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1. Introduction

ABSTRACT

The Shurijeh Formation (Early Cretaceous) in the studied sections in northeastern Iran, with a
thickness of 570.40 m in Bid-Sukhteh and 850 m in Radkan, consists of conglomerate, sandstone,
shale (mudstone), limestone, and dolomite. A detailed facies analysis indicates the presence of 7
types of coarse-grained facies (Gmm, Gmg, Gci, Gem, Gh, Gt, Gms), 6 sandstone facies (St, Sp, Sm,
Sh, SI, Sr), 2 fine-grained facies (Fm, F1), 2 intertidal facies (bioclastic sandy dolomite, dolostone),
and 17 diverse subtidal facies. Based on the studied facies, the sedimentary environment of these
deposits is primarily continental, characterized by a meandering fluvial system with low sinuosity,
and a marine carbonate ramp. Sequence stratigraphic studies have identified 3 sedimentary sequences
of third-order in each of the studied sections. Fluctuations in the water table in continental sediments

and sea- level changes in marine sediments have resulted in facies diversity in these sections.

Lithofacies represent a combination of sediments deposited in
specific sedimentary environments. The characteristics of lithofacies
vary over time and space. Lateral variations in the same rock layers
reflect differences in the sedimentary environment in different
regions during a period, while changes in the vertical direction
reflect changes in the sedimentary environment across different

regions during a given period, while vertical variations indicate

environmental changes over time in the same location (Zhang et
al., 2023). The Shurijeh Formation is considered a reservoir rock in
northeastern Iran (Moussavi Harami and Brenner, 1993). Moreover,
in terms of age and sedimentary conditions, it is equivalent to other
formations such as the Sangestan and Noghreh Formations in the
Alborz and Zagros sedimentary basins, respectively. Additionally, it

is comparable to the Shatlik sandstones, which serve as the primary
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reservoir rock in the Turkmenistan gas fields (Aghanabati, 2004).

2. Research methodology

Folk’s classification (Folk, 1980) was used to determine the
sedimentary environment of detrital sequences. Dunham’s and
Embry and Klovan’s classification (Dunham, 1962; Embry and
Klovan, 1971) were used to identify carbonate microfacies and
were matched with the standard microfacies introduced by Flugel
and Wilson (Flugel, 2010; Wilson, 1975). The clasticity index
(CI) was determined to interpret environmental energy. Finally, by
integrating sedimentological studies, the sea level change curve in

the study area was compared with the global sea-level curve.

3. Results and Discussion

The rock facies of the Shurijeh Formation in the Bid-Sukhteh
and Radkan sections were studied based on geometric shape,
sedimentary structures, and observed grain sizes (Figure 1). Based
on these criteria, six sandstone facies (St, Sp, Sm, Sr, Sl, Sh), two
fine-grained facies (Fm, Fl), seven coarse-grained facies (Gmm,
Gmg, Gcei, Gem, Gh, Gt, Gms), and carbonate facies (dolomitic
and calcareous) were identified. The descriptions of these facies are
summarized in Tables 1 and 2 (you may refer to all figures shown
in the Persian version of the article).

Based on the above detrital facies, 4 structural elements
have been identified, including: channel-fill elements (CH), sand
bedforms (SB), gravel bedforms and dams (GB), and sediment
gravity flow (SG). (Please refer to all figures shown in the Persian

version of the article).

Considering the position of each facies (Tables 1 and 2) and
their changes in the vertical sequence, the Shurijeh Formation in
the Bid-Sukhteh and the Radkan sections consists of 3 third-order
sequences (Please refer to all figures shown in the Persian version

of the article).

4. Conclusion

In the study areas, the Shurijeh Formation consists of detrital
rock facies (conglomerate, sandstone, and mudstone) deposited
in continental environment and carbonate facies (dolomitic and
calcareous) deposited in a marine environment. The study of vertical
and lateral facies changes as well as petrographic characteristics,
suggests that the continental deposits of the Shurijeh Formation
were formed in fluvial systems (low-sinuosity-meandering rivers),
while the marine sediments were deposited in a carbonate ramp.
Based on thin-section analysis and field data, a total of seven
sequence boundaries (SB), three maximum flooding surfaces
(MES), and three main depositional sequences have been identified
in the Shurijeh Formation. Factors such as global sea-level changes
and tectonic activities have influenced facies distribution, thickness

variations, and sequence boundaries.

Acknowledgements

This study is part of the achievements of the master’s thesis
of the first author (Z-E). The support of the Vice Chancellor for
Research of Ferdowsi University of Mashhad (52425) is gratefully

acknowledged.

42



S”‘wwjo\'z
N S

Ot socert

www.gsjournal.ir : s 62éuo Sigay

sP LK) o.aém;l}‘“vb:'gl:#;P‘oJLm’i:;P’Qng_\;H‘oF_j:ﬂl,;‘w_j[nglcunlcwlllmé

D9 5y allio

396 9 6 0 SR 30 A yow Wil (Jawy e O gl g (Wl gw y Awlio

ol 536 Jloid (E184s5 4d9>

"0 S0 Ly daw ' Sguo At ! 1D (58 9030 (o> oo ¢! 41 o3 (uslowil 125

L)lj\ «J.é.«:ﬂ w\.@..iw Lf”'JJJ'é a@l: ‘6-%'; oA ES]s cwuu?a) a}Jf !

oS> Ao SN

Sl ol JSCE5 (15T (ko 5 61 ST (sloaziigs Sl osas 5 5b & Ol sl e 53 a5 sy 5 O (Sla 3 55 a5 5 5L
15T Glaoslust aalllan 3 55 o 035381 61y S (Gl slusty s 5 0k 42l (1T ko (laes Loty 51 5 Coo 4y 7 66 5 4
oyl 5 Y (S, Sm, Sh, Sp, St, SI) Lew ge4ils o )Lt , # (Gmm, Gms, Gei, Gem, Gmg, Gt, Gh) i sals o)las; V b ,me 4
Can gl 33) (oo ) iSOl oyl ) ¥ 55 g & Gl S lao,lust )y asdllas pioean bl O giilw 5 (Fm, FI) 5 54ils
2o b e S8 (lejlus L;Laj}:, @ a5 byl SIVs iS5 gsme eles 5 IV (05093 (2l 5L slavls
RN S hshys g ‘Q}f‘ﬁ (g8 (Flood plain, Point bar, Chanal) (lo, talex I o 52 osw) laloses
)m,,)L..,‘.)C,;:.@\au&uuw&«;ﬂ.y\Cp,ua)us)wulﬁ@u_),;x,u&yjéuw)>&y)u“;\§»

.wt@;ﬁuu;,m&ﬁl),jjsl,lﬁ\iﬁqu.u@t«,?;,tn;‘;,g\fﬁjun;:‘_,_l;é;,;;uyt,..u)u&t

alae doede ,U
VECF/OYITE 8L 55 b
VECF/ O/ 0 15y

VECR/ Y/ s g6

Bl i 2SS 55 41 4 S gy Gl s 4 el (e
i b S 45 o il 6t Sl o3linal L s 55k 4l (S
Sladols 4 g5y Gaig el 5 Ol dsb 5o o) Sk Ol
Slas 09,3 Jolse Lhu,.q&.u 2,05 58 5w Caliies Gla ulde 53 5 des
Sl s mhaw 3 Slez Dl i J1 5 oS LS (0 S5 Slb 05
(Catuneanu, 2019) Llodis Jool gy b 55 Ol i 5 g5l
95 3303 S e a5l lamyed LSle Glojlust ) Sl candllas ol s
L5l a8 gy (il (slaS 0 05 4 il (6, T &5
S B ISP
355 ey Ol Hsls Jlad aibate 55 Jipee Wle & a5 L5
Wl S e ol slyls & 13T 31 5 (Moussavi Harami and Brenner,1993)
L;LM;_‘YJ‘LJ:KQ@bﬁjd’};ucﬁj;)'lb%ef):@J.51_,:L;=QT4.JUM

g g
P sy Sadamn 53 S dn Qs s I oS 5 S slaesls
Sl ki 5 039 Soglime O 5 0boj b (Kaw glooslas ) S35 Llos ariigs
s Lama 53 sl S St B g 3 LSS (Ko glaaY s
S350 g 3 Dl oS o 53 (ol 0553 5 Jgb 3 e bl s
Sl Calides (glao 53 53 dibate Olan 53 g Jases 53 Sl i 08 Sate
Glooylust 5 0L o oy o b 45 Lins o OLiS Solllas (Zhang et al., 2023)
[P S . ST ISPV o PP RN PRI PN T K
Gloslus y Calises sla S5y adlas (opl ol oLi et al, 2022) &S o i
Sl LS w3 gy s s 4 (Sl b (63508 g 4 Ssline
23 Cakiba g gy S 0 8enl 55 4 G i B3 0335 dal
ol g 5055 G Ol Ko (s s Sl alnil gr 48 sla I8
3 8 e gl K ol S i o sl cla S5 ) (514 samn

E-mail: mhmgharaie@um.ac.ir ¢ 51 3 (63 seoes ‘pus= dazes 1 gins o 5 *

PP LXETR

V?)}Bjdff Sla jidw 55 do ) sb Ll sg,.ﬂ)h_m;)\m;}@ugy, dslie NFF L (o ‘5},«}‘:}.‘4&};@ es Lé‘} (3 503en ) 01 ol g5 GLTFL“"’"
.https://doi.org/10.22071/gsj.2025.520806.2194 #Y-F\ AV ((¥)YD ¢ s s ke aslhas 0l 5ol Jled @:4.5

d 1 doi:10.22071/gsj.2025.520806.2194

B(E’ dor: 20.1001.1.10237429.1404.35.3.3.8

Ll b g dlin O A 5 5 e ke anlilad 51y s (5 sime G s

This is an open access article under the by-nc/4.0/ License (https://creativecommons.org/licenses/by-nc/4.0/)
BY NC

v


https://www.gsjournal.ir/article_225963.html?lang=fa
https://www.gsjournal.ir/article_225963.html?lang=fa
https://www.gsjournal.ir/article_225963.html?lang=fa
https://www.gsjournal.ir/article_225963.html?lang=fa
https://www.gsjournal.ir?lang=fa
https://www.gsjournal.ir?lang=fa

FP=E1 (M) PO 1 Fol o] pgle/l JSan g gl jaskipd Glaclowl |y /... 62 g4 35 jlu rgan ) bazo Ol ki g Gaulids cogaw y duulio

03 35 il oyl ‘_;}iﬂ _~_» (Moussavi Harami et al., 2009) "l o slgtiny
S e g sl Jled g e ghST0Y y5 )5 e Bl (ool asles jo
S 53 L3l ol e (Tl 0l (B e 5 Sl 5 (6550 ST 4y dgiis o5l
(VU 5 o5 (S sladrly ool s obys S 555 s 4 o5l
Sl slaig sy Mo 4 L 5 65 e i 52 s e S S

YWY (o L) oo 48 8 a5 s consb B 5l

o9 R gy Y
23 ey ad s G55 5 S S 53 dam )y 58 Kl Db gy andllas ol s
s L dbed Sty oo 03l (6 0 shS P abold s at gk o 2 Y
5305l 5 e OV /Fr (gl 4 (E£0° YT 987 5 (N Y9 Y Vo) 0K
(N Y52 OF +¥) Slaties 4 Osly (sl 5sls Jlod (6,20 shS7 4/ alols
OV JSK2) Wlas 8 15 andllan 3550 e ADY (ol 4 (E 08° <Y Y¥)

3 Dby dlae gy Ll 35 Glo3 i 510 Ko (5m 31 talomily nlie
ol o Z15 5 5,0 sy Sad i 55 5 4 0 Ll 0K Al
&€ slolis ol O3 ) Sl eSiwanls Jsles Ceomed
F1oaS 53 wmppd L3l OFAYILED sp0 00 88 5 55 (DS 5
IS e 5 0le ee 93 (KT 6K ol o IS (6K asls Sl odas ) sboas
ol g e 035 Oole 5 ST Gt p ad g L T 4 45 Sl 0l
w5 (e &S (Smanle o) 6,157 oo Sy Sl eckas 5 5b 4 L5l
ookt SIS (65 s b tie (S 55 5 6l S sl IS 0l
el ST L 4 il ol s loslast ;) Ol d Calides Gblie js .l
i odas0li camm ) gd il 53 3 e gge) STl 5 ao, by SJUT
@bl ol J51 8 e Loy oy (glailis g, gt 53 JIg ol 042
s rhle) 625,00y SIabha ) Sladamms cad s 65 0 (155 5L e
Ll ol sl glos o umman 5 Jolo Cis ( oUWs sd glaaxl s

NLOEFS9E
NOESAIE NLOFS5E NLOEESE

K0TS:98

NOT598

NU00Se9E

NOE6F9E

NAOGH9E

NLOESFSE

Nu08F:98

NLOELFIE

S (@3 adles 3ype bl Coaige ) S

VAT LB st VYD v+ 425 45 g

Ol 3) Oyl ViV vv s a2@ 0SS0, 5 (b

Oman sea

NLOLFSE

0 05 1 2
Km
SQ‘!"D'E SQ‘]:‘O“E 59”3"0"]5 SQ”{I‘D“E 59°§‘U‘E SQ"EI'I)'E
Qal:
[ e
Quaternary
& Study Area Qtl ‘ l:l Qel:
uate: =
Fanlt ] o | Y [ rree
A Vvillage Kk (KALAT FORMATION)
=1 Kat (ABTALKH FORMATION)
¥ Ks
* Kebish) (SANGANEH FORMATION)
I Kb (12) | (ABDERAZ FORMATION) [ K-t
B xab () I Kt (TIRGAN FORMATION)
Kab (sh. ;
= (sh.s) (AITAMIR FORMATION) B 7xs: (SHURIEF FORMATION)
- Kas

VANV andllae 55 5n Ghla  olsn alols (143A

[ IKst (SARCHESHMEH FORMATION)
[ /Kt (TIRGAN FORMATION)
- Ksh: (SHURIUEH FORMATION)
[ 5mz3: (MOZDURAN FORMATION)

] Tm(1d2)
Im2;
= ;miu) ) (MOZDURAN FORMATION)|
m
- Jm(ls1)
- Jg(shk)

(CHAMANBID FORMATION

¥F

SeskS
Figure 1. The location of the study
areas in a) Bid-Sukhteh section of
the 1:250,000 Sarakhs map (Afshar,
1982); b) Radkan section of the
1:100,000 Chenaran map (Torshizian,
1998). The air distance between the

study areas is 129.70 km.
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Figure 2. Petrofacies of the Shurijeh Formation in the Bid-Sukhteh section a) sub-lithic

arenite, b) quartz arenite, ¢) subarkose, d) conglomerate petrofacies.
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Table 1. Facies identified in siliceous-clastic sediments of the Shurijeh Formation.

Facies

1% shale).

q Sedimentary e q Sedimentary
Code Facies Structure Description Interpretation Environment
Conglomerate
Gei with abundant Mass Weakly sorted and rounded, no stratification, lower | They are formed by debris flows and
reverse graded stratification erosional boundary in high-energy parts of the channel.
bedding
1 t Weakly sorted d, 1 ional .
ang omerate cak’y sorte and rf)und.e » OWeT erosiona They are formed by fine-grained
with massive boundary, this sample in microscopic section has .
. . Mass o o . o sediment flows and turbulent flow
Gem layering with . . 58% quartz, 2% plagioclase, gravel (11% sandstone, o
stratification o/ 1: o/ : . o conditions in the channel or lower
abundant 19% limestone), cement (2% iron oxide, 8% .
parts of sedimentary dams.
fragments carbonate)
Matrix-rich They are formed by high-power
Gm conglomerate Lenticular Weak roundine. erosional lower bounda currents and are considered as
& with gradual stratification & Y residual channel sediments along
stratification with the Gmm facies.
kly 1 . . Th fi high-
Weakly fiyered Sand matrix, normal gradual layering, rounded and ey are formed by ‘sh-power
(massive) No . . currents and are considered as
Gmm . . semi-rounded fragments, poorly sorted, pebble-sized . .
conglomerate stratification ains residual channel sediments along
supporting matrix g with the Gmg facies
lay- i . .
Clay-matrix Generally, there is no normal gradual layering and . . Lo .
conglomerate No . . . f . Due to rapid sedimentation in a river
Gms . . . sometimes there is reverse layering and dispersion of .
without stratification . . : > channel caused by fine-grained flows
. . coarse particles in granule size, wide lens geometry
stratification
Conglomerate . It is formed by the migration of
. . Diagonal . h
with oblique . three-dimensional gravel dunes
Gt . trough Sand matrix . . .
lenticular . . and in the form of sediments filling
. . stratification
stratification gravel channels.
Conglomerate Large and coarse fragments, horizontal bedding . Lo
. . . As a result, vertical accretion is
with abundant . and rounded and semi-rounded fragments, medium . .
. Horizontal . . formed in longitudinal dams and
Gh fragments with . to weak sorting, gradual and upward fine-grained .
. layering . . . . ; in the form of channel bottom
horizontal classification, sand-like matrix, flat geometric shape, sediments Channel
layering erosional upper and lower boundaries ’ filling
No sediment tructu P iation fir ) sediment
. O SedImentary Structure, grain s1ze variation from It is formed due to the large volume | assemblage
Sm Massive Mass fine to coarse sand, poor sorting and textural maturity of suspended sediments and high
sandstone classification | sub mature to immature, quartz 95%, orthoclase 2%, pend . g
. . sedimentation rates.
mica 1%, sandstone fragments 1%, zircon 1%
. The grain size is very fine sand and coarse silt,
Ripple marks . . . -
. with a ripley sedimentary structure, with poor
of flow with . . . L .
Sr Rippled sandstone straight to sorting and rounding, this sample in microscopic At shallow depths and due to low
sinusoidal section has 80% quartz, 2% mica, 9% orthoclase, flow regimes
X 3% plagioclase, gravel (2% sandstone, 2% silt, 1%
ridges N .
shales), 1% glauconite,
Poorly sorted and rounded, medium to coarse grain
size, this sample in microscopic section has 80% silt-
. Horizontall ized quart: 1 (3% cal 49 dst . .
Sandstone with orizonta ty ilze qua i’ grave (3% ca : areous, 4% Salll, stone, At high and low flow speeds and in
Sh arallel lavers stratified 7% chert), 3% plagioclase, 2% orthoclase, 1% zircon the form of flat lavers
p Y strata in the petrographic sections of the Radkan section, Y
the name of the rock changes from sub-lithic arenite
to lithic arkose
It has a flat-to-low-angle oblique classification, no
sorting or rounding, medium to coarse grain size, this
Sandstone with sample in microscopic section has 80% quartz, gravel Migration of two-dimensional
. Flat-angled . . . .
Sp flat diagonal . (7% calcareous, 9% sandstone), 1% plagioclase, downwells with a straight apex in
diagonal beds o . . . ..
layers 3% orthoclase. In the petrographic sections of the low flow regime conditions
Radkan section, the name of the rock changes from
sub-arkose to feldspathic litharenite.
. Lenticul Medium t in si ly sorted and N . .
Sandstone with enticwar edium 1o coarse grain s1ze, poorly soried an Migration of two-dimensional
. . or trough- submature to immature textural maturity. This sample . .
St oblique lenticular L - - . o N downwells with complex crest line
lavers shaped in microscopic section contains 95% quartz, 3% under low flow regime conditions
4 diagonal beds orthoclase, 1% mica, 1% sandstone fragments
The grain size is fine to medium, with poor sorting
Sandstone with Angled and roundness. This sample in microscopic section As flat surfaces in hich flow regime
S1 oblique lenticular diagonal contains 80% quartz, 2% mica, 8% orthoclase, 3% condi tiO%lS &
layers strata plagioclase, and small stones (3% sandstone, 2% silt,

\2
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Continued from Table 1. Facies identified in siliceous-clastic sediments of the Shurijeh Formation.

Facies A Sedimentary Ay q Sedimentary
Code Facies Structure Description Interpretation Environment
Mass
Fm Fine-grained classification Fine-erained particle size mainly clavs Sedimentation of suspended load in
massif mud facies and no g P ¥ clay the form of mud coatings on dams )
stratification Floodplain
R . : - complex
Fine-grained Parallel and Sedimentation of suspended load
Fl mud laminar . Shale and silt size in parts far from the origin of the
. flat layering .
facies floodplain

Sh awbisad (@ 0851y iy 55 domysd Lile Swauls usliy 5 ulignd ¥ S8
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Figure 3. Lithofacies and petrofacies of the Shurijeh Formation sandstone in
the Radkan section a) lithofacies Sh, b) lithic arkose petrofacies, c¢) lithofacies
Sr, d) subarkose petrofacies, e) lithofacies Sp-Sm, f) feldspathic lithic arenite
petrofacies, g) cross bedded lamination in thin section, h) quartz arenite

petrofacies.

v



FP—11 5 () PO <1 Fo ke (o j pgle/l Sa g ol jaiigd Glaclowwl |y /... 62 g4 35 jlu rgan s bazo il puuki g awliuids g ) dwulio

ey 55 L3l 5L ST Dl gy 3 0kd sl (slae L, Y Uil

Table 2. Facies identified in carbonate sediments of the Shurijeh Formation.

(Flugel, 1972)

Facies Facies . . Sedimentary
Facies Description .
complex code environment
Facies . . . Quartz grains less than 0.07mm (30%), bioclastic 2% in dolomitic background, .
Al | bioclastic sandy Dolomite standard microfacies 18 SMF18 -(Wilson,1975) and RMF20 (Flugel,1972) Intertidal
F;;:;es Dolostone Dolomite crystals 0.5mm (95%) Intertidal
Facies Mudstone Minor amount of bioclastic debris (less than 2%), micritic background Standard Lagoon
Bl microfacies 23 SMF 23-(Wilson, 1975) and RMF19 (Flugel, 1972)
Facies Bioclastic wackstone Micrite or sparite background, with bioclastic fragments (less than 5%), standard Lagoon
B2 microfacies SMF 9-(Wilson, 1975) and RMF17 (Flugel, 1972)
Micrite and sparite background, with bioclastic fragments (bryozoan, miliolid,
. Grainstone- Bioclastic coral, intraclasts, echinoderm, bivalves, annelid, brachiopod, brachiopod spine,
Facies . . .
B3 Intraclastic osFracod, gastropod, green algae less than 20%, an'd minor c.ompc'tnejnts of radial Lagoon
Packstone ooid, oncoid, aggregate less than 5%, traces of boring organisms in intraclasts of
standard microfacies 18 SMF 18-(Wilson, 1975) and RMF14 (Flugel, 1972)
Micrite and sparite background, skeletal fragments (brachiopods, bivalves,
Facies annelids, gastropods, echinoderms, green algae and bioclasts less than 45%, minor
B4 Bioclastic sandy rudstone components (aggregates, intraclasts and quartz less than 20%), the micritization Lagoon
process has caused the formation of coated grains (cortex). Standard microfacies
24 SMF 24-(Wilson, 1975) and RMF20 (Flugel, 1972)
The main components include intraclasts and ooid 40%, minor components
. . . include echinoderms, calcispheres, bivalves, aggregates, oncoids, benthic
Facies Grainstone intraclast- .. . . N . . .
cl ooidal Bioclast foraminifera, grainstones, brachiopods 3%, w1Fh detrlFal particles (quart‘z, Shoal
sandstone fragments, orthoclase) 5%. Standard microfacies 11SMF 11-(Wilson,
1975) and RMF27 (Flugel, 1972)
Ooid with an abundance of 45% and minor components with an abundance of
Facies . . 3% including echinoderm-bivalve-oncoid-peloid, intraclast-brachiopod, calcite
Ooidal Grainstone . . . . o Shoal
C2 background, diagenetic processes (chemical compaction, micritization) standard
microfacies 15SMF18- (Wilson, 1975) and RMF29 (Flugel, 1972)
Major components: Ooid, Peloid. Minor components include bivalves, benthic
Facies Ooidal Grainstone, peloid | foraminifera, brachiopods, green algae, echinoderms, intercalates, 5% grainstone, Shoal
C3 sandy borings filled with calcite spar. Standard microfacies: 14SMF14- (Wilson, 1975)
and RMF29 (Flugel, 1972)
The main components include radial ooid, oncoid, bivalves (80%), minor
components with an abundance of 20% include green algae, brachiopods,
Facies Grainstone- Bioclastic grainstone, intraclasts, benthic foraminifera, peloids, miliolids, gastropods and Shoal
C4 ooidal Packston detrital grains (sandstone rock fragment, orthoclase, microcline, quartz) deposited
with a calcite background. Standard microfacies SMF18-18 (Wilson, 1975) and
Carbonate RMF26 (Flugel, 1972)
deposits Recrystallization, main components with an abundance of 40% (brachiopods,
Ramp echinoderms, bryozoans, bivalves, calcispheres, green algae, Serpulidae, corals,
. . . . gastropods, intraclasts, benthic foraminifers, ooids). Clastic grains as minor
Facies Grainstone —Bioclastic . . o .
DI Packston componeqts in the roclf field with an abundar.lce of 5% .(quartz, sandstone. open marine
fragments, mica, heavy minerals, orthoclase). Biological disturbance and boring
marks filled by calcite in the rock field. Standard microfacies 12 SMF12-(Wilson,
1975) and RMF26 (Flugel, 1972)
Background in the form of (recrystallization). Main components (brachiopods,
echinoderms, bryozoans, bivalves, green algae, calcispheres, Serpulidae worms,
. . . corals, ooids, gastropods, crinoids, ostracods, benthic foraminifers 50%). Minor
. Grainstone- Bioclastic . . .
Facies oidal Calcispheric ‘ components (quartz, sands'tone fragments, mica, heavy rplnerals (zlrcor{),' open marine
D2 Packston microcline, orthoclase 5%). Biological disturbance, excavation traces are visible
in the rock background. Microbial coatings are deposited around some grains and
the grains are seen in the form of cortex grains. Standard microfacies 12 SMF12-
(Wilson, 1975) and RMF14 (Flugel, 1972)
. Background in the form of (recrystallization). Peloid with an abundance of 60%,
Facies L. . . . . . . R .
D3 peloidic Grainstone minor component§ including bl(?clasts, echinoderms, ooids, quartz 5%, standard open marine
microfacies SMF2- (Wilson, 1975) and RMF14 (Flugel, 1972)
Recrystallization background. Minor components include quartz, intraclasts,
Facies Calcispheric Packstone bivalves, echinoderms, bioclastic, brachiopods 10%. There are boring marks in open marine
D4 the rock background. Standard microfacies 2 SMF2 - (Wilson, 1975) and RMF7
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Continued from Table 2. Facies identified in carbonate sediments of the Shurijeh Formation.

Sedimentary
environment

Facies Facies

complex Qe Facies Description

Background in the form of (recrystallization). Main components include gastropods,

Facies . . brachiopods, bivalves, benthic foraminifera, green algae, echinoderms, echinoderms spine,
Bioclastic Rudstone . . . . .

D5 ooids, gastropods, gripstones, intraclasts, corals, bryozoans, Serpulidae worms, calcispheres

60%. Standard microfacies 24 SMF12- (Wilson, 1975) and RMF3 (Flugel, 1972)

open marine

Micrite rock background, coral with an abundance of 70%, the remaining minor components

Facies Coral rudstone include brachiopods- echinoderms- bioclasts- Serpulidaec worms- green algae 30%. Boring onen marine
D6 traces are visible in the background. Standard microfacies 6 SMF6 - ( Wilson, 1975 ) and P
Carbonate RMF3 (Flugel 1972)
deposits Facies Background in the form of (recrystallization). The main components are oyster bivalves 70%,
Ramp D7 Oyster Rudstone brachiopods 5%, a calcic vein in the background. Standard microfacies 6 SMF2 - (Wilson, | open marine
1975) and RMF14 (Flugel, 1972)

Facies | Bioclastic Wackstone Ostracod and bioclast microfossils 30%, calpionella 5%, rock porosity is of the Vugular Deep open

. . -contraction and mold type. Standard microfacies 9 SMF9 - (Wilson, 1975) and RMF14 P op

D8 with Calpionella marine

(Flugel, 1972)

Facies PaiziZﬁsllseréi . Micrite matrix, 50% calcisphere, 30% sponge needle and 10% bioclast. Standard microfacies| Deep open
D9 spiculeI: & 1 SMFI - (Wilson, 1975) and RMF1 (Flugel, 1972) marine

GMM s 2 (€ GOM ool 52 (B GG sl 52 (@ 1555 gy 5 (50 IS o35 (slmo Lt -F JKs
Gh ersls 23 (2 ¢ GIMS ol 2] (F (GCH s 52 (€ (Gt ol 20 (d

Figure 4. Coarse-grained (conglomerate) facies of the Bid-Sukhteh section: a) Gmg lithofacies,
b) Gem lithofacies, ¢) Gmm lithofacies, d) Gt lithofacies, ¢) Gei lithofacies, f) Gms lithofacies,
g) Gh lithofacies.
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Figure 5. Medium-grained (sandstone) facies of the Bid-Sukhteh section: a) lithofacies St,
b) lithofacies Sm, c) lithofacies Sh, Sp, d) lithofacies Sr, e) lithofacies SI, Sh (red arrow shows the

direction of the layer).
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Figure 6. Fine-grained (mud) facies of the Bid-Sukhteh section: a) Fm lithofacies, b) F1 lithofacies (red

arrow shows the direction of the layer).

Table 3. Structural elements of the studied sections.

.Ax!Um:)}nLgLnJﬂc;)lza'-Lwﬂtp—Y“JJ.x?

e rock facies Geometric shape Interpretation
elements
CH Sm, Sh, St, Sp Concave-shaped erosional base "ljh'ey h'fwe a wide range of be@ shapes with
bidirectional currents forming in sand dams.
SB St, Sp, Sh, Sm n the form of ridged and humpbacked hills In tidal areas, sansi-smed grains form due to
high sedimentation rates.
GB Sh, Sm, Gci, Gp, Gh, Gt, Gmm Lens-like and blanket-like with flat erosion They form under high energy conditions.
. They are in the form of narrow, elongated They form due to high deposition rates and
G Gei, Gmg, Gmm, Gem gravity flow deposits, or as multi-layered sheets. high energy conditions.
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Figure 7. Structural elements of the Shurijeh Formation in the Bid- Sukhteh section: a) CH

structural element, b) GB structural element, ¢) SB structural element, d) SG structural element.
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Figure 8. Petrofacies of the Shurijeh Formation limestones in the Radkan section

(intertidal zone): a) bioclastic sandy dolomite, b) dolostone.
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Figure 9. Petrofacies of limestones of the Shurijeh Formation in the

Radkan (Lagoon) section: a) Mudstone, b) Sandy bioclastic rudstone,

¢) Bioclastic wackstone, d) Intraclast bioclastic grainstone — Packstone.
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Figure 11. Petrofacies of limestones ofthe Shurijeh
Formation in the Radkan section (open marine)
coralline rudstone, b) calcispheric packstone,
¢) Bioclastic grainstone-packstone, d) bioclastic
calcespheric ooidal grainstone- packstone,
e) Bioclastic rudstone, f) Oyster rudstone,

g) Peloidal grainstone.
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Figure 10. Petrofacies of limestones of the Shurijeh Formation
in the Radkan section (shoal): a) Ooidal grainstone, b) Bioclastic
ooid-intraclast grainstone, c¢) Ooidal-peloid sandy grainstone,

d) Bioclast Ooidal grainstone - packstone.
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Figure 12. Petrofacies of limestones of the Shurijeh Formation in the Radkan

section (deep open marine): a) Bioclastic calpionella wackstone, b) Calcispheroidal
packstone with sponge spicules.
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Figure 13. Schematic model of the sedimentary environment of the Shurijeh Formation in two sections and the distribution of sedimentary
facies. a) Clastic section, b) Marine section.

AN



FP—11 5 () PO <1 Fo ke (o j pgle/l Sa g ol jaiigd Glaclowwl |y /... 62 g4 35 jlu rgan s bazo il puuki g awliuids g ) dwulio

sl o g1 3l oo AT il ol 0 S5 g 03 ol A 39 W 3w (3 gu 5 S S — T Y
“o o ¥ (Sequence) Lol S ¥ g gazme 53 «SL sblis aalllas ol Sslize sl blases plo U g )&t (slalssy,; glalaoe o
wlolid L3l cpl 53 Lol (SB) il 50 & 5 (MFS) Lys O (65, 0 dsn 5 OT (@il gl dlexr I Jale ptir 56 Cow (glaling, slalies
Tl o305 Ol s uatb 53 4y 5 0L Sl Jeol il s < § b (Catuneanu, 2017) J)ls )l 3 4l s Sy b 5 Ihe allte Ctlaipa
Ol Aoy 4 (M8 Gy 4 by o 48 bl o 6 LSS 0 g o0l 3508 (I 53 LOT Sl o 5 (V3 ) (sladglor) Lo jlust ) 51 S5 2 Candgo
IV 510 gls JS2) (Amini and Zamanzadeh., 2006) ol JUIS™ 0553 46 beSS VIO s as sy B 5 dmm s Bile (19 5 1F ols S8 0 )

= ) : P " = 2 : =
S Clastic rock E 2 | Environment =1
S v ,% % = 8 o g £ v sl | T g 3|8
VWS E || & ; g 5% 2 . Z|EE832|E5|8
SIS R (2| £ Lithology | s g & E|lz 5 AlESS|2|FE|Als
3] Y - 5] = s £ = [ 9 . | <
SNEARNER L E: s 8 = ¢ E|f: ilEgolR|LlT|~
] = £ 2
o) =R &= g2 & |2 2|8 8 = Alal»
1r. SB2|
570.40m H A K
- . .
- a
- .
- .
H .
. . —
. .
: : K
- .
. : )
: : on|E
- .
: — S
— o)
= : : = Q ~
—
a -
) . .
- -
[S] i N .
= . .
- 2 K
o |~ O sB1
c—
) E " 1
© - — -
— T
< - — el — -
—
= - — Q
e H
. -
(5]
o | = . B L SB1
§ . : = K
- |
m I
Ll
n l <z
- S
L] Q
|
- - -
152m —
-
- I —
- . %)
N - LL K
. g
- " -
- SB1
Moz. Om
] Dolostone = Limestone = Sand ripple T sand low amgle BN cravel clast supported inbrication 5.2
EZ] sandy dolomite [N Mud massive and horizontal lamination Gravel matrix-supported BB Grovet matrix-supported inverse
= Shale B vud lamination Sand trough [ Grovel matrix-supported massive  [ESIPE Gravel clast-supported massive
%, i ) e om
) Conglomerate [ %372 sand massive 2222 sund planar [0 [enpe—, BB vl clastsupported horizontal
Sandstone

A g g s 33 o 5 Sl gy (S S ol Ll (laeslast 5 (63 508 ki O s VF S

Figure 14. Column of vertical changes of identified facies and sedimentary sequences of the

Shurijeh Formation in the Bid- Sukhteh section.
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Figure 15. Field pictures of the lower and upper boundaries and sequence surfaces

of the Shurijeh Formation in the Bid-Sukhteh section.
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Figure 16. Vertical stratigraphic succession of identified facies and sedimentary sequences of the Shurijeh Formation in the

Radkan section.
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Figure 17. Field picture of the lower and upper boundaries and sequence surfaces of the

Shurijeh Formation in the Radkan section.
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Figure 18. Correlation of sedimentary sequences of the Shurijeh

Formation in the Bid-Sukhteh and Radkan sections.
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