystones are extremely poor in agglutinated 
foraminifera. Assemblages consist generally of few long- 
ranging forms which d o  not allow any biostratigraphic 
zonation. Near the Palaeocene/Eocene boundary there is a 
major change in lithology with lower Eocene sediments 
bccoming increasingly biosiliceous. Normal deep-sea clayst- 
ones with diverse agglutinated foraminiferal assemblages 
have been described only from the Labrador and Norwegian 
Seas (Kaminski rt ul., 1990). 

The Palaeogene DWAF biostratigraphy for the westcrn 
Tethys is based on the zonation of Geroch & Nowak (1984). 
This zonation is based upon composite sections from the 
Silesian flysch basin in Poland. Because these sediments are 
largely noncalcareous, direct calibration to the standard 
plankton zones is not possible, and benthic foraminiferal 
assemblages were determined based largely on their 
superposition. The Geroch & Nowak zonation, while 
providing an excellent framework for correlation in flysch 
sediments, is a scheme that still requires direct calibration to 
the geomagnetic polarity time scale. 

The Palaeogene foraminiferal micropalaeontology of the 
Gibraltar seaway has not been formally described. The only 
previous micropalaeontological study from the north coast 
of Morocco is a preliminary note by Morgiel & Olszewska 
(1982). In the Talaa Lakrah section, the interval from 
approximately the middle Palaeocene to middle Eocene is 
exposed in a continuous stratigraphic succession. In contrast 
to the Zumaya section which is a shallowing-upward 
sequence across the Palaeocene/Eocene boundary, the 
Talaa Lakrah Flysch remains a distal turbidite depositional 
environment throughout the Palaeogene with a more or less 
continuous record of hemipelagic deposition (Fig. 4). All the 
hemipelagic claystones we sampled yielded well-preserved 
DWAF. 

The DWAF assemblages recovered from the Talaa 
Lakrah samples are generally diverse and show no signs of 
size sorting. Rare abraded specimens of calcareous benthic 
foraminifera in Samples 2. 5 ,  14, and 15 are considered to be 
redeposited from a shallow bathymetric setting. We 
recognized a total of 78 species and taxonomic groups in our 
samples (Table 2), but because a number of our counting 
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1 o r  

Faunal Density Individuals larger 
(individualdg) than 500 Lithology 

n, n c  Samples 

Fig. 4. Sin-iplified lithologic section o f  the Palaeoccne-Eocene o f  
the Talaa Lakrah section with the stratigraphic extent o f  the 
observed benthic foraminifera1 hiofacies, and important asseriiblagc 
parameters 

groups include more than one species, our estimates of the 
faunal diversity must bc rcgarded as a lowcr limit. Changes 
in relativi. percentages of selected species and morphog- 
roups are compiled in Fig. 5. 

We discriminate five assemblages within the sampled 
interval based on the total ranges and relative abundances 
(Fig. 5 )  of characteristic species and taxonomic groups: 

1. Aschemocella-Saccamminu placenta assemblage 
Samples ai. the base of the studied section (samples 1-6) are 
characterized by common occurrence of A.schemocc~llri spp. 
and Saccamniinu placenta. The abundance of the former 
taxon reaches 30% in sample 6. Other common forms 
include species o f  Rhabrlamniinn and Pmrurrochcinzmirzoide,s. 
In the modern deep ocean, tubular taxa are common in 
turbulent settings affected by deep currents (Kaminski, 
19x5). The species A. carpathicci was first described from the 
upper surfaces of turbidite mudstoncs in the Romanian 
Flysch C,arpathians (Neagu, 1 Y64). Late Cretaceous 
A.schrmocc.1lu-dominated assemblages occur mainly in areas 
with large amounts of fine-grained detrital supply provided 
by mud-turbidites. High abundances of Aschemocella may 
reflect high amounts of organic detritus from terrigenous 
sources, which provide nutrients for these large taxa. 

2.  Trochamm inoidesl Paratrochamm inoides -Recurnoides 
assemblage 
Samples 7-8 are dominated by the Parcitroclzaniniirioidr,s 
and Rcuruoidrs  groups. Ammodiscids are also significant, 
but less dominant than in samples 9-14 (see below). The 
assemhlagc consists of numerous individuals and species, 
many of which are yet undescribed. The abundance o f  
diverse Prirntrochurriininoid~~s in the lower half o f  the 
studied section invites comparison to the Upper Cretaceous 
red clay environments of abyssal turbidite basins ( =  Flysch- 
type. high diversity, Parutrochaniminoides-faunas of Kuhnt 
& Kaminski, 1989). These Late Cretaceous 
Puratrochanzniinoides assemblages probably characterized 
more oligotrophic environments. The Maastrichtian part of 
the Talaa Lakrah section also contains numerous 
Parrrtrochaninziiioine.c (Kuhnt & Kaminski, 1989). Although 
much of the Palaeocene to lower Eocene part of the Talaa 
Lakrah section does consist of reddish-brown sediments. 
there is a significant influence of dctrital material. 

The taxonomic composition and stratigraphic position o f  
this assemblage is  reminiscent of the 'Trochamm- 
inoidcsschichten' of Majzon (1 943) from the Carpathian 
flysch. Morgiel & Olszewska (1981) recognized an acme of 
Trochamrriinoirfes spp. (inc. Paratrochurnnzinoida.c s.s.) in 
the Palacocene of the Polish Carpathians. However, Morgiel 
& Szytnakowska (1978) correlated this acme to the 
lowermost Eocene. Reddish claystoncs containing common 
flattened P(~rarocharrzniirioides are also known from the 
lower Eocene S'irhhotina parugonica Zone (= Zones P7-P8) 
o f  the North Sea. 

3. Glomospira-Ammodiscus assemblage 
Samples 9 and 10 contain more than 60% ammodiscids 
(Gloniospira. Ammodisciis, and Gloniospirella). This 
assemblage corrclatcs with Gloniospiru-dominated as- 
scmblages observed in other parts of the Atlantic (Kaminski 
e /  a / . .  1989) and western Tethys (Winkler, 1984). The 
interval is characterized by numerous small specimens o f  
Glomospirn spp. and Anznzo&ciis /eniris.sinzir.s. A distinctive 
taxon in this interval is an undescribed species o f  
Gloniospiru that has very irregular coiling. Our species 
Gloniospira sp. 5 is a form that is probably new. and appears 
to be related to the Palaeogene species Amniociiscits p w z v i .  

The faunal abundance and the average size of specimens 
in this interval diminishes upsection, attaining minimum 
values in samples 10 and 11 (Fig. 4). This agrees with trends 
in calcareous benthic assemblages in the lower Eocene o f  
the North Atlantic, which are reported to be depauparate 
(Berggren CG Olsson. 1986). 

4. Karrerulina conijormis assemblage 
The tirst occurrence of K. conif0rnii.c is observed in sample 
1 I, which also contains the maximum abundance of the 
genus (Fig. 5). In Trinidad the first occurrence (FO) of this 
species was observed in the lower Eocene (Zone P6b), at 
Site 647 its FO was observed within Zone NP11, below the 
Gloniospira horizon. The stratigraphic distribution of 
Kurrerirlina species may be controlled by palaeoceanog- 
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sample 

Bathysiphon sp 
Rhabdammina cylindrica 
Rhabdammina annulata 
Rhabdammina sp 
Rhizammina cf indivisa 
Rhabdarnmina robusta 
Rhizarnmina sp 
Psammosphaera irregularis 
Psamrnosphaera sp 
Saccammina grzybowsht 
Saccamrnina placenta 
Saccamrnina sp 
Lagmarnmina sp 
Hyperammina rugosa 
Tolypammina (7) sp 
Ammodiscus cretaceus 
Ammodiscus lenuisslmus 
Ammodiscus pewvianus 
Ammodiscus cf penny 
Glomospira glornerala 
Glomospira charades 
Glomaspira gordialis 
Glomaspira serpens 
Glomaspira inegularis 
Glomospira sp 4 
Glomospira sp 
Glomospirella biedai 
Glommpirella grqbowskii 
Glomaspirella sp 
Rzehakina epigona 
Aschemccella carpathica 
Aschemccella grandis 
Aschemccella sp 
Kalarnopsis grzybowskii 
R e o p k  sp 
R e o p k  elongatus 
Subreophax pseudoscalaris 
Subreophax scalaris 

Hormosinella distans 
Cribrostomoides tinitatensis 
Cribrastomoides sp 
Haplophragmoides horridus 
Haplophragmoides porrectus 
Haplophragmoides walleri 
Haplophragmoides sp 
Lituotuba sp 
Lituotuba lituiforrnis 
Paratrochamminades acervulatus 
Paratrochamminades draco 
Paratrochamminades fdius 
Paratrochamminades gorayskii 
Paratrochamminades cf gorayskii 
Paralrochamminades heterornorphi 
Paratrochamminades irregularis 
Paratrochamminades rnitratus 
Paratrochamrninades olszewskii 
Paratrochamminades wiformts 
Paratrocharnminades sp 4 
Paratrochamminades sp 
Trochamrninades dubius 
Trochamminades proleus 
Trccharnminades septatus 
Trochamminades subcoronatus 
Trochamminades variolarius 
Trochamminades sp 
Ammosphaeroidina sp 
Recurvoldes nucleolus 
RecuNoldes ex gr gerochi 
Recurvoides cl imperfecius 
Recurvoides sp 2 
Recurvoldes Sp 
Reticulophragmiurn arnplectens 
Paratrochammina spp 
Gercchamrnina conversa 
Karrerulina coniformis 
Karrerulina honida 
Karrerulm (7) spp 

subreophax sp 

1 JDRl JDR2 JDR3 JDR4 JDR5 JDR6 JDR7 JDR8 JDR9 JDRlOJDRll JDR12JDR13JDR14JDRl 
I 

35 1 11 5 1 3 
14 14  57 16 6 

6 1 5 

1 1 7 1 1  

13  

4 

4 2 10 14  13 3 

1 
1 4 2  13  8 

14  17 17  28 28 10 
3 2  9 3 3  
1 1 
1 2 9 4 5 3  
7 9 1 7 6 2 6 5  
2 1 2 1 7 1  

3 3  6 
1 1 1  

1 2 
3 11 6 

2 
1 1  2 4 

10 5 1 
8 1 6 2 2  
9 

1 
1 1 
5 3 4  

2 

2 6 22 
1 8  24 14  5 
4 3 3  

1 
1 1  

7 1 3  30 56 
2 

2 1  
1 2  
7 
1 10  

3 2 1  
7 5  3 2 2 

29 
14  42 5 20 11 
1 3  1 10 27 

1 

1 3 
8 1 1 

9 
3 8 

2 2 2  

1 

12 4 24 1 8  7 16 3 38 
7 1  6 3 5  6 4 5 1 1 2  2 

1 
1 

1 1 
1 1  
5 2 2  2 4 7 6  1 39 

1 3 
i 1 1  1 2  1 

1 2  3 1 
I 1  1 I 

1 
3 5 

5 2  1 1  
IS l 1  1 1 1 1 1 

5 4 1 1 1 5  1 1 
9 2 5 4 1 1 1  8 15 3 2 
1 7 4 2 3  1 2 1 1 1  

1 1  1 

I 7 1 2 3 4  1 1 8  7 ll5 42 20 15 16  22 11 4 8 3 13 11 5 

3 5 5  
1 6 7 1  3 

4 1 2  2 2  1 20 
2 2 2 1 1 1  

15 8 4 3 1 2 0  5 1 2 
6 

1 
8 1 1  47 13  20 22 

3 6 5 1 7  
22 

4 I 5 

1 

2 2  
4 1  

Table 2. Distribution of autochthonous agglutinaicd foraminifera in the examined samples. 

raphic factors such as organic matter flux, since modern 
representatives of this group live infaunally. 

5. Reticulophragmoides amplectens assemblage 
Samples 12 to 15 are characterized the common 
occurrence of R. amplectens, which is a typical form of 
middle to upper Eocene sediments in the Atlantic and 

6 

western Tethys. Other characteristic forms in the uppermost 
part of the section are Reophax elongaius and Karrerinlinu 
coniforrnis. Geroch & Nowak (1984) reported the range of 
Reophax elongatus as middle to upper Eocene in the Polish 
Carpathians. The ranges of all of these taxa extend to the 
Eocene/Oligocene boundary in the North Atlantic (Kamin- 
ski a[,, 1ygy). 
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JDR15 

JDR14 

JDRIJ  

JDRl2  

J D R i i  

JDRlO 

JDRO 

JDRB 

JDR7 

JDRS 

JDRS 

JDR4 

JDRS 

JDR2 

JDRl 

ASCHEM0CELI.A SACCAMMINIDS TROCHAMMINOIDES 
- PARATROCH. 

RECURVOIDES KARR AMMODISCIDS 

7 
REOPHACIDS 

F 
HAPLOPHRI 

I 

i 
R.  AMPLECTENS 

0 10 20 3 0 0  10 2 0 0  10 20 30 4 0 0  10 2 0 0 2 4 6 8  0 20 40 60 8 0 0  10 2 0 0  10 20 300 10 2 0 0  20 40 60 

Fig. 5. Relativc abundanccs of selected species and taxonomic groups i n  the Talaa Lakrah Flysch. 

Reticiil~)phragmiiin?n rimplectrws is believed t o  have 
evolved from an early Emene  ancestor by the acquisition of 
additional chambers and advancing the development of 
alvcoles with ontogeny. Jurkiewicz ( 1  967) had already 
reported that alveolar structure usually begins closer to thc 
proloculux in specimens from younger stratigraphic horiz- 
ons. Alveoles first appear between the 10"' and 17"' chamber 
in the microspheric generation cif primitive individuals, and 
between the 5'" and 13'" chambers in more advanced 
individua1:i. Myatlyuk (1970) considered the smaller early 
Eocene niorphcitype of R. anzplectens with 10 chambers in 
the last whorl and few alveoles to be a separate species, and 
named it Cycluniniinu internaediu. Although lower Eocene 
assemblages from the North Sea and the Carpathians 
undoubtedly contain the 'Cyclurnrnina intermedia' mor- 
photype, this form is absent from our samples of the 
Numidian Flysch. In this regard, they are more similar to  
early Eocene specimens from Labrador. which consist of 
'advanced ' f o r m  of R. urnplectens with well-developed 
alveoles. 

FAUNAL, TURNOVER AT TlHE 
PALAEOCENE/EOCENE BOUNDARY 
A major turnover of deepwater  calcareous benthic 
foraminiferal ta:ra at the Palaeocene/Eocene boundary has 
bcen ohscrved in all the world's oceans (Tjalsma, 1977: 
Schnitker. 1979: Tjalsma & Lohmann, 19x3: Thomas & 
Shackleton, 1991: Pak & Miller, 1992). lJtilizing benthic 
foraminifera1 oxygen isotope records. Shackleton ( I  986) 
suggested that deep oceanic waters had a temperature of 
approximately 1'0°C in the earliest Palaeogene, increasing to 
12°C in the early Eocene and thcn decreasing again. Miller 
('r ul. (1Y87a) suggested that the world ocean was ice-free 
throughout most of the Palaeocene and Eocene. Their 
oxygen isotope studies on calcareous benthic foraminifera 
also indicate rapid warming of  sea water from mid- 
Palaeocene to early Eocene times, followed by a step-wise 
deterioration culminating in the late Eocene glaciations. 
Superimposed on  this first-order trend are fluctuations that 
correspond to rapid climatic change. Kennett & Stott (1991) 
documented a rapid c. 8°C warming of Antarctic surface 

waters that coincided with a 4% drop in foraminiferal d"C 
and the extinction of about half of the calcareous benthic 
taxa. These authors suggested that deep water circulation 
was reduced resulting in lowered oxygenation of the deep 
sea. These isotopic changes have been confirmed in all the 
ocean basins (Stott, 1992), and show that the deep sea 
warmed to about 10°C. These unusually warm temperatures 
persisted for about 100 000 years. More importantly, the 
surface-to-deep foraminiferal d '  'C gradient decreased from 
about 1.7% in the Palaeocene to near zero at Site 690 (Stott, 
1 992), which suggests that marine organic productivity was 
severely diminished. This observation corroborates the 
findings of Miller ev nl. (1987b) who noted decreased 
sediment grain size in the Pacific, which implies weaker 
trade winds and consequently reduced upwelling. The 
Palaeocene/Eocene warming has been attributed to 
increased supply of C 0 2 ,  as a consequence of global tectonic 
activity (e.g. opening of the Norwegian-Greenland Sea) and 
volcanism in the North Atlantic region (Owen & Rea, 1985). 

The impact of climatic changes at the Palaeocene/Eocene 
(P/E) boundary on  DWAF is still poorly documented. 
While all DWAF localities studied so far display a reduction 
in both abundance and taxonomic diversity from the upper 
Palaeocene to the lower Eocene, this turnover cannot be 
attributed to a single environmental cause (Kaminski. 1991). 
The bathyal foraminiferal assemblages of Zumaya Spain and 
the West Greenland, Labrador, and Norwegian continental 
shelves occur in shallowing-upward sequences. In these 
areas, Palaeocene agglutinated faunas are replaced by 
calcareous assemblages, or barren intervals. In the North 
Sea and Norwegian Sea regions, the boundary is contained 
within volcanoclastic sediments. In the central North 
Atlantic the P /E boundary occurs within a lithologic change 
from claystones to  radiolarites that are barren of 
foraminifera. Biostratigraphic data from the upper Maastr- 
ichtian to middle Eocene Gurnigel-Schlieren flysch of 
Switzerland (Winkler, 1984) reveal the last occurrences of 
six species of D W A F  at or just below the P/E boundary. No 
taxa with first occurrences near the boundary were recorded. 
In the Polish External Carpathians (Geroch & Nowak, 
1984), five species have last occurrences approximately at 
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the P/E boundary and two species have first occurrences just 
above the boundary. In the Guayaguayare and Lizard 
Springs Formations of Trinidad 15 species display LOs at or 
just below the boundary and only one incoming species 
occurs just above the boundary (Kaminski et ul., 1988). The 
most dramatic faunal turnover of DWAF near the P /E 
boundary has been observed in the North Sea. As many as 
20 species display LOs immediately below the P /E boundary 
and 35 species have FOs just above the boundary (Charnock 
& Jones, 1990). However, the effects of local palaeoenviron- 
mental change in the North Sea area have probably 
amplified the magnitude of the faunal change. 

At Talaa Lakrah, the following taxa have last occurrences 
between samples 5 and 9 (broadly coincident with the P /E 
boundary): 

Saccummiria placenta 
Glomospiru gordialis 
Glomospira grzyho wskii 
Glornospira sp. 4 
Aschemocella curpathica 
Ascheniocellci grandis 
Kc11aniopsi.s grzyhowskii 
f’aratrochaniniinoides draco 
Prirutrochamniirioiiies gorayskii 
t’Liratrochamminoides irregiilaris 
Puratr~chum?~iin~jide.s irviformis 
Trochumriiirioides proteirs 
Trochamniiiioides varioluriirs 

The only first occurrences observed in the sample 5-9 
interval are Kurrerulinu horrida and Sichreophax 
I’seiidoscalaris. 

Ascheniocella assemblages appear to comprise a statisti- 
cally independent end-member of Late Cretaceous DWAF 
assemblages that are typically developed in fine-grained 
turbidite environments, such as the Maastrichtian flysch of 
the Carpathians and the lower bathyal turbidite units in the 
Campo de Gibraltar. In the Talaa Lakrah section, the 
occurrence of A.schemocellu is restricted to samples from the 
Palaeocene that are associated with thick-bedded sandst- 
ones. Their disappearance across the P/E boundary may 
result from reduced amounts of organic detritus from 
terrigenous sources as well as marine organic productivity. 

The majority of first and last occurrences across the P/E 
boundary in this section are among species that are known 
from the Palaeocene and Eocene at other localities. At 
Talaa Lakrah, these constitute local biostratigraphic events. 
In general, it appears that calcareous-cemented agglutinated 
taxa were especially prone to extinction at the 
Palaeocene/Eocene boundary. Therefore, the magnitude of 
the faunal turnover of agglutinated taxa is more pronounced 
at the marginal North Atlantic sites and is less important in 
the Tcthyan sites below the CCD. 

EARLY-MIDDLE EOCENE GLOMOSPIRA EVENT 
Assemblages with common Ammodisciis and Glomospira 
have been found in the lower Eocene of the Alpine- 
Carpathian region (Jurkiewicz, 1967; Morgiel & Szymakow- 
ska, 1978; Morgiel & Olszewska, 1981, 1982) and the 
Moroccan flysch (Morgiel & Olszewska, 1982). Winkler 

(1984) discovered a level with common Glomospira in the 
lower part of Zone NPIO-NP12 (undifferentiated) in the 
Schlieren flysch of the Alpine Flysch Zone of Switzerland. 
In the southern Labrador Sea, Glornospira spp. range 
throughout the Eocene and basal Oligocene at Site 647, but 
display a distinct acme in Zones NP13-NP15 (Kaminski ef 
a/., 1989). Characteristic species of this assemblage consist of 
Glomospira irregularis, Glomospiru churoides, Ammodiscus 
cretaceus. Karrerulina coniformis, Trochamminoides spp. 
and Haplophragmoides walteri. At Site 643 in the 
Norwegian Sea the total range of Glomospiru spp. is 
confined to the lower Eocene (Kaminski et a/., 1990). The 
so-called ‘Glomospira Event’ is consequently of biostratig- 
raphic use in the North Atlantic and western Tethys, bearing 
in mind the observation that it may be diachronous from 
east to west. In the Tellien Units in northern Morocco, we 
also observed a lower Eocene biosiliceous lithofacies which 
may correlate with the Glomospiru Event in  the Numidian 
Flysch. Immediately above these biosiliceous sediments are 
cl aystoncs with Reticulophragmoides amplectens. 

Kuhnt & Kaminski (1989) noted increased abundances of 
ammodiscids, especially the genus Glomospirellu, in lower 
Campanian green claystones reflecting poorly oxygenated 
benthic conditions in the North Atlantic. This distinct 
assemblage, termed ‘Biofacies B’, was subsequently found at 
different Cretaceous horizons at other deep sea localities 
such as in the Barremian at O D P  Site 765 on the Argo 
Abyssal Plain (Kaminski et al., 1991). In the lower-middle 
Eocene at O D P  Site 647, an interval with abundant 
Glomospira is characterized by an increase in deposition of 
biogenic silica (Bohrmann & Stein, 1989) and organic 
carbon (Kaminski et a/.,  1989), which is consistent with a 
scenario of increased biogenic productivity. Some modern 
species of Glomospira appear to be environmentally 
tolerant, and thrive in environments where oxygen and 
salinity levels are low. They have the ability to survive on 
organic-rich substrates, such as in an area of active 
petroleum seepage in the Gulf of Mexico. Alve (1990) 
recognized an Ammodiscus? [ = Glomospirella] gullmarensis 
assemblage in temperate water masses in Drammensfjord, 
southeast Norway, characterized by reduced salinity and 
very low dissolved oxygen content. Kaminski et a/. (1989) 
speculated that Glomospira feed epifaunally on organic 
detritus, and was consequently well-adapted to areas of high 
productivity. 

However, other aspects of the DWAF assemblages in the 
Talaa Lakrah section question the validity of this model for 
the lower Eocene reddish claystones. Both the abundance 
and relative size of DWAF decline steadily from the 
Palaeocene, reaching minimum values in the Glornospira 
acme (Fig. 4). The environmental significance of size and 
abundance trends in deep-sea benthic foraminifera has been 
examined by Pederson et a/. (1988) and Herguera & Berger 
(1991) in their studies of modern and Pleistocene 
productivity in the Pacific. These studies demonstrated that 
both the average size of certain benthic foraminifera as well 
as benthic foraminifera1 accumulation rates are positively 
correlated with the flux of organic matter to the sea floor, 
and can serve as good proxies for palaeoproductivity. At the 
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same time, the relative proportion o f  tubular forms reaches 
a minimum (Fig. 5) .  Because modern tubular taxa such as 
Rhmhtkaimminri and Saccorhizn have been found to be 
suspension feeders (Altenbach ei a/. ,  1988: Linke & Lutze. 
1993), the decline in tubes over this interval may be related 
to the reduction in food particles carried in suspension by 
bottom currents. It may simply be the case that Gloniospiru 
is an opportunist, inhabiting environments that have 
undergone rapid change, or occupying niches that have been 
left vacant by other species. 

RETICULOPHRAGMOIDES AMPLECTENS ACME 
Deep-water clastic sediments containing large proportions of 
Reticulophrugmiunz ampleciens are typically referred to thc 
middle Eocenc in the Polish Carpathians. In Poland, its first 
occurrence was reported in the lower Eocene (Zone NP12) 
by Olszewska & Smagowicz (1977). Its total range in the 
Polish Carpathians was given as lower to  upper Eocene by 
Morgiel & Olszewska (1981), and its partial range and 
optimum occurrence characterizes the middle Eocene 
C.yclamwtinu ampleciens Zone of Geroch & Nowak (1984). 
In the Austriain Alps, R. ampleetens was reported from the 
lower to lower middle Eocene Buntmergelserie (Rogl ei a/., 
1086). In the Central North Sea the R. umplecteris acme is 
observed immediately above the lowcr/middle Eocene 
boundarq as determined by palynological and mic- 
ropalaeontological evidence, occurring in a unit of high 
gamma ray values ( M A .  Charnock. pers. comm., 1994). At 
Site 647 in the southern Labrador Sea its FO occurs in the 
upper part of Zone N P I  I (below the Glomospira event), 
and its greatest abundance occurs in the middle Eocene. 
However. at Talaa Lakrah its first occurrence is above the 
Glomospira event, which is consistent with its occurrence in 
the Carpathians. 

The palaeoecology of R. ampleetens is not well 
understood, however, its symmetrical shape and circular 
outline recalls ihat of the modern deep-sea species Mr1oni.s 
harle~wntcm, a mobile infaunal detritivore (Corliss, 1985). 
Moreover, R. aniplecrens is one of the dominant taxa in the 
Eocene o f  the Labrador margin (beneath the oxygen 
minimum zone) but only comprises S-IO% o f  the 
assemblage at abyssal Site 647. 'This agrees with findings of 
Corliss & Chen (1988) and Corliss & Fois (1991), who 
observed a shift from dominant infaunal taxa in the 
upper-middle bathyal zone to  dominant epifaunal taxa in the 
lower bathyal t o  abyssal zone. This changeover is related to 
the amourit of food available to  the infauna. If R. umplccfens 
was inderd infaunal, then its dominance in the greenish 
claystones above the Glomo.spira event indicates a return to 
the more productive and/or less well oxygenated oceanog- 
raphic conditions that favour significant proportions of 
infauna. 

PALAEOENVJRONMENT AND 
PALAEOCEANOGRAPHY OF THE PALAEOGENE 
NUMIDIAN FLYSCH BASIN 
The Palaeogene of the Talaa Lakrah Flysch is charactcrized 
by diverse flysch-type agglutinated foraminifera and a lack 
of autochthonous calcareous forms. They are interpreted as 

autochthonous assemblages and can be vicwed as remnants 
of former benthic communities that flourished beneath the 
CCD. 

It is surprising that two otherwise common early 
Palaeogene species are absent entirely (Spiropleciunzmina 
speciahilis) or extremely rare (a single specimen of 
Rzchakina epigotia in sample 3) in our material from the 
Talaa Lakrah Flysch. Spiroplectammin~~ .speciuhilis and R. 
rpigona are among the most common and characteristic 
species of DWAF in Palaeocene deep-water sediments 
deposited along the North African continental margin, in 
Trinidad, and in the Central North Sea. Both species 
preferably occur in dark greenish shales with enhanced 
content of organic carbon and may characterize environ- 
ments with high organic flux rates. Consequently, the 
absence of these species at Talaa Lakrah might reflect low 
abundanccs of organic matter or other nutrients. 

Although the assemblages consist mainly of cosmopolitan 
species, the relative succession of benthic foraminifera1 
assemblages from the Gibraltar gateway displays a greater 
affinities to Tethyan assemblages than to  assemblages from 
the North Atlantic. In particular the presence of an 
assemblage consisting of diverse species of 
Porutrochun7nzinoidr.s and Trochamnzinoiries overlain by a 
Glorno.rpira-dominated assemblage provides evidence of 
strong links with the Carpathian Palaeocene-Eocene 
deposits. This gives us some insight into the nature of the 
deep water masses. For example, studies of carbon isotopes 
(Katz & Miller, 1991) have revealed that the Southern ocean 
was a source of deep water during the late Palaeocene and 
again during the early Eocene, but that the supply of deep 
water decreased near the Palaeoccne/Eocene boundary. 
This interpretation is supported by the observation of a late 
Palaeocene erosional hiatus on the Bermuda Rise, indicating 
strong bottom currents flowing into the North Atlantic from 
the south (Mountain & Miller, 1992). Sediment deposition 
resumed on the Bermuda Rise during the latest Palaeocene, 
a result of the reduction in deepwater  circulation. General 
ocean circulation models have suggested that the eastern 
Tethys was a likely zone o f  high evaporation and therefore a 
prime site for the formation of warm, saline deep water 
(WSDW) (Barron & Peterson, 1990). It is possible that the 
change in the oxidation state of the sediments at Talaa 
Lakrah and the loss of large specimens is a reflection of 
differing bottom water sources. We suggest that the 
appearance of lower Eoccne reddish shales reflects a 
proximal WSDW source which was well oxygenated and 
nutrient depleted. 

The abrupt appearance of an K. ampleetens dominated 
assemblage above the Glomospira event horizon may have 
palaeoccanographic significance. At DSDP Site 401 in the 
Bay of Biscay, Pak & Miller (1992) noted a change from an 
earliest Eocene Niittu1ide.s trirempyi assemblage to an 
assemblage dominated by Bitlirninella grata, Siilostomella 
gracilliniu and Bziliniina .sen7icostai~i in Zone P6c. In Zones 
P8-P9 Siilostornellu (an infaunal form) was dominant. This 
shift from epifaunal-dominated assemblages to ones 
dominated by infauna in the middle part of the early Eocene 
also points to similar changes in oxygenation and/or 
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palaeoproductivity. Because the Bay of Biscay is distal to 
any proto-Mediterranean outflow water flowing northward 
around Portugal as an eastern boundary current, perhaps 
the assemblage changes in the Gibraltar and Biscay regions 
are linked. Indeed, based on their comparison of stable 
isotopic data, Pak & Miller believed that Site 401 monitored 
deep water of a western Tethyan origin. 

CONCLUSlONS 
The diverse (>78 taxa) D W A F  assemblages of the Talaa 
Lakrah Flysch compare well with the diverse cosmopolitan 
flysch-type agglutinated assemblages in the sense of 
Gradstein & Berggren (1981). The depositional environment 
of the Palaeogene Talaa Lakrah turbidites was lower bathyal 
or abyssal, and below the calcium carbonate compcnsation 
depth. 

The taxonomic affinities and relative succession of benthic 
foraminifera1 assemblages from the Gibraltar gateway are 
more Tethyan than Atlantic. In particular, diverse 
Paratrochamminoides and Trochumminoides and the pre- 
sence of an interval of reddish claystones with Glomospiru 
provide strong links with the Palaeocene-Eocene as- 
semblages of the Carpathians. We interpret this as faunal 
evidence for a late Palaeocene to early Eocene equivalent of 
'Mediterranean outflow water', with bottom water flowing 
from the western Tethys into the Atlantic as it does today. 

Despite the now well-documented Palaeocene/Eocene 
boundary extinction event among calcareous benthic 
foraminifera, there is surprisingly little taxonomic turnover 
among DWAF in the Talaa Lakrah section (in terms of 
species extinctions and originations). However, changes in 
the size, abundance, and relative proportions of agglutinated 
foraminifera across the Palaeocene/Eocene boundary 
interval undoubtedly reflect environmental changes that 
took place in the western Tethys. Reductions in the 
abundance and size of DWAF from the Palaeocene to the 
lower Eocene indicate decreasing nutrients and/or palaeop- 
roductivity. An early Eocene Gfornospira-dominated hiof- 
acies can be attributed to a period of well-oxygenated, 
oligotrophic conditions, probably caused by reduced 
particulate organic matter flux. The sparse assemblages from 
oxygenated sediments may be linked to lowered surface 
water productivity during the early Eocene climatic 
optimum and/or warm, well-oxygenated deep water masses 
of possible Tethyan origin. The return to greenish-grey, 
biosiliceous claystones with successive Karrerulinu- 
dominated and R. amplectens-dominated assemblages 
signalled the return to a more eutrophic environment. 

TAXONOMlC NOTES 
Because of the current need for revision of the suprageneric 
classification of the agglutinated foraminifera, the taxa 

below are simply listed alphabetically by genus. For the sake 
of brevity, only primary referenccs and revisions of primary 
types are cited. 

Ammodi\cits crrtac.eut (Reuss. 1845) 

1845 Opercrilinu crefuccu Reuss: 3.5, pl. 13. ligs 64, 65 

Ammodiscus cf. pennyi Cushman & Jarvis, 1928 
1928 Animotfi.scrr.s pennvi Cushman & Jarvis: 87. pl. 12. figs 4-5 

An~niorlisc~irs pcritviunii.s Berry, 1928 

I92X Animotliccrrs perrtuicmcts Bcrrv: 342, pl. 27 

Ammodisctt.s trvriri,s.simtr.s Gr7ybowski. I898 

1898 Ammodiscris rentrissinzir\ Grzybowski: 282. pl. 10. lig. 35 

Aninzosphueroidinci sp. 

(PI. I, figs 1-2) 

(PI. 1.  fig. 3) 

(PI. I .  fig. 4) 

(PI. 2. fig. 15) 

(PI. 2, fig. 3) 
Aschemocella carpathrca (Ncagu, 1964) 

1964 Aschemonellu curputhicri Ncagu: 5x2, text-fig. 115-8, 212-4, 
311-3, 41166. pl. 27. figs 1-3 

Axchrvnocella grandic (Grzybowski. 1898) 

1898 Reophax grandis Grzybowski: 277, pl. 10. figs 13-15 
1993 Aschemocella grandis (Grzybowski): Kaminski Kr Geroch: 249. 
pl. 2. figs 8-10 

Brithysiphon sp. 
Fragments o f  elongate cylindrical tubes, thin walled and finely 
agglutinated. 

Crihrostomoidc~s trini/riten,si.\ Cushman & Jarvis. 1928 

I928 Crihrosfomoides trirzifnfc.nsi.c Cushman & Jarvis: 21, pl. 12, figs 
12a- b 

(;lornospira chnroide.s (Jones & Parker. 1x60) 

1860 Trochumminci .sqitumaru Jones & Parker var. chrtroidr,.s Jones 
& Parker: 304 
1990 Glomospira charoides (Jones & Parker); Berggren & 
Kaminski: 60, pl. 1. fig. 2 

Glomospiru glornerafa (Grzybowski, 1 898) 

1898 Ammodiscu.~ glornerarus GrLybowski: 285. pl. 1 1 .  fig. 4 

Glomospiru gordiulis (Jones & Parker, 1860) 

1860 Trochammino squamata Jones & Parker var. gortliulis Jones Kr 
Parker, p. 304 
1990 Glornospiru gordinlis (Jones & Parker): Bcrggren & Kaminski: 

(PI. 2, fig. 4) 

(PI. 2. lig. 14) 

(PI. 1.  fig. 12) 

(PI. 1. fig. 13) 

(Pl. 1. fig. 14) 

pl. I ,  fig. 1 

G l o n ~ s p i r u  irregirluris (Grzybowski, 1898) 

1898 Aniniodiscir.s irrrgirlriris Grzybowski: 285. pl. 1 I figs 2. 3 
1093 Glomospiru irregriluri,\ (Grzybowski): Kaminski & Geroch: 
256. pl. 6. figs 6-8b 

(PI. I ,  fig. 9 )  

Explanation of Plate 1 

Figs. 1-2, Ammodiscus cretaceus (Reuss), Sample 5. Fig. 1: X69, Fig. 2: X37. Fig. 3, Anirnodiscrrs peruuianirs Berry. Sample 9, X.55. Fig. 4, 
Ammodiscus renuissirnus Grzybowski, Sample 6. X66. Figs. 5-8, Gloniospiru sp. 5 ,  Fig. 5: Sample 6 X22, Fig. 6: Sample 3 X 18, Fig. 7: Sample 1 
X13, Fig. 8: Sample 7 X35. Fig. 9, Glomospirri irregularis Grzybowski, Sample 2, X12.5. Figs. 10-11, Gloniospirellu hiedai Samuel. Fig. 10: 
Sample 7, X35. Fig. 11: Sample 6, X37. Fig. 12, Glornospira charuides (Jones & Parker), Sample 10, X69. Fig. 13, Glomoypiru glomrrutrr 
(Grzybowski), Sample 6 ,  X 16. Fig. 14, Glomospiru gordialis (Jones & Parker), Sample 9, X69. Fig. 15, Glomospirn serpens (GrLybowski). 
Sample 3, X55. Fig. 16, Rzehakina epigonu (Rzehak). Sample 3. X69. 
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GlomoApiru scrprn., (Grzybowski. 1898) 

1898 Anmiodi.scit.r w r p w s  Gr7ybowski: 285. pl. 10, figs 31-33 
1993 Glomospira serpens (Grzybowski); Kaminski & Geroch: 256. 

(PI. I .  fig. 15) 

pl. 6. figs. 2-5 

G'lomospira sp. 5 

Medium to large-sized test, arranged in planispiral to irregularly 
glomospiral coils. Test wall thick, and relatively coarsely 
agglutinated. Although the test may be large. the chamber increases 
in diameter slowly and does not become more irregular with 
ontogcny, as in some other species of Glomospira. Differs from 
Ammodiscir.s penr7yi in its irregularly glomospiral coiling. Glomos- 
pira irregularis differs in its more enrolled streptospiral coiling. 

Glomospirellu hiedni Samuel, 1977 

(PI. 1, figs 5-8) 

(PI.. I ,  fig. I 1) 
1977 Glomospirellr hicdai Samuel: 29. pl. 3, fig. 16; pl. 21, fig. 3 

Glomospirella grzybowskii (Jurkiewicz. 1960) 

1960 Glomospira grzyhowskii Jurkiewicz: 342, pl. 38. figs 7, 10, I 1  

Huplophragnioides horridus (Grzybowski. 1901 ) 
1901 Huplophragmiiini horridinn Grzybowski: 270-271. pl. 7, fig. 12 
I993 Huplophragmoiries horridits (Grzybowski): Kaminski & 
Gcroch: 275. pl. 15. figs 6-X 

Hui,lophrugnzoidrs porrectirs Maslakova, 1955 

1955 Hap1ophraXmoiric.s porrec/tt.s Maslakova: 47. pl. 3. ligs 5-6 

Haplophrir~moide., walteri (Grxybowski, 1898) 

1898 Trochummina walteri Grzybowski: 290, pl. 11, fig. 31. 
1993 Haplophragmoides walteri (Gr/ybowski); Kaminski & Geroch: 
263. pl. 10. figs 3a-7c 

Hormosincllu distans (Brady, 1881) 

1881 Reophnx distans Brady: SO 

(PI. 1.  fig. 1 0 )  

(PI. 2. fig. 1 1 )  

(PI. 2, fig. 10) 

(PI. 2. fig. 6) 

Hvperummina rtigasa Verdenius & Van Hinte I983 

1983 Ifvperummnu rugoscr Vcrdenius & Van Hinte: 187, pl. I ,  figs 
(PI. 1. fig. 7) 

12-14 

Kulamopsis grzybowskii (Dylqzanka, 1923) 

1923 Hyperamminu grzyhowskii DylB[[hungarumlaut]]anka: 65-66 
1993 Kulamopsis gryhowskii (DylB[[hungarumlaut]lanka); Kaminski 
& Geroch, 281, pl. 17, figs 5a-8 

Karreritlina coniformis (Grzybowski, 1898) 
1898 Gaudryinu coniformis Grzybowski: 295, pl. 12, fig. 7 
1993 Karreritlina coniformis (Grzybowski); Kaminski & Geroch: 
269. pl. 13, figs 1-4 

Gerochamminri conuersa (drzybowski, 1901) 

1901 Gaiidryina conuersa Grzybowski: 285, pl. 7, figs 15, 16 
1993 Gerochammina conuer.sa (Grzybowski): Kaminski & Geroch: 
279, pl. 13, figs 5a-I1 

Karreritlina horrida Myatlyuk, 1970 
(PI. 2, fig. 17) 

1970 Kurreriella horridn Myatlyuk: 114-1 15, pl. 5, fig. 9; pl. 33, figs 
15-16c 

Lugenammina sp. 

1.ituotuba 1itiiiformi.s (Brady, 1879) 
1879 Trochammina 1ituiformi.s Brady: 59, pl. 5. fig. 16 

Paratrochummina spp. 
We place in the genus ~aratr~~chamminuide.s  all forms with irregular 
streptospiral, glomospiral, trochospiral, or triloculine coiling (which 
may uncoil in the later stage) and irregular rounded to elongate 
chambers. Trochamminoides is distinguished by its irregular 
planispiral coiling. The family Lituotubidae is in need of revision. 
Specimens classified here as Parutrochumminu spp. are mostly badly 
preserved and/or fragmentary. 

Purutrochamminoides aceruulatits (Grzybowski, 1896) 
1896 Trochummina aceruulatu Grzybowski: 284, pl. 9, fig. 4 a-c 
1981 Trochammina aceruicluta Grzybowski; Liszka & Liszkowa: p. 
176, pl. 3, fig. la-c 

(PI. 2, fig. 11) 

(PI. 2. figs 16) 

Explanation of Plate 2 

Figs. 1-2, Saccamminu placenta (Grzybowski), Fig. 1: Sample 9, X59. Fig. 2: Sample 5, X33. Fig. 3, A.schemocellu carputlzicu (Neagu), Sample 3 
X9. Fig. 4, Aschrwiocellu grundis (Grzybowski), Sample 3 X8. Fig. 5, Kulamopsis grzybowskii (Dylgzanka), Sample 4. X35. Fig. 6, 
Hormosinella distuns (Brady), Sample 13, X69. Figs. 7-8, Reophax elongatus Grzybowski, Sample 13, X35. Fig. 9, Subreophux scalaris 
(Grzybowski), Sample 3, XSS. Fig. 10, Huplophragmoides walteri (Grzybowski), Sample 9, X90. Fig. 11, Haplophragmoides porrectus 
Maslakova. Sample 1, X 9 5 .  Fig. 12, Reticulophragmium amplectens (Grzybowski), Sample 12, X42. Fig. 13, Recitruoides nucleolus 
(Grrybowski). Sample I ,  X45. Fig. 14, Cribrostomoides rrinirutensis Cushman & Jarvis, Sample 1, X25. Fig. 15, Ammosphaeroidina sp., Sample 
13. X 103. Fig. 16, Gerochumminn conuer.sa (Grzybowski). Sample 5 ,  X68. Fig. 17, Karrerulinu horrida Myatlyuk, Sample 8, X68. 

~~ 

Explanation of Plate 3 

Fig. 1, Trochamminoides diihius (Grzybowski). Sample I ,  XS0. Fig. 2, Trochamminoides dubius (Grzybowski). Sample 8, X48. Fig. 3, 
Trochamminoides duhius (Grzybowski), Sample I ,  X38. Fig. 4, Trochamminoides dubiits (Grzybowski), Sample 3, X38. Fig. 5, 
Trochumminoides uurio1uriit.s (Grrybowski), Sample 3, X38. Fig. 6, Paratrochumminoides uuiformis (Grzybowski), Sample 7, X38. Fig. 7, 
Trochamminoides sitticoronatits (Grzyhowski), X27. Fig. 8, Paratrochanzminoidec draco (Grzybowski). X26. Fig. 9, Trochumminoides septatus 
(Grzybowski), Sample 1 1 ,  X74. Fig. 10, Paratrf~chammi~ioides sp. 4, Sample 4, X20. Fig. 11, Paratrochamminoides sp. 4, Sample 5, X18. Fig. 12, 
Trochamminoides protet~s (Karrer). Sample 5. X26. 

Explanation of Plate 4 

Figs. la-2, Parntrochamminoide.~ sp. 5 ,  Sample 8, Fig. 1: X52, Fig. 2: X36. Figs. 3-5, Paratrochamminoides heteromorphus (Grzybowski), Fig. 
3: Sample 1, X40; Fig. 4 Sample 2, X27, Fig. 5, Sample 3, X13. Figs. 6-7, Purutrochamminoides goruyskii (Grzybowski), Fig. 6: Sample 6, X27, 
Fig. 7: Sample 4. X72. Fig. 8, Purarr~~chnmminoir1e.s irregit1ari.s (White). Sample 5. X20. Fig. 9, Purutrochamminoides mirratus (Grzybowski). 
Sample 8. X20. Fig. 10, Parcitrockamniinoirles o1s;ewskii (Gr7ybowski), Sample 7. X38. 
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Plate 3 
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P~irutr~)chaniminoirlrs druco (Grzyhowski. 1901) 

1901 Trochammina rlraco Grzybowski. p. 280. pl. 8, fig. 10 
1993 Puratrochumminoides drueo (Grzyhowski); Kaminski & 
Geroch: 277, pl. 16, fig. 5a-c 

P(irrrtrochamminoide.s noruyskii (Grzybowski. 1898) 

(PI. 3, fig. 8 )  

(PI. 4. figs 6-7) 
1898 Amniodisciis porayskii Grzybowski, p. 283, pi. 11, fig. 5 

_ I  ~ 

I993 Paratrochrrmminoide.s gora)jskii (Grzybowski): Kaminski & 
Geroch, 255, pl. 5 ,  fig. 8a-d 

Parritrochaniminoide.s heteronzorphits (Grzybowski. 1898) 

I898 Trochamminu heteronzorpha Grzybowski: 286, pl. 11. fig. 16 
1993 Paratroch~imminoidr.~ hetrromorphus (Grzybowski): Kaminski 
& Geroch. 258. pl. 7, figs 3a-5b 

Paratrochamminoides irregularis (White. 1928) 

1928 Trochumminoides irregularis White: 307, pl. 42. fig. 1 
1990 Puratrochamniinoides irregularis (White); Kuhnt: 320: pl. 5, fig. 
10 

f'urufrochanzm inoicles mifratits ( G rzy ho w s k i . I 90 1 ) 

1901 Trochamrnina niitrata Grzybowski. p. 280, pl. 8, fig. 3 
1993 Puratrochumminoides mifratits (Grzybowski); Kaminski & 
Gcroch: 278. pl. 16. figs 4a.b: 6a.b 

Purarrochamminoirlr.s olszrwskii (Grzybowski. 1898) 

1898 Trochamminu olszewskii Grzybowski: 298, pl. 11. fig. 6 
1993 Paratrochamminoidrs olszewskii (Grzybowski): Kaminski & 
Geroch: 257. pl. 7, figs la-2b 

Paratrochamrninoirles uviforniis (Grzvbowski, 1901 ) 

(PI. 4, figs 3-5) 

(PI. 4, fig. 8) 

(PI. 4. fig. 9) 

(PI. 4, fig. 10) 

,~ 

(PI. 3 ,  fig. 6) 
1901 Trochamniinu iruifornzis Grzvbowski: 281, PI. 8, figs 1-2 - 
1993 Paratrochamminoides uuifornzis (Grzybowski): Kaminski & 
Geroch: 278. pl. 16, figs 4a.b; 6a.b 

Pnrrrtrochumminoidr.s sp. 4 

Test medium to large, coiling irregularly glomospiral. rounded 
inflated chambers with depressed sutures increasing rapidly in size 
after first whorl. The glomospiral coiling and rapidly enlarging 
chambers distinguish this species from P. uceruiilatus (Grzybowski, 

Priratrochamniinoi[le.~ sp. 5. 

Specimens small, compact, quadrate in outline, possessing rounded 
chambers. Coiling changes abruptly and at 180" angles. and is 
arranged around two orthogonal axes as in the genus 
Thulmannamminn. Wall smooth. fincly finished. Only a few 
specimens were found in ou r  samples, but its distinctive mode o f  
coiling sets this apart from all previously described spccies o f  
Paratrochaniminoides. 

fvumnzosphaera irregiilaris (Grzybowski, 1896) 
1896 Kerumosphaera irregularis Gr7ybowski: 273. pi. 8. figs 12-13 
1964 Psammosphaera irregirlaris (Grzybowski): Griin et a / :  248, pl. 

Recirruoide.s cf. imperfectiis Hanzlikovi. 1965 
1965 Rrcurvoides impe~frcttis Hanzlikovi: 38. text fig. 7 

Recirntoides nircleo1ir.s (Grzybowski. 1898) 

1960 Rrcitrvoicie.t deflexiformis (Noth); Geroch: 52, pi. 5 ,  fig. 6 
1993 RecirrvoideA nucleolus (Grzybowski): Kaminski & Geroch: 
265, pl. 11. fig. 4a-d. 

Reciirvoides ex gr. gerochi Pflaumann. 1964 
1960 Recirrvoides sp. I.. Geroch: 52, pl. 3, fig. 13 
1964 Reciirvoitli~s fierochi Pflaumann: 102- 104. pl. 14. tig, 1 a-d 

(PI. 3. figs 10-1  I )  

1896). 

(PI. 4, figs la-2) 

3. fig. 7 

(PI. 2, fig. 13) 

Recrirvoitles sp. 2 
Large streptospiral tcst, rciatively coarse grained, chambers increase 
rapidly in size. 

Reophax elonnutus Grzybowski. 1898 
.(PI. 2. figi 7-81 

1898 Keophax elongatiis Griybowski: 279, pl. 10. figs 19-20 

Reticitlophragmium amplectens (Grzybowski, 1898) 

1898 Cyclummina amplectens Grzybowski: 292, pl. 12, figs 1-3 
1993 Reticulophragmium umplecrens (Grzybowski); Kaminski & 
Geroch: 266. pl. 1 I ,  figs 5-7c 

Rhahdamminu annulara Grzybowski, 1896 
1896 Rhabdammina annirlata Grzybowski: 276, pl. 8, figs 8-9 
1981 Reophax cf. subnoditlosa Grzybowski; Liszka & Liszkowa: p. 
166, pl. 1, fig. 4a 

Rhubdamminu c-ylindrica (Glaessner, 1937) 
1937 Rhahrlammina cylindrica Glaessner: 354. pl. 1, fig. 1 

Rhahdammina rohusta (Grzybowski, 1898) 

1898 Dendrophrya robusta Grzybowski: 273, pl. 10, fig. 7 
1993 Rhabdammina rohusta (Grzybowki): Kaminski & Geroch: 247. 
pl. 1.  figs 7-9b. 16a,b 

Rhizammina cf. indivisa Brady, 1884 
1884 Rhizanimina indivisa Brady: 277, pl. 29, figs 5-7 

Rzehukina epigona (Rzehak. 1895) 

1895 Silicina epigona Rzehak: 214. pl. 6, fig. 1 

Saccumminu grzybowskii (Schubert, 1902) 
1902 Reophux grzybowskii Schubert: 20, pl. 1. fig. 13 
1993 Succammina grzybowskii (Schubert): Kaminski & Geroch: 248, 
pl. 2. figs la-4b 

Saccumminu Dlacenta (Grzybowski, 1898) 

(PI. 2, fig. 12) 

(PI. 1, figs 2, 18) 

(PI. 1.  fig. 16) 

(PI. 2, figs 1-2) 
1898 ReoDhux nlacenta Grzvbowski: 276-277, PI. 10, figs 9-10 
1993 Sac&nm;na placenta iGrzybowski): Kaminski &-Geroch: 249, 

Suhreophti-r pseudoscalaris (Samuel. 1977) 
1977 Reophax pseiidoscalaria Samuel: 36, pl. 3, fig. 4a-b 
1988 Sitbreophnx pseudoscalaris (Samuel); Kaminski et a / :  187, pl. 3. 
figs 5-6 

Sitbreophux scalaris (Grzybowski. 1896) 

1896 Reophax gicttifera Brady var. scalaria Grzybowski: 217, pl. 8, 

1988 Subreophux scalaris (Grzybowski); Kaminski et al:  187, pl. 2. 
figs 16-17 

7rochamminoide.s duhiits (Grzybowski. 1898) 

1901 Ammodiscus duhiiis Grzybowski: 274, pl. 8. figs 12, 14 
1 970 Trochamminoides diibius (Grzybowski); Ncagu: 38, pl. 2. fig. 
20 

Trocharnminoides foliiis (Grzybowski, 1898) 
1898 Trochmmmina ,foliwn Grzybowski, p. 288, pl. 11, figs 7-9 
1993 Trochamminoidrs foliits (Grzybowski): Kaminski & Geroch: 
261, pl. 9, figs la-4b 

Trochamminoidrs protects (Karrer. 1866) 

1866 Trochanzmina proteus Karrer. pl. I ,  fig. 8 
1928 Trochamminoides proteiis (Karrer); White: 308, pl. 42, fig. 2 

Trochamminoides septarirs (Grzybowski. 1898) 

1898 Anzmotliscirs selmriis Grzybowski: 283, pl. 11, fig. 1 
1993 Trochanitninoides septanis (Grzybowski): Kaminski & Geroch: 

pl. 2, figs 5-7 

(PI. 2, fig. 7) 

fig. 26 

(PI. 3, figs 1-2) 

(PI. 3, fig. 12) 

(PI. 3. fig. 9) 

255. pl. 5. fig. 9a-c 
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7'rochurnm~rroiile.s srthcoronutris (Grzybowski. 1806) 

1 896 Trochmiminu srtbcoronrrfu Grqbowski:  283-284. pl. 9. fig. 
3a-c 
I988 Troc.htmzniin,,,rdes ~ ~ r h c ~ r o n u t r i ~  (Grqdmwski): Kaniinhki ef r r l . :  
192. pl. 4, lig. 19 

Trochommrmoides ucrrioltrrirrs (Grzybowski, 1898) 
(PI. 3 ,  fig. 5 )  

1898 Trochrrnznzinn urrrioltiriu Grzybowski: 288, pl. 1 I, fig. 15 
I993 Troc.htrmminoides uuriolarius (Grzybowski): Kaminski & 
Geroch: 261. pl. 9. figs 5a-6c 
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