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Abstract. Shark teeth discovered in the late Paleocene-early Eocene Chehel-
Kaman Formation in NE Iran bring new data on the fossil fish record from this
country. Two genera from the location are described and figured. The present
record is one of the very few reports of fossil shark teeth from the Cenozoic of
Iran and the first one from this formation and region. The marine vertebrates
known from this region of the Tethys Sea are very scarce.

Ancrpakr. 3y6u ajKkysa OTKPUBEHU Y TOPH0IA/IEe01,eHCKO- 0 0€e01eHCKO)]
¢dopmanuju Chehel-Kaman y ceBepoructounom UpaHy npy»ajy HoBe noaTKe
o ¢ocusHUM pubaMa oBe 3eMJbe. Ca OBe JIOKalMje Cy ONMCaHa U IpHUKa3aHa
JiBa poza. OBaj pocuHM NpoHalasak NpeJcTaB/ba jelaH 0fi PeTKUX U3Be-
mrraja o ocuaHKUM 3yO6UMa ajKysia U3 KeHo3ouKa MipaHa u yjeaHo u3 oBe ¢op-
ManMje. Mopcky KMUMemwalu oBor Jesa TeTuca cy BeoMa peTKH.
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Introduction

The Cenozoic fossil sharks are poorly known in
Iran. Only a few other records from this country are
known (ADNET et al., 2009; OwrI et al., 2016), but
their exact origin is in general vague and none of
them originate in the Kopet-Dagh Basin. The rest of
fossil Chondrichthyes reported from Iran belong ex-
clusively to the Paleozoic, forming a rather diverse
fauna (Hampg, 2000; LoNG & HAIRAPETIAN, 2000; YAZDI
& TURNER, 2000; HAIRAPETIAN et al., 2008; HAIRAPETIAN
& GINTER, 2010; HABIBI & GINTER, 2011). The present
discovery completes the taxonomic list of the verte-
brate marine fauna in Iran and brings new data on
the presence of the Paleogene sharks in this region
of the Tethys.

Geological Setting

The study area is located in the North-Khorasan
province, northeast Iran (Fig. 1). Although during
the last decades a lot of geological investigations
have been led in this region, especially in the fields

of litho- and biostratigraphy, this tectono-sedimen-
tary zone requires additional further studies in
other different fields of research as well. In this
paper, we concentrated our attention on a sequence
of strata known as Chehel-Kaman Formation that
unconformable covers a succession of Cretaceous
units. It should be reminded that vertical succession
in the study area is relatively different from the
usual Kopet-Dagh sedimentary package, especially
in the eastern Kopet-Dagh sedimentary basin (more
data and new results will be published in the near
future by the authors). This paper is the first one to
focus on the fossil data, more exactly on the shark
teeth in the Kopet-Dagh sedimentary basin.

The Kopet-Dagh (or Koppeh-Dagh) mountain
range represents a NE-trending active fold belt at
the border between Iran and Turkmenistan, about
650 km long and 200 km wide stretching north-
west-southeast from near the Caspian Sea in the
northwest to the Harirud River in the southeast.

The active fold belt of NE Iran, Kopet-Dagh, was
formed on a Hercynian metamorphosed basement,
at the SW margin of the Turan Platform. The belt con-
sists of about 10 km of Mesozoic (the Kashafrud,

—‘T Caspian
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Fig. 1. The location of the studied area. A. The subdivisions of structural zones of Iran. Studied area is marked by yellow star symbol.
KD Kopet-Dagh, Al Alborz, MZT Main Zagros Thrust, ZA Zagros, MAK Makran, ZB Zabol-Baluch (after PoUursoLTaNI & PE-PIPER, 2015 with
minor revision); B. The location map of the studied stratigraphic section on the Seyed-Abad geological map (1:100000): Sn - Sanganeh

Formation; Sa - Sarcheshmenh Formation; Ch - Chehel-Kaman Formation; Tr1 - Tirgan unit 1; Tr2 - Tirgan unit 2; Tr3 - Tirgan unit

3; Sh - Shourijeh Formation; PIQc - Plio-Quaternary; the black star symbol marks the location of the outcrop.
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Chaman Bid, Mozduran, Shourijeh, Tirgan, Sarche-
shmeh, Sanganeh, Aitamir, Abderaz, Abtalkh, Neyzar
and Kalat formations) and Cenozoic sediments (the
Pestehligh, Chehel-Kaman and Khanigiran formati-
ons), mostly containing carbonates (GHORBANI, 2019).

Like the Zagros Mountains, the Kopet-Dagh
formed linear NW-SE trending folds during the last
Plio-Pleistocene phase of the Alpine orogenesis. No
magmatic rocks crop out in the Kopet-Dagh, except
those in the basement of the Aghdarband Window
and some Triassic basic dikes (e.g., BERBERIAN & KING,
1981; AFSHAR-HARB, 1994; GOLONKA, 2004; TAHERPOUR-
KHALIL-ABAD et al., 2010, 2013; RAISOSSADAT & SHOKRI,
2011).

Like other regions of Iran, tectonical movements
in the early Tertiary, equal to Laramian orogenesis,
led to sea retrogradation from south to north in
such a way that a continental succession (Pestehligh
Formation - Early Paleocene) is deposited in the
south of the Kopet-Dagh sedimentary basin. During
the middle Paleocene, except for the Sheikh area, a
fossiliferous limestone (Chehel-Kaman Formation)
is deposited because of the subsidence of the basin.
During early Eocene the Sheikh area was also cov-
ered, so the marine Eocene strata are present
(Khangiran Formation) (AFSHAR-HARB, 1994, AGHAN-
ABATI, 2004) (Fig. 2).

The Chehel-Kaman Formation (Paleogene) in the
Kopet-Dagh basin is mainly composed of limestone,
dolomite and interbeds of marl, shale and evaporite
sediments. It conformably overlies the siliclastic
sediments of Pestehligh Formation and underlies
the olive shale of Khangiran Formation. The upper
contact is marked by a coquina bed that is taken as
base of the Khangiran Formation. In the upper part,
the limestone contains echinoids, gastropods and
large oysters. The Chehel-Kaman Formation is na-
med after the Chehel-Kaman locality in the Sarakhs
area, southeastern Kopet-Dagh. This name is used
by the geologists of the National Iranian Oil Com-
pany (NIOC) (ArsHAR-HARB, 1969). The name has
been used to designate a unit of dense or chalky,
massively bedded, ridge-forming organodetrital li-
mestone developed in the eastern Kopet-Dagh sedi-
mentary basin. In some other localities (such as
Gonbadli oil well no. 3) there are some layers of sand-
stone as well as gypsum beds. In the type area (Che-
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Fig. 2. Paleogene stratigraphic chart of the Kopet-Dagh sedimen-

tary basin (with minor changes from AGHANABATI, 2004).

hel-Kaman) the unit reaches a thickness of 250 m (RI-
VANDI et al,, 2013). Based on the fauna and flora (Ar-
SHAR-HARB, 1969), the Chehel-Kaman Formation is
assigned to Paleocene-Early Eocene (STOCKLIN & SE-
TUDEHNIA, 1991; AGHANABATI, 2004).

The locality from which the samples containing
the shark teeth were collected is named “Behkadeh
stratigraphic section” and is located about 2.5 km
northwest of the Behkadeh village. At the Behkadeh
stratigraphic section, the Chehel-Kaman Formation
is about 12 m thick. It is overlaid by the Quaternary
deposits and underlaid unconformably in some
areas by the Sanganeh and in some other areas by
the Aitamir formations (Fig. 3). The Chehel-Kaman
Formation starts with a light grey sandy limestone
which is rich in bivalve remains and continues with
medium to thick-bedded fossiliferous limestone ac-
companied by thick-bedded white to grey sandy
limestone. For the purpose of understanding the
exact biostratigraphic position of the strata, we col-
lected limestone samples. Micropaleontological in-
vestigations led to the identification of the following
foraminifera assemblages, with an age ranging from
the late Paleocene to the early Eocene: Globigerina
centeralis, G. kugleri, Aragonella sp. cf. A. mexicanam,
Morozovella crassuta, Nummulites sp., Assilina sp.,
Operculina sp., Kathina sp., and Sakesaria sp. cf. S.
cottert.
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Fig. 3. The stratigraphic column of the Chehel-Kaman Formation
in the Behkadeh locality.

Materials and methods

The material comprises 18 specimens, only eight
of which could be determined systematically. All of
the studied samples, hand-picked by the authors,
are housed in the inventory system of the Geological
Survey of Iran and Geosciences Research Center, NE
Territory, Geoscience Museum of Mashhad (Jafar
Taheri collection), with the GMM (Geoscience Mu-
seum of Mashhad) prefix, under the official deposi-
tory numbers GMM97FT0246, GMMO97FT0248,
GMM97FT0252, GMM97FT0254, GMM97FT0261,
GMM97FT0262 and GMM97FT0263. The pictures
were taken by using a Canon EOS 80D and a tripod.
For the systematics we follow CApPPETTA (2012) and
CAPPETTA & NOLF (2005).

Systematic paleontology

Class: Chondrichthyes HuxLEy 1880
Subclass: Elasmobranchii BoNAPARTE 1838
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Order: Lamniformes BERG 1958
Family: Mitsukurinidae JorDAN 1898
Genus: Striatolamia GLIKMAN 1964

Striatolamia sp.
Fig. 4 (a-0)

Material. 17 teeth; Inventory numbers: anterior
tooth GMM97FT0248 (a-c), GMM97FT0261 (d-e),
GMM97FTO0254 (f-h), upper laterals GMM97FT0263
(i-j), GMM97FTO0262 (k-1), upper anterior
GMMO97FT0246 (m-o).

Origin. Chehel-Kaman Formation, Behkadeh vil-
lage, North Khorasan province, Iran.

Description. The material includes both anterior
and lateral teeth. Anterior main cusps are long, slen-
der, with a convex lingual side and a flat or almost flat
labial side. The main cusps representing lateral teeth
are smaller; distally inclined and labio-lingually com-
pressed. All the teeth have well marked cutting edges.
Only one specimen (GMM97FT0246, Fig. 4, m-o0)
preserves the root and the lateral cusplets. Its main
cusp is long and slender, with faint striations on the
lingual crown face. The tooth preserves a partial root
and the lateral cusplets. The cutting edge does not
reach the base of the crown. The lateral cusplets are
divergent, reduced and circular in cross-section view.
The root is bilobate, the lobes meet in an acute angle,
forming a strong lingual protuberance. The ends of
the lobes are broken and we cannot observe if they
are round or sharp.

Discussions. The described morphology of our
specimens corresponds well with the descriptions
of the Striatolamia genus (CAPPETTA, 2012, p. 189;
ZHELEZKO & KozLov, 1999, p. 128). Taking into con-
sideration that our specimens come from a Pale-
ocene-Eocene formation, we compared our speci-
mens with the three valid species of Striatolamia
from this interval, S. cederstroemi, S. striata and S.
macrota. We found that Striatolamia macrota can be
easily distinguished from the Paleocene species S.
cederstroemi by the different morphology of the lat-
eral cusplets. In S. cederstroemi these lateral cus-
plets are flat, labio-lingually compressed even in the
anterior teeth while in S. macrota are cone like, low
and pointed (SIVERSON, 1995, p. 9). The distinction
between S. macrota and S. striata is more difficult to
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make. The description of S. striata (CAPPETTA, 1987,
p. 88; HERMAN, 1977, p. 239) indicates that the stri-
ations on the lingual face are in general more pro-
nounced than in S. macrota and the lateral denticles
of the anterior teeth are barely perceptible. The size
is also indicated as a differentiating characteristic
(HERMAN, 1977; NoLF, 1988), but without a certain
threshold. It is likely that S. striata evolved into S.
macrota increasing in size and reducing the stria-
tions of the main cusp’s lingual face. Considering the
very small differences between S. macrota and S.
striata and the large time interval included in the
Chehel-Kaman Formation we assign our specimens
only to the genus level.

Family: Odontaspididae MULLER & HENLE, 1839
Genus: Jaekelotodus MENNER, 1928

Jaekelotodus sp.
Fig. 4 (p-s)

Material. 1, ?lower, anterior tooth; Inventory
number: GMM97FT0252 (p-s)

Origin. Chehel-Kaman Formation, Behkadeh vil-
lage, North Khorasan province, Iran.

Description: The tooth is incomplete, with the
apex of the main crown missing and only one half of
the root and one lateral cusplet preserved. The
crown of the tooth is convex on the lingual side and
flat on the labial side with a well marked basal de-
pression. Both crown faces are completely smooth.
The cutting edge reaches the base of the crown and
the base of the lateral cusplet. In lateral view we can
notice that the main cusp is arched lingually. The
only preserved cusplet is sharp, convergent and
strongly bent lingually. The preserved root lobe is
moderately long, has a rounded end and meets with
the rest of the other lobe in an acute angle. The cen-
tral furrow cannot be observed due to the hardened
sediment still present on the tooth.

Discussions. For the identification we consid-
ered the analysis of several genera belonging to the
family Odontaspididae. These genera were reported
from the Thanetian-Ypresian interval and have a
similar general morphology. From the beginning we
excluded some of them based on the characteristic
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defined by the extension of the cutting edge along
the crown of the tooth. Thus we excluded the Car-
charias and Odontaspis genera in which the cutting
edge does not reach the base of the crown in the an-
terior teeth (CAPPETTA & NoLF, 2005). We also ex-
cluded the Glueckmanotodus genus where the
cutting edge reaches the base of the crown but the
cusp has a torsion on the vertical axes. The lobes of
the root are sharply pointed in Glueckmanotodus
(ZHELEZKO & KozLov, 1999, p. 114; CAPPETTA & NOLF,
2005, p. 243), differing from our specimen. The
Brachycarcharias genus was also excluded. This
genus has short folds of the enamel on the lingual
face and the lateral cusplet is aligned with the cut-
ting edge of the crown (CapPETTA & NoLE, 2005, p.
241), both characteristics missing in our case. A dis-
tinction can also be made in regards to the Hypoto-
dus genus, which has a labial base of the crown
slightly convex in the contact region with the root
(CaAPPETTA & NoLE, 2005, p. 244), sometimes with a
small short basal median ridge (CARLSEN & CuNy,
2014, p. 57).

The described morphology of our specimen cor-
responds with the descriptions and illustrations of
the various species in the Jaekelotodus genus (CAPPET-
TA, 2012, p. 199; EcKHAUT & DE SCHUTTER, 2009, p. 45).

Results and discussion

Both genera figured and described here are very
common around the world and have a similar strati-
graphic distribution. Striatolamia can be found from
the Lower Paleocene (MULLER, 1992; DuTHEIL, 1992)
up to the Priabonian (CAPPETTA, 2012) while Jaekelo-
todus was described from the Danian to Priabonian
(CapPPETTA, 2012). Taking into account the paleogeog-
raphy of the lower part of the Eocene (Fig. 1), we con-
sider that the Behkadeh area still has potential for
other taxa finds. The lower Eocene rich fauna of the
close-by Caspian Sea area is well known to re-
searchers (GLIKMAN, 1964; KING et al,, 2013), so we ex-
pect that future studies will improve the fauna list.

The white colour of some of the specimens indi-
cates that the teeth were exposed to sunlight and
acidic environment (acid precipitations or acids of
the soil) for a long time. Considering that the mate-
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Fig. 4. Striatolamia sp. - GMM97FT0248 (a-c); GMM97FT0261 (d-e); GMM97FT0254 (f-h); GMM97FT0263 (i-j); GMM97FT0262 (k-I);
GMM97FT0246 (m-o0); Jaekelotodus sp. - GMM97FT0252 (p-s). The white triangles indicate the extent of the cutting edge along the

side of the main cusp.

rial comes from surface finds, from a taphonomic
point of view we cannot make too many comments,
the fragmentation of the teeth could be entirely the
result of recent processes.

This is the first report of shark teeth in this area
of this sedimentary basin situated on the northern
border of the Tethyan realm, northeast of Iran (Fig.
5). Both genera were found in varied ecologic con-
ditions starting from shallow marine environments
(EckHAUT & DE SCHUTTER, 2009) to moderately deep
waters (TRiF et al., 2010) and deep, open waters
(CARLSEN & CUNY, 2004; RAYNER et al., 2009). Such
data brings additional knowledge for future pale-
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oenvironmental reconstructions of the Chehel-
Kaman Formation.
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Fig. 5. Schematic Tethys palaeogeography in Ypresian (compiled after BARRIER & VRIELYNCK, 2008 and ScoTESE, 2014, modified and sim-
plified). The star marks the approximate place of the collecting locality.
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Pe3ume

KpaTka Gesielika 0 MpBOM 3aMUCy
3y6a ¢pocuIHMX ajKysia y popmManuju
Chehel-Kaman, Upan

[laneorena ¢opmanuja Chehel-Kaman y Kopet-
Dagh 6aceHy je yriiaBHOM u3rpaheHa oJf Kpeuraka,
Jl0JIOMUTa U MpOCJ0jaKa Janopana, IJIMHaua u
eBanopuTta. Hasup je pobusa mo MCTOMMEHOM
sokanutety y JU neny Kopet-Dagh 6aceHa. Konkop-
JIAaHTHO HaJlexke MpPeKo CUJIMLUKJIacTU4He Peste-
hligh popmarnyje, a mokpuBeHa je ca MacJIMHACTUM
mnHuuMa Khangiran popmanuje. Y BULIMM HUBO-
vMa dopMaluje Kpeuwaly cajip>ke exuHu/ie, ra-
CTpomnoJie U KpylHe ocTpeje. YKynHa JAeG/bUHA
dopmanyje je 250 m 1 XpoHOCTPCTUTPAPCKU OATO-
Bapa najieoleHy/J0bheM eOolleHy.

3y6u ajkysia cy npoHaheHU Ha JiokanuTeTy Beh-
kadeh koju ce Hanasu 2,5 km ceBeposamnazHo of,
vcrouMeHor cesa. Ha oBom sokanutetry Chehel-
Kaman ¢opmarnuja uma ae6/puHy o4 12 m, a npeko
e HaJleXxXy KBapTapHe HacJiare. MisrpaheHa je o
CBET/IOCHUBUX IECKOBUTHX KpeumaKa Koju cafpixe
Jl0CTa OCTaTaka 6MBa/IBHja U FrOPHONa/Ie0LeHCKUX-
JlolmoeoleHCKuX popamunudepa: Globigerina cen-
teralis, G. kugleri, Aragonella sp. cf. A. mexicanam,
Morozovella crassuta, Nummulites sp., Assilina sp., Op-
erculina sp., Kathina sp. u Sakesaria sp. cf. S. cotteri.

Y oBuM ciojeBUMa cy npoHaheHU GOCUIHU 3y6U
ajKyJia Koju oArosapajy pogoBuma Striatolamia n
Jaekelotodus. 06a pojia cy 4yecTa U UMajy CJAUYHO
cTpaTurpadcko pacnpocTpamere Koje ofroapa
naJjieolieHy/eoleHy. YKYIHO je cakynsbeHo 18 npu-
Mepaka 3y6a, o/l kojux 17 nmpumnajga poay Striato-
lamia, a jenan popy Jaekelotodus.

Y oBuM cJi0jeBUMa cy npoHaheHU GOCUIHU 3y6U
ajKyJia Koju oAiroBapajy pogoBuma Striatolamia n
Jaekelotodus. 06a pojia cy 4yecTa U UMajy CJAUYHO
cTpaTurpadcko pacnpocTpamere Koje oroapa
naJjieolieHy/eoleHy. YKYIHO je cakynsbeHo 18 npu-
Mepaka 3y6a, oJ kojux 17 mpumnajga poay Striato-
lamia, a jepan popy Jaekelotodus.
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