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1-Introduction

The Bakhtiari Formation, known for decades as the Pleistocene strata in Iran's Zagros region, is
characterized by thick conglomerates lacking in-situ fossils, with its age inferred from stratigraphy.
Although widely recognized across the Zagros zones and neighboring countries (Jassim and Goff, 2006;
Aghanabati, 2013; Haji Karim et al., 2015; 2025, Abdula et al., 2025), many geologists have mistakenly
labeled all similar Pleistocene deposits as the Bakhtiari Formation, despite notable lithological differences,
especially in the northern Persian Gulf's coastal areas where carbonate-rich sediments prevail. This
discrepancy is evident in geological maps and studies, prompting a reevaluation of the region's
lithostratigraphy. Motiei (1994) identified these carbonate deposits on Khark Island as the Khark
Formation, though its type of section remains largely problematic and its report remains formally
unpublished. Consequently, new research has focused on comparable deposits along the northern Persian
Gulf coast, establishing a reference section for the Khark Formation on Qeshm Island to clarify these
stratigraphic distinctions.

2-Material and methods

Six stratigraphic sections on Qeshm Island were studied, with the Mesen section chosen for its accessibility
and clear boundaries, where diverse marine fossils were collected and identified. Also, the abundant fauna
were collected and identified.

3-Results and discussions

3-1 Geology of Qeshm Island

The geology of Qeshm Island shows its oldest layers in the Ediacaran-Cambrian Hormuz series, followed
by Miocene marl deposits of the Mishan Formation, which are found centrally. The Aghajari Formation is
composed of gray and green marls, limestone, and sandstone, and it dominates much of the island's terrain
and dates to the Late Miocene to Middle Pleistocene. The overlying sequence is a Late Pleistocene unit of
marly and massive limestone alongside green and gray marls, correlating with the Bakhtiari Formation and
central to this study. The island's youngest beds are recent marine deposits visible along its beaches.

3-2 Khark Formation
Name: The name of this formation is taken from Khark Island, where the type section is located.
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Synonymy: Khark limestone, Qeshm Formation, Qeshm limestone.

History of Formation: These deposits in the Khark Island were described by Motiei (1994) as the
"Khark Formation". The equivalent strata of this unit were called "Qeshm Limestone" by Sharonizadeh and
Afghah (2017). Also, Gholami Zadeh and Shafeii (2021) referred to the equivalent strata of this unit in the
Khark and Kish Islands as the Khark Formation. Sometimes this unit is called Khark Limestone in the
Khark Island. In addition, Allahyari et al. (2007) used the name "Qeshm Formation" on their map of Bandar
Lengeh but did not provide an official description.

Location of reference section: The Mesen section is the type of section of the Khark Formation, located
35 km southwest of Qeshm city and 550 meters west of Mesen town. This section can be accessed via the
island's southern coastal road. This section is just to the side of the road. The geographical coordinates of
the Mesen section are as follows: E 55°, 59', 47.49", N 26°, 44', 30.42".

Lithological description of reference section: The Khark Formation has a thickness of 5.2 meters in
the reference section, and from the bottom to the top includes:

1.6 meters of marl containing numerous shells. This part is a coquina bed composed of abundant ostreid
shells and a small number of pectinids, set in a marly background. The thickness of this part of the formation
varies from 0.3 m to 6.8 m in different areas of the Qeshm Island.

- One meter of light-colored marl with a few ostreids. The thickness of this part varies from 0 to 35.3
meters across different areas. This part laterally changes to limestone layers in some areas.

- 2.6 meters of white limestone lomashell bed are the highest part of this formation. This limestone is
full of shells (especially Pectinidae), echinoderms, and corals. The thickness of this part reached 4 meters
in the center of the island, while it is measured up to 15.6 meters on the northern coast.

Lower and upper boundaries: The Khark Formation in the reference section conformably and sharply
overlies the marls of the Aghajari Formation. The base of the oysterid-bearing marl is considered the base
of the Khark Formation, but this bed laterally grades into a white, thick-bedded limestone containing
pectinids. Holocene marine sediments continuously cover the top of the section.

Geographical expansion: The formation described is widespread along the margins of Qeshm Island,
appearing as coastal cliffs and atop many inland heights. It extends along the northern Persian Gulf coast
from Bushehr to Bandar Lengeh and is also found on the Kish and Khark Islands. Despite its relatively thin
layers, the gentle dip of 5 to 8 degrees allows it to spread nearly horizontally, making it visible on detailed
maps such as the 1/100000 Qeshm Island map, where it is identified as the Bakhtiari Formation. Similar
strata occur along the southern Persian Gulf coasts in Saudi Arabia, the UAE, and Qatar, known there as
the Fuwayrit Formation, and comparable deposits are present in southeast Iran's Makran coastal region
(Evans, 2011; Kirkham & Evans, 2020).

Fossil component and age: This formation hosts a diverse and abundant fauna, including 16 bivalves,
three echinoids, and several coral species. Bivalves are as follows: Pecten jacobaeus, Flabellipecten
flabelliformis, F. costisulcatus, Manupecten pesfelis, Aequipecten opercularis, Chlamys varia, Hinnites
gigantean, Pectinidae Gen. et sp. Idet., Alectryonella plicatula, Crossostrea virginica, Lopha virleti, Lopha
cristagalii, Ostrea edulis, Callista umbonella, Circentia callypiga, Tridacna maxima. Some foraminifers,
such as Milliolidae, are observed in thin sections.

Despite this rich fauna, none of these species are index fossils; therefore, age determination of the strata
is possible only by using radioactive methods. The absolute age of these layers in Qeshm Island was
determined by Pirazolli et al. (2004) based on the measurement of the weight ratio of 230Th/232Th
isotopes. They measured the ages of the mentioned layers as 138+6ky to 104+5ky. Also, the cited authors
have evaluated the age of these layers using electron spin resonance (ESR), yielding ages of 138+12 ky to
11549 ky. Reyss et al. (2014) estimated the age of these beds to be between 139ky+6ky and 104ky+5ky
using isotopic ratios of 230Th/232Th, 230Th/234U, and 234U/238U. Also, Preusser et al. (2003), using the
ESR method, determined the age of similar beds in the Kish Island from 252ky+35ky to 100ky+9ky. Also,
Gholamalian et al. (2022) determined the age of the Bandar Dayyer to be 153 ky based on the 86St/87Sr
ratio. Considering all of the above, the age of the studied beds ranges from 252ky+35ky to 100ky+9ky,
corresponding to the late Pleistocene.

Correlation: There are many outcrops of the Khark Formation on the coasts and inside the Qeshm
Island, but six of them have been investigated here. In all investigated coastal areas, the base of the Khark
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Formation overlies the marls at the top of the Aghajari Formation. In contrast, in the two sections of the
Tanndis-ha and Bangali valleys, a cream-colored sandstone unit forms the uppermost layer of the Aghajari
Formation.

The correlation of the stratigraphic columns of the studied sections shows that although most of the
sediments of the Khark Formation consist of limestone beds, there is a significant relationship between the
lithological composition and the thickness of the sections. In sections such as Tula, Cement Factory, Mesen,
Tanndis-ha Valley, and Gambron, which are mainly composed of limestone, the total thickness of the
formation ranges from 5.2 to 18.6 meters, in the Bengali section, where marl deposits, sandy marl and sandy
limestone form a significant part of the column, the thickness of the whole formation has increased
significantly to 44.7 m. The increase in sedimentation is probably due to higher sediment input into the sea
in the mentioned area. In areas where more carbonate was deposited, calm, warm conditions probably
prevailed in the sea, and the arrival of detrital sediment was very rare.

In the Dayyer section studied by Gholamalian et al. (2022), several conglomerate layers in the lower
half of the stratigraphic column indicate an interfingering relationship between the Qeshm and Bakhtiari
formations and their age equivalence.

4-Conclusions

Present research reveals that the Pleistocene strata in the Zagros region, previously grouped under the
continental Bakhtiari Formation, are actually marine carbonate deposits found not only on Qeshm Island
but also in Kish, Khark, and along the southern coast of Iran. Due to their distinct lithology, these deposits
have been reclassified as the Khark Formation, with a new reference section near Mesen town. Dating from
roughly 252ky+35ky to 100ky+9ky (Late Pleistocene), the Khark Formation has a rich marine fauna,
including bivalves, echinoderms, and corals. It lies stratigraphically between the Aghajari Formation below
and Holocene sediments above, with continuous boundaries.
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Fig. 1. Geographic map of the areas discussed in the text. All localities mentioned in the text including Dayyer, Qeshm
and two sections of Fuwayrit Formation in the north of Qatar and United Arab Emirates are shown here by black arrows.
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Fig. 2. (a) The location of the measured sections on the Qeshm Island. (b) The access way to the Mesen section. The

position of the Mesen section is shown by a black asterisk.
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Table 1. geographic coordinates and the address of studied sections.

Section Coordinates
Tula N 26°59'43", E 56° 12' 32.8"

CementFactory N 26° 54'39" E 56°2' 1"
Mesen N 26° 44' 30.42", E 55° 59' 47.49"
Gambron N 26°39'8", E 55°38'6.7"

Tandis-ha Valley N 26°45'3.5", E 55°41'57.3"
Bangali N 26°51'39.5", E 55°57'9.3"

Access way
2.5 km northwest of the Qeshm city

In the mid-way between the Ramkan and
Giahdan villages (2.4 km to Giahdan)

550 meters west of the Mesen city, south of
the island

6.7 km southwest of Gambron village and 8.3
km southwest of Salakh

3.5 km southwest of Tabl city
2 km southwest of Bangali village and 3 km
west of Gorbehdan
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Fig.4. Reference section of the Khark Formation and its units in the west of Mesen town. Conformable boundary between

Aghajari and Khark Formations is shown here.
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Fig. 5. Another view of the Khark and Aghajari Formations in the west of Mesen town and 100 m northeast of the
reference section.
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Fig. 7. Conformable boundary between Khark and Aghajari Formations. Pay attention to the abundance of the Ostreidae
bivalves in the lower part of the Khark Formation. Hammer (35 cm) is shown by the white arrow.
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Fig. 9. Selected Pteriomorphia bivalves from the reference section of Khark Formation. Specimens of figures A to J are
from unit 3 and K to M from unit 1. (A) Pecten jacobaeus (Linnaeus, 1758), HUIM254: left valve left valve, Khark
Formation, unit 3. (B-C) Flabellipecten costisulcatus (Almera and Bofill, 1897), HUIM255: right and left valves
respectively, Khark Formation, unit 3. (D) Flabellipecten flabelliformis (Brocci, 1814), HUIM256: left valve, Khark
Formation, unit 3. (E-F) Aequipecten opercularis (Linnaeus, 1758), HUIM257-258: right valves, Khark Formation, unit
1. (G) Manupecten pesfelis (Linnaeus, 1758), HUIM259: right valve, Khark Formation, unit 3. (H) Pectinidae Gen. et sp.
idet., HUIM260: left valve, Khark Formation, unit 3. ( I-J) Chlamys varia (Linnaeus, 1758), HUIM261-262: right and left
valves respectively, Khark Formation, unit 1. (K) Crossostrea virginica, HUIM263: left valve, Khark Formation, unit 1.
(L-M) Lopha virleti Cox, 1936, HUIM264: left valve, inner and outer views, Khark Formation, unit 1. All scale bars are
1 cm.
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