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1-Introduction

The development of microbial limestones immediately after the end of the Permian mass extinction is one
of the most notable consequences of this largest mass extinction of the Phanerozoic (Raup, 1979; Sepkoski,
1984). The Upper Permian skeletal carbonates in equatorial shallow marine settings are replaced by (hon-
skeletal) microbial carbonate immediately after the extinction horizon, and the abundance of the
microbialites reaches their maximum in the (early) Griesbachian (Lehrmann, 1999; Baud et al., 2007;
Brayard et al., 2011). The classical Hambast section (the Abadeh section) offers an exceptional opportunity
to study this microbialites interval due to their excellent preservation. In this study, we focus on a) the
(sedimentary) transition between Permian skeletal carbonates and Triassic microbialites, b) the
development and morphological analysis of microbialites in different scales, ¢) lateral continuity and
variations of microbialites, d) the presence of sponge remains associated with microbialites and €) the
discussion of these results and paleoenvironmental analysis in the Hambast area.

2-Material and methods

Our studied section is located at the Hambast Valley, 58 km southeast of Abadeh. A stratigraphic profile
with the thickest microbialites interval and best exposure in the Hambast Valley was logged, and a bed-by-
bed sample was taken in the field. It was sampled for the preparation of 21 thin sections. Discerption and
sedimentological analysis of microbialites fabrics are conducted on four scales (1- mega-, 2- macro, 3-
meso, and 4-microstructure), as Shapiro (2000) suggested.

Our studied profile is precisely located at the same profile recently investigated by Shen et al. (2021).
Hence, their high-resolution conodont biozonation is adapted for biostratigraphy and age constraints.

3-Results and discussions

3-1- Field observation

The Uppermost Permian in the studied section is represented by ammonite-bearing medium-bedded nodular
limestones of the Hambast Formation. The Hambast Formation is conformably covered by a thin (10 cm)
clay layer known as the “boundary clay.” A 160 cm thick microbialites interval follows the boundary clay
in the base of the Triassic Elika Formation. The microbialites interval is overlain by thin-bedded dark grey
limestones (Taraz et al., 1981).

The microbialites interval is composed of four distinct layers. Except for the second thrombolite layer
with tabular macrostructure and clotted fabrics, all other layers are characterized by domical
digitated/columnar microbial buildups (mounds). These macrostructures show rapid lateral changes. For
example, only 30 meters away from the studied section, in the interval between Late Permian skeletal
limestone and think-bedded grey limestones of the Elika Formation (the microbialites interval), only one
(30 cm thick) domical mound is found.

* Corresponding author: bagherpour@shirazu.ac.ir
DOI: 10.22055/AAG.2024.43965.2378
Received: 2023-06-03

Accepted: 2023-09-14



aVa

Shahid Chamran Adv. Appl. Geol. Summer 2024, Vol. 14(2): 350-369

University of Ahvaz

The millimetric to centimetric mesoclots are sparitic (dark) patches embedded in a (light) micritic
groundmass in the thrombolite layer and characterized by irregular but sharp outlines. Domical
macrostructures are composed of digitated/columnar internal structures embedded in micritic matric. Sharp
and regular outlines characterize columns and show very fine laminations. Millimetric overgrowth calcite
fans on the microbial columns are often observed. The micritic matrix in both digitated and clotted
microbialites contains abundant sponge (fibers/spicules) remains.

4-Conclusion

According to Baud et al. (2021), laminations in microbial columns (of domical mounds) show that these
structures are columnar stromatolite mounds. The low morphological diversity of microbialites perhaps
indicates a relatively stable depositional condition. In addition, the dominance of columnar domical
microbialites shows a deeper marine setting compared to shallow marine thrombolite-dominated
microbialites in S. China (Bagherpour et al., 2017). That is also compatible with the interpretation of stable
depositional conditions (e.g., immune from small sea level changes) in a deeper marine setting, as suggested
by the low diversity of microbialites. Developing domical columnar microbialites in such a setting can also
be interpreted as competition for light. The association of sponges with microbialites that complex
metazoan-microbial reef ecosystems existed immediately after the extinction (Friesenbichler et al., 2108).
The restriction of metazoan reef builders (after the end-Permian extinction) to near the microbialites
suggests the capability of microbial activity to provide habitable niches even in O2-depleted conditions
such as the end-Permian extinction.
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Fig. 4. Field photograph of the Hambast section. (a) Medium-bedded nodular limestone containing abundant Permian
ammonites (Hambast Formation). (b) Thin-bedded dark grey limestone of the Triassic Elika Formation and (c) Succession
of the microbialites in the basal part of the Elika Formation (studied interval).
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Fig. 5. (a) Boundary clay in the base of the microbialites unit. Note the absence of any erosional feature (b) First
microbialite bed with digitated structure in the base of the Elika Formation. (c) Clotted structure. (d) Termination of
dolomitic bed next to the domical microbialites. (e) Digitated structure of the uppermost microbialite bed below the thin

bedded dark grey limestone of the Elika Formation and (f) An individual domical microbialite without any lateral
continuity. See fig 3 for the stratigraphic position of the figures.
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Fig. 6. Digitated microbialites of the Hambast section. (a) Close-up photograph of a digitated micobialite. Darker branches
represent microbial columns in the lighter micritic groundmass. (b) Microphotograph of a microbial column in micritic
groundmass. (¢ and d) photomicrograph of microbial column (red arrow) and overgrowth sparitic calcite (yellow arrow)
that probably replacing aragonite needles.
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Fig. 7. Thrombolites of the Hambast section. (a) Close-up photograph of mesoclots (dark patches) in (light) micritic
groundmass. (b and c) Photomicrographs of mesoclots (dark patches) in (light) micritic groundmass. A similar structure

is described by Bagherpour et al. (2017) form PTB thrombolite in South China and (d) Photomicrograph of fine dolomite
crystals of non-microbial bed associated with microbialites of the Hambast section.
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Fig. 8. Photomicrographs of sponge remains associated with microbialites. (a and b) Sponge remains in the micritic
sediments filling between calcite crystals and microbial columns. Red arrows indicating fibers/spicules and yellow arrows
indicate the potential globular structure of sponge growth. Red rectangle in (a) is illustrated with higher magnification in
(b), (c) Sponge remains in the micritic groundmass, (d) Sponge remains in the micritic groundmass between calcite
crystals and (e and f) Sponge remains in the micritic groundmass of the thrombolites. Red rectangle in (e) is illustrated
with higher magnification in (f).
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