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1-Introduction

Upper Jurassic strata were cropping out and notably exposed in east-central Iran's Shotori Range (Tabas
area). The base of the Esfandiar Subgroup is marked by a shift from siliciclastic to carbonate. The top
boundary of the Esfandiar Subgroup is marked by a tectonic event, seemingly of the Kimmeridgian age.

Preceding studies (Stocklin et al. 1965; Ruttner et al. 1968) of the Jurassic strata of the Shotori Range
were predominantly concerned with mapping. These researchers broadly characterized the Esfandiar
Limestone Formation as the reefal limestone sediments. Calcified sponges are extensive in many Upper
Jurassic reefs in the epicontinental seas bordering the Northern Tethyan Ocean (Leinfelder 1993). In the
southern fraction of the Tethys, reef occurrence was more local (Schlagintweit 2005). Better-known local
occurrences are in Saudi Arabia (EI-Asaad 1991). Leinfelder et al. (2005) recognized that in the Late
Jurassic, different types of coral, sponge, and microbiolite reefs and calcified demosponges
are announced from two Jurassic stages, Oxfordian and Kimmeridgian.

This study aims to analyze a cross-section through the depositional setting of the Esfandiar Formation
in the Shotori Range based on microfacies analysis of 245 thin sections and to document the calcified
sponge's assemblage.

2- Material and methods

The samples were extracted at 1 to 2 m intervals in the carbonate sediments, and
numerous macrofossils were observed in the middle layers of the profile. The rocks were described using
a lup lens according to their depositional fabric and then sampled for thin-section analysis. More than 245
thin sections were examined with a polarizing microscope (Olympus CX31 with DP-21 camera
attachment). Macrofauna, microfauna, and ichnological traces were documented, and sedimentary
structures and bedding features were noted and integrated into the facies analysis. Calcified sponges
(Neuropora lusitanica, Cladocoropsis mirabilis, and chaetetid) and benthic foraminiferal identifications
were mainly based on the inspection of casually oriented foraminiferal remains in petrographic thin
sections.

3- Discussion
3-1- Sponges
This calcified sponge represents a cosmopolitan species among the Upper Jurassic shallow-water reefal and
peri-reefal biotic communities of the Esfandiar Carbonate Platform and throughout synchronous rimmed
carbonate platforms of the Tethyan domain (Ples et al., 2021). In the generic description of Neuropora,
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Termier et al. (1985) expressed that "This genus presents a double behavior: encrusting in the early
ontogenetic stages, then beginning to be branched.” Considering this, the "encrusting” N. lusitanica forms
represent an incipient development stage in the ontogeny of this calcified sponge rather than a general
morphostructural. As accepted from the initial growth stages of chaetetids, the selective or inconstantly
emergence of a growth center (or centers) of tubules

represents a key parameter in the morphological development of the skeleton. Therefore it can be
inferred that more advanced ontogenetic stages of N. lusitanica can have a slightly different growth pattern.
Furthermore, according to Bagi and West (2015), specimens of the same species can develop different
growth morphologies if they die before achieving an advanced ontogenetic stage.

It is well-accepted that environmental conditions are the main controlling element of the growth phases
and external morphological variations in many calcified sponges. Given the agitated environment, some
adult N. lusitanica specimens might develop encrusting patterns in clusters (agglomerations) with other
encrusting sponges.

The internal morphology of Neurospora lusitanica is related to a linked tubular system (with more or
less parallel longitudinal tubes) from which bifurcating radially arranged tubules are developing
perpendicular (or bent) towards the skeleton's outer wall. The lateral elements (tubules) in horizontal
sections resemble a conically superimposed arrangement divided by thin tabulae. Termier et al. (1985)
reported that septate walls are spread at relatively specific intervals, and a "crown of spiculous tubercles
characterizes the peripheral openings of the lateral tubes."

In analogy with other Neuropora species, N. lusitanica can possess astrorhizae/ stellate-type or
mamelonar microstructures at the skeleton's surface (West et al. 2013). The skeleton has a fibrous
microstructure best attended in longitudinal and oblique/longitudinal sections. The known stratigraphic
distribution of Neuropora lusitanica ranges betwixt the upper Oxfordian (Termier et al. 1985) and the lower
Aptian with an acme period during the late Kimmeridgian-Tithonian interval (Ples et al. 2021)

The family Cladocoropsidae was offered by Termier et al. (1977) to include mostly rod-shaped
branching or unbranching stromatoporoid with a reticulate (“sarmentoide™) internal structure of skeletal
elements ordinary displaying a fibrose calcitic  microstructure.  The  microstructure
of Cladocoropsis mirabilis is fasciculated fibrous. The mainly irregular rod-shaped Cladocoropsis mirabilis
representatives by its subparallel multibranched columns (branches).

Hypercalcified sponges with a chaetetid skeleton are members of the sessile marine benthos. The
skeleton of hypercalcified demosponges is a rigid specular skeleton or a combination of both (West 2011).
Growth forms of chaetetids in the Esfandiar Limestone Formation are bulbous, domical, laminar, and
complex.

Most of the chaetetids at the base of the Esfandiar Limestone Formation have ragged margins indicating
episodic sedimentation. The general growth form of the chaetetids in the Esfandiar Limestone Formation
is domical to columnar, suggesting that they grew in relatively clean water with low turbidity (Bagi and
West, 2015).

3-2- Paleoecology and Paleoenvironment

The carbonates in the Esfandiar platform were deposited in a shallow environment that evolved from an
external platform facies with Cladocoropsis mirabilis, N. lusitanica, chaetetid and foraminifers (shallow
subtidal, intertidal to supratidal) dominated by cyanobacteria (the Limestones with cyanobacteria),
followed by a platform margin (reef and para-reef environments).

Palaeogeographic reconstructions of the Tabas Block during the Oxfordian to Lower Kimmeridgian are
based on facies distribution. The Tabas block was located between 20 _and 30_N at the northern margin of
the Neo-Tethys (Bagi and West, 2015; Firsich et al., 2009).
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In the Early Kimmeridgian, the Tabas Block was situated around 20_N. Climatic indicators are rare
intercalations of thin red beds and the development of gypsum in the self-lagoon facies (Magu gypsum
Formation).

The Esfandiar Limestone Formation entirely comprises medium-bedded to massive carbonates of light-
grey—brownish—yellow colour, which were deposited on a broad carbonate platform (Bagi and West, 2015).
The production of large amounts of carbonate mud, aggregate, and ooid is typical of tropical warm-water
carbonates (Firsich et al., 2009). A detailed microfacies analysis of the Esfandiar Limestone Formation
displays a shallow- and warm-water depositional system.

Cladocoropsis mirabilis, Neuropora lusianica and chaetetids, were abundant on the Esfandiar platform.
Mud-rich mound structures containing significant scleractinian corals are found within the Esfandiar
Limestone Formation. Neuropora is a standard component of Upper Jurassic carbonate depositional
systems and occupies a wide bathymetric and ecologic range, from shallow coral to deeper siliceous sponge
facies (Bagi et al., 2015).

Despite a paleogeographical position favouring reef growth, the absence of more extensive coral reefs
on the Esfandiar platform needs an explanation. Scleractinian corals are extremely adapted to nutrient-
deficient environments, and the evolution of modern and fossil coral reefs is highly reduced by excess
nutrients (Nikitenko et al., 2015). However, nutrient input from the hinterland of the Esfandiar platform
was possibly low, as indicated by the low terrigenous content of the rocks due to the arid climate.

4. Conclusion

Neuropora lusitanica is reported for the first time in Upper Jurassic sediments in Iran. Neuropora
lusitanica is the subject of numerous debates regarding its systematic placement among the complex
hierarchy of the calcified sponge's phylogeny.

Upper Jurassic chaetetids, Neuropora lusitanica, and Cladocoropsis mirabilis were examined, and three
dominant growth forms were recognized and reconstructed.

Sedimentation and related turbulence are simply recognizable, and these sponges, especially chaetetids,
recorded events on the seabed while they were alive.
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Fig.1. Distribution map of sponges (C. mirabilis) in Upper Jurassic strata (Ples et al., 2021; Schlagintweit et al., 2005)
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Fig.5. Field aspects. (Left figure); Section of the Esfandiar Formation (right figure), Boundary between the
Sikhor and the Esfandiar formations and assemblage of calcified sponge in the base of Esfandiar formation.
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Fig. 5. Facies types of the of the Upper Jurassic Esfandiar

Formation (east central Iran), (a ) FM1 ; Chaetetid ,

Rudstone(Bioconglomerate), (b) MF5; Aggregate Grainstone, (c) MF7; Peloid Pack - to Grainstone, (d) MF4, 2 ; Onco
- Float to Rudstone/ bioclastic rudestone, () MF3; Neuropora Floatstone, (f) MF6; Ooid Grainstone, (g) MF8; Bio
Wackstone (lower part of the Esfandiar Formation) and (h) MF9; Mudstone.
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Lithologic
description

MF1
MF 2
MF 3
MF 4
MF 5
MF 6

MF 7
MF 8

MF 9

Jurassic

Malm

Middle Oxfordian -Lower Kimmeridgian

Esfandiar Limestone Formation

70 m

17

181 m

193 m

100 m

Grey, massive limestone
with foraminifera and
rare foraminifera

Grey, thick bedded
limestone with
Cladocoropsis and
Neuropora

Grey, massive limestone
with interbededd red
limestone and fossils of
foraminifera , rare
dacyclad algae

Grey, thick bedded
limestone with
calcified sponge
Neuropora and
Cladocoropsis)

Grey, thick bedded to
massive limestone with
fossils of bivalve,
gasteropde and

foraminifera

Grey, medium
bedded limstone
interbedded with
marl and
calcified sponge

Bioconglomerate

I

Foraminifera (93
Alveosepta jaccardi (,_;'\

O

C. mirabilis &JQ
N. lusitanica w
7

Chaetetid Q )
S
Y

-

Coral

Peloid
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Fig.6. Stratigraphic column of study area and facies distribution.
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Fig.7. (8) A sketch of an oblique cross-section of Cladocoropsis , (b) A sketch of a cross section of Cladocoropsis
mirabilis Felix, 1907 (c) A sketch of a longitudinal section of Cladocoropsis mirabilis Felix, 1907 and (d) type species

of Cladocoropsis Felix, 1907.
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Fig. 8. Oblique sections of C. mirabilis Felix 1907, (a) sample 181, (b) sample 182, (c) sample 375, (d) sample 292, (e)
sample 359 and (f) sample 360 in the studied area ( fig. 6)
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Fig. 9. (@) A Fossil sample of N. lusitanica (right hand) from Getic Platform in Romani (Ples et al., 2021 and (b) A

sketch of a reconstruction of N. lusitanica.
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Fig.10. (a), (b) and (c) respectively samples of 151,152, 299 (oblique section of N. lusitanica), (e, d) longitudinal section
of Diversocallis moesicus (respectively samples of 388 and 266), (f, g) oblique sections of C. mirabilis and (h) oblique
sections of Alveosepta jaccardi (samples of 383 and 215)
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Esfandiar Formation with a slight change (Wilmsen et al., 2021).
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