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Abstract. Tethyan calcareous nannofossil assemblages have been recorded from three sections of  the 
Abtalkh Formation including the type section at Abtalkh village and two others (Padeha and Jalilabad) in the east 
Koppeh-Dagh Basin, north east of  Iran. The formation studied is expanded with a thickness of  up to 1770 m at 
the type locality in the middle of  eastern Koppeh-Dagh spanning biozones UC15bTP to UC16 while in the Padeha 
(973.5 m thick) in east and Jalilabad (1316 m thick) section in the west the formation spans biozones UC14dTP–
UC15aTP to of  UC16. The zonation erected indicates an age of  early–latest Campanian for the Abtalkh Formation. 
The recorded assemblages are of  low-latitude to intermediate forms suggesting placement of  the Koppeh-Dagh 
Basin in low to intermediate latitudes during Campanian.
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IntroductIon

The Koppeh–Dagh Basin stretches NW–SE 
east of  the Caspian Sea north east of  Iran, Turkma-
nistan, and Afghanistan. Sedimentation was conti-
nuous from Jurassic through the Neogene (Berbe-
rian & King 1981; Afshar-Harb 1994) depositing 
ca. 6500 m of  shale, marl and limestone (Afshar-
Harb 1994). The Iranian part of  the basin is located 
between longitudes 36º 00′ - 38° 16′ E and latitudes 
54°00′ - 61°41′ N (Fig. 1A).

As the Koppeh-Dagh Basin is an important 
hydrocarbon oil field, it has been considered as a 
target for a number of  multidisciplinary studies (pa-
leontological, sedimentological and structural–geo-
logical) by the National Iranian Oil Company. Bio-
stratigraphic and sedimentologic studies have been 
made on the basin’s Cretaceous strata (Kalantari 
1969; Afshar-Harb 1969, 1979, 1994; Seyed-Ema-
mi & Aryai 1981; Raisossadat & Moussavi-Harami 
2000; Hadavi 2004; Hadavi & Notghi Moghadam 
2010; Vahidinia & Sadeghi 2011; Mahanipour et al. 
2011 and Notghi Moghadam et al. 2013).

The Abtalkh Formation is one of  the thickest 

upper Cretaceous rock units in the Koppeh-Dagh 
Basin (Stocklin & Setudehnia 1991) and consists of  
green to gray marls, green siltstones and gray sil-
ty marls. This formation conformably overlies the 
upper most chalky limestone beds of  the Abderaz 
Formation which contains mainly yellow, green to 
gray marls and three to four white to yellow thick 
chalky limestone beds and is overlain by the Nayzar 
Formation, which consists of  green to gray siltsto-
ne and sandstone, and yellow limestone (Afshar-
Harb 1994).

Calcareous nannofossils and foraminifera 
have provided different ages, ranging from Santo-
nian to Maastrichtian for the formation. For ex-
ample Kalantari (1969), Afshar-Harb (1994) and 
Ahmadi (2011) provided an age of  Santonian to 
Masstrichtian while, Niyazi (2011) reported Campa-
nian for the formation based on foraminifera. On 
the other hand, based on calcareous nannofossils, 
Hadavi (2004), suggested Santonian–early Maas-
trichtian age for the formation, while Hadavi & Not-
ghi Moghadam (2010) reported Santonian–Campa-
nian for the upper part of  Abderaz and lower part 
of  Abtalkh Formation in eastern Koppeh-Dagh. 
Few studies have been carried out on the nannofos-
sil biostratigraphy of  Upper Cretaceous sediments 
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at different localities of  the Iranian Koppeh-Dagh 
Basin (Hadavi 2004; Hadavi & Notghi Moghadam 
2010).

The discrepant given ages present the need 
for a better stratigraphic constraint for the Creta-
ceous sedimentary successions and the potential of  
rich and abundant calcareous nannofossil assembla-
ges has prompted a detailed reinvestigation of  the 
Abtalkh Formation in the area. 

The purpose of  this study is to establish an age 
for the formation in this part of  the basin based on 
calcareous nannofossil biostratigraphy and to evalua-
te the applicability of  the well-established schemes 
of  the Tethyan realm.

MaterIal and Methods

The studied sections are located in the eastern Koppeh-Dagh 
Basin. The Padeha section is 135 km to the south east of  Mashhad City, 
near Dusti Dam at 36° 06′ 47′′ N and 60°44′ 00′′ E. The second section 
studied, the Abtalkh village, is located 170 km to the north east of  
Mashhad at 36° 28′ 62′′ N and 60° 23′ 99′′ E. The third section, at Jalila-
bad is located 142 km southwest of  Kalate-Naderi, north of  Mashhad 
City at 36° 59′ 58′′ N and 59° 41′ 41′′ E (Fig. 1B). The distance between 
the sections is approximately 50 to 80 km.

A total of  956 samples were collected from the three sections 
(250 samples from Padeha, 446 samples from Abtalkh village and 210 
samples from Jalilabad). Sampling density varied from 3 to 5 m and 
the samples were prepared using the gravity settling technique (Bown 
1998). 

Nannofossils were analysed using an Axioplan Imaging II 
Zeiss Light Microscope (LM) at a magnification of  X1570. All pho-
tographic images were taken in either cross-polarized light (XPL) or 
bright field (BF), plane light without a single polariser. Five to seven 
traverses (approximately 1000 fields of  view=FOV) were consid-
ered to observe the First Occurrence (FO) and the Last Occurrence 
(LO) of  taxa. Semi–quantitative counts were determined as follows: 
Abundant (A) more than 10 specimens observed in a field of  view; 
Common (C) one to 10 specimens in each field of  view; Few (F) one 

specimen observed in 10 fields of  view; Rare (R) only one specimen 
in 11 to 100 fields of  view; and Single (S) only one specimen during 
the investigation.

Preservation of  calcareous nannofossils for these sections 
was described applying the methods of  Roth (1978) and Watkins 
(2007) varied from Good (G), Moderate (M) to Poor (P).

Calcareous nannofossil images were taken using cross polar-
ized light (XPL) and reported in Plates 1 to 7 (FPB= Padeha, FKB= 
Abtalkh village and FJB= Jalilabad). 

BIostratIgraphy

Calcareous nannofossil biozonations of  the 
Campanian–Maastrichtian interval have been pro-
posed by Sissingh (1977); Roth (1978); Perch-Niel-
sen (1985) and Burnett (1998). In this study the 
stratigraphic zonation developed by Burnett (1998) 
for the Tethyan realm was applied. Bibliographic re-
ferences for the determined taxa are given in Per-
ch-Nielsen (1985), Bown (1998) and Lees & Bown 
(2005).

Based on bioevents, zones and subzones were 
determined as represented in Plates 1-7 and are de-
scribed as follows:

1. Subzone UC14dTP–UC15aTP

Definition: This subzone is marked by the 
FO of  Ceratolithoides verbeekii to FO of Ceratolithoi-
des aculeus. The UC14dTP is recognized by the FO 
of C. verbeekii to FO of Monomarginatus quaternarius 
and UC15aTP is identified by the FO of  M. quater-
narius to FO of  C. aculeus. The FO of  Staurolithites 
mielnicensis occurs in the upper part of  the UC14dTP. 
This subzone shows the upper part of  UC14dTP to 
UC15aTP.

Age: early Campanian.

Fig. 1 - A) Extension of  the Koppeh-Dagh Basin and studied area (modified after Berberian & King 1981); B) the three stratigraphic sections 
in the eastern Koppeh-Dagh and road map of  the studied area (modified after Afshar-Harb 1982 and Google map 2015).
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This study: In the sections studied the M. 
quaternarius was not recorded. The other markers S. 
mielnicensis, Broinsonia parca constricta and Reinhardtites 
anthophorus were all recorded within the subzone. 
This merged biozone was only recognized in Padeha 
and Jalilabad sections.

2. Subzone UC15bTP

Definition: This subzone is equivalent of  
Zone CC20 of  Sissingh (1977). This subzone is mar-
ked by the FO of  C. aculeus at the base and FO of  
Uniplanarius sissinghii at the top.

Age: late Early Campanian.
This Study: This subzone is present in all th-

ree studied sections. The FOs of  Rusinolithus magnus, 
Microrhabdulinus ambiguus (curved spine) and some 
intermediate forms between Reinhardtites anthophorus 
and Reinhardtites levis are all observed in this biozone. 

3. Subzone UC15cTP

Definition: This subzone is equivalent of  
Zone CC21 of  Sissingh (1977) and is defined by the 
FO of  Uniplanarius sissinghii at the base and the FO 
of  Uniplanarius trifidus at the top.

Age: Approximately early Late Campanian.
This study: This subzone is recognized in all 

three studied sections.

4. Subzone UC15dTP

Definition: This subzone is defined by the 
FO of  U. trifidus to FO of  Eiffellithus parallelus. 

Age: early Late Campanian.
This study: This subzone is existed in all th-

ree studied sections.

5. Subzone UC15eTP

Definition: This subzone is defined by the 
FO of  E. parallelus to the LO of  Eiffellithus eximius 
(Burnett 1998) whose LO is equivalent to the LO of  
R. anthophorus (Perch-Nielsen 1985; Burnett 1998).

Age: early Late to Late Campanian.
This Study: This subzone was recorded 

in all three sections studied. The FOs of  Quadrum 
svabenickae and Monomarginatus quaternarius and LOs 
of  R. magnus and M. ambiguus (curved spines) are 
also found in this subzone. Subzones UC15dTP and 
UC15eTP are equivalent of  CC22 of  Sissingh (1977).

6. UC16 Zone 
Definition: This zone is defined as the inter-

val from the LOs of  E. eximius and/or R. anthophorus 
(Perch-Nielsen 1985; Burnett 1998) to the LO of  B. 
parca constricta and is equivalent to Zone CC23a of  
Sissingh (1977). 

Age: latest Campanian.
This Study: This zone has been recorded in 

all three sections studied. Moreover, Tranolithus ori-
onatus (=Tranolithus phacelosus), B. parca constricta, U. 
trifidus and R. levis are recorded in the uppermost la-
yers of  Abtalkh Formation. 

dIscussIon

All the studied sections contain abundant and 
moderate to well-preserved calcareous nannofossil 
assemblages that allowed application of  the UCTP 
(Tethyan Province) Zonation of  Burnett (1998). It 
was not always possible to identify all the biozones 
and subzones due to the absence of  given strati-
graphic markers. Consequently a merged interval 
was introduced for the basal part of  the Padaha and 
Jalilabad sections. Other secondary bio-horizons 
with probable regional significance were also identi-
fied. The nannofossil events detected in the studied 
sections are reported in Tabs 1, 2 and 3.

The subzones UC14dTP and UC15aTP are gene-
rally differentiated by the presence of  M. quaternarius. 
As in the existing literature, this species was neither 
recorded from the Abderaz nor from the Abtalkh 
strata in this study forcing the authors to introduce 
the merged interval of  UC14dTP–UC15aTPand pla-
cing the upper Abderaz and lower Abtalkh Forma-
tion at Padeha and jalilabad sections in this interval. 
The first samples of  the Abtalkh Formation contain 
the marker species such as C. verbeekii, S. mielnicensis, 
B. parca constricta and R. anthophorus confirming the 
UC14dTP for the base of  the formation in Padeha 
and Jalilabad sections. This merged interval attains 
a thickness of  about 1.4 m in Padeha and 54.6 m in 
Jalilabad sections. The base of  the Abtalkh village 
section begins with UC15bTPwhich spans the upper 
Abderaz and the basal Abtalkh strata.

The UC15bTP is defined as the interval betwe-
en the FO of  C. aculeus to the FO of  U. sissinghii. 
This subzone attains a thickness of  about 214 m in 
Padeha, 83.2 m in Abtalkh village and 54 m in Jalila-
bad sections. 

The FOs of  Rucinolithus magnus and M. ambiguus 
(curved spine), markers for early to late Campanian, 
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are regognized in subzone UC15bTP at Padeha and 
Abtalkh village sections. But the FO of  M. ambiguus 
(curved spine) is found in the subzone UC15cTP at 
Jalilabad section due to poor preservation or slide 
prepration technique. Intermediate forms betwe-
en R. anthophorus and R. levis were recorded befo-
re presence of  true R. levis in this subzone (Pl. 2., 
figs 4, 8). Similar intermediate forms were reported 
from Contessa Highway and Bottaccione sections 
of  Tethyan realm in Gubbio area of  Italy (Gardin 
et al. 2012) and in the Indian Ocean (Thibault et 
al. 2012).

Subzone UC15cTP is much thicker in Jalila-
bad (442 m) than in Abtalkh village (371 m) and 
Padeha (42.3 m) sections while, subzone UC15dTP 
reaches its greatest thickness in Padeha (269.9 m) 
where it is much thicker than the Abtalkh village 
(112.9 m) and Jalilabad (185 m). Although Retecapsa 
schizobrachiata is common in low latitude sections 
(Bown 1998), this species recorded rarely in this 
biozone. Also, two distinct forms of  U. trifidus, one 
with wide and short rays, which appears first, and 
another with narrow and tall rays appearing in up-
per strata (Pl. 7, Figs 3, 4, 8) were recorded in this 
subzone. Uniplanarius trifidus is a warm water form 
recorded from tropical low to intermediate paleo-
latitudes (Roth 1978; Erba et al. 1992; Burnett et al. 
2000; Thibault et al. 2012).

Subzone UC15eTP is thicker in the Abtalkh vil-
lage section (1053 m) than in Padeha (441.2 m) and 
Jalilabad (563.1 m). In this subzone, the FO of  Q. sva-
benickae occurs in the lower middle part of  the zone 
and the FO of  Monomarginatus quaternarius follows 
shortly. LOs of  C. ovalis, R. magnus, R. anthophorus and 
M. ambiguus (curved spine) [at low–paleolatitudes, 
Bown 1998], E. eximius, L. grillii, and B. parca parca 
were recorded in all three sections. The LO of  C. 
ovalis is earlier than LO of  R. magnus and shortly fol-
lows LOs of  L. grillii and M. ambiguus (curved spine) 
(Tabs 1, 2 & 3 and Figs 2, 3 & 4). It seems that the 
highest sedimentation rate of  the Abtalkh Formation 
was occurring in this biozone during this time due to 
high thickness of  this subzone in three sections.

Zone UC16 was identified in all three studied 
sections based on the co-occurrence of  B. parca con-
stricta, T. orionatus and R. levis in uppermost strata of  
the Abtalkh and extends upwards to the Neyzar For-
mation. This zone in Abtalkh village (158 m) is thi-
cker than in Padeha (4.6 m) and Jalilabad (17.4 m) 
sections.

Tabl. 1. Calcareous nannofossils bio-events in Abtalkh Formation in Padeha section of eastern Koppeh-
Dagh Basin. 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

Nannofossil  bio-events in Padeha section Thickness (m) Sample No. (FPB) 

LO of Reinhardtites anthophorus 985 FPB 354 

LO of Eiffellithus eximius 983.3 FPB 353 

LO of Rucinolithus magnus 981.8 FPB 348 

LO of  Micorhabdulinus ambiguus (curved spine) 870 FPB 345 

FO of Eiffellithus parallelus 542.1 FPB 312 

FO of Reinhardtites levis 466.5 FPB 298 

FO of Uniplanarius trifidus 272.2 FPB 242 

FO of Uniplanarius sissinghii 229.9 FPB 219 

FO of Micorhabdulinus ambiguus (curved spine) 182 FPB 193 

FO of Rucinolithus magnus 47.8 FPB 135 

FO of Ceratolithoides aculeus 15.9 FPB 112 

FO of Broinsonia parca constricta Base of section (0) FPB 100 

FO of Calculites ovalis Base of section (0) FPB 100 

FO of Staurolithites mielnicensis Base of section (0) FPB 100 

Tab. 1 - Calcareous nannofossils bio-events in Abtalkh Formation in 
Padeha section of  eastern Koppeh-Dagh Basin. 

Tab 2. Calcareous nannofossils bio-events in Abtalkh Formation in Abtalkh village section of eastern 
Koppeh-Dagh Basin. 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Nannofossil bio-events in Abtalkh village section Thickness (m) Sample No. (FKB) 
LO of Reinhardtites anthophorus 1668.2 FKB 517 

LO of Eiffellithus eximius 1620.2 FKB 501 

LO of Rucinolithus magnus 1488.9 FKB 469 
LO of  Micorhabdulinus ambiguus (curved spine) 1350 FKB 429 
FO of Eiffellithus parallelus 567.1 FKB 177 

FO of Uniplanarius trifidus 454.2 FKB 159 

FO of Reinhardtites levis 389.2 FKB 149 

FO of Uniplanarius sissinghii 83.2 FKB 125 

FO of Micorhabdulinus ambiguus (curved spine) 73.2 FKB 120 

FO of Rucinolithus magnus 45.2 FKB 112 

FO of Ceratolithoides aculeus 20.3 FKB 109 

FO of Broinsonia parca cnstricta  Base of section (0) FKB 100 

FO of Broinsinia parca parca Base of section (0) FPB 100 

FO of Calculites ovalis Base of section (0) FPB 100 

FO of Staurolithites mielnicensis Base of section (0) FPB 100 

Tab. 2 - Calcareous nannofossils bio-events in Abtalkh Formation 
in Abtalkh village section of  eastern Koppeh-Dagh Basin.

Tabl. 3. Calcareous nannofossils bio-events in Abtalkh Formation in Jalilabad section of eastern Koppeh-
Dagh Basin. 

 
 
 
 

 

 

Nannofossil  bio-events in Jalilabad section Thickness (m) Sample No. (FJB) 

LO of  Eiffellithus eximius 1318.9 FJB 290 

LO of  Reinhardtites anthophorus 1318.9 FJB 290 

LO of  Micorhabdulinus ambiguus (curved spine) 1299.3 FJB 275 

LO of  Rucinolithus magnus 1228 FJB 265 

FO of Eiffellithus parallelus 755.8 FJB 215 

FO of Uniplanarius trifidus 570.8 FPB 194 

FO of  Reinhardtites levis 533.4 FJB 189 

FO of  Micorhabdulinus ambiguus (curved spine) 385 FJB 146 

FO of  Uniplanarius sissinghii 128.8 FJB 137 

FO of Rucinolithus magnus 124 FJB 124 

FO of Ceratolithoides aculeus 74.8 FJB 121 

FO of Staurolithites mielnicensis Base of section (0) FJB 100 

FO of Ceratolithoides. verbeekii Base of section (0) FJB 100 

FO of Broinsonia parca parca Base of section (0) FJB 100 

FO of Broinsonia parca constricta Base of section (0) FJB 100 

Tab. 3 - Calcareous nannofossils bio-events in Abtalkh Formation in 
Jalilabad section of  eastern Koppeh-Dagh Basin.
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Fig. 2b - D
istribution of calcareous nannofossils in the Padeha stratigraphic section.
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Fig. 4 - D
istribution of calcareous nannofossils in the Jalilabad stratigraphic section.
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Based on calcareous nannofossil assemblages 
recorded here, the age of  the Abtalkh Formation 
in the eastern Koppeh-Dagh Basin is early to latest 
Campanian. The greater thickness of  the formation 
at the Abtalkh village section indicates thickening 
of  the formation in the middel of  the eastern Koph-
Dagh Basin (Fig. 5). 

Diversity of  nannofossil assemblages is high in 
all studied sections and decreased from base to top of  
the sections (Figs 2, 3 & 4). The changes in diversity 
are in accord with those occurring in lithology from 
marl to silty marls. At the same time forms with high 
degree of  resistance against solution such as Micula de-
cussata, Watzenueria barnesiae and Ceratolithoides spp. in-
crease upwards the sections. 

The authors have also compared and correlated 
their biostratigraphy with the existing zonation on the 
Abtalkh Formation (Hadavi 2004) and with the stan-
dard zonations published by Tercis Les Landes (SW 

France), GSSP of  Campanian-Maastrichtian (Gardin 
et al. 2001) and of  Roth (1978), Sissingh (1977), Perch-
Nielsen (1985) and Burnett (1998) for the Tethyan re-
alm. Except for an interval at the base of  the sections 
where the index species for UC14dTP and UC15aTP 

were not recorded and therefore a merged interval is 
introduced, the zonation for the rest of  the Abtalkh 
Formation is identical with these standard schems pre-
sented by the aforementioned authors (Fig. 6). 

In Fig. 6 the standard zonation schemes of  
Tethyan province in Santonian to early Maastrichtian 
and biozonation established for the studied sections in 
eastern Koppeh-Dagh Basin is shown.

The Koppeh-Dagh Basin remained in Tethyan 
realm with high abundance of  warm water taxa like 
Watznaueria spp., Ceratolithoides spp., Micula decussata and 
presence of  U. trifidus and S. schizobrachiata and low 
abundance or absence of  high latitude and cold taxa 
like Gartnerago segmentatum, Kamptnerius magnificus, Biscu-

Fig. 5 - Correlation between the three studied sections in the eastern Koppeh-Dagh Basin.
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Fig. 6 - C
om

parison betw
een Santonian to early M

aastrichtian calcareous nannofossil standard zonation schem
es of the Tethyan province. T

he biozonation established for the 
studied sections in eastern K

oppeh-D
agh Basin is provided for com

parison.
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tum magnum in studied sections (see the Figs 2, 3 & 4). 
The data of  studied sections showed that the Kop-
peh-Dagh Basin was located in low to intermediate 
paleolatitudes and followed biozonation of  Tethyan 
domain.

conclusIon

From bottom to the top of  the Abtalkh 
Formation, part of  UC14dTP–UC15aTP, UC15bTP, 
UC15cTP, UC15dTP subzones and UC16 biozone 
were identified however, the UC14dTP–UC15aTP 
subzone was not recognized in the Abtalkh villa-
ge section. The biozonation scheme established for 
the Tethyan realm is fully applicable for the Abtalkh 
Formation and all zonal and sub-zonal events were 
recognized. The age of  the Abtalkh Formation is 
estimated to be of  early to latest Campanian. Pre-
sence of  low-latitude forms and absence or rareness 
of  high-latitude forms indicates that the basin was 
located in low to intermediate latitudes. 
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PLATE 1

Fig. 1 - Ahmuellerella octoradiata, (30º rotated), Sample No. FKB 130; Fig. 2 - Ahmuellerella octoradiata, Sample No. FPB 108; Fig. 3 - Ahmuel-
lerella regularis, (30º rotated), Sample No. FPB 141; Fig. 4 - Ahmuellerella regularis, (40º rotated), Sample No. FPB 305; Fig. 5 - Monomarginatus 
quaternarius, Sample No. FJB 189; Fig. 6- Monomarginatus quaternarius, (30º rotated), Sample No. FKB 213; Fig. 7 - Staurolithites mielnicensis, (30º 
rotated), Sample No. FKB 126; Fig. 8 - Staurolithites mielnicensis, Sample No. FJB 161; Fig. 9 - Amphizygus brooksii, Sample No. FJB 189; Fig. 
10 - Amphizygus brooksii, (30º rotated), Sample No. FPB 102; Fig. 11 - Tranolithus orionatus, Sample No. FJB 107; Fig. 12 - Tranolithus orionatus, 
Sample No. FJB 192; Fig. 13 - Tranolithus orionatus, Sample No. FPB 333; Fig. 14 - Tranolithus gabalus, Sample No. FKB 148; Fig. 15 - Trano-
lithus gabalus, Sample No. FPB 169; Fig. 16 - Tranolithus orionatus, Sample No. FKB 100; Fig. 17 - Reinhardtites levis, Sample No. FPB 338; Fig. 
18 - Reinhardtites anthophorus, Sample No. FPB 103; Fig. 19 - Reinhardtites cf. R. anthophorus, (intermediate form between R. anthophorus and R. 
levis), Sample No. FPB 211; Fig. 20 - Reinhardtites anthophorus, (30º rotated), Sample No. FKB 107. Scale bar: 5 μm.
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PLATE 2 

Fig. 1- Reinhardtites levis, Sample No. FPB 138; Fig. 2 - Reinhardtites levis, Sample No. FKB 546; Fig. 3 - Reinhardtites anthophorus, Sample No. FPB 
290; Fig. 4 - Reinhardtites cf. R. levis, (30º rotated),(intermediate form between R. anthophorus and R. levis), Sample No. FPB 353; Fig. 5 - Zeugrhab-
dotus bicrescenticus, Sample No. FKB 205; Fig. 6 - Zeugrhabdotus bicrescenticus, Sample No. FPB 333; Fig. 7 - Reinhardtites levis, Sample No. FKB 554; 
Fig. 8 - Reinhardtites cf. R. levis, Sample No. FJB 192; Fig. 9 - Zeugrhabdotus erectus, Sample No. FKB 345; Fig. 10 - Zeugrhabdotus erectus, (30º rotated), 
Sample No. FKB 455; Fig. 11 - Zeugrhabdotus cf. Z. diplogramus, Sample No. FKB 431; Fig. 12 - Zeugrhabdotus cf. Z. diplogramus, Sample No. FJB 299; 
Fig. 13 - Zeugrhabdotus trivectis, Sample No. FPB 211; Fig. 14 - Zeugrhabdotus sigmoides, (30º rotated), Sample No. FPB 300; Fig. 15 - Zeugrhabdotus 
sigmoides, (30º rotated), Sample No. FPB 346; Fig. 16 - Zeugrhabdotus sigmoides, (30º rotated), Sample No. FPB 282; Fig. 17 - Zeugrhabdotus embergeri, 
(30º rotated), Sample No. FKB 456; Figs. 18, 19 (30º rotated)- Zeugrhabdotus embergeri, Sample No. FKB 173; Fig. 20 - Cribrosphaerella ehrenbergii, 
Sample No. FPB 102. Scale bar: 5 μm.
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PLATE 3

Fig. 1- Placozygus fibuliformis, Sample No. FKB 141; Fig. 2 - Placozygus fibuliformis, (30º rotated), Sample No. FPB 103; Fig. 3 - Placozygus fibu-
liformis, (15º rotated), Sample No. FPB 189; Fig. 4 - Placozygus fibuliformis, (40º rotated), Sample No. FPB 239; Fig. 5 - Chiastozygus litterarius, 
Sample No. FPB 104; Fig. 6 - Chiastozygus litterarius, (30º rotated), Sample No. FPB 104; Fig. 7 - Chiastozygus litterarius, Sample No. FPB 102; 
Fig. 8 - Loxolithus armilla, (30º rotated), Sample No. FKB 345; Fig. 9 - Eiffellithus gorkae, (30º rotated), Sample No. FPB 145; Fig.10 - Eiffellithus 
turriseiffelii, Sample No. FKB 130; Fig. 11 - Eiffellithus turriseiffelii, (45º rotated), Sample No. FPB 152; Fig.12 - Loxolithus armilla, Sample No. 
FKB 345; Fig. 13 - (10º rotated), Eiffellithus parallelus, Sample No. FPB 343; Fig. 14 - Eiffellithus parallelus, (30º rotated), Sample No. FKB 
300; Fig. 15 - Eiffellithus turriseiffelii, Sample No. FPB 134; Fig. 16 - Rhagodiscus reniformis, Sample No. FPB 204; Fig. 17 - Rhagodiscus splendens, 
Sample No. FPB 134; Fig. 18 - Rhagodiscus splendens, Sample No. FKB 168; Fig. 19 - Rhagodiscus splendens, (30º rotated), Sample No. FKB 111; 
Fig. 20 - Cylindrolithus sculptus, Sample No. FPB 279. Scale bar: 5 μm.
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PLATE 4

Fig. 1 - Corollithion exiguum, Sample No. FPB 148; Fig. 2 - Corollithion exiguum, Sample No. FKB 205; Fig. 3 - Biscutum elliplicum, (5º rotated), 
Sample No. FKB 100; Fig. 4 - Biscutum ellipticum, (20º rotated), Sample No. FPB 134; Fig. 5 - Discorhabdus ignotus, Sample No. FKB 130; Fig. 
6 - Discorhabdus ignotus, Sample No. FPB 157; Fig. 7 - Prediscosphaera cretacea, Sample No. FPB 302; Fig. 8 - Prediscosphaera arkhangelskyi, (30º 
rotated), Sample No. FKB 271; Fig. 9 - Prediscosphaera arkhangelskyi, Sample No. FPB 137; Fig. 10 - Prediscosphaera stoveri, (30º rotated), Sample 
No. FKB 455; Fig.11 - Prediscosphaera stoveri, Sample No. FPB 300; Fig.12 - (30º rotated), Retecapsa schizobrachiata, Sample No. FKB 186; Fig. 
13- Cretarhabdus conicus, Sample No. FPB 209; Fig. 14 - Retecapsa angustiforata, Sample No. FPB 102; Fig. 15 - Retecapsa cf. R. crenulata, (3 0º 
rotated), Sample No. FPB 133; Fig. 16 - Retecapsa angustiforata, Sample No. FKB 455; Fig. 17 - Watznaueria ovata, Sample No. FPB 352; Fig. 
18 - Watznaueria ovata, Sample No. FPB 353; Fig. 19 - Watznaueria barnesiae, Sample No. FKB 100; Fig. 20 - Cyclagelosphaera sp., Sample No. 
FPB 145. Scale bar: 5 μm.
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PLATE 5

Fig. 1 - Arkhangelskiella cymbiformis, Sample No. FKB 148; Fig. 2 - Arkhangelskiella cymbiformis, (15º rotated),Sample No. FPB 168; Fig. 3 - 
Arkhangelskiella specillata, (5º rotated), Sample No. FJB 189; Fig. 4 - Arkhangelskiella specillata, (BF), Sample No. FJB 189; Fig. 5 - Arkhangel-
skiella cymbiformis, Sample No. FPB 346; Fig. 6 - Broinsoniaparcaparca, Sample No. FPB 108; Fig. 7 - Broinsonia parca constricta, Sample No. FKB 
126; Fig. 8 - Broinsoniaparcaparca, Sample No. FPB 110; Fig. 9 - Kamptnerius magnificus, Sample No. FPB 348; Fig. 10 - Kamptnerius magnificus, 
Sample No. FPB 108; Fig. 11 - Haqius circumradiatus, Sample No. FKB 256; Fig. 12 - Microrhabdulus belgicus, Sample No. FPB 180; Fig. 13 - Bro-
insoniaparcaparca, Sample No. FKB 105; Fig. 14 - Watznaueria biporta, Sample No. FPB 180; Fig. 15 - Watznaueria biporta,(25º rotated), Sample 
No. FPB 173; Fig. 16 - Watznaueria biporta, Sample No. FKB 299. Scale bar: 5 μm.
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PLATE 6
 

Fig. 1 - Calculites obscurus, Sample No. FPB 324; Fig. 2 - Calculites ovalis, Sample No. FPB 102; Fig. 3 - Calculites obscurus, Sample No. FKB 148; 
Fig. 4 - Petrarhabdus copulatus, Sample No. FPB 324; Fig. 5 - Lucianorhabdus cayeuxii, Sample No. FPB 342; Fig. 6 - Lucianorhabdus maleformis, 
Sample No. FPB 318; Fig. 7 - Lucianorhabdus arcuatus, Sample No. FPB 125; Fig. 8 - Calculites obscurus, (30º rotated), Sample No. FPB 301; Fig. 
9 - Lithastrinus grillii, Sample No. FPB 343; Fig. 10 - Quadrum svabenickae, Sample No. FKB 400; Fig. 11 - Gartnerago segmentatum, Sample No. 
FPB 153; Fig. 12 - Micula decussata, Sample No. FPB 302; Fig. 13 - Micula decussata, Sample No. FJB 198; Fig. 14 - Micula decussata, Sample No. 
FPB 209; Fig. 15 - Lucianorhabdus cayeuxii, Sample No. FPB 352, Fig. 16 - Microrhabdulus decoratus, Sample No. FPB 193; Fig. 17 - Lithraphidites 
carniolensis, Sample No. FKB 437; Fig. 18 - Micorhabdulinus ambiguus (curved spine), Sample No. FPB 157. Scale bar: 5 μm.
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PLATE 7

Fig. 1 - Uniplanarius sissinghii, Sample No. FPB 134; Fig. 2 - Uniplanarius sissinghii, Sample No. FPB 343; Fig. 3 - Uniplanarius trifidus, (wide and 
short rays) Sample No. FPB 315; Fig. 4 - Uniplanarius trifidus, (narrow and tall rays), Sample No. FKB 160; Fig. 5 - Rucinolithus hayi, Sample 
No. FPB 348; Fig. 6 - Rucinolithus magnus, Sample No. FPB 290; Fig. 7 - Rucinolithus magnus, Sample No. FPB 300; Fig. 8 - Uniplanarius trifidus, 
(narrow and tall rays), Sample No. FKB 556; Fig. 9 - Hexalithushexalithus, Sample No. FPB 333. Fig. 10 - Ceratolithoides verbeekii, Sample No. FPB 
103; Fig. 11 - Rucinolithus hayi, Sample No. FPB 305; Fig. 12 - Rucinolithus hayi, Sample No. FPB 352; Fig. 13 - Ceratolithoides cf. C. aculeus, Sample No. 
FPB 214; Fig. 14 - Ceratolithoides cf. C. aculeus, (30º rotated), Sample No. FPB 214; Fig. 15 - Ceratolithoides aculeus, (30º rotated), Sample No. FPB 141; 
Fig. 16 - Braarudosphaera bigelowii, Sample No. FPB 168; Fig. 17, 18 (30º rotated) - Ceratolithoides arcuatus, Sample No. FPB 348; Fig. 19 - Ceratolithoides 
arcuatus, Sample No. FKB 271; Fig. 20 - Braarudosphaera bigelowii, Sample No. FKB 130. Scale bar: 5 μm. 
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appendIx
taxonoMIc Index

Alphabetical list of  calcareous nannofossil species cited in 
the text, figures 1 to 6, plates 1 to 7 and tables 1 to 3. Most biblio-
graphic references can be found in Perch-Nielsen (1985) and Bown 
(1998) and Lees & Bown (2005).

 References not cited in this paper can be found in Perch-
Nielsen (1985), Bown (1998) and Lees & Bown (2005).

Ahmuellerella octoradiata (Górka, 1957) Reinhardt, 1966.
Ahmuellerella regularis (Gorka, 1957) Reinhardt & Gorka, 

1967.
Amphizigus brooksii Bukry, 1969.
Arkhangelskiella cymbiformis Vekshina, 1959.
Arkhangelskiella specillata Vekshina, 1959.
Biscutum constans (Górka, 1957) Black, 1959.
Biscutum magnum Wind and Wise in Wise & Wind, 1977. 
Biscutum ellipticum (Górka, 1957) Griin in Griin & Allemann, 

1975.
Braarudosphaera bigelowii (Gran & Braarud, 1935) Deflandre, 

1947.
Broinsonia parca parca (Stradner, 1963) Bukry, 1969.
Broinsonia parca constricta Hattner et al., 1980.
Calculites obscurus (Deflandre, 1959) Prins & Sissingh in Sis-

singh, 1977.
Calculites ovalis (Stradner, 1963) Prins & Sissingh in Sissingh, 

1977.
Ceratolitoides aculeus (Stradner, 1961) Prins & Sissingh in Sis-

singh, 1977.
Ceratolitoides arcuatus Prins & Sissingh in Sissingh, 1977.
Ceratolithoides verbeekii Perch-Nielsen, 1979.
Chiastozygus litterarius (Górka, 1957) Manivit, 1971. 
Corollithion exiguum Stradner, 1961.
Cretarhabdus conicus Bramlette & Martini, 1964.
Cribrosphaerella ehrenbergii (Arkhangelsky, 1912) Deflandre in 

Pivetteau, 1952.
Cyclagelosphaera sp. Bukry, 1969.
Discorhabdus ignotus (Górka, 1957) Perch-Nielsen, 1968.
Eiffellithus eximius (Stover, 1966) Perch-Nielsen, 1968.
Eiffellithus parallelus Perch-Nielsen, 1973.
Eiffellithus gorkae Reinhardt, 1965. 
Eiffellithus turriseiffelii (Deflandre in Deflandre & Fert, 1954) 

Reinhardt, 1965.
Grantarhabdus coronadventis (Reinhardt, 1966) Grun in Grun 

& Allemann, 1975.
Haqius circumradiatus (Stover, 1966) Roth, 1978.
Hexalithus hexalithus Gradet, 1955 in Perch-Nielsen, 1984.
Kamptnerius magnificus Deflandre, 1959.
Lithastrinus grillii Stradner, 1962.
Lithraphidites carniolensis Deflandre, 1963.
Loxolithus armilla (Black in Black & Barnes, 1959) Noel, 1965. 
Lucianorhabdus arcuatus Forchheimer 1972.
Lucianorhabdus cayeuxii Deflandre, 1959.

Lucianorhabdus maleformis Reinhardt, 1966.
Microrhabdulus belgicus Haye & Towe, 1963.
Microrhabdulus decoratus Deflandre, 1959.
Microrhabdulus undosus Perch-Nielsen ,1973.
Micorhabdulinus ambiguus (curved spine) Deflander, 1963.
Micula concava (Stradner in Martini & Stradner, 1960) Ver-

beek, 1976.
Micula decussata Vekshina, 1959.
Misceomarginatus pleniporus Wind & Wise and Wise & Wind, 

1977.
Monomarginatus quaternarius Wind & Wise in Wise & Wind, 

1977.
Petrarhabdus copulatus (Deflandre, 1959) Wind & Wise in Wise, 

1983.
Prediscosphaera arkhangelskyi (Reinhardt, 1965) Perch-Nielsen, 

1984.
Prediscosphaera cretacea (Arkhangelsky, 1912) Gartner, 1968.
Prediscosphaera stoveri (Perch-Nielsen, 1968) Shafik & Stradner, 

1971.
Quadrum gartneri Prins & Perch-Nielsen in Manivit et al., 1977.
Quadrum svabenickae Burnett, 1998b.
Reinhardtites anthophorus (Deflandre, 1959) Perch-Nielsen, 

1958.
Reinhardtites levis Prins & Sissingh in Sissingh, 1977.
Retecapsa angustiforata Black, 1971a.
Retecapsa crenulata (Bramlette & Martini, 1964) Grun in Grun 

& Allemann, 1975.
Retecapsa ficula (Stover, 1966) Burnett, 1998b.
Retecapsa schizobrachiata (Gartner, 1968) Grun in Grun & Al-

lemann, 1975.
Rhagodiscus angustus (Stradner, 1963) Reinhardt, 1971.
Rhagodiscus reniformis Perch-Nielsen, 1973.
Rhagodiscus splendens (Deflander, 1953) Verbeek, 1977.
Rucinolithus hayi Stover, 1966.
Rucinolithus magnus Bukry, 1975.
Staurolithites mielnicensis (Gorka, 1957) Perch-Nielsen, 1968 

sensu Crux in Lord, 1982.
Tranolithus orionatus (Reinhardt, 1966a) Reinhardt, 1966b.
Tranolithus phacelosus Stover 1966.
Uniplanarius sissinghii Perch-Nielsen, 1986b.
Uniplanarius trifidus (Stradner in Stradner & Papp, 1961) Hatt-

ner & Wise, 1989.
Watznaueria barnesiae (Black, 1959) Perch-Nielsen, 1968.
Watznaueria biporta Bukry 1969.
Watznaueria ovata Bukry, 1969.
Zeugrhabdotus bicrescenticus (Stover, 1966) Burnett in Gale et 

al., 1996.
Zeugrhabdotus embergeri (Noël, 1958) Perch-Nielsen, 1984
Zeugrhabdotus erectus (Deflandre in Deflandre & Fert, 1954) 

Reinhardt, 1965.
Zeugrhabdotus sigmoides (Bramlette & Sullivan, 1961) Bown & 

Young, 1997.
Zeugrhabdotus trivectis Bergen, 1994.


