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ABSTRACT —The Tabas Block is part of the Central Iran microcontinent, located between the Lut Block in the East and the Yazd Block in the
West. The Baghamshah Formation is the second lithostratigraphic unit from the sedimentary cycle of the Magu Group and the Baghamshah
Subgroup in the Jurassic of Tabas Block. This formation is conformably underlaid with the grey pisoidal limestones of the Parvadeh Formation
and overlaid with the Pectinid limestones of the Kamar-e-Mehdi Formation (Esfandiar Subgroup). In this research, the biostratigraphy of
the Baghamshah Formation in the Rizu and Kamar-e-Mehdi sections, based on calcareous nannofossils, is examined. The thickness of the
Baghamshah Formation in the Rizu section is 270 m (mostly including marl and green shales with intercalation of limestones and calcareous
sandstones), and in the Kamar-e- Mehdi section is 236 m (composed of gypsiferous marly shales, marl, marly shales and alternation of marl-
shale with limestones and calcareous sandstones). According to the taxonomic studies in the Rizu section, 52 species belong to 24 genera,
and in the Kamar-e-Mehdi section, 45 species belong to 23 genera of calcareous nannofossils. Based on index calcareous nannofossils, the
CCl1, CC2, CC3, and CC4 biozones established by Sissinghh in both sections were determined. It is mentioned that CC5 biozone only occur
in Kamar-e-Mehdi section. According to the identified biozones, the suggested age of the Baghamshah Formation is early Berriasian—early
Hauterivian in the Rizu section, and early Berriasian—late Hauterivian in the Kamar-e-Mehdi section.
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RESUMO - O Bloco Tabas faz parte do microcontinente do Ir2 Central, localizado entre o Bloco Lut a leste ¢ 0 Bloco Yazd a oeste. A Formag&o
Baghamshah ¢ a segunda unidade litoestratigrafica do ciclo sedimentar do Grupo Magu e Subgrupo Baghamshah no Jurassico do Bloco Tabas.
Esta formagao ¢ conformavelmente subjacente com calcério pisoidal cinza da Formagao Parvadeh e sobrejacente ao calcério pectinideo da
Formagao Kamar-e-Mehdi (Subgrupo Esfandiar). No presente trabalho ¢ investigado a bioestratigrafia da Formagao Baghamshah nas se¢des
Rizu e Kamar-e-Mehdi baseada em nanofosseis calcarios. A espessura da Formagao Baghamshah na se¢do Rizu é 270 m (principalmente
incluindo marga e folhelho verde com intercalagdo de calcério e arenito calcario) e na secdo Kamar-e-Mehdi é 236 m (composto de xisto
margoso gipsifero, folhelho, folhelho margoso e folhelho margoso alternado com calcario e arenito calcario intercalados). De acordo com
os estudos taxondmicos, na secao Rizu 52 espécies pertencem a 24 gé€neros e na se¢cdo Kamar-e-Mehdi, 45 espécies pertencem a 23 géneros
de nanof6sseis calcareos. Baseado no indice de nanofdsseis calcareos, as biozonas CC1, CC2, CC3 e CC4 de Sissingh foram determinadas
em ambas as se¢des. E mencionado que a biozona CC5 somente ocorre na segio Kamar-e-Mehdi. De acordo com a biozonas identificadas,
para a Formagdo Baghamshah ¢ sugerida a idade Eoberriasiana—Eo—hauteriviana na se¢@o Rizu e Eoberriasiana—Neo—hauteriviana na segdo
Kamar-e-Mehdi.

Palavras-chave: bioestratigrafia, Baghamshah, nanofésseis calcarios, Tabas, Ira.
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INTRODUCTION

Central Iran occupies a key position for unravelling the
post-Eo-Cimmerian Mesozoic (Jurassic—Cretaceous) history
of'the Iran Plate. From the numerous structural units of central
Iran, the Tabas Block of east-central Iran shows the thickest,
most complete, and best-exposed sequence of Jurassic rocks
of the region, which are crucial for the understanding of
the Mesozoic evolution of the Iran Plate (Wilmsen ef al.,
2009). The Tabas Block is located between the Lut Block
in the east and Yazd Block in the west of Central Iran. The
Baghamshah Formation is the second lithostratigraphic unit
from the sedimentary cycle of Magu group and Baghamshah
Subgroup in the Jurassic of this block, which for the first
time is here investigated for an age determination based on
calcareous nannofossils.
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Geological setting and geographical position

In Central Iran, the history of Jurassic sedimentary basins
was largely shaped by differential subsidence and rotational
movements among three blocks, called Lut, Tabas, and Yazd.
These blocks are part of the Cimmerian microplate assemblage
that collided with the Eurasian (Turan) Plate towards the
end of the Triassic (Seng6r, 1990). During the Jurassic, the
Tabas Block was covered by the sea for most of the time
and sediments accumulated in a basin that experienced high
subsidence rates, varying both in time and space. As a result,
the facies pattern is complex and may change drastically,
especially at the boundaries of the block (Figure 1).

On the Tabas Block, the Magu Group, as defined by
Aghanabati (1977), comprises all the Jurassic formations
of the inter-regional tectonic unconformity caused by the
Mid-Cimmerian tectonic phase, which according to Seyed-
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Figure 1. Lithostratigraphy of the Jurassic of the northern and southern Tabas Block, as well as the western Lut Block, east-central Iran (Wilmsen et al., 2009).
The key shows the predominant lithologies and characteristic faunal elements of the formations: 1, sandstone; 2, siltstone; 3, clay; 4, limestone; 5, marl; 6,
conglomerate; 7, gypsum; 8, volcanic; 9, bioclasts; 10, platform debris; 11, ammonite data; 12, bivalves; 13, hiatus; 14, coal.
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Emami & Alavi-Naini (1990), is “mid-Bajocian” in east-
central Iran. According to Wilmsen et al. (2009), the Magu
Group subdivides into three subgroups of genetically related
formations: Baghamshah Subgroup, Esfandiar Subgroup and
Garedu Subgroup. These subgroups are defined based on
regional boundaries that reflect subordinate tectonic events
associated with major turnovers in the sedimentary regime
(from predominantly siliciclastic to carbonatic deposition)
(Figure 1). The Baghamshah Formation is part of the
Baghamshah Subgroup, which, in the studied sections, is
conformably underlying with the grey pisoidal limestones of
the Parvadeh Formation and overlying the Pectinid limestones
of the Kamar-e-Mehdi Formation.

Calcareous nannofossils play a strategical role in
biostratigraphic studies. Thus, in this research, the
biostratigraphy of the Baghamshah Formation in Rizu and
Kamar-e-Mehdi sections was studied based on this tiny
calcareous nannofossils.

The Rizu section is located 70 km southwest of Tabas
city (33°08°35.53” N, 56°10°08.27” E). The Kamar-e-Mehdi
section is located 35 km southwest of Tabas city (33°05"14”
N, 56°28°19” E) (Figure 2). These two sections can be reached
through the asphalt road of Tabas-Yazd. The distance between
the two sections is approximately 35 km.

Most of the biostratigraphic studies performed on this
formation are mainly based on the ammonite fauna and
indicate an early Bathonian—mid Callovian age (Seyed-
Emammi et al., 1991, 2002, 2004, Seyed-Emammi, 1998;
Wilmson et al., 2009). In addition, the study of corals in
the Baghamshah formation suggests a mid Bathonian—
late Bathonian age (Pandey & Fiirsich, 2003). The latest
biostratigraphy studies performed on this formation based
on ammonite fauna and non-index genus of calcareous

nannofossils such as Cyclogelosphera and Watznaueria,
showed an early Callovian age too (Kallanxhii et al.,
2016). According to the mentioned studies, the age of the
Baghamshah Formation has been reported as Jurassic.
Therefore, since calcareous nannofossils are useful tools to
determine the accurate age of deposits, and the Baghamshah
Formation lack such studies, the investigation of calcareous
nannofossils of this formation is needed. Nannofossils studies
in Baghamshah Formation are relatively new. Recently some
calcareous nannofossils were reported from this formation by
Bordbar et al. (2018), Khodashenas et al. (2018) and Behdani
etal. (2019a, b).

Hence, the main purposes of this research are reviewing
this formation based on calcareous nannofossils for
determination of existing zones and comparing them to global
standards and age. In this paper, the Baghamshah Formation
has been investigated based on calcareous nannofossils in the
Rizu and Kamar-e-Mehdi (southwest Tabas) sections.

Lithostratigraphy of the Baghamshah Formation in the
studied sections

The thickness of the Baghamshah Formation in the Rizu
section is 270 m. Its lower boundary is conformable with the
Parvadeh Formation and it is overlaid conformably with the
Pectinid limestones of the Kamar-e-Mehdi Formation. The
Baghamshah Formation analyzed in this section mainly consists
of alternating green to grey marl-shale with intercalation of thin-
bedded calcareous sandstones and brown thin-bedded lomashel
limestones (Figures 3, 4). The thickness of the Baghamshah
Formation in Kamr-e-Mehdi section is 236 m. It is underlaid
with the grey pisoidal limestones of the Parvadeh Formation.
Its upper boundary is the Kamar-e-Mehdi Formation, which has
not been seen in this section due to erosion. The Baghamshah

Figure 2. Location map of the studied sections in the southwest Tabas, east of Central Iran.
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Figure 3. A, lower boundary of the Baghamshah Formation with the Parvadeh Formation. B, marl-shales with intercalation of calcareous sandstones. C,
upper boundary of the Baghamshah Formation with the Kamar-e-Mehdi Formation. D, lower boundary of the Baghamshah Formation with the Parvadeh
Formation. E, fragments of ammonites in gypsiferous marly shale. F, upper boundary of Baghamshah Formation is unknown (A—C belong to Rizu section;

D-F, Kamar-e-Mehdi section; All site views are southwest).

Formation in this section is composed of light green gypsiferous
marly shales containing fragments of ammonites, belemnites,
Pentacrinus, green marl with intercalation of brown limestone,
green gypsiferous marl with intercalation of siltstones
containing fragments of ammonites, grey marly shales, and
an alternation of green marl-shales with intercalation of thin-
bedded siltstones (Figures 3, 5).

MATERIAL AND METHODS

In order to study the calcareous nannofossils biostratigraphy
of Baghamshah, a total of 44 samples from intervals of green
marl-shales with thin-bedded sandstones (RB1-RB25),
sandstones with intercalated limestones (RB26), green shales
(RB27-RB38) and shale-fine sandstones (RB40—RB42) with
intercalated limestones (RB39, RB43, RB44), were collected
from the Rizu section; and 58 rock samples from the intervals
of green gypsiferous marly shales (MB1-6), green marls with
brown thin-bedded limestones (MB7-MB24), green-gray
gypsum marls with intercalated siltstones (MB25-MB46),
gray marly shales (MB47-MB50) and alternating green marl-
shales with intercalations of thin-bedded siltstones (MB51—
MB58) from the Kamar-e-Mehdi section were collected too.
Samples were prepared by the smear-slide method (Bown &
Young, 1998), and analyzed under an Olympus BX51 light
microscope with 100x objective lens and emersion oil. For
the identification of nannofossil species, the reports provided

by Perch-Nielsen (1985) and Bown (1998) were used, and
their images are shown in Figures 6-9. In addition, the Roth
(1973) pattern with changes was used to determine the degree
of preservation of the calcareous nannofossils in this study.
According to this pattern, the calcareous nannofossils were
divided into good, moderate, and poorly preserved, taking
into account their resistance to dissolution, corrosion, and
diagenesis. The study of the degree of preservation of the
calcareous nannofossils in both Rizu and Kamar-e- Mehdi
sections showed that in the Rizu section the degree of
preservation of calcareous nannofossils was poorly moderate,
and in the Kamar-e-Mehdi section moderate.

RESULTS AND DISCUSSION

Calcareous nannofossils

In the studied samples, 52 species belonging to 24
genera in the Rizu section and 45 species belonging to 23
genera in the Kamar-e-Mehdi section were found (Figures
4, 5). The preservation in the Kamar-e-Mehdi section was
better than in the Rizu section. Lithraphidites carnniolensis,
Nannoconus stainmanii, Nannoconus kamptneri, Watznaueria
barnesae, and Conusphera mexicana were seen across the two
sections. Nannoconus stainmanii, Nannoconus quadratus,
Nannoconus globulus, Nannoconus dolomiticus, Kokia
borealis and Diazomatolithus lehmanii are present at the
beginning of both sections, and species such as Nannoconus
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Figure 4. Lithostratigraphic column, distribution table of calcareous nannofossils and biozonation of Baghamshah Formation in the Rizu section.

cicularis, Nannoconus bucheri, Nannoconus quadricanalis,
Calcicalatina oblongata and Lithraphidites bollii were more
abundant in the upper parts of both sections.

Biostratigraphy

Biozonations of the calcareous nannofossils of the Lower
Cretaceous of the Tethys were presented by Manivit (1971),
Thierstein (1971, 1973), Sissingh (1977), Roth (1978, 1983),
Perch-Nielsen (1979), Applegate & Bergen (1988), and
Bralower et al. (1989, 1995) (Figure 10). In this study the
calcareous nannofossil biostratigraphy formerly established
by Sissingh (1977), that Applegate & Bergen (1988) modified
and illustrated, was refined, based on the first and last
occurrences (FO and LO) of index species.

According to marker species of nannofossils, five biozones
were recognized, from base to top CC1, CC2, CC3 and CC4
biozones in both Rizu and Kamar-e-Mehdi sections, and the
CCS5 biozone was only recognized in the Kamar-e-Mehdi
section (Figures 4-5). The identified nannofossils biozones
were characterized as follows below.

Nannoconus steinmannii Zone (CC1)

This biozone was proposed by Worsley (1971), revised
by Thierstein (1971) and Sissingh (1977), and defined from
the first occurrence of Nannoconus steinmannii steinmannii
to the first occurrence of Cretarhabdus crenulatus. The time
interval of this biozone is early Berriasian (Applegate &
Bergen, 1988).
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Figure 5. Lithostratigraphic column, distribution of calcareous nannofossils and biozonation of the Baghamshah Formation in the Kamar-e-Mehdi section.
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Figure 6. Calcareous nannofossils from the Rizu section. XPL, cross polarized light, PPL, plane polarized light, GP, gypsum plate; RB, Rizu section. A,
Nannoconus steinmannii steinmannii; RB10, XPL. B—C, Nannoconus steinmannii steinmannii; RB10, RB17, PPL. D-F, Retecapsa angustiforata; RB14,
RB26, XPL and GP. G-H, Calcicalathina oblongata; RB30, RB34, XPL. I-J, Cretarhabdus loriei; RB34, XPL and GP. K, Lithraphidites bollii; RB44, XPL.
L, Rhagodiscus pseudoangustus; RB39, XPL. M, Rucinolithus wisei; RB17, XPL. N, Eiffellithus windii; RB34, XPL. O-P, Lithraphidites carniolensis; RB8,
XPL and PPL. Q, Eprolithus antiquus; RB37, XPL. R, Palacomicula maltica; RB28, XPL. S, Discorhabdus ignotus; RB9, XPL. T, Discorhabdus biradiatus;
RB41, XPL. Scale bars =2 pm.
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Regarding the presence of Nannoconus steinmannii
steinmannii in the first sample of both Rizu and Kemer-
e-Mehdi sections, the base of Baghmeshah Formation is
lower Berriasian. Also, due to the absence of Cretarhbdus
crenulatus for determining the upper boundary of this
biozone, it was documented by Retecapsa angustiforata
according to Thierstein (1976) and Applegate & Bergen
(1988). This species was firstly present in the Rizu section
15 m from the base, and in the Kamar-e-Mehdi section, at 27
m. The thickness of this biozone is 15 m in the Rizu section
and consists of green marls and shales with intercalation
of brown sandstones. The thickness of this biozone in the
Kamar-e-Mehdi section is 27 m, it dominantly consists of
gypsiferous marly shales. Conusphaera mexicana minor,
Conusphera mexicana mexicana, Watznaueria barnesiae,
Watznaueria fossacincta, Lithraphidites carniolensis,
Polycostella beckmanii, Cyclagelosphaera margerelii,
Diazomatolithus lehmanii, Kokia borealis, Percivalia
fenestratae, Haqius circumradiatus, Rucinolithus wisie,
Tubodiscus verenae, Nannoconus steinmannii steinmannii,
Nannoconus steinmannii minor, Nannoconus quadratus,
Nannoconus dolomiticus, and Nannoconus globulus are
important components of the nannofossil assemblages
throughout this zone.

It should be mentioned that due to the presence of
Nannoconus steinmannii steinmannii in the underlying
deposits (Parvadeh Formation) in the Rizu section (Bordbar
etal.,2018), the CCl is started on Parvadeh Formation before
the occurrence of the Baghamshah Formation (Figure 4). As
we could not take samples from the Parvadeh Formation in
Kamar-e-Mehdi section (Figure 5), we could not determine
where the CC1 starts in this section.

Cretarhbdus crenulatus Zone (CC2)

This biozone was presented by Sissingh (1977) and
defined from the first occurrence of Cretarhbdus crenulatus
to the first occurrence of Calcicalathina oblongata. The time
interval of this biozone is late Berriasian and early Valanginian
according to Perch-Nielsen (1985), while according to Ogg
et al. (2012) the age of this biozone is early—late Berriasian.

As mentioned before, the lower boundary of this biozone
was determined by the presence of Retecapsa angustiforata
in both sections; the upper boundary was located in the Rizu
section 134 m from the base, and in the Kamar-e-Mehdi
section 74 m from the base, considering the first occurrence
of Calcicalathina oblongata. The thickness of this biozone
in the Rizu section comprises 119 m and is mainly composed
of marl-shales, green shales with intercalations of lomashel
limestones and brown sandstones. The thickness of this
biozone is 47 m in Kamar-e-Mehdi section, and consists of
green marls with intercalations of limestones. In the present
study, the first occurrences of Percivalia fenestratae, Haqgius
circumradiatus, Rucinolithus wisie, Tubodiscus verenae are
recorded in this zone. In the Rizu section, the first occurrence
of Tobodiscus verenae (45 m from the base) is earlier than
that of Rucinolithus wisie, while in the Kamar-e-Mehdi

section the first occurrence of R. wisie is at 34 m from the
base. Bralower et al. (1989, 1995) divided this zone into two
subzones, NK2a and NK2b, based on the first occurrence
of Percivalia fenestratae. This species is recorded in the
Rizu section at 73 m from the base, and in the Kamr-e-
Mehdi section at 45 m. Conusphaera mexicana minor,
Conusphera mexicana mexicana, Watznaueria barnesiae,
Watznaueria fossacincta, Watznaueria britanica, Watznueria
biporta, Watznaueria ovata, Lithraphidites carniolensis,
Diazomatolithus lehmanii, Cyclagelosphaera margerelii,
Cyclagelosphaera deflandrei, Percivalia fenestratae, Haqius
circumradiatus, Rucinolithus wisie, Tubodiscus verenae,
Ethmorhabdus hauterivianus, Nannoconus steinmannii
steinmannii, Nannoconus steinmannii minor, Nannoconus
kamptneri minor, Nannoconus kamptneri kamptneri,
Nannoconus dolomiticus, and Nannoconus globulus are
important components of the nannofossil assemblages
throughout this zone.

Calcicalathina oblongata Zone (CC3)

This biozone was presented by Thierstein (1971) and
revised by Sissingh (1977) and defined from the first
occurrence of Calcicalathina oblongata to the first occurrence
of Cretarhabdus loriei. The time interval of this biozone is
the early Valanginian—early late Valanginian (Perch-Nielsen,
1985; Applegate & Bergen, 1988).

The lower boundary of this biozone, based on the first
occurrence of Calcicalathina oblongata, is considered
in the Rizu section at 134 m from base and in Kamar-e-
Mehdi section at 74 m from the base. The upper boundary
of this biozone was determined with the first occurrence
of Cretarhabdus loriei at 170 m from the base in the Rizu
section, and at 95 m from the base in the Kamar-e-Mehdi
section. The thickness of this biozone in the Rizu section is
36 m and dominantly consists of green shale. In the Kamar-e-
Mehdi section, this biozone is 21 m thick and mainly consists
of gypsiferous marls with intercalations of siltstones. In the
Rizu section, the first occurrence of Eiffellithus windii is
identified at 150 m from the base. According to Applegate
& Bergen (1988) the CC3a subzone is represented from
the first appearance of Calcicalathina oblongata to the first
appearance of Eiffellithus windi . This subzone is recorded
only in the Rizu section. According to Bralower et al. (1989,
1995), this biozone was divided into two subzones, NK3a and
NK3b, based on the last occurrence of Rucinolithus wisie.
The last occurrence of this species was determined at 158 m
from the base in the Rizu section and at 95 m in the Kamar-
e-Mehdi section. Conusphaera mexicana minor, Conusphera
mexicana mexicana, Lithraphidites carniolensis, Watznaueria
barnesiae, Watznaueria fossacincta, Watznaueria britanica,
Watznueria biporta, Watznaueria ovata, Cyclagelosphaera
deflandrei, Nannoconus steinmannii steinmannii, Nannoconus
steinmannii minor, Nannoconus kamptneri minor, Nannoconus
kamptneri kamptneri, Nannoconus cornuta, and Nannoconus
circularis are important components of the nannofossil
assemblages throughout this zone.
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Figure 7. Calcareous nannofossils from the Rizu section. XPL, cross polarized light; PPL, plane polarized light, GP, gypsum plate; RB, Rizu section. A-B,
Nannoconus quadratus; RB36, XPL and GP. C, Kokia borealis; RB8, XPL. D, Diazomatolithus lehmanii; RB10, XPL. E-F, Nannoconus bermudezii; RB39,
XPL and PPL. G-I, Nannoconus kamptneri kamptneri; RB26, RB23, XPL and PPL. J, Nannoconus globulus; RB2, XPL. K, Nannoconus sabinae, RB16,
XPL. L, Nannoconus circularis; RB28, XPL. M-N, Nannoconus quadricanalis; RB36, XPL and PPL. O, Nannoconus cornuta; RB26, XPL. P, Nannoconus
dolomiticus; RB24, XPL. Q, Cyclagelosphaera deflandrei; RB34, XPL. R, Cyclagelosphaera margerelii; RB13, XPL. S, Ethmorhabdus hauterivianus; RB30,
XPL. T, Hagius circumradiatus; RB22, XPL. Scale bars =2 pum.
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Figure 8. Calcareous nannofossils from the Kamar-e-Mehdi section. XPL, cross polarized light; PPL; plane polarized light; GP, gypsum plate; MB, Kamar-e-
Mehdi section. A-B, Nannoconus steinmannii steinmannii; MB3, MB12, XPL. C-D, Nannoconus steinmannii steinmannii; MB4, GP and PPL. E-F, Retecapsa
angustiforata; MB12, XPL and GP. G, Watznaueria ovata; MBS, XPL. H-1, Diazomatolithus lehmanii; MB8, MB21, XPL. J, Biscutum constans; MB16, XPL.
K-L, Nannoconus oviformis; MB29, XPL and GP. M-N, Calcicalathina oblongata; MB27, MB36, XPL. O, Rhagodiscus pseudoangustus; MB37, XPL. P,
Lithraphidites carniolensis; MB27, XPL. Q-R, Cretarhabdus loriei; MB27, XPL and GP. S-T, Lithraphidites bollii; MB38, XPL and GP. Scale bars =2 um.
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Figure 9. Calcareous nannofossils from the Kamar-e-Mehdi section. XPL, cross polarized light, PPL, plane polarized light, GP, gypsum plate, MB, Kamar-
e-Mehdi section. A, Eiffellithus striatus; MBS8, XPL. B—C, Nannoconus kamptneri kamptneri; MB27, MB54, XPL. D, Nannoconus globulus; MB3, XPL.
E, Nannoconus circularis; MB26, XPL. F, Nannoconus bucheri; MB41, XPL. G, Rhagodiscus asper; RB18, XPL. H, Nannoconus cornuta; MB20, XPL.
1-K, Nannoconus abundans; MB44, XPL, PPL and GP. L, Kokia borealis; MB51, XPL. M, Cyclagelosphaera deflandrei; MB54, XPL. N, Cyclagelosphaera
margerelii; MB10, XPL. O, Rucinolithus wisei; RB20, XPL. P, Speetonia colligate; MB38, XPL. Q, Helenea chiastia; MB24, XPL. R, Ethmorhabdus
hauterivianus; MB32, XPL. S-T, Assipetra terebrodentarius; MB52, GP; MB54, XPL. Scale bars = 2 pm.
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Figure 10. Nannofossil zones and events identified in the Baghamshah formation in the Rizu and Kamar-e-Mehdi sections, and its comparison with the
calcareous nannofossil zonation schemes for the Lower Cretaceous (Berriasian-Barremian) in the Tethys presented by Sissingh (1977), Roth (1978, 1983),

Applegate & Bergen (1988) and Bralower et al. (1989, 1995).

Cretarhabdus loriei Zone (CC4)

This biozone was presented by Sissingh (1977) and
defined from the first occurrence of Cretarhabdus loriei to
the last occurrence of Speetonia colligata. The time interval
of this biozone is the late Valanginian—early late Hauterivian
according to Perch-Nielsen (1985), while Applegate &
Bergen (1988) claimed that the age of this biozone is early
Hauterivian—early late Hauterivian.

As stated before, the lower boundary of this biozone
was determined in the Rizu section by the first occurrence
of Cretarhabdus loriei at 170 m from the base and in the
Kamar-e-Mehdi section at 95 m from the base. Regarding the
absence of Speetonia colligata in the Rizu section, the upper
boundary of this biozone, according to Thierstein (1976),
was determined on the basis of the presence of Lithraphidites
bollii. This species is of early Hauterivian age.

The first occurrence of Lithraphidites bollii in the Rizu
section is at 228 m, but in the Kamar-e-Mehdi section, this
boundary was determined based on the last occurrence of
Speetonia colligata. This species is recorded at a thickness
of 195 m. According to Applegate & Bergen (1988), this
biozone is divided into two subzones, CC4a and CC4b,
based on first occurrence of Lithraphidites bollii. Because
of the lack of FEiffellithus striatus and Speetonia colligata
in the Rizu section, the lower and upper boundaries of
this biozone are not detectable, but in the Kamar-e-Mehdi
section, due to the existence of both species above CC4a and
CC4b, it can be determined. The species Eiffellithus striatus
is recorded at 118 m from the base. The first occurrence
of Lithraphidites bollii has been recorded at 142 m from
the base. According to Taylor (1982) the first presence of
Nannoconus abundanse suggest an early late Hauterivian age.

This species appears at 158 m from the base. The thickness
of the CC4 biozone is 100 m in the Rizu section and consists
of shales with brown fine-grained sandstones interbedded.
In the Kamar-e-Mehdi section, the thickness of this biozone
is 100 m, and it is mainly composed of gypsiferous marls
with intercalation of siltstones. In addition, in this section
the thickness of the CC4a and CC4b subzones was 47 and 53
m, respectively. Conusphaera mexicana minor, Conusphera
mexicana mexicana, Watznaueria barnesiae, Watznaueria
fossacincta, Watznaueria britanica, Watznueria biporta,
Watznaueria ovata, Cyclagelosphaera deflandrei, Kokia
borealis, Calcicalathina oblongata, Eprolithus antiquus,
Nannoconus kamptneri minor, Nannoconus kamptneri
kamptneri, Nannoconus circularis, Nannoconus bucheri,
Nannoconus quadricanalis and Rhagodiscus pseudoangstus
are important components of the nannofossil assemblages
throughout this zone.

Lithraphidites bollii Zone (CC5)

This biozone was presented by Thierstein (1971) and
revised by Sissingh (1977). It extends from the last occurrence
of Speetonia colligata to the latest occurrence of Calcicalathina
oblongata. The time interval is late Hauterivian—early
Barremian (Perch-Nielsen, 1985; Applegate & Bergen,
1988). This biozone has been identified only in the Kamar-
e-Mehdi section. As mentioned above, the lower boundary
of this zone was determined by the presence of Speetonia
colligata at 195 m from the base. Due to the continued
presence of Calcicalathina oblongata at the end of this
section, the upper boundary was not determined. However,
according to Bralower ef al. (1989, 1985), the first presence
of Assipetra terbrodentarius indicates late Hauterivian age,
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and this species is recognized at 200 m from the base. The
thickness of this biozone is 41 m and includes gypsiferous
marls with intercalation of brown siltstones, grey marly
shales, and alternation of green marl-shales with interbedded
siltstones. Conusphaera mexicana minor, Conusphera
mexicana mexicana, Calcicalathina oblongata, Watznaueria
barnesiae, Watznaueria fossacincta, Watznaueria britanica,
Watznueria biporta, Watznaueria ovata, Cyclagelosphaera
deflandrei, Rhagodiscus pseudoangstus, Eprolithus antiquus,
Nannoconus kamptneri minor, Nannoconus kamptneri
kamptneri, Nannoconus circularis, Nannoconus bucheri,
Nannoconus quadricanalis, and Lithraphidites bollii are
important components of the nannofossil assemblages
throughout this zone.

In this study, the presence of Lithraphidites bollii and
absence of Speetonia colligata in the last sample, indicates
an early Hauterivian age for the top of the Baghamshah
Formation in the Rizu section. In the Kamar-e-Mehdi section,
the continued presence of Nannoconus abundans, indicating
an early late Hauterivian age from the 158 m, and Assipetra
terbrodentarius with a late Hauterivian age from 200 m to the
top of this section, indicate the age of the late Hauterivian for
the upper parts of the Baghamshah Formation.

CONCLUSIONS

Investigations of calcareous nannofossils of Baghamshah
Formation in the Rizu and Kamar-e-Mehdi sections, which
are parts of the Tethys realm, led to identify 52 species
belonging to 24 genera in the Rizu section, and 45 species
belonging to 23 genera in the Kamar-e-Mehdi section.
Previous studies on the Baghamshah Formation were mainly
based on ammonites and other macrofossil groups, and the
present study is based on calcareous nannofossils on this
formation for the first time. According to the first appearance
of Nannoconus steinmannii stainmannii and Lithraphidites
carniolensis in the first samples from both sections, the age
of the basis of the Baghamshah Formation in both sections
is equivalent to the CC1 biozone of Sissingh (1977), with
Berriasian age. CC1, CC2, CC3 and CC4 biozones, based on
the biozonation scheme of Sissingh (1977), were recorded in
both sections. The CCS5 biozone was found only in the upper
part of the Kamar-e-Mehdi section. Therefore, a Berriasian—
early Hauterivian age is suggested for the Baghamshah
Formation in the Rizu section, and a Berriasian—late
Hauterivian age for this formation in the Kamar-e-Mehdi
section. Preservation of the calcareous nannofossils is poor
to moderate in the Rizu section and moderate in the Kamar-
e-Mehdi section, which could be related to the lithology in
the first section.

The lack of the CC5 biozone in the Rizu section could
be related to the sandy lithology, that may represent the
shallowest depth of the Kamar-e-Mehdi section. As these are
the first studies on calcareous nannofossils of the Baghamshah
Formation, for a best interpretation of the basin we need more
data and to examine different sections of the Baghamshah
Formation in Tabas and Lut Block in the future.
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