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1- Introduction

The Zagros Orogenic Belt is located in the middle part of Alpine Orogeny, and regarding plate tectonics, the belt
consists highly geodynamical active edge of the Arabian Plate. The Abadan Plain is one of the structural units at
the Zagros Orogenic Belt in the SW of Iran. The Sarvak Formation is the largest reservoir unit in the Abadan
Plain and the Dezful Embayment. In the Sarvak Formation, several significant and local discontinuities have been
identified that could be viewed as a key to fractionating sequences. For example, the disconformity that lies on
top of the Sarvak Formation reported by (Razin et al., 2010; van Buchem et al., 2011; Hajikazemi et al., 2012;
Rahimpour-Bonab et al., 2013; De Periere et al., 2017). Assadi et al. (2016, 2018) identified four discontinuities
in the plain of Lower Cenomanian, Middle Cenomanian, Cenomanian-Turonian boundary and Middle Turonian
ages.

Moreover, the formation was sequence stratigraphy studied in the Zagros Basin by scholars like (van Buchem et
al., 1996, Razin et al., 2010; Vincent et al., 2015; Assadi et al., 2016, 2018; Gholami Zadeh et al., 2019).
Therefore, defining the sequences besides the diagenetic and microfacies studies could play an indispensable role
in better understanding the reservoir quality of a formation. By way of example, the sequential boundaries of SBI
type have qualified as an appropriate place to store hydrocarbons due to retrogradation and development of
diagenetic and meteoric processes (e.g. Karstification, moldic, and vuggy dissolution).

2- Materials and methods

In order to differentiate and distinguish sequences and sequential boundaries, facies variation and erosional levels
were adopted that entailed thin sections, cuttings, core samples and Gamma Log. To undertake the age
determination for the sequences and their correlation, the Wynd (1965) biozonation was adopted. The microfacies
classification was undertaken using the methods introduced by Carozzi (1989), Lasemi and Carozzi (1981), and
Flugel (2004, 2010). Determination of facies belts and the kind of sedimentary environment of the formation was
undertaken by combining and comparing Wilson's (1975) and Flugel's (2010) methods. Stratigraphic sequence
studies of the Sarvak Formation were conducted as per the sequential fundamentals by (Emery and Myers, 1996;
Vial et al., 1977; Mial, 1997; Golonka and Kiessling, 2000).

3-Results and discussion

The Sarvak Formation in the wells consists of thick limestone with dolomite limestone, claystone and marly
interbeds. The age of this formation is Upper Albian- Lower Turonian. In the wells, the carbonate formation of
Sarvak lies over the Kazhdumi shale Formation with a continuous gradual boundary and is overlain by the Laffan
shale Formation with a sharp and discontinuous boundary. The outcome of the studied sequence was the

* Corresponding author: djahanigeo@gmail.com

DOI: 10.22055/AAG.2021.36567.2204

Received 2021-02-05

Accepted 2021-05-15 ISSN: 2717-0764

OMOoM

520



Autumn 2022, Vol 12(3): 520-536 Adv. Appl. Geol. ﬁ‘r“

Shabkd Chamran Universiry of Ahvaz

recognition of eleven facies deposited in the basin, the outer ramp, the middle ramp, and the inner ramp sub-
environments. The identified sequential facies led to recognising four 3™ order sedimentary sequences in the
Upper Albian-Lower Turonian wells.

3-1- The first sequence

TIt occurs in Lower Sarvak (Mudoud Member). The TST of the sequence of progressive argillaceous limestone
facies of bioclasts, high clay content and secondary dolomite can be recognized. Planktonic foraminifera
mudstone-wackestone facies is an indication of the MFS of the sequence. The early HST of the first sequence is
characterized by facies possessing rudist clasts belonging to the shoal sub-environment. The late HST is
discernible by its great thickness from shallow marine facies.

The sequence is Upper Albian-Lower Cenomanian in age. The lack of evidence on regression and the gradual
boundary between the two formations of SB2 type indicates that the lower boundary of the sequence lies in the
sediments belonging to the upper part of the Kazhdumi Formation. The upper boundary of the sequence overlies
the discontinuity of the Lower Cenomanian (Disg-1) and SB1 types.

The facies of TST of the sequences possess a poor porosity, permeability and reservoir quality due to their
occurrence in deep environments. The early HST possess relatively good reservoir quality due to rudist facies
where the solution is affected by Lower Cenomanian discontinuity. The late HST is of relatively good reservoir
quality, where upwardly-enhancing quality drops dramatically through the build-up of muddy facies.

3-2- The Second sequence

The TST in this sequence initiates with a significant thickness from the lagoonal facies of Miliolids wackestone-
packstone grading into the progressive argillaceous facies of Ahmadi Member. The facies of Oligosteginid
planktonic foraminifera wackestone. Moreover, packstone is thought of as the MFS of the second sequence. The
initial part of the HST begins with the middle ramp deposits (Rudist floatstone). The sequence of lagoonal and
shoal appears in a continuation that characterises the end of the second sequence's progressive path. The sequence
is of the Middle Cenomanian age. Its lower boundary, as elucidated earlier, overlies the Lower Cenomanian
discontinuity (Disg-1) and is of SBI type. Despite evidence like brecciation and diverse dissolution, the upper
boundary is partially discontinuous (Disg-2) and SB1 type. Reservoir quality is highly poor in the TST, whilst
that of HST is relatively good, and the lower part possesses a good porosity which is often filled with formation
water.

3-3- The third sequence

The TST in this sequence initiates with lagoonal facies. Then emerges the Bioclast rudist grainstone-packstone
facies where rudist clasts are abundant and belong with the shoal facies. The MFS consists of Rudist floatstone
facies. The HST is formed of alternating lagoonal and shoal facies, and the third sequence is of the Upper
Cenomanian age. As elucidated earlier in the second sequence, its lower boundary overlies the discontinuous
discontinuity (Disg-2) and is of SB1 type. The upper boundary in the study wells is SB1 type as per evidence, like
palaeosoil, brecciation, and meteoric porosity. The TST of the sequence is of high porosity and significant shale
volume. Such interval characterizes a relatively good-well reservoir quality (in facies of rudist clasts). In the HST
of the third sequence, rudist rudstone, bioclast intraclast grainstone, and bioclast rudist grainstone-packstone
facies are of moderate to reasonably good reservoir quality.

3-4- The fourth sequence

The 4" sequence of the Sarvak Formation lies on top of the formation and is of Lower Turonian age. The TST
initiates with lagoonal bioclasic facies, grading into facies with rudist clasts belonging with the middle ramp and
shoal, and, later on, into lagoonal facies. The MFS is characterized by Bioclast pelloid facies, which belongs to
the outer ramp. The HST is characterized by carbonate mud and lagoonal bioclastic facies. The lower boundary of
the sequence overlies the (Disg-3) discontinuity and is of SB1 type. In the TST, reservoir quality (at Bioclast
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intraclast grainstone facies in particular) is relatively good due to the presence of mud-supported rudist facies.
The HST of the 4th sequence is of moderate to relatively good reservoir quality.

4- Conclusions

The reservoir formation of Sarvak of the Upper Albian-Lower Turonian age consists of thick limestone in which
interbeds of dolomitic limestone, claystone, and marl occur. The formation lies with a gradual and continuous
boundary over the Kazhdumi Shale Formation and is underlain by the Laffan shale Formation with a
discontinuous boundary. The sedimentology studies resulted in the identification of eleven microfacies in this
formation. They were formed on a monocline ramp and in sub-environments of the basin, outer ramp, middle
ramp, and inner ramp.

Evidence like palaeosoil, karstification, brecciation, meteoric porosity and blatant transformation in facies in this
formation all led to the identification of four discontinuities as follows: discontinuity of Lower Cenomanian
(Disg-1), discontinuity of Middle Cenomanian (Disg-2), discontinuity of/at the boundary between Cenomanian-
Turonian (Disg-3), and discontinuity of Middle Turonian (Disg-4). Given the transformations in facies, the
recognized discontinuities, variations in Gamma Log and core samples, four sedimentary sequences of third-order
were identified in the wells. The lower boundary of the first sequence, with the lack of evidence to testify erosion,
is SB2 type and the rest of the boundaries are of SB1 type as evidenced by erosional processes. The 3" and fourth
sequences possess the highest reservoir quality in the Sarvak Formation. The TST and HST track systems of the
sequences are of good-well reservoir quality due to mud-supported rudist facies, possessing rudist facies, and
lying beneath discontinuities (Disg-3 and 4) and, consequently, undergoing Karstification and development of
large moldic and vuggy porosities, respectively. This is because TST facies of the 1st and second sequences are of
low reservoir quality, which is due to possessing mud-supported facies typical of deep zones of seas where
porosity and permeability are insignificant.
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Plate 1- Sarvak Formation foraminifers; (a) Nezzazata concava, Sarvak Fm., Upper unit, Late Cenomanian age, (b)
Nezzazata conica, Sarvak Fm., Upper unit, Late Cenomanian age, (¢) Cisalveolina fallax, Sarvak Fm., Upper unit,
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Cenomanian age, (g) Biconcava bentori, Sarvak Fm., Upper unit, Late Cenomanian age, and (h) Nezzazatinella
picardi, Sarvak Fm., Upper unit, Late Cenomanian age.
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Plate 2- (a) Dissolution vuggy porosity (V) below the Disg-1), (b) Cemented dissolution breccia (Br), dissolution
vuggy and channel porosity (Ch) (below the Disg-2) (V), (c) Epoxy sample to show connected good porosity,
vuggy porosity (V) (below the Disg-3), (d) Blue epoxy sample is showing dissolution vuggy (V) and moldic (M)
porosities, plenty of rudist debris would be noticeable (below the Disg-3), (e) Epoxy sample is showing channel
(Ch), and dissolution in large vuggy porosity (V) (below the Disg-4), (f) Planktonic foraminifers mudstone-
wackestone microfacies; basin; mfs in Seg-1, (g) Oligosteginid planktonic foraminifera wackestone-packstone;
outer ramp; mfs in Seg-2, and (h) Bioclast pelloid wackestone; outer ramp; mfs in Seq-4.
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Fig. 2. (a) Light gray to white color, skeletal wackestone, breccias (Br) and paleosoil (Ps) point to subaerial
exposure, Disg-3, (b) Light gray to green color, skeletal wackestone, paleo-soil in green color, lagoon environment,
Disg-3, (c) White to brown color, weakly to moderately oil staining in bioturbation, moldic (M) and vuggy (V)
porosities due to dissolution, breccias deposits in lower part, lagoon environment would, Disg-3, (d) White to
brown color, weakly oil staining, dissolution moldic (M) and vuggy (V) porosities, channel porosity around
stylolite (Ch), open lagoon environment, Disqg-4, (e¢) Dark brown color, heavily oil staining, open lagoon

environment, below the Disg-4, and (f) Light gray to brown color, partly oil staining, macro dissolution vuggy
porosity (V), rudist debris, lagoon environment, below the Disq-4.
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Fig. 3. (a) Photomicrograph is showing general view of the rock with skeletal molds and vuggy porosities, (b)
Photomicrograph is showing frequent Kaolinite with vuggy porosity, (c) Photomicrograph is showing vermiculite
clay mineral, (d) Photomicrograph is showing Montmorillonite clay mineral. (All the samples taken from
Cenomanian-Turonian unconformity).

5 DISG-3  sla Siugl) b Siwgnl gobw nj o oadedly Sl esiale B aaled 3929 pac 4 4z gl b ool lSw G pj 50

5 B sl Jdss sbwl § od ow)lS ‘QT P LY (Disq-4 Sleoadoly ciole,d walel 4 ax g b (Ken by Ao g SB2 &9

S Joys aile Jlo b ogs S S Glls oS5 glo i CokS it LS ez 5 po slamlts aiile SBL g5

CokeS psd 5 sl G ilw onigring S5 pcs sloo s, O odisriay SS1S e il Sy Wil 0 Gy

Ol 5 o)l o Lls el cpl Jdo a5 wjls iy (S35 9 gy Olidy b o)l vexs Jdo 4 bwlsw
A (Sl olgl g SRS gyl 4 Canlyyd Bres bl 3y sy sleo)les, o Ll s Vb 515 e lus s

oYY



Y

¥ooleds Y 6,98 FeY by B @O D ey T,

8dV

Arabian Plate
Sequencse Stratiraphy
(Sharlan et al. 2004)
MFS TMS

— K140
— K130
— K120

— K110

Dis-4
Seq-4
Dis-3
Seq-3
Dis-2
Seq-2
Dis-1
Seq-1

Aydesbae 4s oouanbag

B[R e L DR R R ]

|

1 ".' ‘| N ’\""\ Al ,MA“*
Q um_

A L,l i

Ml
LT HmLuW NI, Vo

:E",;E{‘ N o, A8 BN - e
< 5 f 3 2% EEE e NEnE
T} R R
i o aeds A W i
Aydesbgeng eousnbog
f

§z§§§s

8
1

™ n. 'f \
JJ r‘ "Y H“r«’m"m( VI A s ‘x"Lwa\nl n!‘ ’WH"\I"H«"" \”" M\ 'lmb [ N — Iy

F ! !
il Ry u : W
W bl ol i WA v : o R s s shena

Aydesness eouenbas
H
R MO MR MM Ut SO MC A e T e gs\
\\.' \rw,/M {
.s 1\ Y ) i r N
<« il '\VL) & (‘ s L" WAL apm AV ‘T“‘P 44,03 L

uonjeutio {;2

wayshg | UBIUOIN T, UeIaemioud)) o ureqy

oLl css jo i Glae o 0 ABLC la ol> 50 Sy djle (owilSns (5, ans (g -F IS
Fig. 4. Sequence stratigraphy of Sarvak Formation at A, B, and C wells in one of Oil Fields of Abadan Plain.
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