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Figure 1. DEM (Digital Elevation Model) of the Surghar Range 
and Mianwali Re-entrant,showing present day structural grain 
of the region. The inset shows location of the study area.

Figure 2- Satellite Image of the Surghar Range, showing 
major structural features. Rectangle shows the location 
of study area.



Figure 3 - Geologic Map of the Surghar Range showing 
fracture inventory points on the Sakesar Limestone along 
Surghar Anticline.
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AGE FORMATION LITHOLOGIC DESCRIPTION LITHOLOGIC
PRESENTATION 

SOAN
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CHINJI
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PATALA

LOCKHART 

Conglomerate with interbeds of clay and silt stone 

Buff and brown colored clays with  inter beds of 
silt stone and conglomerate in higher parts whereas
towards bottom consist of gleaming white sandstone
and brown sandstone 

Thick bedded sandstone inter-bedded with claystone;
 which is greenish grey, medium-coarse grained and
 commonly cross bedded 

Mainly consist of red shale with frequent intervals of
greenish grey sand stone and  thin beds of silt stone 

Nodular limestone which is grey, medium to thick
bedded , some intervals are lifht grey to white,
highly fossilifcrous, abundant Foraminifcra 

Bluish grey, medium bedded marls with shale and
limestone  beds, nodular appearance, fossiliferous

Dark grey to brown, thin bedded shale, upper part
black carbonaceous shales which is rich in fossils
Grey, medium to thick bedded, nodular and marly
limestone, in lower part thin shale and marl beds
 are developed

Red, grey and yellow, thin to medium bedded to coarse
grained sandstone alternating with grey thin bedded 
coaly shale and at base workable coal

Brown, often burrowed siltstone, fine to medium
grained sandstone, shows a coarsening upward.

Dark brown, green-grey muddy sandstone, dark grey
to green highly glauconitic sandstone, thin inter-beds
of siltstone.

Thin to thick bedded occasionally nodular limestone,
often shale beds, abundant fossils throughout formation

Grey, thin to medium bedded sandy limestone, 
calcareous sandstone with minor shale intercalations

Banded, multicolored and medium to thick bedded 
sandstone, intercalated with shale and siltstone beds,
less frequently limestone beds 
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Figure 4 - Generalized stratigraphic sequence of the 
Surghar Range.

Table 1- Dimensional characteristics of individual fracture 
set, of the Surghar  Anticline, "N" is Number of 
fractures, So is dip amount and dip direction at the 
measuring stations and Area is station measuring area, 

2DF Fracture Density in m/m , ΔP is Persistence of fractures, 
2ΔW Aperture in meters and Kf is Fracture Permeability in (m ).

49Irfan et al.



Station 2Cell Size (m ) Average fracture Spacing (Hf)

M7

M8

M3

M5

0.785

3.14

1.312

1.2

0.046

0.209

0.08

0.11

Figure 5- Geological map of the Surghar Range showing 
rose diagrams at the measurement stations.

Table 2- Cell size and average fracture spacing in measuring 
stations along the Surghar Anticline.

Figure 6- Rose diagrams showing fracture orientations 
of the Surghar Anticline.
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Dimensional Nature of Fractures          



Figure 7- Line diagram showing fracture connectivity at stations M3 and M5 with 
in the Sakesar Limestone, along the Surghar  Anticline.
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Figure 8 - Line diagram showing fracture connectivity at stations M7 and M8 Sakesar Limestone, 
along the Surghar  Anticline.

52
Fracture connectivity, porosity and permeability evaluation of the Sakesar Limestone



Station Avg.Distance (m) Aperture(w) (Porosity)
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M8

M3
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0.1700
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0.000371

0.000211
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Station 

Fracture

Permeability(Kf) (Porosity) Effective Permeability (Kef)

 
 

 

Table 3 - Average distance between individual fractures, aperture of fractures and porosity
of various measurement stations in the Sakesar Limestone along the Surghar Anticline.

Table 4 - Fracture permeability (Kf), porosity (φ) and effective permeability (Kef ) at selected
measuring stations.
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Figure 9 - ABC-Coordinate System for folds after Stearns (1967).

Figure 10 - The map showing density distributions of 
fractures at back and fore limbs along Surghar Anticline.

Fracture connectivity, porosity and permeability evaluation of the Sakesar Limestone



Figure 11- Schematic diagram showing geometric relationship of prominent fracture sets associated with 
the Surghar Anticline. The inset equal area rose diagram illustrates orientation of all fracture sets. 
Near-orthogonal σ1 and σ3 illustrating principal stress directions that developed extension mode fractures 
within the Surghar Anticline.
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