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Abstract

Due to the continuous depleting nature of conventional reserves in Pakistan, the unconventional resources particularly shale gas has gained
significant importance. Potential of shale gas in Lower Indus Basin remains largely unknown due to limited data in shales because wells are
usually drilled at the highs targeting conventional reservoirs. On the other hand, mature source rocks are located in the lows or synclines.
However, an attempt has been made to evaluate Shale Gas potential of Lower Goru Shales over Lakhra High in the Lower Indus Basin by
using geochemical and geological data from seven wells.

Lakhra High is a north-south oriented, gentle fold between the Laki Range and the Indus River, and it appears to be the eastern most structure
resulting from collisions of the Arabian, Eurasian, and Indian tectonic plates. To date only eight wells are drilled near the high targeting Early
Cretaceous age Lower Goru Formation at structural traps. The conventional potential of these wells is unproductive due to poor quality
reservoir. However, unconventional potential of Lower Goru Formation over the High still needs to be developed. The Lower Goru Formation
was deposited in the deltaic settings over the westward dipping passive margin. The Formation is divided into seven members namely; Upper
Sands (Youngest), Upper Shale, Middle Sands, Lower Shale, Upper Basal Sands, Talhar Shale and Lower Basal Sands (Oldest).

Results of the current study show that all shale units comprise of Type Il and Type 111 Kerogen with a TOC in a range of 0.5-5.0%. All the
shale units are more than 50m thick and are present at a depth of 2,700-3,500m. The Upper and Lower Shale units are considered as immature
whereas Talhar Shale is in the wet gas to dry gas window based on the maturity data of surrounding wells. Talhar Shale possesses the required
brittleness for hydraulic fracturing.

The study lead us to conduct 3-D basin modeling study, specialized core analysis and re-evaluation of available geochemical data in future to
refine our results and establish prospects for shale gas.
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LOCATION MAP OF LAKHRA HIGH
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GEOLOGICAL MAP & REGIONAL CROSS SECTION

+*» North trending anticline

+» Paleocene exposed in the core

+ Located in the foothills of Kirthar Fold belt

s 30 Km wide & 100 Km long

% Cretaceous at shallow depth due to Paleocene
Exposure but impacts the maturity

*» Less deformed comparing to the West
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STRATIGRAPHY & PETROLEUM SYSTEM ELEMENTS
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EXPLORATION HISTORY OF LAKHRA HIGH

* Since 1957; 08 wells have been drilled (All Dry Holes)
s Targets were Conventional Reservoirs ;(i) Early Cretaceous,

(ii) Late Cretaceous & (iii) Paleocene

L)

*

Several Oil and Gas Discoveries in the East
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Proven Source Rock: Sembar Shales (Late J - Early K)
% Potential source rock: Lower Goru Shales
s Reservoir Quality was key failure issue for Lower Goru

% Lower Goru Shales have high Gas shows in “ Well A”
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DATABASE

Wireline Logs Geochemical data
— D ©
GDRRN'Pg’TSSSTvqu,S =
well |R|T|E[HP|E = |o|1|2[3|m|R|28| ]| © Source of
sldHEl S lc al*|” & 2 o Geochemical data
BliI| | = X <l 8| x
*

‘ A IEDS Study, 1995
PPL-ENI Joint Study, 2011
B Pakistan Regional
‘ Geo chemical Study, 1989
. C
D
= Available
OGDC Basin Study, 2007 :
‘ Not Available

Weatherford Geochemical
analysis, 2012

s 06 wells data available; 04 wells inside & 02 wells outside the study area
% Regional Studies in Lower & Middle Indus Basins by IEDS in1995 & OGDCL in 2007
s*Geochemical data based on well cuttings except “F well” (9m core in Talhar Shale)

* Facies Log available in only “ Well A” (IEDS Study, 1995)



PALEOGEOGRAPHIC MAP OF LOWER GORU FM

(Modified after IEDS Stud% 1995) Regional Paleogeographic Map of Lower Goru Fm

TSR during Early Aptian Time (IEDS Study_, 1995)
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Geological, Geochemical & Petrophysical

Properties of Talhar Shale




GEOLOGICAL CHARACTERISTICS OF TALHAR SHALE

% Depth: 3000-3400m ISOPACH MAP DEPT MAP

it

+» Shallower in the North
+* Thickness: 80- 140m
+» Thicker in the South

% Lithology: 4 -
=Y

Shale: Dark gray, fissile, pyritic, silty, occ highly Thickness depth [m] Elevation depth [m]
’ —190.00 -
carbonaceous, slightly to non calcareous N 18000 3000.00
! f . —160.00 -3200.00
Siltstone: Light to medium gray, soft to \
’ ., 140.00 -3400.00
moderately hard, blocky, sl. pyritic, non calcareous 120.00

100.00 -3600.00

80.00
60.00

Sandstone: Quartzitic, fine to med grained, friable

—-3800.00

—-4000.00

s Mineralogy*: Clay (<30%), Silica (67%) & Carbonates (5%)

* XRD data of an offset well
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GEOCHEMICAL CHARACTERISTICS OF TALHAR SHALE
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Geological, Geochemical & Petrophysical

Properties of Lower Shale
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GEOLOGICAL CHARACTERISTICS OF LOWER SHALE

s Depth: 2200-3000m
< Shallower in the North ISOPACH MAP DEPTH MAP

+* Thickness: 375- 640m
+* Thicker in the North

* Lithology:
Shales: Light to medium gray, fissile, pyritic,

silty, slightly to non calcareous, rarely

il
evation dep 11

glauconitic in lower part N 220000

-2400.00

Siltstone: Light brnsh gray, moderately hard,

micaeous, slightly to non calcareous, at places -2800.00

grading to v fn Sst -3200.00

Sandstone: Quartzitic, fine to medium grained, —-3600.00

moderately hard, pyritic, calcareous

s Mineralogy*: Clay (45%), Silica (40-45%), Carbonates (8-10%)

* Based on XRD data of “Well A” 14



GEOCHEMICAL CHARACTERISTICS OF LOWER SHALE

' Well “A”
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MINERALOGICAL CHARACTERISTICS OF LOWER SHALE

Well “A” \ i
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s Clay (45%), Silica (40-45%), Carbonates (8-10%)

% Considering GR response, lower part of Lower Shale may have low clay content as compare to
highlighted part
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LATERAL DISTRIBUTION OF LOWER SHALE
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Geological, Geochemical & Petrophysical

Properties of Upper Shale
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GEOLOGICAL CHARACTERISTICS OF UPPER SHALE

ISOPACH MAP DEPTH MAP

Elevation depth [m]

* Depth: 1800-2200m

* Shallower in the North
» Thickness: 200-400m
% Thicker in the North East

% Lithology:
Shales: Medium to dark gray, sub fissile - fissile -1800.00

occ sl. Silty, slightly to non calcareous, iron 2200.00

-2600.00

stained

y

=

Siltstone: Lt. olive gray to olive grey, moderately —-3000.00

hard, blocky, calcareous, at places grading to v —-3400.00

fn-med grnd Sst
¢ Mineralogy: Not Available
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GEOCHEMICAL CHARACTERISTICS OF UPPER SHALE
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LATERAL DISTRIBUTION OF UPPER SHALE
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REGIONAL MATURITY OF LOWER GORU FORMATION

Depth Map of Talhar Shale
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¢ Lower Goru is in Oil to Wet Gas window Over Lakhra High

+» Talhar Shale being the deepest shale would have the highest maturity

Thermal Maturity Map of Base Cretaceous

at Top Lower Miocene
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N-S Structural Cross Section of the Lakhra High
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+» Based on microscopic parameters (TAl) Top of Wet Gas window is at 3100 m (?)
+* Lower part of Lower Shales & Talhar Shale is expected to be in Wet Gas window (?)




COMPARISON OF LOWER GORU SHALE UNITS

Shale Unit Upper Lower Shales Talhar Shale
Shale Upper Part Lower Part
Thickness (m) 200-400 275-350 100-300 80-140
Depth (M) 1800-2200 | 2200-2700 2500-3000 ‘
TOC (%) | 2.3 1.5-4.7

Kerogen type [-111

Clay (45%), Silica + Carbonate

Mineralogy
(48-65%)
Maturity
Depositional Shoreface | Prodeltaic to Outer Shelf

Environment to Offshore | outer Shelf

Clay (<30%)), Silica
+ Carbonate (72%)

Prodeltaic
to outer Shelf

+ Considering (i) TOC, (ii) Kerogen type, (iii) Mineralogy & (iv) relatively higher depth

for maturity in Wet Gas window; Talhar Shale & Lower part of lower shale seems better

among other Lower Goru Shales

. Poor reservoir properties

. Marginal reservoir properties
Good reservoir properties o4



CONCLUSION & WAY FORWARD

Conclusions

¢ All Lower Goru Shales are geologically thick, having depth of 2-3.5 Km and contain
appropriate TOC.

*» Lower part of Lower Shale & Talhar Shale posses required Shale reservoir properties

*» Kerogen is mostly Type Il with some Type lIl having maturity of Oil-Wet Gas (although
uncertainty exists due to contaminated samples)

Way Forward

¢ Cut 30-40m cores in Lower Shale & Talhar Shale in Upcoming wells over the Lakhra High

¢ Carryout detailed laboratory analysis including (i) Organic Geochemistry, (ii) Adsorption
Gas analysis, (i) Geomechanical Test, (iil) Rock Physics & (iv) canister gas analysis at
wellsite

¢ Acquire specialized logs (ECS, DSI etc) for mineralogical & geo-mechanical modeling

¢ Carryout 3D Basin Modeling to estimate GIIP & identify sweet spots for exploratory wells
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