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Abstract

The Dalichai Formation at the Andariyeh stratigraphic section in the northeast of Andariyeh village, central Alborz Mountains, was
studied by using analyses of the Sporomorph EcoGroups (SEGs) data and associated plant communities and palynofacies in order to
determine its paleoecology conditions. The Sporomorph EcoGroups data from the Dalichai Formation's palynological assemblages,
declination of miospores representing Upland/Lowland plant communities and proliferation of those characterizing
Lowland/Coastal-Tidal plant associations interpreted to signify relatively low sea level and deposition in a marginal marine setting.
Furthermore, the ratios of wetter/drier and warmer/cooler elements suggest deposition of the host strata under a moist, twarm
climate prevailing during the Middle Jurassic in central Alborz Mountains. The results of drawing diagrams of the palynofacies in
the Andariyeh stratigraphic section, indicates that the Dalichai sediments accumulated in a dysoxic shallow marine environment
with low sedimentation rate that corresponds well with its SEGs graphs.
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Mountains.

Introduction

The Dalichai Formation is represented by greenish-grey color
shales, calcareous shales, marls, and richly ammonitiferous
limestones (Steiger 1966), being widely distributed in the
Alborz Mountain, northern Iran. It disconformably overlies
the dark, siliciclastic coal bearing Shemshak Formation and
underlies gradually by the light colored, more uniform Lar
Limestone containing chert concretions. The Dalichai
Formation is represented the first rock unit of the Jurassic
marine sediments of the Alborz Mountain. This formation
includes a diverse fauna as ammonites, belemnites, bivalves,
brachiopods, echinoderms, sponges, bryozoans and
foraminifera (Stocklin 1972; Sussli 1976; Nabavi & Seyed-Emami
1977; Alavi-Naini et al. 1982; Schairer et al. 1991; Shahrabi 1994;
Seyed-Emami et al. 1985, 1989, 1995, 1996; Makvandi 2000;
Tutunchi 2001; Shafeizad et al. 2002; Shafeizad & Seyed- Emami
2005; Alvani 2006; Niknahad 2007; Shams 2007; Vaziri et al. 2008,
2011). Due to presence of shale and marl layers, this
formation has been the subject of many palynological
studies.(e.g. Wheeler & Sarjeant 1990; Ghasemi-Nejad & Khaki
2002; Farisi Kermani 2003; Ghasemi-Nejad et al. 2008; Sajjadi et al.

2009; Sabbaghiyan 2009; Orak 2010; Boroumand et al. 2011, 2013;
Ghasemi-Nejad et al. 2012; Dehbozorgi 2013; Dehbozorgi et al.
2013; Mafi et al. 2013; Navidi 2013; Saadati Jafarabadi et al. 2013;
Hashemi-Yazdi et al. 2015; Skupien et al. 2015; Hashemi-Yazdi
2008, 2015).

The purpose of this study was to determine the
palaeoenvironmental interpretation of the Dalichai Formation
based on SEGs data, and quantitative analysis of the
palynofacies in the Dalichai Formation at the Andariyeh
stratigraphic section, central Alborz.

Material & Methods

Totally 29 palynologically samples collected from the
Dalichai Formation at the Andariyeh stratigraphic section,
northeast of Andariyeh village, central Alborz Mountains. All
samples were prepared following standard palynological
processing procedures (Phipps & 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
density separation. All the residues were sieved with a 20 um
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mesh sieve prior to making strew slides. Three slides of each
preparation examined by transmitted light microscope. The
slides are stored in the collection of Faculty of Geology,
Tehran University, Iran. For quantitative study of the
prepared slides, 15 field views were randomly selected from
each slide and studied with a 16 x microscope magnification
lens. The particles were counted for each sample to determine
palynodebries and palynofacies. An examination of facies
including identification of palynomorphs, plant remains and
amorphous particles, ratios of different particles and their size
range in determination the paleoenvironment is very much
important. Three main parameters including percentage of
palynomorphs, phytoclasts, and organic matter (AOM)
transferred to Tyson triple diagram (Tyson 1993) for plotting
and interpretations. In addition, The Sporomorph Ecogroup
Model (SEG model) of Abbink et al. (2001, 2004a) was
applied to the Dalichai Formation. In this model, the
miospores are classified as SEGs each, with reference to their
parent plants, indicating particular palaeoecological
specifications.

Discussion of Results & Conclusions

Palynofacies data and SEGs used to draw palaeoecological
and palaeoenvironmental inferences for the Dalichai
Formation at the Andariyeh stratigraphic section in central
Alborz Mountains. Diverse and well preserved palynofloras

embracing miospores, dinoflagellate cysts, tasmanites,
scolecodont, acritarchs, and foraminiferal test linings are
retrieved from the host strata. Miospores typifying all the six
plant communities are retrieved from the material examined.
The least and most abundant miospores taxa are those related
to Pioneer and Lowland SEGs., respectively, 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 SEGs tends to suggest that
the host strata accumulated under a moist, warm climate
during the Middle Jurassic. Also based on palynofacies
studies, a palynofacies of Tyson (1993) (1) was determined
that proposed domination of a dysoxic shallow marine
environment throughout the deposition of Dalichai
Formation. Palynological evidence such as high proportion of
the equidimensional opaque palynomaceral to the blade-
shape opaque palynomaceral; the high ratio of phytoclasts to
marine palynomorphs, and the abundance of transparent
amorphous organic matter in comparison to the opaque
amorphous organic matter, all indicates that the Dalichai
sediments, accumulated in a dysoxic-anoxic shallow marine
environment at the Andariyeh stratigraphic section, central
Alborz Mountains.
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Upland

Platysaccus sp.
Podocarpidites sp.
Podocarpidites variadilis.

Lycopodiacidites rugulatus
Limbosporites lundbladii

Limbosporites antiquus
Limbosporites denmeadii
Limbosporites spp.
Perotrilites sp.

Araucariacites australis
Classopollis torosa
Callialasporites dampieri
Callialasporites minus

Alisporites australis
Alisporites grandis
Alisporites lowoodensis
Alisporites similis

Cerebropollenites macroverrucosus

Calamospora tener

Chasmatosporites apertus

Chasmatosporites major

Concavissimisporites punctatus

Concavissimisporites sp. cf. C. punctatus

Concavissimisporites verrucosus

Concavissimisporites sp. cf. C. verrucosus

Concavissimisporites subgranulosus

Contignisporites burger

Cyathidites minor

Cyathidites australis

Cyathidites asper

Cyathidites concavus

Cibotiumspora juncta

Cibotiumspora jurienensis

Cycadopites crassimarginis
Deltoidospora hallii

Dictyophyllidites harrisii

Dictyophyllidites mortonii

Quadraeculina anellaeformis
Other bisaccate pollen

River

Neoraistrickia rugobacula
Neoraistrickia taylorii

Neoraistrickia parvibacula
Foveosporites pseudoalveolatus
Foveosporites sp. cf. F. pseudoalveolatus
Polycingulatisporites crenulatus

Coastal

Callialasporites turbatus
Callialasporites trilobatus

Callialasporites microvelatus

Tidally-influenced

Retitriletes austroclavatidites
Retitriletes sp.
Densoisporites velatus

Pioneer

Lowland

Gleicheniidites senonicus
Kyrtomisporis laevigatus
Klukisporites scaberis
Klukisporites variegatus
Klukisporites lacunus
Laevigatosporites ovatus
Murospora florida
Matonisporites crassiangulatus
Osmundacidites senectus
Osmundacidites wellmanii
Perinopollenites elatoides
Ricciisporites tuberculatus
Striatella seebergensis
Striatella sp. cf. S. parva
Striatella patenii

Striatella scanica

Todisporites minor
Todisporites major
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Spore/pollen genera

Ecological type

Araucariacites

cooler

Callialasporites

cooler

Cyathidities

warmer/drier

Dictyophyllidites

warmer/drier

Gleicheniidites

warmer/drier

Todisporites warmer/wetter
Deltoidospora drier/warmer
Calamospora warmer/wetter
Chasmatosporites drier/cooler
Classopollis warmer

Concavissimisporites

drier/warmer

Contignisporites

drier/warmer

Matonisporites

drier/warmer

Klukisporites warmer/wetter
Osmundacidites warmer/wetter
Perinopollenites cooler/wetter
Striatella warmer
Ricciisporites warmer
Cibotiumspora warmer
Kyrtomisporis warmer
Quadraeculina warmer
Podocarpidites warmer
Platysaccus warmer
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Palynomorph

I: Highly proximal shelf or basin
II: Marginal dysoxic-anoxic basin

IV: Shelf to basin transition

VI: Proximal suboxic-anoxic shelf
VII: Distal dysoxic-anoxic shelf
VIII: Distal anoxic shelf

IX: Distal suboxic-anoxic basin

III: Heterolithic oxic shelf (proximal shelf)

V: Mud-dominated oxic shelf (distal shelf)
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PLATE 1

14 15

Fig. 1. Cibotiumspora jurienensis (Balme) Filatoff, 1975; proximal focus. Fig. 2. Concavissimisporites punctatus (Delcourt &
Sprumont) Brenner, 1963; proximal focus. Fig. 3. Calamospora tener (Leschik) de Jersey, 1962; proximal focus. Fig. 4. Striatella
patenii Filatoff & Price, 1988; median focus. Fig. 5. Kyrtomisporis laevigatus Médler, 1964; proximal focus. Fig. 6. Limbosporites
lundbladii Nilsson, 1958; distal focus. Fig 7. Klukisporites variegatus Couper, 1958; distal focus. Fig. 8. Gleicheniidites senonicus
Ross emend. Skarby, 1964; proximal focus. Fig. 9. Foveosporites pseudoalveolatus (Couper) McKellar, 1998; distal focus. Fig.
10. Araucariacites australis Cookson ex Couper, 1953; median focus. Fig. 11. Callialasporites minus (Tralau) Guy, 1971; polar
viwe. Fig. 12. Chasmatosporites major Nilsson, 1958; distal focus. Fig. 13. Cerebropollenites macroverrucosus (Thiergart) Schulz,
1967; median focus. Figs. 14. Classopollis torosus (Reissinger) Couper, 1958; median foci. Fig. 15. Ricciisporites tuberculatus
Lundblad, 1954; median focus.
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Fig. 1. Cvathidites australis Couper, 1953., Fig. 2. Callialasporites dampieri (Balme) Sukh Dev, 1961., Fig. 3. Alisporites
lowoodensis de Jersey, 1963., Fig. 4. Spores in tetrad, Fig. 5. Pareodinia ceratophora Deflandre, 1974., Fig. 6. Acritarch, Fig. 7.
Opaque AOM, Fig. 8. Transparent AOM, Fig. 9. Plant tissue, Fig. 10. Blade-shape Opaque palynomaceral, Fig. 11.
Equidimensional Opaque palynomaceral, Fig. 12. Foraminiferal test lining, Fig. 13. Scolecodont, Fig. 14. Fungal spore, Fig. 15.
Tasmanites.
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