UNITED STATES
DEPARTMENT OF THE INTERIOR
GEOLOGICAL SURVEY

Preliminary report on coal characteristics in the
Sait Range area of north-central Pakistan

by
Peter D. Warwick 1/ and Tariq Shakoor 2/

Open-File Report 88-637
- REPRODUCED FROM BEST AVAILABLE COPY

Report prepared jointly by the Geological Survey of Pakistan and the
U.S. Geological Survey under the auspices of the
U.S. Agency for International Development

This report is preliminary and has not been reviewed for conformity with
U.S. Geological Survey editorial standards and stratigraphic nomenclature.

1/ U.S. Geological Survey
2/ Geological Survey of Pakistan

1988



CONTENTS

Page
EXCECUTIVE SUMMARY . .. ... ittt ittt et ieeneanecaneanns 1
ABST RACT . . . .ttt it it e et et e e e eeeeeseaeaasaaaneaann 4
INTRODUCTION. . .. ... ittt ittt et ceceeaceeeenenacanaeeaans 5
ACKNOWLEDGREMENT S. . . . . .. it et ittt st eeeneaeenaneanns 5
LOCAT ION. . . ...ttt et emeeeemeseenoeeaanneannas 5
METHODS. . . ...t et et e e it e et e e e et e e e eee e aeaasaaenun 6
REGIONAL GEOLOGY OF THE SALT RANGE AREA............... 15
COAL GEOLOGY . . . .. i ittt ittt i et e tte e e e e eeanaeaaeanaeas 18
Permian coal deposits...... ... .. .. ... ..., 18
Tertiary coal deposits.......... ..o eeennn. 19
RECOMMENDATIONS FOR FURTHER COAL EXPLORATION
IN THE SALT RANGE. . . . .. ... it it sttt eeennnnn 21
CONCLUSIONS. . ... ittt et et e tsaceeaaceaseanaaaanans 24
REFERENCES. . . ... ...t e e et aeeeeeanaaaaaaaaaanas 25
APPENDIX I - MEASURED SECTIONS AND FIELD OBSERVATIONS
FROM THE COAL-BEARING SECTION OF THE SALT RANGE
By P. D. Warwick and T. Shakoor.................... 29

APPENDIX II - MEASURED SECTIONS AND BOREHOLE LOGS FROM
THE TERTIARY COAL-BEARING SECTION OF THE SALT

A. Eastern Salt Range measured sections by

S. T. A. Mashhadi and T. Shakoor.............. 129
B. Eastern Salt Range measured sections by

S. Javed, H. Hussain, and S. T. A. Mashhadi. .. 147
C. Central Salt Range measured sections by
D

S. I. M. Shah ... ... ...ttt ieteeeceennanns 162

Borehole logs from GSP drilling in the Salt

Range during the 1960°s. . ... .. ... ¢ . enreen-. 190
E.. Borehole logs from PUNJMIN lease areas........ 269

APPENDIX III - DATA POINT LOCATION MAPS FOR
THE SALT RANGE. . . . ... .. .. i i iii e 330

APPENDIX IV - COAL AND CARBONACEOUS SHALE THICKNESS
MAPS FOR THE SALT RANGE. . ............... ..., 333



ILLUSTRATIONS

Page
Figure 1. Index map showing gcographic features
and study area. ... ... ... e et ae e 7
2. Generalized north-south cross section
through the Salt Range......... ... e eeono.. 9
3. Generalized east-west cross section
through the Salt Range........ ..o eeunnn 17
TABLES
Table 1. Salt Range Tertiary coal analyses............ 11
2. Summary of Salt Range coal resources......... 14
3. Summary of additional drilling needed in
the Salt Range. ... ... ... ittt erencnnnannna 23

ii



FRELIMINORY REPORT ON CUAL DEFOSITS OF
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by
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Tariq Shakoor
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EXECUTIVE SUMMARY
As part of a cooperative program between the Geological
Survey of Pakistan (GSP) and Lhe U. $. Geological Survey (USGS),
sponsored by the Government of Pakistan and the U. &. Agency for
International Development (USALD), a preliminary evaluation of
Tertiary coal deposits was undertaken for the Salt Range area,
Punjéh Province, north-central Pakistan. This report, the firsl
to consider the cenbire Salt Range area, shows that the coal beds

in the eastern and cenlral Salt Range are generally thin (average

thickness 0.43 m, range 0 - 2.13 m), and high in ash yield
(averenpe = 24.02 percent, as recelved or a.r.) and sulfur content
(average = 5.71 percent, a.r.). Average calorific value is 9843
Btu/1b and rank is high volatile C Lo B bituminous. Tertiary

coal bads are nol prescnt in the western part of the Salt Range.
A preliminary estimate of the total tLonnage for the Salt Range
arca i 235 million metric tons, not including carbonaceous shale

deposils.



Permian coal deposits in Lhe western Salt Range are

generally thin (<1 m thick) and poor guality, however in the

Punjab Plains, cuttings from an oil test hole indicates the

possibility exists for the discovery of deep (1000+ m) Permian

coal beds in that area.

The following is list of recommendations for further coal

exploration work in tLhe Salt Range and Punjab Plains area:

1.

w

5.

Approximately 100 additional coal exploratory boreholes are
neceded in the Salt Range to Lesl for coal thickness, quality
and coal bed extent.

Coal and carbonaceous shale bed sampling programs should be
continued to complete the characterization of the quality
and trace-element variations in the Salt Range coal field.
All fubturc private and government coal exploratory borcholes
in the Salt Range area should be geophysically logged.

After additional borcholes in the Salt Range are completed,
a debtailed coal resource estimate should be made.

Additional topographic base and structural field maps are
nceded in the Salt Range where coal mining is planned.
Structure contour, overburden isopach, and quality and
chemical composition isopleth maps should be made for the
Salt Range coal field-

Additional ficld work ins necded in the Salt Range and Trans-
Indus Range to establish a regional depositional framework

for the Tertiary and Permian coal bearing intervals. This
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work would be helpful in coal exploration in othcer arcas.

8. Additional drilling (2-3 holes to about 1500 m each) is
needed in the Punjab Plains to test for the existence of

deep Permian coal beds.



ABOTRACT
A praliminary evaluation of the coal deposits of the Salt
Range arca indicates that Lhe average thickness for Tertiary coal
beds in the Sall Range is 0.43 m (range 0 -~ 2.13 m). Average
major chemical characteristics of coal samples from this area are
as follows (all as received, a.r.): moisture, 5.85 percent; ash,

.

29.57 percent; volatile matter, 31.31 percent; fixed carbon,
33.56 percent; sulfur, 5.27 percent; and calorific value, 9843
Btu/lb. Rank has been reporited Lo be high volatile C to B
bituminous. A preliminary estimate of the total tonnage for the
Salt Range arca is 235 million mebric Lons (not including
carbonaceous shale). Additional drilling and field work arc
nceded Lo delincate further the Tertinry coal resources of the
Salt Range coal field.

Permian coal deposits in the western Salt Range are
generally discontinuous and of poor quality. Similar or better
quality Permian coal beds may be possibly discovered in the
Punjab Plains area by coal exploratory drilling or by hydrocarbon
test holes. The depth to the coal-bearing zone is expected to be

more than 1000 m.



INTRODUCTION

As part. of a cooperalive program between the Geological
Survey of Pakistan (GSP) and the U. 5. Geological Survey (ULGS),
sponsored by Lhe Government, of Pakistan and the U. S. Agency lFor
International Development (USATD), a preliminary evaluabion of
coal deposits was undertaken for the Salt Range and Punjab Plains
arecas, Punjab Province, north-central Pakistan. Previous
geologic reports on these deposits have been limited Lo parts of
the area, or contain only bricf and general descriptions of the
coal characteristics (Ahmad et al, 1986; Alam et al, in press;
Bhatti, 1967; Geec, 1938; Ghaznavi, 1988; LaTouche, 1894; Khan,
1949; Shah, 1980; Simpson, 1904; Wynne, 1878). This report
contbains (1) a review of the geology of the Salt Range, Polwar
Plateau, and Punjab Plains; (2) a discussion of the
characteristics of Salil, Range c¢oal and carbonaceous shalce bads;
(3) thickness maps of coal and carbonaceous shale beds in the
Salt Range Tertiary coal field; (4) chemical analyses of Salt-
Range area coal samples; (b) a preliminary estimate of coal
resources for the Salt Range; and (6) recommendations for futurc
coal exploration in the Salt Range and Punjab Plains areas.

ACKNOWLIEEDGMENTS

This work could not have been possible without the generous
support and guidance of various organizations. These include the
Punjab Directorate of Industries and Mineral Development., Punjab
Mineral Development Corporation, Pakistan Mineowners Association,
and Pakistan Mineral Development Corporation. We would like to
t.hank the many individual mining companies throughout the Salt
Range for providing coal thickness data and access to their mines
for coal sampling. We also thank the Punjab Mineral Development
Corporation and various GSP geologists (see contents) for the
relcase of stratigraphic data reproduced in the Appendices.

LOCATTON

The Salb Range is an cast-northeasterly trending mountain
fronl, in the northarn part. of Punjab Province, Pakistan (fig. 1).
West of the Salt Range is the Trans—-Indus Range and the Makarwal
coal field described by Danilcehik and Shah (1987). The southern
margin of Lhe Salt Range forms an escarpment which rises abruptly
from the Punjab Plains, which are covered by alluvium from Lhe
Jhelum, Chenab, Ravi, and Sullej Rivers. The Potwar Plateau
extends north Ffrom the Sall Ranpe to Islamabad and the Margala
Hills. Coal mining, exploratory drilling, and rclated activities
in bthe Salt Range have been concentrated on the escarpment. and
limeslone covered plateaus of Lhe eastern and central part of Lhe
range (fig. 2). Anolher arca of interest for coal exploration is
the Punjab Plains where coal exploratory drilling has been done
near Lhe Lown of Jhang aboulb 150 km south of the Salt Range (fig.
1 this report, and Alam et al, 1987).
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METHODS

Field and office work Look place during the 1987-88 field
scason. Sccoclions through the coal-bearing units of the Halt
Range were measured along the escarpment and canyons cut into the
Salt Range plateaus. The sections and field observations
containing coal-thickness data are presented in Appendix 1.
Thirty-four coal and carbonaceous shale samples for chemical
analyses were collected from drill core and working mines. Mine
samples were collected by channeling the working face. Rock
partings greater than 2 cm were excluded from all samples.
Analyses are not complete abt this time. Stratigraphic and coal
thickness data were posted on 1:50,000 scale maps using Gee’s
(1980) geologic maps as a base (Paleocene data location maps,
Appendix I11). This data includes (1) measured sections and
observations collected during this fiecld season, (2) previously
rublished data from gecologic reporhks on the area, and (3)
unpublished reports, measured scctions and borehole logs from
GSP, Punjab Mineral Corporation (PUNJMIN), and private mining
companies. Unpublished straligraphic and coal—-thickness data
that were used in Lhis report arce presented in Appendix 11.
Cumulative Lhickness maps for Terliary coal and carbonaceous
shale deposits were then preparcd by hand (Appendix 1V, Paleocenc
coal and carbonaccous shale thickness maps). Salt Range coal
analytical data and their sources are tabulabted and presented in
table 1.

A praliminary rough estLimale of coal resources for the Sall
Range was determined for the coal arens shown on the four conl-
Lhickness maps in Appendix 1V, and the results are tabulated in
table 2. To calculate the tonnage, the median coal-bed thickness
for each of the coal-—-thickness categories mapped in 1-ft (0.3 m)
inltervals shown on the maps in Appendix IV were multiplied by the
average welipght, of unbroken biltuminous coal per acre foot or 1,633
melric tons por acre foob (Wood ¢t al, 1983). This sum was then
multiplied by the arca in acres for each of the coal-thickness
callegories shown on the four thickness maps in Appendix 1V (table
2). The area for each coal-thickness category was estimated,
using the graph-paper method. This mcthod of c¢oal resource
calculation differs slightly from that described by Wood et al
(1983, p. 36), which suggested that coal-thickness intervals
should be 14 Lo 28 inches, 28 Lo 47 inches, etc., rather than the
1-foot intervals used for convenience in this report.
Carbonaceous shale beds were nol, included in this calculation.
Mined-out arceas were nol deleted from the tolal because the mined
arcas are relatively small compared to the total coal-bearing
arca of the Salt Range.



Figure 1.

Index map of northern Pakistan showing some cultural

and topographic features mentioned in this report. The
conlt.ours shown in the Punjab Plains are depth to
basemenlt in feel. The stars indicate: (1) a

hydrocarbon well which penetrated a Permian coal bed at
2704 m (Sarat Sidbu), and (2) a Permian coal
exploration hole drilled by GSP (Ashaba). Map adapted
from Bakr and Jackson (1964) and Kazmi and Rana (1482).



s nm_ oo__ L 0s 2

T
sajawonn 0G| s 00! SL oS se

o0 €

ol €

»
HYSLIAY Y 7

o .
Y

\)\\\

—r

b€

-

VIVMNYE PN 9D

/

R .vno..:.ncz & .
) s0q ool = b
ay} o} wdap o.u_.nn.“" .u.u.ﬂ.“ou (N Lomviss \ \ e 77 Z
L ALIIN
$810103) JIIOM \.\W//w\\ A Q\v&&\@\.z\\y\\\

74

pood —~—Z ! ,
aou 11140 * — A W < -

o2 ° N e
] H
1IR3} d14doiboishyd jo Asopunog &.ﬂﬂ\u\.u.o‘\i /.I,”/l.l\(,‘/
' ’ M\N\ xkh\.m% //

\ <

.

/
| §
uoropuny | \ 7! NId VMY

/’
[s]
\ ﬂL \ { /avavwyIsi
\ ) \
Y StiH
. \ 3NN LT ogobioN ~
- ) f N\

NOILVNVId X3

i




Figure 2. Generalized north - south cross section through the
Salt Range. A debailed stratigraphic column for the
Salt Range area is given in Appendix 1.
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Table 1 Continued. The abbreviations used on Table 1 are as

follows: Mois. = moisture, V. M. = volitile matter, F. C. =
fixed carbon, H. = hydrogen, C. = carbon, N. = nilLrogen, S.
= gulfur, 0. = oxygen, BTU = British Thermal Unit, $.5. =
sulfate sulfur, P.S5. = pyritic sulfur, 0.5. = organic
sulfur, FSI = free swelling index, EQ M = equlibrium
moisture, SP - specific gravity, HGI = Hargrove Grindabiltly
Index, for ash-fusion temperatures (C), ID = initial
deformation, ST = softening temperature, FT = fluid
temperatue, and HT = hemispherical temperature.

The following is a list of sample thickness, location and
source for the nnalytical data listed on Table 1.

A. These samples are from boreholes in the eastern Salt Range
described by Alam ¢t al (in press). The borehole locations
are shown on Shect b of Lhe data point location maps in
Appondix 110, Samples were analyzed by GSP coal laboratory
in Karachi.

SAMPLE NO. THICKNESS (FL) LOCATION
TCP-1-87L 0.29 coaly shale GSP-6
TCP-1-87U 0.46 coaly shale GSP-6
TCP-2-87 1.16 coal GSP-6
TCP-6-87 1.0 coal GSP-5
TCP-8-87 0.75 coal GSP~-12
B. These samples are from mines in the eastern Salt Range

described by Alam ¢t al (in press). Samples were analyzed by
GSP students at the Southern Tllinois University coal
laboratory, Carbondale, 1llinois.

SAMPLE NO. THICKNES (FT) LOCATION

TOM--3-87 1.00 coal Dost Sons Mine No. 4

TOM-4(1)-87 0.83 coal Dost Sons Mine No. 2

TSM-8-87 0.83 coal Marhaba Mineral Co. Ltd. Mine
No. 2

'GM-11-87 0.5 coal Hyderia Mineral Co. Mine No.
iB

TSM~-13--87 1.25 coaly sh. M/S Hafeezullah Khan and Co.
Min¢e No. 1b

TOM-16--87 3.33 coal M/S Igbal Mineral Co. Majid
Mine

TSM-1b -87 1.0 coal Aft.ab Coal Co. New Khara

‘ Kangar Colliery

TSM-1(2)-87 Q.42 coal Dost Sons Ltd.Mine No. 1

TGM -9-87 1.83 coal Marhaba Mineral Co. Mine No. 4

TOM-14--87 3.33 coal M/S Hafeezullah Khan and Co.
Mine No. b

SM-T7-87 0.42 coal Dost Mohammad and Sons Mine
No. 6

TSM-12-87 1.16 coal Aftab Coal Co. old Zatar Mine

12



C. These analyses wore reported by Gee (1938). All are mine
samples of unknown thickness from the Dandot area in Lhe
EKastern salt Range.

Sample No. Location

G-A Lat. 33/39/00N, Loung. 72/58/00K
G-B Near Dandot .

G-C Near Dandot

G-D Near Dandot

G-E Lat. 32/40/00N, Long. 72/59/00FK
G-F Lat. 32/41/00N, Long. 72/539/00N

D. These Eastern Salt Range mine samples were collected by GSP
and were analyzed in 1986 by Goeochemical Testing
Laboratories, Somerscet, Pennsylvania.

SAMPLE NO. THICKNESS (FT) I.OCATI1ON
86 -TGM-9 s Lat. 32/44/18N, Long. T3/11/58K
86-TGM- 1 1.25 coal Lat. 32/44/32N, Long. T72/59/07K

E. These mine sample analyses were reported by Ghaznavi (1988).

Coal bed thickness was not reported. Analyses were done by
Geochemical Testing, Somerset, Pennsylvania.

SAMPLE NO. LOCATION
85 6T 001 West central Salt Range
85-SPR-002 Central Salt Range
85-SkA-003 Fastern Salt Range
F. Analytical resulls from bthis mine sample were raportoed by
Landis cb al (1971). Analyses were done by the U. . Burecau

of Minos.

SAMPLE NO. THICKNRESS (FT) 1LOCATION
D-91610 2.16 Mine No. 4, East Chambal,

cenbral Salt Range

G. Analytical results from these mine samples were reported by
Powcll and Duffryn Technical Services (1949). Coal bed
Lhicknoesses was not reported.

Sample No. Location
PDTS-A Chamil, central Salt Range
PDTS-B Katha, central Salt Range
PDTS-C , Shah Bihot, central Salt Range

H. Analytical resulis from these central Salt Range mine
samples were reported by Shah (1980). Coal bed thickness
was not reported.

Sample No. Local.lon
Shah-A Katha Colliers Mine No. 4
Shah-B Katha Colliers Mine No.

13



Table 2. Preliminary estimate of coal _resources for the Salt Range
coal field. Carbonaceous shale beds are not included

in this estimate.

MILLIONS OF METRIC TONS OF COAL
BY COAL. BED THICKNESS IN FEET

+ 0-1 1-2 2-3 3-4 4-5 -6 6-7 +TOTALS
MA[) oo e e o i o e i e e et e s o o o 1 o i e ot o e i e e e e ot
Sheet 3 + 8.91 38.53 9.7 72 -—— -———— -——— % 53.33
SHEETS + +
Sheet 4 + 37.22 24.37 11.79 3.41 0.80 -~--- ~~—— + T77.59
IN t 4
Sheet b + 22.01 48.36 11.64 22.76 ~---- —~=== ———— + 84.7H
APTENDTX v )
Sheetlt, 6 + 4.71 3.93 2.46 1.0 0.74 0.72 0.21 + 14.14
v —————— o e e e e e s e o e i S e e 4
TOTALS + 72.85H 115.19 35.06 9.2b 1.563 0.72 0.21 +234.82
4 +

TOTAL APPROXIMATE RESOURCES 234.82 MILLION METRIC TONS

14



REGIONAL GEOLOGY OF THE SALT RANGE AREA

The Salt Range and Potwar Plateau are part of the active
foreland fold-and-thrust belt of the Himalaya of northern
Pakistan (Jaume and Lillie, 1988). The Salt Range is an east-
northeast--trending (175 km long) thrust front that rises abruptly
from the Punjab Plains (figs. 1 and 2). The western end of the
range bends northward and is characterized by a major strike-slip
fault that extends to the town of Kalabagh and the Indus River
(Baker et al, 1988). The castern end of the raonge is
characlerized by complex thrusting that gives way to the
northeast—-trending Pabbi Hills anticline. To the north, tLhe Salt
Range merges with the Potwar I'latecau which is a low relief upland
cxcepl. where dissected by the Soan River and its major
tributarics (Yeats et al, 1884).

Salt Range structure is characterized as a narrow zone of
localized strong folding, faulting and uplift, and contrasts wilh
the open folds of low structural relief in the Potwar Plateau and
lack of deformation in the immediatcly adjacent Punjab Plains
(Yeats ot al, 1984). The Salt Range uplift brings to the surface
strata containing cvaporites of late Precambrian or early
Cambrian age (Gee, 1980). Thesc ductile evaporites underlie the
Potwar Plateau and form a zone of decollement. for regional
thrusting (Butler et al, 1987; Jaume and Lillie, 1988).

Overlying Lhe Salt Range evaporites is an unusually well exposed
sedimentary sequence that includes Cambrian through Neogene
strata (figs. 2 and 3, and Appendix I, this paper; and Gee, 1880;
Yeats et al, 1984). The absence of Ordovician-through-
Carboniferous, late Cretaceous and Oligocene rocks marks some of
the major unconformities in the area (Shah, 1980). Exploratory
drilling immediately south of the Salt Range has shown that pre-
Miocene erosion has removed Cambrian-to-Eocene sediments in that
arca (Baker et al, 1988). Farther south, the Paleozoic through
Cenozoic sequence exposed in the Salt Range underlies the
alluvial cover of the Punjab Flains (Yeats and Lawrence, 1984;
Alam et al, 1987). This sedimentary sequence is tLruncated by a
basement ridge which is a part of the Indian Shield thal. reaches
the surface near Sargodha and Chinot (Farah et al, 1977) (fig.
1). Alam (1987) has described these Precambrian shield rocks as
consisting of quartzites, slates, phyllites and metavolcanics.

The Polwar Plateau is an active oil and gas exploration and
production area. Recenl studies have combined seismic reflection
profiles, petroleum exploration well logs, Bouguer gravity
anomaly maps and surface geology to construct regional structural
cross scctions that detail the tLhrust-related tectonics of the
area (Jaume and Lillie, 1988; Baker eb al, 1988; Butler ct al,
1987; Leathers, 1987). Rocks oxposed in the Potwar Plateau area
consist of Miocene-to-Quaternary molasse sediments. These
deposits have been the subjecl, of recent paleomagnetlic,

15



Figure 3. Generalized east - wost c¢ross section through the
cenbtire Lthe Salt Rango. Dip of pre-Tertiary units and
coal bed thickness are exaggerated.
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paleontological, and sedimenlological studies (as reviewed by
Johnson et al, 1985, Johnson ¢t al, 1986; Behrensmeyer, 1987, ;
and Behrensmeyer and Tauxe, 1982).

COAL: GEOLOGY

Most coal and carbonaceous shale deposits in the Salt Range
area are contained within the Paleocene Patala Formation, with
limited occurrence in the Permian Tobra flormation (Gee, 1938;
Bhatti, 1967; Shah, 1980; Alam ¢bL al, in press). Previous
workers have also reported coal beds in the Datta Formation
(Jurassic), Lumshiwal Formation (Cretaceous), Hangu Formation
(Paleocene) and Siwalik Group (Miocene - Pleistocene), but these
coal beds are thin (<0.25 m), irrcgular, gencrally consist of
carbonaceous shale, and are considered to be noneconomical
(Simpson, 1904; Gee, 1938; IFaruqi pers. comm., 1987). Only
Permian and Paleocene coal deposits are currently being mined in
the Salt Range so only these doposits are considered in this
report..

Permian Coal Deposits

Descriptions of cuttings from hydrocarbon exploratory
drilling in the Punjab Plains has indicated that thin (<1 m
thick) Jurassic, Cretaceous and Tertiary coal beds occur at
depths greater than 1000 m. A borehole log from north of Multan
{Lat. 30/32/00N, Long.71/54/00E; Ashaba, fig. 1) also has
indicated that coal cuttings were collected from a 3 m interval
near the Permian-Cambrian contact at a depth of 2704 m. The
possibility of deep Permian coal deposits in the Punjab Plains
has prompted exploratory drilling in this area (fig. 1, this
report, and Alam et al, 1987).

Permian coal is currently being mined near the town of Buri
Khel, near Mianwali, in the woestern Salt Range (fig. 1). At this
location (Lat. 32/41/00N, Long. 71/38/00E), a single,
discontinuous coal bed occurs within the faulted and folded
transition zone between the Tobra Formation (conglomeratic
tillites and diamictites) and Warchha Formation (cross bedded,
pebbly sandstone). Two measured sections from the mining area
are presented in Appendix I (Sectbions 32 and 33). Bhatti (1987)
reported that the coal bed al Buri Khel has a very irregular
thickness, with maximum thickness of 1.62 m and average thickness
of 0.62 m. Analyses of one coal sample indicated the following
results (Bhatti, 1967): moisture, 1.94 percent; volatile matter,
20.92 percent; ash, 42.30 percent; and fixed carbon, 34.84
percent. Other observations by Bhatti (1967), Shah (1980) and
the present authors indicate that the Permian coal deposit has a
very limited lateral extent and that coal beds are only found in
a few canyons in the arca. In a canyon locally known as “"Sarin
Nala" (Lat. 70/49/00N, Long. 32/37/00E), a 1 m—thick coal bed
laterally thins to less than 0.1 m in a few hundred meters. In
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olLher nalas near Buri Khel, the coal horizon is represented as
thin (0.1 m thick) bands of carbonaceous shale interbedded with
sandstone (Bhatti, 1967). The coal-—-bearing interval of the Tobra
and Warchha Formations that is exposed in the Buri Khel area also
is exposed throughoul. most of the Salt Range and Trans-Indus
Range.  But in Lhese areas, no coal or carbonaceous shale bads
arc present, which probably indicates that the coal occurrence at
Buri Khel is unique for the Salt Range.

During 1984 Lo 1985, GSP drilled a Permian coal exploratbory
hole near the town of Jhang (fig. 1) on the hypothesis that (1)
the Permian coal bed penebraled by the hydrocarbon test hole noear
Mul Lan would be shallower near the Sargodha basement ridge and
(?) the Permian coal zone at Buri Khel extends southward into the
Punjab Plains subsurface (Alam ¢t al, 1987). Drilling was
complebted Lo the Sardhi Formation (Permian) at a deplh of 738.5
m. The Warchha and Tobra Formations underlie the Sardhi
Formation and were nol. penelrated. After analysis of available
sciasmic, graviby and stratigraphic data, GSP has proposed further
coal exploratory drilling soulh of the Sargodha Ridge.

Tartiary Coal Deposits

The Patala Formation (5-90 m thick), which containg the
major coal deposilbs in the Salt Range area, is comprisced of darchk
grey, fossiliferous shale interbedded with white quartrose
sandstone, siltstone, marl, and limestone. In the eastern and
cent.ral Salt Range, coal and carbonaceous shale deposits (<1 m
ALhick) generally occur as a single bed (<1 m thick) that is often
splil by dark grey shale or thin (<0.25% m thick) bands of
quartzose sandstone. These lalerally discontinuous coal and
carbonaccous shale beds overlie and are laterally associated wilh
northeasterly trending, elongabe, quartzose sandstone bodies (1-
20 m thick) and are interpreled to have been deposited in back-
barricr and near marine environments (fig. 3 this paper; Alam et
al, in press; Warwick and Shakoor, in press). No TerlbLiary conl
beds are present in the western Salt Range.

In the casbtern and cenlral Salt Range, the Patala Formation
grades laterally Lowards the west into the Lockhart Limestone and
Hoanpgu Formation (Lig. 3). ‘The Lockhart ldimestone (b-70 m Lhick)
consists of dusky yellow, marly, nodular and fossiliferous
limestone and the Hanga Formalion (5-90 m thick) consisls of
hunrrowed, slighlly calearvcous, fine-to-medium grained, light grey
sandstone Lhat is inbLerbedded with silistone, dark grey shale and
minor amount.s of carbonaceous shale. The Patala Formation is
conformably overlain by Lhick (>100 m) Eocene limestones which
constiat, of Lhe Nammal Tormation (shaley, marly nodular
limostone), Sakesar Limestonoe (nodular to massive bedded, cherly
limesbone), and Chor Gali Formation (interbedded marl and shaley
Timestone) (Shah, 1980).
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Tertiaory coal baeds in the Salt Range are laterally and
vertically gradational with carbonaceous shale. Megascopically,
the coal beds are generally thinly banded (bands <3 em thick)
with bright bands usually isolabed in a matrix dominated by dull,
resinous organic material. The number of bright bands decreases
as Lthe coal bed grades into carbonaceous shale. 7Thin (<1 cm
thick) fusain beds are present, but not common. Nodules of
pyrite (up to 5 ¢m diameter) are often dispersed throughout the
conl bed. These tend to form in abandoned burrows which are more
common in Lhe upper parlt of the bed.  Thin (<.5 em thick) gypsum
veing are common and tend to occur along the general vertical
fracture pattern of the coal bed. Ghaznavi (1988) has described
Lthe petrolorry of three Salt Rangre coal samples to consist of the
following percenlages of cach major maceral group: 79.1 percent
vitrinite, 11.2 percent inertinite, and 9.7 percent liptinite.

The thickest coal and carbonaccecous beds (up Lo 2.13 m)
generally form discontinuous, norlheasterly trending, elongatce
bodies Lhat arc roughly 2 Lo 3 km long and 1 km wide. These
shapes arce illusblrated on Lhe cumulative coal and carbonaceous

shale thickness maps in Appendix (V. The bodies grade laterally
into Lhin (<0.25 m) coal and carbonacecous shale beds or dark grey
shales.  Average cumulative coal thickness for the entire Salt
Range coal -bearing area is 0.43 m (range 0 ~ 2.13 m). Average
cumualative coal and carbonaceocus shale thickness for this area is
0.46 m (range (0 - 2.13). ‘These averages are based on 345

borehole, outcrop and mine-thickness data poinbs (Appendix 1V).
There is little variation in average Lhickness of coal and
carbonaceous shale beds from Lhe ecaslern to central Salt Range
arcas. In the eastern Salt Ranpe, however, near the town of Ara,
anomalously thick coal beds (up Lo 2.13 m) were described by
I.aTouche (1894). These arcas of thick coal have a very limited
Jateral extent and have generally been mined out. In areas where
mining from the escarpmenl has becen active for a number of years,
Lhe coal bed has generally been removed for up to 600 m from tLhe
hill side. Limited borehole data indicates that coal and
carbonaceous shale bed thickness decreases northwesterly toward a
northeast tronding no-coal area in the central Salt Range (sce
thickness maps Appendix IV).

In Lhe platenu areas, which are usually covered by Kocene
Limestone, exploratory drilling has indicated that the average
dapth to Lho conl “boaring mone in nbout 130 m (ranga from 67.4 Lo
272.5 m; N - 67 horcholes).  The northern limit of the coal
fFicld, shown on the coal and carbonaceous shale bed thickness
maps (Appendix V), is a line showing Lhe approximale aerial

oxlt.eont of Lhe Focene Timestones ((ig. 2). This line represents
depths to Lhe coal bearing zone thal range from 200 to more than
400 m and marks Lhe approximale limil of c¢oal mineability. North

of Lhe Jline, the depth to the coal bearing Patala Formation
rapidly increases resulting from Lhe general northward dip of the
strata. The thickness of the limastones increases in a westward
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dircction. Represcentative Lhicknesses and lithologic
descriplions of overburden material are given in borehole logs in
Appendix 11 and Alam ot al (in press).

Relatively few coal samples from the Salt Range have been
analyzed.  The results of analyses of 34 samples collected by
various workers are lisLed on table 1. For the 34 samples,
average moisture content. is 6.21 percent (a.r.); ash yield is
24.02 percent. (a.r.); volatile matter is 33.44 percent; fixed
carbon is 35.98 perconl. and total sulfur is 5.71 percent (a.r.).
The average calorific value for the 12 samples with data js 9841
Btu (a.r). Landis et. al (1971) and Ghaznavi (1988) rcported Lhe
riank of coal samples from Lhe Salt Range to he high volatile C
and I biluminous. According to Ghaznavi (1988) the Salt Range
and Lhe adjacent Makarwal coal fields produce the highest rank
coal in Pakistan.

A preliminary calculation of coal resources for Lhe Sall,
Range conl field is summarized on table 2. The approximal.e tolal
resources for Lhe enlbire Sall, Range coal area is 235 million
maetbric tons. This figure does not include carbonaceous shate
deposits that are commonly associated with the coal bed. 'The
areas that appear to have Lhe greatesl, coal resources are noar
the Lowns of Choa Sidan Shab (Sheetl. 5, Appendix IV) and Pail

Sheet, 4, Appendix V). The amount of coal decreases west and
cast, of these areas, with the least amount of coal found in Lhe
extreme castern Salt Range (Sheet 6, table 2).

RECOMMENDATIONS FOR FURTHER COAL EXPLORATION IN THE SALT BANGE

Following is a list of recommendations that may be helpful
for future coal exploration work in the Salt Range and Punjab
Plains areas.

1. Approximalely 100 additional coal exploratory bore holes are
needed in Lhe Salt Range area to test for coal thickness,
quality and coal bed exbtent. Seven areas with little or no
out.crop, mine, or borehole information are outlined on the
data point location maps in Appendix 111 (Areas A - G). The
area, number of bore holes, and the cumulative drilling
depths are tabulaled on table 3. These areas should be
drilled at an average spacing of 5.0 kilometers for coal
exploration. GOSP plans in 1988-89 to drill 30 holes in the
castern Sall, Range (Bashavat - Ara, Areas E, F and G, and
Kallar Kahar, Arcas C and D, in Appendix 111), but presently
Lthere are no plans to drill in the large plateau areas of
the central Salt Range (Areas A and B in Appendix I111).
PUNJMIN has completoed most of its coal exploratory drilling
in the Sall Range and is nobt expected to drill] more holes in
the near future (Saleem, Projeclt Manager PUNJMIN, pers.
comm., 1988).

21



T.

Coal and carbonaceous shale bed sampling programs should be
continued to complete the characterization of the quality
and trace-c¢lement varialtions in Salt Range coal field. This
can be achieved through additional drilling and mine
sampling.

All future privabtce and governmenlt boreholes should bhe
geophysically logged. Although core recovery has generally
becen good in Sall, Range drilling, occasionally core loss
does ocecur in the coal-bearing zone of the Patala Formation.
Geophysical logging would prevenl. redrilling exploration
holes in the event of core loss in the coal-bearing zone.

Once the additional drill holes in the Salt Range are
completed, a detailed coal resource estimate should be made.
This estimate would delinecatle the different categories such
as measured, indicated, inferrved, and hypothetical as
described by Wood ot al (1883).

Additional topographic base maps and structural field maps
at a scale such as 1:10,000, are needed on Lhe major coal-
bearing platecaus in the Salt Range where mining is planned.

Additional maps of the Sall. Range coal field need to be
made.  These maps include coal structure conbour, isopach
maps of overburden, and isopleths of gquality and chemical
composition.

Addilional field work is needed Lo establish the facies
relationship and depositional history of the Salt Range coal
field and the Makarwal coal fields. Such an understanding
would prove useful in further coal, oil, and gas exploration
in the area.

Additional drilling (2 -3 holes Lo about 1500 m) is needed in
the Punjab Plains to lLest for the existence of deep Permian
coal beds. Collaboral.ion batween government. and private
hydrocarbon exploration agencies is necded to make available
Permian coal information thal may be obLained through fulure
holes planned by these agend ies. A thorough review of all
gcophysical and stratigraphic dalta must be made before
drilling is started in order to determine the best coal
borehole Tocal.ions.
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Table 3.

Range.

Summary _of addilional boreholes needed in the Salt,

Areas are indicated on data point locabion maps in

Appendix 111,

Averapge spacing of borcholes La b km.

Twenty percent of each area has been excluded due to
unfavorable Lopography.

ARICA
5. Km
Sheet. 3 Arca A 230

Aren B 90
Sheol, 4 Area G 200
Shool. 5 Aren D 25

Area It 25
Sheol 6 Arca F P

Area G 20
 tortaLs 630

AVERAGE DEPTH
(130 m/borehole)

BOREHOLES
NEEDED

35 550
15 1950
30 3900

5 650

5 650
s es0

H 650
100 13000
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CONCLUSTONS

A preliminary evaluation of the coal characteristices of the
Salt Range and Punjab Plains area indicates that the average
thickness for Tertiary coal beds in the Salt Range is 0.43 m
(ranpe 0 - 2.13 m) and that coal beds of similar qualily may
underlie the Punjab Plains. Avoerage major chemical
characteristics of Salt Range Terbiary coal samples are as
follows (all values by weight &.r.): moisture, 6.21 percent; ash,
24 .02 percent.; volatile matter, 33.44 percent; fixed carbon,
35.98 percent; sulfur, 5.71 percent; and calorific value, 9843
Btu/lb. The rank has been reported to be high-volatile C to B
bituminous. Areas of thickest, widespread coal beds are near the
towns of Choa Sidan Shah in tho castoern Salt Range (Sheel, b,
Appendix TI1T) and near Pail in Lhe central Salt Range (Sheet 41,

Appendix 111}, A prelimivary esbimate of the total tonnage for
the Salt Range arca is 235 million metbric tons excluding
carbonaceous rich shale deposits.  Additional drilling and field

work are ncoeded to delincate further the coal resources of the
Salt Range coal field.

Permian coal deposits in Lthe weslern Sall Range are
fenerally discontinuous and poor qualily. Possibilities for the
discovery of similar or better qgualily Permian coal beds in the
Pun,inb I'lains area may be provided by coal exploratory drillting
or by hydrocarbon btest holes. ‘The depth to the coal-bearing zone
in expected to be more than 1000 m.
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APPENDIX I

MEASURED SECTIONS AND FIELD OBSERVATIONS
FROM THE COAL-BEARING SECTION
OF THE SALT RANGE

By

Peter D. Warwick
US Geological Survey

and

Tariq Shakoor
Geological Survey of Pakistan

Page
Stratigraphic section for the Salt Range
P2 o < Y 30
Measured sections. . .. ........c.0 e uennn 31
Field observations. . ... . ... ..o 83

Note: The rock code used in this report is after Ferm et al
(1985). Sections were measured from the base upwards.
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STRATIGRAPHIC COLUMN FOR THE SALT RANGE AREA

QUATERNARY

TERTIARY

MESOQZOIC

PALAEOZOIC

(after Gee,

Recent

Recent f1 Sub Recent

tala Plewstocene

Lowar Plaisiocene
B Upper Phocene

Middle Pliocene

Lower Pliocens &
Upper Miccens

Middle & Lower
Mwocene

Lower Eocene
(Ypresian}

Paleocene

Lowaer Cretaceous
(Aplian- Althan)

Siwalik Group

Rawalpindi Group

1980)

farmnation hidden by Scree

Alluvigm

Katabagh Conglomerates
wncontormity -~ _ -

Soan Formation (Upper Siwatik)
Dhok Pathan formation

Nagri Formalian

Chinji Formation

Kamiiat Formation

Murree Formation

S major unconformity oSS

Chharat Group

Makarwal Group
{Tm)

Chorgah Formation {Bhadrar Beds)

Sakesar Limastone
Nammal Formation

Patata Formation
Lockhart L (Kharrebad Limes ]
Hangu Formation (Dhak Pass Beds)

e major unconformily oo

Lowaer Cretacaous b Upper Jurassic
(Neocormian & Kimmecidgian}

Middle Juressic

Lower Jurassic

Upper Triassic
Middle Triassic

Lower Triassic

Upper Permian

Lower Pecrmuan

Middle & Lowar
Cambnian

farly Cambrisn &
Late Pre Cambraan

Surghar Group

Lumshiwal Formation

Chichah Formation (Belemnite Beds)

Samana Suk Formation (Baroch Limestonel

Datta Formation (Vanegated Beds)

~ =« ~ 7 ~disconformily - ~ _ -~ ~

Musa Khel Group <

Zaluch Group

Nitawahan Group
(Pn)

Kingriali Formation (Kingriali Dolomutes)
Tredian Formation (Kingriali Sandstones)

Mranwali Formalion (Ceralite Beds)

Chhidru Formation (Upper Productus Beds)

Amb Formation (Lower Productus Beds|

Sardhei Formetion (Lavendaer Cleys(
Warchha Formation (Speckled Sandstones!
Dandot Formation (Conulana Beds)

Tobra Formation (Talchir Boulder Beds)

AN Major unconormity ~ NS

Jhetum Group

Jutana Formalion (Magnesian Sandslones)

Kussak Formation (Neobolus Shales)

Khewra Formation (Purple Sandstones)

Salt Range Formation (Punjal) Satine Senes)

NOTE - Allernative formatian names i1sad in earher raporls are givan in parentheses
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Wargal Formetion [Middle Productus Limestones)

Baghanwala Formation (Sall Pseudomorph Beds)



GSECTION 1

Location: Lat. 32/43 /29N
Long T3/17 /15K

Date measured: 11 December, 1987

Mithachhoi area, Palala very thin, underlain by Tobra Formalion,
also very Lhin,underlain by Baghanwala Formation, strike of beds
= N 17 NW, Baghanwala dip - 45 NW, Tobra dip = 33 NW, Patala dip
= 30 NW; local change in dip, slight folding.

Interval
thkns (L) Rock code Pesceriplion

Start of seclbion in Pogythanwala Formation
10,01 362 HSillstone, red
Tobra Formation

8.0 TAD Congltomerate, cobbles of mixed rock Lypes,
malrix is mudstone and sand, pebbles Lend to
be aligned, subangular to subrounded, clast
mainly of quartzile, sedimentary rock
Lrapments with cherl,, and black, basic
igneous rocks, size is <3 inches.

6.0 745 Conglomerale, clast size near base is <2.0
fi., same lithology as below with large
quarbzite clasts, clast size decreases
upwards.

Patata Formoltion

1.256 333 Siltstone, white, almost very fine sandstonc,
ocecasional gquarbz grain scal.leored in a fine
grained matrix, friable, top 2-3 inches
roobed.

0.5 27 Siltstone, with carbonaceous material, iron
stained.

5.0 334 BUR Siltstone, white, burrows stained with red
iron, vertical and horizontal burrows,

massive.

1.5 3614 RUR Silblstone, stained red, same burrows as
below, massive.

15 69 Siltstone, Tonborbedded wilh shaley stringers,
lexss burrowing.
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1.5 894 Shaley limestone, ostrea fossils in a marly

Timestone molbrix.

Nammal Formation

t3.0 996 Limestone, fossiliferous, nodular, marl
between nodules, nodules 3-4 inches in

diameter.

Kamlinl Formation

50 .01 Hal Sandstone, lightl, grey, cross bedded, basal 2
feet has reworked Hammal fossils.
Sectbion 22
Location: Lat - 32/43/45N
hongs - 73/17/05E
Datey measured: 12 December, 19287
Patala and Nammal formalions oroe oxposed in small nala in Lhe
Mithathhoi aren. Patala Formabion underlain by Baghanwala
FormabLion, no Tobra Formalion preosenl.. Baghanwala ~ strike = N 85
W, dip - 45 N; base of Nammal Formalion strike = N 85 W, dip = 43
N.
Interval
thkns (ft) Rock code Descriplion
Secetion starts in Baghanwala Formal.ion
50.01 364 Siltstone, red, massive, interbedded with
egrey shale, bed thickness is 3-4 inches,
burrows common.
1.0 364 Siltstone, rod, molbled, laterilic, weathored
at top.
Patala Formation
2.0 134 Shale, light groy, massive, plant fragments,
rooted.
1.2 i Shale, light grey, rooted, plant fragments.
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6.0 50 Conglomerate, quartzose, cross bedded, with
coal stringers between bedding. Bed Lhickness
1 1.5 fL, wiLth through cross beds, 3 It
across, 1 ft deep, pebbles at base up Lo 3 -
4 inches in diameter, most. 1 inch in
diamcter, grain size decreases upwards, each
bedding unit separated by a thin layer of
s1 1Lt and coaly material, unrotated trough
cross bed measurements: S 70 W, N 90 W, S 60
W, S 72 W.

2.5 H10 Sandstone, light grey, fine grained, friable,
some planlt. material, mottled and churned,
some rool.ing. Sample - $85-52-1.

10 547 Sandstone, light grey, fine grained, rooted,

wilh coaly stringers

2.0 540 Sandstone, light grey, friable, massive Lo
churncd, some plant material.

1.°7h 387 SillsbLone, light grey, rooted, friable,
becoming more carbonaceous upwards.

0.5 023 Coal, wilh sandy layers mostly covered,
mostly wood 1 inch thick, 4 inches long
making coaly layers, locally coaly
carbonaccous shale above the coal, tLhis
conlains woody stringers and shaley layers,
and pyritc nodules.

4.0 232 Siltstone, light grey, with sandstone
slLrinpgers, carbonaceous shale throughout,
burrowed in upper part, up to 30% coaly
material, this is being mined locally, Sample
from nearby mine: SH-2-~1.

0.75 129 Calcareous Siltstone, dark grey,
fossiliferous.

0.75 134 Shale, light grey, massive.

Nammal Formal.ion

0.3 804 ' Shaley timeslLone, massive.

1.2h0 134 Shale, light grey, massive.

0.25 231 Calcarcous Shale, light grey, massivo.
0.25 994 Limesbone, fossiliferous, massive.
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0.5 234 Calcarcous Shale, light grey, massive.

3.5 994 Limestone, with Osbrea, massive.
5.0 994 Limestone, with forams, massive, very hard.
250 996 Limestone, with forams, nodular, marl belwceen

nodules, nodules 1 inch in diameter.

Kamlial Formation

50.01 1l Sandstone, pgroey, ¢ross bedded, scoured base.

Secbion 3

Location: Lat - 7T3/15/05H%E
Long - 32/43/55N

Date measured: 13 December, 1987

Section is east of Baghanwal:n Forl. along Paleocene escarpment..
Baghanwala strike = N 83 W, dip = 22 N, Patala strike = N 20 W,
dip = 8 NE --— structural problems??

Intarval
Lhkns (1) Rock code Deseript ion

Starlt seclion in Baghanwala Formalion

O L0 361 Sillstone, red, massive, interbedded with
shale, burrowed, sandy at. places, salt
psudomorphs .

Tobra Formatlion

2.7 745 Conglomerala, soandy clay mabrix, clast size
<2 inches.

25.0 Hat Sandstone, ¢grey, cross bedded, medium to
coarse grained, scoured at base, large cross
beds 3 16 wide, 1.5 6L thick, top rippled and
burrowed wilh carbonaceous stringers, upper
parl, is lateritic ab places, Permian channel
sandsbone.

Fatala Formalion
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1.7 543 Sandsbtone, grey , with shaley layers,
rippled, burrowed, carbonaceous strinpgors.

1.5 327 Siltslone, dark grey, rooted, with iron
staining along rool, marks, carbonaccons
maboerial Lhroughoul, paleosol.

10.0 51 Conglomerate, quartzose, cross bedded, basal
part. with quartsz pebbles, plant fragments,
scour base, multiple scours within, stackaed
channels, fining upwards, small Lrough cross
beds 2 L wide, 1 £t thick near base, tLrongh
palcocurrents: N 82 W, N 85 W, top of body
has abandoned channel 10 ft X 3 ft filled
with burrowed siltstone and plant material.

2.0 323 Silttstone, dark grey, with sandstone
shringers, carbonaccous material throughout,
possible channel £ill, no rooting, quarl:iose
sand stringers.

1.0 032 Shaley coal, with sandstone stringers, varies
in thickness, increases in thickness afteoer
local dip, may be due to channel fill.

1.5 348 Sillstone, greenish grey, burrowed, no
rooting, planlt material.

5.0 124 Shale, dark grey, massive, iron sbLainced,
coaly strinpers - probably wood neae Lop,
no rooting.

.

3.0 433 Calcarcous Sillstone, light grey, wilth

61
sandstone stringers.

2.5 139 Calcearcous Siltstone, light pgrey, ostrea
fonsilx.

Niommal Formabion

22.0 990 Limestone, fossiliferous, moslly covered.
25,0 3680 Sillstone, greenish red, mostly covared.
3.0 990 | Limestone, wilh forams, mostly covored.

A0.0 990 Limestone, fossiliferous, covered.

Kamlinl Formalion

H0.01 H11 Sandastone, grey, cross bedded.

35



Soetion 4
Locabion: Lat - 32/44/10N
Long - T3/14/10K

Date monsured: 13 Dacember, 1987

01ld mine workings near Baghanwala, described by LaTouche, section

moslly covered except for Tertinry quartz pebble sandstone, no

strikes and dips - too much aover.
Interval

thkns (1) Rock code Desceript.ion
Sections slarts in Baghanwala Formal.ion
50.01 364 Siltsbtone, red, massive.

Tobra Formation

1.0 45 Conglomeratce, boulders on outcrop, mostly
covered, thickness estimated.

1.0 100 Shale, covered.
Patala Formalion
6.0 ‘150 Conglomerale, quarltz pebbles, base coarse

grained, fines upwards, top irregular,
inLernal scours.

6.5 hat Sandstone, nirey, cross bedded, quartz rich.
1.0 haT HandsbLone, prey, rooted

0.5 022 Coal, with shaley layers

1.0 032 Shaley coal, wilh sandstone layers.

1.0 033 Shaley coal, with sandstone stringers, more

shale than below.

0.6 323 Siltstone, dark grey, wilh sandstone and
coaly stringers.

0.1 324 Siltstone, dark groy, massive,
h.O 001 Coveraed.
Nammal Formabion - Limeslone sccelion mostly covered, may have

missaed shaley “"Gidhandi member”™, thicknesses
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aestimatoed.

15 .0 990 LimestLone, ostrena fossils at. base.

15.0 890 Shaley Limestone.

10.0 990 Limestone, fossiliferous.

5.0 160 Shale, red.

26.0 996 Limestone, fossiliferous, nodular, nodules 1

inch in diameter.
Kamlial Formation

50.01 hal Sandstone, grey, cross bedded.

Section 5

Location: Lat - 32/44/30N
Long - T73/13/25L0

Date measured: 12 January, 1988

Along escarpment. jusl cast of Ara Rest House, Baghanwala strike -
M 8 W, dip = 5 NW.

ITnterval
thkns (L) Rock code Descripbtion

Secbion starts in Baghanwala Formation

50.0+ 360-332 Sitlstone, pale reddish brown, 10R b/4,
interbedded with fine sandstone.

Tobra Formation

7.0 745 Conglomerate, silty matrix - palce olive, 10Y
6/, boulders of pink granite and black mafic
clasls - volcanies?, boulders up Lo 1 ft
diamoter, grain supported.

1.5 H41 Sandstone, grey, cross bedded, conglomeratic,
wilh same clast as below.

2.0 45 Conglomerate, boulder bed, clast up to 3 ftL
in diamclLer, rounded, clast composition same

as bolow.
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10.0 3218
1.6 745
20.0 322/H43
1.5 h4a1l
15.0 322

Patala Formation

13.5 H11
2.0 547
1.0 038
6.0 332

Nammal Formation

6.0 200

38.0 896
6.0 200
4.5 9941

Siltstone, pale olive, occasional pebbles
with angular shapes mixed in, clasts of
mixed rock Lypes, size up to 3 inches.

Conglomerale, with quarbLzite, black
sandstones, silbstone and sedimentary rock
frapments as clasts.

Siltstone, dark pgrey, with sandy layers,
occasional pebbles in matrix, grades upwards
into very muddy conglomeratic sandstone.

Sandstone, grey, cross bedded, fine to medium
grainced, scour based, Sample S5-65H-1.

Siltstone, greyish red, sandy, with pebbles
of gquartz and others, has greater iron
cont.ent. than silbtstones below.

Sandstona, ¢lean quartz sand, medium grained,
cross bedded to flat bedded, with
conglomeratic lenses of quartz grains, some
lenses up Lo 10 ft wide and 0.5 ft thick,
flat. bedded units up Lo 0.% ft thick, scour
based, multiply scourad.

Sandstone, c¢lean guartz sand as below,
rooted.

Coal, shalcecy, with sandstone stringers,
locally mined, pyrite nodules 1 inch
diameter, resin nodules up to 0.25 inch in
diametor.

Siltstone, light grey, layered siltstone wilh
sandy layers.

Marly clay, moslly covered.
Shaley ltimaestone, light grey, fossiliferous,
nodular, nodules <6 inches in diameter, marl

belween nodules.

Marly Clay, with limestone nodules, pale
vellowish brown.

Limesbone, fossiliferous, massive.
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37.0 996 Limestone, fossiliferous, nodular, mostly
covaeraed.

Kamlial Formation

H0.0+ Hh4a1 Sandstone, light, olive grey, cross bedded,
course grained.

Soection 6

Location: Lat 32/44/25N
Long T3/13/008

Dale measured: 12 January, 1988

cclion on escarpment. jusl below Ara Rest House, Baghanwala
Lrike = N 63 W, dip = 14 HE

;X C"J

IntLerval
thkns (ft) Rock code Deseri Irt ion

Scelbion starls in llaghanwala ,Ii'urm;,\l,.i.on

50 .00 322 Sillsbone, grayish red, interbedded wilh
rippled, very fine sandslone.

Tobra Format.ion

3.0 4% Conglomerate, sandstone matrix, boulders of
granite and mafic rocks, up Lo 1 ft long
axis, scoured base, wilh basal lag of
channcl.

28.0 H41 Sandstlone, grey, cross bedded, large trough
cross beds with pebbles on bedding plancs,
multiply scoured, pebbles consist of quartz
and mafic rock fragments, Sample S5-56-1.

10.0 323 Siltstone, light olive grey, massive, wilh
sandsbone streaks.
T.U 360 Sillstone, grayish red, silly shaloes, iron

stained, partly lateritic, Sample SH-6-3.
Patata Formalion
6.0 HA43 Sandstone, while, very fine grained, shaley,
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silty, grain size coarsens upwards.

1.5 TAS Conglomerala, moslly quartz pebbles, pebbles
up to 2 inches in diameter.
6.0 ha1 Sandstone, white, quartz rich, iron staincd,
Sample from middle - S5-56-2.
1.0 bat Sandstone, rooted.
0.6 03T Coal, shalecy, wilh shale layers and streaks.
0.9 123 Carbonaccous Shale.
5.5 124 Shale, dark greenish grey, massive, slightly
silty.
Nammal Formation
3.0 134 Calcareous Sillstone, light grey, wiilh

limestone nodules 2 ft in diameter.

1.2 4139 Calcareous Siltstone, light grey, filled with

ost.rea shells.

60.0 894 Shaley liimestlone, fossiliferous, slightly

nodular beoedded.

5.0 360 Siltstone, red, mostly covered.

27.0 996 Limestone, fossiliferous,

Kamlial Formation

nodular.

JO.0+ hal Sandslone, grey, cross bedded.

Seclion 7

Location: Lat. 32/44/40N
Long 73/11/50K

Date measured: 13 January, 13988

Section in gorge with spring soulhwest of Ara.
= N 58 W, dip = 10 NE.

Interval

10

Baghanwala strike



Lhkns (L) Rock code

Sectbion

20.0+

Tobra

26 .

Patala Formation

36.

2.

0

0

0

.0

362

Formation

360

starts

332

360

33

541

027

114

.
.

}

Desceripl.ion

in Baghanwala Formation

Giltstone, pale red to darker reds,

1
interbedded with fine grained sandstone.

Silblstone wiith boulders, mudstone with coursc
sandsbone matrix, grayish red, granite and
mafic boulders scattered throughout, boulders
have up to 1 ft long axis, pebbles and
boulders rounded, no orientation.

Siltslone, light grey, sandy.

Siltstone with pebbles, moderate pink,
pebbles highly weathered, rounded, consigsts
mostly of granite.

Siltslone, light bluish grey, with sandstone
stringers, small (<2 mm) pebbles of weathered
grani le.

Samdstone, quarblzose, white to light grey,
cross bedded, coarse grained with quartz
pebbles, scoured base, upper part has 0.5 11
thick silty partings, burrows on some bedding
plancs, parlings wilh some carbonacoeous
naterinl Lhroughout, lower part has contouraed
bedding, upper part flat bedded with ripples
and burrows, small scale cross beds near
base, generally coarsening upwards in grain
sizco.

Conl wilh shale layers, measured in necarby
mine, brighl stringers consist of logs 6 to
10 inches long, 1 to 2 inches thick in a
dull malrix, resin and pyrite throughoul.. In
old mine works, coal was reportced to be H L
thick, and thickened after a slight dip. In
an adjacenl adibt about 300 ft wesl, the coal
bed is5 split by 1.5 ft sandstone (splay Lype
and rookted), upper coal is 2 ft thick, lower
part is carbonaceous shale 1 ft thick.

Shale, bloack, massive.
3 b4

11



5.0 300 Siltstone, mostly covered.
Nammal Formation

H50.0¢ 8941 Shaley Limestone, fossiliferous, massive,
mostly covoered.

Saection 8

Location: Lat 32/43/35N
Long 73/11/25E

Date measured: 15 January, 1988

Above the Lown of Rawal, on Lhe isolaled hill with Patala and
Tertiary deposilts, Baghanwala strike = N 65 W, dip = 7 NE.

Interval
thkns (t) Rock code Descriplion

Hection SLarlbs in Bagbanwala Formation
5001 360 Siltstone, with shales interbedded, red.
Tobra Formation

30.0 320/745 Sillstone with boulders, light olive grey,
mixed shales, sands and muads, boulder size
varices, up Lo 2 ft. diameter in lower pardl,
smaller in middle and large at the top,
boulders consist of granite, black quartzites
and mafic rocks, also schistose and phyllitic
rock frarments.

7.0 330 Siltstone with boulders, light bluish grey,
highly wcathercd, bhoulders 0.5 to 1.0 ft long
axis.

15.0 332/°745 Giltstone wiblh boulders and sandy layers,
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wealhered white, highly weathered, fractured
and jointced, arkosic sand with bits of
granilic rock fragments, feldspars weathered
to kaolinite.

Pal.ala FormabLion

5.0 541 Sandstone, very pale orange, quartz rich,
cross bedded, with rip clasts of underlying
mal.erial incorporated, red stained atl. base,
burrowed, upper 1 ft rooted.

5.0 137 Shale, 1ighl, brownish grey, slighlly siltly,
rootbted.
u .
2.0 030 Shaley Coal.
15.0 332 Shale, light grey, with quarlz-rich sandy

layers, layers up to 3 inches thick, upper
part rootcd, lenses grade laterally inlo
small channels 1.0 ft thick.

0.3 123 Carbonaceous Shale.

h.0 322 Giltstone, light olive grey, sandy layers,
calcareous with limestone nodules.

10.0 001 Coverod.

Nammal PFormation

25.0 996 Limestone, fossiliferous, nodular.

Section 9

Location: Lat 32/44/30N
Long 73/09/05K

Dalt.e measured: 18 January, 1988

Section along road NE of Sidhandi, location Jabrian, north of
cement facltory, Baghanwala strike = N 55 E, dip = 16 SE.

Interval

thkns (L) Rock code Deseription

Scelion starls in Baghanwala Formalion
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50.0¢ 360
Tobra Formation

24.0 360/745

Paltala Format.ion

5.2« 541 /750
1.0 547
11.0 A0
17.0 543

1.6 332/121
9.0 b41

1.0 123/022
9.0 543

Note: Upper part of
overlies this

Siltstone, red, interbedded with shales.

Siltstone with boulders, lower part. olive
green, upper part pale blue, pebbles highly
weathered ab top, pebbles and cobbles of
granite, quarbzile and mafic rock fragmentls.

Sandstone, lighl grey, quartzose, coarse
grained wilh guarts pebbles, flat bedded,
with ripples and small tabular crogs beds,
shale clasts of 1 inch long diameter mixed in
near basce, poorly sorted, matrix supported,
t.op burrowad.

Sandstone, light groy, rooled, fine to medium
grained.

Sillsbtone, carbonacecous, plant material on
bedding planes, lower part slightly rooted,
uppaoer part,. nol, rootoed.

Sandstone, Vight grey, with very thin shaley
beds, ripplced, fine grained at base,
coarsening upwards Lo medium grain size, sand
is quartzosoe, burrowed throughout.

Siltstone, carbonaceous, does not appcar to
be rooted, wealhered, iron staining along
fractures.

Sandstone, light grey, course to medium
grained, quartzose, c¢ross bedded, gravel at
base 2 inches in diameter, scoured base,
small tabular cross beds sand pinches out
laterally, grain size fines upwards.

Carbonacecus Shale, coaly horizons, highly
weatbhered.

Sandstone and shale interbedded, light grey,
sand rippled, saud units <2 ft thick, shale
parltings usually < 1 inch thick, burrowed
sands through oul, horizontal and vertical
burrows.

scelion faulled and jumblaed, the ostrena bed

sechbion but true thickness of faulted section
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Locat.ion:

Date mecasurcd:

Section

P

P

unable to

oblain.

Section 10

hat 32/14/48N

Long 73/08/08E

1s easl of

factory, Baghanwala

Fi,.

Seclion

50 .01

Rock codae

19 January, 1988

Salot al the top of the nala, north of cemenl

strike -~ N b K, dip = 8 NW.

Desceriplion

starts in Lhe Raghoanwala Formation

360

Tobra Formal.ion

25,

3.

Patala

1

0

0

L0

360/74h

540

331

K

332

541

Formal ion

123

SittLtstone, rod, with sandstone layores.

Sillslone with boulders, lower part roddish
grey, uppoer part pale blue, upper part
becoming more sandy, with granite pebbles and
cobbles.

Sandstone, yellowish grey, fine to medium
grained, scattered Tobra type pebbles.

Sillstone, coarse sand scattered throupgh oul.,
with weathered flecks of feldspars that
become kaol inite.

Sandstone, grey, cross bedded, scattered
Tobra pebbles in matrix, basal lag granite
cobbles, small tabular cross beds, fractured,
iron sbained.

Siltstone, light grey, mixed with very fine
sandstone, scattered pebbles Lhroughoult,
rippled Lo flat bedded, pebbles are mainly
quarltz.

Sandstbone, grey, cross bedded, fine L «ilt
sizne, babular cross beds, scattered pobbles

and boulders of Tobra type throughoul, also
magnelite boulders.

Carbonaceouss shale, silty, buarrowed.
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2.7 hA1l Sandstone, prey, ine grained, flat Lo ripple
boedded, burrowed.

n.hH 320 Siltslone, dark grey, carbonaceous, thickens
and tLhins laterally.

3.2 543 Sandstone, grey, with shale interbeds, tover
part course grained, flat bedded, burrowed.

12.0 H41 ODnndubone, geoy, Fins Lo maediuam gradnad,
laocal troush eross bedding.

Hhoo 123 Carbonacceous shala, silly.
1H.5 LA Sandstone, grey, Nine grained, rippled
3 14 ’

burrowed, inLerbedded with shale, layers
about 1 inch thick, top part rooted.

5.0 123 Carbonacecous shale, silty tLhroughoul,.

2.0 518 Sandstone, groy, very fine, heavily burrowed.
5.0 333 Siltstone, light prey, silty, mostly covered.
5.0 360 SiltslLone, reddish grey, mostly covered.

Nammal Formation

10.0 996 Limestone, filled with forams, nodular,

Section 11

Location: Lat 32/47/50N
Long 73711 /50K

Date measured: 22 January, 1928

Section is east of Siki on north side of main nala al big cliff
cut. by tributary of main nala, Baghanwala strike = N 68 W, dip =
10 NI

Interval

thkns (ft) Rock code Descriplion

Seclion starls in Baghonwala Formalion

50.01 360 Siltsbone, red, wilh sandstone interbeds.
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0.1 540 Sandstone, yellowish grey, coarse grainad,
L£1at bedded to rippled.

2.0 360 Siltstone, red.
Tobra Yormal.ion
2.0 TA4h longlomerale, mixed rock type boulders, sand

malrix, clast size up to 6 inches, poorly
sorled, woll rounded pebbles.

Pat.ala Formaltion

1.5 541 Sandslone, grayish yellow, cross bedded, in
places conprlomeratic, mostly quartz pebbleoes,
some Labular cross beds scour base, thickens
and Lhins laterally.

1.5 322 Siltstone, medium grey, sandy layers, fines
upwards in grain size, quartz pebbles mixed
throughout,, pebbles 2-3 mm long axis.

1.0 070 Iron stone, dark reddish brown, sandstone -
sillstone - pebble matrix.

4.5 129 Shalea, olive grey, forams throughout, shaley
limestone nodules.

1.0 439 Calcareous Siltstone, yellowish grey, marly,
ostrea shells.

Nammal Formation (thicknoesses esbimabed)

10.0 896 Shaley Limestone, forams, nodular.
10.0 994 Limastone, fossiliferous, massive.
30.0 230 Mar!, lighl grey, with limeslone nodules
35.0 994 Limoestone, fossiliferous, massive.

Kamlial Formabtion

30.0 H11 Sandstone, grey, cross bedded.

Sccelion 12
Location: Lat 32/47/08N
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Long 73/10/10F
Date measured: 23 January, 14888

Just north of Siki mines, all mines in Lhis area are abandoned,
locals say mines were working up Lo 3 feet of coal, but now they
have mincd it oul, Baghanwala strike: N 60 W, dip = 12 NE, Tobra
strike = N AL W, dip ~ 29 NK.

Interval
thkns (ft) Rock code Deseriylion

50.0 + 360 Siltstona, red, interbedded with fince
burrowed zandstone, top 0.5 ft of Baghanwala
is iron stained.

Tobra Formation

2.0 45 Conglomerale, wilth highly weathered granile
and mixed rock Lypes, sand and mud malrix,
lJateral 8 fL thick sandslone scours inl.o
conglomerato.

Patala Formalion

3.0 7H0 GConglomerabe, predominately quarte clasls,
malrix supported, grain size fines upwards,
uppoer part. clean, quartz rich sandst.one.

1.5 038 Shaley Coal, with very thin (<! mm) silty
shale poarbings, weathered, lols of plant
fossils, noe apparent. rooting below.

3.0 121 Shale, dark grey, silty in places, plant
fragmenls bhroughout.

H.0 139 Shale, olive grey, forams.
106.0 896 ’ Shaley Limestone, fossiliferous, nodular,

mostly covered.

Scoetbion 13

Location: Lat 32/44/10N
Long 73/10/10F
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DabLe measured: 24 January, 1988
Scecelion is directly cast, norbtheaslt of Sidhandi, Baghanwala
strike - N 0 W, dip — 8 K.

Interval
thkn (J'l,) R()(.k (.od(‘ Dos,(,r i pl ion

Seclion starts in Baghnnwala Formation

50. 01 360 ‘il.u(ono red, with silty shales
interbeddod.

Tobra Formation

1.0 332 SillslLone, shale and fine sand
inLerbedded, light grey.

8.0 H41 SandslLone, yellowish grey, cross bedded,
medium to ceoarse grained, arkosic, scoured
base, friable, grain size fines upward.

1.0 332 Sillstone, light grey, with sand interbedded.
8.0 300 Siltstone, light olive grey, with pebbles,
pebbles of mixed rock type.
1.0 332 Siltstone, light grey, with sand inbterbedded.
1.0 511 SandsbLone, grey, flat bedded.
100.0 300/74h Siltsbone with boulders and pebbles, light

olive grey, mixed rock types, upper part
boulders of granite weathered and color
changes to very pale orange, section mostly
covared.

Pat.ala Formation

T.0 H41l Sandstbone, light grey, quartz rich, course to
meditm grained, quarts pebbles at base, scour
basae on Lop of Tobra, contains broad, low
anttle cross beds with internal dips of 3
deiraecs, upper part flat bedded and burrowed.

0.7 332 Sillstone, light grey, with shale and
sandstone shringers, burrowed.

H.O H48 Sandslone, light grey, medium grained,
generally flat bedded, burrowed.

1.5 750 Consgtlomerate, white, quartz pebbles, round, <
1 inch in long axis.
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6.0

0.4

1.0

20.0

Nammal Format.ion

20.0

Locat.ion:

b4l

332

511

332

541

332

511

123

547

000

996

Lat

Sandstone, lighl, grey, fine grained, upper
part pgenerally cleaner, Flat bedded, with
local small scale Lrough cross beds, burrowaed
throughout..

Sillstone, lighl pgrey, with shale and
sandsbone shLringers, carbonaceous, burrowed,
no apparent, rooting.

Sandstone, light grey, generally flal bedded,
burrowed, scour based, small tabular cross
bads at base and ripple marks in upper part,
mulbtiply scoared, individual units about b
ft. thick before scoured again and overlain by
the same sequence, pebble lag over scours.

Sillstone, Light pgrey, interbedded with
sandslone and shale, carbonaceous, burrowed.

Sandstone, prey, flat bedded to rippled,
burrowed.

Siltstone, light grey, interbedded with
sandsbone and carbonaceouss shale, burrowed.

Sandstone, grey, {lal bedded, rippled,
burrowed, plant malerial on bedding planes.

Carbonaccous Shalo.

Sandstone, grey, Fine Lo medium grained,
rool.ed, quartz rich, {flat boedded.

Carbonaccous Shate,

Sandstone, rrrey, rippled, trails along ripple
tops.

Covered.

Limeslone, fossiliferous, nodular.

Secltion 14

32/45 /56N



Long 73/19/00RK
Date mcasured: 28 January, 1988

Gocblon in cant of in lsolated outerop of Tertlary beds In NE
flowing nala. Baghanwala slrike = N18W, dip = 22NE.

Fl.. Rock code Description

Section starts in Baghanwala Formabtion

50.01 360 Sillstone, rad sandstone and shale
int.erbeddod.

Tobra Formation

H57.0 745 Conglomerale, ollve grey siltstone malrix,
with 2 (1 diameter mixed rock type boulders,
nat.rix supported, Lop weathered to lipght
green.

10.0 745 Conglomerale, very light grey coarse
sandstone matrix, pebbles and cobbles of
mixced rock Lype, matrix supported, cobbles
angular to subrounded, cross bedded, small
tabular cross beds NHOW.

7.0 511 Sandslone, grey, mcdium to coarse grained,
mixed rock Lypes, with shale partings, Sample
85-514--1.

Pat.ala Formation

5.0 H513 Sandstone, quarkz pebblesn, with shaley beds,
carbonacecous partings, rooted.

0.5 a2 Siltstone, dark grey, carbonaceous, sandy.
2.6 H44 Gandstone, quartz rich, medium grained,
massive, rooted at top, preserved small scale

duncs on Lop, Sample 85-S14-2.

2.0 038 Shaley Coal, with sandstone stringers, almost
50% sandstlone, locally mined.

10 H11 Sandstone, clecan quartz sand with scaltered
quartz pebbles, cross bedded, coaly stringers
al base.

1.0 124 Shale, dark grey, massive, scattered plant
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material.

1.7 369 Siltstone, grayish red, forams, slightly
calcareous.
3.5 139 Shale, lipght grey, slightly silty, forams,

slightly calceareous.

Nammal Formation

2.8 894 Shaley Limestone, with silistone, light greoy,
massive, with ostrea fossils.

30.0 996 Limestone, fossiliferous, nodular.

Kamlial Formatbion

100.01 H41 GandslLone, prey, cross bedded.

Seclion 15

Location: Lat 32/51/18N
3 hong 73/25/715E

Date measured: 5 February, 1388
Section is on norbthweslh side of Jogi 1Tilla, north of Pohti,
Baghanwala strike = N8LE, dir = HONW.

Tnterval
Lhkns (flL) Rock code Desceriplion

Sectiion starts in the Baghanwala Formation

50.0+% 360 Siltstone, red, interbedded with sandstone
and shale, appears to be more sandy than that
secn in proeovious sections.

10.0 330 Siltstone, wecathered greenish yellow,
interbedded with sandstone and shale.

Patala Formation

3.0 543 Sandstone, light grey, fine grained, flat
bedded, bioturbated, mottled, filled with
planl material and woody chips, coaly
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slringers, iron stained along joints, small
crevasse splay type sandstone, 30 ft wide.

2.0 038 Shaley Coal, wilth siltstone slringers, 5H0X
ash, no apparent rooting below bed..

2.5 134 Shale, lighl grey, no rooting.

9.0 124 Shale, dark to medium grey, coaly stringers,
lobts of plant, malberial, fissile.

1.5 123 Carbonnceous Shale.
13.0 332 Siltstone, lighl grey, interbedded wilbh

sandstone, burrowed, 3 zones of shale about
1.5 Ft. Lhick, equally spaced.

12.0 124 Shale, dark grey, massive.

1.0 224 Shale, dark grey, with limy nodules, massive.
1.0 801 Shaley Limestone, massive.

3.0 164 Shale, reddish grey, massive.

1.0 8941 Shaley Limestone, ostrea fossils, massive.

Nammal Formation
15.0 996 Limestone, fossiliferous, nodular.
Kamlinl Formation

H0.01¢ H41 Sandstone, grey, cross bedded.

Section 16

Location: Lat 32/50/0bN
Long T3/23/37K

Date measured: 6 February, 1388
Section is above Nara on south side of Jogi Tilla ant Malik bhost
Mohammad Mines, DBapghanwala strike = N85E, dip = 12N

Interval
thkns (ft) Rock code Daseription
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Section starts in Baghanwala Formation

50.0+

Patala Formation

3.0

3.0

0.8

1.7

3.5

Nammal! Formation

1.5

2.0

15.0

Kamlial Formabion

322/543

000

030

T42

030

742

333

332

124
801
124

174

439

BO6G

996

Siltstone, interbedded with sandstone, grey
to dark grey.

Covered contact of Tertiary and Baghanwala
Formations.

Shaley Coal, base not exposed, plant matcerial
mixed throughout in dull matrix, like
mixinite.

Sandstone, fine grained, with very rounded
clay balls less than 1 inch in diameter, more
silty than sand, Lthis is a split in the coal
bed, its thickness increases toward the NE,
upper split of coal decreases toward the NE.
Shaley Coal, burrowed throughout..

Silty Sandstone, with shale balls, very
rounded, same as below, lens shaped.

Sillstone, light, grey, plant material
throughout .

Siltstone, light ¢grey, sandy slringers, planl
mataoerial.

Shale, dark pgrey, massive.
Shaley Limestone, silty dark grey.
Shale, dark grey, massive.

Shale, grayish red, massive.

Calcareous Sillatona, wilh oslrea foanslla,
light frrey.

Shalcy Limestone, with nodules.

Limestone, forams, nodular.
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50.01 b41 Sandslone, grey, cross bedded.

Section 17

Locat.ion: Lat 32/48/00N
Long 73/06/00%

PDate measured: 9 February, 1988

Sect.ion is southwest of Choa Gang Ali Shah, up mining road Lo
sounthwest, Tobra making slope, Patala strike N62E, dip 30NW,
Tobra is in conlact with Jutana, no Baghanwala, may be faulted
out..

Interval

thkns (ft) Rock code Descriplion

Section starts al. base of Tobra Formation at contact (fault?)
with Jut.ana Formation.

95 . 0 A5 Conglomerate in siltstone matrix, malrix
greenish grey, boulders of mixed rock type up
to 1 fL in diameter, matrix supported, lols
of pebbles and gravel sized material, no
apparent bedding, upper part becomes flat
bedded and mixed with sand, almost no rock
boulders here, scalttered pebbles.

10.0 541 Sandstone, grey, fince grained, flat bedded.
35.0 T1h Conglomerale in siltstone and sandslone

matrix, some gravel beds up to 3 ft thick,
across bedded mostly matrix supported, massive

bedded.
Patala Formation
14.0 12 Conglomerat.c, quartz pebble conglomeral.c,

clean gyuartz sandstone, pebbles up to 2
inchas in diameter,mostly cross bedded, low
anglce cross bedding, some iron staining,
sharp scour base on top of Tobra, top is morce
iron stained, fewer quartz pebbles toward the
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Lop, fincr grained upwards.

1.0 337 Siltstone, light grey, mixed with fine
sandstone, roolted throughoutl.,, upper parl
carbonaceous.

1.2 123 Carbonaccous Shale, lower half silty, locally

mined, locnlly develops coaly stringers,
around 10 working and abandoned adits on

slope.

17.0 333 Siltstons and shale interbedded, plant
material mixed along bedding planes, small,
less than 1 inch depth, 2 mm wide burrows.

2.0 164 Shale, reddish grey, massive.
5.0 000 Covored.

Nammal Formation

20.0 996 Limestone, fossiliferous, nodular.

Saoction 18

Location Lat. 32/45%/156N
Long. T73/06/00K

Date mcasured: 10 February, 1988
Section is on road 0.5 mile from Saloi, Permian is very thick and
scours into Baghanwala, Baghanwala strike is approximately E-W,

dip is 1085.

Tnterval

thkns (L) Rock code Deseriplion
Saection starts atbt the Baghawwnla - Jubtana contact
53.0 360 Siltstone, red, interbedded with shale,

Baghanwala Lhin al this location.

Tobra Formalion

65.0 45 Conglomerate, sandstone matrix, boulders of
mixed rock type up to 2 ft in diameter,

H6



10.

12.

10

38.

.0

.0

0

2.0

Dandot

12.

10.

25.

o

0

0

0

745

715

745

A5

b41

332

Hal

232

mabtion 7

541

332

H43

claosts of Baghanwala, multiple scours,
becomes finer grained upwards into cross
bedded sandstone.

Siltstone, with cobbles and bouldcrs, grayish
grecn.

Conglomerate with sandstone matrix, olive
grecy, pebbles and cobbles of mixed rock type,
3-4 inch long axis, massive.

Conglomerate with sandstone and siltstone
inlerbedded, olive grey, sandstonce in lenses
up to 2 ft thick, cobbles and boulders
throughout,.

Conplomeralic Sandstone, cross bedded, upper
parlt mostbly sandstone.

Conglomerate with siltstone matrix, olive
grey, maltrix supported, with <1 ft Lhick
sandstone layers, cobbles and boulders mixed
throughoul,.

Conglomerate in sandstone matrix, with
cobbles and boulders mixed throughoul,, scour

basaed.

Sandstone, light grey, coarse grained, cross
bedded, with lenses of clay, c¢liff former.

Sillstone, light grey, flat bedded.

Sandstone, grey, coarse grained, flat bedded,
a few pebble lenses.

Siltstone, light grey, flat bedded.

Sandstone, grey, coarse grained, pebble
lenses, light olive grey, arkosic, flat
badded, brachiopod fossils, limestone clasts
up Lo 3 inches long.

Sillstone, light olive grey, wilh sandstone
slrinfreors less than 1 ft thick.

Sandstone, grey, interbedded with siltstone
and shale, Tlat bedded rippled.

Sandstone, yellowish grey, medium grained,
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flat. bedded, rippled.

8.0 332 Siltstone, yollowish grey, upper part
becoming sandy.

6.0 540 Sandstone, pale reddish brown, lateritic,
fine to silt size, massive, fractured.

Patala Formation

10.0 H48 Sandstona, grey, fine grained, quartz rich,
rippled, burrowed, flat bedded.

10.0 134 Shale, light grev, massive, mostly covered.

2.0 518 Sandstone, pgrey, fine grained, flat bedded,
burrowed.

5.0 124 shale, dark grey, massive.

Nammal Formation

20.0 000 Covered, Nammal float.

Section 19

Lhocation: Lat 32/43/55N
Long 72/43/25E

Date measured: 19 February, 1988

Section al, the head of Sohai canyon on west side around corner
from spring and mill housec.

Inteorval
thkns (ft) Rock code Description

Scecetion starts in Sardhi Formalion
20.0 000 Covered.

Patala Formation

5.0 070 Laterite, pisolitic, base not exposed.

0.5 124 Shale, carbonacecous, plant material on
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bedding planes.

5.0 322 Siltstone, dark to medium grey, calcarcous,
sandy stringers.

12.0 432 Marly SiltsbLone, with limestone nodules,
forams and mollusk fossils in upper part.

Nammal Formation

30.0 896 Shaley himesbone, fossiliferous, nodular.

Sceoetion 20

Location: Lat 32/38/40N
Long T72/35/45F

Dat.c measured: 2 March, 1988

Seclion is on northwest side of Nila Wahan, on the point on Lhe
north slope of big tributary to northwest, Tertiary Hangu
Formal.ion overlies Permian Sardhi Formation, beds bave slight
dip.

Interval
thkns (ft) Rock code Description

Section slbarbls in Sardht Formalion

50.01 360 Siltstone, grayish green to brownish red,
shale and sandstone interbedded, cherty »nd
calecareous lenses.

Hangu Formation

22..0 H4al Sandstone, very pale orange, wmedium grained,
gencerally clean bul not quartzose as Patala
basal sandstone, scoured base, tabular cross
beds and ripples, individual beds up to 6
inches thick, becomes massive towards Lop,
coarsening upwards grain size, upper part
thick bedded and micaceous, Sample $5-520-1.

3.0 323 Siltstone, medium grey, with some sandy
lenses, carbonaceous material throughout..
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5.0

10.0

13.0

Lockhart Limestone

15.0

40.0

541

543

541

H141

894

996

Sandstone, prey, medium grain size, flat
bedded with ripples, crevasse type sandstone.

Siltstone, dark grey, shaley at base,
carbonaccous and sandy layers.

Sandstone, f[lat bedded, rippled, small cross
beds, same as below.

Siltstone, grayish orange, flat bedded,
micaceous, uppaer part becoming glauconitic,
limy lenses up Lo 6 inches thick near Lhe
base.

Sandstone, dusky yellow, medium grained,
glauconil.ic, micaceous, massive bedded, may
be burrowed, Sample SS5-520-2.

Sandstone, greenish grey, with shale
interbeds, flat bndded, micaceous material
along bedding, glauconitic.

Sandstone, dusky yellow, medium to coarse
grained, somc small pebbles up to 2 inches
thick, flal bedded.

Sandstone, grey, with shale interbeds, some
iron stains on beds, micaceous.

Sillstone, fgreenish grey, micaceous, iron
stainsg throughoul,, c¢lay balls in matrix likc
those at Jogi Tilla, sandy lenses, some
lateritic textures.

Sandstone, dusky yellow, calcareous, massive
to flat bedded, some small cross beds, lower
1 ft bhas shale rip clasts, lower part iron
stained, glauconitic, upper parl burrowed.

Shaley Limestone, grayish orange, mollusk and
forams, generally massive but some nodules.

Lihestone, grayish orange, forams and mollusk
in upper 10 ft, nodular, marl between
nodules, upper part becoming shaley.

Limestone, fragments of shell debris, cherty

layers, jron nodules, massive, strike = N48E,
dip - 34NV.
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Patala Formal.ion
30.0 0000 Covered shale.
Nammal Formation

50.0+ 996 Limestone, fossiliferous, nodular.

Section 21

Location: Lat 32/37/4A5N
Longs T2/31 /00K

Date measured: 3 March, 1988

Hectlon measured in incline of PUNJMIN PJ-PCP-1 mine near PAIllL,,
at, this Jocation Chor Gali Vormation is 0-98 ft, Sakesar is 98--
288 ft, Nammal is 288-398 ft, Patala is 398-474, Lockhart is AT44
fi.,, Lthe coal bed is a' 167 L below surface.

Interval
thkns (ft) Rock code Description

Section starts just below conl bed in Fatala Formation.

4. 5+ 124 Ghale, dark grey, with limestone nodules up
to 6 inches in long axis and 2 inches thick,
friable and mottled, burrowed at places, lols
of plant material, no rooting seen.

1.1 021 Coal, bright and dull bands, pyrite fills
burrows in upper parl of bed, al places coal
is up to 2 ft thick and split by olive grey
shale, Lhis parting thickens toward Lhe
north, siandstone roof towards the south,
Sample PJ-PCP-1.

3.2 332 Siltstone, with quartzite sandstone slringers
mixed throughout, flat bedded.

3.0. 124 Shale, dark grey, massive, Sample SH- PJ--PCP-
1.
2.0 323 Siltstlone, dark grey, massive.
25.0 121 Shale, dark grey massive.
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3.0 994
3.0 124
Nammal Formation

30.0+ 991

Limestone, fossiliferous, massive.

Shale, dark grey, massive

Limeston~, fossiliferous, massive.

Section 22

Location: Lat 32/38/156N
Long 12/31/20E

Date measured: 3 March, 1988

Seclion in PUNJMIN’s new mine, PJ-PCP-2, north of PJ-PCP-1, and

is near drill hole

Interval

PJ-16.

Lhkns (ft.) Rock code Descriplion

Section starts in the Patala Formabion below the coal bed.

4.0 994
0.2 124
4.0 991
5.0 894
5.0 894
5.0 124
1.5 124
1.9 037
2.0 323

Limestone, lorams, massive, top of Lockhart?
Shale, dark grey, massive.

Limestone, fossiliferous, massive.

Shaley Limestone, with forams, massive.

Shaley Limestone, with forams, massive, same
as below bul with more shale.

Ghale, dark grey, massive, limestone nodules
and bands Loward base.

Shale, dark grey, massive.
Shaley Coal, wilh shale stringers, bright
stringers up to 1 inch thick btoward the top,

Sample PJ-PCP-2A.

yiltstone, dark grey, with quartzite
sbringers Jass than 1 em Lhick, burrowed,
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pyrite filling burrows, shaley towards top.

0.3 037 Shaley Conl, with bright stringers and bright
bands 2-3 cm thick, Sample PJ-PCP-2B

0.5 027 Coal, with shale stringers less than ! cm
Lhick, burrowed, with pyrite filling burrows,
Sample 'J-PCP-2B, sample combined wilh lower

unil,.

5.0 338 Sillstone, light grey, sandstone stringers
becoming more common upwards burrowed
throughout..

8.0 124 Shale, dark grey, massive.

3.0 234 Shale, calcareous, light grey, massive.

Nammal Formabtion
100+ 894 Shaley liimestone, fossiliferous, massive.

Seclion 23

Location: Lat 32/37/25N
Long T2/29/15KE

Date measured: 4 March, 1988
Section is from outcrops Jusl easl of Pail.

Interval
thkns (ft) Rock code Desceription

Section starts in Amb Format.ion.

35.0 549 Sandstone, calcareous, grayish orange, very
fine grained, fossil fragments, brachiopods
and bryozoans throughout, flat bedded to
rippled, bed sclts up to 1 ft. thick, base more
micaccous bthan top, weathered break in
outerop bar beginning of Tertiary, Sample 55~
823 1.

Mangu Formalion



36.0 541
5.0 541
H.0 124
2.0 070

15.0 544
5.0 332
H.0 124

Lockhart, Limesntone
43.0 996

Pat.ala Formalion

156.0 000
18.0 124
5.0 224

Nammal Formation

15.0+ 994

Soandstone, grayish orange, fine to medium
grained, slighbly calcareous, generally flat
hedded, upper part. has large tabular cross
beds, tLop is burrowed, friable, Sample 55~
$23-2 taken from near basc.

fine grained, wilh
flat bedded and

rayish orange,
calcareaeous,

Sandstone,
shale stringers,
rippled.

Shale, dusky ycllow, massive.

grayish pink, siltstone and
pisolitic, iron stains,

Laterite,
claystone matrix,
fractured.

Sandstone, lighL olive grey, medium to coarse
grained, quartz pebbles at base, plant

fragments throughout, massive to flat bedded.
sandstone stringers,

Siltstone, reddish grey,

weathereoed.
dark mansive, partly covered.

Shale, groy,

Limestone, fossiliferous, nodular.

Covered, shale, dark grey, mining activity in
this parl of slope.
massive.

Shale, dark grey,

Marly Shale, dark grey, with limestone

nodules.

Limestone:, fossiliferous, massive beddoed,

parltly covered.
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Scect.ion 24

Lecaltiion: Lat 32/36/50N
Long 72/3b5/5bRE

Date measured H March, 1988

Geclion is in first major side canyon Lo west out of Nilla Wahan
near COR-3, secbion parbly covered.

Tntborval
Lthhna (1F'L) Rock code Desceriplion

Soeclion starbs in Gardhat Formallon

250 160 /333 Siltntone, pale orange, beds about 3 ft thick
allnarnaling with shale, shale very dusky red
purple, up to 6 L thick, mottled.

6H.0 1818 Covered. contacl of Permian ~ TerlLiary
coveroed.

Hangu Formation

10.0 h11 Sandslbone, very light grey, medium groined,
moderntbely sorted, micaceous capecinlly nt
“ - sbale breaks, tabular cross beds, shalo and
carbonacecous shale interbedded at breaks up
Lo 4 FL apart, plant material throughoul,,
from tabular cross beds -~ S15E - palecocurrent
reading.

35.0 511 Sandsbone, grey, medium to fine grained, flat
bedded, burrowed throughout.,, upper part
rippled.

5.0 332 Silttstone, Llighl grey, rippled, flat bedded.

A0 121 Shale, dark grey, silty, sandstone stringers,
plant, material throughout,, massive.

9.0 541 Sandstone, grey, medium to fine grained,
cross bedded, rippled, small tabular cross
boeds, bop burrowed.

2.0 070 Laterite, red nodules.

1.0 | AN carbonacoous Shale.

3.0 131 Thale, lLight grey, silLy, plant. material

Lhrrougthoul. .
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16.0 HA41 GCandstone, moderal.e olive brown, coarse
rrained, pobbles of quartz and shale, cross

beddaed, ivon sbained bthroughout.,, pisolitic
slt.rucbures in zoney up Lo 1 £t thick, probably
shale rip <lasts, Finer grained upwards,

“ sharp sconred base.

.0 332 Siltston~, moderate olive brown, sandstone
shbringors

Ivebhart. Limestone and Palala Fermalion

H0 U0 000 Coveraed.

Above thicknesases astimnted.

15.0 124 Shale, dork pgrey, plant, material Lhroughout, .

5.0 A Shate, ight, grey, with limeslone lenseors,

mnssivoe.

Hammal Formeabion

200 394 Shaley fiimestone, fossil
flat bedded.
30.0 996 Limnsloae, foscilifoerous,
H0 .0 394 Limastons, fossiliferous,
Seclion 25H
Location: Lal. 32/35 /40N

Long 12/35 /00K

Date measured: 6 March, 1688

Seclion is wosth of Nila Wahan avlongs the

Int.orval

Lhkna: (fL) Rock code Desceripbion

Toctbion sbarbs o Amb Formal.jon

66

soul.b

iferous,

nodular.

massive.
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10. 0} 891 Arcnncaous Limeslbone, yaellowish groy,

silbly,

bryoroans and brachliopods mixed Lhroughout,.

Hongo Forenbion

1'7.0 (4] Calareous Sandsbone, yoelloaish grey,

mad ium

Lo MNine grainaed, fossi l iferous, burrowed,
amnl) sceale cross beds, Lop ri ppled, roeworked

Poermian Fragments 2.

410.0 Hhat Hoandstone, very lighl grey, modinm Lo

fione

grained, cross bedded Lhroughout, mulbiplo
seours, btabular sels in Jower 10-15 1t
rades uapuards in !;o ripples, then scoured
aFain, wibth 20 €L of tabular cross beds and
ri x)pl-!:'. al. Lop followed by anolboer scour and

[ FYRSRISI T
‘f'vmn 9%
6208 ¢

(9]
bular cross boeds: S60W, NLHOW,

i
H
5

s sequence, paleoflow measurementls
S10W,
154, S10W, S10W, SHW, SLE, .s;.r)uw.

50 H43 Sandslone, very light grey, silty layors,

flal bhadded.
an 124 Shale, dark pgrey, with planl, material.
Lo hinel, Biimestone ansd Pabala Pormabion
vh O 0N Coverevd, dTocal mining into bLhis slope.
Hammn ] Formalb.ion

I NRAR an( Limastone, lossililerous, nodular.

»~

o bion 26

Laocal.ion: Ll 37 "S‘)/l BN
Long 12/28/108k

Doty mensured: Y March, 1988

-

Secbion (g aanl of Pail Knshab road in Katha Collieries

)
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Intorval
Lhkns (fL) Roch code Pesceriplion

Decbion sbarte in Ambh Formation.

14 0 891 /14314 Calearcons Sitbatone, grayish ovange, [lat
bhedded, small obular eross beds al. placos,
bryozoianas in vicces ab base, massive.

Hango Formatl ion

2.0 U Candslone, darl reddish brown, iron stainced,
massive.,

n.8 334 Siltasbone, very lipht grey, pisolitic,
maLited, thickness varies up Lo 2 L thick.

A b HA4 SandstLone, darh reddish brown to pale pink,
fina to medivm grained, mottled to burrowed,
massive.

200 haa Sandstone, pgrayish orange, fine o medium
prained, noncalearcouns, rippled, burrowed,
coverced ab places.

1A 0 Hat Sandalons, voery light grey, coarse Lo medium
pratoned, vory olean, quarbzose, pebbles of
quarlyz, caloareous, poorly sorbed, with iron
rich lavers, burrowed in places, cross
bedded, tabular forsets up Lo 2.5 i thick
which arce laterally conbinuous for H-10 {4,
paleocurrent readings from tabular cross
boeds, S25%W, ObLE, HALHW.

37.0 518 Sandstone, lighl brownish grey, fine to
medium grained, burrowed, silly clay mabtrix,
noncalcarcous, flat bedded.

8.0 343 Giltsbone, light brownish grey, flat bedded,
wilh sandsltone streaks.

6.0 333 Silisbone, wilh lenses of massive,
fossitifovous, shaley limestone up to 0.5 ft
thick.

Lockhart Limesbone and Pabala Formation

70.0 81414 Cavered, mines on slope.

Mammal Foysabtion

1000 ga4 Limestone, fossiliferous, nodular.
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Seaotion 27

Leeation: Liat 32/34/45N
hong 12/28/5H0R

Date measured: 20 March, 1988

Sceclbion is from outcerops east of Pail - Kushab road, along Kalha
Collieries road toward Lhe soulh end.

Interval
Lhkns (L) Rock code Deseriplion

Section sbarts Iin Amb Formation
T8 01 894 GilLky Limestone, massive bedded, fossil

frapmenls, brachiopods throughout,, generally
flat. bedded, arenaceous.

Hangu Formation

10.0 HAU Sandstone, prayish orange, medium Lo coarse
srainced, iron stained, burrowed, partially
covered.

340 h4at Gandsbtone, grayish orange, medium Lo fine
prained, poorly sorted, calcearcous. gencerally
flat bodded, with some small scale cross
bedding, Ltabular ¢ross beds <1 fh Lhick,
friable,

3.0 333 Sillsbone, grayish orange, calcareous
sandslone stbringers.

Lockhart Limestone

5.0 894 Silly Limestone, fossiliferous, massive with
some imestone nodules, parbly covered.

300 996 Limestonne, fossiliferous wilh forams, nodular
bo masaive.

Lockharl, Limestone, Patata Formation, and Nammal Limesbone

50.0 000 Coverod.
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Sention 28

Location: Lat 32/35/50N
Long 12/27/15F

Date measured: 21 March, 1988

Seclion is from ouberop of Haongu Formalion along Pail Lo Kushab
road, base of Hanpgu not exposed, scee CSR section for total
thickneass, mensuremenl, starlks from road level.

Intorval
Lhkns (fL) Rock code Dosceriplion

Section sbarlbs in Hanpgua Formabion

14.0 511 SandslLone, irayish orange, fine grained, flat
badded, burrowed, massive, iron stains along
Joinls, upper part. conbains sets of flat beds
up Lo 6 inches Lhick.

Hhob HAQ Sandsbone, srey, ine grained, interbedded
wilh shale, hurrowed, motbled, rippled, plant
malerial, iron sbained along (ractures.

13.0 544 Sandstone, dusky yellow, fine grained,
calecarecous, mollusk shells, massive, becoming
pgreenish Lbowards Lhe Lop.

2.0 H43 Handasbtone, dusky yvoellow green, with shale
inLerbeds, becoming more shaley upwards.

Lockhart, Limestone

30.0 896 Shaley himestone, Lurrabtella, ostrea,
pelocypod fossils abundant, nedular.

76.0 996 Limeslone, gasbropods, pelecypods, partly
shaley, nodualar.

Lockharl Limestone, Pabala Formation nnd Nammal Formation
100.0 nao Covoered.

THh.o0D 996 Limeslhone, fossiliforous, nodular.

0



Seclion 29

Location: Lat 32/31/556N
Long T2/23/3bh

Dale measurced: 24 March, 1988

Soection is soulh of Arara on SW side of landmass thal divideaes
Arvara and Chambalwalan NMalan, secction is mostly coverced due Lo
Lavlus.

Intaerval
Lhikns (L) Rock colde Deseriplion

Seceliion stbarbs in Wargle Formabion
50.01 991 Limoesbone, brachiopods, massive.
Hangu Formation

5.0 070 Laterite, maroon red, pisolitic, fine grained
mat.rix.

13.0 H41 Sandstone, dusky yellow, medium grained,
mal.rix rich in clays, generally flat bedded,
mobttled, burrowed?, slightly calcareous,

becoming pgrecnish upwards, Sample 8§5-S29- 1.

Lockhart, Limestono

2.5 naq Limestone, dusky yellow, fossilifTerous, sea
urchin spines? up to 1.5 inch long and 0.5 cm
diameler, obher shell debris, massive, silty.

15.0 896 Shaley Limestone, dusky yellow, marly,
fossiliferons, partly covered.

Patala Formation

36.0 LAl Sandstone, light grey, medium grained, quarts

rich, cross beddaed, Lower 10 ft has low angle
suby horizonlal cross bedding,

mullidirectional, dip on c¢ross beds 220 25
doeprens, sols vup Lo 2 £t thick, middle 10 L
has targe low anggle cross beds, tabular cross
boeds, sels np to 5 It Lhick, scour basces, Lop
is burrowed and rooted, paleocurrents {rom
tLabular crans bedas: S6bE, SOF, NSOE, H8LE,
SB0LW, S3HY.



hoO 548 Sandstone, lVighl grey, medium grained,
quarlLzose, burrowed, partly covered, coal
mones hare?

15 0 000 Covoraed, Palala shale,
Nommnal Limestone

50 .00 996 Limestone, lTossiliferous, nodular.

Sechion 30

Loeation: Lat 32/27/45N
Long 72/11/25E

Date measured: 28 March, 1988

Scation is SW of Kalhwai on isolated ocuberops of Tertiary west of
the road.

Inlerval

Lhhnas (L) Rock code Doscription

Section starbs o Mianwall Formalion. This is the first
appearance of Lhias formalion in Lhis area (moving westward), the
scelbion is vory thick, (>100 L), and is above Wargle Formalion.

LD 394 Shaley limestone and silty shale interheddaed,
Jusky yellow, fossiliferous, full of
amenilics, polecypods and cerynoids, medium
beddead.

ingn Formabion

3.0 H41 SandsbLone, reddish brown, medium grained,
Iateritic al. places, very heavily iron
stainnd.

4.0 H41 Sandstone, dusky yoellow, fine grained, small
seale tabualar oross beds al places, massive
to flat boedded, moslly burrowed.

6.0 17241 Shaleae, dark prey, carbonaceous Lhroughout,,
sillstone oand sandsbone slringers, iroustone

nodunles in lavers, Sample SH-830-1.

1.0 HA8 Sandslhone, prey, fine grained, almost
quartrose, hurrowed Lhroughout.
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2.5 323 Siltstone, dark grey, shaley, carbonaccous,
burrowed.

2.0 123 Carbonaceous Shale, with shaley sblrivnger:s,
waatheraed, gypsum veins.

1.0 332 SilbsbLone, light grey, wilth sandstone
stringers, carbonaceous, burrowed.

12.0 123 Carbonaccous Shale, shaley beds in places,
shale baeds up Lo 1-2 inches thick.

4.5 323 Siltatone and Shale inlerbedded, sillstone
has sandy layers up to 4 inches thick, shale
is carbonaccous.

6.0 121 Shale, dark grey, carbonaceous, with silty
stringers, massive.

1.0 323 Siltstone, dark grey, carbonaceous.

1.0 234 Shale with limeslLone nodules, light grey
nodules up Lo 2 [t long axis, massive.

8.0 124 Shale, dark prey, plant material throughout,
wilh oceasional siltstone stringers.

2.0 234 Shale wilth Jimestone nodules, lLiphl groy,
nodules up Lo 2 L long axls.

6.0 124 Shale, dark grey, carbonaceous abt places,
massive.

6.0 333 Silblstone, lighl grey, sandslone stringers,
Lovier 0.7h fL iron stained, fine carbonacecus
maberial mixed Lhroughout.

1.5 124 Shale, dark grey, carbonaccous, massive.

2.0 333 Sittstone, light grey, sandstone sbLringers,

carbonaceous at places.
Lockhart Limeslone?
5.0 806 Shaley Limestone, nodular.
13.0 124 Shale, dark grey, massive.
Patata Formatbion
20.0 H11 Sandstone, light grey, fine Lo madium

Ty



prained, quarbrzose, tabular bedding up Lo 2
ft thick, becoming flat bedded and burrowed
. upwards.

5.0 548 Sandstone, light grey, fine grained,
quartzosce, flal. bedded, burrowed.

8.0 543 Sandstone, interbedded with silty shale,
light grey, sandstone burrowed, sand is
quartzosce and fine grained, flat bedded.

3.0 332 Siltstone, lighl grey, interbedded with
sandstone, sand is quartzose.

12.0 541 Sandstone, light grey, medium grained,
quartzose, lat bedded to cross bedded at
places, burrowed, in upper part, top is iron
stained.

5.0 :;33 Gil Lstone > 1 i {}ht rey, .‘)alldst()l'le 3 l‘.r,i ngers,
=]
bu rr owed s more .‘)'l(-l 1.(.‘5’ upw:.lrd.)‘ -

3.0 894 Shaley Limoestone, massive o nmodular, forams,
gastropods, turral.ella fossils.

12.0 124 Shale, dark pgrey, carbonaceous at places,
Sample G 0302,

10.0 124 Shale, dark grey, massive.
15.0 000 Covered.
Nammal Formation

30.0 9941 Limestone, full of forams, flat bedded.

Seclion 31

Loecat.ion: Lat 32/3[/40N
Long 7T2/03/26K

Date measured: 6 April, 1988

Sect.ion is along abandoned road from Kathwai to Kuralli about 2
km south of Uchali, mcasuremaent. From south 1imb.

Interval



thkns (ft) Rock code

Dosceription
Soclion abtarls all lateribe anl base of Hangu Formation, sbrala is
tiphtly folded

5.0 070 Laterite, maroon red, base nol. exposed,
pisolilLlic, iron rich throughont.

2.0 134 Shatlo, whilte, bauxite, massive.
Lockhart, Llimaestone?
AL 0 139 Calcearecous OiltsbLone, dusky yellow,
fossililerous pelecypods, shaley at, placoes,

dip changrrs al, Lhis place due to fold,
thickness may be affecled.

2H.0 239 Calearcous Shale, dusky yellow,
fossiliferous, with limy silbty lenses up to 2
ft. thick ol places.

Patala Formation

1'7.0 124 Shale, dork grey, massive, a few limy lonses,
silty at places, burrowed, Lower shore face?

23.0 543 Sondstone, interbedded with shale, groy,
quartzosn sandstone, burrowed, middle shore

face??

320 HA1 Sandstone, light grey, cross bedded to
massive, upper shore face?

3.0 H48 Sandstone, pgrey, cross bedded, quartizosco,
lots of carbonaceous material, burrowed
throughoutl,, generally flat to small scale
cranss beds.

8.0 124 Shale, dark grey, carbonaceous mater
throughoul.,, massive.

1.0 H48 Sandstone, light grey, quarlzosce, burrowod.
oon 1214 Ghale, greenish dark grey, massive.
1.0 4139 Calcareouns sillstone, with limestone nodules,

du~ty yollow, forams and shell debris.
33.0 12 Chale, dark grey Lo greenish olive, wilh 3

intorbeds of thin silty limestone, limestone
Jenses ap Lo 1 L thick.
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Nammal
3.0

0.0

Local.ion:

Date mecasured:

Section
Colliery, Mine No.

139

Limestone
896

996

Calcareous siltstone, dusky yellow, forams

and shaell debris, rippled to small
cross bedas, burrowed.

Shale, dnrk grey Lo grecnish olive,
few interbods of limy siltstone.

scale

with a

Shaley Limestone, fossiliferous, nodular.

Limesbone, fossilifeorous, nodular.

Section 32

Lat, 32/14/45HN

Long 11/43/00R

12-13 April, 1988

is in nala N of Buri ¥Fhel at. Mohammad Aslam Khan Belall

Interval
thkns (ft) Rock code Descriplion

Secbion

K. Ot

starts in

XXX

Tobea Formalbion

34.0
oh
30.0
0.5

ab

541

TAD

745

3

Saline Serios

Salt/Gypsum, interbedded, fault contact with

Tobra Formal.ion.

Conglomoeral.e, pale red, mud matrix,
of granite and mixed rock types of

boulders
chert,

black quartaile, and MRFs up to 3 ft in long
axis, mostly cobbles and pebbles, matrix

supported, no bedding.

Sandstlone, yollowish grey, coarso L

o medium

grain size, flat Lo small tabular cross beds,

conglomeratic bowards top.
Conglomerale, pale red, mad matrix,
size granile and mixed rock types,
supported.

conglomerate, sandstone matrix, yel

(L

cobbla
matrix

lowish



grey, cobblos up Lo 4 inched in diametor,
matrix supported.

1.5 H13 Sandstbone, yvellowish grey, fTine grained, wilh
shale interbeds, rippled.

85.0 TAH Conglomerate, mud matrix, pale red, boulders
at bnse up bo 3 ft in long axis, mabrix
supporled, mostly cobble Lo pebble sirze mixed
rock types, lTongg axis of cobbhltes parallal to
bedding.

3.1 T4h Sandstone, yallowish pgrey, cross boedded,
pebbles and cobbles mixed, Fining upwards
geain sine, scour based, mabrix supportoed,

4.9 1Y Pebbily Sandstone, yellowish grey, pebble
suppotrlbed, sandstone matrix, pebbles wilh
random oricntation.

3.0 HA1l Sandslone, yellowish grey, fine to medium
grainad, shale inlerbeds, small scale cross
bads.

27.0 TASH Conglomerale, sandstone mabrix, yellowish

groey, pebbles and cobbles near base less than
5 inches din longe axis, grain supported, upper
part. is sandstone, and matrix supported,

pebbles in upper part, generally flal., bedded.

31.0 745 Conglomerat.e, maud matrix, pale red, malrix
supporbted, pebbles and cobbles mixed
throughoul. .

2.5 H11 Sandstone, yellowish grey, fine to medium
grained, massive.

21.0 745 Conglomeral.e, mud matrix, pale red, matrix
supporbtad, pebbles to cobbles in matrix.

3.0 45 Conglomerate, sandstone matrix, yellowish
troy, houlders, cobbles and pebbles, poorly
sorbed, pgrain supported at places.

310 A% Conplomoerate, mad matrix, pale red, matrix
suppot bad, pebbles to cobbles mixed
throughout..

8. n HA1l Gandstone, voellowish grey, mediom Lo coarse

prained, pebbles al places, cross boedded,
sceour based, mosbLly flat bedded.

N



27.0 4h Conglomerale, mad mabtrix, medium grey, matrix
) supported, pabbles and cobbles mixed
throughout., some volcanic pebbles and
cobbles.

J.0 a5 Conglomerate, sandstone matrix, cobbles and
pebbles.
22.0 124 Shale, dark pgrey, carbonate lenses up Lo 1

inch thick, become silty upwards.

2.0 H41 Sandstone, grey, medium to fine grained,
rippled to small scale cross bedded.

360 124 Shale, dark grey, siliy sbringers.

60 .0 TAhH Conglomerate, sandslone supported, matrix
supported with cobbles and boulders mixed
throughout., at places becomes flat bedded to
rippled sandnbtone, sandslone coarse grainoed,
uppecr 10 ft with boulders up to 3 ft in
djameter.

21.0 (4% Conglomerat.e, mud matrix, matrix supportoed,
medium grey, pebbles and cobbles mixed
throughout. .

8.0 b4l Sandstone, grey, medium to fine grained,

shale interbeds up Lo 3 inches thick,
pencrally Ciat bedded.

23.0 715 Conglomeratn, muad supporled, medium grey,
cobbles and pebbles.

3.0 020 oal, dull, shaley, highly fractured,
thickness varies, up to 6 ft at places,
squeezned and faulbed, hard to get true
thickness, in mine Sample: BK-MAK-1.

1.0 TA4H Conglomerate, mud matrix, medium grey, grain
supported.

Warehha Formation

10.0 TAL/H41 Sandstone, conglomeratic at places, yellowish
grey, coarvse grained, flat bedded to massive,
lenses of conglomerate with cobbles up Lo |
ft. diameter, multiple scoured, matrix
csupported, upper part moslly coarse grained,
with flat beds and small scale cross beds.

46.0 Hha Sandstone, pale rod, coarse grained, pebbly
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al places, broupgh and tabular cross beds,
fining upwards grain size, channel Lype
sandsbonors.

19.0 323 Sillsbone, greenish red, shaley becoming
finer grivined upwards.

70.0 541 Sandslone, pale red, coarse grained, Lrough
and tabular cross beds, scoured base, uppor
part. with shaley interbeds at places and
pebbly layers, cross bedded throughout..

20 0 322 Siltsltone, pale red, with sand and shate

inLoerbeds, pebbles at places, sandslone beads
ali tap, up to 2 ft thick.

61.0 511 Sandstone, pale red, coarse grained, pebbly
alt places, massive.

200.0 HAZD Sondslone, pale raod, coarse Lo mediom
prained, inbtoerbedded with silty shale,
predominonbly sandstone, flal bedded Lo
Labualare cross bedded, sandstone unibts up Lo
20 ft. Lhick, pebbles at places, occasional
shale inbLerbeds up to 3 t thick.

Sardhni Formation

120.0 332 Sillstone, yellowlish grey, with Interbeds of
cross bedded sandstone up to 15 ft thick,
probably faulted, thickness estimated.

Amb Wargal Formation

50.01¢ 900 Limestone — dolomite.

Sceal.ion 33

Location: Lat 32/38/25N
Long 7T1/48/101k

Date measnred: 14 April, 1988
Secltion is south of Nammal Goreo and Mianwali road, norbth of
Chiidru, Permian coal localily, base of Tobra Formation in faull

contant, wibth Saline Soprian.
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Intervval
Lhkns (L) Rock codo

Scecbion

50.01

starls

XXX

Dosceriplion

Galine Seriea,

Satt

Tobra Formation (fault contact wilh salt)

Ah.

19

4.

60 .

10

o268

“
e

25,

0

L0

0

0

0

0

0

0

0

.0

V3

Hhal

TAH

hat

T4h

TAH

T4

1h

333

145

TAH

Conglomerate, pnlae red, mud matrix, malrix
supporbted, boulders and cobbles of mixed rock
type, mostly granite and black quarlzite,
occasional voleanics, limestone and green
mobamorphice rocks.

SandsbLone, yallowish grey, modium grained,
cross bedded, small seale tabular cross beds
and ripploes, sharp scoured bhase.

Conglomerantc, pale red, mud matrix, matrix
supporboed, «ome e below.

Sandslone, vellowish grey, massive to
ripploed, stipghlly calcareous,

Conglomerante, mud matrix, pale red, same as
below.

Conglomerate, sandstone matrix, yellowish
groy, sandatone medium Lo coarse grained,
pebble lenses up Lo 4 L thick throughout,
scoured baosad.

Conglomcrale, sandstone and mud malrix, pale
red to yellowish grey, sandstone lenses up to

2 3 fL Lhick, conglomeratic throughoult..

Conplomerate, pale red, conglomeratae, cobbles
throughout, .

Congrlomerate, sondstone maltrix el lowish
1 ’ ’
grey, massive, poorly sorbed.

SiltslLonn, medium groy, flat beddaed, no
pebbles.

Conpglomerale, mud mabrix, medium grey,
cobbles ard boulders.

Conglomcratoe, sandstone matrix, yellowish
grey, medium Lo coarse grained, cross bedded
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2.0

0.8
v

0.8

0.1

Warebhhna

280
H.0
3.0
1)

Y0 0
oon

1h

332

020

123

037

1134

037

Ho

i)

Loy

fow

Lo massive, cobbles and pebbles throughoul..

Conglomer nle, medium gray, mud matrix,
pebblos i mud maleix.

Siltataone, light grey, wilh sandstone
sbringers, scealbered small pebbloes, no
apparenl. rooting.

Conl, doll, shaley al. placos.

Carbopncerns shala, conly slringors ap Lo
inch Lhick,

Shaley conl, shale stringers ap Lo 7
f.llir"-:_

Haystone, pinkish grey, very soft, friablo,
tonslLein?, squeearncd and not in a conti

Tavaor, Shmple TON-$33.

Shaley Coal, with shale slhringers.

Coal and corbonaceous shole bed Faunllod i tbh

inches displacemenl, and irregularvly

s

145

TAh

Farmat.ion

511

y )
B R R

AL

2o

A%

I8 MR8

Copplomer e, boulder beds, boulders up Lo
Froobong nxieg,

Complomerabe, sondsbone malbrix, yollowish

rov, cobbles and pebbles througshout, matvix

and pgraie supporvtoed.

Sandsl ane, yellowish groy, coarsce Lo mediom
grainod, oross bedded, scour base.

Sittastone, medium grey, wilh sondy lensos.

Conglomerate, sandstone matrix, pale ved,
conrse gravined, small cobblas Lhreoupthool
Sittsbhone, medivnm grey, with sand lenses,
Complomerate, wilh g
rod, cross boadded,
pehihv]y .

sandsLone malrix, pale
abular cross boeds?

v

Siltstons, mediam pgrey, wilh sandy Pengos,

81

inchas

nueelns



i

9

0

A

5

0

:..(’

hA

322

Hal

27

% I

SandsLone, prey, medium Lo conrse grained,
crons beddsd Lo 1ok, tabular cross beds uap
o 3t Lhick.

Sitlstone, mdiun srey, wilbh sandstone
lensos.

Sandstone, peny, coarse Lo medium grained,
small Labutlar cross bheds Lo ripples, oreovasee
Ltype sandsbone,

Qiltabtone, mdium pgroy, wilh sandsbonoe
lenses.

Sandstone, medinm grey, modium bo ine
grained, intss b tded wilh siltbstbtone,
sondslone bheds ap Lo 2 L l i( k, rlppl(\d and
fiat boeddod, apper part of qelLion faulled
and dip chaveas, and (‘-(‘ilon here



ORSKERVATIONS
12 December, 1988

Mine visit. Mehr Nazar and Company, Mithathhoi area, Lat.
32/43/40N, Long. 73/16/25E, mining along fault, working
along previous British workings, much packing material in
mined-out areas, dip is very high, appx. 45 degrees, mine
follows dip, Patala is mostly silty sandstone with many
burrows, coal occurs as lenses surrounded by silty material,
coal zone total is about 3 ft thick, but best coal is at
base, coal consist of woody lenses surrounded by burrowed
siltstone, at the base of the zone is 8-11 inches of bright
woody coal overlain by sandy coal, coal is reported to
thicken laterally, but this area is now mined-out.

Ft Rock Code Description

Floor 328 Siltstone, dark grey, burrowed.

0.97 023 Coal, with siltstone and sandstone
layers, coal bright and woody, Sample
ARA-MN-19.

2.33 749 Sandstone, with coal lenses <2 inches

thick, resin is common, lenses of coal
about 2 ft long with pyrite.

3.0+ 328 Siltstone, dark grey, burrowed,
carbonaceous material, sandy layers,
pyrite.

T January, 1988

Mine Visit. Mrs. Mohad Afzal and Fazaldad Colliery, Captain Abid
Mine No. 2, Lat. 32/41/00N, Long. 72/55/10E, south of
Gandhala Nala, Dandot area

Ft Rock Code Description

Floor 124 Shale, dark grey, massive.
2.5 123 Carbonaceous shale.

1.2 020 Coal, thickens up to 1.5 ft 200 ft to

the west, Sample Dandot-CA-2.
1.0 123 Carbonaceous shale.

Roof 338 Siltstone, light grey, burrowcd.
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16 January, 1988

0-1

16 &
0-2

Location: Lat. 32/44/20N, Long. T3/11/35E
Outcrop of Tertiary along road just southwest of Ara Rest
House.

Ft Rock Code Description

50.0+ 360 Siltstone, red, Baghanwala Formation.
10.0 745 Conglomerate, Tobra Formation.

30.0 b41 Sandstone, grey, low angle cross

bedding, sets 2 ft thick, bioturbation,
lower part conglomeratic over Tobra,
upper shore face?

18 January, 1988

Location: Lat. 32/44/03N, Long. 73/11/45E
Isolated Tertiary outcrop southwest of Ara Rest House.

Ft Rock Code Description

Baghanwalg Formation
50.0+ 360 Siltstone, red.
Tobra Formation

15.0 7457360 Conglomerate, silty sandstone matrix,
with isolated pebbles and boulders of
mixed rock type, pale blue, weathered
top, granite clast altering to clay,
fractured and iron stained along
fractures.

Patala Formation

25.0 541 Sandstone, light grey, quartzose,
isolated pebbles of quartz, cross
bedded, trough sizes up to 7 ft wide, 2
ft thick, multiply scoured, upper 15 ft
has lens of shale and siltstone, very
similar to lateral accretion units,
tidal channel?, upper 15 ft flat bedded,
rippled and burrowed, horizontal
burrows, shaley and more iron stained,
with low angle cross bedding, wave
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reworked top?, generally coarsening
upwards grain size, paleocurrent
readings from trough cross beds in lower
part. of unit: S60E, NH7E, N70E, GS50E.

1.0 123 Carbonaceous Shale, silty to sandy at
places, mine near by taking up to 2 ft
of shaley coal.

3.0 541 Sandstone, grey, quartz rich, flat
bedded, burrowed, top part iron stained.

1.0 332 Siltstone, light grey, sandy layers.
5.0 540 Sandstone, light grey, predominately
clean quartz grains, iron stained.
10.0 000 Covered.

Nammal Formation

25.0 900 Limestone, mostly covered.

Location: Lat. 32/44/15N, Long. 73/10/50E.
Along escarpment. west of Ara, NE of Sidhandi, abandoned coal
mine, coal and carbonaceous shale on spoil pile, no or very
thin quartz sandstone at base of Tertiary.

Location: Lat. 32/43/45N, Long. 73/11/55K.
Visit Nezar and Co. Dholar Dher Mine No. 6, near $-8, mining
2.5 ft. (ave.), mostly carbonaceous shale.

Ft Rock Code Description

Roof 338 Siltstone, light grey, burrowed.

1.0 032 Shaley coal, with bright stringers up to
1 inch thick and 1 foot long.

1.0 123/030 Carbonaceous shale to shaley coal,
Sample includes both units, 032 and 123
= ARA-DD-6.

This 18 a section from outside the mine taken from long the
road.

Ft Rock Code Description

Baghanwala Formation
50.0+ 360 Siltstone, red, interbedded with
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Tobra Formation

35.0 745/360

Patala Formation

2.2 543
1.4 333
2.0 750
11.25 540
1.5 540
0.4 337
1.2 123
0.7 332
3.8 541
10.0 000

Nammal Formation

sandstone.

Conpglomerate, siltstone matrix, boulders
and cobbles of mixed rock types, clast
size becomes less upwards.

Sandstone, yellowish grey, coarse to
fine grained, poorly sorted, with silty
layers, quartzose with scattered quartz
pebbles <1 inch long axis, flat bedded
to rippled sandstone beds up to 1 ft
thick.

Siltstone, light grey to pale blue, with
sandstone stringers, isolated quartz
pebbles, massive, splintery.

Conglomerate, sandstone matrix, quartz
rich, quartz pebbles throughout, flat
bedded, some iron staining, matrix
supported, upper part becomes finer
grained.

Sandstone, light grey, coarse grained,
cross bedded in places, general flat
bedded, lower part contains graded
bedding scts 3 inches thick , each fine
upwards, upper part is burrowed, shaley
and rippled.

Sandstone, light grey, coarse grained,
quartz rich, burrowed and rooted, 1iron
stained, plant fragments, friable.

Siltstone, light grey, carbonaceous,
rooted.

Carbonaceous shale, weathered white.

Siltstone, light grey, with sandy
layers, burrowed, carbonaceous.

Sandstone, coarse grained, iron stained,
tabular cross bedded with sets 0.5 ft
thick, burrowed.

Covered, marly shale.
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50.0+ 000 Covered, limestone.

19 January, 1988

0-5

Location: Lat. 32/44/50N, Long. 73/08/15E.
Visit Munawer Corp. Area Jabram, Basharit, Mine No. 5, west
of Saloi.

Ft Rock Code Description

Roof 333 Siltstone, light grey, flat bedded,
interbedded with shale, Sample ARA-MC-5.

1.5 028 Coal with shale stringers, pyrite
nodules up to 1-2 inch long axis, top
of bed burrowed and laminated, Sample
ARA-MC-5.

Floor 540 Sandstone, grey, quartzose.

22 January, 1988

0-7

Location: Lat. 32/47/45N, Long. 73/12/35N.

East end of Siki Walan Kas, no Tobra Formation, Cambrian in
contact with Tertiary.

Ft Rock Code Description

Baghanwala Formation

25.0+ 360 Siltstone, red, interbedded with
sandstone.

Patala Formation

4.0 139 Shale, light grey, with forams.
1.0 439 Calcareous siltstone, with ostrea
fossils.

Nammal Formation

15.0 994 Limestone, fossiliferous, massive.
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23 January, 1988

0-8

0-11

Location: Lat. 32/46/50N, Long. 73/10/25E.

Just east of Dhok Sagral, west of Sikkl, several mines in
this area, mining lateral distance up to 900 ft.

Ft Rock Code Description

Roof 540 Sandstone, light grey.

0.7-1.5 037 Shaley coal, with 1-2 inch bright
stringers, lots of pyrite, thickness
varies.

Floor 540 Sandstone, light grey.

Location: Lat. 32/46/25N, Long. 73/11/05E.
From mines southwest of Sikki.

Ft Rock Code Description

Roof 332 Siltstone and sandstone interbedded,
flazer type bedding, clean quartz sand
interbedded with black shale.

1.5 038 Shaley coal with bright stringers.

Location: Lat. 32/45/50N, Long. 73/08/08E.

Visit Naeem Colliery near Dhok Kharan Ara, District Chakwal,
owned by Walayat Industries LTD, Sargodha, produce 18-20
tons/day, main coal body oriented nmorth-south.

Ft Rock Code Description
0.5 020 Coal
1.7 540 Sandstone, grey, parting thickness

deccases toward the east.

1.0 020 Coal.

Location: Lat. 32/46/15N, Long. 73/11/10E.
Mine west of Ara, coal thickens toward the NW.
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Ft Rock Code Description

Roof 540 Sandstone, grey.
1.0 120 Shale, dark grey.
1.25 030 Shaley coal
2.0 123 Carbonaceous Shale.

Floor 540 Sandstone, grey.

24, January, 1988
Sample ARA-TC -6, Location: Lat. 32/44/40N, Long. 73/10/30E.

Visit Tariq Coal Company, Location Doba, Mine No. 6, east of
cement factory at Saloi, trend of canyon is NW-SE.

Ft Rock Code Description

roof 338 Siltstone and shale interbedded,
burrowed.

0.5 128 Shale, dark grey, burrowed, burrows
filled with white sand, Sample SH-ARA-
TC-6.

1.0 020 Coal, bright, with pyrite, pinches out

towards the north, trend of coal body is
NW-SE, Sample ARA-TC-6

Floor 124 Shale, dark grey, carbonaceous.

0-12 Location: Lat. 32/44/30N, Long. 73/10/05E.

Abandoned mines along fault.

28 January, 1988
0-13 Location: Lat. 32/47/05N, Long. 73/10/55E.

Mines at Sikki, miners say 2 ft coal bed thickens to 3 ft
towards tLhe NW.

0-14 Location: Lat. 32/46/10N, Long. 73/11/50KE.
Directly NE of ARA at isolated outcrop of Tertiary.
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0-15

Ft Rock Code Description

Roof 540 Sandstone, grey.
2.5 037 Shaley coal with sandstone stringers.
floor 540 Sandstone, grey, carbonaceous.

Location: Lat. 32/46/15N, Long. 73/13/25K.

Estimated thicknesses from section in NE flowing nala NE of
Ara, east of mines.

Ft Rock Code Description

Baghanwala Formation

20.0 360 Siltstone, red, interbedded with
sandstone.

Tobra Formation

6.0 745 Conglomerate, with cobbles and boulders
of mixed rock type.

6.0 541 Sandstone, grayish white, cross bedded.

4.0 541 Sandstone, red, flat bedded.

Patala Formation

5.0 543 Sandstone, yellowish white, interbedded
with shale.

8.0 000 Covered, Shale?

1.0 894 Shaley Limestone, ostrea fossils,
massive.

Nammal Formation
20.0 996 Limestone, fossiliferous, nodular.
Kamlinl Formation

50.0¢ 541 Sandstone, grey, cross bedded

4 February, 1988
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0-16 Location: Lat. 32/51/15N, Long. 73/26/30E.

Estimated thicknesses of faulted section exposed on road to
top of Jogi Tila.

Ft Rock Code Description

Baghanwala Formation.
50.0+ 360 Siltstone, red.

Patala Formation

15.0 130 Bauxite Claystone, light grey, with iron

staining, varies in thickness, at places
not present.

4.0 130 Claystone with very rounded shale
pebbles up to 0.75 inch thick, may be
secondary.

5.0 124 Shale, dark grey, massive, some

abandoned mine adits.
1.0 439 Calcareous Siltstone, light grey, wilh
ostrea fossils.
5 February, 1988
0-17 Location: Lat. 32/50/40N, Long. 73/23/A0E.

Visit mines south of Pothi, Jogi Tilla area, 3-4 mincs on NW
side of mountain, no outcrop.

Ft Rock Code Description

a;;;__-___”__,_~*mW_RMH«"N“__-_“w“_»-»"““m_mWﬁhm_n_m“,-___m

1.5 020 Coal, dull with specks of resin and
burrows.

2.0-3.0 123 Carbonaceous Shale.

Floor

6 February, 1988
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Sample Location: JT-MDM-5B

Location: Lat. 32/50/10N, Long.
Visit mines above Nara on south

Dost Mohammad and Company, Mine

light grey,

13/23/40K.

side of Jogl Tilla, Malik
No. 5B. dip is about 20
because of faulting and

grey, massive, Sample SH-JT--

bright, Sample JT-MDM-5B

sandy, with clay

balls <1.0 inch thick.

~degrees, rocks highly fractured

folding, see S-16.

Ft Rock Code Description

Roof 124 Shale, dark

MDM--5B.

2.0 020 toal,

Floor 332 Siltstone,
0-18 Location: Lat. 32/49/28N, Long.

Section exposed along road south of MDM Mines,

area.

Ft Rock Code Description

Baghanwala Formation

30.0+ 360/543 Siltstone,

sandstone.

Patala Formation

73/23/25E.
Jogi Tilla

e . = i e e e o e S o A St o o ok e o e e

red, interbedded with

5.0 742 Conglomerate, red, silty sandstone with
shale pcbbles, all very rounded,
lateritic.

1.0 439 Calcareous Siltstone, light grey, ostrea
fossils.

Nammal Format.ion
2.0 996 Limestone, fossiliferous, nodular.
Kamlial Formation.

1.5 745 Conglomerate, contains rock pebbles and
reworked pieces of Nammal.

50.0+ 541 Sandstone, grey, cross bedded.
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T February, 1988
Shale Sample SH-TSD-7, Location: Lat. 32/43/07N, lLong. 72/56/05LF.

Shale sample taken for palynology from GSP-7 drill hole on
Dalwal Plateau. Sample is directly above coal bed.

Ft Rock Code Description

313.40 - 31415 124 Shalce, dark grey N3, fissile, burrowed,
pyrite veins, diameter 2 X 16 ¢cm, 1 X 4
cm and frambodial pyrite, 3 X 4 ¢m.

314,15 - 314.90 020 Coal, Sample TSD-7-1.

0-19 Location: Lat. 32/51/20N, Long. 73/06/32K.

Dil jaba area, near coal mines, poor exposures, dip changes
all over, thrusting has disturbed the area very much,
Baghanwala very thin, may be due to faulting.

Ft Rock Code Description

Sectlon starts at base of Baghanwala Formaltion, at contact
Jutana Formation.

5.0 360 Siltstone, red, interbedded with
sandstone, mostly covered. ‘

Tobra Formation

20.0 A5 Conglomerate, with mixed type rock
pebbles and boulders, mudstone matrix,
grayish red.

5.0 TAD Conglomeratce, sandstone matrix, boulders
up to 2 ft long axis.

Patala Formation
7.0 070 Laterite, ironstone, red.

6.0 332 Siltstone, sandy, mottled, lateritic in
places, partly covered, top rooted.

2.0 000 Covered, this is horizon that is being
mined for coal at adjacent mine, Afghan
Colliery, Mine No. 4, mining 1.25 ft
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coal, floor shale, roof sandstone and
shale interbedded.

10.0 134 Shale, light grey, flat bedded.
10.0 000 Covered.

Nammal Formation

30.0 996 Limestone, fossiliferous, nodular.
20.0+ 996 Limestone, with chert, fossiliferous,
nodular.

8 & 10 February, 1988

0-20 Location: Lat. 32/48/50N, Long. 73/06/25E.

Visit Qurban Hussain Corporat.ion Mine No. 3 south of Choa
Gauj Ali Shah.

Ft Rock Code Description

Roof 124 Shale, dark grey, massive, burrowed,
Sample SH-CGAS-HCC-3.

0.7 027 Joal, bright. with shale stringers,
burrowed, burrows filled with pyrite,
dip 20 degrees, Sample CGAS-HCC-3, coal
thins out to only a 1 inch pyrite bed in
less than 100 ft north of the sample
location.

0.3 123 Carbonaceous Shale, Sample combined with
0.7 coal, CGAS-HCC-3.

Floor 124 Shale, dark grey, massive.

Location: Lat. 32/50/20N, Long. 73/06/00E.
Mine on western end of Diljaba mountain, facing Choa Gauj
Ali Shah, steep dip to south at 50 degrees, mine on hill
side, access is by foot.

Ft Rock Code Description
Roof 124 Shale, dark grey, massive.

1.25 021 Joal, bright banded, with very thin
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shaley stringers <2 cm thick.

Floor 124 Shale, dark grey, massive.

9 February, 1988

0-22

0-23

Location: Lat. 32/47/10N, Long. 73/02/10E.

Visit Ali and Company Mine No. 12, this section is very

disturbed, mine is taking coal from pillars of old workings,
coal is shattered, section is faulted with appx. 45 degrece

dip SE.

Ft Rock Code Description

Roof 124 Shale, dark grey, massive.
2.25 020 Coal, shattered.

Floor 324 Siltstone dark grey, masslve.

Location: Lat. 32/44/50N, Long. 73/05/22E.

Visit mince west of Saloi on Basharat Plateau, Sakha Wat Shab
Company, Mine Mo. ?, 350 ft into hill.

Ft Rock Code Description

Roof 510 Sandstone, light grey.
1.0 020 Coal, bright with thin shale stringers.

Floor 5140 Sandstone, light grey.

18 February, 1988

0 25 Location: Lat. 32/41/10N, Long. 72/46/10E.

Mine NW of Karuli, Jjust above road.

Ft Rock Code Description

Roof 540 Sandstone, grey.
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0.67 027 Coal, with shale stringers, lots of
ploant fossils, coal slickenslded.

0.83 123 Carbonaceous Shale, rooted.

Floor 124 Shale, dark grey, massive.

Location: Lat. 32/40/40M, Long. 72/46/00E.

Mines directly SW of Karuli, 3-4 mines in this area.

Ft Rock Code Description

Roof 540 Sandstone, grey.
0.67 030 Coaly Shale, with bright stringers.

0.5 123 Carbonaceous Shale.

Floor 124 Shale, dark grey, massive.

Location: Lat. 32/41/15N, Long. 72/45/40E.
West side of Karuli and SE of Simbal, 3-4 abandoned mines,

section completely covered except for isolated outcrop of
laterite.

Location: Lat. 32/41/15, Long. 72/47/00.

North of Karuli, on e¢scarpment above town, mine not working,
thicknesses from miner.

Ft Rock Code Description

Roof 510 Sandstome, grey.
1.0 020 Coal, banded, resinous.
0.5 123 Carbonaceous Shale.
1.0 124 Shale, dark grey, massive.

1.0 540 Sandstone, fgrey.
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1.0 020 Coal.

1.0 540 Sandstone, grey.

2.0 124 Shale, dark grey, massive.
1.0 020 Coal.

0.5 123 Carbonaceous Shale.
Floor 540 Sandstone, grey.

0-29 Location: Lat. 32/41/15N, Long. T2/47/20E.

East of Karuli, at last mine on escarpment.

Ft Rock Code Description

Roof 50 Sandstone, grey.
1.0 123 Carbonaceous Shale.

Floor 124 Shale, dark grey, massive.

19 February, 1988

0-30 Location: Lat. 32/40/43N, Long. 72/43/05E.

0-31

In Sohal Canyon, just south of Sardhai, 2--3 abandoned mines,
chips of coal on old spoils, no outcrop.

Location: Lat., 32/40/35N, Long. 72/43/35E.

Sect.ion south of Sardhai along west side of Sohai Canyon,
about. 1 km south of Sardhai, near abandoned mines, poorly
exposed section.

Ft Rock Code Description

Section starts in Sardhal Formation.
50.0+ 543 Sandstone, graylish red, fine to medium
grained, micaceous, cross bedded at

places, interbedded with mudstone of
same color.

10.0 124 Shale, medium grey, pop corn texture,
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massive,

ifFault contact with Patala Formation.

3.0 332 Siltstone, light grey, with sandstone
lenses, plant fragments through out,
burrowed.

4.0 124 Shale, dark to medium grey, plant

fragment.s throughout.

b}
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Siltstone, light grey, mixed with very
fine sandstone, rippled, burrowed, plant
fragments on bedding plains.

5.0 333 Siltstone, light grey, shales
interbedded, flat bedded, occasionally
plant material.

50.0+ 000 Covered, probably Patala-Nammal

Formations.

0-33 Location: Lat. 32/37/00N, Long. 72/41/15E.

Visit mines north of Matan Khurd in isolated blocks of
Tertiary.

Ft Rock Code Description
Roof 540  Samdstone, grey.
1.0 020 Coal, dull with bright stringers, some
pyrite.
Floor 124 Shale, dark grey, massive.

21 February, 1988
0 34 Location: Lat. 32/37/25N, lLong. T2/42/25EK.

Visit Gulzar and Company, Hasnain Colliery, Mine 8, locatcd
in isolated Tertiary outcrops east of small town in Bagri
Nali, extreme structure problems, coal is faulted, Patala is
acting as a slippage zone, miners are f<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>