)

Check for
updates

Sedimentary Microfacies Analysis

and Reservoir Characterization of the Middle
Jurassic Carbonates: A Case Study
from Lower Indus Basin, Pakistan

Bilal Wadood'®?, Sajjad Ahmad?, and Suleman Khan?

! Department of Geology, University of Swabi, Anbar, Swabi 23561, KPK,
Pakistan
bilalwadood@uoswabi. edu. pk
2 Department of Geology, University of Peshawar, Peshawar 25120, KPK,
Pakistan

Abstract. The present integrated study aims to study the sedimentary micro-
facies and reservoir characterization of the middle Jurassic carbonates (Chiltan
Formation) succession exposed in lower Indus Basin, Pakistan. The plug
porosity/permeability analysis and petrographic studies were carried out for the
identification of facies and reservoir potential of the rock unit. The petrographic
details show three microfacies in the rock unit including ooidal/peloidal grain-
stone microfacies, bioclastic grainstone microfacies and mudstone microfacies.
The grainstone microfacies indicate deposition of carbonates in the high energy
shallow inner shelf environment, while the mudstone microfacies indicate
deposition in the restricted shelf environment. The visual porosity estimation
shows the existence of secondary porosity in the form of minute fractures up to
7% and dissolution (vuggy) porosity up to 8%, while very low permeability is
the characteristic of rock unit. This estimation is further supported by the plug
porosity/permeability estimation that ranges from 0 to 11.5% porosity and
0-2.75 Ka Md permeability. The SEM also holds up the same interpretation and
shows minute pore spaces between the grains. By integrating all the studies, it is
concluded that the middle Jurassic carbonates of lower Indus Basin (Chiltan
Formation) are poor-quality reservoir rock unit.
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1 Introduction

The Indus Basin of Pakistan is the most studied and productive basin in the context of
petroleum potential. The Indus Basin can be divided into upper and lower Indus Basin
[1]. The stratigraphy of lower Indus Basin ranges from late Triassic to Pleistocene [2].
The marine carbonate succession of middle Jurassic Chiltan Formation is well exposed
in the Mughal Kot section of lower Indus Basin (Fig. 1). This unit was first recognized
by Williams [3]. The rock unit is composed of wide varieties of limestone units [2]. It is
comprised of coarse-grained, pelletal, bioclastic, lumpy, oolitic limestone having dark
to light gray and brown color [2]. Similarly, there is much variation in the thickness of
the rock unit. Such variation in lithology, deposition and structure indicates the
deposition of the strata under the most diverse conditions [2]. The Cretaceous rocks lie
directly above the middle Jurassic carbonates in the studied basin and mark an
unconformity in lower Indus Basin [4]. This unconformity is due to the rifting of
Gondwana in Jurassic time [4].

Various researchers have evaluated the rock unit in different aspects. Shah has
studied the lithological and sedimentological variation in the strata [2]. Williams
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Fig. 1. Map of Pakistan showing Indus Basin and study area (marked by blue box)
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identified the unit for the first time [3]. The formation is correlated with other parts of
the basin by Anwar et al. [5]. However, no integrated approach is utilized to accurately
study the rock unit in different context. Therefore, the present integrated study aims to
investigate the middle Jurassic carbonates in the context of facies analysis, depositional
modeling and reservoir characterization.

2 Methodology

The Chiltan Formation exposed in lower Indus Basin is measured and sampled at
regular interval. The stratigraphic logging was carried out using conventional methods.
All field features of the limestone were observed and noted at the outcrop scale. The
representative carbonate samples were collected in systematic manner. The carbonates
were classified using Dunham [6] classification, and the microfacies were established
using Fliigel scheme [7]. The representative photomicrographs were taken with the help
of Olympus DP12 microscope with a digital camera installed at the Sedimentology
Laboratory in the Department of Geology, University of Peshawar. The plug porosity
and permeability of selected rock samples were determined by using PoreMaster Series
Porosimeter at the Hydrocarbon Development Institute of Pakistan. The Corel Draw X7
software was used for the artwork.

3 Results and Discussions

3.1 Petrographic Analysis

The details of main petrographic features including type and percentage of grains,
amount of matrix, cement and visually estimated porosity are calculated. Subsequently,
the petrographic data are used to describe the microfacies which in turn used for the
interpretation of the depositional environments of the formation.

3.2 Microfacies Analysis

Based on the detailed thin sections study, the following facies have been recognized in
the Chiltan Formation:

(i) Ooidal/peloidal grainstone microfacies;
(i) Bioclastic grainstone microfacies;
(iii) Mudstone microfacies.

3.2.1 Ooidal/Peloidal Grainstone Microfacies

These microfacies consist of abundant ooidals/peloids (60%). It also comprised of other
constituents that include intraclasts (05%), pisoid (05%), oncoid (06%). These are
embedded by coarse sparry calcite cement (22%). Lumps and grapestone fabric are also
observed. The allochems are moderately sorted (see Fig. 2).
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Fig. 2. Ooidal/peloidal grainstone microfacies; Bi (bioclast), Lp (lumps), Gp (grapestone) and
Od (ooids)

3.2.2 Bioclastic Grainstone Microfacies

The bioclasts are the major constituent of these microfacies that range up to 63%, while
cement is 32% and remaining allochems are 05%. The bioclasts are represented mostly
by foraminifera, echinoderms, gastropods and brachiopods (see Fig. 3).

Fig. 3. Bioclastic grainstone microfacies, Ec (echinoderm spine), Ce (cement) and Pe (peloid)

3.2.3 Mudstone Microfacies

The mudstone is predominantly composed of lime mud as matrix that ranges up to 88%
and trace amount of allochems up to 03% in the form of bioclasts including echinoid
spines and bivalve. Remaining 09% is mostly microspars that develop in diagenetic
stage (see Fig. 4).
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Fig. 4. Mudstone microfacies, Ma (matrix) and Vp (vuggy porosity)

3.3 Depositional Model

The Chiltan Limestone is deposited in inner shelf environment with high energy, wave
and tide-dominated shoals to low energy, below storm wave base slope environment
[7]. Wave-disturbed, shallow water, high energy conditions are interpreted by the
presence of ooids and pisoids. Sand shoal/barrier ooidal grainstone facies were
deposited in a platform margin sub-environment that separated open marine from
restricted-marine environments [7]. The dominance of micrite and dearth of biotic
components indicate a considerable depth of water, below storm wave base [7] (see
Fig. 5).
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Fig. 5. Depositional model of Chiltan Formation, Lower Indus Basin, Pakistan



Sedimentary Microfacies Analysis and Reservoir ... 1999

3.4 Reservoir Characterization

The petroleum reservoir characterization of the Chiltan Limestone is based on the
integration of different microfacies and plug porosity and permeability data. Visual
porosity in thin section mostly indicates that the presence of secondary porosity exists
in the form of fractures. Such fracture porosity ranges up to 05%, and vuggy porosity
ranges up to 10%. On the other hand, the visual permeability is interpreted as low.
Similarly, the plug poroperm minimum value is 0.00%, 0.00 Ka Md, and maximum
value is 11.5%, 2.5 Ka Md (Table 1). On the basis of these properties, the reservoir
potential of Chiltan Limestone is categorized as “poor” quality reservoir rock unit.

Table 1. Plug porosity and permeability values of the lower, middle and upper part of the
Chiltan Formation

Plugs poroperm Reservoir potential
Sample # Porosity %age Permeability Ka Md

6 0.39 0.113 Very poor

5 0.00 0.00 Nil

4 11.56 2.75 Poor

3 0.00 0.00 Nil

2 0.00 0.00 Nil

1 0.00 0.00 Nil

4 Conclusions

The detail laboratory work and field investigations revealed the following conclusions:

e Three microfacies are identified in the Chiltan Formation including ooidal/peloidal
grainstone microfacies, bioclastic grainstone microfacies and mudstone microfacies.

e The grainstone microfacies indicate deposition of carbonates in the high energy
shallow inner shelf environment, while the mudstone microfacies indicate deposi-
tion in the restricted shelf environment.

e The petrographic studies and plug porosity/permeability data indicated that the rock
unit is poor-quality reservoir.
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