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Keywords: Formation in most of the oil fields of the Dezful depression consists of a mixed
g‘igg:ﬁg&i%rzec‘lﬁgsce carbonate-siliciclastic sequence. In this study, the relationship between sedimentary
Reservoir zones, Asmari sequences and diagenetic processes with reservoir zones is considered. For this
Formation. purpose, sedimentological data and petrophysical logs of a key well were used. Based
on microscopic studies on the core thin sections, four detrital petrofacies and eight
carbonate microfacies were identified that were deposited in four facies belts,
including open marine, shoal, lagoon, and tidal flat environments, related to a
homoclinal ramp. In addition, six depositional sequences (third order) were identified
by facies analysis and well logs. Reservoir properties have been increased by
dissolution and dolomitization with pore space expansion, while being decreased by
cementation and compaction. The Asmari Formation in the investigated well is
subdivided into eight reservoir zones based on sedimentary characteristics and
petrophysical properties. The coincidence of the facies boundaries with the reservoir
zone boundaries in most cases shows that the changes in the reservoir properties are
mainly related to the changes in the sea level. This is well-known in the lower zones.

Introduction
The Asmari Formation is one of the largest

hydrocarbon reservoirs in the southwest of
Iran. This formation was deposited in a
shallow carbonate platform in the Zagros
sedimentary basin. Studies on the reservoir
quality of the formation in various oil and gas
fields of the Zagros basin have shown that in
addition to lithological and facies changes, the
effect of various diagenetic processes has
played an important role in controlling the
reservoir properties of this formation.

Considering the effect of each of the
effective  processes (sedimentation and
diagenesis) on the reservoir properties in the
exploration and development phases of a
reservoir, this study focuses on the
relationship between facies, environment and
sedimentary  sequences and diagenetic
processes with the reservoir properties in one
of the subsurface sections of the Asmari
Formation. The investigated field is located in
the northern part of the southern Dezful
depression with a northwest-southeast trend

(Fig.1)
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Fig.1. a) Geographical location of the studied field. b) Rock units and position of carbonate sequence of the
Asmari Formation (modified after Honarmand, 2012).

Materials and Methods

In this research, 675 thin sections of cores
from a key well in one of the Dezful
subsidence fields with a thickness of 400
meters have been subjected to a detailed
petrographic study using a microscope
equipped with a photography camera. These
studies led to the identification of microfacies
and the diagenetic processes and the
determination of depositional sequences in the
studied well. In this study, the classification of
Pettijohn et al. (1987) and Folk (1980) was
used for the nomenclature of siliciclastic rocks
and the classification of Dunham (1962),
Embry and Klovan (1971) and Flugel (2010)
for the nomenclature of carbonate microfacies.
In addition, to investigate the role of
sedimentary  properties and diagenetic
processes on reservoir properties, well log data
such as gamma (CGR), neutron (NPHI),
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density (RHOB), acoustic (DT) and resistivity
(RT) were used. Cyclolog software was used
to plot the well log data.
Results and Discussion

Identification of facies and facies belts is
one of the most fundamental steps in reservoir
studies. The Asmari Formation in the studied
field shows significant lithological, facies and
diagenetic diversity during different times and
places. In this research, based on detailed
petrographic investigation, determination of
sedimentary texture, abundance of allochems,
vertical relationship of microscopic facies and
comparing the results with standard facies, the
facies are divided into two groups: carbonate
facies- group and siliciclastic facies group.

The study of the microscopic sections led
to the identification of 8 carbonate microfacies
and 4 siliciclastic petrofacies, which are listed
below in Table 1.
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Table 1. Siliciclastic and carbonate facies of the Asmari Formation in the studied field.

Facies . . . Standard microfacies Depositional
code Microfacies/Petrofacies name Flugel (2010) setting
Mf1l Mudstone/dolostone with fenestral fabric RMF22 Peritidal
Mf2 Sandy mudstone RMF19 Peritidal
Mf3 Wackestone/ packstone with imperforate RMF20 Lagoon
foraminifera
Mf4 Packstone/grainstone with imperforate/perforate  RMF27 Lagoon
foraminifera
Mf5 Ooid/ peloid Grainstone RMF29 Shoal
Complex
Mf6 Floatstone/bindstone with coral and red algae RMF12 Shoal
Complex
Mf7 Red algal bioclast wackestone/ packstone RMF14 Pro-Mid
Ramp
Mf8 Wackestone/ packstone with perforate benthic RMF13 Dis-Mid
foraminifera Ramp
Pfl Very fine to medium grained sandstone: - Mid ramp
calcareous quartz arenite
Pf2 Medium to coarse grained sandstone quartz - Inner ramp
wacke
Pf3 Fine to medium grained sandstone: skeletal - Shoreface

bearing sublitharenite

Microfacies MF8, MF7, MF6 are related to
the middle ramp and are more abundant in the
lower parts of the formation. These facies
gradually change to microfacies MF5, MF4,
MF3, MF2 and MF1, representing the inner
ramp. Following eustatic sea level fall in the
Aquitanian, the Neotethys Ocean was
restricted and with the formation of an intra-
platform basin, sedimentary environment of
the Asmari Formation changed and shallow
evaporite facies developed instead of marine
facies (Van Buchem et al., 2010).

Considering the gradual transformation of
microfacies into each other, the absence of
continuous reef Dbarriers, and the high
thickness of the deposits related to the middle
and inner ramps, depositional model of this
part of the Asmari Formation is a homoclinal
carbonate ramp (Rowlands et al., 2014;
Burchette and Wright, 1992; Pomar, 2001).

This suggestion is also confirmed based on
previous studies (Goudarzi et al., 2018; Daraei
et al., 2015; Khalili et al., 2021)(Fig 2)
Sequence stratigraphy investigates the
facies relationships, the stacking patterns of
sedimentary units, and dynamic analysis of
sedimentary basins in a temporal framework
(Emery and Myers, 1996; Catuneanu et al.,
2011). The basis of sequence stratigraphy is
the placement of sedimentary basin deposits in
the form of sedimentary sequences separated
by discontinuity or correlative continuity. This
process is accomplished by examining vertical
facies changes and identifying sedimentary
environments associated with relative sea-
level changes (Emery and Myers, 1996).
Based on microscopic studies of thin sections
taken from the well core samples and using
petrophysical logs, especially gamma-ray
logs, six “third order” sedimentary sequences
including system tracts (HST, LST and TST)
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and their stratal surfaces (SB, TS and MFS)
have been identified. The position of the
sequences in the Asmari Formation and their
relationship to lithological changes, facies
diversity and diagenetic processes are shown
in Figure 3.

Stratigraphic correlation and zonation of
reservoir zones is the first step in the
preparation of static reservoir models. So far,
many studies have been conducted on the
reservoir geology of the Asmari Formation,
which have led to the identification and
separation of different reservoir zones. Among
them, the zonation of the Canadian company
Intera (Intera, 1992) is more accurate than
other zonations and is used more frequently
(Table2). Lithological characteristics and
petrophysical properties (porosity, water
saturation,  formation  resistivity)  of
hydrocarbon  reservoirs are  generally
influenced by the characteristics of the
sedimentary environment and diagenetic
processes (Lucia, 2007).

In clastic rocks, parameters such as grain
size, sorting, rounding, and grain shape are
among the primary factors that control
reservoir quality. In these rocks, parameters
such as dissolution of unstable components,
dolomitization, compaction, and cementation
are also among the diagenetic factors that
control reservoir quality. Carbonate rocks
have different sediment characteristics due to
the influence of various factors, including
biological activities of organisms and
chemical changes in the sedimentary basin.
Diagenetic processes also have significant
effects on the formation of reservoir properties
(porosity and permeability) of these rock types
(Lucia, 2007; Morad, 2010). Determining the
influence of each of the effective processes on
petrophysical properties can play an effective
role in the exploration and development of
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hydrocarbon fields. Since several conditions
and mechanisms play a role in the formation
and expansion of diagenetic processes in the
Asmari Formation, in this research only the
role of these processes in terms of reservoir
properties (increase or decrease in porosity) is
discussed in the framework of sequence
stratigraphy. Diagenetic processes such as
dolomitization, dissolution, cementation,
bioturbation, micritization, and compaction
are among the most important processes
affecting the reservoir properties of many
reservoirs, including the Asmari reservoir in
the well. The types of these processes, their
distribution and the intensity of their influence
on the properties of the Asmari reservoir in the
studied field are presented below:
Dolomitization

Dolomitization is one of the most
widespread diagenetic processes in the Asmari
Formation (Aqgrawi et al., 2006). This process
plays a very important role in the quality of the
Asmari reservoir in the Zagros Sedimentary
Basin. (Honarmand and Amini, 2016). This
process has strongly affected the limestones in
the middle and upper part of the studied wells
(Figs. 4 a-d). The amount of dolomitization
and the size of the crystals decrease from the
middle to the top of the formation.
Comparison of the petrographic studies with
the well logging data shows that the zones with
medium- size crystal have higher reservoir
properties due to the expansion of the
intercrystalline porosity (Zone 1 and the
central part of Zone 20).
Cementation

Cementation is one of the most important
diagenetic processes affecting reservoir
quality, especially in carbonate rocks. In
general, cementation occurs when the
formation fluid becomes supersaturated with
respect to cement (Tucker and Wright, 1990).
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Calcite and anhydrite cements are among the
most abundant cements in the studied well,
mainly filling the voids within the carbonate
and sandstone facies. The most important
calcite cements are equant calcite (crystals
with almost the same dimensions), overgrowth
(surrounding the echinoderm fragments),

drusy (increasing the size of the crystals
toward the center of the -cavity) and
poikilotopic (the inclusion of several grains by
the cement) (Figs. 5 a-d). This process has
reduced the porosity and the reservoir quality
by filling the empty spaces (the upper part of
Zone 40).

Sea Level

FWWB
SWB

Mud Dominated Grain Dominated

Low Energy

High Energy

Fig. 2. Depositional model of the ramp carbonate platform of the Asmari Formation in the studied field

Table 2. Comparison of reservoir zones of the Asmari Formation in the studied field based on the division of
Intera (redrawn from Intera, 1992; Gholipour and Haggi, 1989).

Intera, 1992 Gholipour and Haggi, 1989
Layer | Sub-layer | Reservoir Unit Major Minor
1 1 1
5 5 1 . 11 1 11
&
D <
20.1
.5 g 2 20 20.2 2 20
= & 20.3
g i 28 28 28
~ =)
= 3 30.1
gé = 3 30 30.2 30
< 30.3 3
_ 36 36 36
g 4 40 40.1 4 40
4 402
) 40.80 40.80 40.80
z S 50 50 S 50
- 50.60 50.60 50.60
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Fig.3. Lithological column, microfacies and sedimentary environment along with the studied well
Anhydritization most widespread anhydrite cement is

Anhydrite is the most abundant sulfate
compound in the well and has a high textural
diversity. This textural diversity is caused by
different mechanisms in its formation (El
Tabakh et al., 1998). In the studied well, the
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associated with the shallow, high energy and
grain-supported facies. These cements play an
important role in reducing reservoir properties
by filling the voids created by dissolution
(cavities and fractures) between primary
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grains and between secondary crystals (Figs. 6
a-d).
Dissolution

Dissolution is an important diagenetic
process that increases the porosity of
sedimentary rocks. The movement of under-
saturated water of calcium carbonate through
the pores of carbonate rocks dissolves some of
the unstable minerals. This process depends on
several factors, including the chemical
composition of the pore fluid and its saturation
with carbonate ions, as well as its ability to
dissolve orthochems and allochems (Moore
and Wade, 2013). This process has affected
almost all the reservoir zones of the Asmari
Formation and has caused the expansion of
intergranular porosity in the clastic facies
(PF2, PF3) and also the formation and
expansion of various types of cavity, moldic
and intragranular porosity in most of the
carbonate facies of the said formation. (Figs. 7
a-b). In cases where the voids created are
interconnected and are not filled with cement,
this process increases the reservoir properties
(Zone 1 and the central part of Zone 20), and
when the voids are not interconnected and
these spaces are filled with cement, the
reservoir properties decrease (the upper part of
Zone 40).
Micritization

The micritization process is one of the first
diagenetic processes that occurs due to the
boring of grains by some organisms
(cyanobacteria, algae and fungi) and the
simultaneous filling of the bores by micrite
cement (Flugel, 2010). More micritization is
observed in skeletal and non-skeletal
components in facies of shallow parts,
including lagoonal and shoal facies. In some
cases, this process has prevented the collapse
of biological particles and prevented the

314

increase of continuous voids (upper part of
Zone 40) (Figs. 4 c-d).
Bioturbation

Bioturbation is one of the most effective
diagenesis processes that usually occurs due to
the activity of organisms  during
sedimentation. This process is usually thought
of the digging of organisms in soft sediments
(burrowing) as well as drilling in hard
sediments (boring). In general, this process
has provided a favorable environment for
other  diagenetic  processes, including
dissolution and dolomitization, by creating
heterogeneity in the texture of the sediments
(Zone 40) (Figs. 4 e-f).
Compaction

In general, compaction is a process applied
to sediments during and after deposition, and
it acts in two ways: physical (mechanical)
compaction) and chemical compaction). The
process of physical compaction usually occurs
as a result of overburden pressure during the
burial stages and causes various textures such
as plastic deformation, crushing and proximity
of grains and their interference with each other
(Tucker and Wright, 1990). In the studied
well, this process has caused the grains to
move closer together and has resulted in a
substantial reduction in porosity, especially
primary porosity (Zone 28). Chemical
compaction occurs at greater depths and
higher  temperatures than  mechanical
compaction, and causes dissolution at grain
boundaries and produces fitted fabrics,
dissolution veins, and stylolites (Tucker and
Wright, 1990). This process is less common in
the well and is observed primarily in the lower
parts (Zone 40) (Figs. 4 g-i).
Correlation of the sequence stratigraphy
with the distribution of diagenetic processes
in the studied well
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Each of the facies groups was deposited
under certain conditions of sea level changes
and consists of different facies. Diagenetic
processes have different effects on these
deposits according to the placement of facies
groups in different diagenetic environments.
The best place to link sequence stratigraphy
with diagenesis processes is sequence and
stratal surfaces.

In the carbonate rock units of the well, near
the sequence boundaries, mud-supported

textures have developed due to the
considerable decrease in sea level and
reduction of skeletal and non-skeletal

components. Dolomitization has significantly
expanded in this part, for example, in Zone 20.
The high fluid flow rate in the transgressive
system tracts (TST) has led to the formation of
aragonite and high Mg calcite cements. The
reduction of skeletal and non-skeletal
components and the expansion of mud-
supported textures towards the maximum
flooding surface (MFS) resulted in the
decrease in permeability but an increase in
porosity (Tucker, 2001; Morad et al., 2013).
The dissolution process in the deposits of the
upper part of the highstand system tracts
(HST) and the deposits of the lowstand system
tracts (LST) is caused by the mixing of
meteoric and marine waters, which creates
fluid under saturation conditions. This process
significantly reduces the quality of the
reservoir.
Conclusion

By comparing reservoir zones, it was
determined that the reservoir Zone 40, which
is located in the central part of the Asmari
Basin, has suitable reservoir characteristics.
This zone is located in the upper part of 2th
highstand system tracts (HST) in sandstone
rock unit. After this, Zone 1 has significant
reservoir characteristics due to expansion of

315

diagenetic processes of dissolution and
dolomitization in highstand system tracts
(HST) of 6th depositional sequence. Despite
its significant thickness, Zone 36 shows the
lowest reservoir properties. The reason is the
presence of sandstones with low textural
maturity. Additionally, Zones 40 and 80 are
lacking the reservoir potential due to complete
saturation with water.

In general, the reservoir properties of the
Asmari Formation zones in the investigated
well are influenced by sedimentary and
diagenetic processes, so that the boundaries of
the reservoir zones in most areas are related to
the boundaries of the lower facies groups,
indicating that the reservoir properties of these
zones are influenced by environmental
conditions. Reservoir  properties  of
accretionary zones are affected by diagenesis
processes, in these zones, none of the
diagenesis phenomena is the sole controller of
reservoir properties, but the result of these
phenomena has caused the increase or
decrease of reservoir effects.
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Fig.1. a) Geographical location of the studied field. b) Rock units and position of carbonate sequence of the

Asmari Formation (modified after Hoarmand, 2012).
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Table 1. Siliciclastic and carbonate facies of the Asmari Formation in the studied field.

Facies | Microfacies/Petrofacies Name Main Main Component Standard | Depositional
Code Lithology Microfacies Setting
(Flugel.2010)
Mf1 |Mudstone/Dolostone with fenestral| Dolomite | Fine to coarse grained crystal RMF22 Peritidal
fabric
Mf2 Sandy Mudstone Limestone | Very fine to fine grained quartz RMF19 Peritidal
Mf3 Wackestone/ Packstone with Limestone | Porcelaneous benthic foraminifer, | RMF20 Lagoon
imperforate foraminifera gastropoda, intraclast
Mf4 Packstone/Grainstone with Limestone | Porcelaneous & hyaline benthic RMF27 Lagoon
imperforate/perforate foraminifera foraminifer, intraclast & cortoids
Mf5 Ooid/ Peloid Grainstone Limestone Ooid, peloid & pellet RMF29 Shoal
Complex
Mf6 | Floatstone/Bindstone with coral | Limestone | Coral, red algae & echinoderm RMF12 Shoal
and red algae Complex
Mf7 | Red algal bioclast Wackestone/ | Limestone Red algae & echinoderm RMF14 Pro-Mid
Packstone Ramp
Mf8 Wackestone/ Packstone with Limestone |Hyaline benthic foraminifer, worm| RMF13 Dis-Mid
perforate benthic foraminifera tubes, echinoderm & algae Ramp
Pfl Fine to medium Sandstone: Sandstone Very fine to medium grained | --------- Mid Ramp
Calcareous Quartz arenite quartz
Pf2 Medium to coarse Sandstone: [Sandstone |Medium to coarse grained quartz| --------- Inner Ramp
Calcareous Quartzwacke
Pf3 Fine to medium Sandstone: Sandstone | Fine to medium grained quartz, | --------- Shoreface
Skeletal Sublitharenite hyaline benthic foraminifera,
oyster & echinoderm
Pf4 Shale Shae | | - Outer Ramp
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Fig.2. Microscopic images of the facies identified in the Asmari Formation in the studied well. a)

Mudstone/dolostone facies with bird's eye fabric (depth 3494 meters). b) Sandy mudstone (depth 3547 meters).
c) Wackestone/packstone facies containing non-porous foraminifera (depth 3522 meters). d) Packstone
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[grainstone facies containing non-porous and porous foraminifera (depth 3773 meters). e) Ooid/peloid
grainstone (depth 3585 meters). f) Bindstone/ floatstone containing coral and red algae (depth 3739 meters). g)
Wackestone/packstone containing red algae and bioclast (depth 3769 meters). h) Wackestone/packstone
containing large porous foraminifera (depth 3791 meters). i) Quartz arenite sandstone with low sorting (depth
3707 meters). j) Fine to medium-grained sandstone with calcite cement (depth 3707 meters). k) Medium-
grained greywacke sandstone (depth 3810 meters). 1) Fine to medium-grained sandstone sublitharenite
containing skeletal fragments and light carbonate cement (depth 3789 meters). All images in XPL.
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Stratigraphical Legend
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Fig. 3. Evolutionary model of ramp carbonate platform of the Asmari Formation in the studied field.
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Table 2. Comparison of reservoir zones of the Asmari Formation in the studied field based on the division of
Intera (Intera, 1992) and (Gholipour and Haggi, 1989).
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Fig. 5. Microscopic images related to cementation in the studied well. a) Drusy cement (depth 3739 meters).
b) Calcite cement of the same dimension (depth 3765 meters). ¢) Overgrowth calcite cement (depth 3795
meters). d) Poikilotopic cement (depth 3795 meters). All images in XPL.
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Fig. 6. Microscopic images of some anhydrite textures in the studied well. a) Anhydrite cement in the form of
poikilotopic (3558 meters depth). b) Anhydrite nodules in sandy deposits (3632 meters depth). ¢) Anhydrite
that replaced skeletal fragments (depth 3552 meters). d) Anhydrite filling the fenestral space related to the tidal

zone (depth 3558 meters). All images in XPL.
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Fig.7. Microscopic images of some other diagenesis processes in the studied well. a) Dissolution of carbonate
components (depth 3510 meters). b) The same image in XPL. c,d) Micrite envelope (depths 3760 meters and
3758 meters, respectively). e) Burrowing in soft sediments (depth 3768 meters). f) Boring in hard sediments
(depth 3722 meters). g) Physical compaction (depth 3840 meters). h,i) Stylolitization (depths 3759 and 3765
meters, respectively). Image a in PPL, the others in XPL.

il se <ol 5158 o b, ol Gows 5 00 5 Dol a4 4z b oaslsl o baolus,

b g adlioe (@Yb adsl J&b5 shils aaigs o e PlyF 05790 ALy )5 Glags (Al (Seglso
2 Jlss Y L Sos gl O Y alis leaiigs (Fe (g3 Kloo,S oy (64 <l @
Sl oy ol b Jb slad b olyge it 4 axg L YL Sls YL iR g omb 1y
(V7 095 b oim s B 05 GBs8 otz Lo ol gl 509 ol 5 @ 5510,

Gl S Slosms 98l g 0092 (Sl (L &by sl

Yyy



L Sl glaanT i s s, sla S LLS)| olSes 5 ganYsS

= 5Egeneﬂc P [Depositional Environment] Sequence Stratigraphy |
C tion
é :E: a 55 ; = ‘ementa .«: § 3 §
SIE|E| 2 e[| S 1S [ 2 g = § |23
£(E £ i el E15| 22| B[S E[<E[2 b
22|82 cle alel 2|12 215|512 ZEEES g (23
\ HEL S o155
= ] b3
3490 ) =
1 8 | i
3510 =1 [ e [y - =
= | =
l3520 - = B VI
1 = = - =
3530
oozl 11 = m B

|

1

[T 1T

=l —H
550 [ H -
3590 20 = im :E
3600 =
136710 1
=2
5620 8 -
3630 : = 28 [
3640|2 - L
g 3650 =T S
8 = 3660 = -
2 —
- | & |ss70 1 HST
El E 3680 ok —
Sl > F— { = <{MFS
S| < fssso -
2 L ] [TST
S o
g 5710 [oararas - H DLS'I‘
p3720 H I 1 E A
730 | o8 D || D - JSB
3740 = . — = —
- il D
760 Fesamras — = —— — -
770 [ =T _;’:
- L 1| B
{3780 o LI =
laroo B || - : = HST]
a B = ((®]|H I
M L mi= =1 - < MFS
o840 3 H | | — Ej s
3850 — n ] o] = [l | =SB
= HST
|a860 1
70 :
Rock Symbols Microfacies &Petrofacies Sequence Stratigraphy
Medium to Coarse Sandstone IVIf1:Mudstone /dolomudstone with fenestral porosity  nj17: Red Algal baio clast wack / pack S| q oundary
== Very fine to fine Sand: M 12:Sandy Mudestone M{8: Wackestone/ Packstone with per ic Foraminifera | MFS: Maximum Flooding Surface
e.ry ne to fine Sandstonefyy ¢s. wackestoner packstone with Imperforate PF1:Very Fine to Medium sandstone: Calcarous FRST:Forced Regressive System Tract
= E==H Limestone Benthic Foraminifera Quartz arenite LST: Lowstand System Tract
= |EEE8 sandy Limestone V{4 Packstone/ Grainstone with Imperforate / ic PF2: ium to Coarse grained sandstone: Quartz wacke TST: Transgressive System Tract
@ ; Foraminifera s A 2 P ) .
g‘j B Dolomite Mf5:00id & Peloid Grainstone PF3:Fine to Medium grained sandstone: skeletal bearing Sub Litarenite |} Highstand System Tract
Dolomi Mf6: Bindstone with Coral & Red Algae s I'S: Transgressive Surface
] |ESEE Sandy . 8 Pf4: Shale RS: Regressive surface
E==3 Dolomite Limestone Wireling Logs Depositional Environments R T A L T
S
53] lSdi_ll'ldytDolamite CGR  —— p200apy  POR(T) [T W / ‘H\\ 7
imestone N S *SW S e
=1 Shale NPHI 15 45(y)  PHI*SW 0-1(v/y) \\ /
RHOB = 1.95-2.95(g/cc) RT 0-2000(0hmm) \\ /
Scale | s bp e M

AJJUQ.A 0)3.0 ol.‘> )é Ls)Lo.wT ..b)l.u &) L.SLQU“‘"L{“‘ o‘).o.b L ) .la.».‘;bo 9 LQD)L.M.‘;) )J) ‘gsuLu.m_i».w Uj"‘“‘"’ -A J&u
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Asmari Formation in the studied well.
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