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ABSTRACT

Reasonably diverse and very well-preserved palynomorphs including miospores, dinoflagellate cysts,
foraminiferal test linings, acritarchs (sensu lato) and fungal spores occur in the Dalichai Formation,
Yonjehzar, northeastern Tehran, central Alborz. The assemblages embrace 40 species of spores (assigned
to 29 genera), 18 species of pollen (distributed among 10 genera) and 54 species of dinoflagellates
(assigned to 28 genera). According to the presence of such miospores species with known worldwide
stratigraphic distribution as Klukisporites variegatus, K. scaberis, Concavissimisporites verrucosus,
C. pricei, Osmundacidites senectus and Striatella spp. the host strata are conceivably dated as Middle
Jurassic. Based on the stratigraphic distribution of miospores, Klukisporites variegatus-Araucariacites
australis-Cerebropollenites macroverrucosus Assemblage Zone is recognized. Presence of some index
dinoflagellate species led to identification of four biozones in the Dalichai Formation. These include in
ascending order, Cribroperidinium crispum Total Range Biozone (late Bajocian), Dichadogonyaulax
sellwoodii Interval Biozone (Bathonian - early Callovian), Ctenididinium continuum Interval Biozone
(early - middle Callovian) and Subzone a (early - middle Bathonian). Co-ccurrence of dinoflagellate
cysts with known vertical ranges, viz., Cribroperidinium crispum, Meiourogonyaulax valensii,
Carpatodinium predae, Ctenidodinium combazii and Compositosphaeridium polonicum suggests a
Middle Jurassic age (late Bajocian to middle Callovian) for the host strata corroborates the available
miospores-based biostratigraphy. The miospores are attributed to the Pterophyta (69%), Coniferophyta
(15%), Pteridospermophyta (7%), Cycadophyta (5%), Lycophyta (2%), Ginkgophyta and Bryophytes
(1%). Considering the relative abundance of fern spores (69%) and their morphological diversity (19
genera), it can be concluded that fern and fern-allies dominated the coastal vegetation around the
sedimentary environments of the studied strata and that they flourished under a warm climate with notable
humidity. The study of paleoclimate using the Sporomorph EcoGroups model shows a high ratio of
warmer/cooler sporomorphs and a low ratio of drier/wetter sporomorphs, which is another confirmation
of this type of climate. Presece of such warm water dinoflagellate cysts as Gonyaulacysta centriconnata,
G. jurassica, Nannoceratopsis pellucida, Tubotuberella apatela, Ctenidodinium continuum, Pareodinia
halosa, P. ceratophora, paleogeographic reconstruction and geographical location of Iran in the Middle

Jurassic supports the generalization proposed.
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Palynostratigraphy and palacoecology of the Dalichai Formation at the Yonjehzar

1. Introduction

In the geological history of Iran, the Mesozoic Era is of great
significance since many important geological events occurred during
this time interval. The tectonic and paleogeographic evolution of
Iran during the Mesozoic controlled by the geodynamic interaction
of Eurasian continental margin and the Tethyan oceanic belt, in the
southern Alborz the Middle Jurassic marine transgression (Dalichai
Formation overlying the Shemshak strata) began in upper Bajocian.
The former rock unit is represented by greenish-grey calcareous
shales, marls, and fossiliferous (ammonites) limestones (Steiger,
1966) widely distributed in the northern Alborz Mountains.
It disconformably overlies the dark, siliciclastic coal-bearing
Shemshak Formation and underlies gradually by the light-colored,
rather uniform chert-bearing Lar limestones. This formation
includes a diverse fauna as ammonites, belemnites, bivalves,
brachiopods, echinoderms, sponges, bryozoans and foraminifera
(Stocklin, 1972; Sussli, 1976; Nabavi and Seyed-Emami, 1977;
al., 1982; 1991;
Seyed-Emami et al., 1989, 1995, 1996; Shafeizad et al., 2002;
Shafeizad and  Seyed- 2005; 2006;
Niknahad, 2007; Shahrabi, 1994; Vaziri et al., 2008, 2011;
Shams, 2007; Makvandi, 2000). Due to presence of shale and marl

Alavi-Naini et Schairer et al.,

Emami, Alvani,

layers, this formation has been the subject of many palynological

studies (such as  Wheeler and Sarjeant, 1990;
Ghasemi-Nejad et al, 2012; Mafi et al, 2013
Dehbozorgi et al, 2013; Hashemi-Yazdi et al, 2015;

Skupien et al., 2015; Dehbozorgi, 2013; Saadati Jafarabadi;

et al, 2013; Hashemi Yazdi, 2008, 2015; Orak, 2010;
Sajjadietal., 2009; Sabbaghiyan, 2009; Ghasemi-Nejad et al., 2008;
Boroumand et al.,, 2011, 2013; Farisi Kermani, 2003;

Ghasemi- Nejad and Khaki, 2002; Navidi Izad, 2013).

The purpose of this study was to a) recognize the
palynostratigraphic ~ zonations based on miospores and
dinoflagellate cysts, b) determine the paleoclimatology and
palaeoenvironmental interpretation based on inferred natural
relationship of sporae dispersae and inferred palacoecological
preferences of dinocyst types and c¢) quantitative analysis of
the Sporomorph EcoGroups in the Dalichai Formation at the

Yonjehzar stratigraphic section.

2. Research methodology

Totally 31 palynologically possible samples collected from the
Dalichai Formation at the Yonjehzar stratigraphic section, central
Alborz Ranges. All samples were prepared following standard
palynological processing procedures (Phipps and Playford, 1984),
including HCI (10-50%) and HF (40%) utilized for dissolution
of carbonates and silicates, respectively. Then the residues were

saturated with ZnCl, solution (specific gravity 1.9 g/ml) for

/ Sajjadi et al. / G.S.J. 2023 , 33 (2): 259-282

density separation. All the residues were sieved with a 20 pm
mesh sievebefore preparing the strew slides. Three slides for each
preparation were examined by transmitted light microscope. The
strew slides were studied and their palynological contents were
identified and counted. The slides are stored in the collection of

School of Geology, College of Sciences, Tehran University, Iran.

3. Discussion

In order to determine the age, paleoenvironment and paleoclimate
of the Dalichai Formation at the Yonjehzar stratigraphic section,
central Alborz the sediments of this formation were subjected
to palynological studies. The productive samples contain
spores, pollen grains, dinoflagellate cysts, foraminiferal test
linings, acritarchs (sensu lato) and fungal spores. The identified
palynomorphs were grouped in sporomorphs and dinoflagellate
cysts. Miospores are the most abundant palynomorphs in most of
the samples.

The palynological investigations led to recognition of 40
species of spores (assigned to 29 genera), 18 species of pollen
(distributed among 10 genera) and 54 species of dinoflagellates
(assigned to 28 genera). Based on the stratigraphic distribution
of miospores, Klukisporites variegatus-Araucariacites australis-
Cerebropollenites macroverrucosus Assemblage Zone is
recognized

According to the presence of such miospores species with
known worldwide stratigraphic distribution as Klukisporites
variegatus, K. scaberis, Concavissimisporites verrucosus, C.
pricei, Osmundacidites senectus and Striatella spp. the host strata
are conceivably dated as Middle Jurassic. This age determination
is supported by the occurrence in the material examined of such
distinct Middle Jurassic (late Bajocian to middle Callovian)
dinoflagellates as Cribroperidinium crispum, Meiourogonyaulax
valensii, Carpatodinium predae, Ctenidodinium combazii and
Compositosphaeridium polonicum. Based on recorded dinocyst
assemblages, especially marker species, three palynozone
including Cribroperidinium crispum Total Range Zone (late
Bajocian), Dichadogonyaulax sellwoodii Interval Zone
(Bathonian — early Callovian) and Ctenididinium continuum
Interval Biozone (early to middle Callovian) and Subzone a (early
- middle Bathonian) have been recogonized.

Paleoclimate interpretation of the Dalichai Formation is
presented based on inferred natural relationship of sporae
dispersae, inferred palacoecological preferences of dinocyst
types, identification of the sporomorph EcoGroups (SEGs) in the
samples studied.

The Pterophyta communities prefer to live in environments having

low light and relatively high levels of moisture and humidity. So,
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they flourish in tropical to subtropical forests. Abundance of fern
spores in the study material implies deposition of the Dalichai
sediments under a moist, warm climate during the Middle
Jurassic. This general paleoclimate reconstruction presented
herein is also supported by changes in flora within an ecological
group, and occurrence of such warm water dinoflagellate cysts
as Gonyaulacysta centriconnata, G. jurassica, Nannoceratopsis
pellucida, Tubotuberella apatela, Ctenidodinium continuum,
Pareodinia halosa, and P. ceratophora

Sporomorph EcoGroups data and associated plant communities
are considered as an available approach used to draw
palaeoecological inferences for their host strata. Occurrence of
highly abundant, diverse, and well preserved miospores in the
Dalichai Formation allows certain palacoecological implications
to be obtained. The miospores are classified as Sporomorph
EcoGroups (SEGs) each, with reference to their parent plants,
indicating particular palacoecological specifications. The wet/
dry curve (ratio of wetter vs drier elements) reflects variations
in humidity and precipitation while the warm/cool curve (ratio
of warmer against cooler elements) indicates temperature
fluctuations. Quantitative analysis of the sporomorph EcoGroups
(SEGs) tends to suggest that the host strata accumulated under a

moist, warm climate during the Middle Jurassic.

4. Conclusions

The Dalichai Formation at the Yonjehzar stratigraphic section,

261

north-east of Tehran, Central Alborz contains a taxonomically
diverse and very well-preserved palynomorphs, containing
40 species of spores (assigned to 29 genera), 18 species
of pollen (distributed among 10 genera) and 54 species of
dinoflagellates (assigned to 28 genera) collectively indicating
a Middle Jurassic (late Bajocian to middle Callovian) age.
Based on miospores, one palynozone and based on dinocysts,
three biozones and one subzone were identified. Affinities of
the miospores appear to be with the Pterophyta, Coniferophyta,
Pteridospermophyta, Cycadophyta, Lycophyta, Ginkgophyta
and Bryophytes, among which ferns have the maximum
abundance and bryophyta and ginkgophytes have the least
abundance. Considering the relative abundance of ferns, warm
to sub-warm weather conditions with high humidity prevailed
during the formation of the studied deposits. Furthermore,
the ratios of wetter/drier and warmer/cooler sporomorphs
confirm the above climate. Based on the sporomorphic
ecogroups and plant communities related to them, the relative
abundance of four climatic groups of plants was calculated.
The high ratio of warmer/cooler sporomorphs and the low
ratio of drier/wetter sporomorphs confirm the above climate.
The presence of dinoflagellate cysts in warm to temperate
waters and the geographical location of Iran in the Middle
Jurassic is another confirmation of the warm to sub-warm and
humid climate during the formation of the sediments of the

Delichai Formation.
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Figure 3. Stratigraphic distribution of miospore species of the Dalichai Formation, Yonjehzar stratigraphic section.
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Plate 1

Plate 1

Fig 1. Cyathidites australis Couper 1953; proximal focus; Fig 2. Deltoidospora hallii Miner, 1935; proximal focus; Fig 3. Dictyophyllidites mortonii
(de Jersey) Playford and Dettmann 1965; proximal focus; Figs 4-6. Klukisporites variegatus Couper 1958; proximal foci; Fig 7. Klukisporites scaberis
(Cookson and Dettmann) Dettmann 1963; median focus; Figs 8-10. Araucariacites australis Cookson ex Couper 1953; median foci; Figs 11- 12. Ricciisporites

tuberculatus Lundblad 1954; median foci.
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Plate 2

Plate 2
Figs 1-3. Cerebropollenites macroverrucosus (Thiergart) Schulz 1967; distal foci; Figs 4- 5. Callialasporites dampieri (Balme) Sukh Dev 1961;
polar views; Fig 6. Chasmatosporites apertus (Rogalska) Nilsson 1958; distal focus; Fig 7. Alisporites australis de Jersey 1962; distal focus;

Fig 8. Micrhystridium sp.; Figs 9-10. Foraminiferal test linigs; Fig 11. Fungal spore; Fig 12. Plant tissue.
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Figure 4. Stratigraphic distribution of dinoflagellate cyst species of the Dalichai Formation, Yonjehzar stratigraphic section.
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Plate 3

Plate 3

Figs 1-3. Gonyaulacysta jurassica (Deflandre) Norris and Sarjeant 1965; Figs 4- 5. Meiourogonyaulax caytonensis (Sarjeant) Sarjeant 1969;
Fig 6. Ctenidodinium combazii Dupin 1968; Figs 7- 8. Tubotuberella apatela (Cookson and Eisenack) loannides et al. 1977; Fig 9. Tubotuberella
rhombiformis Vozzhennikova 1967; Fig 10. Tubotuberella egemenii (Gitmez) Stover and Evitt 1978; Fig 11. Tubotuberella dangeardii (Sarjeant)
Stover and Evitt 1978 emend. Sarjeant 1982; Fig 12. Pareodinia halosa (Filatoff) Prauss 1989.
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Figure 5. Affinities of miospores found in the Dalichai Formation, Yonjehzar stratigraphic section.
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Figure 6. Abundance percentage of miospores and their promising parent plants in the Dalichai Formation,

Yonjehzar stratigraphic section.
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Figure 7. Diagram of abundance percentage of different groups of parent plants of miospores in the Dalichai Formation,

Yonjehzar stratigraphic section.
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Figure 8. Types of Sporomorph EcoGroups (Abbink et al., 2004; Abbink, 1998).

Upland

Lycopodiacidites rugulatus Limbosporites antiquus
Camarozonosporites ramosus Limbosporites denmeadii
Foveosporites pseudoalveolatus Annulispora densata

Coastal
Araucariacites australis Callialasporites turbatus
Araucariacites fischeri Callialasporites minus
Callialasporites dampieri Callialasporites segmentatus

Tidally-influenced
Alisporites australis Alisporites grandis
Alisporites lowoodensis Densoisporites velatus
Alisporites similis Retitriletes sp.

Pioneer

Nnacroverruco.

Lowland
Apiculatisporites sp. Ischyosporites crateris
Chasmatosporites apertus Klukisporites scaberis
Chasmatosporites major Klukisporites variegatus
Concavissimisporites punctatus Kyrtomisporis laevigatus
Concavissimisporites verrucosus Kyrtomisporis speciosus
Converrucosisporites sp. atonisporites crassiangulatus
Converrucosisporites pricei Osmundacidites senectus
Cycadopites grandis Osmundacidites injunensis
Cyathidites minor Osmundacidites wellmanii

Cyathidites australis Perinopollenites elatoides
Cyathidites asper Perinopollenites mckellarii
Deltoidospora hallii Ricciisporites tuberculatus
Striatella patenii

Dictyophyllidites mortonii
Dictyophyllidites harrisii Toripustulatisporites kainophyticus
Dictyotosporites complex
Dictyotosporites speciosus
Gleicheniidites senonicus

Todisporites major
Trilobosporites antiquus
Velosporites sp.

Oes 5 ST «(Abbink, 1998) <SuT 5l 5, iars s owlidaiar 5y 53 @londs Bile 5y sml glaos § 871 unaid -4 Ko
Lietal, 2017) o, 5 J 5 (Abbink et al., 2004)
Figure 9. Classification of Sporomorph EcoGroups of the Dalichai Formation, Yonjehzar stratigraphic section; taken from

Abbink (1998); Abbink et al. (2004) and Li et al. (2016).
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Cooler

Araucariacites
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Podocarpidites Warmer

Cooler/drier
Cooler / Wetter
Warmer/Wetter

Chasmatosporites
Perinopollenites

Cyathidities

Dictyophyllidites Warmer/Wetter
Kyrtomisporis Warmer/Wetter
Klukisporites Warmer/Wetter

Warmer/Wetter
Warmer/Wetter
Warmer/W etter
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Warmer/drier

Todisporites

Calamospora
Osmundacidites

Matonisporites
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Deltoidospora
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Figure 10. Indicative sporomorphs of three plant ecogroups (adapted to lowlands and plains, adapted to coastal areas and adapted to uplands) and their

relationship with climatic changes.

YVY¥



PAP=POI :(F) PP 1 FoP (uoj pole/l S0 g §3lamw ot j8/ ... 191> Jloud ¢l jorigy awliubolnz Ui g 4> Glads 33 jlw 5 jglgSIghlly g 81851 yimgndly

Sample No.

4
5 18"

@ Warmer% u Cooler%

14 19

H Wetter% w Drierd%

L@(w}:bf}w):bf‘w):g}b)g@}:u_(.is)&l}»)g.;Tgﬁ.l:éuLiljﬁel{)lfjh@l:fql&asha}feljlﬁcjjk;ﬁ;?)b}aj—\\Ji.i

Dl g eoliaiar g eslrds 5l o e gy

Figure 11. Diagrams of abundance distribution of different plant groups adapted to different weather conditions (drier, wetter, warmer, cooler)

in relation to each other in the Dalichai Formation, Yonjehzar stratigraphic section.
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Figure 12. Middle Jurassic paleogeography map and the position of the Iran plate, after Wilmsen et al. (2009; 2010)

and Robert (2014).
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