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1-Introduction

The Middle Jurassic Dalichai Formation, which has a wide geographical distribution in north Iran, consists
of well-bedded, light grey limestones and shales. This sequence is rich in mega- and microfossil faunas
such as relatively affluent ammonites, spores, pollen grains, dinoflagellate cysts, belemnites, bivalves,
brachiopods, echinoderms, sponges, bryozoans and foraminifera (e.g. Stocklin, 1972; Nabavi and Seyed-
Emami, 1977; Wheeler and Sarjeant, 1990; Schairer et al., 1991; Seyed-Emami et al., 1989, 1995, 1996;
Ghasemi-Nejad et al., 2012; Dehbozorgi, 2013; Dehbozorgi et al., 2013; Mafi et al., 2014; Hashemi Yazdi,
2015; Dermanaki Farahani, 2016). Dalichai Formation at the Kanz and Talu stratigraphic sections consists
of shales, marls, and marly limestones, and it disconformably overlies the Upper Triassic-lower Middle
Jurassic Shemshak Formation and gradationally underlies the thick-bedded limestone of the Upper Jurassic
Lar Formation. This study aims to interpret, based on Sporomorph EcoGroups, paleoenvironment and
paleoclimate of the Dalichai Formation at the Kanz stratigraphic section (central Alborz) and Talu
stratigraphic section (eastern Alborz). Several studies have been done based on this method, Sporomorph
EcoGroups, on Dalichai Formation (Dehbozorgi, 2013; Hashemi Yazdi, 2015; Dermanaki Farahani, 2016;
Hashemi Yazdi et al., 2017, 2020; Sajjadi et al., 2023).

2-Material and methods

Fifty-seven samples were collected from the Dalichai Formation in the Kanz and Talu stratigraphic sections
for palynological analysis. All samples were prepared following standard palynological processing
techniques (e.g., Phipps & Playford, 1984). Palynological processing involved the digestion of the samples
in hydrochloric acid (10-50%) and hydrofluoric acid (ca. 40%) to dissolve the carbonates and silicates,
respectively. Then, hot 50% HCI was used to dissolve silica-gel formed during hydrofluoric acid treatment.
The solution was then neutralized and centrifuged in heavy liquid (ZnCI2, specific gravity 1.9) for density
separation. No oxidative or alkaline treatments were applied. Residues were sieved through a 20pm sieve
and streaked with liquid Canada Balsam onto glass slides. All samples and slides were stored in the
collection of the School of Geology, College of Sciences, Tehran University, Iran.

3-Results and discussions

Fifty-seven surface samples of the Dalichai Formation (central and eastern Alborz) are studied
palynologically. All samples examined yield well-preserved, diverse palynofloras consisting predominantly
of miospores, dinoflagellate cysts, foraminiferal test linings, fungal spores, acritarchs, and scolecodont
occur as minor constituents. The Sporomorph EcoGroups (SEGs) model attempts to define Mesozoic
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palaeocommunities based on quantitative data from palynomorphs whose parent plants have known
ecological preferences (e.g., Abbink et al., 2001; Abbink et al., 2004; Ruckwied et al., 2008; Kustatscher
et al.,, 2010). This approach was used to describe palaeoenvironmental and paleoclimatic changes as
reflected in the sediments of the Middle Jurassic Dalichai Formation at the Kanz stratigraphic section
(central Alborz) and Talu stratigraphic section (eastern Alborz). Quantitative palynofacies analysis and
inferred natural relationship of sporae dispersae were used in addition to SEGs to achieve better
interpretation.

Quantitative analysis of the Dalichai Formation sporomorphs at the Kanz and Talu stratigraphic sections
leads to the identification of six Sporomorph EcoGroups:

1. Upland communities growing on higher terrains above the groundwater level
2. Lowland communities, regions such as plains, marshes, or swamps
3. River communities, periodically submerged in water

4. Pioneer regions that are unsteady and may have been recently affected by disturbances such as
flooding

5. Coastal areas that are not submerged by the sea but are impacted by the vicinity of salt spray
6. Tidally-influenced communities that are periodically affected by tidal changes

The most frequently occurring Sporomorph Ecogroup at both stratigraphic sections was assigned to the
Lowland SEG

At the Kanz stratigraphic section, from Sample 1 to Sample 23, a high percentage of phytoclast, a high
percentage of the ratio of terrestrial to marine elements, the abundance of equidimensional palynomcesrals,
a high percentage of the ratios of Upland/Lowland and Lowland/Coastal+Tidally influenced SEGs, a very
low percentage of Pioneer and River SEGs and also the low percentage of marine palynomorphs all indicate
the low level of seawater. From sample 24 to sample 29, the water level is gradually rising, and the basin
is witnessing a slight increase in depth. A slight increase in the amount of the blade-shaped palynomacerals
supports this contention. The percent of marine palynomorphs reached their maximum value from Sample
30 to Sample 32, and the basin's depth has increased more compared to the previous stage. This event is
shown by the decrease in the Lowland/Coastal + Tidally-influenced ratio and the increase in the
Upland/Lowland ratio. This trend continues until the end of the stratigraphic section until the deposition of
nodular limestones of the Upper Jurassic Lar Formation.

At the beginning of the Talu stratigraphic section, the Lowland SEG increased, while the
Coastal+Tidally influenced and Upland SEGs decreased or were absent. In this part, the percentage of
Pioneer and River SEGs is very low, indicating the low seawater level. This is evident from the higher
amount of equidimensional palynomaceral compared to the blade-shaped palynomaceral, the higher
percentage of terrestrial elements compared to marine components, and the higher percentage of
phytoclasts. From the middle part of the studied section to the near end of the section, there is a gradual
decrease in the ratio of Lowland/Coastal + Tidally-influenced SEGs, showing that the water level is rising
with some fluctuations and confirming the short-term progress of the sea and the relative increase in the
depth of the sedimentation basin. At the end of the studied section, the lack of Lowland SEG and the
presence of Coastal + Tidally influenced SEGs indicate a relative increase in the depth of the sedimentation
basin compared to the previous stage. The increase in blade-shaped palynomacerals, the decrease of
terrestrial elements, and the increase in marine palynomorphs from the base to the end of the stratigraphic
section also indicate a relative increase (however slight) in the depth of the sedimentary basin. Generally,
a relatively shallow paleoenvironment is suggested for the Dalichai Formation at the Kanz and Talu
stratigraphic sections, which witnessed rising sea levels and marine transgression.

Paleoclimatic reconstruction and recognizing climatic change can be achieved by analyzing relative
frequency patterns of the "warmer/cooler" and "wetter/drier" elements within an SEG Plants in lowland
and coastal SEGs exhibit competitive strategies adapted to this habitat (Abbink et al., 2001). Therefore,
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guantitatively important sporomorphs considered characteristic of these SEGs can be used to reconstruct
paleoclimates (Abbink et al., 2001). The Relative frequency pattern of warmer/cooler and wetter/drier
elements represents a wet +twarm condition during the deposition of the Dalichai Formation at both
stratigraphic sections. This general paleoclimate reconstruction is also supported by the predominant spore
species known to have been produced by Pterophyta, representing a hot and humid paleoclimate.

4-Conclusion

The paleoenvironment and paleoclimatic changes of the Dalichai Formation in the central Alborz (Kanz
stratigraphic section) and eastern Alborz (Talu stratigraphic section) were investigated using the
Sporomorph EcoGroups model along with changes in the palynofacies elements. In both stratigraphic
sections, Lowland SEG is the most abundant Sporomorph Ecogroup. The changes in the Upland/Lowland
and Lowland/Coastal+Tidally influenced proxies indicate that the seawater level at the beginning of the
formation was low, but gradually, towards the end of both stratigraphic sections, the sea level is rising and
the basin is witnessing a slight increase in depth. The depth of the basin has increased more compared to
the previous stage. It continues until the deposition of the nodular limestones of the Upper Jurassic Lar
Formation, which is evident according to the diagrams of Sporomorph EcoGroups and changes in
palynofacies elements. Evaluation of the relative abundance patterns of the warmer/cooler and wetter/drier
parts within the sensitive SEGs to climate change indicates a wet £warm condition during the deposition
of the Dalichai Formation at both stratigraphic sections. In addition, ferns were more abundant than the
other parent plants of miospores in both stratigraphic sections, indicating a prevailing warm to semi-warm
climate with high humidity during the deposition of the Dalichai Formation.
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Table 1. Classification of the Sporomorph EcoGroups (Abbink, 1998; Abbink et al., 2004a) of the Dalichai Formation,

Kanz and Talu stratigraphic sections.

Upland

Platysaccus
Podocarpidites

Lowland

Anapiculatisporites
Biretisporites
Chasmatosporites
Concavissimisporites
Contignisporites
Converrucosisporites
Cyathidites
Cycadopites
Deltoidospora
Dictyophyllidites

Gleicheniidites
Ischyosporites
Klukisporites
Kyrtomisporis
Laevigatosporites
Matonisporites
Murospora
Osmundacidites
Perinopollenites
Phlebopterisporites

Ricciisporites
Sellaspora
Striatella
Todisporites
Toripustulatisporites
Trilites
Trilobosporites
Velosporites
Verrucosisporites

Coastal

Aratrisporites
Araucariacites

Callialasporites
Classopollis

Aequitriradites
Annulispora
Camarozonosporites
Foveosporites
Limbosporites

Lycopodiacidites
Neoraistrickia
Perotrilites
Polycingulatisporites
Staplinisporites

Pioneer

Cerebropollenites

Tidally-influenced

Alisporites
Densoisporites
Retitriletes
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Table 2. Quantitatively important sporomorph taxa of the Lowland and Coastal SEGs with their climate signal (Abbink,
1998; Abbink et al., 2004a).

Spore/Pollen genera Ecological type
Araucariacites Cooler/drier
Callialasporites Cooler/drier

Classopollis Warmer/drier
Cyathidities Warmer/Wetter
Dictyophyllidites Warmer/Wetter
Gleicheniidites Warmer/Wetter
Klukisporites Warmer/Wetter
Todisporites Warmer/Wetter
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Fig. 6. Paleoclimate changes diagrams of the Dalichai Formation, (a) Kanz stratigraphic section, and (b) Talu stratigraphic
section.
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Fig. 7. Schematic representation of the relative abundance percentage of possible parent plants of miospores in the Dalichai
Formation, (a) Kanz stratigraphic section, and (b) Talu stratigraphic section.
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Fig. 9. Diagrams of relative abundance changes of the Sporomorph EcoGroups compared to some palynofacies elements
changes of the Dalichai Formation, (a) Kanz stratigraphic section, and (b) Talu stratigraphic section.
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Fig. 10. Microscope images of some identified miospores of the Dalichai Formation, Kanz and Talu stratigraphic sections.
Cyathidites australis Couper, 1953; proximal focus, sample No. AD-K9, (b) Dictyophyllidites mortonii (de Jersey)
Playford and Dettmann, 1965; proximal focus, sample No. AD-K10, (c) Todisporites minor Couper, 1958; proximal
focus, sample No. AD-K3, (d) Klukisporites variegatus Couper, 1958; proximal focus, sample No. AD-K5, (e)
Klukisporites variegatus Couper, 1958; distal focus, sample No. AD-K5, (f) Gleicheniidites senonicus Ross emend.
Skarby, 1964; proximal focus, sample No. AD-K®6, (g) Annulispora densata de Jersey, 1959; distal focus, sample No.
AD-K11, (h) de Jersy) de Jersy & Raine, 1990; median focus, sample No. AD-K10,, (i) Densoisporites velatus Weyland
and Krieger emend. Krasnova, 1961; proximal focus, sample No. AD-K8, (j) Callialasporites dampieri (Balme) Sukh
Dev, 1961; polar view, sample No. AD-K11, (K) Alisporites similis (Balme) Dettmann, 1963; median focus, sample No.
AD-K22, (I) Platysaccus queenslandi de Jersey, 1962; distal focus, sample No. AD-K31, (m) Araucariacites australis
Cookson ex Couper, 1953; median focus, sample No. AD-K10, (n) Cerebropollenites macroverrucosus (Thiergart)
Schulz, 1967; median focus, sample No. AD-K31, and (0) Chasmatosporites major Nilsson, 1958; median focus, sample
No. AD-K23.
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