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Abstract

This study investigates the impacts of the Paleocene-Eocene Thermal Maximum (PETM), a global extreme warming
event at the SBZ 4- SBZ 5 biozone boundary, and the trend of Early Paleogene platform evolution stages. We studied
five surface sections of the Taleh Zang Formation in the Lurestan area and one subsurface section from the Lab-e
Safid oil field in the Dezful Embayment. Biostratigraphic analysis defined SBZs and platform evolution stages for all
sections. The Rit section was identified as the sole candidate for geochemical analysis, characterized by SBZ 4 and
platform evolution stage II. Isotopic analysis (6'*0 and 3'*C) of the LBF tests indicated a relative decrease in oxygen
isotopes, suggesting an average temperature increase of 34 °C. However, the characteristic sharp negative oxygen and
carbon isotope excursions of the PETM were less pronounced in this section compared to other Circum-Tethyan
platforms. Contrary to the typical pattern, a complete faunal turnover from SBZ 4 to SBZ 5 was not observed. Index
species such as Azzarolina daviesi and Glomalveolina levis persisted until the end of Taleh Zang Formation deposition
in the Rit section. This suggests the influence of local factors such as environmental refugia, tectonic effects, and
delayed species migration. In conclusion, while the PETM warming signature is present, its intensity was milder in
this area, potentially indicating that the region experienced the early to middle stages of this extreme warming event.
Such studies can be applied to regional biostratigraphic correlations, hydrocarbon reservoir modelling, and
groundwater resource management.

Keywords: PETM, Taleh Zang Formation, Isotopic geochemistry, Carbonate platform, Rit anticline.

1-Introduction

The Paleocene-Eocene Thermal Maximum (PETM) was a brief period (about 200,000 years) of extreme
global warming approximately 56 million years ago, characterized by a negative carbon isotope excursion
(CIE) in marine and terrestrial records. A sharp increase in the concentrations of potent greenhouse gases,
such as carbon dioxide (CO2) and methane (CH4), occurred due to the release of methane hydrates from the
ocean floor, massive volcanic eruptions in the North Atlantic region, and lava flows over organic-rich
sediments, which increased CO: levels in the atmosphere and ocean waters. This was accompanied by the
thawing of permafrost, which released vast amounts of stored carbon; severe wildfires triggered by volcanic
eruptions; impacts of carbon-rich meteorites on Earth; significant methane emissions from wetlands and
marshes; and increased chemical weathering of silicate rocks following increased rainfall (Zachos, 2003,
2006, 2010; Scheibner and Speijer, 2008, 2009). This event significantly impacted marine ecosystems,
including larger benthic foraminifera (LBFs), and is a key marker for understanding rapid climate change.
In the Neo-Tethyan realm, the PETM coincides with the boundary between Shallow Benthic Zones SBZ 4
and SBZ 5, marking a major shift in carbonate platform evolution. Early Paleogene carbonate platform
evolution depended on three main factors: the presence or absence of corals, the distribution of larger
benthic foraminifera (LBFs), and the position of the carbonate platform at different paleolatitudes
(Scheibner and Speijer, 2008; BouDgher-Fadel, 2008). According to these researchers, the impacts of the
PETM on the Neo-Tethyan carbonate platforms are particularly significant for the following reasons:
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Impact on carbonate production: Extreme warming, decreased pH, seawater acidification, and changes in
salinity could affect carbonate-producing communities such as corals, calcareous algae, and
foraminifera, leading to alterations in sedimentation patterns.

Identification of Early Paleogene platform evolution stages: At the SBZ 4-SBZ 5 boundary or during the
transition to subsequent biozones (the shift from platform stage II to platform stage III), changes in
carbon and oxygen isotope ratios can indicate variations in water depth, temperature, and environmental
conditions that influenced depositional patterns.

Effects in the Mediterranean and Alpine basins: The PETM and associated CIE events had notable impacts
on the Neo-Tethyan carbonate platforms, bringing about considerable transformations. Similar changes
can be traced in other Circum-Neo-Tethyan basins.

Biological impacts: Decreases in carbon (3*C) and oxygen (6'®0) isotope values coincide with the
extinction of se

2-Material and methods

Six sections of the Taleh Zang Formation were initially selected and studied. The selected sections include
five surface sections-Zangul, Posht-e Jangal, Rit, Daryageriveh, and Chenarh-located in the Lurestan area,
and the Lab-e Safid subsurface section, situated in the northeastern Dezful Embayment. Detailed
biostratigraphic analysis of LBF assemblages was conducted on 456 thin sections. This analysis allowed
the determination of SBZs and platform evolution stages for each section. The Rit section was identified as
the only section containing the SBZ 4 zone (Late Thanetian) and platform evolution stage II, which
encompasses the PETM interval. In this section, the Taleh Zang Formation includes the following index
LBFs:

Operculina subsalsa, Operculina cf. heberti, Discocyclina seunesi, Discocyclina ranikotensis, Miscellanea
miscella, Miscellanea iranicus, Miscellanea juliettae, Ranikothalia nuttali, Ranikothalia sindensis,
Daviesina khatiyahi, Assilina azilensis, Assilina yvettae, Nummulites convexa, Nummulites cf. catari,
Idalina sinjarica, Alveolina pastisillata, Alveolina cf. globula, Glomalveolina levis, Glomalveolina
primaeva, Pseudolithonella richeli, Sakessaria dukhani, Azzarolina daviesi, Avia labyrinthica, Avia cf.
anatolica, and Haymanella elongata.

Consequently, ten powdered samples from well-preserved LBF tests (Azzarolina, Glomalveolina, and
miliolids) from the upper part of the formation in the Rit section were selected for stable isotope (6'*C and
0'80) analysis using mass spectrometry. Paleotemperature was calculated using the established equation of
Anderson and Arthur (1983).

3- Results and discussions

The PETM event was accompanied by a sharp excursion in carbon (5'*C) and oxygen (8'%0) isotope values.
Analysis of these isotopes is not only essential for understanding past climate changes but also plays a key
role in determining Early Paleogene platform evolution stages, particularly at the boundary between SBZ
4 and SBZ 5 (Scheibner and Speijer, 2008). Using geochemical methods, particularly carbon (8'*C) isotopes
in sediments and micro- and macrofossil tests at the Late Paleocene—Early Eocene boundary, this
phenomenon can be investigated. Changes in oxygen (6'%0) isotope values primarily reflect temperature
fluctuations and variations in the hydrological cycle. During the PETM, a decrease in oxygen (6'*0) values
in foraminiferal tests and carbonate sediments indicates global warming at the Late Paleocene—Early
Eocene boundary (Zachos et al., 2006; Dickens, 2009; Westerhold et al., 2020). In general, carbon (6'*C)
and oxygen (8'%0) isotope records in LBF tests are recognized as valuable, cumulative archives of short-
term changes in the Paleogene carbon cycle, temperatures at different depths, and seawater composition.
One of the most important applications of oxygen (8'30) isotope analysis in carbonates is determining their
formation temperature during deposition, in other words, estimating the ambient water temperature at the
time of carbonate deposition. This means that a decrease in oxygen (5'%0) isotope values corresponds to an
increase in water temperature (Zachos et al., 2006).

Biostratigraphic results confirmed the presence of an index SBZ 4 assemblage in the Rit section, a Late
Thanetian age, and platform stage II, with no evidence of SBZ 5 LBF assemblages.
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4-Conclusion

The combined biostratigraphic and isotopic evidence suggests that the Taleh Zang Formation in the Rit
anticline section was influenced by the early to middle phase of the PETM warming event but did not
experience its full intensity or the peak thermal impact of this event by the end of deposition of the Taleh
Zang Formation. The muted CIE, the absence of a definitive SBZ 4- SBZ 5 boundary, and the persistence
of SBZ 4 LBF fauna indicate that this area might have acted as a local refugium. This could be due to local
tectonic controls, specific hydrological conditions, or a delayed response to the global climatic perturbation
compared with other parts of the Neo-Tethys. In conclusion, while the warming signature of the PETM is
recorded, its most severe biotic and geochemical impacts are attenuated in the Rit section, highlighting the
importance of local factors in modulating the effects of global climate events. However, the contribution
of erosional processes affecting the overlying Kashkan Formation, which constitutes the stratigraphic cover
of the Taleh Zang Formation, to the development of the Inverted J Trend phenomenon, as well as the role
of diagenetic processes, particularly vadose diagenesis, should not be overlooked. Overall, such studies can
have various practical applications in different fields of Earth sciences, including the exploration and
evaluation of carbonate reservoirs, hydrocarbon reservoir modeling, biostratigraphy and regional/global
correlation, and groundwater resource management.
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Fig. 1. (a) Location map of the anticlines and selected sections in the study area, and (b) Field image of the Taleh

Zang Formation in the Rit anticline section.
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Fig 3. Photomicrographs of some index LBFs belonging to the SBZ 4, in the Taleh Zang Formation in the Rit

anticline section.

(a) Discocyclina seunesi (Ds), Operculina subsalsa (Os), (b) Daviesina khatiyahi (Dk), (¢) Ranikothalia nuttali
(Rn), Assilina yvettae (Ay), (d) Miscellanea juliettae (Mj), Miscellanea miscella (Mm), (e) Glomaleolina levis
(G]), (f) Azzarolina daviesi (Ad), (g) Azzarolina daviesi (Ad), Glomaleolina levis (Gl), Idalina sinjarica (Is), and

(h) Azzarolina daviesi (Ad), Glomaleolina levis (Gl).
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Table 1. Age and platform evolution stage characteristics of the Taleh Zang Formation in the studied area.

Section Name Platform Stage SBZ Age
Zangul Stage I SBZ 3 Early Thanetian
Posht-e Jangal Stage 1 SBZ 3 Early Thanetian
Rit Stage 11 SBZ 4 Late Thanetian
Daryageriveh Stage 111 SBZ 10-SBZ 11 Early-Middle Cuisian
Chenareh Stage 111 SBZ 10-SBZ 11 Early-Middle Cuisian
Lab-e Safid Stage 11 SBZ 11-SBZ 12 Middle-Late Cuisine
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Fig. 4. Images of the LBFs developed in the limestone and marl layers of the Taleh Zang Formation in the Rit
anticline section. The abundance, large size, and ease of collecting isolated LBF samples are observable. (a)
Washed Sample, (b) and (c) Large and abundant LBFs on the surface of a limestone layer.
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Table 2. Results of the variation range of carbon (3'3C) and oxygen (5'%0) isotopes in selected LBF test samples

from the Rit anticline section.

Sample No. Sample Sample Type 8"C %o 880 %o
Interval (LBF)
(Meterage)
Rt1 89 Azzarolina 2.118 -3.874
Rt2 90 Glomalveolina 2.007 -3.981
Rt3 91 Miliolid 1.958 -3.775
Rt4 92 Glomalveolina 1.927 -3.986
RtS5 93 Azzarolina 2.008 -3.951
Rt 6 94 Azzarolina 1.717 -4.521
Rt7 95 Glomalveolina 1.795 -4.414
Rt 8 96 Miliolid 1.928 -4.112
Rt9 97 Glomalveolina 1.819 -4.375
Rt 10 98 Azzarolina 1.976 -4.618
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Fig 5. (a) Plot of §'%0 values versus 8'°C values in the LBF tests from the upper part of the Taleh Zang Formation
in the Rit anticline section., and (b) Comparison of §'%0 values versus 813C variations with some global studies
conducted in several sedimentary basins of Iran and some other parts of the world. Modified from Zohdi (2009).
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