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Fig. 1. (A) Iran map illustrating the sedimentary-structural units (after Berberian and King, 1981; Angiolini et al.,
2007); (B) Geology map redrawn from Bardeskan 1:100,000 quadrangle map (after Shahrabi et al., 2010).
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3 Matrix-supported massive conglomerate (Gmm)
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! Clast-supported massive conglomerate (Gem)
2 high-energy pseudoplastic debris flow
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Fig. 2. Selected outcrop views from conglomerate units of the Kerman Formation. (A) Massive structure in clast-
supported massive conglomerate. Angular pebbles of 10-20 cm are conspicuous; (B) Rounded granules and pebbles in
a massive structure of matrix-supported massive conglomerate; (C) Normal graded bedding; (D) The increase in fine-
grained sediment in matrix-supported massive conglomerate; (E) Erosive channel.

+ high-strength and viscous debris flow
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Fig. 3. Selected outcrop views from lithofacies of the Kerman Formation. (A) Horizontally stratified conglomerate
lithofacies; (B) Horizontally bedded sandstone lithofacies adjacent to a conglomerate bed; (C) Massive sandstone; (D)

Faint lamination in fine-grained sediments.

! Horizontally stratified conglomerate (Gh)
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Fig. 4. The gravels lithology and each type percentage in conglomerate beds from the Kerman Formation.
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! Horizontally bedded sandstone (Sh)
2 plane-bed flow
3 critical flow
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Fig. 5. Selected photomicrographs of gravel thin sections from the Kerman Formation. (A) Basalt contains imbricated
plagioclase (PL) and clinopyroxene (PX) grains (XPL) and (B) (PPL); (C) Andesite contains elongated brownish
amphibole (Am), sanidine (PL), and vitric groundmass (XPL) and (D) (PPL); (E) Agglomerate tuff (XPL); (F)
Globotruncana-bearing limestone (PPL).
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Table 1. Point-counting data from 10 sandstone thin sections of the Kerman Formation. Qm: monocrystalline quartz;
Qp: polycrystalline quartz; Qt: Qm+Qp; P: plagioclase; K: potassium feldspar; F: P+K; Ls: sedimentary lithic
fragments; Lv: volcanic lithic fragments; Lm: metamorphic lithic fragments; Lt: Ls+Lv+Lm.
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Fig. 6. Data from point-counting analysis of the sandstone samples from the Kerman Formation, plotted on the Folk
(1980) sandstone petrofacies ternary diagram.

2 channel-fill sandstone bodies (CH) ! sedimentary gravity flow (SG)
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Fig. 7. Selected photomicrographs of conglomerate and sandstone petrofacies from the Kerman Formation; (A)
Petromict conglomerate, a basalt pebble is delineated by dashed line (XPL) and (B) (PPL); (C) Petromict conglomerate,
a limestone pebble is conspicuous in the middle of the photo (XPL) and (D) (PPL); (E) Volcanic arenite sandstone,
volcaniclastic lithic fragments (LF) and quartz grains (Qt) are spread across the sample in a carbonate cement

(probably secondary) (XPL) and (F) (PPL); (G) Feldspathic litharenite sandstone, plagioclase (PL) and quartz (Qt)
grains are adjacent to the volcaniclastic lithic fragments (LF) (XPL) and (H) (PPL).
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Abstract

This study investigates lithofacies and petrofacies and reconstructs the depositional environment of the
Paleocene siliciclastics of the Kerman Formation located in NE Central Iran, which is composed
significantly of polymictic conglomerate bodies intercalated with some minor sandstone beds. Through
detailed sedimentological studies (e.g., dominant grain size, degree of clast rounding and sorting,
texture, and stratification) five lithofacies were identified: clast-supported massive conglomerate (Gem),
matrix-supported massive conglomerate (Gmm), horizontally stratified conglomerate (Gh), horizontally
bedded sandstone (Sh), and massive sandstone (Sm). Petrographic analysis revealed three petrofacies
composed of petromict conglomerate, volcanic arenite, and feldspathic litharenite; gravels were chiefly
made up of basalt and andesite, as well as fewer limestone and agglomerated tuff. The lithofacies
associations are related to sedimentary gravity flow (SG) and channel-fill sandstone bodies (CH)
deposited in alluvial fan and braided fluvial systems. This research provides important insights into the
sedimentary environments of the Kerman Formation.

Keywords: Central Iran, Kerman Formation, Siliciclastic, Conglomerate, Alluvial sediments

Introduction

In NE Central Iran the Paleocene coarse-
grained siliciclastic Kerman Formation crops
out with thrusted lower boundary and eroded
upper boundary. Preliminary research on the
Kerman Formation believes that this
conglomerate sequence was formed as a result
of orogenic movements at the beginning of the
Tertiary period, which affected most of north
and central Iran. The Kerman Formation has its
coeval equivalent present in Alborz, Kerman,
Tabas, and Lut areas. Lithofacies and
petrofacies investigations are important to
understand the depositional processes. Despite
previous studies on the stratigraphy, fossil
content (allochthonous), lower and upper
boundary, and petrography of the Kerman
Formation, there is a lack of detailed
information on lithofacies, petrofacies, and
depositional environment. Therefore, this
research aims to address this gap by examining
the precise sedimentary characteristics and
depositional conditions. The Bardeskan area is
in NE Iran and part of the Central Iran
sedimentary-structural unit. Figure 1 illustrates

the study area's location relative to other
sedimentary-structural units in Iran. The
Kerman Formation primarily consists of
coarse-grained  siliciclastic  rocks,  with
occasional minor beds of red sandstone,
indicating a terrestrial depositional
environment. In the present study, the lithology
of conglomerate clasts as well as sandstone
petrology has been attempted in a selected
section of 1017 m.

Materials and Methods

Sedimentary rocks were sampled from an
outcrop of 1017 m. Lithofacies investigation
was conducted, examining grain-size analysis,
texture, degree of clast rounding and sorting,
bed thickness, and sedimentary structures. 350
clasts and 40 sandstone samples were
collected; among these, 53 thin sections were
prepared from which 25 are gravels and 28 are
sandstones. 10 selected sandstone samples
underwent point-counting analysis based on
the Gazzy-Dickinson method. Lithofacies
interpretation was carried out according to
Miall's classifications (Miall 1977; 1978;
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2006), conglomerate petrofacies interpretation
according to Boggs (2009), and sandstone
petrofacies investigation using Folk's (1980)
and Pettijohn et al.'s (1987) classifications.

Results and Discussion

Gravely lithofacies: The gravely lithofacies of
the Kerman Formation, with a total thickness
of 911.5 m, are composed of three lithofacies:
clast-supported massive conglomerate (Gecm),
matrix-supported  massive  conglomerate
(Gmm), and horizontally stratified
conglomerate (Gh). Sedimentary structures
present in these lithofacies include massive
structures, graded bedding, horizontal bedding,
and erosive channels. The grain size varies
from 2 to 1000 mm; near the base it is 65-180
mm, decreasing to 53-95 mm in the middle and
25-75 mm close to the top. Based on Folk
(1980), roundness ranges from angular to well-
rounded, and sphericity is low to high. This
diversity may be attributed to proximal
depositional conditions and heterogeneity in
clast lithology.

Sandy lithofacies: Sandy lithofacies have a
total thickness of 105.5 m which significantly
is less than gravely lithofacies in the Kerman
Formation. The sandstone beds, primarily
massive, exhibit hues of grey and red. While
they are mostly devoid of distinct stratification,
occasional instances of limited lamination and
horizontal bedding can be spotted. The grain
size within these sandstones varies from
medium to very coarse, with a general trend of
decreasing upward. These sandstones have a
bad to medium sorting according to
microscopic investigation.

Petrofacies: Figure 4 illustrates the clast
lithology and the distribution of each lithology
type within the Kerman Formation
conglomerate. Predominantly, basalt forms the
major composition of gravels, followed by
andesite, limestone, and agglomerated tuff in
descending order of abundance. Selected
photomicrographs of gravels are shown in
Figure 5. Polymictic microconglomerates also
contain unstable volcanic clasts and fewer
limestone fragments and thus can be classified
as a petromict conglomerate according to
Boggs (2009). Regarding the significant
percentage of basalt and andesite rock
fragments, it is classified as an intermediate
and mafic volcanic conglomerate, in terms of
chemical composition. Pebble sizes reach 15

mm under the microscope and are rounded to
well-rounded with bad to medium sorting.

To identify the petrographic composition and
sandstone type, 10 sandstones were selected
for point-counting analysis; the obtained data
are in Table 1. The data were plotted in the
ternary diagram from Folk (1980) and mainly
dropped into two areas of volcanic arenite and
feldspathic  litharenite. Volcanic arenite
petrofacies contains 35—-55% of rock fragments
mainly volcanic and occasionally sedimentary
(fossiliferous limestone). Feldspars reach 15%
and potassium feldspars are more than
plagioclases. Fine-grained textures are 15%
and quartz content hardly reaches 5%. The
maturity varies from immature to sub-mature.
Feldspathic litharenite is composed of 45%
rock fragments mainly mafic to intermediate
volcaniclastics and rarely sedimentary.
Felspars and quartz content are 35 and 10%
respectively. Fine-grained textures reach 20%.
The maturity of feldspathic litharenite is
similar to the volcanic arenite.

Depositional environment: The typical
sedimentary characteristics of this formation
are commonly very coarse- to coarse-grained
composition, massive geometry, disorganized
bed, as well as occasional normal grading and
faint lamination. Clast-supported massive
conglomerate (Gcm) and matrix-supported
massive conglomerate (Gmm) lithofacies
association are related to sedimentary gravity
flow (SG) structural element. The SG
structural element is commonly established in
alluvial fans and proximal braided river
systems through sediment-gravity debris flow
with a high sedimentation rate. Horizontally
stratified conglomerate (Gh), horizontally
bedded sandstone (Sh), and massive sandstone
(Sm) lithofacies association are related to
channel-fill sandstone bodies (CH) structural
elements.

Field observations such as normal grading
sequences (finning upward), absence of
floodplain fine-grained depositions, and high
thickness of conglomerate beds, along with
distinguished lithofacies and their lateral
changes provide valuable insights. Comparison
with Miall's fluvial models (1985; 2006) and
Nichols's alluvial fan models (2009) suggest
that the Kerman Formation was deposited in
both alluvial fan and proximal braided fluvial
systems, indicating a close connection between
these environments.
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Conclusions

The study of the Paleocene coarse-grained
siliciclastic ~ succession of the Kerman
Formation in NE Central Iran revealed the
following results: The Kerman Formation is
made up of continental sediments, chiefly
composed of polymictic conglomerate and
coarse-grained sandstone. The five lithofacies
were recognized in the Kerman Formation as
well as two facies associations demonstrating

alluvial fan and proximal braided river systems
as the depositional environment. Any forms of
fossils were absent, except fossiliferous
limestone clasts in conglomerate, which are
allochthonous and not proper for basin or age
interpretation.  Microscopic  investigation
reveals three petrofacies including petromict
conglomerate, volcanic arenite, and feldspathic
litharenite.



