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ABSTRACT

The present study aims to investigate petrography
characteristics and sedimental environments of
upper Olenekian—middle Anisian deposits of
Nakhlak group in the sedimentary-structural
zone of central Iran. To this end, a section of
these deposits with a thickness of 720 meters
was first selected, and 190 samples were taken
from this section for preparing thin sections. Also,
quantitative and qualitative laboratory tests were
performed and 25 samples of sandstone were
selected for point counter analysis. The results
indicated that the major deposits of this forma-
tion are related to siliciclastic, carbonate, and
pyroclastic types, which are in the form of two
facies associations. The facies association A at the
bottom of the studied section with the thickness of
90 meters has a periodicity of clastic, carbonate,
and pyroclastic facies. The clastic facies of this
association consists of fine-grained sandstone. In
addition, the carbonate facies in association A are
characterized by two microfacies consisting of
intraclast oolitic grainstone and oolitic grainstone.
Further, tuffite is the only pyroclastic facies related
to association A, which has a laminate structure,
cross-bedding lamination, herringbone bedding,
and upward-thinning and thickening cycles. The
facies association, B which is deposited later, is
more in the middle and top part of the section.
The facies association B is 660 meters thick and
has a periodicity of clastic and limestone facies.
Clastic facies of this association includes four
lithofacies such as conglomerate, pebble coarse-
grained sandstone, medium-grained sandstone to
thin layer siltstone and shale. The carbonate facies
consists of four microfacies such as sandy intra-
clastic wackestone and mudstone. Furthermore,
slumping structures, cross bedding, turbulence,
boudinage structure, and convolute of sediments,
along with the effects of erosional channels are
observed in facies B. Field and laboratory studies
conducted on this succession indicate the structure
of facies association A was deposited in a mixed
siliciclastic carbonate ramp. Finally, submarine
canyons and submarine fan environments were left
by increasing the depth of the facies association B
in the deep part of sea and turbidity systems.

Keywords: petrography, depositional
environments, Upper Olenekian-Ani-
sian, Alam Formation.

RESUMEN

Ll objetivo del presente estudio estd dirigido a la
investigacion de las caracteristicas petrogrdficas y los
ambuentes sedimentarios de los depdsitos antiguos de
los Olenekianos Anisianos Medio, hecho por el grupo
Nakhlak, en la zona sedimentaria-estructural del cen-
tro de Irdn. Con este fin, se selecciond una parle de
estos depdsitos con un espesor de 720 metros y después
se lomaron 190 muestras de esla parte para preparar
secctones finas. También, se realizaron pruebas de
laboratorio cuantitativas y cualitativas y se seleccionaron
25 muestras de arenisca para el andlisis de contadores
de puntos. Los resultados indicaron que los principales
depsitos de esta_formacion estan relacionados con tipos
silicicldsticos, carbonatados y  pirocldsticos, que son
en forma de dos asociaciones facies. La asociacion de

Jacies de “A” al principio de la parte estudiada con el

espesor de 90 melros, liene una periodicidad de facies
cldsicas, carbonatadas y pirocldsticas. Las facies cldsicas
de esta asociacion consisten en arenisca de grano_fino.
Ademds, las facies carbonatadas en la asociacion “A” se
caracterizan por dos micro_facies que consisten en piedra
granulada intra oolitica y piedra granulada oolitica.
Ademds, la oba es la inica_facies pirocldsticas relacio-
nadas con la asociacion ‘A7, que tiene una estructura
laminada, laminacion cruzada, lecho de espiga y ciclos
de adelgazamiento y engrosamiento ascendentes. La
asoctacion de facies “B”, que se deposita mds larde, se
observa mds en la parte media y final de la seccion exa-
minada por este estudio. La asociacion_facies de “B” es
de 660 metros de largo y tiene una periodicidad de facies
cldsicas y calizas. Las facies cldsicas de esta asociacion
incluyen cuatro litéfagas tales como conglomerado, piedra
arenisca de grano grueso, arenisca de grano medio a fina
capa de limolita y esquisto. Las facies de carbonato se
componen de cuatro micro facies como wackestone, intra-
cldstico, arenoso y mudstone. Ademds, en la_facies “B”
se observaron estructuras empinadas, lecho cruzado,
turbulencia, estructura de boudinage y complejidad de
los sedimentos junto con los efectos de los canales de ero-
sion. Los estudios de campo y de laboratorio realizados
sobre esta sucesion indicaron la estructura del depésito
de asociacion de facies “A” en una rampa de carbonato
sthicicldstico mixto. Por iiltimo, los cafiones submarinos

y los entornos de los ventiladores submarinos se dejan al

aumentar la profundidad de la asociacion facies B en la
parte profunda del mar y los sistemas de turbidez.

Palabras clave: petrografia, ambien-
tes deposicionales, Olenekianos-Ani-
sianos superior, Formacion de Alam.
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1. Introduction sedimentary succession is similar to those of the
Aqdarband group in northeastern Iran (Davoudza-
The study of lithofacies is of great importance, deh and Seyed-Emami, 1972; Alavi e al., 1997;

especially in clastic sediments since the lithofacies Vaziri, 2001) (Figure 1). These sequences are similar

are deposited in special environments under certain to the sequence of sediments in northern Afghan-

sedimentary processes (Rossi e al., 2017; Hopkins istan and were deposited in an epicontinental sea

et al., 2020). Thus, recognizing lithofacies plays an (Ghorbani, 2019). The present study aims to evalu-

important role in interpreting the processes con- ate the lithofacies and deposition conditions of late

current with sedimentation. Moreover, identifying Olenekian to middle Anisian deposits in the Nakh-
facies can significantly contribute to the reconsti- lak group (Alam Formation) regarding the field and
tution of the sedimentary environment and depo-
sitional conditions (Miall, 2000; Catuneanu, 2022;

Rezaee et al., 2022). The composition of clastic

laboratory characteristics. The present study can
make a significant contribution to understanding
the history of Alam deposition in the Central Iran
rocks is affected by factors such as tectonic activity, basin during the Triassic.
source rock characteristics, degree of weathering,

and transportation (Garzanti, 2019; Martizzi

et al., 2021; Nikbakht e/ al., 2022). The Triassic 2. Geological setting

sedimentary succession (Nakhlak group) located

in the northeast of Anarak town in Central Iran The area under study is the Nakhlak group located
is significantly different from its equivalent sedi- in the Central Iran zone, 60 km away from Anarak
mentary succession in Iran. In addition, Triassic (Figure 1).
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m A: Map of structural components of Iran and related faults: (Alavi, 1991). (AMA: Alborz Magmatism Collection. EIMA: Eastern
Iran Magmatism Collection. UDMA: Urmia-Daghter metamorphic complex. PCC-CCS: Paleotethys continent-continent collision. NTA-ACS:
Neotethys collisional joint. PRITF: strike-slip faults associated with intracontinental rotations. O.L: Oman line) B: Geological map of
Nakhlek group C: Map of access roads to Nakhlak group and Alam Formation D: The direction of the transect is located in the Nakhlak
group in the satellite maps.
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The Nakhlak group is considered one of the most
challenging stratigraphic and tectonic zones in
Central Iran (Davuodzadeh and Seyed-Emami,
1972; Ruttner, 1993; Syed-Emami, 2003; Balini et
al., 2009). This group consists of Alam, Baqoroq,
and Ashin formations (Davoudzadeh and Seyed-
Emami, 1972; Alavi et al., 1997; Vaziri, 2001;
Balini et al., 2009) (Figure 2). The sequences of
upper Olenekian—middle Anisian (Alam forma-
tion) are regarded as the oldest deposits in the
Nakhlak group in the sedimentary-structural zone
of Central Iran, and the age of these deposits
is specified by the presence of ammonites and
bivalves (Tozer, 1972; Vaziri, 2001; Vaziri and
Fursich, 2007; Balini ez al., 2009).

This sequence includes sandstone and shale
layers, which are interlayered and generally have
volcanic debris (Hashemi Azizi ef al., 2018). The
rocks in the active continental margin environment

of the Triassic Nakhlak group are significantly
different from the other equivalent carbonate
platform sediments (Elika and Shotori forma-
tions) deposited in many regions in Iran (Alavi e/
al., 1997; Seyed-Emami, 2003; Balini et al., 2009)
and have platform conditions near the continent
(Sengor, 1979; Stampfli et al., 1991; Dercourt et al.,
2000; Stampfli and Borel, 2002; Brunet ¢t al., 2003;
Torsvik and Cocks, 2004; Angiolini ez al., 2007). In
the Early Triassic Period, the marine sedimentary
conditions were confirmed in a forearc position in
the active margins of south Eurasia by the siliciclas-
tic-carbonate sequence of the Alam Formation,
which generally included volcanic clastic rocks
related to the arc activity (Hashemi Azizi et al.,
2018). Then, this basin was filled with sediments
in the Anisian stage and the conditions changed
from marine to continental, and, consequently, the
conglomerate Baqoroq formation was deposited
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m Stratigraphic columns of the Triassic formations in Iran (Ghorbani, 2019).

GEOLOGICAL SETTING
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Table 1. Counted parameters for point-counter analysis.

Counted Parameters

Recalculated Parameters

Om non=Non-undulose Monocrystaline quartz

Om un= Undulose Monocrystalline quartz
Qpq=Polycrystalline quartz

Qpq 2-3=Qp 2-3 crystal units per grain
Qpg>3=0p>3 crystal units per grain
Cht=Chert

P= Plagioclase feldspar

K=Potassium feldspar

Ls= Sedimentary lithics
Lsm=Metasedimentary lithics
Lv=Volcanic hypabyssal lithics
Lc=Carbonate rock fragment

(Hashemi Azizi et al., 2018). The direction of the
transect is located in the Nakhlak group in the
Ghaleh Bozorg mountain with NW—SE direction
in Yazd block, Central Iran (Figure1D).

3. Methods

The thickness of the layers was measured using
a tape measure, compass, and Jacob’s bars, along
with two reciprocating modification phases using
the method of Ceo (2010). In addition, sedimen-
tary structures, lithofacies, and environmental
evidence were recorded in macro dimensions,
as well as palacodip and sedimentary structures,
including faults and slumping structures. The
selected sample consisted of 190 thin sections to
create thin sections and qualitative and quantita-
tive laboratory analyses have been carried out on
them. Twenty-five samples of sandstones were
selected for point-counter analysis, and about
300 points were counted in each thin section by
the method of Dickenson (1988) (Table 2) using
the parameters defined in Table 1. Qualitative
analyses were performed by identifying litho-
facies and biofacies, evaluating environmental
evidence, and determining the components of
the facies. Furthermore, clastic and pyroclastic
facies were named using the methods of Folk

Q=0m+0Opq (Folk,1974 classification)
Qp=0Qpq+Cht
Q= Qm+Qp
F=P+K
L=Lv+Ls+Lsm
Om=0Qm non+Qm un
Lt=L+Qp
RF=L+Cht (Folk,1974 classification)
Acc=Accessory minerals
Cem=Cements
M=Matrix
Lvm=Lv+xLm
Lsm=Ls+(1-x)Lm
x=Fraction of metavolcanics in Lm
(Ingersoll and Suczek,1979)
Acc=Accessory minerals

(1974) and Pettijohn ez al. (1987) respectively. More-
over, carbonate facies were categorized by adopting
the classification methods as proposed by Dunham
(1962). They were, then, compared with the stan-
dard facies suggested by Flugel (2010) and Wilson
(1975).

4. Discussion

4.1. LITHOSTRATIGRAPHY

Alam Formation deposits are underlain by the Neo-
proterozoic metamorphic units with a thrust fault
boundary (Almasian, 1997) and are covered by the
Baqoroq Formation with an erosional boundary
(Figure 3). Due to the differences in the lithostra-
tigraphy, the Alam Formation is divided into 23
units (Figure 4). The section of these deposits is
720 m thick with mainly siliciclastic and carbonate
sediments, as well as the interlayers of pyroclastic
sediments, which are presented on the stratigraphic
column in Iigure 5 and Table 3.

4.2. LITHOFACIES

Facies associations including A(shallow facies) and
B (deep facies) were identified in the sequence of
upper Olenekian-middle Anisian deposits (Alam
Formation).
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Table 2. Results of point-counter analysis of 25 samples of sandstone from the Alam Formation. Abbreviations defined in Table 1.

S.N Opq | Qpq Lv Ls Lsm Lc Cht | Acc oM (0)3 F L Lt
HESEEHNEEENEERNNEENEEE |
1 46 63 13 12 140 0 10 9 0 2 S 2 300 109 28 137 140 21 49 24 m
2 26 25 17 15 178 7 11 1 0 S 15 2 300 51 47 98 185 115 62 30 a
3 56 38 32 41 19 0 30 0 0 48 36 0 300 94 109 203 19 78 187 114 g
4 60 27 36 30 15 0 41 0 0 44 45 2 300 87 111 198 15 85 196 130
5 56 50 18 25 19 6 49 8 0 53 20 1 300 106 63 169 25 105 168 125
6 56 44 24 60 16 0 19 0 0 34 47 0 300 100 131 231 16 53 184 100
7 67 29 28 34 26 0 36 0 0 48 32 0 300 96 94 190 26 84 178 116
8 45 25 15 20 133 5 30 5 0 0 19 8 300 70 54 124 138 55 89 54
9 49 19 9 20 147 4 9 0 9 34 0 300 68 63 131 151 18 81 52
10 64 18 19 38 119 4 5 3 0 15 15 0 300 82 72 154 123 23 95 38
11 69 21 18 29 110 1 16 0 0 15 19 2 300 90 66 156 111 31 97 50
12 49 11 14 22 120 4 15 5 0 32 26 2 300 60 62 122 124 52 114 78
13 44 23 19 32 122 6 15 5 0 2 30 2 300 67 81 148 128 22 103 52
14 42 58 40 39 65 15 17 0 © 0 19 2 300 110 98 208 80 20 118 39
15 102 121 2 14 39 10 1 0 0 2 7 2 300 223 23 246 49 3 26 10
16 60 49 9 22 28 0 59 19 3 18 28 5 300 109 59 168 28 99 158 127
17 59 36 39 50 16 0 30 0 0 30 40 0 300 95 129 224 16 60 189 100
18 45 &3 29 34 15 9 60 0 0 36 39 0 300 78 102 180 24 96 198 135
19 71 30 24 21 21 1 49 0 0 21 62 0 300 101 107 208 22 70 177 132
20 75 30 36 38 22 0 45 0 0 19 35 0 300 105 109 214 22 64 173 99
21 118 &3 28 39 55 3 5 0 0 7 12 0 300 151 79 230 58 12 91 24
22 50 50 15 30 23 0 53 0 0 56 14 0 300 109 59 168 23 109 168 123
23 70 44 32 29 69 2 0 0 0 23 31 0 300 114 92 206 71 23 115 54
24 67 59 4 19 25 1 67 0 0 9 49 0 300 126 72 198 26 76 148 125
25 51 69 10 20 115 4 13 8 0 0 15 0 300 120 45 165 119 16 61 31
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(A) The lower fault boundary of the Alam formation with metamorphic units (M.F) attributed to the Neoproterozoic. (B) The
upper erosion boundary of the Alam formation with the Bagoroq formation.

Lithostratigraphy,
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Table 3. Description of the identified units in Uupper Olenekian--Anisian deposits (Alam Formation).

Unit

10

11

12

13

14

15

16

17

18

19

20

21

22

23

Description

Dolomitic limestone, brown to cream color, with deformation and banding folded face.

Dolomitized gray limestone, thinning-upward. orange to very light brown color.

Tuffite, bright green to white color mixed with lime, thinning upward.

Gray limestone with secondary calcitic veins, which gradually turns into a mixture of tuffite and limestone
microlayer at the top.

Massive gray limestone with secondary white calcitic veins that turns into a nodular form at the top of the
layer with tuffite interlayers. This subdivision involves two thickening-upward cycles including cross
lamination.

Gray limestone with secondary calcitic fractures, milky in color, and changes gradually from sandstone
units at the bottom of the layer to limestone at the top. The upper boundary of the layer is a limestone—
sandstone boundary.

Calcareous sandstone with dolomitized lamination and secondary veins together with concentration of
dolomitic layers. Narrow horizons contain fine-grained conglomerate lenses with diameters of 30 to 40 cm
and thicknesses of 1 cm.

Massive gray limestone with individual horizons containing carried lime with lenses with cross lamination.
The thickness of these lenses ranges 30-50 cm, and their diameter is about 2-3 m. Sandstones with cross-
layering occur in the entire unit.

Limestone and tuffite have lamination fabric, shaly limestone with cross lamination fabric, together with
sandstone with many existing erosional channels at the top.

Carried limestone frequentation together with shaly sandstone, amethyst color, sandstone-conglomerate
frequentation with particle size of 3 to 5 mm in the form of long lenses.

Sandstone is available with layers of lime mud, clay, silt, and red to brown with the thickness of 2-3 cm
and a lateral expansion of about 10m. The sand-shale cycle is repeated with clay and silt horizons. The
sandstones are green at the weathered surface.

Thin-layer and thick-layer bioclastic lime

Medium-layer sandstone with tuffite horizon and shaly lamination fabric with a diameter of 30 cm
Tuffite

Two-meter sandstone with lamination fabric at the bottom, coarse-grained with the size of fine-grained
conglomerate, together with cavitation erosion and cross-layering.
Light-green tuffite

Layered sandstone, thinning-upward, in addition to numerous coarse-grained layers with a thickness of 40-
50 mm and cavitation erosion

Sandstone-shale-sandstone frequentation with cross-lamination and lamination besides sandstone-shale
horizons with a light color in the middle part
Sandstone, black on weathered surfaces and graphite gray on fresh surfaces.

Thirteen meter coarse-grained sand—shale fining upward to fine-grained sand-shale, along with cycles of
coarse-grained sand-shale (a cycle defect is seen between the two sandstone layers). Sandstone coarsening
upwards, ended in gray and green shales.

Shale, amethyst in color, in the form of large layers of shale or shaly sand cycles, each cycle ending with
10 cm sand. There is more of the shale and less of the sandstone from the bottom to the top.

Lime mud-mudstone and amethyst sandstone frequentation. Lime mud-mudstone has slumping structures
at the top and 1 cm sandy interlayer with lamination fabric, cross-lamination, and tangled classification.
Cavitation erosion and 25 cm clasts, 10 cm lime fragments, and a coarse-grained conglomerate horizon at
the top. There is a sandstone interlayer in the form of long and frequent lenses.

Nodular gray limestone, sandy limestone, and lime sandstone with 3-4 cm lime clasts. Lime sandstone has
lamination and nodular gray limestone medium-layer with secondary calcite vein at the top of a thick layer
of shaly lime.

| thickness (m)

6

10

29

34

30
75
48

179

212
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Qstd Unit: 1-18 Unit 19, 20

Unit 21, 22

Unit 23 Baqoroq F.

4.2.1. Facies association A

Facies association A is 90 m thick (Units 1-10)
and includes a sequence of carbonate-clastic and
pyroclastic facies. The structures on this association
include stratification structures, and cross-bedding
and herringbone cross-bedding stratification with
The
following section describes the macroscopic and

thinning- and thickening-upward cycles.

microscopic characteristics related to these facies.

4.2.1.1. Carbonate facies

These facies are orange to light brown and less gray
in the desert. All the units are more or less dolo-
mitized. In addition, these facies are like gathered
dolomites in fractures. They have sedimentary
lamination and cross bedding lamination structures.
The intermittent presence of sand and sand load is
observed in these units (Figure 6). The characteris-
tics of these microfacies are as follows.

Petrography
MEF1: Oolitic Grainstone: 'This facies of the gray lime-
stone is carried with secondary calcite fracture and
enclosed between two layers of limestone (Unit 5
and 6). The fabric of this microfacies is grain-sup-
ported and lacks mud. Ooid grains are the most fre-
quent allochems, while intraclasts are rarely found.
Ooids are replaced by pyroclastic tuff. (Figure
7A). The size of the ooids is between 0.5 and | mm
and they are in spherical, elliptical, and elongated
shapes.

m Identified units in Upper Olenekian-Anisian deposits (Alam Formation) looking west.

MEF2: ntraclast  oolitic ~ packstone/grainstone: 'This
microfacies is carried lime and with lamination.
The fabric is grain-supported and the mud con-
tent is low. The most abundant allochem is ooid,
and then intraclast replaced by calcite. In addi-
tion, quartz and feldspar grains have sizes ranging
from silt to 1 mm (<5%). Ooid grains range in size
from 0.5 to 1 mm and are often spherical in shape.
Intraclast particle sizes range from 1.5 to 2.5 mm
and are often elongated. (Figure 7B).

Interpretation: The low mud content of these
microfacies, along with the presence of ooid and
intraclast, indicate high energy environmental
conditions (Mass et al., 2003; Flugel, 2010). These
carbonate facies, due to the presence of sorting
grains along with low mud content and the pres-
ence of ooids, indicate the sand shoal margin of
the shelf (Fiugel, 2010). This microfacies can be
equivalent to the standard facies SMF15 of Wil-
son (1975) and belongs to the facies zone as {76
(Wilson, 1975; Ilugel, 2010).

4.2.1.2. Pyroclastic facies

Pyroclastic facies are seen as carried calcareous
clasts with light green to white color. This facies
has lamination and transport evidence (Figure

BA).

Petrography

PI: Tuffite: This pyroclastic facies has transported
bright green to white lime particles. There are
also laminae with carriage evidence. Fractures
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are dolomitized and these dolomites are euhedral.
Tuffite facies have about 5% unrounded quartz of
0.1 mm, as well as the presence of feldspar crystals
at the beginning of formation. The quartz amount
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increases upward to about 10% with a grain size
of 0.2 mm (Figure 8B). Interpretation: This facies is
the result of volcanic material entering the shallow
sedimentary basin (Tucker, 2001).
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4.2.1.3. Clastic facies of these sandstones are Arkose and Litharnite

L1: Fine-grained sandstone facies: 'The sandstones are
fine-grained at the bottom of the section and have
few fossil remnants. They are intermittent with
shale and lime layers. They have fractures that
have been filled by lime and are light brown to dark
orange. In these facies, laminated, cross-bedding
laminated structures, herringbone cross stratifica-
tion, upward-thinning, and top-thinning structures
are observed. Moreover, in terms of texture, they
have medium and semi-angular sorting (Figure 9).
Interpretation: The presence of these sedimentary
structures, along with the intermittence of sand-
stone with limestone layers, indicates that the facies
were deposited in a mixed siliciclastic carbonate
ramp (Tucker and Wright, 1990).

Petrography clastic facies
The results of point counting and drawing data on
the Folk triangle (Folk, 1980) show that the types

(Figure 10).

PFI1:Arkose sandstone: This sandstone has a light
brown color and is mainly in sequence with destruc-
tive limestone (Units 1,3,9). The quartz content of
this petrofacies is between 33% and 46% and the
feldspar is between 47% and 62%. In addition, the
amount of lithic fragments is between 5% and 7%
and feldspar grains are mainly semi-rounded and
sericitized.

In general, plagioclase and alkali feldspars are
indistinguishable. The quartz has angular to low-
rounded particles with medium to poor sorting,
and the average size of the grains is 0.15-0.2 mm.
These petrofacies have fractures and veins which
are sometimes filled with silica and sometimes
seen as channel porosity (Figure 11A). Some of
these lithic fragments are lime and dolomitized.

PF2: Litharenite  sandstone: 'The Litharenite
sandstone is a light-brown to dark-orange color,

m (A) and (B) Limestone units with lithoclast and schistosity from tectonic movements at the bottom of the section. (C)
Herringbone bedding in calcareous units carried at the bottom of the section. (D) Lithodemic gray limestone with secondary fractures.
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DISCUSSION

Photomicrographs using crossed polars. (A) MF1: Oolitic grainstone. (B) MF2: Intraclast oolitic packstone/grainstone.

(A) Tuff-tuff has lamination (layering in a pyroclastic sequence). (B) Photomicrograph using crossed polars. P1: Tuffite.

m (A) Alternating calcareous sandstone-limestone-tuffite. The top of the red triangles indicate the thinning of the layers above.
(B) The boundary between the change in color and the appearance of the facies and the emergence of shale-sandstone units. Red arrow:
destroyed calcareous sandstone in orange. Blue arrow: calcareous sandstone and starting intermediate shale-sandstone-tuff units.
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along with lamination, and fractures are filled
with dolomite (Unit 7). The quartz content of
this petrofacies 1s between 56% and 77%, the
feldspar is between 5% and 9%, and the amount
of lithic fragments is between 17% and 35%. In
general, clastic grains are mostly quartz, fine- to
medium-grained, sub-angular, and with medium
sorting

High corrosion is obvious in some of the clastic
grains, which are surrounded by lime in the form
of cement. The calcareous lithic fragment in Fig-
ure 11B is a calcarenite based on Folk (1980).

Facies association B

Facies association B are 660 m thick. Existing
facies are intermittent with of clastic-carbonated
facies. In facies association B, there are structures
including slumping, boudinage, cross-bedding
classification, turbulence and tangle in sediments,
and the remnants of erosional channel, which are
described below as microscopic.

4.2.2.1. Carbonate facies

The sediments in this facies are mostly gray.
These sediments originate from the destruction

Quartzarenite

of sediments in shallow areas of the sea and are
transported to a deep environment and deposited
on the continental slope. They are seen in a rhyth-
mic state with shale, and due to their deposition
on the continental slope, boudinage structure is
created in them. These limestones are seen with
sandstones at the end of the section and possess
Ammonoid macrofossils (Figure12).

Petrography

ME3: Sandy intraclast wackestone/packstone: They are
found as limes with secondary calcite veins, which
are layered in the upper parts of the unit with
lamination (Units 15,17,20, 22). The fabric of this
microfacies is mud-support to grain-supported.
Intraclasts can be observed with the medium size
of 1.5 mm and in irregular to elongated shapes.
Intraclasts are often micriticized. There are traces
of bioclasts found in this microfacies intraclast
wackestone like the remains of bivalves. The
quartz content of this microfacies is more than
5%, as scattered fine grains. (Figure 13A).

MF4: mudstone: Mudstones are dark layers
with lamination and cross-bedding lamination.
A large amount of degenerated limes and tuffites
are found within shale layers in interbedded with

DISCUSSION

Subarkose Sublitharenite

Lithic Feldspathic
litharenite

Litharenite
arkose

F RF
m Data of facies association A on the sandstone classification on a QFR diagram(Folk, 1980).
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é) N i >

ALIIMPA (A) The presence of Amonit macrofossils in carbonate units. (B) and (C) Hemipellagic carbonate sediments in intermittence
with shale with boudinage structure.

ALOIEMEN Photomicrographs using crossed polars. (A) MF3: Sandy intraclast wackestone/packstone. (B) MF4: mudstone.
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medium sandstone of the layer (Units 13, 15, 18,
20, 21, 22, 23). In thin section, this microfacies has
a fracture which is filled with coarse-grained cal-
cite. Clastic fine-grained quartz particles are found
in the matrix of this facies. In some thin sections,
the lime microcrystalline matrix is converted into
microcrystalline dolomite. In addition, the rem-
nants of bivalves replaced by calcite are found in
this facies. Mudstones existing above the section
indicate the remnants of very fine dolomitization
(Figure 13B).

Interpretation: 'The presence of slumping and
boudinage structures in this sequence indicates
the formation of these facies in the deep slope
environment of the continent (Cojan and Renard,
2020). Other evidence suggests the presence of
ammonoid macrofossils in these units, which is
specific to the deep environment (Page, 2008).
This microfacies can be equivalent to the standard
facies SMF4 (Wilson, 1975) and belongs to the
facies zone as FZ1 or FZ3 (Wilson, 1975; Flugel,
2010).

4.2.2.2. Clastic facies

L2: Mud-supported conglomerate: Lithofacies 1.2 is a
mud-supported conglomerate in the middle section
of the Alam formation as thin , thick and massive
bedding to lens-like layers between the sand layers.

It has gravels with a diameter of 2 to 15 cm and
its gravel content is about 30%. The thickness of
the conglomerate layers is about 1 m, which are
in the form of strips between the sandstones. The
constituent grains are generally angled and have
poor alignment. Gravels of this lithofacies some-
times show semi-parallel and sometimes parallel
imbrication with bedding (Figure 14).
Interpretation: Poor sorting and the absence of
sedimentary structures along with irregular imbri-
cation indicate deposition by turbidity flow (lowey,
2007; Mueller et al., 2017). This evidence shows
the turbulence of flow before sedimentation, and
a drag during sedimentation. This facies can be
seen as a representation of the sedimentation of
bed load (drag bed) from the low part of a layered
turbidity flow (Thomas, 2011). This facies corre-
sponds to lithofacies Fa-1 (Thomas, 2011), LI2
(Casciano et al., 2019) and FA4 (Riahi ez al., 2010).
L3: Pebble coarse-grained sandstone facies: This facies
is sandstone and sometimes its pebble content is
calcareous and sometimes volcanic and metamor-
phic. In this lithofacies, there are scattered pebbles
whose diameter is generally between 3 and 4 cm.
This lithofacies exist like calcareous sandstone and
has a very light brown color to dark brown with
laminations and dolomitized fractures. Moreover,
fine-grained conglomerate lenses with a diameter

DISCUSSION

M(A) Intermittence of conglomerate and limestone. Red triangle: succession of coarse-upward and the presence of imbrication
in conglomerate lithofacies. Yellow triangle: succession of thinning-upward in limestone. (B) The conglomerate units have rounded
calcareous clasts and the cavities result from the erosion of these clasts. Scale equals 10 cm.
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of 30 to 40 cm and a thickness of 1 cm were
observed. The thickness of the layers reaches more
than 50 cm. Cavitation crosion has eliminated
pebbles. Sometimes, this facies has lenses with a
flat base at the top and a curved base at the bottom
(Iigure 15). In addition, their construction is like
cross-bedding classification and works of ripple
marks, similar to LF2 (Casciano et al., 2019) and
FA3 (Riahi et al., 2010).

Interpretation: This facies is somewhat similar to
the B2 facies of Numidian sandstone (Pinter ¢ al.,
2016), which was formed by deposition along the
main axis of the turbidity flow. The plate-shaped
nature of the layers in this facies indicates that
they were not confined to a specific channel, but
rather stacked on top of each other to form highly
elongated lobes (Pinter ¢t al., 2016).

L4: medium-grained sandstone lithofacies to thin-layer
sultstone: 'This facies is the most abundant among
clastic facies. It has tensile sedimentary structures
and the constructions of normal granulation (Ta),
parallel lamination (Tb), and cross-bedding lami-
nation (Ic). It has several within shale, limestone,

@ / Boletin de la Sociedad Geolégica Mexicana [ 75 (2) /| AO70323 / 2023

and deformed structures. The layers consist of
fine- to large-laminated sandstones and ripple
interlayer (I'b and Te, respectively, Bouma cycle)
with shale (hemiplegic shale and Te) (Figure 16).
Interpretation: Normal gradual granulation with
tensile structures indicates turbulent flows in which
the intensity of turbulence is reduced and stagnant
(Bouma, 1962). Lens and tabular lamination, sedi-
mentary structures resulting from fluid escape, and
deformed structures have been observed occur
together as sedimentation in this association. This
facies corresponds to FA-3 lithofacies (Thomas,
2011) and is similar to LF6 facies (Casciano et al.,
2019).

L5: shale: The facies, in the Alam Formation,
consists of thin to medium layers (less than 30 cm)
and 1s sometimes thick(up to 50 cm). There are
the gradual granulation and sequencing of Buma,
Te-d, and slumpling structures among its import-
ant sedimentary structures. In most cases, shale
and siltstone bedding of this facies are completely
delaminated. The deposits of this facies are silt
and clay in size, and there are also thin interlayers

m Data (A) Erosion of cavities caused by the removal of pebbles in the groundmass of coarse sandstones. (B) The boundary
of the loaded limestone units and shale at the bottom, with large conglomerate lenses and coarse-grained sandstone with calcareous
background and polygenic clasts. (C) Sandstone with lenses with flat base (top) and curved base (bottom). (D) Interlayers of sandstone
containing coarse-grained pebbles.
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DISCUSSION

m (A) Destroyed calcareous horizons with yellow to orange color (yellow arrow) in dark yellow sandstone (red arrow). Thick
layer of sandstone with black weathering surfaces and fresh yellow surfaces. (B) Sandstone with parallel lamination (Tb) and cross-
bedding lamination (Tc). (C) Sandstone with normal granulation (Ta) and cross-bedding lamination (Tc). (D) Erosional channels.

- N Py

A g W e L g

MWV (A) Units deposited in maximum depth of basin with succession of clay-lime. (B) Boundary of green shale and purple shale.
(C) Intermittence of clay and lime related to deep parts of the basin. (D) Succession of clay and lime in upper parts of the section with
thinner and regular layers.
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of sandstone and limestone. Sometimes, this litho-
facies 13 seen as a cycle with layers of sandstone
and sometimes with limestone layers (Figure 17).
Interpretation: This facies represents the deposition
of very thin flows, which was most likely the result
of a lateral overflow above the main turbidity flow
channel that was discharged into this part of the
basin before arriving at the main sandstone flow
(Pinter et al., 2016). This lithofacies is similar to
that of FAI (Riahi ez al., 2010) and F12 (Casciano
etal., 2019).

Petrography of clastic facies

Clastic petrofacies in this set includes polymictic
conglomerate petrofacies, sandstone petrofacies,
and shale. The sandstone composition of this
sequence 1s based on the Folk triangle arkosic
sandstone, subarkose sandstone, Lithic arkose
sandstone, and Litharenite sandstone (Figurel8).
Characteristics of these petrofacies are as follows:
PE3: Arkosic sandstone: 1t 1s found in the form of
sandstone in intermittence with shale. They are
brown to black sandstone with light gray weath-
ered surface (Units 10, 20, 22, 23). The quartz

Quartzarenite

Subarkose

Lithic
arkose

@ / Boletin de la Sociedad Geolégica Mexicana [ 75 (2) /| AO70323 / 2023

content of this petrofacies is between 43% and
76%, the feldspar is between 19% and 50%, and
the amount of lithic fragments is between 4%
and 8%. The size of quartz grains is between
0.07 and 0.1 mm, their sorting status is in the
limit of medium to good, and their roundness
is weak. The arkosic sandstone facies are more
coarse-grained than the arkosic sandstone facies
of association A. Their veins are sometimes filled
with ferrous materials and secondary quartz (Fig-
ure 19A).

PF4: Subarkose sandstone: They are black on
weathered surfaces and light gray-black on fresh
surfaces (Units 17, 19, 20, 22). The quartz content
of this petrofacies is 82%, the feldspar is 16%,
and the amount of lithic fragments is 2%. The
size of fine to medium particles is 0.5 to 0.05 mm
and they have weak roundness and immature
sorting. Chlorite and muscovite minerals can be
visible at the top of the section in this microfacies
(Figure 19B).

PE5: Lithic arkose sandstone: They are in the form
of repetitive cycles and have laminae in intermit-
tence with shale layers (Units 17, 19, 20, 22). The

Sublitharenite

Feldspathic
litharenite

Litharenite

F

HLIWMEN Data of facies association B on the sandstone classification on a QFR diagram(Folk, 1980).
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quartz content of this petrofacies is between 40%
and 68%, the feldspar is between 23% and 46%,
and the amount of lithic fragments is between 8%
and 18%. The size of particles is medium to fine,
and they have weak roundness, low sorting, and
immature texture. Silica cements are syntaxial and
carbonate cements are blocky and poikilotopic
around clastic particles (Figure 19C).

PF6: Litharenite sandstone: PF6 consists of layered
sandstones and fining upward sandstones, along
with different coarse-grained horizons of 40 to
50 mm with cavitation erosion In addition, this
petrofacies is in alternation with shale and thick-
ening upward layers on the field (Units 17, 20, 22,
23). The grains mainly include quartz, feldspar,
and rock fragments. The quartz content of this
petrofacies is between 56% and 74%, the feldspar
is between 5% and 9%, and the amount of lithic
fragments is between 20% and 37%. The size of
particles is fine to medium, and they have low
roundness and weak sorting. Fine-grained quartz
grains have a size of 0.1 mm, are sub-angular, and

have medium sorting. PF6 has more immature
texture than lithic arenite sandstone in facies asso-
ciation A. (Figure 19D).

PE7: Polymuctic conglomerate: PF7 1s relatively thin
stripes among the sandstone layer, which is lighter
color than the encompassing sandstones (Units 10
and 20). Clasts are between 3 and 5 mm in field
measurements with a grain size of 0.5 to 3 mm in
laboratory measurements. The constituent parti-
cles are mostly feldspar, quartz, and rock fragment.
Rock fragments of this petrofacies are mostly lime-
stone, metamorphic, and pyroclastic. The particles
of this facies are angular and have weak sorting.
Clastic particles are corroded, around which there
is blocky calcite cement and isopachous cement.
Limited fractures filled with carbonate, as well as
more metamorphic rock fragments, are among the

characteristics of petrofacies (Figure 20A).

PFE8: Shale: PF8 has purple color, which is green
in upper units (Units 10, 11, 13, 20, 21, 23). Fur-
thermore, clastic particles are sometimes found

(Figure 20B).

m Photomicrographs with crossed polars. (A) PF3: Arkosic sandstone. (B) PF4: Subarkose sandstone. (C) PF5: Lithic arkose
sandstone. (D) PF6 Litharenite sandstone.

DISCUSSION

=
@
S
c
S
=
©
€
1
S
[T
S
L
<
c
s
o4
f=
<
&=
5
=
E
f=
5
=
]
<
i)
o
[
e
=
w
=
o
G
3
(%2}
<
2
=
S
<
o
o
=
S
=
[74]
o
=
@
=
o
=
©
7]
=
v
e
G
o
=
=
>
=
S
©
R
=)
=
©
S
L d
7]
)
=
=
-l




DISCUSSION

<
(]
S
c
(=]
-
©
£
1
(=]
L
£
A
<
(=
fi
o4
<
<
&
©
=
g
<
e
=
v
<
&
o
[
-
A
v
K=
=
G
(<]
(7]
<
=
i=
©
<
o
v
<
(=]
=
(7]
o
Q
v
T
o
<
(1]
(7]
=
v
(]
G
o
=
=
>
<
Q
©
)
(=)}
=]
[\
S
=
7]
o
K=
=
-l

http://dx.doi.org/10.18268/BSGM2023v75n2a070323

@ / Boletin de la Sociedad Geolégica Mexicana [ 75 (2) /| AO70323 / 2023

4.3. SEDIMENTARY ENVIRONMENT

The identified facies zones based on carbonate
facies and facies associations of siliciclastic sedi-
ments indicate that the major part of the Alam
Formation were deposited on the deep parts of
the basin and some of its parts were deposited
in the shallower parts of the platform. The tuff-
ite layers at the bottom of the Alam Formation
were replaced by thick layers of limestone. Clean
limestone layers containing abundant ooids were
deposited on the platform margin sand shoals.
Indeed, the bottom of the Alam Formation indi-
cates that the entrance of clastic volcanic material
into the basin had stopped and that conditions
were provided for depositing carbonate facies.
Also, the L1 fine-grained sandstone facies was
deposited in the intertidal zone in the stages of
overcoming erosion on deposits and regression
of the basin, as well as the conversion of the con-
structive shore into a destructive type in a short
period of time. In addition, in stages with medium
energy, limestone rocks were deposited with lami-
nation and cross-bedding lamination (Tucker and
Wright, 1990).

In general, calcarcous facies indicates the stages
of stagnation and the presence of shallow carbon-
ated conditions, and the clastic facies indicates
destructive stages. The presence of thin layer tuff
in the base of these sediments can represent local
and low-impact traction phases. These sediments
have sedimentary structures belonging to high-en-
ergy conditions including cross-bedding. They

IS¢ WLl Photomicrographs using crossed polars. (A) PF7: Polymictic conglomerate. (B) PF7: Shale.

also have a considerable amount of ooid in oolitic
grainstone facies, which clearly represents the for-
mation of this section in low depth and high-en-
ergy environments (Flugle, 2010). This carbonate
facies includes oolitic grainstone and intraclast
packstone-grainstones. These types of facies
with sorted particles and the presence of ooids
indicate sand shoal margins of the shelf (Flugel
2010). These barrier facies are similar to the Elika
Formation in Alborz, as studied by Lasemi et al
(2000) and Sotuhian (2008). The clastic facies set
A including conglomerate, arkose sandstone, lime
sandstone, and shale represents the low-depth
clastic sea. Sandstone facies were deposited in the
phases of dominating erosion and the regression
of the basin and when the inactive shore was
converted to an active shore (Tucker and Wright,
1990). These sandstone facies, in the high-energy
condition, were deposited in the intertidal limit
(Tucker and Wright, 1990).

Entrance of the clastic particles to the inter-
tidal limit can be related to coastal flows, sudden
storms, and/or tectonic activities on the prove-
nance of the silica-clastic sediments (Flugel, 2010).
Polymictic conglomerate petrofacies in this facies
association represents high-energy positions while
passing stationary phases to high-energy phases
and indicates high-energy erosive channel sub-en-
vironment (Collinson and Thompson, 1987).
Totally, packstone facies indicate stationary stages
and the presence of low-depth carbonate condi-
tions, and grainstone and sandstone facies indicate
the destructive phases. The transected section of
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association A is demonstrated in Figure 21. Dark
and purple sandstone layers containing Lithofa-
cies L4 were deposited on these carbonates. This
sequence also has limestone interlayers.

Then, the conglomerate layers (L.2) and the
Pebble sandstones (L3) were deposited and the
sediments of this lithofacies were in connection
with the fine streams in the submarine fan chan-
nels (Nomar, 1970; Riccliucchi, 1974). Lithofacies
L5 was intermittently deposited with the calcare-
ous deposits. The deposit of this facies indicates
the sediment of very thin currents and slumping
construction is seen in this sequence. According
to Stow (2005), this construction is seen in the
middle lobes of the fan, so it can be said that the
Lithofacies mentioned in the lobe (medial fan lobe
deposit) are located in the middle of the fan. The
sequence of facies set B was then deposited, which
includes clastic facies such as polymictic conglom-
erate, arkose sandstone, litharenite sandstone,
shale, and carbonate facies including mudstone
and wackestone. This set was deposited in different
conditions from A and the primary sequence of
the formation, 1.e., facies set A, and indicates deep
environment and turbidity system and submarine
fan. Sedimentary structures of clastic units of this
facies set include layering, coarsening upward, fin-
ing upward, thickening upward, thinning upward,
slumping, and slump structures (Figure 22). These
facies lack structures such as cross-bedding. Chaos

«+ =" *[Sandstone

1 o
 — Limestone

Tuffite

DI WAN Transected section of the model provided for association A.

and disorders are more frequent and most facies
are immature in terms of texture. The conglom-
erate of this sequence constitutes pebbles. Parts of
its lower beds reduce in thickness laterally, and it
has some structures such as gradual granulation,
which indicates submarine channels in the conti-
nental slope area (Nichols, 2009). These polymictic
conglomerate layers have metamorphic, pyroclas-
tic, and sedimentary rock fragments that have lime
matrix and indicate Shelf Canyon (Nichols, 2009;
Weimer, 2004).

The set of the shale-sandstone unit facies with
shale dominance over the sandstone indicates
the distal parts of the outer lobe, sandstone-shale
period with almost equal ratio in the deep middle
lobe, and period of sandstone-shale with sandstone
dominance. Also, more coarse-grained units were
deposited on top of the inner lobe of a subma-
rine fan (Stow, 2005) (Figure 23). The contents of
the turbidity channels include gravel, mud, sand,
or their mixture. This important case depends
on some factors such as tectonics, climate, and
sedimentary load (Reading and Richards, 1994;
Richards et al., 1998). Shale sequence with the
interbedded lime in the distal parts is found in the
outer lobe deposited in high depth (Stow, 2005).
Sequence of shale—sandstone is dominated by dis-
tal fan special shale (Stow, 2005), which belongs to
the ocean bed. This lime facies is carried by older
units which are carried by the turbidity flow.

Sandstone

Pre-Triassic Carbonates
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DISCUSSION

(A) The slope change of layers at the boundary of deep lime-clay units of the basin with the slumping structure, at the
beginning of the turbidite units and at the beginning of the regression cycle. (B) 1. Deep lime-clay of the basin. 2. Limestone-sandstone-
shaly limestone at the beginning of regression. (C) Succession of calcarenite sandstone and shaly limestone. Yellow arrow: calcarenite
with black weathering surface and fresh surface with orange color. Red arrow: black limestone shales Black arrow: calcarenite sandstone

B

(A) and (B) Intermittence of purple lime-shale, green shale, and fine sand. 1. Succession of sandstone shale with dominant
sandstone. 2. Alternation of sandstone-shale with dominant shale in purple and green color. 3. Intermittent layers of sandstone with a
thickness of 8 to 10 cm. 4 and 5. Sandstone-shale layers with turbulence and curved boundary ending in succession of deep clay-lime. 7
and 8. Alternation of deep lime-clay units. (C) Succession of deep lime-clay in the deepest part of the basin with turbulence and folding
resulting from slumping.
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These carbonates almost have lithoclast due to
their combination with metamorphic or pyroclas-
tic lithoclasts and structures such as cross-bedding
and gradual granulation, and accompany rounded
intraclasts and extraclasts. Sometimes, syntaxial
cement indicates transportation and turbulent
phases in the basin (Flugel, 2010).

Carbonates at the top of the section, which
are the last sediments of Alam formation, do not
have continental terrace but allodapic carbonates.
These facies were deposited in the continental
slope or deeper basin. These carbonates resulted
from the repeated movement of carbonate sands
in the continental terraces that move toward
the basin as the turbidite forming lime (Flugel,
2010). These carbonates resulted from submarine
erosion and have clasts in different sizes (Pinter,
2016). Intraclast grainstone facies indicates the
base bed for turbidity movements and all turbu-
lent units cause erosion grooves during the stages

of turbidite slumps. Carbonate sequences were
deposited in front of the continental slope and
below proximal fans from a submarine fan (Stow,
2005; Nichols, 2009). The periodicity of deep clay
facies and pelagic lime with slumping and boudi-
nage structures indicates the deepest point in the
deep marine environment. In association B, tur-
bidite units are observed as compensatory cycles
(Figure 24).

In addition, the sand content is high, and shale
in the marine fan indicates that this fan is a sand—
mud mixture in the classification proposed by
Reading and Richards (1994) and Nichols (2009).
The sand content of these fans is between 30%
and 70% (Reading and Richards, 1994; Nichols,
2009). On the distal shaly limes of facies set B, the
conglomerate of Baqoroq Formation has an ero-
sive border indicating uplift and start of erosion in
the basin. The transected section of association B
1s illustrated in Figure 25.

MLoaded turbidite units in compensatory cycles. 1,3 and 4. Center of slumping lobes in compensatory cycles. 2 and 5. The edge
of the slumping lobes in the compensatory cycles. At the end of lobe 3, fractures resulting from tectonics are observed.
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Considering the age of these sediments, which
is Middle—Early Triassic, and the effect of ecarly
Cimmerian orogeny in Central Iran as old as the
late Triassic period, the structural changes of these
sediments cannot be related to the effect of carly
Cimmerian orogeny. However, it is evident that
the sediments were effective in two major phases
during sedimentation. The first phase of these sed-
iments formed a rift in the submarine base result-
ing in the sedimentation of the primary deposits
of the formation and changing a low-depth mixed
siliciclastic-carbonate environment into the deep
environment with turbidite deposits. The second
phase occured with uplift and erosion, and change
in a deep environment with the deposition of the
turbidite deposits into a marginal shore to a con-
tinental shore (Baqoroq Formation). Thus, facies
set A was deposited in a mixed siliciclastic-carbon-
ate ramp. Facies and the similar environment of
this set were reported in the study of Azami et al.
(2012) on the Jurassic Mozduran Formation, and
Seyedmehdi ¢t al. (2016) on Devonian—Tournasian
sediments of mixed siliciclastic-carbonate ramp
of Caning Basin in Australia. Furthermore, facies

Lime mud St./Deep Clay

Sand St./Shale

Sand St./Shale

Sand 5t./Shale

loo o 000 o Sand/Shale/Conglomerate

cg 0 00 00 00
o o o a o -] o
00 0 00 O
S — ——
55 o o o o ol SandSt/Resedimented Lime St.
00 0 0o o | SandSt/Shale
T Satr vl o o)

00 00 o-oo Sand St./Shale
Lo o o O 0 O
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set B 1s a deep marine sequence including turbid-
ite deposits related to the submarine fans made
from the mud-sand mixture. The sedimentary
environment of these deposits found in the deep
and turbiditie stage is similar to turbidity deposits
of the Karaj Formation in Iran and California
borderland in the United States (Covault and
Romans, 2009) and the Langjiexue group located
in southern Tibet (Zhang et al., 2015). A model
of sedimentary environments in upper Oleneki-
an-Anisian deposits (Alam Formation) is shown in
Figure 26.

5. Conclusions

Alam Formation in Nakhlek Group in Iran is one
of the deposits with the age of Upper Oleneki-
an-Anisian ,with a thickness of 720 m, has a lithol-
ogy of sandstone, shale, limestone, and pyroclastic
units. At the beginning of the Mesozoic era and
following the changes due to the effect of tectonic
events, sedimentary environments were affected
by these events and rearranged after a series of

AT WEN Transected section of the model provided for association B. (St: stone).
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turbulence. These tectonic activities left a signifi-
cant impact on the sediments of this depositional
environment. After tensile movement, the basin
was periodically converted from a stable shallow
sea with carbonate deposits to clastic basins dom-
mated by clastic sedimentation. Thus, the basin
has become a shallow-clastic-carbonatee sea. The
result of such an environment is the deposits of
lime, sandstone, shale, sandy lime, and calcareous
sandstone, leading to over-carbonate sediment in
the stages of the marine progression and over-clas-
tic sediment in the stage of marine regression.
The clastic facies of this association consists of
fine-grained sandstone, which, based on the com-
position of the grains, includes the two petrofacies
of arkosic sandstone and litharenite sandstone. The
calcareous facies in association A are characterized
by two microfacies consisting of oolitic grainstone
and intraclast oolitic packstone/grainstone. Fur-
thermore, tuffitie is the only pyroclastic facies. This
sequence was introduced in the form of a facies
collection A. Then, due to the increase in sediment
load entering the basin and the depth in the basin,
a large volume of sedimentary deposits entered the

Clastic unit

Erosion channel

Platform-margin sand FWB
shoals

Shelf canyon

basin, leading to the formation of a deep turbidity
environment deposited on a steep bed (continental
slope). The resulting sedimentary rows included the
sequences of conglomerate, sandstone, and shale,
which were deposited after the relative stability and
sedimentation of limes in intermittence with deep
clay deposits. The effect of regression was followed
by creating turbidity deposits in the second phase in
the basin and clastic facies, such as conglomerate,
pebble coarse-grained sandstone, medium-grained
sandstone to thin layer siltstone, and shale litho-
facies. The lithological composition of such a
turbidity includes polymictic conglomerate, arkosic
sandstone, sub arkose sandstone, lithic arkose, litha-
renite sandstone, and shale. The carbonate facies
consists of two microfacies such as sandy intraclas-
tic wackestone/packstone and mudstone and the
last step of regression was ended with conglom-
erate deposits on the boundary of the Baqoroq
Formation. Based on the results, the environment
of this formation was shallow-deep carbonate-silica
marine, as well as the deposits of deep-sea channels
and horns deposited in the continental slope under
the mechanism of turbidity flows.

Proy;
ma] f,
an channel and Jgy,
€¢ depog;y

Deep sea channel

Midial fan lobe deposit

Distal fan deposit

A DWW The model of sedimentary environments in Upper Olenekian-Anisian deposits (Alam Formation), Central Iran.
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