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Abstract

In this study, the stratigraphic distribution of foraminifera and the environmental evolution of the Permian—Triassic boundary (PTB)
successions in the central Persian Gulf (upper Dalan and the basal part of the Kangan formations) were investigated through the
integration of micropaleontological, microfacies, and isotopic analyses (8'°C, 8'*O, and *’St/**Sr). The results reveal three local
composite biozones within the upper Dalan and lower Kangan formations, along with the abundance of the index taxon
Paradagmarita, which shows biogeographic affinity with approximately coeval strata in Turkey, the Caucasus, Saudi Arabia, and
Oman. Microfacies analysis identified three facies belts including lagoonal, subtidal shoal, and tidal flat, indicating a general
shallowing trend from lagoonal toward peritidal settings. A simultaneous decrease in 8'*C and 8'*O values was observed near the
boundary, coinciding with the biotic crisis and the development of oxygen-depleted conditions. The increase in ®’Sr/*¢Sr ratios
across the boundary suggests enhanced influx of continental materials and intensified chemical weathering. The results also indicate
a moderate increase in ooid size and significant changes in foraminiferal assemblages, reflecting a relatively shallow, warm,
stressed, and oxygen-deficient environment. The novelty of this study lies in the combined application of three independent datasets,
including sedimentological, geochemical, and paleontological, from multiple subsurface sections, enabling a more precise
reconstruction of the environmental evolution and biotic events at the onset of the Triassic.
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Introduction

The Permian—Triassic transition marks the most profound
biotic crisis in Earth’s history, with over 90% of marine
species becoming extinct. This event significantly
transformed carbonate platforms and their sedimentary
environments. The Dalan and Kangan formations,
representing the Late Permian to Early Triassic succession in
the Zagros and Persian Gulf regions, record these changes in
detail. Previous works have discussed the sedimentological
and geochemical evolution of this interval (Abdolmaleki and
Tavakoli 2016; Rafiei et al. 2016; Tavakoli et al. 2018; Haghighat et
al. 2020). However, few studies have combined

micropaleontological, isotopic, and microfacies evidence
from multiple subsurface sections to elucidate the precise
environmental evolution during this critical interval. The
present study provides a comprehensive reconstruction of the
Permian—Triassic boundary (PTB) based on integrated data
from four wells in the central Persian Gulf.

Materials & Methods

The study is based on petrographic and geochemical analyses
of 2,500 thin sections from the Dalan and Kangan formations
in four wells (A, B, E, and F). Samples were taken at 30 cm
intervals to ensure high stratigraphic  resolution.
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Foraminiferal assemblages were identified under transmitted
and polarized light microscopes. Microfacies were described
and classified following Folk (1959), Dunham (1962), and
Embry & Klovan (1971). Stable isotopes (3*C and 6'*0)
were analyzed on micritic matrix samples to minimize
diagenetic alteration. Samples with micritic fabrics
(wackestones and fine packstones) were preferred due to their
low permeability and better preservation of primary isotopic
composition. Strontium isotope ratios (¥’Sr/*¢Sr) were
determined from wells B, E, and F. Petrographic and
geochemical screening confirmed the absence of secondary
dolomitization or recrystallization features in the selected
samples, following the procedures described in Tavakoli
(2015) and Abdolmaleki and Tavakoli (2016).

Discussion of Results & Conclusions

Foraminiferal Assemblages: Micropaleontological analysis
revealed 51 species (41 genera) of benthic foraminifera
dominated by Globivalvulina, Dagmarita, and
Paradagmarita. Two major biozones were defined: the
Glomomidiellopsis—Paradagmarita ~ Assemblage ~ Zone
(Changhsingian) and the Microconchus—Ammodiscus kalhori
Assemblage Zone (Griesbachian). These assemblages
correlate well with equivalent zones in Saudi Arabia, Oman,
Turkey, and the Caucasus (Haghighat et al. 2020). The
disappearance of Late Permian taxa and the dominance of
opportunistic forms (Ammodiscus kalhori, Microconchus
phlyctaena) above the boundary indicate severe
environmental stress and low-oxygen conditions.

Microfacies Evolution: Nine microfacies types were
recognized, ranging from ooid and bioclastic grainstones to
thrombolitic boundstones and dolomitic mudstones. The
upward transition from subtidal grainstones to peritidal
thrombolitic facies indicates progressive shallowing. Ooid

grainstones in the uppermost Dalan suggest deposition in
high-energy  shoal settings. In contrast, microbial
boundstones in the lowermost Kangan represent early
recovery of carbonate production under oxygen-depleted,
restricted conditions. This pattern matches earlier models for
the PTB carbonates in the Persian Gulf (Tavakoli et al. 2018;
Davoodi et al. 2024).

Isotopic Trends: The isotopic curves show a pronounced
negative excursion in 3"*C (from +4%o to —1%o) and &'%0,
synchronous with a rise in #Sr/*¢Sr ratios across the PTB.
The 8"C drop corresponds to global disturbances in the
carbon cycle, potentially related to methane release, enhanced
continental weathering, and volcanogenic CO: emissions
(Tavakoli and Rahimpour-Bonab 2012). The gradual depletion of
80 toward the boundary likely reflects rising seawater
temperature and meteoric diagenesis under greenhouse
conditions (Abdolmaleki and Tavakoli 2016; Naderi-Khujin et al.
2016). Elevated ®’Sr/*¢Sr ratios across the boundary further
support intensified continental weathering and influx of
radiogenic strontium during the end-Permian climatic crisis.

Integrated  Interpretation:  Integration of  faunal,
sedimentological, and isotopic data indicates a shift from a
well-oxygenated, open-marine platform during the Late
Permian to a restricted, shallow, and stressed lagoonal system
in the Early Triassic. The decline in biodiversity, increase in
microbial facies, and negative isotopic excursions reflect the
combined effects of eustatic fall, climatic warming, and
oceanic anoxia. These changes represent the regional
expression of global end-Permian perturbations. The
integrated multiproxy approach employed here refines
previous reconstructions (Haghighat et al. 2020; Nazemi et al.
2021; Davoodi et al. 2024; Rezvannia et al. 2025; Shahkaram et al.
2025) and provides a more complete picture of the
environmental transition in the central Persian Gulf.
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pentamerata Groves, Altiner and Rettori 2005,
Nodosaria spp., Protonodosaria mirabilis caucasica
Miklukho-Maklay 1954, Protonodosaria sagitta
(Miklukho-Maklay 1954), Protonodosaria delicata (Wang
1976), Protonodosaria camerata (Miklukho-Maklay
1954), Langella sp. 1, Langella sp. 2, Geinitzina sp.,
Geinitzina taurica  Sellier De Civrieux and
Dessauvagie 1965, Ichtyolaria sp., Ichthyolaria sp. cf.
I. primitiva Sellier De Civrieux and Dessauvagie 1965,
Frondina permica Sellier De Civrieux and
Dessauvagie 1965, Frondina palmata (Wang 1974),
Frondina lauta (Lin, Li and Sun 1990), Frondina cf. F.
laxa Lin, Li and Sun 1990, Frondina conicula Wang in
Zhang et al. 1981, Frondina guangxiensis Lin, Li and
Sun 1990, Frondina ex gr arpaensis, Frondina sp. 1,
Frondina sp. 2, Frondina sp. 3, Pachyphloia ovata
Lange 1925, Pachyphloia cf. P. robusta Miklukho-
Maklay 1954, Pachyphloia schwageri Sellier De
Civrieux and Dessauvagie 1965, Pachyphloia
cukurkoyi Sellier De Civrieux and Dessauvagie 1965,
Pachyphloia iranica Bozorgnia 1973, Pachyphloia
sp.1, Pachyphloia sp. 2, Pachyphloides sp.,
Pachyphloides inflatus  (Miklukho-Maklay — 1954),
Aulacophloia sp., Aulacophloia martiniae Gaillot and
Vachard 2007, Lingulina sp. cf. L. ornata pronina
2000, Lingulina sp., Partisania sp., Globivalvulina sp.,
Globivalvulina  vonderschmitti ~ Reichel 1946,
Globivalvulina graeca Reichel 1946, Globivalvulina
laxa Lin, Li and Sun 1990, Paraglobivalvulina sp. cf.
P. mira Reitlinger 1965, Paraglobivalvulina gracilis
Zaninetti and Altiner, 1981, Paraglobivalvulina sp. 1,
Paraglobivalvulina sp. 2, Paraglobivalvulinoides
septulifer Zaninetti and Altiner 1981,Dagmarita sp. cf.
D. altilis Wang in Zhao et al., 1981, Dagmarita sp. 1,
Dagmarita sp. 2, Labiodagmarita vaseleti Gaillot and
Vachard 2007, Labiodagmarita sp.1, Louisettita sp. 1,
Louisettita sp. 2, Paradagmarita monodi Lys in Lys
and Marcoux 1978, Paradagmarita planispiralis
Gaillot and Vachard 2007, Paradagmarita
flabelliformis Zaninetti, Altiner and Catai 1981,
Paradagmacrusta callosa Gaillot and Vachard 2007,
Paremiratella robusta Gaillot and Vachard 2007,
Reichelina pulchra Miklukho-Maklay 1954, Reichelina
tenuissima (Miklukho-Maklay 1954), Tetrataxis sp.,
Staffella sp., Staffella sp. cf. S. hupehensis Jing 1992,
Sphaerulina sp., Nankinella sp., Schubertella sp.,
Hyperammina deformis (Bérczi-Makk) 1987.

Ammodiscida, Hemigordiopsida, Nodosariida,
s Vaginulinida, Biseriamminida, Ozawainellida
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Tuberitina  sp., Eotuberitina reitlingerae
Miklukho-Maklay 1958, Eotuberitina sphaera Lin
1981, Floritheca variata Gaillot and Vachard 2007,
Ammodiscus kalhori  (Bronnimann, Zaninetti and
Bozorgnia 1972), Hemigordius sp., Hemigordius
changxingensis Wang in Zhao et al. 1981,
Hemigordius sp. aff. H. komiricensis Nestell, Sudar,
Jovanovi¢ and Kolar-Jurkovsek, Jurkovsek 2009,
Crassispirella hughesi Gaillot and Vachard 2007,
Multidiscus sp., Glomomidiellopsis sp.,
Glomomidiellopsis tieni Gaillot and Vachard 2007,
Lysites sp. 1, Lysites sp. 2, Agathammina ovata Wang
1976, Agathammina sp. 1, Agathammina sp. 2,
Lingulonodosaria slovenica Nestell, Kolar-Jurkovsek,
Jurkovsek and Aljinovi¢ 2011, Lingulonodosaria sp.
cf. L. pyrula (Sellier de Civrieux and Dessauvagie 1965),
Robuloides sp., Robuloides lens Reichel 1949,
Partisania sp. 1, Rectostipulina sp., Rectostipulina
guadrata Jenny-Deshusses 1985, Rectostipulina
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Plate 1: (1) Eotuberitina reitlingerae Miklukho-Maklay, axial section, well B, depth 3043.9 m; (2) Eotuberitina sphaera Lin, axial
sections, well A, depth 2995.48 m; (3) Floritheca variata Gaillot and Vachard, indefinite section, well A, depth 2973.05 m; (4-5)
Ammodiscus kalhori (Brénnimann, Zaninetti and Bozorgnizg, 4 -subaxial section, well A, depth 2833.98 m; 5 -eq3uatorial section,
well A, depth 282294 m; (6) Crassispirella hughesi Gaillot and Vachard, axial section, well F, depth 3063.39 m; (7%
Glomomidie 0£3|s tieni Gaillot and Vachard, subequatorial section, well A, depth 2826.75 m; (8) Glomomidielopsis sp., subaxia
section, well A, depth 2827.24 m.; (9) Agi]athammlna ovata Wang, subaxial section, well A, depth 2934.05 m; (10) Rectostipulina
quadrata Jenny-Deshusses, well B, depth 3035.78 m; (11) Rectostipulina pentamerata Groves, Altiner and Rettori, transverse
section, well B, depth 3032.04 m; (12) Rectostipulina sp., longitudinal section, well F, depth 3122.77 m; (13) Protonodosaria
delicata (Wang), subaxial section, well A, depth 2824.43 m; (14) Protonodosaria mirabilis caucasica (Miklukho-Maklay), axial
section, well F, depth 3001.53 m; (15) Protonodosaria camerata (Miklukho-Maklay), axial section, well A, depth 2992.80 m; 516)
Protonodosaria sagitta (Miklukho-Maklay), axial section, well E, depth 3176.82 m; (17) Lingulonodosaria sp. cf. L. pKruIa (Sellier
de Civrieux and Dessauvaﬁle), subaxial section, well A, depth 2821.12 m; (18? Langella sp., axial section, well F, depth 2999.47 m;
(19) Geinitzina taurica Sellier De Civrieux and Dessauvagie, axial section, well F, degth 3075.35 m; (20-21) Geinitzina sp., 20 -axial
section, well E, depth 3146.58 m; 21 -lateral axial section, well F, depth 3015.88 m; (22) Pachyphloides inflatus (Miklukho-Maklay),
axial section, well E, depth 3164.06 m.

Plate 2: (1) Pachyphloia iranica Bozorgnia, lateral axial section, well B, depth 3062.81 m; (2) Pachyphloia schwageri Sellier De
Civrieux and Dessauvagie, axial section, well A, depth 2889.80 m; (3) Frondina sp., close to axial sections, well A, depth 2979.42 m;
54) Frondina palmata ?Wang), axial section, well F, depth 3015.43 m; (5) Robuloides lens? Reichel, axial section, well A, depth

007.5 m; (62 Partisania sp., axial section, well A, depth 2995.48 m; (7) Globivalvulina graeca Reichel, transverse section, well A,
depth 2896.16 m; (8) Paraglobivalvulina gracilis Zaninetti and Altiner, subequatorial section, well A, depth 2891.20 m; (9)
Paraglobivalvulinoides septulifer Zaninetti and Altiner, equatorial section, well A, depth 2826.75 m; (10) Dagmarita altilis Wang in
Zhao et al., close to axial section, well E, depth 3149.50 m; (11) Labiodagmarita vasleti Gaillot and Vachard, axial section, well F,
depth 3028.27 m; (12) Paradagmarita flabelliformis Zaninetti, Altiner and Catai, axial section, well A, depth 2833.42 m; (13)
Paradaé;macrusta callosa Gaillot and Vachard, sagittal axial section, well F, depth 3061.88 m; (14) Paradagmarita monodi Lys in
Lys and Marcoux, subeguatorlal section, well A, depth 2879.48 m; (15? Paremiratella robusta Gaillot and Vachard, axial sagittal
section, well F, depth 3037.41 m; (16) Tetrataxis sp., axial section, well B, depth 3153.49 m; (17) Reichelina pulchra Miklukho-
Maklay, axial section, well A, depth 2997.25 m; (18) Staffella cf. hupehensis Jing, axial section, well A, depth 2943.42 m; 519;
Nankinella sp., axial section, well A, depth 2967.03 m; (20) Sphaerulina sp., subaxial section, well A, depth 2848.92 m; (21
Schubertella sp., subequatorial section, well B, depth 3154.01 m; (22-23) Hyperammina deformis, axial sections. 21 -well F, depth
%gg;gg m, 22 -well A, depth 2849.49 m; (24) Microconchus phlyctaena (Brénnmann and Zaninetti), axial section, well B, depth

.30 m.
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Paleogeography (locality)

Eastern Tethys (South China)
Western Tethys (Slovenia)
Western Tethys (Slovenia)
Western Tethys (Austria)
Western Tethys (Hungary)
Western Tethys (Hungary)
Western Tethys (Italy)
Cimmerian and Arabian plates (Iran: this study)
Panthalassa and other areas (USA)

Panthalassa and other areas (Japan)

Chronostratigraphy Ooids size (mm)
uppermost Permian-Griesbachian 0.15-0.9
uppermost Permian 0.3-0.5
lowermost Triassic 0.2-0.4
Griesbachian 0.65-0.7
uppermost Permian 0.15-0.4
lowermost Triassic ~0.7
uppermost Permian 0.25-0.4
uppermost Permian-Griesbachian 0.5-0.8
Griesbachian 0.2-10
Upper Permian 0.4-1
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Fig 13- Comparison of ooids size variation in the samples studied (Upper Dalan Member and
Kangan Formation) with those reported (Tian et al. 2015) from beyond Iran.
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