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The message of scientific secretary of the congress
Iranian plateau and microcontinents form a main part of Alp-Himalayan folded and faulted belt which
contains geological history of this domain. Obviously such complicated area involved huge and
valuable data in different point of views such as Lithostratigraphy, magmatism, metamorphism and so
on. In this frame, Jurassic period is one of the most important periods in geological timescale and at
the same time in this area, because of its importance in geodynamic processes, fractionation of
continents, extensional and pressional processes in lithospheric scale and different tectonosedimentary zones.
Holding on the 1st International Congress on Jurassic of Iran and Neighboring Countries that
organized by Geological Survey of Iran (north east territory) is a great opportunity for analyzing of
previous studies, present new data and making decision on working on the data gaps. In this way, we
are looking forward to have your attention suggestion and contribution.

Dr. Mahmoud Ahmadzadeh Heravi

The message of executive secretary of the congress
In Iran the 60s and 70s decades were golden stages in the field of geological investigations, especially
in general stratigraphy. Regional mapping have been started and many type sections introduced to the
lexicon of stratigraphy. Most of geological maps in scale of 1:250,000 in different tectonostratigraphic domains were published and first and second groups of scientists in geosciences
knowledge prepared a strong foundation for field studies. Then mapping in scale of 1:100,000 have
been started and Geological Survey of Iran opened a new window on other fields of geological studies
such as geochemical exploration, mining activities, geotechnic, engineering geology and etc.
After a while, little by little, stratigraphy is placed by other programs and indirectly stratigraphy was
not in the top of geological investigations any more, however some people interested in stratigraphy
as previously stated. They were following the previous manner especially in frame of mapping
projects.
The second and more important event in geological investigations in Iran was occurred after Islamic
revolution, when the universities started to improve their geological departments and students in
master and PHD degrees published their data and a huge amount of data introduced in the absence of
an active National committee on Stratigraphy!
At the same time with this situation some of foreign geologists independently or in joint venture with
Iranian geologists published their researches which have been done in Iran. These are enough to
govern controversy on different data and one could not trust which of them are correct! This process
continues at this time yet.
It seems that we should try leaving public trend in our researches and focuses on special subjects for
preparing map roads in different fields of geological investigations. In this point of view the First

International Congress on Jurassic of Iran and Neighboring Countries (ICJI) is trying to open
new strategy which resulting the best conclusion of previous data and answer to the open questions on
Jurassic of the area for next steps.
We would invite Jurassic researchers Iran, neighboring countries and geologists other countries, who
has worked in this area. They will present their finding and hear other people and discuss about
different aspects of Jurassic of the region. We have organized the congress on the following main
titles:
-Stratigraphy & Paleontology
-Sedimentology & Sedimentery environments
-Tectonic & Geodynamic
-Economic geology
-Petrology & Magmatism
-Geotourism
Obviously as Iran and this region is one of the main part of folded and faulted Alpo Himalayan belt
understanding more about here will be a good opportunity for you and at the same time there will be
chances for field observations and new experiences in NE Iran!
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Abstract
Numerous non-dinosaurian footprints are document here from Shemshak Group of Shiruyeh
area, west Binalud Mountains, northeast Iran. Footprints are classifiable in three
morphotypes: the short tetradactyl pes and manus imprints of tetrapod with complete sole
imprint; scratch imprints of disjointed five digits in pes and manus of tetrapod; and small to
long bifurcated imprints, pairs of footprints are jointed each other or they are segregated as
circular imprints. Most probably, these footprints are swimming imprints of Testudinata
(turtles).
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Introduction
Shemshak Group (Norian Callovian) is main heed for Mesozoic vertebrate ichnology in the
middle Iranian plateau, so that all of Jurassic dinosaurian or non-dinosaurian footprints from
Alborz mountains and central Iran have been reported from this group (Lapparent &
Davoudzadeh,1972; Lapparent & Nowgol Sadat 1975; Abbassi 2006; Abbassi and
Madanipour 2014; Abbassi et al. 2015; Xing et al. 2017). These opportunities are resulted
from nature of non-marine deposits of the group (Fürsich et al. 2009; Wilmsen et al. 2009a).
It seems that, study and documentation of vertebrate footprints from Shemshak Group is
important for reconstruction and evaluation of vertebrate paleobiodiversity of Jurassic period
of Iran. Most of reports of Mesozoic vertebrate footprints from Iran are dinosaur footprints
and there is only one report about non-dinosaurian footprints from Kerman area, southeast
Iran, which is related to corcodylomorph footprints (Abbassi et al. 2015). This report is
second document about non-dinosaurian tracks from Mesozoic of Iran, most probably was

remained by Testudinata (turtles). Founded footprint were studied from middle parts of
Shemshak Group, that survived in the northwest of Shiruyeh, west Binalud Mountains,
northeast Iran, located at

08.20

23.10

altitude.

Binalud and Kopeh Dagh geological zones contact each other in the south of Bojnurd area.
Binalud is considered as trial of eastern Alborz Mountains and includes either Alborz
Mountains or central Iran Paleozoic and Mesozoic rock units (Stöcklin 1968, Eftekhar Nejad,
1980). Shemshak Group crop outs as same as Alborz Mountains in the Binalud area, this rock
unit, however is named as Kashafrud Formation in the Kopeh Dagh region. Shemshak Group
is subdivided into Arefi, the Bazehowz and the Aghounj formations in the east Binalud
Mountains and is Lower lower Middle Jurassic in age (Wilmsen et al. 2009b). Sediments of
Shemshak Group includes alternation of plant-rich sandstone, siltstone and shale layers in the
Shiruyeh area, west Binalud, with 660 m in thickness (Fig. 2). No data is available about
dating of Shemshak Group in this section, in details, and it is considered as Lower to Middle
Jurassic in age in the Shiruyeh area.

Description of Footprints
Eight track bearing slabs (mean size 30 × 40 cm) of fine-grained green to brown sandstone
and siltstone include more than 350 convex hyporelief footprints. All tracks show same
movement direction in each dislocated slabs.
Morphology of footprints show same track-makers as five digit imprints in the pes and manus
imprints in the well preserved footprints. There are sparse straight to curved tail imprints,
also. These footprints are classifiable in three morphotypes as following as:
Morphotype 1 This morphotype includes tetradactyl pes and manus imprints of quadruped
animal. Tip of digits is sharp without clew imprint. Digits are jointed in the distinct sole
imprint in the pes, but imprint of digits of manus are isolated. Footprint length of pes and
manus is 1.5 cm and 0.5 cm, and footprint width of pes and manus is 1.2 1nd 1.5 cm,
respectively. Frequency of morphotype 1 is rare, and includes 5 footprints.
Morphotype 2 this morphotype shows moderate frequency and includes five digit imprints
in pes and manus in the well preserved specimens. The specific features of morphotype 2 are
thin, long, straight, slightly curved, terminated in clews and usually fork-shaped imprints. All
digit imprints show scratch imprint. The size of footprints is same as morphotype 1.
Morphotype 3 The most frequent of studied footprints includes morphotype 3, which are
small to long bifurcated imprints, pairs of footprints are jointed each other or they are

segregated as circular imprints. Number of digit imprints differ from 1 to 4. Distinguishing of
pes and manus imprints in this morphotype is impossible. Footprints length and width are 1
cm and 0.5 cm.

Discussion
Imputation of footprints to certain track-maker(s) needs authentic and sufficient documents,
which may influence by biologic and non-biologic factors. Mesozoic non-dinosaurian
footprints may attributable to diverse archosaurian track-makers. It seems that, however, all
of studied footprints have been remained by one kind of track-maker, that confirm by either
morphology or size and orientations of footprints. Amphibians, crocodylians and Testudinata
are main candidate for track-maker of Shiruyeh footprints.
In the Recent amphibians, all frogs possess well-developed limbs and girdles. Salamanders
and frogs have only four, or sometimes fewer, digits on the forefeet. The missing digit in
frogs and salamanders is the fifth or postaxial (outer) digit. The hindfeet of anurans and
salamanders usually retain all digits, but if one is lost, it is also the fifth digit (Vitt and
Caldwell 2009). Amphibians footprints include rounded digit tip with wide interdigital
angles.
Early to Middle Jurassic crocodylian footprints are known commonly by ichnogenus
Batrachopus in many regions (Lockley et al. 2010). This ichnogenus is considered as small
quadrupedal archosaurian ichnite. The manus has five toes and is usually rotated so that digit
II points forward, digit IV points laterally, and digit V points posteriorly. The pes is
functionally tetradactyl and digitigrade. Digit V of the pes, when impressed, is reduced to an
oval pad posterior to and nearly in a line with digit III. Digit III of the pes is longest and digit
I is shortest (Olsen and Padian 1986). Batrachopus shows thick digit imprints. There are,
however some reports about Jurassic crocodylian footprints as short to long and slender digit
imprints (Romano and Whyte 2010, Lockley and Foster 2010). Crocodyles have five and four
digit imprints in manus and pes, and some of well-preserved footprints of studied section
show five digit imprints in pes and manus. The main characteristic of the crocodilians
footprints, however, is in having digit III as the longest and a pronounced heteropody. The
manus is much smaller than the pes, has five toes and is usually rotated so that digit II points
forward, digit IV laterally and digit V posteriorly. The pes is functionally tetradactyl and
digitigrade (Avanzini et al. 2005).

The studied footprints resemble to turtle footprints. Modern turtles such as Chrysemys picta
marginata or Geochelone elephantopus, however have diverse track morphologies, which
largely controlled by speed of the turtle and substrate composition. Chrysemys picta
marginata has wide trackway with elongate digit scrape marks and Geochelone elephantopus
has widely spaced sets of scratch marks at an accelerated pace across a dry sandy substrate
and narrow raised lip around the edge of the track. Also note that claw marks are only present
for three of the digits in a wet, sandy substrate or with sets of scratch marks in the wet muddy
substrates (Walker 1971, Fiorillo 2005). Turtle have five digit imprints in manus or pes with
or without circular sole imprint in the walking. In most of geological records of turtle tracks,
they show partly or completely scratch marks and three or four digit imprints (Moratalla
1993, Foster and Lockley 1997, Gaillard et al. 2003, Avanzini et al. 2005). These scratch
marks are attributable to swimming imprints along the bottom, using a sprawling step cycle
that produced occasional incomplete tracks and movement of the tail may have also produced
associated zig-zag pattern of sediment disturbance around the tracks (Foster and Lockley
1997).
We interpret studied footprints as walking and swimming tracks of Early-Middle Jurassic
turtles which have been remained in the shallow water of terrestrial environment, which had
been common in the Shemshak Group basin.
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Fig. 1- map showing location of track site of Shiruyeh.

Fig. 2- Field photographs of some of slabs of studied footprints, scales are in cm for A and B;
and long of pen is 14 cm for C.

Fig. 3- Main morphotypes of footprints of Shemshak Group in the Shiruyeh.

Introducing the Mid-Kimmerian Tectonic Event in Iran
Seyed Ali Aghanabati
Research Institute for Earth Sciences in Geological Survey of Iran, Tehran, Iran
Abstract
A closer look at the Alpine tectonic events reveals that the first upheavals occurred in Middle Triassic
resulting in significant changes in paleogeographic conditions of Iran. Consequently, these
movements transformed the Late Precambrian-Middle Triassic prevailing platformal settings into
lagoonal-lacustrine settings. In addition to paleogeographic changes, the Middle Triassic tectonic
movements resulted in folding, emplacement of intrusive bodies and metamorphism that are referred
to as Early Kimmerian event in the literature. Many geologists are of the opinion that the second
Alpine tectonic event has taken place at the Jurassic-Cretaceous boundary and was accompanied by
folding (in Central Iran), formation of paraconformities (in Alborz, Kopet Dagh and Zagros),
emplacement of intrusive bodies, and metamorphism. This latter event is known as Late Kimmerian
tectonic event.
Geological investigations on the west of Tabas show that the sedimentological characteristics of the
successions occurring between the Early and Late Kimmerian events allow their division into two
separate sedimentary cycles (Aghanabati, 1972). The lower cycle is dominated by fossiliferous shale
and sandstone with coal intercalations, which points to lagoonal continental environments of
deposition, while the upper cycle mostly comprises marl and limestone characterized by marine
fossils (e.g. ammonites) of moderate depths. The first cycle has developed during Late Triassic-late
Early Jurassic (at places up to early Middle Jurassic), whereas the second spans over Middle Jurassiclate Late Jurassic). The boundary between the two cycles is marked by an event (Aghanabati, 1975)
that has caused development of paraconformities, angular unconformities, igneous activity and
metamorphism in different parts of Iran, thus proposed as Mid-Kimmerian event.
The Evidence
The geological finds that are considered as the
signs of the Mid-Kimmerian tectonic event are
as follows:
- Erosional surfaces
The early Middle Jurassic event is marked by
cessation of sedimentation and erosion in a
large extent of Northern and Central Iran, e.g.
the late Bajocian successions of southern
Alborz (Dalichai Fm.) are separated from the
underlying mid-Bajocian by a quartzitic
conglomerate clastic unit (Seyed-Emami et al.,
1990). However, in northern (Jaam area;
Alavi-Naini, 1972) and middle (west of Tabas
to north of Kerman; Aghanabati, 1972) parts
of Central Iran, the said erosive phase is
marked at the base of early-middle Bathonian
successions (Parvadeh Fm.-Baghomshah Fm.)
in the form of a paraconformity. The nature of
this unconformity changes within a distance of
30 km towards northwest Tabas (on flanks of
Mount Ashlon) to an angular (15º)
unconformity between the early-middle
Bathonian (or older, e.g. early Carboniferous)
sediments and the overlying Middle Triassic
(Stocklin et al., 1965; Ruttner et al., 1968) and

late Early Jurassic (Aghanabati, 1975); the
upper succession is marked by a conglomerate
horizon at its base. At Naybandan and
Lakarkuh areas, the mid-Bathonian limestones
overlie the different early Jurassic (Hejedk
Fm.) or even Late Triassic (Nayband Fm.)
lithological units with a sharp transgressive
contact (Klyver et al., 1983a and b).
- Highlands
Middle and Late Jurassic successions do not
outcrop in many parts of Central Iran and
Alborz, and transgressive Early Cretaceous
(Aptian-Albian) deposits conformably (in
Alborz) or unconformably (in Central Iran)
overlie the Early Jurassic successions
(Shemshak Fm.). Absence of Late Jurassic
hard and cliffy limestones (Lar Fm. of Alborz
and Esfandian Fm. of Central Iran) point to
development of highlands due to early Middle
Jurassic tectonic upheavals.
- Plutonism
Numerous igneous intrusions of varying sizes
have been recognized in many parts of Iran
which are considered to be of Late Jurassic
affinity because they intersect the Jurassic
successions and are overlain by Early

Cretaceous (Aptian-Albian) transgressive
deposits with non-conformable contacts.
However, the following points must be borne
in mind:
A. The youngest deposits intersected by these
granitic bodies are everywhere Late TriassicEarly Jurassic (Shirkuh Granite, Kolahghazi
Granite, Shahkuh Granite and Charfarsakh
Granite) and Middle-Late Jurassic successions
are never affected.
B. Radioactive dating of some intrusions point
to Middle Jurassic: e.g. 168±8 Ma for Airkan
Granite (Reyer and Mohafez, 1972); 175±10
Ma
for
Masouleh
tourmaline-bearing
pegmatitic granite (Clark et al., 1975); and
153±5 Ma for Torbat-e Jaam granite
(Eftekhar-Nezhad et al., in press).
C. Red-colored clastics (Sangestan Fm.) at the
base of Aptian-Albian limestones which
overlie Shirkuh Granite at Yazd area contain
Late Jurassic fossils (Parto Azar, 1981).
D. At Miami area to the east of Shahrood, Late
Jurassic deposits overlie the granites that have
intruded the Early Jurassic successions with a
non-conformity contact (Khan Nazer, pers.
comm.).
Taking into account the above-mentioned
facts, it can be concluded that most of the
intrusives assigned to Late Jurassic time are
most probably younger and must be associated
with the Early Jurassic tectonic event.

- Volcanism
Few meter thick volcanic lava horizons of
pyroxene andesite occur in between alternating
limestone, shale and sandstone succession in
Torud area (to the northwest of Sahl village),
which are limited in extend. These rocks are
sometimes brecciated (Hushmandzadeh et al.,
1978). Since similar lava flows elsewhere are
of Middle Jurassic affinity, formation of these
rocks is attributed to post-Early Jurassic preLate Jurassic tectonic upheavals.

- Metamorphism
In the median section of Sanandaj-Sirjan
tectonic zone at Eqlid area, Early Jurassic
clastic rocks (equivalent to Shemshak Fm.) are
metamorphosed and are unconformably
overlain by Late Jurassic conglomerate
deposits (Hushmandzadeh et al., 1990). This
metamorphics which are of relatively low

(greenschist) grade is also associated with
post-Early Jurassic pre-Late Jurassic tectonic
upheavals.
Alternating schistose limestones, andesites and
especially dark grey shales and sandstones are
exposed Hamedan area which are obviously
metamorphosed (Berberian, 1972) with
conspicuous schistosity but lacking noticeable
lineation. The timing of this supposedly highpressure metamorphism is estimated to be Late
Jurassic although at Mount Khangormaz
(Geological Quadrangle Map of Hamedan) the
same metamorphic suite is overlain by Late
Jurassic limestones with a basal clastic unit,
which has no signs of metamorphism. The
positioning of unmetamorphosed Late Jurassic
limestones over the metamorphosed shales of
Hamedan confines the metamorphic processes
to pre-Late Jurassic interval of time. Dehsalm
metamorphic occurring to the east of Lut
Block comprise two distinctive parts (Stocklin
et al., 1972); the lower portion i.e. the older
succession consists of marble along with schist
and amphibolite, whereas the upper portion i.e.
the younger succession includes phyllites and
garnet- and graphite-bearing mica-schist. The
metamorphic grade of both the successions is
the same, and wherever both are present, they
have a conformable relationship. The
lithological composition and stratigraphic
order of these metamorphic is comparable with
the unmetamorphosed Late Triassic (Nayband
Fm.) or Early Jurassic (Shemshak Fm.)
successions. Considering the conformability
and similar metamorphic grade of the two
successions it can be deduced that the
metamorphism of the said deposits must have
occurred later than Early Jurassic.

Conclusions
The above-mentioned erosions, tectonic
uplifts, magmatism (intrusive and extrusive)
and metamorphism point to occurrence of a
geological event that has affected large parts
of Iran. In Central Iran (Tabas area), the first
beds that follow this event are of early-middle
Bathonian affinity, and hence, the event was
formerly referred to as Bathonian tectonic
event (Aghanabati, 1975; Aghanabati and
Saeidi, 1981). Seyed-Emami et al. (1990)
studied the ammonite fauna of Jaam area and
on the basis of index species found in the basal

transgressive deposits, revised their age to
Bajocian. Consequently, the tectonic event
was considered to have occurred in between
early and late Bajocian and was called Lutian.
A revision of the ammonite fauna of Tabas
area (Seyed-Emami and Aghanabati, 1991)
confirmed the occurrence of the tectonic event
in Middle Jurassic during the Bathonian.
Conclusively, it must be accepted that the
Bajocian event was totally different that the
Bathonian or the event has been diachronous
in different parts of Iran. Considering the
widely accepted Early Kimmerian and Late
Kimmerian terms in Iranian geological
litherature, it is proposed to call the said event
Middle Kimmerian in regional assessments.
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Error vacuo, detecting structures in poorly calcified Jurassic dasycladales.
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Abstract
Several Jurassic dasycladalean genera (e.g. Pseudoclypeina, Palaeodasycladus, Eodasycladus,
Chinianella and Cylindroporella) show a complex structure which is made more difficult to
interpret by a deficiency of calcification. This lack of calcification delates part of the original
structure and complicates the work of the specialist in interpreting the algal anatomy and
assigning the right systematical status. A key of interpretation is given and case histories are
discussed.
Key words: Paleoalgology, Dasycladales, Systematics
Introduction
Error vacui , as a sort of pun, recalls horror vacui (i.e. from Latin "fear of empty space"), it can
.
The study of fossil Dasycladales is commonly made on detecting the parts of the alga preserved
by calcification. The distribution of calcium carbonate around the alga is sometimes useful to
distinguish taxa at species level, but the calcareous skeleton fundamentally is the only mean to
infer the anatomical elements of the alga. Ornamentation is added to pores and cavities
produced by a deficiency of calcification may cause structural misinterpretation. In the present
paper, some case studies from Jurassic taxa are provided. Several genera (e.g. Selliporella,
Pseudoclypeina, Palaeodasycladus, Eodasycladus, Chinianella and Cylindroporella) show a
complex structure. The lack of calcification delates part of the original structure and
complicates the work of the specialist in interpreting the algal anatomy and assigning the
correct systematical status even to family level.
Calcification: function and distribution
Dasycladales may produce lime secreting mucilage coating soft parts. From a mineralogical
point of view calcium carbonate precipitates as aragonite with a minority of other minerals
(Berger & Kaever, 1991), but few fossil counterparts tes fy the produc on of an original
skeleton of fibrous calcite (e.g. Pseudoclypeina distomensis, Clypeina sulcata). Calcification
mostly accumulates around laterals and less frequently around the central stem, therefore it is
extracellular. Examples of intracellular calcification are known in fossil and extant species (e.g.

Triploporella remesi and Acetabularia schenckii), they are related to reproductive organs.
Calcification probably is functional to reproduction as protection of gametangia and
gametophore against intense sunrays (De Castro, 1997). The solar shield e ect is obtained with
different strategies: a) peripheral shield, i.e. a calcareous thin layer set close to the cortex
leaving the internal volume completely uncalcified (e.g. Bornetella oligospora); b) calcareous
sleeve, external reproductive organs (e.g. choristosporate) can be coated or not (e.g.
Cymopolia); c) calcareous sheath preferentially coating external gametophores (e.g. Neomeris
annulata); d) intracellular calcification filling the space among gametangia (cysts, e.g.
Acetabularia schenckii); e) intracellular calcareous thin layer coating each gametangium
separately (e.g. Chalmasia antillana).
Pores, compound pores and empty spaces
The te
the close relationship between pore and lateral is verified when calcification was adhering to
lateral shape at various
degree. In general, pores showing an irregular outline, lateral protuberances, lateral fusion,
countersinking, could be a sign of a loose pore/lateral relationship. Whatever it is the
relationship, closer or looser, the pore states the cavity once was occupied by a lateral. The
possibly are the result of a deficiency of calcification around a tuft of secondary laterals (e.g.
Dinarella kochi, Fig. 1a), laterals with a terminal gametophore (Eodasycladus alanensis, Fig. 1c),
laterals with goniosporate gametophores (Cylindroporella? liasica, Fig. 1b). Such pores can be
Analyses of compound pores in different cuts and regions of the
thallus can cast light on the elements delated by deficiency of calcification. Barattolo & Parente
(2000) have shown that Uragiella liasica Lebouché & Lemoine, 1963, considered cladospore,
shows a gametophore aside the primary lateral, the two forming a single large compound pore
(Fig. 1b). Consequently, the taxon has been transferred to the genus Cylindroporella, that
means from the family Triploporellaceae to Dasycladaceae.

Fig. 1 Examples of compound pores. The
deficiency of calcification affects: a) the tuft of
secondary laterals, Dinarella kochi, redrawn from
Sokac & Nikler, 1969; b) the primary lateral and
the gametophore, Cylindroporella ? liasica;
redrawn from Barattolo & Parente, 2000; c) The
short primary lateral, secondary laterals, part of
tertiary laterals and gametophore, Eodasycladus
alanensis, redrawn from Bara olo et al., 2012.
Right: grey, (half) central stem and laterals;
white, cavities; yellow, calcification. Left: white,
(half) central cavity, pores and empty cavities,
black, calcification.

Taxa with spaced whorls o en show ar culated calcareous skeletons (annula on, Pia, 1920).
Annulation is widely open outwards, but sometimes a stronger calcification can produce empty
spaces closed within the calcareous sleeve (Fig. 2). The empty space between whorls possibly
did not e ace any organic structure (Fig. 3a), that is they were mere empty space. However,
interposed uncalcified whorls once occurred alternated to those calcified. This fact can be
demonstrated in the Paleocene Hamulusella liburnica (Bara olo, 1998) and Uteria brocchii
(Gènot, 1993). The Lower Jurassic Chinianella ellembergeri (Lebouché & Lemoine, 1963) is
interpreted according Fig. 3b. As third possibility, the empty cavity once housed a gametophore
ached sideways to the primary lateral (Fig. 3c).

Fig. 2 Difference between annulation and internal
cavity.

Fig. 3. Interpreta on of internal empty
spaces. a) Empty cavity produced by a
deficiency of calcification; b) space formerly
occupied by a fertile primary lateral; c) space
formerly occupied by a gametophore set
aside the lateral.

Large empty spaces
They are large cavi es a aining more than 50% of the volume formerly occupied by laterals.
Two possibilities can be listed: a) intermediate empty space and b) empty room.
skeleton is preserved (Figs. 4-5). The central stem is typically coated by a thin calcareous sheath
(proximal sleeve) showing pores related to the initial part of laterals. Therefore, in this
situation, it is possible to deduce the number of pores in a whorl (w) and the height between
whorls (h). The outer layer consists of a calcareous shield (De Castro, 1997). Example of IES
occurs in the Tertiary genera Uteria, Zittelina, Dactylopora. The calcareous shield allows to
detect the number of distal pores contained in the ver cillar band (Fig. 5), whose height is
equal to h. The proximal number of pores in a whorl (wprox) can be compared with the number of distal
pores (wdist) occurring within the verticillar band. wdist-wprox ratio allows to esteem the order of
ramification and number of pores in a tuft.

Fig. 4. Fer le region some mes is protected by the
peripheral shield and a proximal calcareous sleeve may
also occur, thus forming a large intermediate empty space.

Fig. 5. The proximal number of pores in a
whorl (wprox) can be compared with the
number of distal pores (wdist) occurring
within the verticillar band. wdist-wprox ratio
allows to esteem the order of ramification
and number of pores in a tuft.

-shaped thalli (Fig. 6). The
calcareous skeleton is reduced to a peripheral shield, thus leaving the internal part completely

empty. The lower part (stalk) commonly is stronger calcified then the fertile upper part (head).
The transition between the two parts (fitting sleeve) often allows to infer the deleted
uncalcified parts. A lot of Jurassic genera (Palaedasycladus, Fanesella, Sestrosphaera, Tersella,
Granieria, Petrascula) display this sort of calci ca on (Bara olo & Bigozzi, 1996; Barattolo et al,
2008; Pia, 1920; Romano & Barattolo, 2009).

Fig.
shaped thallus. The lower part (stalk)
commonly is stronger calcified then the fertile
upper part (head). The transition between the
two parts (fitting sleeve) often allows to infer
the deleted uncalcified parts.

Fig. 7. Other examples of empty space. a) The
calcareous sleeve not attaining the central stem
characteristically is irregular (false stem surface).
b) A deficiency of calcification can fuse pores
together vertically and/or laterally in a whorl (c).
Laterals are joined to main stem through a small
pore, thus, large opening of pores inward
(countersinking) may denote a deficiency of
calcification (b and c).

Minor empty spaces
Other examples of empty space are related to a deficiency of calcification close to the central
stem or by proximity of laterals. When the calcareous sleeve does not attain the central stem, it
is characteristically irregular (false stem surface, Fig.7a). The deficiency of calcification can fuse
pores together vertically (Fig. 7b) and/or laterally in a whorl (Fig. 7c, like in the Middle Jurassic
Selliporella donzellii, Bara olo et al., 1992). Laterals are joined to main stem through a small
pore, thus, large opening of pores inward (countersinking) may be often related to deficiency of
calcification (Fig. 7b and c).
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Abstract: The newest results of micropaleontological and sedimentological investigations of the
Upper Jurassic-Lower Cretaceous carbonate succession in northeast Serbia, Carpatho-Balkanides
are presented and compared to northwest Iran. On the basis of determined calpionellid
association dominated by the representatives of calpionellid genera

Tintinnopsella,

Crassicollaria and Calpionella the investigated limestones are assigned to the Upper TithonianLower Berriasian. Petrographic analysis of thin-sections led to the recognition of three basin
microfacies types: bioclastic wackestone, bioclastic peloidal wackestone/packstone and
mudstone. These microfacies characterize the SMF 3. A pelagic toe-of-slope Facies Zone was
recorded in both areas. In order to make comparison of microfacies and calpionellid
assemblages, the Shal Formation is selected in northwest Iran.
Keywords: Upper Jurassic-Lower Cretaceous, Getic, Carpatho-Balcanides, NE Serbia, Shal
Formation, NW Iran, calpionellids.
Introduction
This study aims to present the results of biostratigraphic and sedimentological investigation of
the Upper Jurassic-Lower Cretaceous pelagic carbonates in further northern parts of the Getic of
Carpatho Balkanides that represent the equivalents of Romanian South Carpathians south of the
Danube River. Well exposed pelagic succession at Jelenska stena quarry, Danube Gorge
(Coordinates:

was measured and sampled. The Shal

stratigraphic section is located 1 km in the north of the Shal village and east of the Shahrood
River (Coordinates:

5

E;

N) (Fig. 1).

Limestones have been investigated using thin sections, while the carbonate classification
followed the scheme of Dunham (1962) which comprises mudstones, wackestones, packstones,
grainstones and rudstones. Microfacies analyses are based on the schemes of Flügel (2010).
Generic attributions of the calpionellid taxa and biostratigraphic division are based on the papers
by Reháková 1995; Reháková & Michalík 1997; Lakova et al. 1999; Petrova et al. 2012. The
thin-sections are housed in the collections at the Faculty of Geography, University of Belgrade
under inventory numbers which are referred to in the text.

Fig. 1. Location map of the studied Upper Jurassic-Lower Cretaceous carbonate succession in
northeast Serbia, Carpatho-Balkanides and northwest Iran
Geological setting of the Serbian stratigraphic section
In a past few decades, this area has been geotectonically considered as part of the
tectono-sedimentary zone within the Karpatikum (
&

Svrljig

&
terrane, one of the

several large Alpine geotectonic units of the eastern Serbian Carpatho Balkanides (Karamata &
terrane corresponds to the Getic
tectono-stratigraphic unit. The Upper Tithonian/Lower Berriasian pelagic succession at Jelenska
stena quarry overlies the Middle Jurassic sandy limestones, Oxfordian-Kimmeridgian limestones
It is transgressively overlain by a Neocomian carbonate deposits and Barremian/Early Aptian
Urgonian l

In the Jelenska stena quarry, the pelagic carbonate

succession attains a thickness of about 250 m. The Upper Tithonian/Lower Berriasian is
represented by grey and subordinately red-brownish thick bedded limestones. The uppermost 10
m of this succession are represented by marly limestones.
Geological setting of the Iranian stratigraphic section
In northwest Iran two formations cropped out in the studied area: The Shal Formation and Kolur
Formation.
The Shal Formation, with a thickness of 68.4 m unconformably overlies the Shemshak
Formation and underlies the Kolur Formation (Azimi et al. 2008).
The Kolur Formation, with a thickness of 227 m overlies the Shal Formation. The lower
boundary of the Kolur Formation continues gradually and upwards grades into Barremian/Aptian
marly limestones (Azimi et al. 2008).

Microfacies analysis of the Serbian stratigraphic section
The determined microfacies are bioclastic wackestone, bioclastic peloidal wackestone/packstone
and mudstone with pelagic microfossils (Fig.2). The microfacies characterize the SMF 3
pelagic lime mudstone and wackestones with abundant pelagic microfossils after Flügel (2010).
These represent the toe-of-slope Facies Zone.
Microfacies analysis of the Iranian stratigraphic section
At the base, the Shal Formation consists of silici-clastic facies (red and green glauconite
sandstones). In the sandstone unit, sandy limestones and thick-bedded, brownish limestones
include packstone microfacies topped by Calpionella-bearing limestone. The empty space of the
most allochems of these limestones is filled by the phosphate materials.

The Kolur Formation consists of alternation of creamy, marly limestone and bright gray marl,
which include the wackstone facies (in rare occasions: packstone and mudestone) (Azimi et al.,
2008).

Fig. 2. Thin-section photomicrographs of the determined microfacies types from the Upper
Jurassic-Lower Cretaceous carbonate succession in northeast Serbia, Carpatho-Balkanides,
showing characteristic component distributions and fabrics.a, bioclastic wackestone with micritic
matrix crossed by sparry calcite-filled veins; aptychi and filaments are present, sample 21; b,
bioclastic wackestone with micritic matrix and Crescentiella morronensis (Crescenti), sample
25; c, bioclastic peloidal wackestone/packstone with micritic matrix crossed by sparry calcitefilled veins; common bioclasts are textulariids, filaments and calcispheres, sample 29; d,

bioclastic wackestone with micritic matrix; longitudinal and transversal sections of
Crassicollaria intermedia (Durand-Delga) and Calpionella alpina Lorenz can be seen; filaments
and calcispheres are also present, sample 32; e, mudstone with micritic and microspar calcite
matrix and calcispheres, sample 36; f, bioclastic wackestone with micritic matrix crossed by
sparry calcite-filled veins; numerous longitudinal and transversal sections of calpionellids,
predominately Calpionella alpina Lorenz and Crassicollaria sp., sample 39.

Biostratigraphy of the Serbian stratigraphic section
The base of the succession is marked by rare occurrence of benthic foraminifera predominately
textulariids and Crescentiella morronensis (Crescenti). The calpionellid assemblages belong to
two calpionellid standard zones: Crassicollaria and Calpionella. Crassicollarians and small
spaerical Calpionella alpina are dominant. The calpionellid association consists of
Crassicollaria brevis, Crassicollaria intermedia, Crassicollaria massutiniana, Crassicollaria
parvula, Crassicollaria sp., Calpionella alpina, Calpionella sp., Tintinnopsella carpathica,
Tintinnopsella cf. remanei (Fig. 3). The existing callpionellid assemblages indicate a late
Tithonian-Early Berriasian age.

Fig. 3. Thin-section photomicrographs of the determined calpionellids from the Upper JurassicLower Cretaceous carbonate succession in northeast Serbia, Carpatho-Balkanides. a,

Crassicollaria brevis Remane, sample 31; b, Crassicollaria intermedia (Durand-Delga), sample
31; c, Crassicollaria massutiniana (Colom), sample 32; d, Crassicollaria parvula Remane,
sample 33; e, Calpionella alpina Lorenz, sample 33; f, Tintinnopsella carpathica (Murgeanu &
Filipescu), small form dominated in Tithonian, sample 33; g, Calpionella alpina Lorenz, sample
39; h, Tintinnopsella cf. remanei

Biostratigraphy of the Iranian stratigraphic section
Five calpionellid biozones were identified in the studied stratigraphic section. According to the
determined biozones the Tithonian-Hauterivian age is assigned for the Shal stratigraphic section:
Crassicollaria intermedia Taxon Range Zone, Calpionella alpina Acme Zone, Calpionellopsis
simplex-Calpionellites darderi Interval Zone, Calpionellites darderi-Tintinopsella longa Interval
Zone and Tintinopsella longa- Tintinopsella carpathica Interval Zone (Azemi et al. 2008).

Conclusion
The Upper Jurassic-Lower Cretaceous carbonate successions in NE Serbia and NW Iran were
deposited in a deep shelf margin along the northern margin of the alpine Tethys Ocean. Toe-ofslope environment prevailed in both study areas. The depositional setting of carbonate
successions corresponds to the standard facies zone 3 by Flügel (2010). Crassicollaria
intermedia and Calpionella alpina are the most common taxa in Upper Jurassic-Lower
Cretaceous strata in both regions. Comparisons of two regions reveal a lack of the Upper
Berriasian/Hauterivian calpionellid taxa in northeastern Serbia.
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The Jurassic rocks of the Iran Plate were deposited during a crucial time interval following the
closure of the Palaeotethys Ocean in the area (Early Cimmerian Orogeny in the late Triassic) and
the suturing of the Cimmerian terranes to Eurasia (Turan Plate) around the Triassic-Jurassic
boundary. Moreover, commencement of subduction of the Neotethys in the south, the MidCimmerian Tectonic Event (Bajocian), and formation of a large backarc basin (South Caspian
and Kashafrud basins) in the north influenced the sedimentation pattern during the Jurassic
Period to a large extent (e.g., Wilmsen et al. 2009a; Brunet et al. 2009), in addition to a major
change in climate.
The rise of the Cimmerian mountain chain in the area of the present-day southern Caspian Sea
determined the sedimentation pattern in the Alborz Mountains, which developed into a postorogenic peripheral foreland basin during Hettangian Pliensbachian times (Fürsich et al.
2009a). In the northern Alborz, conglomerates of the Javaherdeh Formation were deposited as
alluvial fans, documenting erosion of the rising mountain range. Towards the south, they
interfingered with fluvio-lacustrine and finally marginal-marine to coastal plain sediments
(Alasht Formation). From the Toarcian onwards marine conditions spread northward,

characterized by storm-dominated siliciclastic shelf sediments of the Shirindasht Formation,
commonly organized in asymmetric high-frequency cycles. During the Aalenian, deepening in
the southern Alborz Mountains documents the initial opening of an E-W oriented Neotethys
backarc rift-basin that became filled with fine-grained siliciclastic sediments of deep shelf origin
(Fillzamin Formation), which gradually shallowed up-section into delta settings (Fürsich et al.
2005). This shallowing trend continued into the Lower Bajocian sandy Dansirit Formation that
records marginal-marine to delta-top environments with coal swamps, lakes, and distributary
channels. The Mid-Cimmerian Tectonic Event, which can be documented across the Iran Plate,
has been interpreted as result of the onset of sea-floor spreading in the South Caspian Basin
thereby producing a so-called break-up unconformity (Fürsich et al. 2009b). The sedimentation
pattern of predominantly siliciclastic sediments of the Shemshak Group ended with rapid
deepening that occurred in the late Bajocian. In connection with a large-scale regional change in
climate from humid to arid, the siliciclastic sedimentation regime was replaced by a carbonate
regime. Silty marl and carbonate mud characterized the basins, whereas carbonate turbidites
were common slope deposits, both accommodated in the Bathonian-Callovian Dalichai
Formation. Shallow-water carbonates (Lar Formation) formed the top of the carbonate platforms
and commonly existed until the end of the Jurassic Period.
In the Koppeh Dagh, Jurassic sedimentation started with a transgressive conglomerate after the
Mid-Cimmerian Tectonic Event in the Late Bajocian. Sedimentation took place in a rift basin
that can be interpreted as the eastern extension of the South Caspian Basin (Taheri et al. 2009).
Rapid deepening and infilling with siliciclastic sediments produced a 2000-m-thick sediment pile
that ranged from alluvial and deltaic near the rift shoulders to slope turbidites and debrites to
deep-marine distal turbidites and dark mudstones (Upper Bajocian Bathonian Kashafrud
Formation). During the Callovian the basin shallowed and mixed carbonate-siliciclastic
sediments, still of a basinal setting, were deposited (Chaman Bid Formation). By the late
Callovian, a carbonate platform system became established (Mozduran Formation). Spectacular
slumps and olistoliths testify that the slopes of the platform were locally quite steep. The
Jurassic Cretaceous boundary interval is represented by marginal-marine to continental red beds
underlining the existence of arid climatic conditions.

In the Binalud Mountains, situated SW of the Koppeh Dagh, Jurassic sedimentation commenced
in the Early Jurassic with more than 1000 m of non-marine boulder beds and polymict
conglomerates (Arefi and Bazehowz formations of the Shemshak Group), resting on PermoTriassic metamorphic rocks. With the change through time from proximal alluvial fans to
braided river settings, grain size diminished and coal swamps became locally established. The
existence of braided river environments continued into the early Middle Jurassic (Aghounj
Formation, top part of the Shemshak Group). The Shemshak Group in this area can be
interpreted as Cimmerian molasse deposits resulting from erosion of a high-relief source area
(Wilmsen et al. 2009b). After the Mid-Cimmerian Tectonic Event the sea transgressed the area in
the late Bajocian and marly silt with minor sandstone intercalations characterized the
sedimentary succession which occupies an intermediate position between the Kashafrud
Formation and the more calcareous Dalichai Formation in the west. The area therefore can be
interpreted as the southern margin of the rift basin that formed the easterly extension of the South
Caspian Basin. By the late Callovian a shallow-water carbonate platform became established in
the area (Lar Formation), thus mirroring the development in the Koppeh Dagh and Alborz.
In east-central Iran Jurassic rocks are found on all three blocks (from east to west Lut, Tabas, and
Yazd blocks) that constitute the Central-East-Iranian Microcontinent (CEIM) with the most
complete succession developed on the Tabas Block (Wilmsen et al. 2009c). During the Jurassic
the units of the CEIM formed tilted blocks, the fault scarps of which roughly faced the
Neotethys. The Yazd Block was mainly emergent during the Jurassic period and served as
sediment source for the Tabas Block. Only during the late Jurassic sedimentation resumed and
up to 1,000 m of conglomerates (Chah Palang Formation) overlie metamorphic siliciclastic rocks
of the Shemshak Group. Most likely, the latter are exclusively Triassic in age. The Upper
Jurassic rocks largely represent alluvial fans and braided river deposits and grade without break
into terrestrial red beds of the Lower Cretaceous (Wilmsen et al. 2015).
On the Tabas and Lut blocks, the development is very similar. Lower Jurassic sediments belong
to the predominantly siliciclastic Shemshak Group. The Hettangian to Lower Aalenian Ab Haji
Formation is partly marine, partly non-marine and locally contains coal seams on the Tabas
Block; on the western Lut Block it is exclusively marine. The overlying Aalenian Lower
Bajocian Badamu Formation contains a characteristic intercalation of oo-grainstones and thus

represents partly high-energy shoals. On the Tabas Block the Lower Bajocian Hojedk Formation
is partly non-marine with widespread coal beds, partly shallow marine, whereas on the Lut Block
it is represented by fine-grained siliciclastics of marine origin. No sediments of the Shemshak
Group are found in the easternmost part of the Tabas Block, the so-called Shotori Swell, due to
its uplifted position (crest of a tilt block). The Mid-Cimmerian Tectonic Event is documented by
an unconformity, commonly followed by a gap in deposition and a thin conglomerate unit. Upper
Bajocian to Tithonian rocks belong to the Magu (northern Tabas and Lut blocks) and Bidou
groups (southern Tabas Block). The predominantly calcareous Parvadeh Formation (Upper
Bajocian Lower Bathonian) records gradual deepening and is followed up-section by the
basinal silty marls of the Baghamshah Formation except in the southern Tabas Block, where the
silty to conglomeratic shallow-marine Bidou Formation extends from the Upper Bajocian to the
Upper Callovian. As in the other parts of central and northern Iran carbonates gradually replaced
siliciclastics and prevailed until the early Kimmeridgian. Local tectonic activity in the central
part of the Shotori Swell led to erosion of older rocks and deposition of red beds composed of
braided river sandstones and conglomerates and fine-grained flood plain deposits (Callovian
Sikhor Formation; Fürsich et al. 2003a). After an increase in relative sea-level, a large carbonate
system became established across the Tabas and western Yazd blocks during the Late Callovian
to Early Kimmeridgian). Along the Shotori Mountains, corresponding to the crest of the Tabas
Block, and on the Lut Block (e.g., in the Kuh-e-Shisui area) shallow carbonate platforms formed
(Esfandiar Limestone Formation; Fürsich et al. 2003b). They were surrounded by slope
sediments (allodapic limestones that interfingered with fine-grained background carbonates; Qale-Dokhtar Formation) that graded into marls of the basinal Korond Formation. Westward of the
carbonate platform extended a large shelf lagoon (Kamar-e-Mehdi Formation) characterized by
high frequency carbonate cycles with a restricted fauna and thick gypsum intercalations
(Wilmsen et al. 2010; Fürsich et al. 2016). The carbonate system is terminated at an intraKimmeridgian unconformity produced by the Late Cimmerian Tectonic Event. As a result, parts
of the carbonate platform drowned whereas others were uplifted above sea level and became
eroded. The shelf lagoon was nearly completely cut off from the open sea so that red beds
alternating with gypsum beds were deposited (Magu Gypsum Formation of the northern Tabas
Block, Ravar Formation of the southern Tabas Block), which possibly extended into the

Cretaceous. Eastwards, thickly bedded, poorly sorted limestone conglomerates with some marine
intercalations rest on the unconformity, followed by red beds of fluvial channel and flood plain
origin, varying strongly in thickness (Garedu Red Bed Formation).
In summary, the Jurassic sedimentation pattern of the area was governed by several factors;
geodynamic events such as (a) the final collision between Eurasia and the Iran Plate around the
Triassic-Jurassic boundary, (b) the onset of northward subduction of the oceanic crust of the
Neotethys, (c) the Mid-Cimmerian Tectonic Event at the Early Late Bajocian boundary as result
of oceanic crust formation in the South Caspian Backarc Basin and its gradual eastward
extension, and (d) the Late Cimmerian Tectonic Event that started in the Kimmeridgian and that
needs to be studied in more detail. Several smaller-scale tectonic events had a more local effect.
Eustatic sea-level fluctuations also influenced the sedimentation pattern. Of paramount
importance is the large-scale shift in climate that took place in the Bathonian/Callovian, whereby
the humid conditions that prevailed during the early part of the Jurassic period were replaced by
increasingly arid conditions. As a result, siliciclastic rocks with common coal seams changed to
carbonate rocks with intercalations of red beds and evaporites especially towards the end of the
period.
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The definition of the Jurassic-Cretaceous boundary in the Persian Gulf area cannot be easily addressed
due to huge differences between practice (in both industry and academe) and facts.

For instance, it is an almost general practice to "conventionally" set the JK boundary at the top of the Hith
or Gotnia anhydrites where these units can be identified. However, that proved to be wrong: Powers et al.
(1966) first reported the large foraminifer Iberina lusitanica Egger

- lowermost Berriasian

marker, within the shallow-water Sulaiy limestones that overly the Hith anhydrites, and first unit of the
Thamama Group in Saudi Arabia. Similarly, Granier (2000) reported it as "Anchispirocyclina lusitanica
(Egger)", together with the dasyclad alga Campbelliella striata (Carozzi), an upper Kimmeridgian Tithonian marker, from the shallow-water Habshan limestones that overly the Hith anhydrites, and first
unit of the Thamama Group in Abu Dhabi.

Both microfossils are still to be found in the lower part of the Fahliyan in Iran, in both the Fars and the
Khuzestan, and it is not possible to define accurately the Tithonian - Berriasian boundary. Actually it is
difficult to define it in any non-basinal settings. In Abu Dhabi, it falls in the Bu Haseer interval, above the
Tithonian Habshan and below the Berriasian Belbazem (Granier, 2000). There Jurassic carbonate
platforms do not end in the Tithonian but with the Berriasian, at the Valanginian boundary.
Furthermore, in most eastern places, such as Bandar Abbas area (Iran), Musandam (UAE and Oman) and
Jebel Akhdar (Oman), a huge unconformity (Glennie et al., 1974; Murris, 1980: fig. 24; Hughes Clarkes,
1988: fig. 27) associated to a significant hiatus marks the boundary between the upper Jurassic shallowwater limestones and the overlying deeper-water porcellaneous lime mudstones. The latters are ascribed
to the Rayda, first unit of the Kahmah Group in Oman. Initially thought to be Berriasian in age, these
limestones proved to span a late Tithonian to late Valanginian time interval. The late Tithonian age is
supported by records of Crassicolaria calpionellids (e.g., Rabu et al., 1993; Rousseau et al., 2005;
Celestino et al., 2017) in the lowermost strata of the Rayda, as well as by the identification of

Perisphinctid ammonites by F. Atrops (in Rousseau et al., 2005) above the discontinuity. The calpionellid
facies was also reported from Abu Dhabi onshore wells (Matos, 1994). In Musandam, some authors
(Hudson & Chatton, 1959; Toland et al., 1993; Granier, 2000; Granier et al., 2006) reported occurrences
of basal sedimentary breccias, i.e., debris flows.
Although Edgell (1971) illustrated specimens of Calpionella alpina Lorenz, 1902, from Iran it is not clear
whether they were found below the calpionellid Zone B (acme zone of Calpionella alpina), i.e., they are
late Tithonian in age, or within it, or even within the following calpionellid zones C and D, i.e., they are
Berriasian in age. Ammonites, Crassicolaria calpionellids and debris flows are still to be found in the
lower part of the Bandar Abbas area in Iran.

In basinal settings the Tithonian - Berriasian boundary coincides with the base of the acme zone of
Calpionella alpina. However, in platform settings, there are no marker to identify this boundary.
On the opposite the Berriasian

Valanginian boundary, which in basinal settings coincides with the FAD

of Calpionellites darderi, corresponds to the demise of Jurassic carbonate platforms (with a major
drowning sensu Schlager or a major sequence boundary sensu Vail). In Abu Dhabi, the Jurassic plaforms
end with the Belbazem, which is followed by the Zakum transgression. This boundary is still to be found
in the Fahliyan of Iran.

Shifting the Jurassic
Berriasian

Cretaceous system boundary from the Tithonian

Berriasian boundary to the

Valanginian boundary is not an attitude of mind because that was the original definition of

the system boundar
and the Hauterivian, was the first stage of the Cretaceous; the Berriasian was the last substage of the
Jurassic. This change, which is currently under discussion, would remedy an historic wrong that has gone
on far too long; it would also facilitate correlation exercises of the stratigraphers in the academe and of
the practical geologists in the oil and gas industry.
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Abstract:
Oceanic Paleo-Tethys zone formed northern margin of Gondwana plate in Early Permian-Triassic,
moving northwards to collide with Eurasian plate boundary in Early Jurassic. Eastern Gondwana
separated from western Gondwana during Middle Jurassic. Neo-Tethys oceanic plate subduction started
in Middle Jurassic. Plate tectonics and continental drift over Late Paleozoic, Mesozoic and Cenozoic time
formed present-day continents and oceans.
Middle East is a tectonically active region where Arabian, African, Eurasian plates and Anatolian
block meet, in which numerous earthquakes are reported. Deformation in Middle East and eastern
Mediterranean region occurs generally at boundaries of three major plates of Eurasia, Africa and Arabia,
separated by smaller central Turkey and central Iran blocks. Iran is located within Alpine-Himalayan
orogenic belt in active zone of continental convergence between Eurasia and Arabia. Turkish and Iranian
Plateau resulted from collision between Arabian and Eurasian plates. This manuscript is concentrated on
geodynamics of Iran and neighbouring countries emphasizing on Jurassic Formations. Structural
evolution of Iranian plateau is affected by global changes since beginning of Mesozoic, up to present
time. Convergence between Arabian and Eurasian plates was absorbed by northern subduction of remnant
ocean bellow southern margin of Central Iran.
Keywords: Jurassic, plate, Iran, Arabia, fault, Eurasia

Introduction
Oceanic Paleo-Tethys Trough zone is one of the oldest Phanerozoic Ocean basins closed
between Eurasia and Gondwana. Cimmerian plate rifted from Gondwana in Late Permian (Ding
et al. 2013). Oceanic Paleo-Tethys zone formed northern margin of Gondwana plate in Early
Permian-Triassic, moving northwards to collide with Eurasian plate boundary in Early Jurassic
(Sharief 1983). Eastern Gondwana separated from western Gondwana during Middle Jurassic
(Chatterjee et al. 2013). Final closure of Neo-Tethys and first continent-continent collision
occurred during Middle Alpine Orogeny (Sissakian 2013). Folding and thrusting of Zagros fold
belt occurred during Late Alpine Orogeny. It caused final closure of Neo-Tethys Ocean as well

as domination of continental depositional environment in Iraq. Eastern Mediterranean is a part of
Neo-Tethys continental margin developed through Mesozoic. Occurrence of regional uplift,
subsidence and magmatism in Late Jurassic and Early Cretaceous indicates that Neo-Tethys
rifting continued at least into Early Cretaceous. Early Cretaceous is also suggested to be time of
renewed continental rifting in Arabia. During long Neo-Tethys subduction process, several
domains formed in back-arc positions within Eurasia plate, mainly Greater Caucasus basin which
opened in Early-Middle Jurassic (Sosson et al. 2016). They found ophiolites of Jurassic age and
also radiolarites and pelagic carbonates mixed with ophiolites. The mentioned additional findings
suggest back-arc oceanic basin remained well preserved from Mid-Jurassic to Late Cretaceous
interval. Hassig et al. (2015) suggested this important magmatism might have warmed existing
Middle Jurassic oceanic lithosphere of back-arc Basin, which in turn possibly modified its
rheological and mechanical properties. In Late Jurassic-Early Cretaceous, Eurasia continental
lithosphere plate was strong considering rheology conditions (Stephenson & Schellart 2010)
bounded to south by an active subduction zone, allowing Neo-Tethys oceanic plate to subduct
northward below Eurasia.
In Mediterranean region, Late Palaeozoic tectonic events involved separation of a part of
continents along northern margin of Gondwana, leading to form Neo-Tethys Ocean due to
shrinking Paleo-Tethys Ocean in north. Deformation in Middle East and eastern Mediterranean
region occurs generally at boundaries of three major plates of Eurasia, Africa and Arabia,
separated by smaller central Turkey and central Iran blocks. The mentioned plate boundaries
include three major fault zones of left-lateral Dead Sea fault zone and North and East Anatolian
fault zones (Reilinger & McClusky 2011).

Arabia-Eurasia convergence
Arabia-Eurasia collision age is estimated by several authors from Upper Cretaceous
(Berberian & King 1981) to Late Eocene-Oligocene and Miocene to Late Eocene-Oligocene
(Jolivet & Facenna 2000; Agard et al. 2005; Allen & Armstrong 2008) and even Miocene (Okay
et al. 2010). The present-day Arabia-Eurasia convergence rate is measured to be about 22 ± 2
mmyr
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at longitude of Bahrain (McClusky et al. 2003; Reilinger et al. 2006; Sella et al. 2002;

Vernant et al. 2004a, Djamour et al. 2011). Northward propagation of strike-slip faulting across

Arabia-Eurasia collision system is compatible with reorganization of stress field in Turkey and
Armenia in Late Miocene (Avagyan et al. 2005, 2010; Kaymakci et al. 2010) as well as
activation of North and East Anatolian faults (Faccenna et al. 2006, 2013). McClusky et al.
(2000) applied geodetic data to reveal that westward motion rate of Anatolian region increases
towards Hellenic trench (see Reilinger & McClusky 2011). Rolland et al. (2011) suggested
Middle-Upper Eocene for final closure of Neo-Tethys and initiation of collision with Arabian
plate.
Iran is located within Alpine-Himalayan orogenic belt in an active zone of continental
convergence between Eurasia and Arabia. This convergence is mostly accommodated by thrust
and strike-slip faulting in mountain belts such as Great Caucasus, Zagros, Alborz, Kopeh Dagh
and also active Makran subduction zone. According to Masson et al. (2007), at longitude of
Tehran, Alborz mountain range accommodates a motion rate of about 6 mmyr
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which is in

agreement with the results obtained from regional GPS network in Alborz (Vernant et al. 2004b).
Simmons et al. (2011) illustrated under-thrust continental Arabian lithosphere beneath Iran along
western Arabia-Eurasia plate boundary. Transition from continent-continent collision to
subduction beneath Makran region along southern Arabia-Eurasia boundary is demonstrated by
image structure models (Simmons et al. 2011). Upper mantle beneath Lut block was modified by
westward subduction of Sistan Ocean from Early to Middle Cretaceous (Pang et al. 2013). Final
collision with Eurasia and subsequent rotational and lateral movements obviously control
evolution, facies pattern and depositional history of Late Triassic-Jurassic basins of central east
Iranian microcontinent (Fursich et al. 2003, Seyed-Emami et al. 2002, 2004).

Anatolian fault zone
Present-day uplift of Himalaya is continuing by active seismic movements along major
boundary thrusts accompanied by deformation of young (Pleistocene and Holocene) deposits.
Turkey is a part of Alpine-Himalayan belt, formed during Eurasia-Africa-Arabia and Far East
India collision. According to Yusufoglu (2013), Late Cretaceous-Late Tertiary configuration of
Turkey is related to two branches closure of Neo-Tethys with NW subduction polarity.
Yusufoglu (2013) deduced post-collisional intracontinental convergence had major role in
compression-contraction structure development such as folds and faults. Anatolian block is

surrounded between Eurasian plate to North, African plate to South and Arabian plate to East.
Turkish and Iranian Plateau resulted from collision between Arabian and Eurasian plates.
Southeastern Turkey region have been compressed between Arabian and Eurasian plates before
North and East Anatolian faults activated. Active right-lateral North Anatolian fault zone
extending for about 1200km comprises numerous parallel and sub-parallel segments initiated
probably in Pliocene. The Anatolian plate moves at an average rate of about 2 cmyr -1 separated
from Eurasia by North Anatolian fault (Reilinger et al. 2006). The left-lateral SW trending East
Anatolian fault zone facilitates Turkish block westward motion.
Central Anatolia is located between North Anatolian and East Anatolian shear zones.
Current deformation mechanism for central Anatolia has been active at least since crustal
thickening. Central Anatolia has a key role in African plate subduction along Hellenic and
Cyprian Arcs as well as collision of Arabia along Bitlis-Zagros Thrust zone. Aktug et al. (2013)
suggested tectonics of Central Anatolia comprises dominant tensional motivating force along
Hellenic Arc in SW as well as a restraining belt along Cyprian Arc in south. GPS data indicates
counterclockwise rotation of Aegean-Anatolian micro-plate, south of North Anatolian fault zone
as well as progressive W to SW increase in microplate velocity towards Hellenic Arc (McClusky
et al. 2000).

Examples for Jurassic Formations of Iran
Tectonic setting for Lower Jurassic shales of Shemshak Formation of Kerman Province is in
agreement with tectonic evolutionary history of Central Iran during Jurassic (Moosavirad et al.
2011). Based on their studies, Middle Triassic platform carbonate sediments succeeded by thick
pile of siliciclastic sediments of Late Triassic to Middle Jurassic age. These siliciclastic
sediments (Shemshak Group), remaining through their development during the orogenic event
(Early and Middle Cimmerian Orogeny) are considered as molasse-type sediments. Some parts
contain coal-bearing non-marine siliciclastic sedimentary rocks (Hojedk Formation) of Middle
Jurassic age (Poole & Mirzaie Ataabadi 2005). Marine sedimentation was terminated in TriassicJurassic boundary while coal-bearing sediments of Abe-Haji (Shemshak) Formation initiated
deposition (Alizadeh et al. 2011). Marine sedimentation terminated at Triassic-Jurassic boundary
and coal-bearing sediments of Abe-Haji (Shemshak) Formation began deposition.

Middle Jurassic Kashafrud Formation of NE Iran deposited in Kopeh Dagh Basin which is
linked to Neo-Tethys Ocean. Although Middle Jurassic clastic deposits of Kashafrud Formation
may be a consequence of Mid-Cimmerian compression events, evidence from Turan plate (east
of Caspian Sea) suggests extensional faults influenced deposition during this time (see
Poursoltani et al. 2007). Gas fields of Upper Jurassic and Cretaceous strata located in NE Iran
may have been partly originated from Kashafrud Formation, including organic-rich mudstones.
Studies clarified Middle Jurassic Chaman-Bid Formation, as a key source rock (Mahboubi et al.
2001), but thick mudstones of Kashafrud Formation may also have generated hydrocarbons.
There are several hydrocarbon reservoirs in Abadan plain (SW Iran) in Jurassic and
Cretaceous carbonates (Saadatinejad & Sarkarinejad 2011). Garau and Najmeh/Sargelu
Formations are source rocks in Early Cretaceous and Jurassic succession in this region. No active
tectonic movement is reported in Abadan plain (Soleimany & Sabat 2010) which led to
significant erosion events in Jurassic to recent layers. Sargelu and Garau Formations are main
sources of Jurassic and Cretaceous petroleum systems which are separated by Gotnia Formation
(see Zeinalzadeh et al. 2015). Similar situation exists for Jurassic (Najmeh-Sargelu) and
Cretaceous (Sulaiy) source rocks in Kuwait (Abdullah & Connan 2002). Ductile behavior of
Gotnia keeps over pressure under this layer in Darquain field as well as in some parts of Kuwait
and Iraq (Abeed et al. 2013). The organic-rich deposits of Qalikuh locality (Zagros Basin) are
localized within a carbonate succession, Middle Jurassic to Lower Cretaceous age (Rasouli et al.
2015). The source rocks consisting Middle Jurassic Sargelu Formation and Lower Cretaceous
Garau Formation were deposited in Zagros fold belt. They are well developed in SW of Iran,
including Lorestan. They involve high potential oil shale resources.

Discussion and Conclusion
Neotethys oceanic plate entirely subducted during Late Cretaceous to Early Paleocene in
east (Hassig et al. 2015; Rolland et al. 2012; Sosson et al. 2010). This subduction initiated in
Middle Jurassic. Ricou (1994) suggested convincing constraints for Late Triassic Jurassic rifting
along Levant margin after a phase during Middle Triass (De lamotte et al. 2011). Arabia has
been position of important and polyphase extensional deformation during Late Jurassic and
Cretaceous (De lamotte et al. 2011). Iraq region is located in extreme northeastern part of

Arabian plate colliding with Eurasian (Indian) plate (Buslov 2012; Sissakian 2013). Iraqi inner
platform is part of Arabian plate less affected by tectonic disturbances (Sissakian 2013). Major
tectonic event in Iraq territory occurred during Cretaceous which followed by compression and
obduction.
Reilinger and McClusky (2011) suggested slowing of Nubia-Eurasia convergence resulted
in southward migration of Mediterranean trench system. Relative plate motion rates and structure
of Nubia-Arabia plate boundary (Red Sea) are consistent with rifting initiation at 24

4 Ma

(Garfunkel & Beyth 2006; ArRajehi et al. 2010) based on geodetic and plate tectonic studies.
Findings are also compatible with a change to more N-S orientation in both northern and
southern Red Sea at 11

2 Ma (Reilinger & McClusky 2011). They indicated Nubia-Arabia

boundary experienced major reorganization at 11

2 Ma. This time corresponds to initiation

time for ocean spreading along Gulf of Aden which completely separated Arabia from Somalia.
South Caspian Basin (SCB) motion relative to Eurasia is up to ~7 mm yr-1 at an azimuth of
317° N based on GPS constraints for present-day distribution of deformation in NE Iran,
constraining a rigid block rotation around an Euler pole which is further away than previously
assumed (Mousavi et al. 2013). Geodetic data (Walters et al. 2013) indicated SCB motion is
likely to have a clockwise rotation relative to Eurasia about a pole much further away from the
one calculated before. NW motion of SCB is accommodated by right-lateral slip on Ashkabad
fault (up to 7 mm yr-1) and 4 to 6.5 mm yr -1 of left-lateral strike-slip movement within eastern
Alborz, depending on locking depth of fault system.
Subduction in NE Iran led to Early Cimmerian deformation events during Late Triassic to
Early Jurassic, during which Turan plate collided with Cimmerian continental block and PaleoTethys closed. Plate tectonics and continental drift through Late Paleozoic, Mesozoic and
Cenozoic formed present-day continents and oceans resulted in Pangea fragmentation. In MidJurassic, sedimentation started in Kopeh Dagh Basin of southern Turan plate (Aghanabati 2004)
probably reflecting back-arc extension associated with NW subduction. After a period of Early to
Middle Jurassic rifting, Mid-Cimmerian compression events and volcanic activities occurred in
Middle Jurassic. Onset of deformation was asynchronous throughout the region, while some
parts involve no evidence for Middle Jurassic deformation (Kazmin & Tikhonova 2005,
Poursoltani et al. 2007).

Triassic-Jurassic geodynamic evolution of Iran plate is based on data which mainly come
from sedimentologic and stratigraphic analyses of Cimmerian foreland strata. A significant
deformation event associated with distinct increase in sediment supply affected Alborz foreland
basin around Triassic Jurassic boundary (Wilmsen et al. 2009). The same structural setting is
recorded from Binalud Mountains of NE Iran where coarse Lower Jurassic conglomerates
overlie a deformed Permo-Triassic Cimmerian basement (Wilmsen et al. 2009). Late BajocianLate Jurassic extension also affected NE Iran, where Kashafrud Basin represents eastern
extension of SCB (Taheri et al. 2009).
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Abstract
The sedimentary successions corresponding to the Shal Formation (Upper Bajocian-Tithonian)
which is located at east of the village of Shal in the Alborz Mountains are described in detail
from stratigraphical points of view. In this framework, the ammonite succession, sampled bedby-bed, is described as well. The Shal Formation is measured 22 m in thick in the study
stratigraphic section but at the type-section it is measured 51 m and is consisting of bioclastic
glauconitic nodular sandy limestones and limestones with numerous fossiliferous beds. The
lower boundary of the Shal Formation is an unconformity due to the Mid-Cimmerian tectonic
event (Seyed-Emami & Alavi-Naini, 1990; Fürsich et al., 2009a) and the marine transgression of
the Shal Formation across the underlying Shemshak Group (UpperTriassic-Lower Bajocian;
Fürsich et al., 2009b) is diachronous. The upper boundary to the light-coloured Kolur Formation
is gradational. Three lithofacies are differentiated in the Shal Formation. The fauna of the
succession is composed mainly of ammonites, followed by bivalve, belemnite, sponge and
brachiopoda. Ammonites occur in abundance throughout the sequence, mainly in the lower and
middle parts of the formation. Six ammonite families are represented in the fauna
(Phylloceratidae, Haploceratidae, Oppeliidae, Parkinsoniidae, Reineckeiidae, Perisphinctidae).
Based on ammonites, the Shal Formation ranges from the Upper Bajocian to Tithonian in the
studied stratigraphic section.
Keywords: Jurassic; Bajocian; ammonites; bivalve; Shal Formation; unconformity.
Introduction
The Jurassic rocks are widely distributed and superbly exposed in the Alborz Mountains
(northern Iran) and Koppeh Dagh (northeastern Iran). The Lower Jurassic and large parts of the
Middle Jurassic are characterized by a thick siliciclastic successions (the Shemshak Formation),
whereas the Upper Bajocian to Tithonian rocks are predominantly carbonates, which represent a
platform, slope and basin systems. The Middle and Upper Jurassic strata in the northeastern parts
of Iran consist eight formations: Dalichai, Lar, Shal and Farsian (Alborz) and Chaman Bid,
Mozduran, Kashafrud, and Bash Kalateh (Koppeh Dagh) which the Shal Formation is the scope
of this study.
In the last decades, many authors studied the Middle and Upper Jurassic successions in Iran with
respect to micro- and macrofossils which the most important ones are as follows: Erni (1931),
Arkell (1956), Assereto (1966), Assereto et al. (1968), Davis et al. (1972), Madani (1977),
Stampfli (1978), Afshar Harb (1979, 1994), Seyed- Emami et al. (1985, 1988, 1989, 1990,
1991a, 1991b, 1995, 1996, 1997, 2001, 2002, 2011, 2013), Seyed- Emami & Nabavi (1985),
(Keshani 1986), Schairer et al. (1992, 1999), Schweitzer & Kirchner (1995,1996) and

(Hosseniun 1996), Raisossadat et al. (2006), Alshariati et al. (2006), Ashuri et al. (2008),
Ashouri et al. (2011), Faridani et al. (2012), Dabagh Sadr et. al. (2012), Cecca et al., 2012,
Raoufian et al. (2014), Parent et al. (2014), Majidifard (2004, 2008, 2015).
The studied stratigraphic section outcrops is located in 5.5 kilometres east of the village of Shal
(co-ordinates: N 37 29 36"; E 48 82 50") (Fig. 1). The Shal Formation is mainly composed of
Middle Jurassic rocks (at the base) which are disconformably overlaid the Shemshak group
(Upper Triassic-Middle Jurassic). Davies et al. (1972) studied this stratigraphic section during
the baseline geological mapping of the Masuleh area (geological map Masuleh1/100 000), and
designated it as the type-section of the Shal Formation.
Stratigraphy of the Shal Formation in the studied stratigraphic section
The Shal Formation in the studied stratigraphic is restricted to the Talesh Mountains in the northwestern Alborz and is dated as Middle to Late Jurassic in age (Davis et al. 1972). In contrast to
the 61 m measured by Davis et al. (1972), 51 m of the studied successions are measured in the
present study. The successions are consisted of green, glauconitic and calcareous sandstones
grading upward into medium-to thick-bedded glauconitic limestones in the studied stratigraphic
section. The lower part of the formation rests with a sharp boundary on siliciclastic rocks of the
Shemshak group, whereas at top it grades into yellow marls of the Neocomian Kolur Formation.
The Shal Formation contains abundant ammonites, but no detailed studies have been carried out
so far. Ammonites of the lower part are thought to be Callovian or even Bathonian in age
(Seyed- Emami et al. 2001), whereas those from the top belong to the Tithonian. The Shal
Formation at the type-section is measured north of the village of Shal with a total thickness of 51
m and the Khaneghah stratigraphic section 22 m. It ranges from the Upper Bajocian to the
Tithonian and can be subdivided, from bottom to top, into three rock unites in stratigraphic
Khaneghah section (Fig. 2). It overlies diachronously and with a sharp contact to the Shemshak
group. Its upper boundary to the overlying Kolur Formation is gradational. The mentioned rock
unites are described as follows:
Rock-unite 1: It has a thickness of 2.5m and is consisted of cream to brown, medium-bedded

glauconitic sandy limestone with Upper Bajocian in age.
Rock-unite 2: It has a thickness of 18.5m and is consisted of red glauconitic nodular limestone

with Bathonian-Oxfordian in age.
Rock-unite 3: It has a thickness of 3.5m and is consisted of cream to brown, medium-bedded

glauconitic sandy limestone with Kimmeridgian-Tithonian in age.
Conclusion
The progredation of sea during Middle Jurassic along Alborz and Kopet-Dagh are isochronous
while the upper boundries of formations are diachronous. The Shal Formation is not correlatable
with the Dalichai and Chaman-Bid formations, but are correlatable from the fossil assemblages
point of view.The Shal Formation is dated as Upper Bajocian-Tithonian according to the
determinied ammnites in the type-section as well as Khanqhah stratigraphic section.
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Abstract
The Dalichai Formation with an age of Middle Late Jurassic has been studied palynologically in
Binalud Mountains, NE Iran. For this purpose two sections are selected in the east (Ghoroneh section)
and the west (Navia section) of the area. The formation has been measured 710 m thick in the east and
1062 m thick in the west and sampled systematically. The Dalichai Formation mainly is composed of
alternation of grey shale and marl with a lot of nodules in the lower part that followed by medium-thick
bedded light grey limestone with intercalations of shale and marl that terminated to marl, marly
limestone and thin- medium bedded limestone in the upper part. The formation disconformably overlies
the Shemshak Formation and is in turn overlain by the very thick limestones of the Lar Formation with a
transitional boundary in both sections. Palynological studies led to identification of rich assemblages of
dinoflagellate cysts based on which a palynozonation with six identical palynozones were established for
Ghoroneh section and five palynozones in Navia section. Palynofacies reflecting the depositional setting
for the sections indicate however some changes between the west and the east of the range.
Palynological contents of the samples plotted on Tyson diagrams show fluctuation in depth from shelf to
basin transition during the depositional course of the formation in Middle

Upper Jurassic. The

zonations established are compared with that of Northwest Europe and Central Alborz Mountains.
Keywords: Dinocysts, Middle Late Jurassic, Palynofacies, Dalichai Formation, Binalud Mountains, Iran.

1. Introduc on

Two sections of the Dalichai Formation has been selected and sampled in the west and the east of
Binalud Mountains for studying its palynological content and palynofacies and to compare and correlate
with the same data available for the same formation from the other area of the Binalud Mountains,
Central Alborz and Northwest Europe. The Binalud Mountains of NE Iran is situated in the IranianEurasian collision zone (Shabanian et al., 2009b; 2010; 2012) and represents the easternmost extension
of the Alborz Range (Alavi, 1992; Seyed-Emami and Schairer, 2011; Ma et al., 2014a; Raou an et al.,
2014) in which the Jurassic successions are exposed well. After the Mid-Cimmerian event, a renewed
phase of rapid subsidence occurred across Northern Iran from the Late Bajocian onwards (Wilmsen et
al., 2009) and subsequently deep marine sediments of the Dalichai Formation were deposited in the
region (Seyed-Emami and Schairer, 2011; Ma et al., 2014a). Several studies have been conducted on
the Binalud Mountain. Tectonostra graphy of the area has been discussed in details by Alavi (1979,
1991, 1992), Shabanian et al. (2009b, 2010, 2012) and Shiekholeslami and Kouhpeyma (2012), While its
petrology and geochemistry have been carried on by Majidi in 1981 and 1983. Systema c studies on
stratigraphy and ammonite contents of these Jurassic strata have been started from 1998 (Seyed-Emami
et al., 1998; Schairer et al., 1999; Tahery et al., 2009; Wilmsen et al., 2009; Seyed-Emami and Schairer,
2011; Raou an et al., 2014) and s ll being con nued. Aghaei (2013, 2014) studied sedimentology, facies
analysis and sequence stratigraphy of the strata. The first reports on palynology of the Jurassic strata in
the Binalud Mountains have been published by Ma et al. (2014a and b). In these papers the MiddleUpper parts of the Jurassic succession (Dalichai Formation) have been studied focusing on the dinocysts
contents of the rock units.

2. Geological se ng
The Dalichai Formation is an outstanding Jurassic rock units cropping out in the western and eastern
Binalud Mountains. The formation overlies the coal lenses of the Upper Triassic to Lower- Middle
Jurassic Shemshak Group disconformably (Seyed-Emami and Schairer, 2011) and is in turn overlain by
the carbonates of the Lar Formation with a transitional boundary from marl to thick bedded limestones.
One of the sections is located close to Navia village some 59 km West of Bojnurd city, west of Binalud
Mountains (E56 41' 36

23' 4) and the other is situated near Ghoroneh village some 43 km

North of Neyshabour city with coordinates E58 41' 36" and N36 35' 8 (Fig. 1). The forma on has been
measured 710 m thick in the east and 1062 m thick in the west and sampled systematically. The Dalichai
Formation mainly is composed of alternation of grey shale and marl with a lot of nodules in the lower
part that followed by medium-thick bedded light grey limestone with intercalations of shale and marl

that terminated to marl, marly limestone and thin- medium bedded limestone in the upper part. The
formation disconformably overlies the Shemshak Formation and is in turn overlain by the very thick
limestones of the Lar Formation with a transitional boundary in both sections.. Hundred-eleven rock
samples were prepared using standard palynological processing techniques (Traverse, 2007).

Fig. 1. Geographic overview showing the position of Navia and Ghoroneh sections in the west and east of Binalud
Mountains.

3. Discussion
3.1. Palynology and palynostra graphy
Dinoflagellate cysts were widely distributed during the Middle to Late Jurassic and they have the ability
to act as excellent marine index fossils for this period (Woollam and Riding, 1983). The content of our
slides revealed that the Dalichai Formation in the west of Binalud Mountains at Navia section and the
east of the area at Ghoroneh section are rich in palynomorphs especially dinoflagellate cysts. Dinocysts
are abundant and have a very good diversity in these areas. Forty- eight species of dinoflagellate cysts
are recorded from the Navia section and sixty- eight dinocysts are identified from the Ghoroneh section
(Figs. 2& 3). The recorded assemblages of dinocysts show close similarly to those of NorthernNortheastern Iran and and Northwest Europe populations. Based on the first and last appearances and
abundance of the index dinocysts and comparison with the standard zonation established for Northwest
Europe and Northern- Northeast Iran, two palynozonations were erected for the sections studied. Three
of the Northwest European (Poulsen and Riding, 2003; Woollam and Riding, 2003) and Alborz (Ghasemi-

Nejad et al., 2012; Ma et al., 2014a) palynozones are iden

ed within the Dalichai Forma on studied

here in the Middle Jurassic. These biozones are: Cribroperidinium crispum total range zone for the Late
Bajocian, Dichadogonyaulax sellwoodii interval zone for the Bathonian to Early Callovian, Ctenidodinium
continuum interval zone for the Early to Late Callovian. However we have different biozones in the Late
Jurassic interval at the sections. The relationship of these biozones with the coeval dinoflagellate cyst
biozones of Poulsen and Riding (2003) for subboreal Northwest Europe and with those of GhasemiNejad et al. (2012) for Northen Iran and Ma et al. (2014b) for Binalud Mountains illustrated in Fig. 4.

Fig. 2. Dinoflagellate cysts recorded from the Dalichai Formation at Navia section in the west of Binalud Mountains,
NE Iran.
1. Cribroperidinium crispum (Wetzel 1967) Woollam & Riding 1983, sample 8. 2- 3. Aldorfia aldorfensis (Gocht 1920) Stover & Evi

1978,

samples 1 & 16. 4. Meiourogonyaulax valensii Sarjeant 1966, sample 42. 5. Escharisphaeridia pocockii (Sarjeant 1968) Erkmen & Sarjeant 1980,
sample 26. 6. Gonyaulacysta centriconnata Riding 1983, sample 35. 7. Carpathodinium predae (Beju 1971) Drugg 1978, sample 8. 8.
Chytroeisphaeridia chytroeides (Sarjeant 1962) Downie & Sarjeant 1965, sample 20. 9. Endoscrinium asymmetricum Riding 1987, sample 10. 10.
Tubotuberella dangeardii (Sarjeant 1968) Stover & Evi 1978 emend. Sarjeant 1982, sample 18. 11- 12. Dichadogonyaulax sellwoodii (Sarjeant
1975) Stover & Evi 1978, samples 26 & 65. 13. Lithodinia caytonensis (Sarjeant 1959) Gocht 1976, sample 8. 14. Meiourogonyalax caytonensis
(Sarjeant 1959) Sarjeant 1969, sample 10. 15. Nannoceratopsis pellucida De andre 1938, sample 10. 16. Pareodinia halosa (Filato

1975)

Prauss 1989, sample 8. 17- 18. Ctenidodinium combazii (De andre 1947) Eisenack 1963, samples 12 & 14. 19. Gonyaulacycta jurassica
(De andre 1938) Norris & Sarjeant 1965 emend. Sarjeant 1982, sample 26. 20- 21. Rhynchodiniopsis cladophora (De andre 1938) Below 1981;
samples 20 & 26. 22- 23. Ctenidodinium cornigerum (Valensi 1953) Jan du Chene et al. 1985, samples 12 & 26. 24. Ctenidodinium continuum
Gocht 1970, sample 26.

Fig. 3. Dinoflagellate cysts recorded from the Dalichai Formation at Ghoroneh section in the east of Binalud
Mountains, NE Iran.
1. Meiourogonyaulax valensii Sarjeant 1966, sample 18. 2. Pareodinia ceratophora De andre 1947, sample 27. 3. Chytroeisphaeridia des
(Sarjeant 1962) Downie & Sarjeant 1965, sample 26. 4. Carpathodinium predae (Beju 1971) Drugg 1978, sample 10. 5. Aldorfia aldorfensis
(Gocht 1970) Stover & Evi 1978, sample 10. 6. Cribroperidinium crispum (Wetzel 1967) Woollam & Riding 1983, sample 10. 7. Barbatacysta
pilosa (Ehrenberg 1854) Cor nat 1989, sample 8. 8. Lithodinia caytonensis (Sarjeant 1959) Gocht 1976, sample 17. 9 - 10. Gonyaulacysta
jurassica (De andre 1938) Norris & Sarjeant 1965 emend. Sarjeant 1982, samples 42 & 62. 11. Sentusidinium villersense (Sarjeant 1968)
Sarjeant & Stover 1978, sample 42. 12- 15. Rhynchodiniopsis cladophora (De andre 1938) Below 1981, samples 57 & 56. 16- 19. Ctenidodinium
combazii Dupin 1968, samples 26, 27, 31 & 42. 20. Escharisphaeridia pocockii (Sarjeant 1968) Erkmen & Sarjeant 1980, sample 49. 21.
Ctenidodinium tenellum De andre 1938, sample 42. 22- 23. Gonyaulacysta centriconnata Riding 1983, samples 26 & 62. 24. Dichadogonyaulax
sellwoodii (Sarjeant 1975) Stover & Evi 1978, sample 27.

3.2. Palynofacies
Palynofacies analysis are the study of particulate organic matter assemblages (Boulter and Riddick,
1986, Roncaglia and Kuijpers, 2006) concerned with changes in the rela ve abundance of various types
of organic materials such as palynomorphs, phytoclasts and amorphous organic matter. Based on the
visual observation of organic particles in the sediment, palynofacies analysis provide more parameters
than bulk geochemical data and allow interpreting the changes in the sedimentary environment.
Palynofacies data also provide direct information on the biological sources and constitutes of the
par culate organic ma er assemblages (Ba en, 1982; 1996b; Travers, 1994; Tyson, 1995). Five types of
palynofacies were recognized in the palynological data within the Navia and Ghoroneh sections with

different conditions that are shown in figure 5. The diagrams (Tyson, 1995) show the posi on of each
sample within the sedimentary basin of the Dalichai Formation. Majority of palynofacies belong to facies
II, IVa and III (Marginal dysoxic-anoxic basin to shelf basin transition and proximal shelf) in the Middle
Jurassic replacing with facies V and VII (distal shelf to distal dysoxic-anoxic shelf) towards the top of the
formation in Late Jurassic in the eastern section, but most of palynofacies in the western section
comprise to facies VI, IVb, VII and II (Proximal suboxic-anoxic to Distal dysoxic-anoxic shelf and Marginal
dysoxic-anoxic basin) convert to facies VIII (Distal dysoxic-anoxic shelf) in the upper part of the
formation(Fig. 5).

Fig. 4. Correlation of the Middle to Late Jurassic dinoflagellate cyst zonations in Binalud, Alborz and NW Europe.
Time in million years taken from Haq et al. (1987).

4. Conclusion
The Dalichai Formation with an age of Middle Late Jurassic in the west and the east of Binalud
Mountains

at

Navia

and

Ghoroneh

sections

was

examined

biostratigraphically

and

chronostratigraphically based on dinoflagellate cysts. The results were then compared with the coeval

dino agellate cyst biozones of Poulsen and Riding (2003) for subboreal Northwest Europe and with
those of Ghasemi-Nejad et al. (2012) for Northen Iran and Ma et al. (2014b) for Binalud Mountains.
The palynomorph assemblages examination led to erection of three biozones in the Middle Jurassic.
These biozones are: Cribroperidinium crispum total range zone for the Late Bajocian, Dichadogonyaulax
sellwoodii interval zone for the Bathonian to Early Callovian, Ctenidodinium continuum interval zone for
the Early to Late Callovian. But we have different palynozonations in the Late Jurassic interval at the
sections. Palynofacies studies reveal that the Dalichai Formation contains five types of palynofacies were
recognized in the palynological data in Navia and Ghoroneh sections with different conditions.

Fig. 5. Palynofacies distribution at Tyson diagrams in the west (left) and the east (right) of Binalud Mountans, NE
Iran.
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Abstract
The Binaloud Mountains are located at the south of the kopeh Dagh Structural zone as a
transitional zone between the Alborz and Central Iran Structural zones. The Lower - lower
Middle Jurassic non-marine sedimentary succession (Shandiz-Torghabeh) of the Binaloud
Mountains of NE Iran, subdivided into three units: The Jc1 (equivalent of Arefi Fm.), the Jc2
(equivalent of Baz-e-howz Fm.) and the Jc3 (equivalent of Aghounj Conglomerate) that is
correlated with the Jurassic part of the Shemshak Group in Alborz Mountains. This succession
overlays the metamorphic rock units of the lower part of the Shemshak Group (so-called
Mashhad Phyllite) by the angular unconformity that is deformed during the Late Triassic-Early
Jurassic Eo-Cimmerian Orogeny. The main uplift of Cimmerides (exhumation and erosion),
associated with the transition from syn- to post- orogenic (molassic type) sediments of the
peripheral foreland basin.
Keywords: post-Eo-Cimmirian, Tectono-stratigraphy, Binaloud Mountains, Shemshak Group,
Shandiz area
Introduction
The study area is located between the two main sedimentary structural zones: the Koppeh Dagh
in the NE and the Binaloud Mountains in the SW (Fig. 1). The boundary between these two
structural zones corresponds to the suture of the Palaeotethys (Alavi 1992), an ocean that had
been completely subducted under the Turan Plate as a part of Eurasia in the Late Triassic. This
tectonic event is named the Early Cimmerian orogeny. According to Stocklin (1974),
Davoudzadeh et al. (1981), Davoudzadeh & Schmidt (1983), Stampfli et al. (1991), Stampfli &
Borel (2002) and Seyed-Emami (2003), collision occurred at the end of the Carnian. Saidi et al.
(1997) proposed that collision occurred in the Ladinian. In the Binaloud Mountains, the Permian
low-grade meta-turbidites and ophiolitic rocks are interpreted as Paleotethys remanents which
are unconformably overlaid by Rhaetian-early Liassic Mashhad Phyllite and Lower lower
Middle Jurassic Cimmerian molasses (Conglomerates, sandstones, and shales with
undeterminable plant fossils and thin coal veins) and have been interpreted as the Shemshak
Group (Wilmsen et al. 2009). These deposits are overlaid by marine siliciclastic Kashafrud
Formation (Upper Bajocian upper Bathonian). The purpose of this study is the first description
and interpretation of the Post-Eo-Cimmerian deposits in the Binaloud Mountains and also the

inferred geodynamic significance of the succession is briefly discussed. In this study, two
measured sections (Shandiz and Torghabeh) in the Binaloud mountains have been investigated.

Tectono-stratigraphy and depositional environments
The closing of the Palaeotethys seaway during the Early Late Triassic (Eo-Cimmerian orogeny),
and thereby, the collision of the Iranian Plate with the southern margin of Eurasia resulted in the
deposition of a thick succession of siliciclastic sediments in front of the tectonically active and
uplifted areas(Alavi 1996; Seyed-Emami 2003). The thick Upper Triassic lower Middle Jurassic
Shemshak Group is widely distributed throughout the central, east and the north of Iran (SeyedEmami 2003). The Shemshak Group seems to be a source rock in the eastern Alborz and is
considered as the probable source rock for the east Caspian oil and gas fields such as Khangiran
(Rad 1982). In addition, a few oil and gas seepages would suggest that organic-rich sediments of
the Shemshak Group may be a reliable petroleum source rock in the Alborz Mountains
(particularly in Gorgan and Mazandaran provinces). Moreover, the thick and clean sandstone
units (e.g. Tidal deposits: Fursich et al. 2006) within the group could provide good hydrocarbon
reservoir rocks. Abundant overlying and interbedded shales may serve as useful source rocks in
some cases. Based on the lithological and sedimentary features, as well as the stratigraphic
succession, three formations are differentiated and formalized within Post-Eo-Cimmerian
deposits in the upper Shemshak Group of the Binaloud Mountains (Shandiz and Torghabeh
sections) ( Figs. 2-3):
The Conglomerate unit 1 (Jc1)
Lithology. The Jc1 consists very coarse and chaotic cobble and boulder beds, megabreccias and
milky quartz boulders may reach up to 4 M in diameter. The largest boulders are commonly
Granitoids and Quartzites, that is often exhibiting a brown weathering rim. The components are
mostly included the Andalusite Schists, Garnet Schists, Mica Schists, milky Quartz, black
Cherts, dark Phyllites and meta-Sandstones. The rounding and sorting is very variable, ranging
from poor to moderately sorted and rounded. The rocks are mostly clast-supported but
occasionally the matrix-supported beds is occured. The matrix is a poorly sorted gravelly
greywacke with platy Phyllite granules and pebbles or evevn a gravelly Mudstone. Colors vary
from greenish-grey to brown and occasionally alittle red.
Depositional environments. The sedimentary succession of the Jc1 indicates the erosion of a
metamorphic basement of the Binaloud Mountains, representing the core of the former
Cimmerian Mountains. The large maximum clast size and the poor rounding and sorting, as well
as the chaotic fabric of the sediments indicate a very high relief, steep gradients and a short
distance of transport. These rock units were deposited by rock-fall avalanches (chaotic boulder
breccias), by debris flows (matrix-supported Conglomerates) and in temporary stream channels
(the massive crudely bedded, erosional Conglomerates) of the proximal middle alluvial fans
(e.g. McGowen & Groat 1971; Nilsen 1982). The common brown weathering rims and
occasional brownish-red colors indicates a semi-arid climate.
The Conglomerate unit 2 (Jc2)
Lithology. The Jc2 consists of the argillaceous silt, fine-sandy siltstones which is alternating with
a large-scaled cross-bedded, medium to coarse-grained Sandstone, pebbly Sandstones and finegrained Conglomerates forming beds up to 10 30m in thickness. These beds exhibit invariably
sharp, often erosional bases and the numerous internal erosion surfaces. Cross-beds may reach a

thickness of 1 3 m, being replaced up-section by small-scaled cross-bedding and ripplelamination. Conglomerate beds are clast-supported and predominantly consist of the moderately
to well-rounded and sorted milky quartz granules and pebbles and also are characterized by the
large-scaled trough cross-bedding.
Depositional environments. The Jc2 consists essentially of the accumulation of deposits meterto decimeter in scale , fining- and thinning-upwards cycles, starting at the base with an erosional
surface overlaid by cross-bedded pebbly Sandstones, fine-grained Conglomerates that are
grading from sand to Siltstones. The sediments were deposited in a braided fluvial system which
is dominated by pebbly sandstones. The interpretation of the fining-upwards cycles as a pointbar deposits of a large-scaled meandering and the coarse-grained fluvial system is less possible,
although coarse-grained gravelly streams tend to have somewhat lower sinuosities than sandy
streams of similar size (McGowen & Garner 1970; Collinson 1986; Miall 1996). The dark colors
of the floodplain/ overbank sediments, the abundant plant remains, and the presence of
carbonaceous beds and the coal seams suggest a humid climate conditions for the deposition of
the Baz-e-howz Formation (cf. Collinson 1986).
Fossil content and Age. Based on Plants and plant fragments that are highly abundant, especially
in the fine-grained sediments (e.g. Phoenicopsis , Coniopteris, Nilssonia feriziensis Klukia exilis
Ginkgoites cordilobata Ginkgoites baieraeformis Dictyophyllum nervulosum denticulate, Nilssonia
ingens) age of this unit is assigned to Toarcian-Aalenian ( plates1-4).

The Conglomerate unit 3 (Jc3)
Lithology. The Jc3 consists of metre-scale beds and decimetre-scale amalgamated bedsets, which
some of them are lenticular and mostly the well-rounded quartz Conglomerates with little
amount of phyllite, chert and other metamorphic components. The grain size does not exceed
pebble size (mean diameter ~ 3 cm) and occasionally, the cobbles up to 15 cm in diameter have
been seen with a relative poor sorting. Most of the beds exhibit a large-scaled cross-bedding with
the sharp, erosional bases ( occasionally a weak fining-upwards trend). Wood fragments and logs
are common, but are being concentrated at the base of the Conglomerate units. Some plant debris
and rarely bioturbation have been reported by Wilmsen et al. (2009), between the conglomerate
beds and the amalgamated bedsets of the fine-grained, partly ripple-cross-laminated sandstones.
These fine-grained interbeds are usually thinner than the Conglomerates but are often poorly
exposed.
Depositional environments. Based on the coarse grain size, sedimentary structures, the lenticular
shape and amalgamated construction of Conglomerate beds, as well as small-scaled finingupwards sequences, the Aghounj Formation (equivalent with Jc3) is interpreted as the product of
a proximal braided river system (Miall 1985, 1996). The depositional environment's maturity of
the gravel deposits is high; textural maturity is less so. The Aghounj Formation indicates the
erosion of a deeply denudated basement (Cimmerian) with slightly higher fluvial gradients than
in the underlying Jc2.
Fossil content and Age. Basesd on Plants and plant fragments are highly abundant, especially in
the fine-grained sediments (e.g. Coniopteris Cladophlebis denticulata Cladophlebis cf. feriziensis,
Sagenopteris cf. iranica Neocalamites ishpushtensis Klukia exilis hymenophylloides) age of this unit
is Aalenian-Middle Bajocian ( plates1-4).
Discussion and conclusions

The Shemshak Group of the Binaloud Mountains of NE Iran can be subdivided into two
sedimentary succession: Syn-Eo-Cimmerian deposits and Post-Eo-Cimmerian deposits (Fig. 3).
The Upper Triassic part of the succession represents synorogenic deposits in a peripheral
foreland basin after the initial coupling of the Iran and Turan plates (i.e. the onset of the
Cimmerian orogeny), and the development of the Eo-Cimmerian unconformity. The main uplift
of the Cimmerides, associated with the transition from the Syn- to the Early Liassic postorogenic (molasse) stage, and can be subdivided into three units: Jc1, Jc2, Jc3(Fig. 4).
From the Middle Bajocian onwards, increasing subsidence rates in the southern Binaloud
Mountains indicate the extension in the northeast of Iran, interpreted as an eastwards-progressive
opening of the Neotethys back-arc rift-basin and the formation of the Kashafrud Basin. The
Bajocian Mid-Cimmerian event represents the break-up unconformity of this back-arc rift basin
(Fursich et al. 2009), developing into the South Caspian Basin during the remainder of the
Middle and Late Jurassic.
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Fig. 1. Geological map of NE Iran around Mashhad, with the location of principal study areas ( green star symbols).

Fig. 3. Tectono-stratigraphy framework of the Shemshak Group of the Binalud Mountains and correlation with the

succession in the Alborz Mountains of northern Iran (cf. Fursich et al. 2009, Wilmsen et al. 2009).

Fig. 2. Generalized sedimentary succession and formations of the Shemshak Group (Shandiz-Torghabeh) section in

the Binalud Mountains, NE Iran.

Fig. 4.The sketch map shows the post-Eo-Cimmerian molassic type deposits of the Binaloud Basin (NE Iran) .

(after Wilmsen et al. 2009, with chanches).

Plate 1
Fig. 1. Neocalamites ishpushtensis Jacob & Shukla,
1955; emend. Schweitzer et al., 1997; Jc3 member.
Fig. 2. Coniopteris hymenophylloides (Brongniart,
1829) Seward, 1900; Jc3 member.
Fig. 3. Coniopteris sp. A; Jc3 member.
Fig. 4. Coniopteris sp. B; Jc3 member.
Fig. 5-7. Klukia exilis (Phillips, 1829) Raciborski, 1890,
emend. Harris, 1961; sh.s & Jc3 member.
Fig. 8-10. Dictyophyllum nervulosum (Sternberg, 1825)
Kilpper, 1964; sh.s member.
Fig. 11, 12.. Cladophlebis denticulata (Brongniart
1828)
Nathorst, 1876; sh.s & Jc3 member.
Fig. 13, 14. Cladophlebis sp. cf. C. feriziensis Boureau
& Fakhr, 1975; Jc3 member.

Plate 2
Fig. 1. Cladophlebis sp. A; sh.s member.
Fig. 2. Cladophlebis sp. B; sh.s member.
Fig. 3. Cladophlebis sp. C; sh.s member.
Fig. 4. Sagenopteris sp. cf. S. iranica Fakhr 1975; Jc3
member.
Fig. 5. cf. Pachypteris sp.; Jc2 member.
Fig. 6. Pseudoctenis sp.; sh.s member.
Fig. 7, 8. Anomozamites sp.; sh.s member.
Fig. 9. Otozamites sp. A; sh.s member.
Fig. 10. Otozamites sp. B; sh.s member.
Fig. 11. Otozamites sp. C; sh.s member.
Fig. 12. Ptilophyllum sp.; sh.s member.
Fig. 13. Taeniopteris sp.; Jc2 member

Plate 3
Fig. 1. Nilssonia feriziensis Fakhr 1975; sh.s member.
Fig. 2, 3. Nilssonia undulata Harris 1932; sh.s & Jc3
member.
Fig. 4. Nilssonia sp. A; Jc3 member.
Fig. 5-7. Nilssonia sp. B; Jc3 member.
Fig. 8. Nilssonia ingens Schweitzer et al., 2000; sh.s
member.
Fig. 9. Nilssonia sp. C; Jc2 member.
Fig. 10. Ginkgoites cordilobata Schweitzer & Kirchner
1995; sh.s member.
Fig. 11. Ginkgoites baieraeformis Kilpper 1971; sh.s
member.
Fig. 12. Sphenobaiera sp. B; Jc3 member.
Fig. 13, 17. Phoenicopsis sp.; Jc2 member.
Fig. 14. cf. Pseudotorellia sp.; Jc3 member.
Fig. 15. Sphenarion sp.; sh.s member.
Fig. 16. Sphenobaiera sp. A; sh.s member.
Fig. 18. Czekanowskia sp.; sh.s member.
Fig. 19. Cycadocarpidium sp.; Jc3 member.
Fig. 20. Carpolithes sp.; Jc3 member.

Plate 4
Fig. 1. Podozamites distans (Presl 1838) Braun 1843,
emend. Barnard 1967; Jc3 member.
Fig. 2-5. Podozamites lanceolatus (Lindley & Hutton
1836) Braun 1843; sh.s & Jc3 member.
Fig. 6. Podozamites sp. cf. P. angustifolius (Echwald
1865) Schimper 1870; Jc3 member.
Fig. 7, 8. wood debris; Jc2, sh.s & Jc3 member
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Abstract:
Emphasis on the association between tectonic and the formation of thick siliciclastic strata
has tended to downplay the significance of high sediment supply and its potential to create
deep-water fans. The Kashafrud Formation provides an excellent opportunity to study the
interplay between deep-water sedimentation and syn-depositional tectonic subsidence (or
uplift) in the region, and suggests that high supply was critical in causing the accretion of this
moderately wide Middle Jurassic shelf margin, and the generation of large, sand-rich fans.
The ~2 km of Kashafrud strata in the basin were deposited within ~ 6.9 million years. This
rapid rate of deposition implies active subsidence and high rates of sediment supply during
early basin filling.
Keywords: Kopet Dagh Basin, deep-water deposits, sediment supply, tectonic
Introduction:
The growth of submarine fans, both modern (Flood and Piper, 1997) and ancient (Mutti,
1985; Posamentier and Vail, 1988), has been widely accepted as being preferentially
associated with relative tectonic. Here we study the rate of sedimentation of Middle Jurassic
strata in Kopet-Dagh Basin. Cyclicity of Upper Bajocian- Lower Bathonian (Kashafrud
Formation) sedimentary rocks is still rather poorly understood, but study by Taheri et al.
(2009), and Poursoltani (2017) showed that the Kashafrud Formation strata can benefit from
a sequence stratigraphy approach, allowing evaluation of the major controls of Upper
Bajocian- Lower Bathonian relative sea-level change. Before crustal breakup, a 1753 m thick
succession of sandstones and mudstones of the Kashafrud Formation were deposited
(Poursoltani et al. 2007, Poursoltani 2017). Deposition was related to the increasing tectonic

flexure and regional subsidence of the lithosphere.

The Kashafrud Formation is

predominantly composed of shale, sandstone and conglomerate. These sediments were
deposited in a fluvio-deltaic to turbiditic environment (Aghanabati 2004; Poursoltani et al.
2007; Taheri et al. 2009). The objectives of this study are: 1. Identification of lithofacies and
interpretation of their depositional environments, 2. Estimation of sediment rate during
Kashafrud precipitation, and 3. Tectonic effect on sedimentation in NE Iran.
Geological setting:
The study sites are located in northeast Iran in the Kopet-Dagh Basin, which formed after
northeast Iran collided with the Turan Plate early in the Mesozoic (Garzanti and Gaetani,
2002). In the eastern part of the basin, the Kashafrud Formation (Upper Bajocian-Lower
Bathonian), rests unconformably on Triassic volcanogenic sedimentary rocks (Sina
Formation) or conformably on older ultrabasic intrusive rocks. The formation covers an area
of hundreds of square kilometers, and represents a transition from fluvial sediments to deepwater turbidites (Poursoltani et al. 2007). The Kashafrud Formation is disconformably
overlain by marine carbonates of the Mozduran Formation (Oxfordian to Kimmeridgian),
which locally is as much as 420 m thick. The Cimmerian orogen resulted from the collision
and accretion of several Perigondwanan blocks to the southern margin of Eurasia between the
Late Triassic and Early Jurassic, following the closure of the Palaeotethys ocean. Remnants
of this orogen discontinuously crop out in NE Iran (Mashhad Fariman area) below the synto post-collisional clastic successions of the Kashaf Rud Formation (Zanchetta et al., 2013).
Methods:
The Kashafrud Formation was studied in three areas east of Mashhad. The outcrops are
disposed along an approximate southwest to northeast transect over a distance of 50 km. The
all sections were measured for a total of >7500 m, and facies types were identified. Outcrops
provide good exposure of conglomerate, sandstone, and mudstone. Four hundred and fifty
thin sections were studied to determine the lithofacies. Sandstones were classified using Folk
(1980) scheme and conglomerate was classified according the scheme of Boggs (1992).
Detrital modes of sandstones were plotted following Dickinson et al. (1983) for provenance
identification. Field observations were used to assess the lateral extent and thickness variation
of sandstone and mudstone packages. Based on the identification of different lithofacies and
interpretation of their depositional environments, and tectonic events in that time, and

sequence stratigraphy of the Kashafrud Formation, the relevant of depositional rate and
tectonic was interpreted.
Results and discussion:
Emphasis on the association between relative sea-level change and the formation of sandy
deep-water fans has tended to downplay the significance of high sediment supply and its
potential to create deep-water fans (Carvajal and Steel, 2006). The Neothetys shelf margin in
easthern of Kopet-Dagh suggests that high supply was critical in causing the accretion of this
moderately wide Middle-Jurassic shelf margin, and the generation of large, sand-rich fans
during every shoreline regression across the shelf.
1) Architecture of facies:
Based on filed study, the strata are described in terms four facies associations of
conglomerate, sandstone, mudstone, and carbonate (Poursoltani et al. 2007). Strata at the base
of the Kashafrud Formation at all sites consist of 2.5 m to 25 m of boulder to pebble
conglomerate interbedded with sandstone and mudstone. A single unit of this distinctive,
clast-supported facies is present 110 m above the base of the facies association in the KM
section. This structureless unit is 16.5 m thick and erosionally based, and extends laterally for
more than 3 km in a cliff-line oblique to paleoflow. Boulders of ultramafic and volcanic rocks
are up to 2 m in diameter, poorly to very poorly sorted, and subangular to well-rounded, in a
matrix of medium-grained sand to granules; no upward change in clast size is apparent. For
this uite, the exceptionally large clast size probably reflects rock falls or landslides in the
source area, generating a cohesive debris flow (Mulder and Alexander, 2001).
Packages of sandstone and mudstone form the bulk of the Kashafrud Formation, with an
abrupt basal contact on conglomerate. Sixty percent of the packages are composed
predominantly of thick-bedded sandstone and 40% of thin-bedded sandstone. Pebbly
sandstone and mud clast-bearing sandstone are present in 31% of the thick-bedded packages,
but only in 12% of the thin-bedded packages. Lenticular sandstone bodies are prominent in
all sections, and represent submarine channels cut into mudstones and sandstones.

A

submarine slope setting is suggested by the prominence of large, erosionally based submarine
channels at all stratigraphic levels, and slumped pebbly mudstones within mudstone packages
suggest locally steep gradients.

The mudstones are commonly structureless but are locally laminated, with some pale brown
calcareous concretions over which the associated mudstone laminae are draped. The
thickness range from 0.5 to 290 m (Poursoltani 2007). Diffuse, organic-rich layers are
decimeters to 5 m thick, grading into less organic-rich rocks above and below. The facies is
inferred to reflect hemipelagic muds laid down in locations distant from channel systems.
2) Petrography and provenance:
According to petrographical studies, samples classify as subarkose-lithicarkose (30%)feldespaticlitharenite (44%)-litharenits (24%) (sedarenite-volcanicarenite), with some arkose
and rarely sublitharenite. The sandstones are fine- to coarse-grained, and well sorted, with
subrounded to subangular grains. They are relatively impure with large amounts of feldspar
(mainly K-feldspar), and rock fragments. Based on angularity, sorting, and matrix content
(Folk, 1951), most sandstones are mature and submature. Volcanic fragments (5.6%) are
prominent, minor plutonic fragments are largely altered diorite, and rare metamorphic
fragments are mica schist with a few deformed quartzite grains. Many lithic types, sed
(12.4%) including chert, carbonate and metamorphic rocks (2.4%), have counterparts in the
underlying Triassic rocks. A tectonic discrimination diagram (Dickinson et al., 1983)
suggests that, Kashfrud samples mostly lie within the undissected arc, dissected arc,
transitional arc and recycled orogen zones.
3) Sedimentation rate:
The ~2 km of Kashafrud Formation sedi
million years, based on the timescale of Gradstein et al. (2004). This rapid rate of deposition
(in the order of > 300 m per million years, not corrected for compaction) implies active
subsidence and/or uplift and high rates of sediment supply during early basin filling.
Subsidence and accumulation rates later decreased, with some 4 km of strata deposited during
the 80 million years of the Cretaceous

a long-term average rate of only 50 m per million

years.

4) Sea-Level Change:
Based on the recognition of facies stacking patterns with parasequences, it is possible to
evaluate the effects of long- to medium-term changes in relative sea-level, and connections
with tectonism and sediment supply (Hampson and Storms 2003). System tracts are readily

interpreted in fluvial to deltaic sediments, but much more difficult or recognise convincingly
in turbidite successions. At lowstands, sediment delivery is direct to the basin slope and
characterized by abundant sandy sediment supply. Under conditions of rising sea level,
sediment may be trapped on the shelf and in estuaries, resulting in predominantly mud
deposition in the basin. The maximum flooding surface may be marked by slow
sedimentation rates and the accumulation of pelagic fossils and organic carbon. Once
progradation of deltas across narrow shelves resumes, there is an increase in sand supply to
the basin (Poursoltani 2017).
5) Tectonic effect:
In general terms, subduction in northeastern Iran led to Early Cimmerian deformational
events during the Late Triassic to Early Jurassic, during which the Turan Plate collided with
the Cimmerian continental block and Paleo-Tethys closed
Golonka, 2004). The collisional zone is marked by the Paleo-Tethys Suture near Mashhad,
and remnants of a continental arc are preserved in the Agh-Darband area.
As Ghaemi (2009) discussed, the Paleozoic to Late Triassic sedimentary rocks that formed
the Kopet-Dagh basement, deposited in a foreland basin, but in the Mid Jurassic,
sedimentation commenced in the Kopet-Dagh Basin on the southern Turan Plate (Lyberis and
Manby, 1999; Aghanabati, 2004), probably reflecting back-arc extension associated with
northward subduction (Thomas et al., 1999a, b). Present dimensions suggest that the basin
was at least 700 km long and 200 km wide, and it may have been connected to the Great
Caucasus Basin, which extended behind active volcanic arcs from the Black Sea to eastern
Iran (Zonenshain and Le Pichon, 1986). The basin experienced maximum subsidence in the
Jurassic, when many areas were underfilled and accumulated deep-water sediments. In the
Elburz and Talesh areas south and west of the Caspian Sea, Jurassic rift volcanics are present,
but are not known in the Kopet-Dagh Basin (Lyberis and Manby, 1999). Alternative views
exist about the setting of the Kopet-Dagh Basin. A deformed segment of this arc is preserved
in an erosional window at Agh-Darband in northeastern Iran, attached to the older Cimmerian
continent (Baud and Stämpfli, 1989).
After a period of Early to Middle Jurassic rifting, Mid Cimmerian compressional events and
volcanic activity took place in the Middle Jurassic (Aalenian to Bathonian). Basin inversion
resulted in an influx of coarse sediment, although marine sedimentation continued until the
Late Bathonian in the central part of the basin (Nikishin et al., 2001). A new rifting and

sedimentation cycle commenced in the Callovian above an angular unconformity that may
match the Callovian hiatus in the Kopet-Dagh region. Although the Middle Jurassic clastic
deposits of the Kashafrud Formation may be a consequence of Mid Cimmerian
compressional events, evidence from the Turan Plate east of the Caspian Sea suggests that
extensional faults influenced deposition during this period (Lyberis and Manby, 1999).
The Kopet-Dagh Range represents collision between Iran and Eurasia, commencing in the
Miocene and continuing with high seismic activity to the present (Thomas et al., 1999a;
Golonka, 2004). Collision in northeast Iran involved reactivation of Paleozoic and Mesozoic
structures (Thomas et al., 1999a), as well as the formation of fault-propagation anticlines
above thrusts (Lyberis and Manby, 1999).
The onset of the Mid Cimmerian orogeny and associated tectonic subsidence resulted in
rapid subsidance northward of the basin occurred and Qareh-Qaytan (750 m), Gale-Sangi
(1263m), Bagh-Baghoo (1430m), Mozduran (>850m), Kole-Malekabad (1783m), and SefidSang (1177m) sections in a short distance deposited. Although Cenozoic tectonics has
reactivated and masked Mesozoic structures, abrupt thickness changes in the Kashafrud
Formation suggest fault activity along the southern basin margin, where earthquakes may
have triggered some downslope movement. The above discussion indicate the high rate of
sedimentation might be a reason of tectonic activity in that time.
Conclusion:
A submarine slope setting is suggested by the prominence of large, erosionally based
submarine channels at all stratigraphic levels, and slumped pebbly mudstones within
mudstone packages suggest locally steep gradients. A tectonic discrimination diagram
suggests that, Kashafrud samples mostly lie within the undissected arc, dissected arc,
transitional arc and recycled orogen zones. This rapid rate of deposition (in the order of >
300 m per million years, not corrected for compaction) implies active subsidence and/or
uplift and high rates of sediment supply during early basin filling. At lowstands, sediment
delivery is direct to the basin slope and characterized by abundant sandy sediment supply.
The onset of the Mid Cimmerian orogeny and associated tectonic subsidence resulted in rapid
subsidance northward of the basin.
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abstract:
Here we present new paleomagnetic data from the Upper Jurassic Bidou Formation of Central Iran, which we
used in conjunction with published paleomagnetic data to reconstruct the history of paleomagnetic rotations and
latitudinal drift of Iran during the Mesozoic and Cenozoic. Paleomagnetic inclination values indicate that,
during the Late Jurassic, the Central-East-Iranian Microcontinent (CEIM), consisting of the Yazd, Tabas, and
Lut continental blocks, was located at low latitudes close to the Eurasian margin, in agreement with the position
expected from apparent polar wander paths (APWP) incorporating the so-called Jurassic massive polar shift, a
major event of plate motion occurring in the Late Jurassic from 160 Ma to 145 140 Ma. At these times, the
CEIM was oriented WSW ENE, with the Lut Block bordered to the south by the Neo-Tethys Ocean and to the
southeast by the Neo-clockwise
(CCW) rotation during the Early Cretaceous. This rotation may have resulted from the northward propagation of
the Sistan rifting-spreading axis during Late Jurassic Early Cretaceous, or to the subsequent (late Early
Cretaceous?) eastward subduction and closure of the Sistan oceanic seaway underneath the continental margin
of the Afghan Block.
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1. Introduction
Central
Iran
is
the
result
of
the
assemblage
of
the
Cimmerian
microplates(CEIM,sensuTakin1972),which drifted from Gondwana during the Permian and collided
with Eurasia in the Late Triassic (e.g. Sengor 1984; Muttoni et al. 2009), giving place to the EoCim
episodes of opening and closure of back arc basins, related to the consumption of the Neo-Tethys
Ocean and the collision of theArabia Plate.
Despite this complex tectonic history, paleomagnetic data from Iran are very sparse and have been
mainly used to unravel its pre-Cimmerian tectonic evolution (Muttoni et al., 2009a, b; see also Besse
et al., 1998). Here, we revise previously published paleomagnetic data from CEIM (Conrad et al.,
1981; Wensink, 1982; Bina et al., 1986; Soffel et al., 1989, 1996; Mattei et al., 2014) and present new
paleomagnetic data from the Upper Jurassic Bidou Formation from Central Iran (CEIM). We
anticipate that these paleomagnetic data are suitable to identify main episodes of counter-clockwise
(CCW) vertical axis rotations that occurred in Central Iran in the Late Jurassic Early Cretaceous.

2. Previous paleomagnetic results of CEIM
Mattei et al. (2014) report paleomagnetic results from Kimmeridgian Tithonian red beds of the
Garedu Red Bed Formation cropping out in the Garedu syncline of the western Shotori Mountains
(see also Cifelli et al., 2013). A well580 620 °Cto~670 °C, was isolated, and based on the presence of normal and reversed magnetic
polarities and a positive fold test, it was considered primary in origin and acquired during (or shortly
after) the deposition of the Garedu Red Bed Formation (Mattei et al., 2014). Soffel et al. (1989)
isolated, at sites located near Bardeskan, ChRM directions of dual polarity that are similar to the prefolding, low inclination ChRM directions of Mattei et al. (2014). In contrast, the ChRM directions of
high inclination obtained by Wensink (1982), interpreted as prefoldingin age (albeit with inconclusive
fold test; Wensink, 1982), most probably represent a record of the post-folding, high inclination B
component directions as isolated by Mattei et al. (2014). Soffel et al. (1989) reported paleomagnetic
directions from 5 sites sampled from Jurassic sandstones and red sandstones from the Bidou area
north of Kerman. Results show ChRM component directions of normal and reverse polarities that,

after correction for bedding tilt, cluster either to the northwest or southeast with shallow inclination,
and are similar to the ChRM directions of the Garedu Red Bed Formation (Mattei et al., 2014). In the
Tabas Block, Soffel et al. (1989) report results from two sites of Jurassic age that have ChRM
directions oriented to the northwest and down or southeast and up. In the Lut Block, one site of
Jurassic age reported by Soffel et al. (1989) shows ChRM directions oriented southwest and up.

3. Paleomagnetic sampling and results
In the Kerman area of Central Iran (as part of the CEIM), we sampled 9 sites in the red marls and
siltstones of the Upper Siliciclastic Member (Late Jurassic Early Cretaceous) of the Bidou Formation.
S-oriented Bolbulieh and Hossienabad
fold systems, located to the southeast and east of Kerman, respectively.

Fig. 1. Isothermal remanent magnetization (IRM) acquisition curves (a) and thermal demagnetization of a three-component IRM (b) from
representative hematite-rich samples of the Bidou Formation red beds.

The magnetic mineralogy of the sampled sediments was investigated on representative specimens
using standard rock magnetic techniques. The stepwise acquisition of an isothermal remanent
magnetization (IRM) was imp
All samples show a
progressive increase of IRM that does not reach saturation up to 2.0 T, suggesting the presence of a
dominant high coercivity ferromagnetic mineral (Fig. 1a).

Fig. 2. Vector component diagrams for the progressive demagnetization of representative samples from Bidou Formation red beds. Open
and solid symbols represent projections on the vertical and horizontal planes, respectively.

Thermal demagnetization
ms these results and helps
nature of the magnetic mineral. High-coercivity magnetic phases are prevalent and show maximum
unblocking tem- peratures of about 680 °C, which can be attributed to hematite (Fig. 1b).
A total of 84 cylindrical core specimens were subjected to progressive stepwise thermal
demagnetization and the natural remanent magnetization (NRM) was measured after each
demagnetization step with a 2G Enterprises DC-SQUID cryogenic magnetometer. The lowmagnetic susceptibility was measured after

Fig. 3. Equal area projections of ChRM component site mean directions (violet symbols) of the Bidou Formation red beds in tilt-corrected
and in situ coordinates; closed symbols represent down-pointing directions, open symbols represent up-pointing directions. Dec. =
declination; Inc. = inclination.

each heating step to monitor thermally induced alterations of the magnetic mineralogy. Most of the
samples show the presence of an initial A component isolated between room temperature and 180
240 °C, occasionally up to 400 °C (Fig. 2). The A component, with an in situ overall mean direction
= 24.2°), is within error range aligned along a recent geocentric
of Dec. = 356.0° E, Inc. = 40.3° (
54°), and is therefore interpreted as a recent viscous
overprint. After removal of the low-temperature A component, a wellmagnetization (ChRM) component is observed in 40% (34/84) of the samples at higher temperatures
between average values of c. 580 620 °C or occasionally up to 670 °C (Fig. 2). Demagnetization
diagrams indicate stable behavior with demagnetization vectors aligned along linear paths directed
toward the origin of vector component diagrams. The overall mean ChRM component direction based
on 6 site-mean directions is Dec. = 111.7°E, Inc. = 95 = 29.6°) in in situ coordinates,
whereas in tilt corrected coordinates, it becomes Dec. = 105.7°E, Inc. = 95=
20.1°)(Fig. 3). Site-mean directions show declination scattering that persists after tectonic correction
(from 74.1°E at site GA15 to 127.1°E at site GA12), and that is possibly related to local tectonic
rotations. We consider this high-temperature ChRM component as primary in origin and acquired
during (or shortly after) deposition of the Bidou Formation. Paleomagnetic directions obtained from
the Bidou Formation sites are similar to those obtained from the coeval Garedu Red Beds Formations
-latitude position of
from northern Tabas Block (Mattei et al., 2014
Central Iran during Late Jurassic and the large amount of CCW rotation experienced by Central Iran
since that time.

4. Choice of reference paleomagnetic poles
Previous paleomagnetic analyses indicate that the CEIM was located close to the Arabian margin of
Gondwana in the Paleozoic, drifted off this margin attaining subequatorial palaeolatitudes in the Late
Permian Earliest Triassic, and approached the Eurasian margin by the late Early Triassic, to then
and references therein; see also Besse et al., 1998). Mattei et al. (2014) reported a low paleolatitude
(~12°N±~5°) for the deposition of the Kimmeridgian Tithonian (Late Jurassic) Garedu Red Bed
Formation from the northern Tabas Block, which was found to be in good agreement with the low
paleolatitudes predicted for Eurasia by the apparent polar wander paths (APWPs) of Kent et al. (2010)
and Muttoni et al. (2013). These APWPs show the occurrence of a major and rapid shift in pole
position of major plates (referred to as Jurassic massive polar shift; Mattei et al., 2014) during the
Middle to Late Jurassic that alternative curves from the literature tend to underestimate, and, for our

5. Vertical axis rotations of the CEIM
Paleomagnetic rotations are displayed according to age of sampled rocks. Jurassic paleomagnetic
directions have been obtained for the CEIM at six localities in the Tabas and Yazd blocks and one
clockwise (CCW) rotations, ranging between 45° (±11°) and 82° (±14°), with a mean value of 66°
(±13°). In the CEIM, we observe a phase of CCW vertical axis rotations which occurred during the
Early Cretaceous with an average amount of ~30° CCW.

6. Paleogeographic evolution of the CEIM
Paleomagnetic results f
Eurasia by APWPs incorporating the Jurassic massive polar shift (Mattei et al., 2014). In particular,
during the Middle Jurassic (170 Ma, Fig. 4a), the CEIM, attached to Eurasia, was stationed in the
mid-latitude (~40°N) temperate belt, whereas during the Late Jurassic (145 Ma, Fig. 4b), it shifted to
the low latitude tropical arid belt (~15°N).

Fig. 4. Paleogeographic reconstructions of the Central-East Iranian Microcontinent (CEIM) comprised of the Yazd, Tabas, Lut blocks
during the Middle Jurassic-Late Cretaceous time interval. Paleolatitudes are derived from paleomagnetic data from Iran (b, c) in conjunction
with paleolatitudes expected for the CEIM from different apparent polar wander paths (APWPs) from the literature (a). Standard zonal
ontinental drift on
the distribution of climate-sensitive sedimentary facies of Iran. The Neo-Tethys Ocean (a, b, c) and the Sistan oceanic subduction and
subsequent closure (c) are also reported, together with the inferred position of the rift axis in the Sistan, Sabzevar, and Nain-Baft marginal
basins. The orientation of the CEIM is derived by paleomagnetic data and by facies distribution of Middle Late Jurassic carbonate platformto-basin depositional system (Dercourt et al., 1986; Fürsich et al., 2003; Wilmsen et al., 2003, 2009, 2010). Y = Yazd; T = Tabas; L = Lut;
A = Alborz; SCB = Southern Caspian Basin; CA = Central Afghanistan.

This latitude shift explains the switch from coal-bearing sedimentation to carbonate platform
deposition in the late Middle Jurassic (e.g. Fürsich et al., 2003), which appears to coincide with the
drop to arid tropical latitudes during the Jurassic massive polar shift (see Mattei et al., 2014).
Paleomagnetic data from Upper Jurassic units also show that the CEIM rotated ~65° CCW since the
Late Juras
These results are coherent with facies analyses and stratigraphic relationships (Fürsich et al., 2003;
Wilmsen et al., 2010), which suggest that, during the Late Jurassic, the Yazd, Tabas, and Lut blocks
of the CEIM were oriented east-northeast/west-southwest, and had the same lateral arrangement with
differential vertical axis rotations along the block-bounding faults (Fig. 4b). The stratigraphy and
facies distribution show that the Yazd Block was emergent for most of the Jurassic period and that
ld
represent an area close to the oceanic basin and should therefore face the Neo-Tethys Ocean to the
south and southeast (Fig. 4a).
Early
Cretaceous.
On the basis of its timing and regional distribution, we relate the ~30° CCW rotation of the CEIM to
the Early Cretaceous opening and subsequent closure of oceanic seaways, relics of which are
preserved in the Nain-Baft, Sabzevar, and Sistan ophiolitic domains surrounding the CEIM (Fig. 4c).
In particular, several pieces of evidence suggest that the oceanic seaways that faced the southeastern
side of the CEIM were already formed during the Early Cretaceous. Babazadeh and De Wever
(2004a,b) suggested that the Sistan Ocean was already open at the beginning of the Aptian (121 Ma),

based on the presence of Early Cretaceous (Albian Aptian) radiolarian faunas in pelagic cherts within
the Sistan ophiolitic assemblage. In the Makran accretionary prism of southeast Iran,
geochronological studies on igneous rocks from ophiolite complexes have yielded 40Ar/39Ar
hornblende cooling ages of 156 139 Ma (Kananian et al., 2001) and 143 141 Ma (Ghazi et al., 2004),
indicating formation of oceanic crust around the CEIM in Late Jurassic to Early Cretaceous times.
Furthermore, radiometric ages on high-pressure metamorphic rocks suggest that subduction of
oceanic lithosphere along the eastern margin of the Sistan Ocean had begun prior to 125 Ma (Early
Cretaceous) (Fotoohi Rad et al., 2009), whereas high-pressure granulites in the Sabzevar units seems
to suggest the occurrence of early (106 Ma) subduction of the Sabzevar oceanic seaway (Rossetti et
al., 2010). Our data are not conclusive for indicating if the measured CCW rotation of the CEIM
resulted from the northward propagation of rifting-spreading in the Sistan basin during Late Jurassic
to Early Cretaceous times (Fig. 4b), or to the subsequent (late Early Cretaceous?) eastward subduction
and closure of the Sistan oceanic basin underneath the continental margin of the Afghan Block (Fig.
4c, Rossetti et al., 2010).

7. Conclusions
Our new paleomagnetic results from Upper Jurassic Bidou Formation integrated with published
paleomagnetic data from Iran, lead us to the following conclusions:
(1) During the Late Jurassic, the CEIM was located at low latitudes close to the Eurasian margin, in
agreement with the position predicted for Eurasia from the Kent et al., 2010 APWP during the socalled Jurassic massive polar shift (Mattei et al., 2014).
(2) The Jurassic latitudinal drift of Eurasia fully explains the sedimentary facies evolution of Iran
under the assumption of standard zonal climate belts (see Mattei et al., 2014).
(3) During the Late Jurassic, the different blocks forming the CEIM (Yadz, Tabas, Lut) were oriented
WSW ENE, with the Lut block facing the Neo-Tethys Ocean in the south and the Sistan oceanic
seaway in the southeast.
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Abstract
An integrated sedimentological and stratigraphic study of the Ab-Haji Formation is crucial
for palaeogeographic reconstructions of central Iran because it reflects the geodynamic
history of the region during and in the aftermath of the main Cimmerian event (Triassic
Jurassic boundary to Liassic). We measured and studied seven well-exposed outcrop sections
in order to identify lithofacies and facies associations and to interpret the palaeoenvironment.
Six facies associations are recognized: Fluvial plain, coastal plain, delta plain, delta front,
prodelta, and shallow siliciclastic shelf. Reconstruction of the palaeogeography of eastcentral Iran shows a west-to-east and northwest-to-southeast continental-to-marine gradient.
Based on thickness variations, lateral facies changes, palaeocurrent patterns, and changes in
the nature of the basal contact of the Ab-Haji Formation on the Yazd, Tabas, and Lut blocks,
the source of siliciclastic material was likely the fault-bounded Yazd Block in the west and
the Shotori Swell at the eastern edge of the Tabas Block. The pattern of thickness variations,

invoking large tilted fault blocks in an extensional basin.
Keywords: Early Jurassic . Cimmerian . Lithofacies . Extensional basin . East-central Iran

Introduction
The Cimmerian orogeny governed the Late Triassic Jurassic sedimentation pattern of the
composite Iran blocks, including the Central-East Iranian Microcontinent (CEIM; Takin

1972; Wilmsen et al. 2009a, b). The CEIM consists of three large, fault-bounded, northsouth-oriented structural units: The Lut, Tabas, and Yazd blocks (Fig. 1A). The tectonic
instability of the area is reflected in numerous sedimentary and stratigraphic features (Fürsich
et al. 2003, 2009a, b; Wilmsen et al. 2003, 2009a, b; Seyed-Emami et al. 2004; ZamaniPedram 2011).
During the Early Jurassic, the siliciclastic Ab-Haji Formation was deposited across the two
tilted fault blocks (Tabas and Yazd) of the Central-East Iranian Microcontinent (CEIM)
(Wilmsen et al. 2009a, b; Salehi et al. 2014a, b). In order to test the hypothesis that the AbHaji Formation records Early Jurassic tilting, uplift and erosion of the above-mentioned
central-east Iranian blocks, we performed a detailed lithostratigraphic study and facies
analysis of this unit.

Geological setting
The study area is located on the central part of the CEIM (Takin 1972), which currently
forms the central part of the Iran Plate (Fig. 1A). The Iran Plate, an element of the Cimmerian
microplate assemblage, became detached from Gondwana during the Permian and collided
with the Turan Plate of Eurasia during the Late Triassic, thereby closing the Palaeotethys
(Eo-Cimmerian event; e.g., Stöcklin 1974; Stampfli and Borel 2002; Fürsich et al. 2009a;
Wilmsen et al. 2009a) (Fig. 2). This Eo-Cimmerian Orogeny resulted in termination of
marine sedimentation, followed by non-deposition or erosion, source-area rejuvenation, and
deposition of the Lower Jurassic Ab-Haji Formation in east-central Iran (Wilmsen et al.
2009b) (Fig. 2).
According to several geodynamic models (e.g., Besse et al. 1998; Cifelli et al. 2013; Mattei et
al. 2015), the CEIM experienced post-Triassic counterclockwise rotation around a vertical
axis by 135° into its present-day position, associated with considerable lateral movements
along the block-bounding faults (Fig. 1A).

Methods
We measured, described, and sampled seven stratigraphic sections in the field (Figs. 1B, 3A
C). The measured sections allow to construct two stratigraphic cross-sections trending east
west through the Yazd, Tabas, and Lut blocks and north south through the Tabas Block,
respectively (Fig. 1B).

Lithofacies were defined based on sedimentary structures and

lithology using the modified lithofacies classifications of Miall (1985; 2006). Palaeocurrent
indicators were recorded at 25 locations to constrain sediment dispersal patterns

Lithofacies, facies associations and depositional environments
On the basis of lithology, sedimentary structures and textures as well as stratal geometry,
sixteen lithofacies were identified in the field. Lithofacies analysis distinguishes two coarsegrained (Gcm, Gt), eight medium-grained (St, Se, Sp, Sr, Sh, Shc, Sl, Shs), three fine-grained
(Fl, Fm, Fc), two interbedded sandstone-claystone (Fl(Sr), Sr/Fl) and one coaly lithofacies
(C). These lithofacies were also recognized and described within the Ab-Haji Formation of
the northern Tabas Block by Salehi et al. (2014a). Based on stratigraphic lithofacies trends
and spatial associations, we identified six major facies associations, representing fluvial
channels with associated flood plain and swamps, delta plain, delta front, prodelta and
shallow-marine siliciclastic shelf depositional environments within the Ab-Haji Formation.

Discussion
A reconstruction of the palaeogeography of the CEIM during the Early Jurassic requires
detailed knowledge of the spatial and temporal distribution of the facies of the Ab-Haji
Formation. In the following, we thus discuss its lateral facies and thickness changes, its
provenance and the tectonic controls on its deposition

Facies development and thickness changes
The Ab-Haji Formation thickens towards the east from 82 m at Kuh-e-Rahdar to 347 m at
Simin-Sepahan (Fig. 4). At Kuh-e-Rahdar, it is composed of shallow-marine sandstone and
shale at the base, overlain by deltaic facies. These facies prograde eastward and grade rapidly
into a mud-dominated fluvial plain and thin coastal plain deposits at Simin-Sepahan (Fig. 4).
The fluvial facies at Simin-Sepahan thins towards the southeast, reaching 60 m at Parvadeh
where it is overlain by coastal-plain mudstone. The well-developed channel facies and the
poor development of the fine-grained flood plain deposits indicate low-sinuosity rivers
reaching the exposed area. The coastal plain facies is restricted to 15 m of green laminated
shale in the upper part of the Ab-Haji Formation which precedes the transgression of the
Badamu Formation In the easternmost part of the study area, at Kuh-e-Shisui on the Lut
Block, the Ab-Haji Formation consists of shallow siliciclastic shelf deposits overlain by
prodelta sediments which grade into stacked delta-front sandstones (Fig 4). There is clear

evidence of an eastward-prograding deltaic system (Fig. 5). The Ab-Haji Formation thickens
toward the southern Tabas Block and reaches its maximum thickness in the Ravar-Zarand

formation decreases rapidly from 700 m in the Ravar-Zarand area to only several tens of
meters towards the southeast in the Kerman area (Fürsich et al. 2005). The sedimentary
environments also change from fluvial and deltaic in the west (Ravar area) to shallow marine
in the southeast (Zarand-Eshkeli and Kerman region) (Fig. 4). Palaeocurrent analyses in the
two southern sections (Ravar-Abkuh and Zarand-Chenaruyeh) also show unimodal patterns
with a mean flow direction to the east and southeast (Fig. 5). The great thickness of the
formation in the Ravar-Zarand area suggests high subsidence of the southern Tabas Block,
adjacent to a high-relief and emergent southern Yazd Block.
The observed pattern of facies and thickness changes in this area are evidence of strong
differential subsidence with a proximity of erosional areas and depocenters which may best
be explained by an array of tilted fault blocks (e.g., Leeder and Gawthorpe 1987). A series of
extensional, fault-bounded tilted blocks readily explains the observed thickness variations
and rapid east-to-west facies changes of the Ab-Haji Formation on the Yazd, northern Tabas
and Lut blocks.

Source areas
The source areas of the siliciclastic sediments of the Ab-Haji Formation can be reconstructed
based on thickness variations, lateral facies changes, changes in the type of the basal contact,
and by petrographic provenance studies. Salehi et al. (2014b) reported detailed lithological
descriptions, modal analyses and whole-rock geochemistry of the Ab-Haji Formation; here,
only the main results of this study are briefly summarized in order to compose a
comprehensive picture of the palaeogeographic and geodynamic framework of the formation.
Sandstone modal analysis shows that the sandstones of this formation on the western and
southern Tabas Block (Kuh-e-Rahdar, Ravar-Abkuh and Zarand-Chenaruyeh sections)
consist of submature litharenites (phyllarenites and sedarenites) to sublitharenites with
predominant sedimentary and low-grade metamorphic grains, while the sandstones of the
eastern Tabas and western Lut blocks (Parvadeh and Kuh-e-Shisui sections) consist of
mineralogically mature quartz-rich sublitharenites (Salehi et al., 2014b). Such compositions
document provenance from the recycled-orogen field.

Variations in sedimentary rock fragments as well as low-grade metamorphic rock fragments
of the Kuh-e-Rahdar, Ravar-Abkuh and Zarand-Chenaruyeh sections point to derivation of
grains from a recycled-orogen provenance, the west-dipping tilted Yazd Block, and their
transport to the western and southern Tabas Block (Fig. 5). The Upper Neoproterozoic and
Lower Paleozoic rocks, including plutonic-metamorphic rocks of the Bayazeh and Sagand
areas (Boneh Shurow complex: Bagheri and Stampfli 2008; Kargaranbafghi et al. 2015) as
well as the Posht-e-Badam complex (Kargaranbafghi et al. 2012; 2015) in the eastern Yazd
Block, which had become exposed during the Eo-Cimmerian orogenic phase, are potential
source rocks for the Ab-Haji Formation of the western Tabas Block (Salehi et al. 2014b) (Fig.
5).
The source area of siliciclastic material of the northeastern Tabas and the Lut blocks could
have been the subaerially exposed eastern part of the Tabas Block, i.e., an area approximately
parallel to the present-day strike of the Shotori Mountains (the so-called Shotori Horst/Swell;
Stöcklin and Nabavi 1971) (Fig. 5). There is evidence for repeated synsedimentary uplift and
erosion at several localities in the southern Shotori Mountains during the Jurassic (e.g.,
Fürsich et al. 2003). Based on the evidence of synsedimentary removal of strata, the
siliciclastic strata of the Ab-Haji Formation in the northeastern Tabas and western Lut Block
are mainly derived from Upper Palaeozoic and Triassic sedimentary strata of the Shotori
Swell.

Conclusions
Lithofacies analysis of the Ab-Haji Formation in east-central Iran resulted in the recognition
of sixteen lithofacies and six facies associations that are interpreted as representing
environments ranging from fluvial to shallow-marine shelf. Exposure of supracrustal
successions on the elevated western Yazd Block due to the Eo-Cimmerian orogenic phase at
the end of the Triassic provided a westerly source area for the western Tabas Block. In
contrast, the most plausible source areas for the eastern Tabas Block and western Lut Block
are the exposed sedimentary strata on the uplifted crest of the eastern Tabas Block. The
basin-wide changes observed in thickness and the rapid east-west facies changes as well as
the provenance can best be explained by normal faulting across tilted fault blocks in an
extensional basin during the Early Jurassic.
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Fig. 1 A Structural and geographic framework of Iran showing the main sutures, structural units and geographic
areas. B Locality map of east-central Iran with major structural units. 1. Kuh-e-Rahdar. 2. Simin-Sepahan. 3.
Parvadeh. 4. Kuh-e-Shisui. 5. Ravar-Abkuh. 6. Zarand-Chenaruyeh. 7. Zarand-Eshkeli.

Fig. 2 Geodynamic model of Iran, not to scale, during the Hettangian Pliensbachian (during the aftermath of the
main-Cimmerian event; modified from Wilmsen et al. 2009b and Salehi et al. 2014a, b).

Fig. 3 Overview field photographs of the Ab-Haji Formation in east-central Iran. A Parvadeh section; B RavarAbkuh section; C Zarand-Chenaruyeh section.

Fig. 4 Transect of the spatial distribution of depositional environments of the Lower Jurassic Ab-Haji
Formation. Note the thickness variations and facies changes from E to W.

Fig. 5 Palaeogeography of east-central
Iran (blocks and faults; modified from
Zamani-Pedram (2011). 1 7 refer to
Kuh-e-Rahdar (1), Simin-Sepahan (2),
Parvadeh (3), Kuh-e-Shisui (4), RavarAbkuh (5), Zarand-Chenaruyeh (6), and
Zarand-Eshkeli (7) areas, respectively.
Rose diagrams represent palaeocurrents,
n indicates the number of palaeocurrent
measurements at each site. Circles
indicate major cities.

Transpression deformation in Eastern Binalud Mountains
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Abstract
Different stages of deformation have been recognized in Eastern Binalud Mountain. They are
interpreted to have resulted from continuing collision and transpression deformation between
Turan and Central Iran plates. The isotopic ages indicate that the onset of collision initiated in
Early Jurassic and the resulted convergence lasted through recent time. Successive
deformations in this collisional zone migrated from hinterland to the foreland basin, from
northeast to the southwest of Eastern Binalud Mountain.
Keywords: Deformation; Binalud; Transpression; collision
Introduction
Transpression is a common concept for both ductile and brittle shear zones in which block
convergence vectors are not exactly orthogonal to or parallel to the shear zone boundaries
(Dewey et al., 1998). This condition is predominantly evident in continental convergent plate
boundaries, where extensive deformation belts develop in which fault or shear zone bounded
blocks partition strains into a series of complex displacements, internal strains and rotations
in response to tectonic forces (Dewey et al. 1986).
Despite all the progress in the study of transpression zone in terms of analogue and numerical
modeling (Malavieille and

Trullenque 2009), simultaneous action of pure and simple

shearing (Fossen and Tikoff, 1993; Tikoff and Fossen, 1995), strain partitioning (Tikoff and
Teyssier, 1994; Teyssier et al., 1995; Dewey et al., 1998), heterogeneous variation in strain
intensity (Jones et al., 2004) and development of deformation fabrics (Sculmann et al.,
2003), there is still needed to more examine the results of these achievements in different
natural transpression zones such as Binalud collisional zone. These kinds of case studies can
improve our understanding of the deformation history in transpressive continent-continent
collision and closing of ancient oceans along irregular margins.
The objective of the present work is to examine the presence of the transpression deformation
in the Mashhad metamorphic rocks using the three dimensional strain analyses, kinematic
vorticity number (Wm) of shearing, and geochronology to obtain absolute ages for this

deformational event. The findings of this study will help to understanding the processes of
closure of paleotethys in northeast of Iran from onset of collision until modern deformations.

Discussion
Northeast of Iran constitutes of two structural zones called Kopeh Dagh in the north and
Binalud in the south. These two zones reflect the complex tectonic history results from the
progressive collision of the north Gondwanian blocks to the south Eurasian margin (Stöcklin,
1974; Stampfli and Borel, 2002; Wilmsen et al., 2009; Zanchi et al., 2009; Shabanian et al.,
2012; Zanchetta at al. 2013). In the recent decades, the reconstruction of this collision has
been one of the major interesting research subjects due to its importance to understanding
geodynamic evolution of the southwestern of Asia.
The first and most important event in the area, in terms of intensity, is found in the
metamorphic rocks in south and southwest of Mashhad city. This event appears as three
stages of a progressive deformation (D1, D2 and D3). The deformation and metamorphism of
the turbiditic rocks, basic and ultrabasic rocks of Permo-Triassic age and the unconformity
between them and the Mashhad Phyllite are the results of this event. This deformational event
was accompanied by an amphibolite facies metamorphism (Sheikholeslami and Koupeyma,
2012). Most of the shear sense indicators in the rocks deformed by D2 stage, define a
predominantly dextral strike-slip and some show reverse sense of shear. This fact as well as
coexistence of compressive and transcurrent structures, geometric pattern of foliations and
lineations, and parallelism of the F2 folds axis and L2 lineation indicate transpressive
character of deformation during this stage (Sheikholeslami and Koupeyma, 2012). The map
view of the regional folds of the metabasic and metaultrabasic layers in the context of the
schists and slates from south and west of Mashhad region shows a large asymmetric Z shape
folding which may confirm a right-lateral strike-

and Sengör, 2005).

Vorticity estimation (Wm= 0.4-0.9) confirm that the flow of material during this progressive
deformation occurred by combination of both pure and simple shear deformations.
The results of finite strain analysis indicate that the majority of analyzed strain samples lie in
the flattening field of the Flinn diagram. This study also show a widespread distribution of
positive v values compared with negative ones. These facts as well as presence of steep to
moderate dipping foliations and lineation in Mashhad metamorphic rocks are among the
evidence of transpression during the first regional deformation.
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Ar/39Ar step-heating measurements on the biotite and muscovite from the four samples of

starulite garnet schist of the Mashhad metamorphic rocks yielded plateau ages of 196.2+0.5
Ma to 182.6+0.5 Ma. These Early Jurassic ages may be related to the Main Cimmerian events
in the area. This event was associated with rapid Cimmerian uplift and slab break-off event
which post-dates the Late Triassic Eo-Cimmerian deformation (Wilmsen et al. 2009).
The second regional event in the area resulted in folding and generation of axial plane
foliations in Mashhad phyllite. This event which is accompanied by green-schist facies
regional metamorphism is marked by an unconformity between Mashhad Phyllite and
Kashafrud Formation (Middle Jurassic) or between Mashhad Phyllite and Jurassic detritic
rocks.
Towards the southwest, the thirds regional event in the area is manifested by the formation of
fold and thrust domain which involves the Lower Paleozoic rocks and Mashhad phyllite.
This event was responsible for thrusting of the different rock units on each other and on
Neogene sediments in the southern border of the Binalud Mountains along Binalud thrust
fault. The thrust faults are interpreted as the evidence of the antiformal stacks duplexes
(Alavi, 1992). The faults related to this event mostly occurred in brittle conditions, however
the presence of mylonitic fabrics along some fault surfaces indicate their creation under
ductile conditions.
Further to the southwest, the modern deformation concentrates within the foreland basin of
the Binalud Mountain. Significant structures are formed by this recent NE direction
shortening (Shabanian et al., 2010; Javidfakhr et al., 2011). The main structures are major
thrust systems bounding the southern part of the eastern Binalud. They contain north
Neyshabur fault system which runs along the foothill of the mountains caused thrusting of
Neogene deposits over the Neyshabur plain and forming a step in the topography of up to 300
m (Hollingworth et al., 2010).

Conclusion
A regional deformation occurred at the front of the collision zone in northeast of Iran during
Early Jurassic time. This regional deformation is characterized by development of three

stages of deformation and a regional metamorphism. The deformation migrated towards the
southwestern edge of the Binalud Mountains by formation of the ductile- brittle and finally
brittle deformations. Paleotectonic and active tectonic studies indicate that considerable
amount of the northward convergence between Central Iran and Turan plate is concentrate
along dextral shear zones and strike slip faulting on the southwest and northeast of the
Binalud Mountains.
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Jurassic sedimentation, magmatism and metamorphism in Turkey: A
synthesis
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Turkey is made up of several Gondwana-derived continental blocks, which were
separated from each other by the sutures representing traces of the former Tethyan oceanic
domains. These continental blocks include Menderes-Taurus
zone, Istanbul zone and Strandja zone.

assif, Sakarya
-

Ankara-Erzincan suture (IAES) (e.g. the Menderessite of neritic carbonate deposition during the Mesozoic. Parts of them were above sea level
during Early to Middle Jurassic, undergoing denudation which is diagnostic by local bauxite
formations. The Jurassic magmatism and metamorphism are confined to the north of the
IAES. The IAES is marked by a number of suprasubduction-zone ophiolites and accretionary
complexes of Early to Middle Jurassic and Cretaceous age. The Early to Middle Jurassic
ophiolites and accretionary complexes are largely dismembered, and found mainly as tectonic
slivers in the Cretaceous accretionary complexes. In the Sakarya zone, just to the north of the
IAES, there was a major marine transgression coming from the south during the Early
Jurassic. The Early Jurassic clastic rocks grade upward into a volcanoclastic sequence of
Early to early Late Jurassic age, comprising basalt, basaltic andesite, volcanogenic sandstone,
siltstone and claystone. There are also Early to Middle Jurassic gabbroic to granitic
intrusions. The volcaniclastic sequence displays pronounced lateral thickness and facies
changes which has been ascribed to formation in an extensional submarine magmatic arc
setting. This sequence is conformably overlain by platform-type carbonates of Late Jurassic
to Early Cretaceous. Middle crustal parts of this magmatic arc is locally exposed in the
Central Pontides, comprising high-temperature/low-pressure metamorphic rocks. The
Istanbul zone was mainly above sea level during the Jurassic, and comprises local lacustrine
limestone and shale of Middle Jurassic age. The Strandja zone was undergoing regional
metamorphism during Late Jurassic and Early Cretaceous. In both Istanbul and Strandja
zones, Jurassic magmatism is not documented so far.

To summarize, the Sakarya zone was a submarine magmatic arc during Jurassic time,
whereas the continental blocks to the south of the IAES (the Menderes-Taurus block and

and metamorphism. The NW Iranian block differs from the Menderes-Taurus block by the
presence of the Jurassic arc magmatism to the north of the Zagros suture. The ophiolitic rocks
along the Turkishvestiges of this oceanic domain, separating both continental blocks. This research has been

