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Abstract
A ciratizraphic secton from the Tirgan Formation was selected in Atkan village neathy Bojnourd city in osder to study
echinpdenm fauna systematically. Many specimens of echinodsrms, especially tosastendae which is associzted with
brachiopods were collected and sadied systempafically in this paper. Microscopie slides were alsp preparsd and
siudied All slides comtmin benthic foramimifers and calcareous algas as well a5 zasmopod and coral fragments. Based
upon disgmostic micre and macro fossils, a Barmemian-Apian age is assigned to the Tirgan Formaton which sozzaesis

Urzonien facies fype mdicatimg shallow water of open manns environmant.
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Introduction

The Urgomien 1= named after the villaze wath s
name m the east of Tarascon, France. This facies
tvpe 15 charactenstic of shallow-water carbonate
facies which was zcoummlated along the Tethys
northern shelf from the Bamenuan to the late
Albian. The facies consists of hard white-gray
Imestones which contains Orbitelina (foraminafers)
and tramsitomnal sediments — detmtal or sibiceous
lmestones (Foury, 1968). Characterishe fossils of
the Urpomen facies type are bivahves. corals,
bryozoans and algae as well as small and large
formmumfers (Krobicky er al, 2003). So far, thas
sedimentzry facies type has reported fom different
parts of Iran (e.g. Seyed-Emamm 1997; Aryael ef al |
1999: Parvaneh MNejad Shwam 2004). The Tirgan
Formafion mcludes of muicro and macro-fossils
which are very simular to the Urgomen facies m
Europe. Therefors, thiz formation 1= comrelatzble
with Furope from the palaeontological and
bihological poant of view.

Ceological zetting

The ME active fold belt of Iran, Eopeh-Dagh.
formed on Hercymian metamorphosed basement at
the 5W margin of the Turan Platform (Fiz 1)

The Eopeh-Diagh remon of Northeast Tran exposes
rather complete Juras=zic sectons, which reach

thicknesses of about 3000 m

Figare 1: Stroctural Units of Iran (After B
1981

The belt 1= composed of about 10 km of Mesozme
and Terfiary sediments (mostly carbonates) and hke
the Fapros, was folded mmto long hmear NW-SE
trending folds durmmg the last phase of the Alpme
Orogeny, 1 the Pho-Pleistorene time. No 1zneous
rocks are exposed m Kopeh-Dlagh except for thosze
in the basement i Apghdarband tectome window
(Stocklin & Setwdebria, 19917

The Bojpowd area 15 part of the Kopeh-Dazgh
sedimentary basm which 15 located m MNorthem
Ehorasan provmmee. The Shurjeh, Topan
Sarcheshmeh Sanganeh and Abderaz formations are
well-exposed 1m the studied area. The Tugan
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Formation has Early Cretaceous age m the type-
secfion which 15 located 39 km southeast of Dargaz
city. Thes formahion 15 mamby conmsts of mediuom-
thick bedded grey fossiiferous hmestones [Afshar-
Harb, 1994}

The Arkan section 15 located 19 km southwest of
Bojnourd, heading for Esfarayven (37 24' 64" M and
5708 T4" E) (Fig. 2 . 3). In thi= saction, the Tirgan
Formation 15 195 theck and rests on the sandstones
and hmestones of the Shumjeh Formaton (Figd).
The Tuogan Formaton 15 overlam by the
Sarcheshmeh Formation. The Tirgan Fowmation
mainly consists of colithic limestones, fossiliferous
bmestones, marly limestones and shaly hmestones.
The Orbitolimd limestones are the most important
characteristic for separation of this fomaton from
underlymg and overlymg roch umts.

For macropalecntological studies, 85 samples were
tzken from which 108 thin-sechions were prepared.
In field and thin-zection studies, we could 1dentify
some lithologes such as mocnte hmestones, thck
lavers of biomucnfe bmestones, shaly lmestones,
marly hmestones efe. which are comelatable with
the Tirgan Formaton reference section. In the study
area, the general stmkimg of the beds 1s
approxamately E-W wnth a dippmg of 15-35". In
micropalecntological smdies, dome on the thck
Imestone lavers of this formation, we could identify
some foramumiferas such as Balkhamia balkhamica,
Charentia cuvillieri, Commaliama sp. Cumeolina
pavenia,  Dervemtima  filipesewi,.  Dicpyocomis
arabicus, Iragia simplex, Lemticulina sp.,
Miliolidea, Nautilocnling eolithica, Orbitelina =pp..
Prewdocyclaminma Firrns, Torinozuesila
peneropliformis, Trocholinag sp., Fercorsella sp. and
Calcarecus algae such as Actinoperealla sp., Bousing
sp.. Capeuxia  sp., Oviimdroporella spp.
Macroporella =p_ and Salpingoporella sp.

According to these, the Bamrerman-Aphan age for
this sedimentary umit 1z suggested.  Alse, the
echinoderms recorded from 1= marls and marly
Imestones canfims the Bamvemman-Aphan age for
this sedimentary undt.

Previous studies in the Aiddle East

In the Eopeh-Dagh region, the first stedies on the
echinoderms of the Abderaz Formaton {Turomian-
Comarian age) was camied out (Vahidima &
Arvae, 20007 and those of the Torgan Formation
(Hashemuan er al., 2007). Likewiss, a study on the

garly Cretaceous echinoderms of cenfral Iram was
carmed out by Yaghoubi er al, (2008).
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Figure 3. Index gealogical map showing the lacation of the
stndied section.

Meanwhile, from elsewhere some species such as
Heterazter muwandamensic (Apban  age) and
Heteraztar aff. cowloni (index for Hauferwian-
Barremian age) are reported from upper Musandam
lmestone (Hudson & Chatton, 1959, Heteraster
oblomgus of the Early Aptian { Dunnington e al.,
1959), m the Umnited Arab Emurates. Toxasier
radula, Toxazter lambersi, Toxaster diemeri and
Toxaster collegmoi have been reported from the
Aphan age from Fisan Aneiza Formahon
(Abdelhamud, 2003) m Egvpt. Heterazter oblongus
15 reported from the Barmremman age from Chshn
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Formation (Howarth et al, 1998) in Yemen
Heteraster oblongus from Sammoerd Formation m
MNorth Iraq. Toxaster refusus from Twkmemistan
(Cecea er al, 1999), Heteratser deleadoi from the
Palmyndes cham i Central Symna (Mouty er al
2003) and Heteraster remmgarteni from Cenbal
Svma (Wilber ef al, 2003) are reported. The
strafigraphic  distubutions of above-mentoned
genera has summerized 1n table 1.

Table 1: List of previons sindies in the Middle East.

Irm  UAK Irm  Yomes Terk Ky Sy
TaranT " = Z = r : =
Adero - ] ) = ] -
.orinkla . - - = ] 3 =
Mhaterial and Methods

Echinoderms are mannpe sobifary and wumally
benthic amimals They were diverse in shapes (in
ambulacra, gemital plates and efc) m this phylum
from the Early Paleozoic. Echinoderms are
charactenized by the presence of an ambulacral
system. This organ helps the animal for ebtaiming
food, the vascular system the respivatory system as
well as organs for locomotion. The system starts at
the surface with an opening knowm as the
hvdropore, or with a peforsted ecaleareous
madrepores plate.

Water which circulates through the ambulacral
system not only provides the organism with oxveen,
but also moves microscopic particles of food
towards the mouth. Water penetrates thiz to the
water vascular system gradually passing mto the
radial canal to be taken to every part of the body.
Echinoderms developed an mtemal ealeareous
skeleton, the zo-called thera which consist of fixed
plates or plates of Cal'(); connected by joints. The
name of this entive phylum 1= based on the fact that
there are wsually pumercus spines sticking through
the shkin and covers the calcareous skeletonm to
appear on the surface. Lming representatives of the
echinoderms are subdivided mte five classzes and of
these the subphvla Blastozoa, Crmozea and
Echinoroa are  parficnlarly  important for
paleontology (Tvanov ef al., 20035). Fifteen genera of
Spatangoida appeared dunng the Early Cretaceous
and the Early Cenomanian and thev are distnbuted
within  five famlies such asz Toxastenidae,
Hemiastendae, Micrastenidae, Palasostomatidae and
Schizastendae according to the claszsificaton of

Fizcher {19668). Some of the dizgroshc genera m
the Early Cretacecus are histed i table 2 (Villier ar
al, 20043,

From the whole thickness of the Tirgan Formation
more than 30 specimens of echimoderms were
collected from mar]l and marky lmestone honzons.
In primary identity, 1t was clear that the specimens
are different species of Toxaster and Heteraster
genera (bv owmng of diffrent shape m ther
ambulacra and also dismbufion of thenr tubercles)
and a gemus of Hemicidareida order. Among the
Toxaster penera there were some specimens whach
were different from the others and transferved to the
laboratory for more research works,

Table 2: List of spatangoid genera cited from the Early

Cretaceons (Villier & @l 2004].
Lromms Leratigrapbs raeps

Aptche Lerben, 120 Vakngrrms
Doovllader Lambesd 1917 Aptimn - Turoman

3 'O ERS4 Agtmn - Renorman

Hercasier ene, DE4T Acpizen — Flocend
Haierier d Virbigry, (iS5 Hazerhias — Coromansn
Mhsrder Roona, 18RS Apizan — {orosmnmn

Apizan — Crrommnm=n
Fiorrboxias - Coromarman

Fnbemisdar Lambord, 1518
Tty Lambart, 1930

Systematic Paleontology
Matenials (reck samples and fossils thin-sections)
are housed m the depariment of geology. Islammc
Azad Unmerzity, Mashhad branch with prefix of
TIATUM. The specimens nse 1n this article with the
prefixes are as follow:
Ti3, TIAUM 6, TIAUM 7, TIAUM 10, TIAUM 12,
TIATM 15, TIAUM 17
Diagnostic features of Toxaster (Agazsiz, 1340)
Phybmm Echincdermata Elein 1754
Class  Echinoidea Leske 1778
Family Terasteridae Lambert 1920
Camos  Toxaster Arsziz 15440

The shell of the genus Toxaster 15 heart-shaped. The
anterior ambulacrom 1= 1 the desp groove whach
runs from the top to the antenor edse. where it
partly extends as far as the oral side. Postenior face
obliguely tuncates. The antenor ambulacra are
twice the posterior ambulacra. The ambulacra are
namrow and the rows of pores almost touch on the
aboral side of the shell Pawed ambulacra petalood;
petals flush; Mo fasciola have developed mm ths
gemis. Periproct 1= small and located towards the top
of postenor tuncated face. Penstome 15 small
subeircular and inchned shehtly towards the front.
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The countiess zmall tubercles are perforated and
serrated on the ciroumference (Tvanov ef al . 2003,
They are mfaumal anmals.

Important remarks; Toxaster differs from Epaster in
having laterally elongate pore-pans in the antenor
ambulacrum  aborally that resemble those 1n the
paired ambulacra. It also differs from Heteraster 1n
having the two columm= of pore-pars egually
developed i the pared petals.

Toxaster remevieri Wnght
Sample Mo, TIATUM 17
(Pl 1.Fig 1;PL 3, fip=. 1.5)

Descnption: The anterior ambulacre are teice the
postenior. The antenor ambulacra {the nzht and left
one) are curved but thas formation 15 so weak 1n the
posterior ones. The interambulacral plates are
almost preserved 1 thas specmmen. The anal opening
15 clear 1n the posterior side. In antenor part, the
night lobe 15 upper than the left lobe and this 15 the
most important character in recogamzation of ths
spices. Its lenpth 15 about 2.5 em. Two specimens of
Age: Early Cretaceons.

Oeowrences: TA-160 & TA-161.

Toxaster collegmii Sismonda 15843
Sample No. TIATUM 7

(PL 2:Fig. 1)

Deseription: The antenior ambulacrz are twice the
postenior. The curvedness of antenor ambulacra 1s
clear. There are g tubercles m oral and aboral
sides of this specimen. Labrum 1= clear m 1t The
species's length 15 about 3.5 em.

Age: Index for Aptan

Oeceurences: TA-148 — TA-1518 & TA-152 — TA-
156.

Towaster granosus 4" Crbigmy 1853
Sample No. TIATM 3
(PFL1.Fig 3;PL3 Fig. 3)

Deseription: The antenior ambulacrz are twice the
posterior ambulacra. The nght and lefi ambulacra
curve In anferior part 15 weak and tends to be
stranght The anal opening 1= clear 1n postenor part
of the specimen. There are big tubercles in oral and
aboral sides. The spectes's length 15 abowt 3 cme

Age: Valangiman,

ODeeurences: TA-145 - TA-151B.
Phyhmn Echinodermata Elein 1754
lass  Echimoidea Lesks 1773
Family Texasteridae Lamber 19230
(renus  Heveraster d'Ocbigny 1833

The test 15 ovate with shallow but disiinet antenor
sulcus. Test 15 sub-quadrate 1n outline, longer than
wide. The postencor face 15 tuncate. Apical dise 15
ethmopbract with fouwr gonopores. Antenor
ambulacrum sunken from apex to penstome. Pore-
pairs are heterogeneons and formed of 2 mxhe of
elongate petal-tvpe’ pores and smaller coreumflexed
pore-pamrs. Oiher ambulacra are petaloid and flush,
Anterior petals are flexed forwards. Penstome 1z
subcircular and facing dowmwrards. Aboral tubercles
are small scattered and set in a groundmass of fine
grammles.

Important remarks; Heteraster differs from Toxaster
in having pores o the frontal ambulacm 2 mecure
of wide and pamow forms as 1t desenbed before.
Alzop the antencr petals have fewer plates m the
anterior column than the postenor column. This [ast
character 1t shares with Washitzster, which diffar=
ooly in having the apecal dise more towards the
posternior and the fromtal ambulacrom  more
excavated and enlarged. Washitaster 1= therefore
treated as a subgenus of Heteraster (Villier er al.
2001).
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Text-Fiz. 1: A:—:hitectm:l t_'..'pe*s c-f ﬂ:ua apical
system. A apical system in Heteraster of delpadod
(drawing by Taherpour, M) B, apical system m
Toxaster refusus (drawing by HHM).

Text-Fizg. 2: Architectural types of the ambulacra
and the posiion of pawr-pores. A, ambulacra and
pair-pores 1t Heteraszfer. B, ambulacra and pam-
pores m Toxaster. {drawing by Taberpour, M)
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Heterasier sp. 1
Sample Mo. TIAUM 6
(Pl 1. Fig 2:P1 3, fig= 2 15)

Description: The antenor ambulacrz are twice the
postenior. The anferior and postenior ambulacra are
thicker than the omes 1 other species. The amal
opeming 15 not clear. The mterambulacral plates are
almost preserved m this specimen Thers are g
fubercles mm oral side wlhile the ones 1 aboral =ide
are manly wasted. The species's length s about 3
crL

Age: Bammemman-Apfhan.

Oecurences: TA-148 — TA-1518 & TA-152 — TA-
156.

Heteraster sp. 2
Sample MNo. TIAUM 12
(Fl. 1, Fig. 4; P1 3, fig=. 4,7.8; PL 4, Fuiz. 1}

Description: The antenor ambulacra are twice the
postenior. The anterior ammbulacm 15 shallow. The
anal openmmg and mterambulacral plates are not
preserved 1o this specimen. There are bag tubercles
m oral side while the ones in aboral side are mainly
wasted. Apical system with all parts 15 preserved as
well. ThETEElEalmgﬂﬂ.hal}ﬂlﬂ.'S CO.

Age: Barremuan-Apfan,

Oecurences: TA-148 — TA-1518 & TA-152 —
156.

TA-

Heteraszter of. delgadoi de Lonol 1888
Sample Mo. TIATUM 15
(Fl.2.Fig: 2, PL4 Fug. 1)

Description: The anfenor ambulacrz are twice the
postenior. Postenior ambulzcra are curved. Pore pairs
are visible in artenior ambulacra. There are primary
and secnnda.l} fubercles mm orzl and aboral sides of
this specimen. Apical system wnth all parts 15
preserved as well,

Age: Early Cretacecus (index for Urgomen).
Cecurences: TA-152 - TA-136.

Phylum Echmodermata Elein 1754
Class Echincidea Leske 1778
Famuly Hemucidaroida Bewrlen 1937
renus  Lonoha Neumawr 1881

Tts test 15 depressed, flattened above and below and
rounded. The apical dize 15 large and in pentagonal
shape. The ambulscra are strmght There are
prmary and secondarvy fubercles om the test
Interambulacral plates are wader and there are
prmary tubercles om 1t. The arecles are large.
Ambulacral and mterambulacal tubercles are
simalar in size, perforate and crenulate. They are
Important remarks; Lonoha distimpmshed from
Polydiademz by its lack of phyllodes. It means that
n Polvdiadema there 1= adoral crowding of pore-
pawrs and the penstome 15 less sunken, whereas m
Lonocla the penstome 15 strongly sunken and pore-
panrs remain uniserial to the edge. Furthermors m
Lonclz the apical disc 15 penfagonal and projects
strongly into the postenor interambulacrom whereas
in Polydiadema the apical dise 1= more or less
cweular. Fmally in Polydiadema the apical dise 15
obviously smaller than the penstome, whereas m
Lonola the apical dise 15 larger than the peristome.

Loriolia sp. Meumayr 1881
Sample Mo, TIAUM 10
(PL 2. Fig. 3; FL 4, figs. 3-6)

Description: The ambulacrzl and mterambulzcral
plates are preserved distimetly in this specomen. The
prumary znd secondary fubercles are wimble. The
anal and mouth openng are covered by sediments.
The spectes's lengih 15 about 2 cm.

Age: Early Cretaceous (specially Neocomian-
Aptian).

Oecurences: TA-132

Conclusion

Cr investigations on the echmodermn fauna of the
Tugan Fommabon of the Arkan sallage nearby
Bojnourd cify was resulted i echinoderm species
such a2z Toxaster gramosmsz, Toxaster colleswmii,
Toxaster remevieri, Heteraster of delgadoi,
Heteraszter sp. 1., Heteraster sp. 2. and Loriolia sp.
Some of the zbove-menfioned taxa (Toxaster
renevieri, Heterazter of delgadoi, Heterazter sp.
and Loriolia sp.) are recorded from Kopeh-Dagh
region, northeastan Iren for the first tune. Bazed on
the stratigrapluc dismbution of the above-menhoned
echinodem species 2 Bamemuan-Aptian age 1=
assigned to the Togan Formation NMoreover,
companson of lithofacies and biofacies of the
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Tirgan Formanion of the stedy area wnth the
Urgomien facies m Furope, suggests a close
relabionshap.
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Plate ]

Plate 1: 1. Toxaster remevieri (Wright), A: Aboral view, B: Oral view, C: Posterior view, I Lateral view (1.1X). I
Heveraster sp. 1., Az Aboral view, B: Oral view, C: Lateral view (1X). 3. Tevazter granosns (d"Orbigny), A: Aboral view, B:
Oral view, C: Posterior view, Di: Lateral view (1X). 4. Heserasrer sp. 1., A: Aboral view, B: Oral view, C: Posterior view, D:

Lateral view (1X).
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Plate 2: 1. Texawer collepmai (Sismonda), A: Aboral view, B: Oral view, C: Lateral wiew (1.2X). 1. Heferasier of. delpadai
{de Loricl), A: Aboral view, B: Lateral view, C: Posterior view (1.2X). 3. Loriolig sp. (Weamayr), A: Aboral view, B: Oral
view, C: Lateral wiew {2X).
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Plate 2: 1. Texaner collepmaod (Sivmonda), A: Aboral view, B: Oral view, C: Lateral view {1.2X). I Hererasier of. delpadoi
(de Lorial), A: Aboral view, B: Lateral view, C: Posterior view (1.2X). 3. Lorigfiz sp. (Menmayt), A: Aboral view, B: Oral
wiew, C: Lateral view {2X).
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Plate 4

Plate 4: 1. Ambulacral plates in Hereraseer 5p. 1. (another view) (25X 1. Preserved apical system im Heverawter of. delpadad
{25X). 3. Primary and secondary fabercles in Loriolig sp. (15X). 4. Ambuolacrum shape in Lorfoli sp. (25X 5. Ambulacral
plates im Loripla sp. (25X). 6. Interambulacral plates and primary tobercles in Loriefig sp. (25X).
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