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CHEMICAL AND PHYSICAL CHARACTERISTICS OF COAL AND
CARBONACEOUS SHALE SAMPLES FROM THE SALT RANGE COAL FIELD,
PUNJAB PROVINCE, PAKISTAN
by
P. D. Warwick, U.S5. Geological Survey; T. Shakoor, 5. Javed, S.
T. A. Mashhadi, H. Hussain, M. Anwar, and M. I. Ghaznavi,

Geological Survey of Pakistan

ABSTRACT

Sixty coal and carbonaceous shale samples collected from the
Paleocene Patala Formation in the Salt Range coal field, Punjab
Province, Pakistan, were analyzed to examine the relationships
between coal bed chemical and physical characteristics and
depositional environments. Results of proximate and ultimate
analyses, reported on an as—-received basis, indicate that coal
beds have an average ash vyield of 24.23 percent, average sulfur
content of S.32 percent, average pyritic sulfur content of 4.07
percent, and average calorific value of 8943 Btu (4972 kcal/kg).
Thirty—five coal samples, analyzed on a whole-coal, dry basis for
selected trace elements and oxides, have anomalously high average
concentrations of Ti, at 0.36 percent; Zr, at 382 ppm:i and Se, at
i1.4 ppm, compared to world-wide averages for these elements in
coal.

Some positive correlation coefficients, significant at a
0.01 level, are those between total sulfur and As, pyritic sulfur
and As, total sulfur and sample location, arganic sul fur and Se,
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calorific value (Btu) and sample location, and coal bed thickness
and Se. Calorific values for the samples, calculated on a moist,
mineral—-matter free basis, indicate that the apparent rank of the
ccal is high volatile C bituminous.

Variations observed in the chemical and physical
characteristics of the coal beds may be related to depositional
environments. Total ash yields and concentrations of Se and
organic sulfur increase toward more landward depositional
environments and may be related to an increase of fluvial
influence on peat deposition. Variations in pyritic sul+fur
concentrations may be related to post—peat pyrite filled burrows
commonly observed in the upper part of the coal bed. The
thickest coal beds that have the lowest ash content, and highest
calorific values, formed from peats deposited in back barrier,
tidal flat environments of the central and western parts of the
coal field. The reasons for correlations between Se and coal bed
thickness and Se and ash content are not clear and may be a

product of averaging.

ACKNOWLEDGEMENTS
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cooperation of the many mining companies in the Salt Range area,

who allowed us to collect the samples analyzed for this report.



INTRODUCTION

This work is part of a Coal Resources Exploration and
Assessment Program (COALREAP) that is being conducted by the
Geological Survey of Pakistan (GSP) with assistance from the U.S.
Geological Survey (USGES) under financing from the Government of
Pakistan and the U.S. Agency for International Development
{USAID). The &40 samples for this study were collected between
1985 and 1988 by geologists of GSP and USGS from the Paleocene
Patala Formation in the Salt Range area of Punjab Province,
Pakistan (figs. 1 and 2).

The Salt Range is an east—-northeasterly trending mountain
range in the northern part of Pakistan {(figs. 1 and 2). The
southern margin of the Salt Range is an escarpment which rises
abruptly from the Punjab Plains, which are covered by alluvium.
Coal mining, exploratory drilling, and related activities in the
Salt Range have been concentrated in beds that crop out along the
escarpment and limestone capped plateaus of the Eastern and
Central Salt Range. No Tertiary coal beds are present in the
hestern Salt Range.

Previous reports that contain drilling records, measured
sections, coal analytical data, descriptions of depositional
environments, or estimates of cecal resources for the Salt Range
coal field include Ahmad and others, 19855 Alam and others, 1987;
Gee, 1938, 1945, 19493 Ghaznavi, 19883 Khan, 19493 LaTouche,
18745 Landis and others, 1971; Powell Duffryn Technical Services,

19495 Shah, 19803 Wardlaw and others, 19905 Warwick and Hussain,
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1990; Warwick and Shakoor, 1988a,bj; Warwick and Javed, 1290;
Warwick and others, 199053 Wells, 19845 and Wynne, 1878.

The coal-bearing Patala Formation (ranges from 5-920 m thick)
is composed of dark gray, fossiliferous shale interbedded with
white quartzose sandstone, siltstone, marl, and limestone. Coal
and carbonaceous shale deposits generally occur as a single bed
{<{1 m thick) that is commonly split by dark gray shale or thin
{(€{0.25 m thick) bands of quartzose sandstone. These laterally
discontinuous coal and carbonaceous shale beds overlie and are
laterally associated with northeasterly trending, elongate,
quartzose sandstone bodies (ranges from 1-20 m thick, fig. 2) and
are interpreted to have been deposited in back—-barrier and near-—
marine environments {(Alam and others, 19875 Warwick and Shakoor,

1988a,b).

METHODS

Seventeen of the samples described in this report were
collected as core during a drilling program conducted by the
Geclogical Survey of Pakistan in the Eastern Salt Range. Eleven
of these samples were shale and carbonacecous shale (sediments
that comprise the majority of the cocal-bearing Patala Formation)
that were collected from drill hole DSM-17 (fig. 23 Appendix I).
Forty—-three samples were collected as whole bed or bench channel
samples from active working faces of 35 underground ccal mines in
all parts of the Salt Range coal field (Appendix I). Cocal and

carbonaceous shale channel samples were collected following ASTM
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(1986) procedures. Roof and fleoor rock, and partings greater
than 1 cm thick were not included in the coal and carbonaceous
shale channel and core samples.

The proximate and ultimate analytical data reported here was
done in the laboratories of Geochemical Testing Incorporated in
Somerset, Pennsylvania, and Dickinson Laboratories Incorporated
of E1 Paso, Texas using ASTM (1984) methods. Randomly selected
coal and carbonaceous shale samples were analyzed for major—,
minor—, and trace—element contents by USGS laboratories in
Reston, Virginia using methods described in Golightly and Simon
(198%9).

Correlation coefficients were calculated among trace
element, proximate, ultimate, location, and coal bed thickness
data. Few samples have a complete set of analytical dataj
therefore, the number of samples used in each correlation will
vary. Sample locations {(Areas 1, 2, and 3 on fig. 2) were
assigned to the western, central, and eastern parts of the Salt

Range coal field.

RESULTS
Figures 1 and 2 show the location of the Salt Range coal
field and the sample locations. Appendix I lists sample location
coordinates and background information. Appendix II and III
lists data obtained from proximate, ultimate, forms—of-sulfur,
free-swelling—-index, Hardgrove-Grindability—index, and ash-

fusion—temperature analyses. Appendix IV lists major—, minor-—
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Tapie 1. Averaged selected anaiytical resuits or tests on coal saaples Dy sampie iocation shown on figure
2 {continued).

AREA 1 ARER 2 AREA 3 ALl AREAS
(west} {central) {east} (14243}

N ave. s.d. N ave. 5.d. N ave. s.d. N ave. s.d.
Li (PPH) 3OS 671 & 47.17 31.02 2 660 62.22 11 40.87 35.83
Lu (PPH} 19 0,31 0.1 12 0.28  0.15 4 0,28 0.46 330,28 0.15
Mn (PPM} I 300 9.54 & 350 19.22 2 NS 6.3 1t 30.00 15.09
Mo (PPN} 1 24 ¢ 6 8.05 2.4 2 13.7 10.32 9 B8.68 35.33
Nt (PPN} 3 50 1.9 6 11.47 9.64 2 9.3 6.3 i1 12,98 11.2%
Nd {PPN) 3 160 434 5 16,93 35.27 2 26,0 18.38 it 17.83 8.23
Ni (PPM) I 13,57 6.83 & 22.47 13.83 2 26,0 7.07 i1 20.68 11.52
P (PPM) 3 131.03 215.42 6 177.462 140,04 2 103.0 9.9 i1 151.34 141.84
Pb (PPN} I U 6.9 & 14,67 T.17 2 13.8 5.9 11 13.64 4.4
Pr (PPH) 3 O 7.9 & 4.18 5,35 2 2.9 028 11 5.99 4.34
Rb (PPM) 19 41.82 15.18 12 3.21 21,03 4 22.7 14.83 35 35.99 18.23
5b {PPM) 19 9,35 0.18 120,31 0.09 4 0.65 0.3 330,37 0.2
Sc (PPN} 19 7.42 3.97 12 5.87 4.08 4 7.1 4.43 39 4.8 35.09%
Se (PPM) 19 9.28 2.78 12 11,77 3.48 4§ U0 473 33 11.48  5.04
Sa (PPN} 19 4,52 3.35 12 2.76 1.87 § 377 256 33 3.8 2.89
Sn (PPN} 1 3.5 0 & 4.6 2.03 2 46,03 4.88 § 4.8 2.48
Sr (PPN} 3 186.67 40.28 6 142,17 103.85 2 1310 35.143 11 152.27 83.24
Ta (PPM) 3 0.4 0.08 & 0.93 0.52 2 1.9 0.92 it 0.7t 0.1
Tb {PPN) 19 0.64 0.37 12 0.44 0,30 § 0,31 0.33 I3 0,39 0.4
Th {PPM) 19 3.89 3193 12 7.2 %13 § 12.85 4.38 35 7.1 4.4
U (PPM) I L8y L.07 6 2.8 1.4 2 9.4 4.5 i1 3.64 3.69
Y {PPM) 3 350 14,09 & 46.5 24.94 2 76,0 33.94 11 48.18 26.33
W (PPN} 3 0.3 0.08 & 136 0.3 2 2.0 0.99 1 L2 ol
Y {PPM) 3 16,337 4.1 & 15.62 4.13 2 19.0 4,24 11 168 442
Yb {PPM) 19 231 L2 12 L1.57 0.99 4 2.06 1L.12 I .02 115
In {PPH) 3 67.37 37.81 § 70.83 83.92 2 61.0 43.84 11 48.09 44.48
Ir (PPH) I 3.0 L 6 579.0 1235.46 2 313.0 104,07 11 382.0 908.31



Table 2.

Coal bed Thickness (m)
Moisture (%)

Ash Yield (%)

Volatile Matter (%)
Fixed Carbon (%)
Carbon (%)

Hydrogen (%)

Nitrogen (%)

Total Sulfur (%)
Pyritic Sulfur (%)
Organic Sulfur (%)
Sulfate Sulfur (L)
Oxygen (7Z)

Calorific Value (Btu/lb)

Al
Ca
Fe

(%)
(%)
(%)

K (%)

Mg
Na
Si
Ti

Ag
As

(4
(%)
(%)
(%)

{PPM)
{PPM)

B (FPPM)

Ba
Be
Br
Cd
Ce
C1
Ca
Cr
Cs
Cu
Eu

{PPM)
{PPM)
{PPM)
(PPM)
(PPM)
{PPM)
{PPM)
(PPM)
(PPM)
{PPM)
(PPM)

F (PPM)

Ga
Ge

(PPM)
(PPM)

Averaged selected analytical results of tests on
carbonaceous shale samples listed by percent ash
content as received basis (N = number of samples; ave.
= average; s.d. = standard deviation; all values as
received or whole coal basis except thickness). Tests
for minor— and trace—-elements for samples containing
greater than 75 %Z ash, as-received basis, were nat run.

90 - 73 7 ASH > 73 74 ASH

N ave. S.d. N ave. s.d.
1 0.46 O 11 1.34 0.37
b 6.57 2.09 i1 6.01 2.77
3 60.29 8.035 11 83.536 3.79
S 20.04 2.81 i1 ?2.80 3.36
3 13.08 7.98 i1 0.61 1.71
S 192.02 10.00 it 2.06 2.351
S 2.66 0.68 i1 1.53 0.32
S 0.28 0.17 11 0.05 0.05
S 3.37 3.28 i1 2.02 1.14
S 2.86 3.35 i1 1.84 1.03
S 0.33 0.29 i1 0.1 0.16
S 0.18 0.12 11 0.08 0.05
3 14.38 4.83 11 10.73 3.01
b} 3323 2085 11 178 S16

7.65 2.63

0.22 0.06

3.8 3.61

0.33 0.12

0.15 0.09

0.08 0.03

14.35 2.08

1.55 0.29

0.44 0.37

14.2 10.99
129.253 35.76
78.5 16.54

3.9 2.47
4.02 1.44
0.12 0.01
43.25 9.6
100.0 0O
7.5 6.57
75.25 12.89
0.78 0.34
22.75 6.18
0.66 0.06

45.00 37.86
25.25 B8.96
4.27 1.68

Phbhbhbhbbhbhbbhbhhhbhbhblh bbb hbdhh
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Table 2. Averaged selected analytical results of tests on
carbonaceous shale samples listed by percent ash
content, as-received basis (continued).

S0 - 75 % ASH

N ave. s.d.
Hf (PPM) 4 8.82 2.82
Hg (PPM) S 0.04 0.04
La (PPM) 4 27.75 &.07
Li (PPM) 4 122.0 75.26
Lu (PFPM) 4 0.41 0.046
MR (PPM) 4 k4.0 27.17
Mo (PFPM) 4 8.47 7.469
Nb (PPM) 4 49.25 28.19
Nd {(PPM) 4 27.0 15.47
Ni (PPM) 4 A41.75 24.98
P (PPM) 4 87.25 11.24
Pb (PPM) S 19.465 <9.89
Pr (PFPM) 4 6.3 2.69
Rb (PPM) 4 19.5 &6.435
Sb (PPM) 4 1.82 2.52
Sc (PPM) 4 ?.12 1.7
Se (PPM) S 16.2 8.546
Sm (PPM) 4 3.5 0.42
Sn (PPM) 4 10.2 3.646
Sr (PPM) S 182.5 15.0
Ta (PPM) 4 3.6 0.756
Tb (PPM) 4 0.48 0.01
Th {(PFPM) S 19.0 2.16
U (PPM) 4 6.25 1.75
v (PPM) 4 115.25 29.07
W (PPM) 4 3.37 0.32
Y (PPM) 4 28.0 12.19
Yb (PPM) 4 2.95 0.31
in (PPM) 4 25.5 7.85
Zr (PPM) 4 457.3 309.546
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and trace—element composition for 39 coal and carbonaceous
samples. Average results of selected analytical data are listed
on Tables 1 and 2.

The three sample areas shown on figure 2 roughly correspond
to depositional facies of the coal-bearing strata described in
Wardlaw and others, 1992035 Warwick and Hussain, 19903 Warwick and
Shakoor 1988a,b. The coal beds in the western area are
interbedded with deposits of a northerly trending barrier—bar
complex, the coal beds in the central part of the coal field are
associated with lagoonal and tidal flat deposits, and coal beds
in the eastern part of the coal field are associated with upper
shore face and tidal channel deposits.

Coal and carbonaceous shale bed thicknesses from 37 sample
locations averaged 0.49 m (Table 1). Results of proximate and
ultimate analyses, reported on an as-received basis, indicate
that 44 samples with less than SO percent ash yield (USGS
definition of coal) have an average ash vyield of 24.23 percent,
average sulfur content of S5.32 percent, average pyritic sulfur
cantent of 4.07 percent, and average calorific value of 8943 Btu
{4972 kcal/kg). Averaged results for 35 coal samples, analyzed
on a whole—coal, dry basis for selected trace elements are listed
on Table 1.

Positive correlations, significant at a 0.01 level, exist
between total sulfur and As, pyritic sulfur and As, total sulfur
and location, organic sulfur and Se, calorific value (Btu) and

location, and coal bed thickness and Se (figs. 3 and 4). In

12
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A) As and total S;
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All values reported in percentage as
in parts per million (PPM),
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general, the thickest coal beds with the lowest total sulfur
content are in the central part of the coal field. Organic
sulfur and Se contents are greatest in the eastern part of the
coal field; pyritic sulfur content is greatest in the western
part of the coal field. Total ash vyields increase towards the
east. Calorific values for the samples, calculated to a moist,
mineral—-matter free basis, indicate that the apparent rank of the
coal is high wvolatile C bituminous.

Results of proximate and ultimate analyses, reported on an
as-received basis, for S carbonacecus shale samples, with greater
than 30 percent and less than 75 percent ash yield {(summarized on
Table 2), have an average ash yield of 60.29 percent, average
sul fur content of 3.37 percent, average pyritic sulfur content of
2.86 percent, and average calorific value of 3323 Btu (1847
kcal/kg). Results for analyses of selected minor— and trace-—
elements, analyzed on a whole—rock, dry basis, are summarized on
Table 2.

Results of proximate and ultimate analyses, reported on an
as-received basis, for 11 shale samples, with greater than 75
percent ash vield (summarized on Table 2), have an average ash
yvyield of 83.37 percent, an average sulfur content of 2.02
percent, an average pyritic sulfur content of 1.84 percent, and
average calorific value of 982 Btu (547 kcal/kg). No tests +for
minor— and trace—element concentrations were run for samples

having greater than 75 percent ash vyield.
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DISCUSSION

Variations in the chemical and physical characteristics of
the Salt Range coal beds may be related to depositional
environments of the coal-bearing strata. Increased ash
concentrations in an easterly or landward direction probably
indicate less stable, more fluvially influenced environments of
peat deposition than elsewhere. O0Organic sulfur and Se content
increases in a landward direction. This indicates that Se and
organic sulfur probably formed in similar geochemical
environments {their correlation coefficient is significant at
Q0.4307). Se and coal bed thickness have a significant
correlation coefficient at 0.49446, but the reason for this
correlation is not clear and may be an artifact of averaging.
For example, the thicker cocal beds generally contain less ash and
are located in the central and western part of the field, not in
the eastern part where coal bed thickness is less and ash and Se
content is greatest. The increase of organic sulfur eastward may
indicate that the eastern peats were deposited in fresher—water
environments than in the other parts of the field, and that they
were inundated by marine waters that contributed to organic
sul fur concentrations. Similar depositional environments have
been proposed for increases in organic sulfur content in
Appalachian coal beds by Davies and Raymond (1983).

Total sulfur values are greatest in the western part of the

coal field and may be related to post-peat pyrite—filled burrows

observed commonly in the upper part of the coal bed near the
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barrier—-bar complex. The thickest coal beds with the lowest ash
content and highest calorific values formed from peats deposited
in back barrier, tidal flat environments of the central and
western parte of the coal field.

No significant ceorrelations were found between total sulfur
and bed thickness, and ash yield and bed thickness.

Concentrations of Ti, at 0.36 percent; Zr, at 382 ppm; and
Se, at 11.4 ppm, are high compared to world-wide averages for
these elements in coal (Stach and others, 19825 Ward, 1984,
written communication, Finkelman, 198%9). Four carbonaceous shale
samples, analyzed on a whole-rock, dry basis for selected trace
elements, have average concentrations of Ti, at 1.35 percents ZIr,
at 457 ppm; and Se, at 9.1 ppm. The high percentages of Ti and
Zr in the coal samples may be related to the ash yield of the
samples. ZIr and Si have a positive correlation coefficient of
0.7994 and Ti and ash yield have a positive correlation

coefficient of 0.46970.

CONCLUSIONS
In general, the thickest coal beds with the lowest tcotal
sul fur content are in the central part of the Salt Range coal
field. Organic sulfur and Se contents are greatest in the
eastern part of the coal field; pyritic sulfur content is
greatest in the western part of the coal field. Total ash yields
increase towards the east. Calorific values for coal samples,

calculated on a moist, mineral—-matter free basis, indicate that
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the apparent rank of the coal is high veolatile C bituminous.

Some of the variations observed in the chemical and physical
characteristics of the Salt Range coal beds may be related to
different depositional environments of the coal-bearing strata.
fAsh yield and organic sulfur content are greatest in the eastern
part of the coal field where fluvial and lacustrine environments
may have contributed to the character of the coal beds. Coal bed
thickness is greatest and total sulfur content is least in
lagoonal environments of the central part of the coal field.
Total and pyritic sulfur content is greatest in the western part
of the coal field and may be related an abundance of post—-peat
pyrite filled burrows commonly observed in the upper part of the
coal bed. Concentrations of Ti, Zr, and Se are high compared to
world-wide averages for these elements in coal and may be related

to the high ash yield of the samples.
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APPENDIX I. COAL AND CARBONACEOUS SHALE
SAMPLE BACKGROUND DATA

Dashed line indicates no data or not applicable.

SAHPLE DATE

NUNBER LONGITUDE LATITUDE DISTRICT  COLLECTED COLLECTOR NINE NAHE

83-507-001 725500 £ 323930 N KHUSHAB ~ --——-—--——- GHAINAVI mmm——m—en

#3-5KA-003 723940 £ 323358 K JEHLUM -------= GHAINAVI s

85-5PR-002 723100 £ 323700 N KHUSHAB  -—----- GHAZINAVI = m———

33416104 730140 € 324255 N JEHLUM --—--—— BHAINAVI RAKH DINAN

B5MI6L0S 730012 £ 324010 N JEHLUM =-=—===— GHAINAVI KARANGAL

H5M16109 725225 E 324050 N JERLUN @ -————- GHAZNAVI CHITTI DAND

asMIG111 725030 E 324130 N JEHLUM -------- GHAINAVI DALNAL

g5MI6116 722115 € 323258 N XUSHAB ————===- GHAINAVI ARARA

B5-T6M-1 723830 E 124233 N JEHLUM -==-===~ GHAINAVI AFTAB COAL COMPANY
B6-T64-2 731010 E 324445 N JEHLUN - GHAINAVI SIDHANDI

86-T68-3 730930 E 324555 N JEHLLN e GHAZNAVI HUNARAR

86-T6M-4 T31225 E 324430 N JEHLUN  -———-- GHAZNAVI NANAZ

86-T68-7 730036 E 324410 N JEHLUM @ - GHAINAVE NAZAL NO 33

85-T64-8 730550 £ 324800 N JEHLUM -==—---- GHAZNAVI HASAIN

86-764-9 730005 E 324355 N JEHLUM -=———-—  GHAZINAVI NANAZ

ARA-DD-6 731155 £ 324345 N JEHLUM 01/18/88 WARWICK & SHAKDOR  DHDLA DHER NO. &

ARA-NC-3 730815 E 324450 N JEHLUM 01/19/88 WARWICK & SHAXOOR  MUNAWER CORP. NO.S
ARA-MN-19 731623 £ 324340 N JHELUN 12/12/87 WARWICK & SHAKDOR  MEHR NAZER & CO.

ARA-TC-4 731030 E 324440 N JEHLUM 01/24/88 WARWICK & SHAKOOR  TARIG COAL CO. NINE NO. &
ARR-1iM-RT-A 722053 E 323250 N KHUSHAB  03/26/68 WARWICK & SHAKOOR  HAYAL-UL-MIR COAL CO.
ARR-HM-RT-B 722055 E 323250 N KHUSHAB  03/26/88 WARWICK & SHAKOOR  HAYAT-UL-MIR COAL CO.
ARR-dV-7 722330 E 323310 N KHUSHAB  03/23/688 WARMICK & SHAKOOR  JHELUM VALLEY COAL CO.
£B-KC-3A 722510 £ 323425 N KHUSHAB  03/22/88 WARWICK & SHAKDOR  KATHA COLLIERIES NO. 3
CB-KC-33 722510 € 323425 N KHUSHAB  03/22/88 WARWICK & SHAKOOR  XATHA COLLIERIES NO. 3
CD-DL-4 725030 E 323940 N JEHLUM 04/21/68 WARWICK & SHAXOOR  CHITTIDAND COLLIERY NO. 4
CBAS-HCC-3 730625 £ 324850 N JEHLUNM 02/10/88 WARWICK & SHAKOOR  HUSSAIN COAL CO.
DANDOT-CA-2 725510 E 324100 N JEHLUM 10/07/868 WARWICK & SHAKOOR  CAPTAIN ABID MINE NO. 2
DANDOT-KC-6 723603 E 323933 N JEHLUM 01/26/68 HUSSAIN & JAVED e

DANDGT-PI-M1 725717 E 323905 N JEHLUM 01/26/688 HUSSAIN & JAVED DANDOT MAIN INCLINE, PUNJNIN
DANDOT-PJ-PG-1 725919 E 324030 N JEHLUM 01/28/88 HUSSAIN & JAVED PUNJHIN-PG

DANDOT-5P-4 725636 E 324033 N JEHLUM 01/11/88 HUSSAIN & JAVED 38?%8 PUNJAB COAL CO. MINE
DSD-13-2 725615 £ 324352 N JEHLUM 02/10/68 MASHHADI - -

05D-14-3 725607 E 323935 N JEHLUM 03/14/88 MNASHHADI R—

15D-15-4 725624 £ 324012 N JEHLUN 03/31/88 MASHHADI e m———

DSD-16-5 725722 E 324000 N JEHLUN 04/14/88 MASHHADI m—m——

DSH-18-6 730147 E 324325 N JEHLUM 06/14/88 MASHHADI S

JT-NDN-58 732340 E 325010 N JEHLUM 02/06/68 WARWICK & SHAKOOR  MALIK DOST MOHAMAD & CO.
KK-GH-8A 724225 E 323725 N JEHLUM 02/21/88 WARWICK & SHAKOOR gghéﬂgﬂ& gO. HASNAIN COLLIERY
KK-6H-8B 728225 £ 323725 N JEHLUM 02/21/68 WARWICK & SHAXDOR g?kéﬂgﬂ& gﬂ. HASNAIN COLLIERY
Ki-CYS-1 720850 € 323023 N KHUSHAB  03/29/88 WARWICK % SHAKOOR  CHAUDRY YOUNES SHAFI@ & CO.
H-SAL-1 J23323 E 323923 N JEHLUM 03/08/88 WARWICK & SHAKOOR  S.A. LATIF & CO.

HN-1 730105 E 324308 N JEHLUM 06/02/88 MNASHHADI & JAVED  --—--m-—-

MN-10 730105 £ 324308 N JEHLUM 06/03/88 NASHHADI & JAVED  --——--m-

MN-11 730105 E 324308 N JEHLUN 06/03/88 MASHHADI & JAVED mo———————

MN-2 730105 E J24308 N JEHLUM 06/03/08 MASHHADI & JAVED mmmmm—m——

HN-3 730105 E 324308 N JEHLUM 06/03/68 MASHHADI % JAVED  ---——----

-4 730105 E 324308 N JEHLUN 06/03/88 NASHHADI & JAVED mm—————

MN-5 730105 E 324308 N JEHLUN 06/03/88 MASHHADI & JAVED B

HN-4 730103 £ 324308 N JEHLUM 06/03/88 MASHHADI & JAVED mem——————

MN-7 730105 E 324308 N JEHLUM 06/03/88 MNASHHADI & JAVED  --——-—- -

HN-8 730105 £ 3I24308 N JEHLUM 06/03/88 MASHHADI & JAVED mmmmm———

HN-9 730105 £ 324308 N JEHLUNM 06/03/88 MASHHADI & JAVED  —-—--m---

NR-JV-1 723725 £ 323643 N JEHLUM 02/22/88 WARWICK & SHAKDOR  JAVED & CO.

NW-HAN-2 723515 E 323805 N JEHLUN 03/02/88 WARWICK & SHAXDOR  MALIX ATA MOHAMMED & CO. NO. 2
P-KB-6B 722845 E 323640 N KHUSHAB  03/09/88 WARWICK & SHAXOOR  KARAM BUTSH & CO, NO. 6B
P-KC-12 723535 E 323530 N KHUSHAB  03/05/68 WARWICK & SHAKOOR  KHYBER COAL CO. NO. 12
PI-PCP-1 723100 E 323745 N KHUSHAB  03/03/88 WARWICK & SHAKDOR  PUNJMIN PCP NO. 1
PJ-PLP-2R 723120 E 323815 N KHUSHAB  03/03/88 WARWICK & SHAKOOR  PUNJMIN PCP-2

PJ-PCP-28 723120 E 323813 N KHUSHAB  03/03/88 WARWICK & SHAKOOR  PUNJNIN PCP-2

18D-7-1 725605 E 324307 N JEHLUM 02/03/88 ANWAR & MASHHADI  --—----—-
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SANPLE
NUMBER

85-507-001
83-5KA-003
83-5PR-002
A3416104
83816103
83416109

i MRS
25H16116
86-T6K-1
84-T64-2
84-T6N-3
86-T6M-4
86-TGM-7
84-TGM-8
85-T6M-9
ARA-DD-6
ARA-NC-5
ARA-HN-19
ARA-TC-4
ARR-HM-RT-A
ARR-HM-RT-B
ARR-JV-7
CB-KC-3A
CB-KC-3B
CD-DL-4
CEAS-HCC-3
DANDOT-CA-2
DANDOT-KC-6
DANDOT-PJ-NL
DANDOT-PJ-PG-1
DANDOT-SP-6
Dsp-13-2
DSD-14-3
DSD-135-4
DSD-16-3
DSN-18-6
JT-#DM-5B
XK-6H-8A
KK-6H-8B
KN-CYS5-1
K-5AL-1
AN-1

HN-10

MN-11

MN-2

MN-3

HN-4

HN-3

MN-6

MN-7

¥N-8

EN-9
NW-V-1
N¥-NAN-2
P-KB-5B
p-KC-12
PJ-PCP-1
PJ-PCP-28
PJ-PCP-28
TsD-7-1

SANPLE

DEPTH

INTERVAL 70 TOP DRILL
THICKNESS OF COAL HOLE

(m)

0.76
0.9
0.79

0.36

——

0.61
0.44
0.29
0.3
0.43
0.12
0.55
0.12
0.27
0.38
0.30
0.36
0.99
0.91
{4t
0.34
0.30
0.91
0.42
0.51
0.82
0.61
0.51
0.27
0.39
0.24
0.45
1.32
0.46
1.37
1.32
1.37
1.9
1.84
.68
1.92
1.32
0.43
0.26
0.46
0.45
33
0.34
0.24
0.23

BED (m) NUMBER

APPENDIX I. SAMPLE BACKGROUND DATA
{continued)
Dashed line indicates no data or not applicable,

ROOF
ROCK
TYPE

P e

142.34

93.70

SHALE
SILTSTONE
CARBONACEOUS SHALE

SHALE

SANDSTONE/SHALE
SILTSTONE/SHALE
SANDSTONE/SHALE

SHALE
SILTSTONE/SHALE
SHALE

SHALE

CARBONACEOUS SHALE
CARBONACECUS SHALE
SHALE

SILTSTONE

SHALE

SHALE

SHALE
CARBONACEQUS SHALE
SHALE

SHALE
SHALE
SHALE/SANDSTONE
SHALE
SHALE
SHALE
NARL
LasT
SHALE
Lost
LosT
SHALE
LOST
LOST
LOST
SHALE

SHALE
SHALE/SANDSTONE
SHALE

SHALE
SHALE
SHALE
SILTSTONE
SHALE
SHALE
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-————

SHALE

SHALE
SILTSTONE
SHALE
SHALE
SHALE
SHALE
CARBBONACEOUS SHALE
SHALE
SHALE
SHALE
SHALE
SHALE
SHALE

SHALE
CARBONACEOUS SHALE
SHALE
SANDSTONE/SILTSTONE
SHALE

SHALE
SILTSTONE
SHALE
LOST

SHALE

SANDSTONE - PERMIAN
LosT

SHALE

LOST

LOST

LOST

SHALE

SHALE

SANDSTONE/SHALE

SHALE
SILTSTONE
SHALE



appenoiy ii, Proximate ano ultimate anaiyses and calorific value deterainations for 40 coai and
carbonacecus shale sampies fros Punjab, Pakistan.

{All analyses except caior:fic value in percent. For each saaple nuaber, the analyses are reportes to four
bases: first, equilibrius soisture basisj second, as-received basis; third, moisture-free basis; and fourth,
moisture- and ash-free basis. Dashed line indicates not analyzed. All analyses by cosaercial testing
laboratories following ASTM (1984) standards.]

PROXINATE ANALYSIS LTIHATE ANALYSIS CALORIFIC VALUE
SANPLE VOLATILE FIXED
NUMBER  MOISTURE ASH MATTER CARBON  CARBON HYDROGEN NITROBEN CHLORINE SULFUR OXYGEN BTU/LB KCAL/KS
85-507-001 e
1.4 13.84 3536 39.36  ST.19 547 095 - 271 19.84 10,219 5,715
----- 15,63 39.93 4444 6458 AT3 107 - 305 10.94 11,607 6,453
---------- 8733 52.67 7654 5.6 127 -- 362 12,96 13,757 7,689
35-5KA-003 - e -
14,46 13.63 3206 39.85 5271 5.7 095 --— .02 20.32 9,57 5,33
----- 15,93 37.48  46.59 6163 439 L1081 B4 11,192 6,223
mmeen - .58 5542 7331 5.2 L3 - I7T 1039 13,313 7,402
85-5PR-002 - e -
9.23 1B.48 35.03 37.26  5l.66 490 1.0l - 8.62 1533 9,880 5,493
----- 0.3 38.59 4105 56.92 426 L1 ----  9.49  7.86 10,885 6,052
----- - 4846 5L TLAT 535 139 - 1L92  9.87 13,668 7,599
B5MI6104 ——— e -
7.1 1350 40.86  38.52  SB.60 S.41 0.88 - 4,88 1672 10,865 6,04
- 14546 4398 AL48 6308 497 0.9 - 526 121 11,69 6,503
---------- 5146 48,54  73.82 5.82 1.0 ----  6.l6  13.10 13,687 7,610
BSMIG105 e e
10,44 28,02 29.32 3252 450 455 0.8l - 247 19.65 7,852 4,366
----- L8 32.63 36.19  49.52 3.0 0.90  ---- 247 1186 8,738 4,858
el 4742 5058 L9 5.52 L3 -—-- 398 17.23 12,698 7,060
25M16109 s e e
10.06 10.53 36.66 4275 SB.UB 534 0.85  ----  4.80 20.30 10,520 5,849 -
----- ILTL 80,76 47,53 6469 489 0.9 - 5,33 1264 11,696 6,503
---------- .16 5384 3.7 531 LO6 —-- 604 1432 13,247 7,365
35MIG111 e -
£.79 55.98  22.68  16.55  25.52 3.8 0.43 - 2.85 12,04 4,650 2,585
----- $8.80 23.83 17.37  26.81 278 0.45 -  2.99 B.17 4,884 2,715
---------- 57.84 4216 65.07 6735 L0 -—-  T.26 19.83 11,854 6,590



Appendix Il {continued}. Proximate and ultimate analyses and calorific values determinations for 40 coal
saaples froa Punjab, Pakistan.

PROXINATE ANALYSIS ULTINATE ANALYSIS CALORIFIC VALUE
SAMPLE VOLATILE FIXED
NUMBER  MOISTURE ASH MATTER CARBON CARBON HYDROGEN NITROBEM CHLORINE SULFUR OXYBEN BTU/LB KCAL/KE
§5MIBLL6 - e -
502 1125 4672 3671 6333 596 L6 - 296 1534 11,829 6,577
----- 11,89 4935 3876 66.88 5.7 123 - 32 102 12,494 6,947
---------- 56.00 4399 7590 643 1.0 - 354 ILT3 14,179 7,883
36-TEH-1 e -
.00 29.67 30.62 30,70 M08 460 071 ---- 363 I7.35 8,080 4,492
----- 2.60 33.65 374 4840 395 078 -—- L9 1027 8,880 4,937
----- - 493 5007 TL.B2 586 L6 ---- 592 1524 13,077 7,32
86-TEN-2 e -
5.4 43.55 26,89 26,11 3464 .64 0.45 - 482 1290 6,282 3,493
----- 46,06 28.44 25,50  16.63 320 0.47  ---- 510 B.54 6,645 3,695
---------- 5272 47,28 67.91 593 0.7 ---- 945 1584 12,319 6,849
86-TGN-3 I
5,28 56.89 22,04 1579 2434 3.3 034 - LeS 13.63 4,239 2,357
----- 8006 23.26 16,68  25.70 2.8 0.36  ----  L78 9.6 4,475 2,488
---------- 58,25 4177 6434 671 090 - 436 23.69 11,204 6,229
86-TGH-4 - e e
10,00 37,30 24.85 27.84 36,80 3.93 0.4 - 551 16,02 6,585 3,66l
----- 41,85 27.62 30.93  40.89 342 049 - 642 T3 7,317 4,068
---------- 4717 5283 69.B4 533 0.84 - 1045 13.54 12,497 6,08
86-TGN-7 - e -
730 S22 20,36 2.1 2806 3.5 042 - 213 1502 5,123 2,848
----- $5.26 20,96 22,78 30,27 5L 046 - 229 %2 5,527 3,073
---------- 49,08 50.92  67.66 5.6 103 ---- 5.2 20,58 12,353 4,868
86-TEM-8 - e -
5.58 66,99 15.53 1190 1248 213 0.8 - .12 9.0 2,605 1,448
----- 70.95 1645 1260 13.22 L0 0.9 -—- %66 438 2,750 1,53
---------- 56,63 43.37 4551 551 0.65  ---- 3326 15.07 9,498 5,281
86-TEH-9 - e e

6 13.00  §,%377 3,383
34 6.84 5,462 3,593
73 13.83 13,033 7,23

7.51 46,70 21.49 2430 3437 332 0.45 -2
----- 50.50 23.24 26.26 37.16 2.48 0.48 - L
---------- 4.34  53.06 75.06 5.4 0.97 == 4

ARA-DD-6 1174 4104 26,02 20,20 3L34 417 052 0.01 449 18.43 5,618 3,124
B.16 4271 27.0B 22.05  32.61 3.89 054  0.01 467 15.57 5,646 3,250
----- 4.50 29.48 2402 3551 324 059  0.01  5.09  9.06 6,365 3,539
---------- 5501 44,89 -=---  —=-= =eee o= §50 =---- {1,898 6,615

26



Appendiz II {continued). Prozimate and uitimate analyses and caiorific values deterainations for 40 coal
samples from Punjab, Pakistan.

PROXINATE ANALYSIS ULTIMATE ANALYSIS CALORIFIC VALUE

SANPLE VOLATILE FIXED
NUMBER ~ MOISTURE ASH  MATTER CARBON  CARBON HYDROGEN NITROGEN CHLORINE SULFUR OXYBEN  BTU/LB KCAL/KS

ARA-MC-5 5,79 39.45 2899 25.77  39.48 4,02 0.64 001 2.89 1350 7,320 4,070
570 39.49  29.02 25.79  39.52 402  0.64 0.0 2.89 13.43 7,320 4,074
== AL87 30,77 27,36 41,90 358 0.67  0.01  3.07 890 7,770 4,320
e - 5296 47,06  =m==-= === =e= =eee 50§ meee- 13,368 7,433

ARA-MN-13 13.53 19.93 32.46 34.08 4816 S5.18  0.68 0.0 408 20,9 8,712 4,844
W4.45 19.78 3223 3384 47.82 5.2 0.68  0.0L 405 22.44 8,649 4,809
—--- 23,08 IS4 39.42 5570 44 079 001 471 ILSL 10,075 5,602
---------- .8 522 e s e seee BT - 13,090 7,279

ARA-TC-5  9.28 26,66 33.25 3281  47.16 498 075 0.01  4.28 16.16 8,806 4,8%
7.89 2504 33.76 331 47.88 4.8  0.77  0.01 6.38 15.04 8,941 4,97
----- 2718 36.65 3647 SL99 434 083 001 692 B3 9,707 5,347
---------- 5034 49,86  ----- === mmem weem Q50 —-—-= (3,330 7,41

ARR-HN-RT-A B.82 19.11 36,89 35.18  SLI3 484 092 0,02 112 12,86 9,667 5,375
B.45 19.25 37.16 354 SLSL 479 092 0.02 L2 1231 9,738 5,4l

----- 20.9 40.46 38.58 56,08 422 1,00 0.02 12.19  5.533 10,602 5,893

----- —e-- L9 8881 ---em eem —me ——= 1542 --—-- 13,4 7,458

26,59 35.45 31,22 47.8 4.86  0.87  0.02 5.95 13.85 B,98 4,9%
6.97 26,53 35.36 3.4 47.75 487 0.86  0.02 5.9 1403 8,94 4,984
28,52 38.00 33.47 5132 480 093 0.02 638 B.43 9,635 5,397
---------- 53.18 46,82  --m--  ee= mmem —ee= B§T ---—- 13479 7,494

ARR-3Y-7  9.15 19.91 3519 35.75 5245 5.01  0.95 005  5.02 16.81 9,631 5,355
9.47 19.80 3498 35.55 5215 5.08 0.9 0.05 499 17.03 9,576 5,34
----- 20,92 3873 3935 SL74 439 L.05 0,05 5.5 9.33 10,601 5,894
---------- 19,60 5004 m--m  -- seem —eee 707 ---— {3,577 7,549

CB-KC-3A 5.4 3L.74 3%.64 27,17 47.06 4.8 0.94 0.02 418 11.25 9,464 4,817
3.848 31,61 35,49 27.06  46.B6  4.83 0.94 0.02 4.16 11.58 8,628 4,797
-~=-= 3397 37.69 28.74 49.77 4.4 1.00 0.02 4.42 478 9,163 5,093

meem - 56.74  43.26  ----- el S It B 13,79 7,669
CB-KC-38  9.48 16,28 37.03 36.85 55.34 536 1.4 0.02 548 1638 10,112 5,622
9.58 16,33 3743 3696 55.50 534 L5 0.02  5.50 1606 10,141 5,638
----- 18,06 41,07 40.87 6138 472 L.27 0.02 608 8.47 LL,215 4,235
----- —--- 50,12 49,88 --me-  =-= === seem T2 ---—- 13,687 7,610



Appendix Il {continued). Proximate and ultimate analyses and calarific values determinations for 40 coal
samples from Punjab, Pakistan.

PROXINATE ANALYSIS ULTINATE ANALYSIS CALORIFIC vaLlE

SANPLE YOLATILE FIXED
NUMBER  MDISTURE ASH  MATTER CARBON  CARBON HYDROGEM NITROGEN CHLORINE SULFUR ODXYGEN  BTU/LB KLCAL/KB

CO-DL-4 9.8 19.65 3390 37,00 49.40 5.06  0.95  0.02 2.8 22.26 9,584 5,329
10,42 19.28 33.61 36.69  4B.98 5.1 094 0.02 2.8 22.84 9,501 5,282
----- 21,53 37.52 4095 54.67 441 105 0.02 3.6 15.16 10,606 5,897
---------- 4782 5248 ----- === —e= == 4,03 --——- 13,516 7,515

CGAS-HCC-3 8.7 37.39  25.47 28.23 3617 472 .66 0,02 10.91 10.13 4,738 3,74
7.39  17.8% 25.98 28.58  3b6.61 4.4 0.67 6,02 11.08  9.17 4,821 3,792
----- 40.96 28.12 30.92 3%.67 410 0.73 0.02 11,95 2.62 7,381 4,104

---------- 47,62 52,38 -eems eee- . === 20,24 --—— 12,301 6,73
JANDDT-CA- 8.56 24,02 34.26 33.06 48,80 35.04 0.85 0.01  3.26 18.00  B,969 4,997
2 7.30 24,37 34,77 3556 49.53 497 0.87 0.00 3.3t 1694 9,102 5,061
----- 26,29 37,51 36.20  53.43  4.48 0.94 0.00 3.57 11.28 9,819 5,489
----- - 30.%0 450 - - - -~ 4,84 - 13,322 7,407
DANDOT-KC- 9.41 21,95 35.35 33.29 §0.i2 5.13 0.92 0,01 419 17.68 203 5,118
& 10.04 2180 35.10 33.06 49.77 5.7 0.92 0,00 416 1817 9,141 5,082
—--- 2423 3002 36,73 35.32 4,30 1.92 0.00 4.62 10.30 10,161 5,889
---------- 51.49 4831 - - - === A0 - 13,410 7,456
DANDOT-PI- £0.93 13.53 38.22 37.32  97.17 G5.44 1.00 0,01 2,09 20.56 10,221 5,883
! 11.49 13.45 37.98 37.08  36.81 3.48 0.99 0.00 2.08 20.98 10,137 5,647
----- 15,19 42.91 41,90  64.19 4.3 1.12 0.00 2.35 12.18 14,475 6,380
---------- 30,59 49.40 - e - === 277 -e-e- 13,531 7,35
DANDOT-PI- 9.58 23,99 32.98 I3.45 47.96 4.92 0.87 0.02 5.48 1576  B,B47 4,919
PG-1 B.J1 28,33 33.44 1392 4B.63 4.83 0.89 0.02  5.96 15.74 8,371 4,989
----- 26,57 35,48 36,99 53.04  4.23 0.97 0.02 6,06 9.13 9,785 5,440
---------- 49.65  50.33 --eem eee- - - 823 - 13,319 7,405

DANDOT-SP- 10,13 17.87 33,63 38.37  52.%1 5.1 0.93 0.02 5.83 17.62 9,376 3,324

6 3.05 18.08 34.03 38.84 3.4 5.1 .96 0,02  5.92 1677 9,691 9,891
----- 19.88  37.42 42.70  58.43 4.50 1.06 0,02 6.51  9.60 10,655 5,924
---------- 46,71 53,29 meeem eee- - ==~ 813 - 15,299 7,39

DSB-13-2  A.06 2995 3373 30.26  47.20  4.7% 0.86 0.02  3.90 13.31  B,749 4,564
6.67  29.75 3350 30.07  46.90 480 0.85 0.02 3.8 13.80 8,692 4,83
----- 3188 35.90 32.22  %0.25 4.34 0.91 0.02 415 8.4 9,313 5,178
“w-=- =me-= 371 47,290 --ee- -~ == -~ b0 - 13,672 7,602

DSD-14-3  8.34  23.37 3437 3392 4949 493 081 0.2 5.50 15.88 9,145 5,083
B.70 23,28 34.23 379 49.30 495 0.81 002  5.48 166 9,109 5,065
----- 25.49 3749 37,02 5399 436 0.9 0.02 600 9.25 9,977 5,547
---------- 50,32 49.68  -----  ---- - ———= 805 - 13,390 7,485



fppendix II {continued). Proximate and ultimate analyses and calorific values deterainations for 60 coal
samples from Punjab, Pakistan,

PROXIMATE ANALYSIS ULTIMATE ANALYSIS CALGRIFIC vALLE

SAMPLE YOLATILE FIXED
NUMBER  MOISTURE ASH MATTER CARBOM  CARBON HYDROGEN NITROGEN CHLORINE SULFUR BXYGEN BTU/LB KCAL/XE

DSD-15-4  B.90 2650 30.20 3240 4586 431 0.83 0.0 442 1605 8,215 4,567
9.76 2823 29.92 32,09 45.42 438 0.83  0.02 438 1674 8,137 4,52

————— I8 OI[AS IST 034 T.64 092 0.02 485 895 9,007 5,013
---------- .25 5L eeem - e —eee 106 - 13,022 7,29

DSD-16-5  8.00 25.06 3333 3351 %44 424 .87 0,02 653 1374 9,000 5,005
9.42 2677 3Bl 3300 48,67 435 0.8 0.02 643 1491 8,862 4,927
----- 2734 36,23 3643 5374 3.4 0.9 0,02 T.09  T.23 9,783 5,439
---------- 89,86 50,18 —m-m-  —-- - eeee 906 ----- 13,465 7,486

DSM-18-6 490 78,27 11,07 576 9.26 l.4 020 0,01 441 620 1,723 958
5.0 78.15 11,05 5.6 9.24 L.66  0.20  0.01 441 633 1,720 956

----- 8230 1.4 606 974 L5 021 0.01 484 195 1,812 1,007
---------- 85.73 2T -meem memm —ee- = 26,20 - 10,234 5,690

JT-NDN-SB 6,33 20,77 3449 37.40 53.62 A9 0.B3 0.2 349 1538 9,778 5,437
6.91 20,64 3427 3748 5529 493 0.83 0.7 347 1582 9,718 5,403
————— 2326 36,82 3994 .25 447 0.89  0.02 372 10.41 10,439 5,804
---------- 47,97 52,03 —-eme semm meem meem A8 - 13,600 7,561

KK-GH-8A 1140 10,11 39.38 3001 59.95 5.90 L0503 2,03 20.83 10,848 6,031
0,67 1019 39,70 39.46  60.45  5.86  1.05 0.3 2.04 20,28 10,938 6,082
----- L. 445 8410 47,67 522 L8 0.4 2,29 12,09 12,284 6,808
- - 50.17  49.83  ----- - e e 258 ——e- 13,821 7,684

KK-GH-BB  9.68 28.29 33.00 29.03  45.47 5.06  0.87 0.0 1.B8 18.33 8,310 4,620
320 2.2 33500 9.4 4616 497 0.88 000 L1 17.26 8,435 4,690

----- .32 3654 32014 50,34 440 0.% 001 209 1078 9,201 5,116
—————————— 53,20 879 =---m —mm eeem o= 304 - (3,398 7,849

-CYS-L 14,20 25.97 28,93 30.89  3B.80 452 0.66 0,02 LLTA 18,29 7,364 4,09
16.87 25.16 28.03 29.9%  37.60 473 0.64 0,02 1037 20,48 7,136 3,98
----- 30,27 3372 36,01 45,23 3.2 077 0,02 13.68 6.6l B84 4,773
---------- 88,36 SL.64  me-em coemm —eem —eem 19047 - 12,309 6,844

H-SAL-1  7.71 1642 37.52 3B.35 55.69 5.1 124 0,05 B4 13.05 10,549 5,865
7.06 16,5 37.78 38.62 56,08 5.06  1.24  0.05 B.50 1253 10,624 5,907
- 17,80 40.65 4155  60.34 4.0 L34 0.05 9.5 672 11,431 6,35
----- —e-- 8945 50,55 = —eem —mem o LT ----- 13,905 7,73



Appendix II {continued}. Proximate and ultimate analyses and calorific values determinations far &0 ccal
saaples from Punjab, Pakistan.

PROXIMATE ANALYSIS ULTIMATE ANALYSIS CALORIFIC VALUE

SAMPLE VOLATILE FIYED
NUMBER  MOISTURE ASH MATTER CARBON  CARBON HYDROGEN NITROGEN CHLORINE SULFUR UXYGEN BTU/LB KCAL/YG
-1 758 70.84 19.73 005 ATL L70 003 0.01 .09 20,82 —mmmes =mee-
9,90 70.38  19.86  0.05 469 LJI 0.0 001 109 2207 =meeem -eee-
----- 783 2082 9.05 520 .69 0,03 001 1.2 1472 seeme- -eee-
---------- 99,76 0.4  ==--= === === - 5,5}
#N-10 280 81,23 15.31  0.16 163 L5100 0.04 0,02 33T 1220 meeemm -eeee
1,86 82,01 15.96 0.7 L6 142 0.08 0.0 381 1186 -——=--  ---e-
----- B3.57 16,26 0.17 L7 L23 0.04 002 347 10.00 ------  ---—-
---------- 98.96 104  mm=- —eee eee —eee 2112
N-11 22 8385 12,79 0.4 L0 149 0,03 0.00 180 1092 ---mm -
173 8494 1298 035 L2 L34 003 0.00  1.B3 1073 -mm=-- -ee-
—--- 8644 1320 0,35 LI4 L7 003 0.00 1.8 9.35 - e
---------- .40 2,40 == - =- - (LT3
-2 978 77.86 12,33 0.03  L77 205 0.04 0.0 0.9 133 —me-em --e-
B.98 78.55 12.48 003  L79 L.97 0.0 001  0.95 16,69 -m----  -----
----- 86,30 13.66 0.0 197 106 0.04 001 104 958 - ---—-
---------- 970 0,30 === === === - 159
-3 720 85.26 7.0 0.14 077 LT 0.04 002 072 1l.4h  —--m -e--
6,12 B6.26  7.49  0.17 078 L.62  0.04 002 072 10,58 - ---—-
----- 91,88 7.98 0.4  0.83 0.99  0.04 0,02 0.77  5.47 ----m-  ---—-
---------- 98,23 LJT = meem eem e 949
-4 6.08 B394  9.91  0.07  1.69 L.64 0.0 081 248 10.20 8 32
5.6 8476 1001 0.07 L7015 0.08  0.01 251 9.4 58 32
————— 89.37 10.55  0.08  1.B0 1.02  0.04  0.01 2.85 5.1l 6L 3
---------- 99.25 077 === === === == 488 -—-- 576 315
-5 .40 BL9® 10,57  0.04 327 1.9 0,08 0.02  L76 1L19 284 135
759 8200 10,37 0.0  3.27 1.9 0.08  0.02 176 1.8 244 135
- 88,73 11.22  0.05 354 0.91 0.8 0.02 191 4.8 264 14
mmmemeees 99.54 0.4 === === =mm= e 1694 ——-—- 2,340 1,302
-6 1093 8116 7.82  0.09  1.09 L.98 0.0l  0.01 127 14,48 - e
10.88 8120 7.83  0.08  1.10 197 0,00 0,01 1,27 14,43 - --oe-
- 91,12 878 0.0 L23 0.85 0.0 001 143 535 - e
e 1% R W7 A TS 61




Appendiy Il {continued!. Proximate and uliimate analyses and calorific values determinations for &0 coal
samples fros Punjab, Pakistan.

PROXIMATE ANALYSIS ULTIMATE ANALYSIS CALORIFIC VALUE

SAMPLE YOLATILE FIYED
NUMBER  NOISTURE ASH MATTER CARBON  CARBON HYDROGEN NITROGEN CHLORINE SULFUR OXYGEN BTU/LB KCAL/KE
-7 8.77 81,92 9.26  0.05 133 L84 0.0 0,01 2,27 12,59 ~-m-m-  —mem-
7.85 8275 9.36  0.04 134 L5 004 0,00 2,30 11,81 —-—-mm  --me-
----- 89.80 10,15 9,05  1.46 0.9  0.08  0.01 2,49 5.26 m-mmm  —-—m-
— - 99,49 0,51 =mem === mmem e 24,42
-3 380 89.50  4.68 001 0.49 1,05 0.01 0,02 2,34 .59 - ——em-
5,03 898.37 659 000 0.48 1.8 0,01 0.02 2,31 T3 mmm-mm  -——e-
———-- 93,05 &.94 0,00 0,51 0.65 001 0,02 2.4 332 - ———
---------- 99.85 015 === ==== === -=— 35,03
-9 243 93.40  3.92 0,05 0.24 0.50 0,03 007  0.80 478 --——-  —-—m
5,92 90.25 3.7 0.05 250 0,90 0,03 002 077 7.78  ——mmm  mem-
----- 95.93 4,02 0.05  0.27 825  0.03  0.02 0.82 2.8 -—-—-—m -——-
---------- 9877 123 = e meem - 2020
MH-JV-1 7.4 44,82 26,11 21,23 30.74 3.4 0.3 002 T.23 12.95 5,703 3,171
6,92 45.27 26,33 2043 31,05 354 0.3 0.02  7.30 12,19 5,740 3,203
----- 48,63 28,34 23.03 3336 297  0.48  0.02  7.85  6.49 5,189 3,441
---------- §5.16 44,88  m=m=m  m=m= emem amem 15,28 -=—-- 12,048 6,499
NA-MAM-2Z 10,48 18.43 32.89 38.20  51.13 5.05 105  0.02  9.54 14,78 9,608 5,342
9.6  18.64 33.27 38.63 5171 498 1,07 0,02 9.65 13.93 9,717 5,403
----- 20.59 3675 42,46 57.12 433 L.1B 0.02 10.66  6.10 10,733 5,947
—— - .27 5373 - T | O J— 13,515 7,514
P-(B-6B  9.05 21,56 32,23 37.16 5109 476 097 0.03  T.39 14,20 9,843 5,250
10.05 21,32 31.87 3674  50.53 483 0.9  0.03 7.3 15.02 9,339 5,192
----- 2370 35.44  40.86 56,18 442 1,06  0.03 B3 478 10,383 5,773
---------- 84,48  53.56  m=m==  m=m= === aemm 1065 -—-—- 13,408 7,364
P-(C-12 11,15 14.94 34.58 39.31  54.99 5.32 1.05  0.02 4.58 19.08 10,010 5,366
2,09 14,80 3421 38.30 S4.41 538 1.04  0.02 4,53 19.82 9,904 5,507
----- 14,84  38.92 4424 41,39 458 1.8 0,02 S.16 10,33 11,266 4,264
---------- 86,80 53,20  m=m=- === =me= === 4,20 -———- {3,547 7,532
PI-PCP-1  B.10 1h.86 38.00 37.44 54,39 5.08  1.17 0,02 B.88 14.00 10,48 5,792
778 16,52 383 37.57 54,58 5.06  1.18  0.02 8.9 13.73 10,454 5,812
----- 17,90 41,35 4074  59.18 454 L,27 0,02 9.6 7.82 11,336 6,303
---------- 50,37 49,83  —mmm=  mem= mmem eme= {177 ---—- 13,809 7,478




fppendix Il {continued). Proximate and ultimate analyses and calorific values determinations for 40 coal
saaples from Punjab, Pakistan.

PROXIMATE ANALYSIS ULTIMATE ANALYSIS CALORIFIC VALUE

SAMPLE VOLATILE FIXED
NUMBER  MOISTURE ASH MATTER CARBON  CARBOM HYDROGEN NITROGEN CHLORINE SULFUR OXYSEN  BTU/LB KCAL/KS

PI-PCP-2A  7.70 3410 27.24  30.9 4402 411 0.89 004  J.i6  13.68 8,000 4,449
8.95 33.64 26,87 30.5¢ 43.43 420  0.88  0.04 302 14.69 7,893 4,388
----- 36,9 29.50 33.55 4770 3.52  0.97  0.04  3.42  T.4L 8,669 4,820
---------- 46,81 539 —---- o= - o- 543 - (3,748 7,444

PI-PCP-2B 6,77 26,21 33.69 33,33 49.05 4.3 105 0.02 6.2 12,22 9,122 5,072
575 26.49 3405 3371 4959 456 106 002 6.89 139 9,221 5,127
----- .00 3613 3576 52601 A5 L3 002 T3 b7 9,784 5,440
---------- 50.26 49,78 ---e- we-- eem oo 10,07 ---—- 13,610 7,567

T80-7-1 753 15.07 40.84 36.56 58.09 5.48  1.09  0.04 4,90 15,33 10,830 6,02
.01 14.81 40.14 3594 5710 5.58 1,07  0.04 482 16,58 10,645 5,917
----- 16,30 416 39.54 6282 5.02  L.18  0.04 530 9.34 1,712 6,512
---------- 5276 AT -eeem —em eeee e B33 - 13,992 7,780



Appendixz [Il. Foras-of-sulfur, free-swelling- ang Hardgrove-Grindasiiity-index, and asp-Tus1On-tTeaperatures
determinations for 40 coal and carbonaceous shale samples from Punjab, Pakistan.

[All analyses except free-swelling- and Hardgrove-Girndability-indices, and asn-fusion temperaiures in percent. For each
saaple nuaber, the analyses are reported to four bases: first, equilibrium acisture basis; second, as-received basis;
third, moisture-free basis; and fourth, moisture- and ash-free basis. All analyses oy commercial testing laborataries
following ASTY (1986} standards. DJashed line = not analyzed.]

FORHS OF SULFUR HARDGROVE ASH FUSION TEMPERATURE, OF
GIRNDABILITY
SAMPLE FREE INDEX INITIAL HEMISPHER-
NUMBER PYRITIC SULFATE ORGANIC SWELLING (AT % DEFORMATION SOFTENING  ICAL FLUID

INDEX MOISTURE)

85-50T-001  -----
LET 005 0.99 0.5 4 2160 2200 2500 2270
L8 005 Ll
224 006 L3

85-5KA-003  -----
5.7 020 115 0.5 53 2120 2140 2520 2190
.63 0.3 135
7.9 0.2 L.t

83-5PR-002  ----- o~ —_—
7.2 0,45 1.26 .o 30 2120 2160 2370 2190
1.94 0.16 1.39
9.97 0.20 1.7

BSNIGIO4 - — -
254 0.6 2.18 0.5 - 2040 2100 - 2200
293 018 235
L9 02 276

gSMIBLOS  -—--- - e
0.90 047 L1000 - 2800+ 2800+ --- 2900+
L0105 L20
L 0T LT

gSMIGL0T - - -
9 045 076 0.0 1960 030 - 2070 -
399 050 0. :
852 057 0.93

BSMIGLLL  =--—- — -

.44 0.13 0.23 0.0 -—-= 2800+ 2800+ -~-- 2800+
2.36 0.19 0.24
6.21 0.46 0.39



appendix [II (coniinued). Foras-of-sulfur, free-sweiling- and Hardgrove-Grindabiiity-index, and ash-~fusion-
temperature detsrminations for 40 coal and carbonaceous shale sampies from Punjab, Pakistan.

FORMS OF SULFUR HARDGROVE ASH FUSION TEMPERATURE, °F
GIRNDABILITY
SAHPLE FREE INDEX INITIAL HEMISPHER-
NUNBER PYRITIC SULFATE ORGANIC SBELLING (AT ¥ DEFORMATION SOFTENING  ICAL FLUID

INDEX MOISTURE)

BSMIBLLE  meee- --=- -~
2,33 9.4 0.32 0.3 -——= 1980 2060 - 21%0
2.86 0.12 0.54
2.7 0.14 0.61
86-TGM-1  ==ee- - -
2.89 0.12 0.62 9.0 - 2600 2700 ~==- 2130

3.17 0.13 0.67
4.70 0.19 1.03

86-TGM-2  ----- - =
3.39 0.07 1.16 0.0 -—== 26190 2799 - 2800+
3.80 0.08 1.22
7.04 13 2,26
86-T6M-3 -~ === ——e
0.95 0.09 0.51 0.0 === 2800+ 2800+ === 2800+

1.00 0.190 0.64
2.30 0.25 1.81

Be-TEN-4  -——- e -
351 0,20 1.80 0.0 ---- 2720 2800+  -=-- 2800+
390 022 2,00
6.6 038 341

Be-TEH-7  ----- - -
128 020 0.5 0.0 2600 2660 o 2720
138 022 0.69
308 0.49 1.5

B4-TEM-8  ---—- -
8.76 0.3 0.00 2.0 ---- 2370 2430 -—-- 2510°
.28 0.38  0.00 :
95 L3 0.00

Bo-ToM-5  --—-- — -
0.72 008 L35 0.0 ---- 2800+ 2800+ ---- 2800+
0.77 0.0 147
L5 020 297

14



Appendix III {continued}. Foras-of-sulfur, free-swelling- and Hardgrove-Grindability-index, and ash-fusion-
teaperature deterainations for 40 coal and carbonaceous shale sampies from Punjab. Pakistan.

FORMS OF SULFUR HARDGROVE ASH FUSION TEMPERATURE, ©°F
GIRNDABILITY
SAMPLE FREE INDEX INITIAL HEMISPHER-
NUMBER PYRITIC SULFATE ORGANIC  SWELLING (AT % DEFORMATION  SOFTENINE  ICAL FLUID
INDEX HOISTURE)
ARA-DD-6 2.96 0.41 1.12
3.08 0.42 1.17 0.9 70 2410 2330 2790 2700
3.3 0.46 1.28 {4.28)
6.27 .36 2.38
ARA-HC-3 1.26 0.06 1.57
1.26 0.06 1.57 0.0 47 2630 27100 2709 2700
1.34 0.06 1.67 (2.18)
.30 0.18 2.87
ARA-MN-19 0.03 0.41 3.92
0.03 0.11 3.89 0.0 31 2450 2360 2580 2790
0.65 0.13 4.53 (7.32)
0.07 0.17 3.89
ARA-TC-6 4,13 0.23 1.90
4.21 0.23 1.94 0.0 4 2100 2180 2220 2460
4,57 0.25 2.10 (3.80)
5.28 0.34 2.89
ARR-HM-RT-A  9.47 0.18 1.2
9.81 0.18 .21 0.0 8 2000 2090 2100 2200
1¢.69 9.19 1,31 (2.39]
13.32 0.2% 1.65
ARR-HM-RT-B  4.93 0.14 0.88
4.92 0.14 0.88 0.0 47 2000 2270 2350 2380
3.29 0.13 0.94 (2.09)
7.40 0.2 1.32
ARR-dV-7 3.30 0.28 1.24
3.48 0.28 1.23 0.0 34 2300 2310 2520 2380+
3.83 0.31 1.36 - (2.40)
£.93 0.39 1.75
CB-KC-3A 3.80 0.11 27
L1 0.11 0.2 0.0 36 2140 2410 2470 2500
4.02 0.11 0.29 (1.79)
.05 0.17 0.43



Appendix iII {continued). Foras-of-sulfur, free-swelling- and Hardgrove-Grindability-index, and ash-fusion-
teaperature deterainations for 60 coal and carbonazeous shale saaples from Punjab, Pakistan.

FORMS OF SULFUR HARDGROVE ASH FUSION TEMPERATURE, °F
GIRNDABILITY
SAMPLE FREE INDEX INITIAL HEMISPHER-
NUWBER PYRITIC SULFRTE ORGANIC  SWELLING (AT X DEFORMATION  SOFTENING  ICAL FLULD
INDEX MOISTURE)
CB-KC-3B 4,77 ¢.14 0.57
4,79 0.14 0.57 0.0 47 1960 2040 2120 2380
3.29 0.15 0.64 {2.92)
b.46 0.19 0.77
Co-DL-4 2.37 0.05 0.44
2.35 0.05 0.43 0.0 30 2120 2480 2530 2610
2.63 0.03 0.48 {2.86)
3.35 0.07 0.61
CBAS-HCE-3 7.42 0.18 13!
9.33 0.1 1.33 0.0 b1 2020 2210 2370 2410
10.32 0.19 1.44 {2.09)
17.47 0.33 2.44
DaNDOT-CA-Z 1.4 0.07 1.75
.47 0.07 1.77 0.0 i 2700 2700 2700 2700
.58 0.07 1.92 . {3.82)
2.14 0.1 2,60
DANDOT-KC-6  2.98 0.08 113
2.96 0.07 L3 0.0 il 2340 2440 2440 2510
3.29 0.08 1.25 {3.71]
4.3 0.4 1.65
DANDOT-PJ-RL  0.935 0.07 1.07
0.9 0.07 1.06 0.0 ) 2470 2420 2540 2630
.07 0.07 1.2 (5.56)
1.26 0.09 1.42
DANDGT-PJ- 4.03 0.4 1.33
Pe-1 4,09 .13 1.34 0.0 33 2100 - 2280 2330 2410 °
4.46 0.14 1.4 ©(4.84)
6.06 0.19 .00
DANDOT-SP-6  4.56 0.21 1.08
4.61 0.21 1.10 0.0 33 2000 2230 2330 2480
3.07 0.23 f.2L {4.33)

6,33 0.29 1.5



fppendix 1l {continued). Forms-of-sulfur, free-sweiling- and Hardgrove-Grindability-index, and asn-fusion-
teaperature deterainaticns for &0 coal and carbonaceous shale samples from Punjab, Pakistan.

FORMS CF SULFUR HARDGROVE ASH FUSION TEMPERATURE, °F
SIRNDARILITY
SAHPLE FRES [HDEX INITIAL AEMISPHER-
NUMBER PYRITIC SULFATE ORGANIC  SWELLING (AT % DEFCRMATION  SOFTENING  ICAL FLUIE
INDEX AOISTHRE!
§3-13-2 2.5 0.04 2,92
2.92 4.0 §.92 G.0 - 2490 2390 2630 2704
~J-1e.‘ Ouv‘!r 0-98
4.40 0.0 i.34
050-14-3 4.49 6.07 8,94
$.47 3.7 0.94 2.4 87 Fv) 2350 2365 2300
.50 3.08 1.02 (1.8}
6.38 0.1l 1.2
080-15-4 3.81 3.0 0.3
.77 5.05 9.34 .0 33 237 2430 2300 2560
4,18 .05 0.62 {(2.12)
.08 0.07 0.94
peD-16-3 3.34 1.05 3.94
3.45 0.03 2.93 0.6 53 193¢ 2100 2275 2356
.92 .03 1.02 (2.17)
8.29 0.07 1.40
DEN-18-6 3.97 ¢.08 0.3
1.96 0.08 0.37 0.0 81 2330 26790 2700 2700
4.18 .08 0.38 {1.08)
3.9 .45 2,18
JT-NDM-3B 2.18 0.07 1.24
2.47 0.07 HA 0.4 47 2700 2700 790 2700
2,33 0.07 - 1.32 (2,231
3.04 .09 172
KK-GH-8A 1.23 3.06 0.74
1.24 0.08 0.74 ¢.0 49 2430~ 2170 2890 2380
1.38 0.47 .84 - (250
1.56 ¢.08 4.94
KK-GH-88 1.24 0.07 4.57
1.26 0.07 0,358 0.0 41 2610 2700 2700 2700
1.38 .08 §.63 {1.28)
2.8 0.12 0.9



agpendix III (continuew). Foras-of-suifur, free-sweiling- ang Mardgrove-Sringability-index, ano ash-fusion-

teaperature detersinations for A0 coal and carbonacepus shale samples from Pumjab, Fakistan.

FORMS OF SULFY HARDGROVE ASH FUSION TEMPERATURE, °F
GIRNDABILITY
SAMPLE FREE INDEX IHITIAL HEMISPHER-
NUMBER PYRITIC SULFATE ORGANIC SWELLING (AT % DEFORMATION  SOFTENING  ICAL FLUID
INDEX MDISTURE}
LH-CYS-1 9.81 G.1b 1.7
7.3 b 1.7 4.0 &3 2010 2059 2080 2360
11.44 0.19 2,03 {4.23)
16,30 0.27 2,95
M-SAL-1 T.44 0.07 0.93
7.49 0.07 0.94 3.0 43 2050 2060 2079 2150
.06 0.07 1.02 {1.38)
9.81 0.99 1.23
MN-1 .89 0.03 0.15
.89 0.0% 0.13 0.9 {1 2069 2100 2110 247
0.99 0.03 0.17 (3.81)
4.52 0.24 0.75
HN-10 J.12 0.16 0.0%
. 0.16 0.10 0.0 59 2590 2700 2700 2700
.21 0.16 0.190 {0.87)
19.32 0.98 0.62
MN-11 1.72 0.08 0.00
1.74 .08 0.01 0.0 43 2630 2700 2790 2700
1.77 .08 0.01 {0.69)
13.07 0.39 0.07
MN-2 (.87 0.04 0.93
0.88 0.04 0,03 0.0 &9 2140 2210 2309 2360
0.97 0.04 0.03 {3.82)
7.06 0.30 0.23
HN-3 0.47 0.04 0.01
0.68 0.04 0.00 0.9 64 2330- 2360 2500 2579
4.72 0.04 0.01 ©o2an)
8.86 0.51 0.12
HH-4 2.34 0.97 0.07
2.36 0.07 0.08 0.0 73 2310 2370 2350 2610
2.49 0.97 0.09 (2.08)

23.44 0.67 0.77

38



Appendix [II {continued). rorms-of-suifur, free-swelling- and Hardgrove-6rindability~index, and ash-fusion~
temperature determinations for &9 coal and carbonacecus shale samples froa Punjab, Pakistan.

FORNS OF SULFUR HARDGROVE ASH FUSION TEMPERATURE, °F
GIRNDABILITY
SAMPLE FREE INDEX INITIAL fAEMISPHER-
NUMBER PYRITIC SULFATE ORGANIC SWELLING (AT % DEFORMATION  SOFTENING  ICAL FLUID
INDEX NDISTURE)
MN-3 1,85 .03 0.06
1.65 0.05 0.06 0.0 110 2180 2310 2450 2560
1.79 0.05 0.97 {2.57}
15.85 0.45 0.63
HN-6 1.2% 0.03 0.01
1.23 0.03 0.01 0.0 ! 2080 2260 2330 2530
1.38 0.03 0.02 {3.61)
15.91 0.36 0.24
HN-7 1.78 0.03 0.45
1.80 0.03 0.47 0.0 78 2160 2220 2340 2560
1.95 0.03 0.51 {3.28)
19.15 0.30 4.97
M-8 2.14 0.18 0.02
2.1t 0.18 0.02 0.0 89 2630 2700 2700 2700
2.22 0.19 0.03 (1.03)
31.38 2.75 0.29
HN-9 0.71 0.08 0.01
.49 0.08 0.00 0.0 - 2700 2700 2700 2700
0.73 0.08 0.01
17.98 1.97 0.25
NW-JV-1 3.89 0.26 1.08
- 399 0.26 1.09 0.0 3t 2390 2450 2310 2540
6.39 0.28 1.18 {1.61)
12.45 0.55 2.28
NW-NAN-2 8.3t 0.26 0.97
g.41 0.25 0.98 0.0 30 2020 2050 2060 2120 -
9.28 0.29 1.09 T (2.4
11.96 0.36 1.37
P-¥B-48 5.20 0.12 1.07
6.13 0.12 1.06 0.0 33 1980 1990 2000 2380
6.82 0.13 1.18 {2.33)

8.94 0.17 1.54



Appengix III {continued). Forms-of-suifur, free-swelling- and Hardgrove-Grindability-incex, ana ash-fusion-
teaperature deterainations for &0 coal and carbonacecus shale samples from Punjab, Pakistan.

FORMS OF SULFUR HARDGROVE ASH FUSION TEMPERATURE, °F
GIRNDABILITY
SAMPLE FREE INDEX INITIAL HEMISPHER-
NUMBER PYRITIC SULFATE ORGANIC SHELLING (AT % DEFORMATION SOFTENINE  ICAL FLUID
INDEX MOISTURE}
P-KC-12 4,143 0.10 3.33
4,09 0.10 8.3 0.0 49 1950 2200 2240 2530
4,63 0.1¢ 0.40 T {2.44)
3.40 0.14 0.46
PI-pPiP-1 7.98 0.18 0.74
8.00 0.15 W73 0.0 44 2040 2040 207¢ 2120
.48 0.17 .81 {1.95)

10.37 0.2 0.99

PJ-pCP-24 2.78 0.04 0.34
2.74 0.04 0.34 0.0 3 2640 2690 2700 2790
3.01 0.04 0.37 (1.88)
8,77 0.06 0.40

PJ-pCP-2B 3.90 0.43 0.77
3.96 0.15 0.7 0.9 44 1930 2030 2150 23180
6.33 0.1 0.82 {1.39)
g.80 0.23 1.14
T88-7-1 4.26 0.05 0.59
4.19 0.03 .58 0.0 -=-= 1960 1990 2030 2280

§.61 .03 0.64
5.8 0.06 0.7

40



Table IV, Major-, ainor-, and trace-eliement composition of selected coal ano carbonaceous shaie sampies froa
Punjab, Pakistan, raported on a whole-coal basis.

{Values in percent or parts-per-aillion,
L aeans less than the value shown; H, interference for an element which cannot be resolved by any routine aethod:

analyses of ash.

§, greater than; S, after eiement title indicates deterainations by automatic plate reading cosputer assisted, esaission
spectrographic analyses. For elements by eamission spectrographic analysis, the standard deviation of any answer should be taken as

oius 30% and minus J9%.

22 zlements are froa determinations on whole-coal: ail other eleasents calculates iros

Saaple nusber is field nuaber.

Analytical procedures after Eolightly and Simon, 1989.]

SAMPLE 5 Al fa Mg Na i Fe Ti

NUMBER {%) (%) {%) {%) {%) (%} {1 (%)

85-307-091 3.2 1.4 0.2 .42 0.029 9.079 2.1 0.44

83-8KA-003 1.4 .83 .21 073 D10 . 044 5.3 A3

85-SPR-002 2.3 1.9 A3 .058 .042 10 6.8 16

aoMIsied 2.4 2.0 .18 L0568 046 A3 2.6 A6

@5MIG105 7.4 4.5 .14 .18 049 .37 1.5 A3

a5MIG109 1.2 1.1 .16 033 073 015 3.8 .050

g5MIGLLL 14 3.5 .28 .27 A3 .48 3 L.

95MIBLLE 1.8 1.3 .23 039 040 053 2.2 A

B6-TGM-1 7.5 4.8 b .083 .038 .2 3.1 W3

86-T6M-2 {1 6.5 21 WAl 077 36 I.6 11

864-TEM-3 16 9.3 .18 .12 071 .35 1.4 1.

Bo-TGM-4 15 2.1 A 044 040 .10 3.2 A

86-TGN-7 19 3.8 17 064 034 .19 1.6 2.3

96-75M-8 {7 8.0 .31 14 063 3 9.1 1.0

86-TGM-9 2 1.4 .19 039 049 034 .12 .32

SAMPLE Ag-5 fis B-§ Ba-3 Be-S Br Cd Ce Cl Lo Cr s
NUNBER pPY PPY PP PP PPN PPy PPN pPY ] PPN PP PP
85-8D7-001  0.097 5.2 110 20 4.8 1.2 0.1 28 100L 7.6 39 0.24
85-5KA-003 .12 7.9 10¢ 3.7 3.3 1.2 070 14 100L 3.2 14 g0l
35-5PR-002 .17 27 130 34 3.6 1.0 A3 18 100L 3.3 2 47
BINIG104 .044 4.0 89 17 1.6 3.3 .057 2.3 100L 0.44 3.7 .08
83M15105 .43 4.4 190 42 3.7 7.3 28 13 100L 3.3 H 30
85MI5109 .033 13 48 2.7 3.1 7.9 23 3 120 1.4 2.2 03L
BSNIS1L 16 13 140 100 3.3 2.8 .12 435 100L 4 72 1.0
BSMIGLLG 034 2.0 I} 15 3.8 2.3 .18 3.8 100L .10 4.0 .03
B6-TGM-1 .082 4.7 160 33 9.3 3.3 063 13 100L 2.2 3 20
86-T6N-2 095 10 110 b4 2.3 4.2 091 3 100L 4.0 35 W17
84-T6M-3 WAl 8.4 130 83 1.9 3.4 A28 45 100L 3.5 78 1.t
B4-TEM-4 .072 13 110 13L 1.3 7.0 J080L 5.2 lodL 3.4 3.9 43
B6-TEN-7 13 5.4 170 43 7.5 6.1 A 30 100L i. 40 34
86-TGM-8 .18 30 i bt 2.9 3.8 BT - M 100L 3.2 ! .08
85-TGM-9 3L 1.4 110 16L 1.5 H .098L 5.1 100L .3 9.7 0L

bon
—



Fagie IV, {continued) Major-. sincr-, ang trace-eleaent coaposition of coal and carbonaceous shalz saaples froa
Punjab, Pakistan, reported on a whole-cpal Basis.

SAMPLE Cu Eu F Ga-S Ge-§ Hf Hg La Li Lu
§UMBER 2Py PP pel PPN PPN PPY e PPN PPN PPH
93-307-001 I8 9,82 50 i3 13 3.0 0.405L 11 24 4,23
85-5KA-003 7.8 40 1 H 15 T3 .005L 6.4 5.0 23
83-8PR-002 6,0 .33 i¢ H 24 1.1 L8050 8.6 9.5 .25
83M16104 8.3 .03 30 7.3 6.3 0.14 0.005L 1.5 30 G2
8aMIG105 10 .25 20L 15 22 1.2 D050 7.7 7 A2
35M18109 15 .06 200 7.8 25 06 030 44 32 2
goMIsLLL 24 .47 0L 33 6.4 6.9 .10 30 22 .38
BIMIGLILA U .12 20L i 7.0 A7 030 1.9 19 04
86-TGH-1 13 .24 20L 21 20 1.5 070 7.4 97 W12
86-TGH-2 1% .30 20L 25 3.4 3.1 .010 20 110 .22
86-ToM-2 13 67 100 30 Z.7L 7.9 .020 29 140 .33
86-TEM-4 i .14 20L 1.8 2.7 1.6 L0680 2.2 22 .4
86~TEM-7 22 .39 20L 15 4.8 13 010 19 31 .48
86-TGH-2 30 74 40 2 3.2 7.6 030 3 n .43
B6-TGN-9 26 .13 20L 5.4 2.3L 6.5 010 2.1 25 .13
SAMPLE Mn Mo-5 Nb-§ Nd-S Ni-§ P Pb Pr-§ Rb Sh
NUMBER PPN PP PPY pe PP PPN PPN pe pei PPN
85-507-001 32 10 6.9 20 41 8.7 13 15t 60L .42
83-5KA~003 22 H 4.3 11 17 4,40 15 18t 40L .25
35-5PR-002 33 H 7.1 18 18 8.7L 16 140 0L .2
83M16104 26 1 3.4 10 11 3oL 3.8 1.2 .70 .2
85MIG105 34 3.7 2.4 17 23 140L 8.4 2.0L 12t .26
BIMIBL09 13 9.4 3.1 9.2 4 380L 17 1.5 4.5L .33
85MI6111 42 4.9 30 50 &9 92 28 3.9 2% T
8316116 14 2.4 3.4 19 3.7 J80L 3.5 2.4 3.5L 14
86-TGM-1 20 5.3 16 22 22 140L 16 2.1 13t .29
86-T6M-2 36 6.4 34 33 3 946L 18 3.1 12 .31
86-TEH-3 44 §.2 ) 19 32 74 14 6.5 18 .49
86-T6M~4 27 2 23 13 21 1oL 9.6 2.7L 9.8L 1
B6-TEN-~7 70 4.8 51 18 12 83t 2.4 10 16L 43
86-T6M-8 100 20 33 22 54 100 28 4.8L 15 3.6
B&-TEN~9 69 6.9 29 18 3.8 87L 26 3.3 oL W35



Table IV. {continued) Major-, minor-, and trace-eleaent coamposition of coal and carbonaceous shaie samples fros
Punjab, Pakistan, reported an a whale-coal basis.

SAMPLE §c Se Ea 5n-§ §r-5 Ta Tb Th U V-5
NUNBER PPN b PPM PPy pPH PP PPY PPN PPN PPN
83-5DT-001 6.9 18 3.7 7.6 350 1.2 0,57 b.4 L7 37
85-5KA-003 3.3 13 1.7 H 130 3t 3 2.4 Jb 18
85-5PR-002 4.8 14 2.3 i 180 43 40 3.5 2.0 31
BOMIGL04 .63 13 .22 3.7 90 40 029 3.3 1.3 24
gIM16105 2.9 1.2 1.3 3.0 130 1.2 .22 7.5 4.7 43
83NI6109 49 3 25 §.7 80 A7 043 3.4 .88 33
BomMIGLLL 10 28 3.6 13 130 3.3 .48 A 3.1 140
giNIGL1s 1.0 8.3 .33 3 230 .43 090 3.4 2.9 30
86-T6M-1 3.1 14 1.3 6.3 120 L. 19 13 3.8 H
B&-TEM-2 7.1 25 2.7 9.3 170 2.4 .34 i 4.8 100
86~T6M-3 i1 3 3.0 3.5 {70 3.7 .49 19 3.1 130
B6-TGM-4 1.3 23 59 2.4 92 1.3 A3 4.4 14 2
B6-TGN-7 7.2 7.8 2.9 3.3 170 4.6 .48 16 6.9 7
B6~TEM-8 8.3 16 .9 13 200 2.8 .48 20 8.8 84
86-T64-9 1.2 7.4 1 2.3 83 1.1 14 4.3 2.2 27
SAMPLE L] y-§ b In Ir-§

NUMBER peM pPM PPy PPy pe

85-507-001 1.7 14 1.8 110 5

B85-5KA-003 .49 11 1.1 3 39

85-5PR-002 40 13 1.6 34 31

83M15104 .86 8.7 .08 30 4

BIM16103 2.0 14 3 2 84

BINI6L09 .81 16 .14 230 34

goMI6114 3.6 2t 2.3 28 220

BIMIGiLe .49 3 23 110 33

86-ToH-1 1.7 18 1 21 120

86-T6M-2 2.7 2 1.5 30 240

86-T6M-3 3.6 25 2.4 21 390

B6-T6H~4 1.3 H .85 ¥2 390

85-T6M-7 3.7 46 3.0 37 910

B5-76M-8 2.4 20 2.3 20 310 )
85-T6M-9 1 2 93 10 3110



Tabla IV. {continued) Major-, ainor-, and trace-eiement composition of coal anc carbonaceous shals saampies from
Punjab, Pakistan, reported an a whole-coal basis.

SAMPLE fis Ce Co or s Eu Hf La Lu Rb B 5t Se Sa Th Th i
NUMBER PPM  PPM PPM PPM PPM PPM PPN PPM PMM  PPM  PPM  PPM  PPM  PPM PPM PPN PPH
ARR-HM-RT-A L .+ S A ¥ | L I 7. S B 1. .18 0L 26 4.2 9.4 4.1 5 0 T O
ARR-HM-RT-B 7.7 b6 &8 &4 81 L4 3% 33 39 40L a2 17 i 7.3 91 1 3
ARR-JY-7 2. 28 2.9 2 0L WL 3.2 16 20 ML .2 4.3 8.3 3.4 A3 4.2 L7
£B-kC-3A 6.2 100 5.0 57 1.3 2.0 4.6 53 L2 A0L 421 6.3 11 1.4 12 4.4
£B-KC-7B 19 32 2 .32 .BA 1.4 16 25 4L 410 7.2 7.0 4.4 B3 49 2.3
CD-DL-4 1! KSR R 50 4% 1 3.0 19 37 0L 3 8.4 3 4.8 B 6.8 2.6
CGAS-HCL-3 38 83 020 8¢ 1.3 1.2 4 33 L34 0L .44 12 11 63 77T U 2.3
psp-13-2 12 48 12 82 1.2 3.3 0N A6 4L L3 3 {1 3.2 L8l 12 2.7
DSD-14-3 9.4 33 15 33 J6 .83 2.7 A g0 4L .3 9.8 Lt 4.1 Hba 7T 2.3
DSD-13-4 9.4 215 T4 &3 L8 63 4 18 270500 W3 9.3 13 3.2 .52 9.3 2.2
p5D-15-3 13 i 93 37 .58 .82 3.2 18 31 4L .2 8 ? 4.2 .38 7.7 L2
JT-MDM-5B 2.9 3 .7 9 38 1 8.1 22 .48 3L .58 8.2 2 5.4 .8 1 3.4
KK-GH-8A 2.7 2L 3 20 28 .48 1.2 ! L7L 8L .15 3.5 {1 2.3 3 3.2
Ki-GH-88 6.1 140 12 110 1.6 2.6 3.5 &9 b AL S0 6.9 14 1.3 13
KW-CYS-1 8.7 3% 23 U 04 11 L4 19 .28 oL .4 3.5 12 3.6 .54 L6
M-5AL-1 30 19 12 29 S30.7% 8.1 .44 30L A8 6.3 6.2 3.3 b8 3

NW-Jv-1 4 72 2 % 1.4 L4 53 39 A3 40L 93 18 i1 7.1 B304

NW-MaM-2 &7 4 9.3 32 29 1.0 L4 1% .28 #L b6 5.3 3.5 4.l T30 3.4
P-KB-4B 20 it 2.3 B AL W32 33 6 23 4L L2 2.4 i1 1.4 .31 3.2
p-£C-12 13 4 34 4 4% 1.2 8.3 .22 aL .35 3.9 10 2.2 28 3.3
PJ-PCP-1 33 17 2.9 % 37 .68 W69 7.9 .24 ML W32 49 9.6 2.6 g3 A7
PJ-PCP-2A 3 32 4.4 48 530 W% T U SE 0 a0L 250 5.2 3 33 .5 8.2
PJ-PCP-28 35 43 11 48 B 1.2 4.2 22 92 4L 32 10 8.7 5.3 .93 8.3
780-7-1 25 A 1 26 200 .92 1.4 9.5 37 400 .28 b.3 7.7 4.1 J2 4
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