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Achomosphaera  ramulifera, Achomosphaera
sagena, Achomosphaera sp., Alterbidinium
varium,  Amphorosphaeridium  fenestratum,
Andalusiella dubia, Andalusiella gabonensis,
Andalusiella polymorpha, Andalusiella
rhomboids, Andalusiella sp., Caligodinium

aceras, Callaiosphaeridium  asymmetricum,
Cannosphaeropsis utinensis, Cerodinium diebelii,

Cerodinium  obliquipes,  Cerodinium  sp.,
Cerodinium  speciosum,  Chytroeisphaeridia
baetica, Cribroperidinium orthoceras,

Circulodinium distinctum, Cleistosphaeridium
multifurcatum, Conosphaeridium striatoconum,
Cribroperidinium sp., Cyclonephelium
compactum, Cyclonephelium membraniphorum,
Cyclonephelium sp., Cymososphaeridium sp.,
Deflandrea  damasii, Deflandrea galeata,
Deflandrea sp., Disphaerogena lemniscata,
Disphaerogena  sp., Ellipsodinium sp.,
Exochosphaeridium bifidum, Exochosphaeridium
sp., Florentinia buspina, Florentinia deanei,
Florentinia mantellii, Florentinia sp.,
Glaphyrocysta marlboroughensis, Glaphyrocysta
sp., Godavariella venkatachalae, Hystrichodinium
pulchrum, Hystrichosphaeropsis ovum,
Hystrichosphaeridium sp., Hystrichosphaeridium
tubiferum, Kalyptea aceras, Kleithriasphaeridium
truncatum, Odontochitina operculata,
Oligosphaeridium abaculum, Oligosphaeridium
albertense, Oligosphaeridium asterigerum,
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Sample No. AOM% Maceral% Palynomo.%
1 15 96.5 2
2 20 77.75 2.25
3 30 67.25 2.75
4 9 90.25 0.75
5 16 84 0
6 13.75 86.25 0
7 17.25 82.75 0
8 4.25 95.75 0
9 14.25 85.25 0.5
10 2.75 96.25 1
11 2.75 96 1.25
12 1.25 97.75 1
13 10.5 88.25 1.25
14 11.25 87.5 1.25
15 26.5 73.5 0
16 8 98 0
17 8.5 88 35
18 85 89 25
19 7.75 92.25 0

20 4 95.75 0.25
21 18.5 80.5 1
22 24.25 75.75 0

Oligosphaeridium buciniferum, Oligosphaeridium
pulcherrimum, Oligosphaeridium sp.,
Oligosphaeridium  totum, Palaeocystodinium
bulliforme, Palaeocystodinium  golzowense,
Palaeocystodinium lidiae, Palaeocystodinium sp.,
Palambages morulosa, Pervosphaeridium sp.,
Phelodinium  kozlowskii,  Pterodinium  sp.,
Spiniferites perforatus, Spiniferites ramosus,
Spiniferites  sp.,  Thalassiphora  delicata,
Thalassiphora patula, Thalassiphora pelagica.
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Andalusiella rhomboids
Andalusiella polymorpha
Andalusiella gabonensis
Palaeocystodininm golzowense
Andalusiella dubia
Chyrroeisphaeridia baetica
Cleistosphaeridium multifurcatum
Florentinia buspina
Cyclonephelium sp. || |
Phelodinium kozlowskii | _|®
Palambages morulosa
Spiniferites perforatus
Hystrichosphaeropsis ovium
Callaiosphaeridium assymetricum
Cymososphaeridium sp. ||
Pervosphaeridium sp. ||
Spiniferites ramosis
Cribroperidinium orthoceras
Hystrichosphaeridium tubiferum
Pterodinium sp.
Amphorosphaeridium fenestratum
Cribroperidinium sp.
Odontochitina operculata
Palaeocystodinium sp.
Oligosphaeridium albertense
Hystrichodinium pulchrum
Thalassiphora delicata
Caligodinium aceras
Florentinia deanei
Florentinia mantellii
Fxochosphaeridium bifidum
()I/‘gosplmcriditm1 abaculum
Achomosphaera sagena
Conosphaeridium striatoconum
Oligosphaeridium pulcherrimum
Kalvptea aceras
Andalusiella sp.
Achomosphaera sp.
Oligosphaeridium totum
Godavariella venkatachalae
Palacocystodinium lidiae
Disphaerogena sp.
Deflandrea galeata
Cerodinium diebelii
Achomosphaera ramulifera
Cerodinium speciosum
Hystrichosphaeridium sp.
Palaeocystodinium bulliforme
) Deflandrea damasii
Cannosphaeropsis utinensis
Thalassiphora patula
Kleithriasphaeridium truncarum
Oligosphaeridium buciniferum
Deflandrea sp.
Alterbidinium varium
Cerodinium obliquipes
Disphaerogena lemniscata
FEllipsodinium sp.
Exochosphaeridium sp.
Oligosphaeridium sp.
Spiniferites sp.
Florentinia sp.
Glaphyrocysta sp.
Cyclonephelium membraniphorum
Cyclonephelium compactum
Thalassiphora pelagica
Glaphyrocysta marlboroughensis
Cerodinium sp.
Circulodinium sp.
Oligosphaeridium asterigerum ®
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Phytoclast

100
1.8,10,1 l.lZ.lb.I".%g

2.3.4,5,6,7,9.13.14,
15,17,18,21,22

100 /100

AOM 60 37 Palynomorph

I: Highly proximal shelf or basin; 1l: Marginal dysoxic - anoxic
basin; 1lI: Heterolithic oxic shelf (proximal shelf); IV: shelf to basin
transition;

V: Mud - dominated oxic shelf (distal shelf); VI: Proximal saboxic -
anoxic shelf; VII: Distal dysoxic - anoxic shelf; VIII: Distal anoxic
shelf; IX: Distal suboxic - anoxic basin.
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Sample | AOM</ BP/OP AOM¢/ | AOMoy/ Mg/
No. | AOMop Mp M, M
1 6 0456 | 0.85 0.14 0
2 10 04 4 03 10
3 1614 | 0328 | 981 063 | 128
4 8 0.7 7 30 80
5 008 | 1.080 5 59 162
6 265 | 0061 | 53 2 64
7 335 | 0107 | 67 2 26.1
8 16 0136 | 16 1 327
9 338 | 0138 | 22 6.5 127
10 10 00%6 | 25 025 | 184
11 10 0.075 2 02 | 435
12 5 0156 | 25 0 9.2
13 36 0.675 9 0 17.8
14 44 0168 | 88 0.2 210
15 102 1601 | 106 0 27.2
16 8 0113 | 10 0 352
17 34 0128 | 242 0 62.6
18 46 0101 | 28 06 | 313
19 158 | 0213 | 19 12 74
20 3 0119 | 12 4 275
21 36 0308 | 18 05 | 170
22 094 | 0207 | 47 50 303
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Marginal dysoxic—anoxic basin ;
i : ® ¥

LN B AL (o B Dol T e (A 2

MLarginal dysoxic—anoxic hasin ﬁ

Packstone = : PT‘; : .

Highly proximal shelf or hasin 5 : ,%& - gia o
Plarginal dysoxic—anoxic basin e 2

Highly proximal shelf or basin AL [
Parginal dysoxic—anoxic basin H

Dhoid packstone
Thosls =
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Plate 1

1. Achomosphaera ramulifera; 2. Achomosphaera sagena; 3. Achomosphaera sp.; 4. Alterbidinium varium;
5. Amphorosphaeridium fenestratum; 6. Andalusiella dubia; 7. Andalusiella gabonensis; 8. Andalusiella
polymorpha; 9. Andalusiella rhomboids; 10. Andalusiella sp.; 11. Caligodinium aceras;
12. Callaiosphaeridium asymmetricum; 13. Cannosphaeropsis utinensis; 14. Cerodinium diebelii;
15. Cerodinium obliquipes; 16. Cerodinium sp.; 17. Cerodinium speciosum; 18. Chytroeisphaeridia baetica;
19. Cribroperidinium orthoceras; 20. Circulodinium distinctum; 21. Cleistosphaeridium multifurcatum;
22. Conosphaeridium striatoconum; 23. Cribroperidinium sp.; 24. Cyclonephelium compactum;
25. Cyclonephelium membraniphorum.

Plate 2

1. Cyclonephelium sp.; 2. Cymososphaeridium sp.; 3. Deflandrea damasii; 4. Cerodinium sp.; 5. Cerodinium
sp.; 6. Disphaerogena lemniscata; 7. Ellipsodinium sp.; 8. Exochosphaeridium bifidum;
9. Exochosphaeridium sp.; 10. Florentinia buspina; 11. Florentinia deanei; 12. Florentinia mantellii;
13. Florentinia sp.; 14. Glaphyrocysta marlboroughensis; 15. Glaphyrocysta sp.; 16. Godavariella
venkatachalae; 17. Hystrichodinium pulchrum; 18. Hystrichosphaeropsis ovum; 19. Hystrichosphaeridium
sp.; 20. Hystrichosphaeridium tubiferum; 21. Kalyptea aceras; 22. Kleithriasphaeridium truncatum;
23. Odontochitina operculata; 24. Oligosphaeridium abaculum; 25. Oligosphaeridium albertense.

Plate 3

1. Oligosphaeridium asterigerum; 2. Oligosphaeridium buciniferum; 3. Oligosphaeridium pulcherrimum;
4. Oligosphaeridium sp.; 5. Oligosphaeridium totum; 6. Palaeocystodinium bulliforme; 7. Palaeocystodinium
golzowense; 8. Palaeocystodinium lidiae; 9. Palaeocystodinium sp.; 10. Palambages morulosa;
11. Pervosphaeridium sp.; 12. Phelodinium kozlowskii; 13. Pterodinium sp.; 14. Spiniferites perforatus;
15. Spiniferites ramosus; 16. Spiniferites sp., 17. Thalassiphora delicata; 18. Thalassiphora patula;
19. Thalassiphora pelagica; 20. Foraminiferal test lining; 21. Bisaccate pollen; 22, 23. Spore; 24. Woody
fragment; 25. Fungal spore.
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Introduction

The Kopet-Dagh Basin formed on the southern margin of the Eurasian Plate since the Jurassic up to the
Tertiary. The Kopet-Dagh Basin marks the northern boundary of the Alpine-Himalayan Orogeny in
northeastern Iran and also corresponds to the morphological boundary between Turkmenistan and Iran. The
Kopet-Dagh Basin is an intracontinental basin and its topography dies out toward southeast in the
Afghanistan, indicating a tectonically stable part of the basin. Kalat Formation (Late Cretaceous) is one of
carbonate unit in the Kopet-Dagh sedimentary basin (Afshar-Harb, 1994). So far, various studies have been
done on this formation, but for the first time, the microfacies and palynofacies of the Kalat Formation have
been carried out simultaneously.

In order to study Kalat Formation, one section is measured in the Chehel-Kaman valley. Kalat Formation in
this section is located about 163 km from Mashhad with a geographic coordinates of 36° 28" 8" North and 60°
23 42.4" East and is 310 meters thick and consists of shale and limestone alternation. In order to study
palynofacies and microfacies in Chehel-Kaman section (310 m shale and limestone), 36 samples of
limestone and 22 samples of shale have been studied. The description of the limestone textures follows the
Dunham (1962) classification and shales Tyson charts (1993).

Discussion and Results

Study of limestone thin sections led to identification of three sedimentary facies, A, B, C, including barrier,
restricted lagoon and tidal flat that are composed of 12 subfacies. These facies can be classified in two group,
carbonates and hybrid. Studying of shale led to identify two facies, A and B. Facies A is equivalent to type |
Palynofacies and facies B is equivalent to type Il Palynofacies. Shale facies A shows semi restricted lagoon
into tidal flat and shale facies B shows deeper semi restricted lagoon to shoal and open marine environment.
In the basis of microfacies and palynofacies studies, we can say that Kalat Formation has been deposited in a
homoclinal carbonate ramp (Flugle, 2010).

Because the palynofacies and paleo-sedimentary environments of the shale parts of Kalat Formation were
based on palynomorphs (dinoflagellates), 52 species of 36 genera of dinoflagellates were identified. In
addition to dinoflagellates, spores and bisaccate pollen grains, fungal spores and foraminiferal test linings are
also observed.

The palynological parameters of the shale facies of this formation indicate that the lability factor in this
section is less than one. Decreasing this factor indicates an increasing the amount of oxygen in the
sedimentary environment. Therefore, it is possible that semi-oxygenated conditions dominate during the time
of the deposition of these facies. However, according to the numbers obtained, the oxygen content in type
palynofacies (A) is more than type (B). On the other hand, the ratio of AOM trans to dark AOM indicates
that despite the presence of oxygen, the amount of this element is not high (the number obtained is greater
than one), which indicates low oxygen conditions in the parts of shale at the time of sedimentation. However,
the amount of oxygen in type palynofacies (A) is more than type (B) (Boulter & Riddick, 1986).
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To determine more precisely the amount of oxygen and sedimentation rate from a complementary factor
(transparent and dark AOM ratio to marine palynomorphs), the best conservation degree of marine
palynomorphs (especially dinoflagellates) is in high oxygen saturation and sedimentation rhythms.

If the low sedimentation rate and the low oxygen content transmitted are of the palynomorphs to the
transparent AOM, and in the opposite case, palynomorphs into a dark AOM. According to the measurement
of the percentage of transparent AOM percent to marine palynomorph along the stratigraphic column, this is
high which indicates low oxygen conditions, and the ratio of the percentage of dark AOM to marine marine
palynomorph is low, which indicates low oxygen conditions and high sedimentation rate for palynofacies of
the Kalat Formation. Of course, the numbers indicate higher oxygen content and higher precipitation rates
for type palynofacies (A) than type (B) (Bombardier & Gorin, 2000).

The ratio of the equal dark palynomaceral to the blade - shaped dark, along with the labilatory factor,
expresses the amount of energy governing the environment. Blade - shaped dark palynomaceral can travel a
long distance due to high flotation, and are abundant in remote areas. According to the results obtained from
the study of palynological slides, the equal dark palynomaceral is also greater than the blade, indicating the
close proximity to the coast of the shale parts of the Kalat Formation and the resulting numbers indicate the
shallowness of the type Palynofacies (A) than type (B), Kleithriasphaeridium truncatum. The presence of
species Cannosphaeropsis utinensis Oligosphaeridium buciniferum and Spiniferites ramosus is an open sea.
The abundance of the above examples in Palynofacies type (B) is likely to be related to open sea
environment for this facies (Chiaghanam et al., 2013).

On the other hand, species like Alterbidinium varium, Andalusiella dubia, Andalusiella gabonensis,
Andalusiella polymorpha, Circulodinium distinctum, Cerodinium diebelii, Godavariella venkatachalae,
Palaeocystodinium bulliforme, Phelodinium kozlowskii and Palaeocystodinium lidiae show shallow
conditions. The palynological factors and the presence of the above species, as well as the presence of spores
and bisaccate pollen in Palynofacies type (A), are indicative of the shallow conditions of these deposits.

Key word: Kalat formation; microfacies; palynofacies; depositional environment; homoclinal ramp.
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