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Abstract

Chemical and geologic data are presented for 378 samples of.coal 

and coal-associated rocks from Indiana. These data include sample 

site locations, stratigraphic position, air-drying loss, proximate 

and ultimate analysis, heat content, forms of sulfur, initial 

deformation temperature, softening temperature, fluid temperature, 

free-swelling index, concentrations of major- and minor-oxides, and 

trace elements.

Introduction

From 1975 to 1977 members of the Indiana Geological Survey (IGS) 

collected 244 samples of bituminous coal and 144 samples of associated 

roof, parting, and floor rocks. The samples were collected to 

provide data useful in determining the economic value of the coal, 

environmental effects of coal mining and coal use, and the 

adaptability of a coal to cleaning and to other technological 

processes of coal treatment and usage. These samples were analyzed 

by the U.S. Geological Survey (USGS) for major-and minor-oxides and 

trace elements, and by the U.S. Bureau of Mines for proximate and 

ultimate analysis, heat content, forms of sulfur, ash-fusion 

temperatures, free-swelling index, and air-drying loss.

The USGS sample numbers beginning with D were analyzed using a 

scheme published by Swanson and Huffman (1976). The USGS sample numbers 

beginning with W were analyzed according to the flow chart in Figure 1. 

Details on the analytical procedures can be found in Golightly and 

Simon (1989).
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Raw coal as received (about 
7 kg broken to 0.3 cm)

About 600 g of coal split 
out for standard coal analysis 

crushed to -20 mesh

Remaining coal air dried 
(following procedures conducted at 

USGS as described in Golightly 
and Simon, 1989)

Ultimate and proximate analyses
(following ASTM

designations, D-__, shown at 
each procedure)

Ultimate 
analysis 
(D-3176)

Sample crushed to -60 mesh and then
ground in vertical Braun pulverizer
using ceramic plates set to pass

100 mesh

Proximate analysis
(D-3172) 

Percent moisture.

volatile matter, 
fixed carbon, and 

ash

Ground coal (25 to 75 g) ashed at 
525 C and percent ash calculated

Equilibrium 
Moisture 
(D-1412)

Apparent specific gravity 
(D-167, modified)

Wet chemical 
analysis 
(atomic 

absorption)

Cd 
Cu 
Li 
Mg 
Mn 
Na 
Pb 
Zn

Fusibility of ash 
(D-1875)

Wet chemical analysis

Hg (flameless atomic
absorption) 

F (specific ion 
electrode)

X-ray 
fluor­ 
escence

Cl 
P

Optical emission spectrographic 
analysis with automated plate

reader. The following 32 
elements are reported when found

Ag
Au
B
Ba
Be
Bi
Dy
Er
Ga
Gd
Ge

Ho 
In 
Ir 
Mo 
Nb 
Nd 
Hi 
Os 
Pd 
Pr 
Pt

Re
Rh
Ru
Sn
Sr
Tl
Tm
V
Y
Zr

X-ray fluor- 
cence analysis

A12°3 

CaO

Fe2°3

TiO,

Figure 1. Flow diagram of procedures used for the analysis of coal samples collected. 
(ASTM-American Society for Testing and Materials, U. S. Bureau of Mines, 
Dept. of Energy, USGS-United States Geological Survey.)

U.S.

Neutron 
activation

As
Br
Ce
Co
Cr
Cs
Eu
Hf
La
Lu
Rb
Sb
Sc
Se
Sm
Ta
Tb
Th
U
W
Yb



Figure 2 is a county and index map of the sample locations, 

figures 3 and 4 indicate locations of rock samples and figures 5 

and 6 indicate locations of coal samples. Table 1 is a list of rock 

locations and laboratory numbers and table 2 is a list of coal location 

and laboratory numbers.

The sample locations and descriptions are given in Table 3 

for 234 coal samples and 3a for 144 rock samples associated with coals. 

Table 3 includes the USGS samples number, Indiana State Geological 

Survey number, the county, quadrangle, latitude and longitude, group, 

formation, bed, and estimated rank. The samples are arranged by 

county and sample locality.

The analytical results are listed in Tables 4, 5, and 6. 

Table 4 lists the major- and minor-oxides on and ash basis. Table 

5 contains the trace element concentrations on a whole-coal basis. 

Table 6 contains the ultimate and proximate analysis, heat content, 

forms of sulfur, free-swelling index and ash-fusion temperatures. 

Tables 4a, 5a and 6 contain coal data, tables 4b and 5b contain 

data on the associated rocks.

The generalized statigraphic nomenclature of the coal-bearing 

Pennsylvanian units is included (Figure 7) to indicate the 

stratigraphic relationships of the samples. Table 7 contains 

arithmetic means, minimums, and maximums for the Indiana samples 

containing less than fifty percent ash; for comparison the 

arithmetic means for the Illinois data published by Gluskoter 

and others (1977) is listed. The high Cd and Zn values (slightly 

higher means in Illinois data) reflect high sphalerite content in 

the coals. The only other difference between the Indiana and



INDIANA

0 10 20 30 KILOMETERS

0 5 10152025 STATUTE MILES

Figure 2. County index map for general location of 
samples. 4



1
N

INDIANA

.10

12

+23+29

19
20

+37
39+40

.46

0 5 10 15 KILOMETERS

0 5 10 15 STATUTE MILES

Figure 3. General location of rock samples, 

north half of ar§a of figure 2.



4

INDIANA

u42
+57 +

58

8 11.5 W -H-

13 +22

21 +25 
U +27 +3

+33

i

1

    X>-^

^1 
4 +38

4351 54 ) 44.-H , 54 f
, ^\55 (

1, 57. +24 
18

56

.ou

0 5 1(5 15 KILOMETERS

10 15 STATUTE MILES

Figure 4. General location of rock samples,
south half of area of figure 2.

6



Sample Lab 
Location Number

Sample Lab 
Location Number

Sample Lab 
Location Number

1
2
3
4
5
5
5
5
5
6
6
6
6
7
7
7
7
8
8
9
9
9

10
10
10
10
10
11
11
11
11
11
11
11
11
11
12
12
12
12
13
14
15
15
15
16
16
16

W191273
W194459
W194460
W194414
W194415
W191237
W191238
W191240
W191241
W197282
W197283
W197284
W197285
W194406
W194408
W194409
W194410
W194428
W194429
W191274
W191275
W191280
W194450
W194451
W194452
W194453
W194454
W194430
W194432
W194433
W194435
W194436
W194437
W194438
W194439
W194440
W194457
W194458
W194827
W194828
W194840
W196365
W194461
W194462
W194463
W191230
W191231
W191232

16
17
17
18
19
19
20
20
21
22
22
23
23
24
25
25
26
26
27
27
28
28
29
29
30
31
31
31
31
31
31
31
31
31
32
33
33
34
35
36
37
37
38
38
39
40
40
41

W191234
W194835
W194836
W194832
W191244
W191246
W191247
W191249
W191229
W194837
W194838
W194398
W194399
W194465
W191242
W191243
W191217
W191218
W194833
W194834
W194830
W194831
W191235
W191236
W194817
W194818
W194819
W194820
W194822
W194824
W194826
W191219
W191221
W191223
W191278
W194445
W194446
W191226
W191214
W194449
W191206
W191210
W194403
W194404
W194456
W196358
W196359
W194425

41
42
43
43
44
44
45
45
46
47
47
47
48
48
48
49
49
50
50
51
51
52
52
52
52
52
53
53
54
54
55
55
56
56
57
57
57
58
58
59
60
60
61
61
61
61
61
61

W194427
W197289
W191261
W191262
W191259
W191260
W196373
W196375
W191203
W191270
W191271
W191272
W191267
W191268
W191269
W191252
W191253
W191250
W191251
W196367
W196369
W191254
W191255
W191256
W191257
W191258
W191263
W191264
W191265
W191266
W196370
W196372
W194400
W194402
W194441
W194442
W194443
W197286
W197288
W196361
W196363
W196364
W194416
W194417
W194418
W194420
W194422
W196376

Table 1. Lab numbers for sample locations of figures 3 and 4
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Sample Lab 
Location No.

Sample Lab 
Location No.

Sample Lab 
Location No.

Sample Lab Sample Lab 
Location No. Location No.

1
2
3
3
4
5
6
6
7
7
7
8
8
8
8
8
9
9
9
9
9
9

10
11
12
13
13
13
14
15
16
16
17
17
17
18
18
19
19
19
20
20
20
21
22
23
24
25
25

W188952
W191043
W191054
W191059
W193121
W188953
W188950
W188951
W192614
W192615
W194413
W191052
W191053
W191060
W191061
W191239
D172310
D172311
D172312
D172313
D172314
D172315
W197293
W197294
W194395
W194396
W194397
W194407
W194862
D173484
W192624
W192625
W191039
W191040
W191276
W192635
W192636
W192626
W192627
W194431
W193120
W194829
W194857
D172309
D172308
W194866
W194865
W188930
W188931

26
27
28
28
29
29
30
30
31
31
31
32
33
34
34
35
36
37
37
38
38
38
39
39
39
40
41
42
43
43
44
44
45
46
47
47
48
49
50
50
51
52
53
53
54
54
55
55
56

D172307
W194860
W190528
W190529
W188932
W188933
W188944
W188945
W196339
W196340
W196341
W191057
W191058
W196344
W196366
W191045
W191044
W193122
W193123
D173483
D173485
D173486
W190932
W190933
W191233
W194863
W194859
D172304
W191046
W191245
W191049
W191248
W190931
D173482
D173480
D173481
D173487
D172303
W194839
W194864
W194388
W194389
W193124
W194464
W191055
W191056
W188948
W188949
W190546

57
58
59
60
60
61
61
62
62
63
64
65
65
65
65
66
66
66
67
67
67
67
68
68
68
68
69
69
70
70
71
71
71
72
72
72
72
72
72
73
73
73
73
74
74
75
75
75
75

W190547
W194861
W194858
W190530
W190531
W190532
W190533
W188946
W188947
D172302
W190934
W194821
W194823
W194825
W194856
W190548
W191220
W191222
W191042
W191051
W191277
W191279
W188940
W188941
W188942
W188943
W192630
W192631
W190544
W190545
W190536
W190537
W191205
W190929
W190930
W191224
W191225
W191227
W191228
W190542
W190543
W191215
W191216
W188938
W188939
W192632
W192633
W192634
W194447

75
76
77
77
77
77
77
77
77
77
77
77
78
79
80
80
81
81
82
82
83
83
83
83
83
83
83
84
84
85
85
86
87
88
88
88
88
88
89
89
89
90
91
92
93
94
95
95
96

W194448
D172305
W190538
W190539
W190540
W190541
W191207
W191208
W191209
W191211
W191212
W191213
W194390
W194394
W194393
W194405
W193119
W194455
W196338
W196360
W192620
W192621
W192622
W192623
W194423
W194424
W194426
W197290
W197297
W188934
W188935
W191036
W191035
W196351
W196352
W196353
W196354
W196374
W190534
W190535
W191204
D172306
W191041
W191062
W191050
W191048
W188936
W188937
W196345

96
96
96
97
97
98
99

100
100
100
100
101
102
102
103
104
104
104
105
105
105
106
106
107
107
108
109
109
109
110
110
110
111
111
111
111
111
111

W196346
W196347
W196368
W191038
W191047
W191037
W191034
W196348
W196349
W196350
W196371
W194392
W194391
W194401
W197295
W196355
W196356
W196357
W192628
W192629
W194444
W197287
W197296
W196342
W196362
W196343
W197280
W197281
W197292
W197278
W197279
W197291
W192616
W192617
W192618
W192619
W194419
W194421

Table 2. Lab numbers for sample locations of figures 5 and 6.
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Group

McLeansboro

Carbondale

Raccoon Creek

Formation

Shelburn

Dugger

Petersburg

Linton

Staunton

Brazil

Mansfield

Coal Bed No 
per

Danville 
Hymera 
Bucktown

Springfield 
Houchin Creek

Survant 
Colchester

Seelyville

Upper Block 
Lower Block 
Buf faloville

Mariah Hill 
Blue Creek 
St Meinrad

Coal Samples 
Bed

27 
27
4

61 
3

15 
3

10

23 
12 
8

4 
4
7

Figure 7. Generalized stratigraphic nomenclature of the
Pennsylvanian age coal-bearing rocks of the area.
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Illinois coals is higher CaO for Illinois coals.
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Table 7.--Arithmetic mean, observed range of ash content and contents 

of 10 major and minor oxides in the laboratory ash of 234 samples of 

Indiana coal.

[All USGS samples were ashed at 515 C; all data are in percent, 

  indicate no data, Illinois samples are recalulated to an ash basis.]

Observed range Arithmetic mean

Arithmetic ____________ Gluskoter 1977

Oxide mean Minimum Maximum 114 Illinois samples

(Ash) 14.37 2.9 48.1 11

SI02 39 2 66 46.7

AL203 20 .6 36 20.6

CAO 2.5 .06 30 8.6

MGO .75 .02 2.7 .76

NA20 .35 .01 1.3 .61

K20 1.8 .01 4.5 1.86

FE203 25 2 83 26

TI02 .93 .04 1.9 .91

P205 .31 .01 3.9 .13

303 2.52 .23 26
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Table 7a.--Arithmetic mean and observed range of concentrations of 

trace elements in 234 coal samples from Indiana.

[All data are in parts-per-million and are reported on a whole-coal 

basis; -- indicate no data.]

Arithmetic 

Element mean

AG

AS

B

BA

BE

BR

CD

CE

CO

CR

CS

CU

EU

F

GA

GD

GE

HF

HG
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0.

20

93

58

3.

4.

23

9.

21

1.

20

105

6.

2.

12

12

20

33

4.

2.

14

34

23

28

1.
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2,

1,

60

2,

2,

28
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92

32

11

4
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.45

7

.4

.46

.4

.3

.8

.14

.15

.3

.7

.5

.3

.6

.2

.3

.23

.38

.8

.5

.61

.8

.93

Observed range

Minimum

0.

11

4.

2,

3,

4.

13

1,

1

4

1.

3.

4

2

1

4

,01

,1

7

,25

,9

,01

,0

,9

.1

.2

.1

.07

.2

.37

.62

.1

.01

.67

.01

.2

.1

.8

.3

.73

.02

.47

.5

.01

.04

.4

.02

.11

.3

.11

.6

.1

.5

.2

.3

.83

Maximum

1.4

950

250

660

16

23

9

160

110

81

9.4

240

3.6

780

25

15

160

5.8

2.4

89

210

.73

500

46

14

100

520

240

130

15

18

15

15

7.7

730

2

2.2

18

42

150

5.3

69

8.1

3300

270

Arithmetic mean 

Gluskoter 1977 

114 Illinois sam

0

14

110

100

1

13

2

14

7

18

1

14

67

3

6

6

53

8
-

-

21

32

19

1

2

2

1

3

35

2

1

32

250

47

.03

.7

.2

.3

.4

.26

.2

.9

.54

.2

.8

.09

.1
-

-

.3

.7

.2

.2

.8

.15

.22

.1

.5

.82

.56
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Table 7b. Arithmetic mean and observed range, of proximate and 

ultimate analyses, heat of combustion, forms of sulfur, and 

ash-fusion temperature of 141 coal samples from Indiana. 

[All values are in percent except Btu/lb, ash-fusion temperatures, 

and free-swelling index and are reported on the as-received basis. 

F = 9/5 C + 32; Kcal/kg = 0.556 (Btu/lb). ~ indicate no data]

Observed range

Arithmetic

Arithmetic mean 

Gluskoter 1977

mean Minimum Maximum 114 Illinois samples 

Proximate and ultimate analyses

Moisture 

Volatile

matter 

Fixed

carbon 

Ash

Hydrogen 

Carbon 

Nitrogen 

Oxygen 

Sulfur

9.92

34.58

45.85

9.65

5.53

63.10

1.18

17.47

3.14

2.1 

22.4

27.3

2.0

3.5

39.1

.5

7.9

.3

21.4

43.5

57.8

44.9

6.3

73.0

1.6

31.1

7.7

9.4

40

49

11

5

70

1.3

8.2

3.6

Heat of combustion

KCal/KG 6297 3853 7234 7068 

Btu/lb 11325 6929 13010 12712

Forms of sulfur

Sulfate 0.33 0.01 1.28 0.1

Pyritic 1.56 .06 6.10 2

Organic 1.23 .15 2.65 1.6

Ash-fusion temperature o C

Initial

deformation 1171 1018 1528

Softening

temperature 1230 1057 1600

Fluid

temperature 1275 1085 1600

Free-Swelling 

index 6.94 .4
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