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ABSTRACT

Chemical and geologic data are presented for 383 lignite and 
22 rock samples collected from the Fort Union Region in North 
Dakota and Montana. Chemical data include sample locations, 
sampling methods, stratigraphic information, air-drying loss, 
proximate and ultimate analyses, heat content, forms of sulfur, 
ash deformation temperatures, free-swelling index, and major-, 
minor-, and trace-element concentrations. Within the region, 
moisture contents range from 20 to 57 and average 38.8 per cent. 
Mean ash yield is about 9 per cent but ranges from 4 to 31 per 
cent. Heat content averages 6290 Btu/lb (3497 Kcal/kg) over the 
region.

Concentrations of trace elements of environmental concern 
are generally low. Average concentrations of arsenic and uranium 
are less than 6 ppm. Mean values of selenium and cadium are less 
than 1 ppm. Sodium and barium are two elements that can occur in 
high concentrations (mean values of 2200 and 389 ppm, 
respectively) in these lignites.

INTRODUCTION

Regional Setting

The Fort Union Region is in the Northern Great Plains Coal 
Province and covers parts of four States and three Canadian 
Provinces. Coals in this region are lignite in rank and 
Paleocene in age. Comparative stratigraphy and nomenclature 
within the region are indicated in figure 1. In North Dakota, 
the Fort Union Formation is classified as a group by the North 
Dakota Geological Survey.
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Figure 1. Comparative stratigraphy and nomenclature for the Fort Union Region 
(after Daly and others, 1985).

National Coal Resources Data System

The National Coal Resources Data System contains information 
on the stratigraphic occurrence and the chemical and physical 
characteristics of coals. The USCHEM database includes proximate 
and ultimate analyses, major-, minor-, and trace-element 
concentrations, forms-of-sulfur analyses, ash fusion 
temperatures, heat content, air-drying loss, and free swelling 
indices. Analyses of 383 lignite samples and 22 rock samples 
from North Dakota and Montana compose the available USCHEM data­ 
base for the Fort Union Region. Collecting localities for these 
samples are shown in Figure 2.
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SCOPE

The purpose of this report is to present available chemical 
data for lignites from the Fort Union region. No interpretations 
of the geological or technical significance of these data are 
attempted. Statistical summaries, contour mapping of some 
variables, and further discussion of the data will be presented 
in Tewalt and others, (in press).

Some data have been presented in other U.S. Geological 
Survey (USGS) open-file reports. These reports include: Swanson 
and others (1976,) USGS and others (1976,1977), Hatch and 
Affolter (1978), Affolter and Hatch (1980), and Affolter and 
Kirschbaum (1982).

METHODS

Most of the coal samples were collected and prepared 
according to procedures outlined in Swanson and Huffman (1976). 
Proximate and ultimate analyses have been done according to 
standard methods (ASTM, 1981) by several laboratories, including 
the U. S. Bureau of Mines, a commercial laboratory, and the 
Montana Bureau of Mines and Geology. Analyses performed at the 
U.S. Geological Survey use several analytical methods including 
wet chemical analysis, atomic absorption spectroscopy, X-ray 
fluorescence spectroscopy, and instrumental neutron activation 
analysis. Analytical methods have been modified through time, 
although the current analytical scheme is illustrated in Figure 
3.

PRESENTATION OF DATA

Available data for lignites and non-coal material in the 
Fort Union Region are presented separately . Tables la through 
If contain the information for lignite samples. Location, 
geologic, and other sample information are presented in Tables la 
through Ic, respectively. Proximate and ultimate analyses, 
forms-of-sulfur, heat content, air-drying loss, free-swelling 
index, and ash fusion temperatures are in Table Id. The U.S. 
Geological Survey makes no claims as to the accuracy of apparent 
rank calculated from parameters listed in Table Id. Table le 
contains major oxides on an ash basis. Major-, minor-, and 
trace-element analyses on a whole-coal basis are presented in 
Table If.

Tables 2a through 2e present the data for non-coal samples; 
excluding, however, the table with ultimate and proximate 
analyses.

Tables 3 and 4 are statistical summaries of selected 
chemical parameters (from Tables Id and If) for Fort Union 
lignites. Analytical results from partial bed samples were 
combined to one value by weight-averaging the data based on 
sample thicknesses listed in Table Ic. Therefore, statistics 
presented in Tables 3 and 4 represent the range in quality 
parameters for lignite beds, rather than individual samples.



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

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

Kg (flameless atomic
absorption) 

F (specific ion 
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X-ray 
fluor­ 
escence

Cl 
P

Six-step optical emission 
spectrographic analysis.

The following 32 
elements are reported when found
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Figure 3. Flow diagram of procedures used for the analysis of coal samples. Methods 
standardized by American Society for Testing and Materials, ASTM.
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10

4-
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10
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3
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10
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10
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13

-1
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-6
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-7
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-8

SD
-9

SD
-1

0
SO
- 
11

SD
-1

2
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- 
13

DH
-1

10
-1

DH
-1

11
-1

DH
-1
11
-2

DH
-1

14
-1

DH
-1

16
-1

DH
-1

17
-1

DH
-1
17
-2

DH
-1

18
-1

DH
-1
18
-2
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-1
23

L-
9

L-
10

M-
16

-1
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74
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54

D 
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60
5 
5

D 
19

60
56

D 
19
60
57

D 
19
60
58

D 
19
60
59

01
 9
60
60

D1
96
06
1

D 
19

60
62

D 
19

60
75

D 
19

60
76

01
 9
60

77

01
96

07
8

01
96

07
9

01
96

08
0

01
96

08
1

01
94
85
8

01
94

85
9

01
94
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0

01
94
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1
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3

01
 9
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01
94
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94
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8
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94

86
9

01
94
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0

01
94

02
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01
94
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01
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E
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UL
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UL
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ND
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E
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GN
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GN
IT
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GN
IT
E
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GN
IT
E
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GN
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E
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E
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E
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E
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ôo
3>
0

Q

O O O
o «- eo
«* 0 O

in eo «-

o o o 
o in  Oo -» «-
ro >*  ^o

^- in CM
00 CM fs.

ro o o
 o o inro *- «-

Nf VQ 00

in ro ^o
o in CM 
ro ^* ^o

oo CM in
in ro ^*

fs-fS.

eo fs- i
»  CM

ro -o oo
»o ><  r*.
CM ro vf

><  fs. CM

m fs, rj
CM ro «n

 O   i

CM i  
ro

^Q

3>
O1*
r 

0

o o o
CO CM fs.
ro o O
 o o «-

o o o 
in fs. m 
in in o
ro in  o

in ^ oo
«- CM CM

ro ro fs.
ro fs. o

o O «-
«-

 o o in
fs. O 0
ro in fs.

in O 'O
>o ro -j-

»* ro  
^3 ^O *
^  ^ 

>* o >< 
fs. ro «-
CM vj- in

O fs.  sO

in o eoCM «< >< 

ro i i
^o * *
ro

CM
^3

2
O

o

O 0 0
o o o 
ro CM co
o o « 

o o o
CD CD ^O
in fs. in
ro in <o

«- co «-
«- T- (M

eo N- in
in co « 
-4- «  CM

fs.   ro
   

<roo
fs, 0 0
ro «o fs.

o ^* »-
fs.  «* m

0 0 i

co ro  

ro co ro
O CM O
CM >*  vj-

«- r~ fs.

fs. >t O
CM >t in

o « <  i  
CO i  
ro

^j
v§o^
«  

o

o o o o o o
v* O O fs. r- CM 
CO CM CO O O O

in o o fs. o » 

o o o o o o 
in r- o ro o CM
CM «- O O in O

ro in «o ro in o

o ro >* *- -o O
Nf <Jfs- -»--

co m co N- co CM
 ^- c* r»j co r^ «  
vi- r- r\j ro «  CM

N-   ro -o co o
,- «- ^-

ro o >*  o in co
>* >*  ro CM o o 
ro in <o -^ in fs.

co ro «- CM CM o
 o >*  in <o ~* >* 

>*  co i ro o i
c> >*  I «- *o  

v~ w~ «  

CM ro ^* ro O «-
 o «- eo o CM «-
CM >*  -j- ro ^t in

CK CK -O o «  C*>
fs. ro «- o  - eo
CM >*  in CM >*  ~t

in i i vf . i
  i i   « i

 Oil o « '
fO CM

CM in
«4- CM

^O i-
O» CM
«- CM
a o

o o o
«- ro CM
<f CD 00

fs. 0 «-

O 0 0 
CM fs. fs.
«- m in
 >* m ^o

O CM >* 
«-  

*>-<*
^O CO « 
ro «  CM

N- O» «-

»-

fs. in ro
^ 0 *- 
^ O fs.

O   eo
in >t >* 

CM CM i

«- in i^  «  

O fs. -O

fO >*  CM
ro >*  in

fs. CM >X

O O fs.
CM >* >! 

«- 1 1
  1 1

CM

'O
CM

<M
CM
Q

O O O
in ro ro 
co ro co
o o »-

o o o o ^* f»- 
co fs> m
ro in <J

^O O1* CD

*-

 O «- 00

CM O>  
>*  r- (M

CO fM >» 

«- *-

O CO CO
«- T- CD

»o ro O
 O vf NT

<ffs- I

CO CM  
«~

eo in CM
o o ro
ro ~t in

 r- CK 60

fs. O 'O
CM >* >* 

fs. i i
  i  

ro    
ro

o
ro

CM
CM
o

o o o
<J so ro 
 O oo in
 O co «-

000
0 CM «- 
fs. O ^*

ro >*  >o

 O 00 0

o «-

CO O « 

 J- fs. CM
ro «- fM

in fs. o»

0

in CM eo
«  in «- 
>*  in fs.

ro st ^*
in ro >*

-* «-
fs. ro i
«- CM

co o r-
<M ro o
to «* m

o CM ro
in to ro
CM ro ^*

eo i  
%^    
CM

M

CM
CM
0

00



Ta
bl

e 
1d

. 
(c

on
t'

d.
) 

Pr
ox
im
at
e 

an
d 

ul
ti

ma
te

 a
na

ly
se

s,
 
he

at
 c

on
te

nt
, 

fo
rm

s 
of

 s
ul

fu
r,

 
fr

ee
-s

we
ll

in
g 

in
de

x,
 
an

d 
as
h-
fu
si
on
 t

em
pe
ra
tu
re
s.

SA
MP
LE
 

NU
MB

ER

D1
 9
66

57

01
96
65
8

D 
19
66
59

D 
19

66
60

D 
19
66
61

D 
19

66
62

01
 9
66

41

01
96
64
2

D2
21
12
5

02
21
12
6

D2
21

13
0

D2
21

13
1

AI
R-

DR
IE

D 
LO

SS

25
.3 ..
.

..
.

26
.2 ..
.

..
.

27
.2 ..
.

..
.

28
.9 ..
.

..
.

20
.8 ..
.

..
.

21
.6 ..
.

..
.

24
.4 ..
.

..
.

25
.1 ..
.

..
.

21
.4 ..
.

..
.

18
.3 ..
.

..
.

25
.9 ..
.

..
.

17
.9 ..
.

..
.

SU
LF
AT
E

.0
1

.0
2

.0
2

.2
9

.4
6

.6
4

.0
4

.0
7

.0
8

.0
0

.0
0

.0
0

.5
4

.8
0

1.
11 .0
7

.1
1

.1
3

.0
9

.1
5

.1
7

.9
5

1.
50

1.
76 .0
2

.0
3

.0
3

.0
3

.0
4

.0
5

.0
2

.0
3

.0
3

0.
02 .0
3

.0
3

FO
RM

S 
OF

 

PY
RI
TI
C

.0
9

.1
5

.1
7

1.
02

1.
63

2.
26 .7
2

1.
19

1.
44 .4
4

.7
4

.8
5

7.
55

11
.2
0

15
.5
0

1.
03

1.
62

1.
93 .4
2

.6
8

.7
9

1.
41

2.
22

2.
61 .6
9

.9
8

1.
16 .5
3

.7
2

.8
5

.1
1

.1
7

.1
9

0.
26 .3
5

.4
5

SU
LF
UR

FR
EE

 
OR
GA
NI
C 

SW
EL
LI
NG
 

IN
DE
X

.3
4 

0.
0

.5
5

.6
3

.5
1 

.0
.8
2

1.
13 .1
9 

.0
.3

1
.3
8

.2
6 

.0
.4
3

.5
0

.3
1 

.0
.4
6

.6
4

.4
1 

.0
.6

4
.7
7

.5
5 

.0
.9
0

1.
03

1.
63

 
.0

2.
57

3.
01 .4
1 

.0
.5
8

.6
9

.3
7 

.0
.5
0

.5
9

.4
8 

.0
.7
2

.0
3

0.
29
 

.0
.3
9

.5
0

AS
H 

FU
SI
ON
 
TE
MP
ER
AT
UR
E,
 
C

IN
IT
IA
L 

DE
FO

RM
AT

IO
N 

SO
FT

EN
IN

G 
FL

UI
D

1,
20
0 

1,
22
0 

1,
23

0

1,
10

0 
1,

12
5 

1,
25

5

1,
15

0 
1,

16
5 

1,
18
0

1,
19
5 

1,
21
0 

1,
22

5

1,
21
0 

1,
24
0 

1,
29
0

1,
06
0 

1,
08
0 

1,
10
0

1,
20
0 

1,
21
5 

1,
23
0

1,
25

0 
1,
27
5 

1,
34
5

1,
12
5 

1,
14
5 

1,
16
0

1,
13

0 
1,

15
0 

1,
16

5

1,
14

0 
1,

15
5 

1,
17

0

1,
15
5 

1,
21

0 
1,
31
5

82



Ta
bl
e 

1d
. 

(c
on

t'
d.

) 
Pr
ox
im
at
e 

an
d 

ul
ti

ma
te

 a
na

ly
se

s,
 
he
at
 c

on
te
nt
, 

fo
rm

s 
of
 
su

lf
ur

, 
fr
ee
-s
we
ll
in
g 

in
de

x,
 
an

d 
as
h-
fu
si
on
 

te
mp

er
at

ur
es

.

PR
OX

IM
AT

E 
AN

AL
YS

IS

SA
MP
LE
 

VO
LA
TI
LE
 

FI
XE

D
NU

MB
ER

 
MO
IS
TU
RE
 

MA
TT
ER
 

CA
RB
ON

AS
H

UL
TI
MA
TE
 
AN
AL
YS
IS
 

HE
AT

 
OF
 
CO
MB
US
TI
ON
 

HY
DR

OG
EN

 
CA
RB
ON
 

NI
TR

OG
EN

 
OX
YG
EN
 

SU
LF

UR
 

KC
AL

/K
G 

BT
U/
LB

D2
21
13
3

D2
21
13
4

D2
21
13
8

02
21
13
9

D2
21

14
0

D2
21
14
1

D2
21

14
2

D2
21

14
3

D2
21

14
5

D2
09
95
3

D 2
09
95
4

D2
09

95
5

24
.3
 

30
.0

39
.6

46
.2

25
.8
 

26
.6

35
.8

42
.8

37
.9
 

24
.4

39
.3

44
.8

35
.3

 
25
.8

39
.9

48
.4

30
.9

 
27
.1

39
.2

45
.4

34
.0
 

21
.1

32
.0

46
.2

21
.5
 

34
.2

43
.6

49
.4

20
.4

 
29

.9
37

.6
48

.8

36
.6

 
23
.4

36
.9

45
.5

34
.3

 
23

.9
36
.4

41
.7

35
.4
 

23
.9

37
.0

42
.1

31
.8
 

23
.5

34
.5

41
.8

34
.9

46
.1

53
.8

35
.5

47
.8

57
.2

30
.1

48
.5

55
.2

27
.5

42
.5

51
.6

32
.6

47
.2

54
.6

24
.6

37
.3

53
.8

35
.1

44
.7

50
.6

31
.4

39
.4

51
.2

28
.0

44
.2

54
.5

33
.4

50
.8

58
.3

32
.9

50
.9

57
.9

32
.7

47
.9

58
.2

10
.8

14
.3 ..
.

12
.1

16
.3 ..
.

7.
6

12
.2 ..
.

11
.4

17
.6 ..
.

9.
4

13
.6 ..
.

20
.3

30
.8 ..
.

9.
2

11
.7 ..
.

18
.3

23
.0 ..
.

12
.0

18
.9 ..
.

8.
4

12
.8 ..
.

7.
8

12
.1 ..
.

12
.0

17
.6 ..
.

5.
5

3.
7

4.
3

5.
5

3.
5

4.
2

6.
8

4.
2

4.
8

6.
7

4.
3

5.
2

6.
4

4.
3

5.
0

6.
1

3.
5

5.
1

5.
7

4.
2

4.
8

5.
2

3.
7

4.
8

6.
6

4.
0

4.
9

6.
4

3.
9

4.
5

6.
7

4.
3

4.
9

5.
9

3.
5

4.
2

46
.6

61
.6

71
.8

44
.3

59
.7

71
.3

39
.0

62
.8

71
.6

37
.7

58
.3

70
.7

42
.5

61
.5

71
.2

30
.6

46
.4

67
.0

49
.9

63
.6

72
.0

42
.8

53
.8

69
.8

37
.0

58
.4

72
.0

42
.6

64
.8

74
.3

41
.5

64
.2

73
.1

41
.4

60
.7

73
.7

.8 1.
1

1.
2 .6 .8 1.
0 .7 1.
1

1.
3 .6 .9 1.
1 .7 1.
0

1.
2 .6 .9 1.
3

1.
0

1.
3

1.
4 .9 1.
1

1.
5 .7 1.
1

1.
4 .6 .9 1.
0 .6 .9 1.
1

0.
6 .9 1.
1

35
.4

18
.2

21
.3

37
.0

19
.0

22
.7

45
.3

18
.7

21
.3

42
.5

17
.2

20
.9

40
.5

18
.9

21
.8

38
.3

12
.2

17
.7

33
.3

18
.1

20
.5

29
.5

14
.3

18
.5

42
.6

15
.9

19
.6

40
.8

15
.7

18
.0

42
.5

17
.1

19
.4

39
.3

16
.2

19
.6

.8 1.
1

1.
2 .5 .7 .8 .6 1.
0

1.
1

1.
2

1.
9

2.
3 .6 .9 1.
0

4.
1

6.
2

9.
0 .9 1.
1

1.
3

3.
4

4.
3

5.
5

1.
1

1.
7

2.
1

1.
2

1.
8

2.
1 .9 1.
4

1.
6

0.
9

1.
3

1.
6

4,
25
0

5,
62

0
6,

55
0

4,
01

0
5,

40
0

6,
46

0

3,
60
0

5,
79

0
6,
60
0

3,
60
0

5,
56

0
6,
75
0

3,
93

0
5,

69
0

6,
59

0

3,
03

0
4,
59
0

6,
62

0

4,
60
0

5,
86

0
6,

64
0

4,
03

0
5,

07
0

6,
58

0

3,
47
0

5,
47

0
6,

75
0

3,
90

0
5,

94
0

6,
81

0

3,
84

0
5,
95
0

6,
77
0

3,
78

0
5,

54
0

6,
73
0

7,
65
0

10
,1
10

11
,7
90

7,
22

0
9,
73
0

11
,6

20

6,
48
0

10
,4

30
11
,8
80

6,
48
0

10
,0
20

12
,1
60

7,
08

0
10

,2
40

11
,8

50

5,
45

0
8,
25
0

11
,9
20

8,
29
0

10
,5

60
11
,9
60

7,
26

0
9,
12
0

11
,8

50

6,
25
0

9,
85
0

12
,1

50

7,
02
0

10
,6
90

12
,2

50

6,
92

0
10

,7
10

12
,1

80

6,
80
0

9,
98
0

12
,1

10

8
3



Ta
bl
e 

1d
. 

(c
on

t'
d.

) 
Pr
ox
im
at
e 

an
d 

ul
ti

ma
te

 a
na
ly
se
s,
 
he
at
 c

on
te
nt
, 

fo
rm

s 
of
 
su

lf
ur

, 
fr
ee
-s
we
ll
in
g 

in
de

x,
 
an

d 
as

h-
fu

si
on

 t
em

pe
ra

tu
re

s.

SA
M

PL
E 

NU
M

BE
R

D
22

11
33

D
22

11
34

D
22

11
38

D
22

11
39

D
22

1U
O

D
2

2
1

H
1

0
2

2
1

H
2

D
2
2
1
U

3

D
22

11
/.5

D
20

99
53

D
20

99
54

D
20

99
55

A
IR

-D
R

IE
D

 
LO

SS

1
4
.9

..
.

..
.

1
7
.8

..
.

..
.

3
2

.9
..

.
..

.

3
0

.8
..

.
..

.

2
3

.2
..

.
..

.

2
9

.9
..

.
..

.

1
3
.3

..
.

..
.

1
3

.5
..

.
..

.

3
1
.2

..
.

..
.

2
7
.2

..
.

..
.

2
8

.0
..

.
..

.

2
4
.3

..
.

..
.

SU
LF

AT
E

.0
1

.0
1

.0
2

.0
1

.0
1

.0
2

.0
1

.0
2

.0
2

.0
3

.0
5

.0
6

.0
4

.0
6

.0
7

.0
2

.0
3

.0
4

.0
1

.0
1

.0
1

.0
1

.0
1

.0
2

.0
1

.0
2

.0
2

.0
2

.0
3

.0
3

.0
0

.0
0

.0
0

0
.0

0
.0

0
.0

0

FO
RM

S 
O

F 

P
Y

R
IT

IC

.1
5

.2
0

.2
3

.0
6

.0
8

.1
0

.2
3

.3
7

.4
2

.5
9

.9
1

1
.1

1

.1
4

.2
0

.2
3

3
.5

0
5
.3

0
7

.6
6

.4
2

.5
4

.6
1

2
.6

0
3

.2
7

4
.2

4

.7
9

1
.2

5
1
.5

4

.8
2

1
.2

5
1
.4

3

.5
0

.7
7

.8
8

0
.5

7
.8

4
1

.0
1

SU
LF

U
R

FR
EE

 
O

R
G

AN
IC

 
S

W
E

LL
IN

G
 

IN
D

E
X

.6
4
 

0
.0

.8
5

.9
9

.4
4

 
.0

.5
9

.7
1

.3
3
 

.0
.5

3
.6

1

.5
5

 
.0

.8
5

1
.0

3

.4
1 

.0
.5

9
.6

9

.5
6
 

.0
.8

5
1
.2

3

.5
0

 
.0

.6
4

.7
2

.7
6
 

.0
.9

5
1
.2

4

.3
2
 

.0
.5

0
.6

2

.3
9
 

.0
.5

9
.6

8

.4
3
 

.0
.6

7
.7

6

0
.3

5
 

.0
.5

1
.6

2

AS
H

 
FU

SI
O

N
 

TE
M

PE
R

AT
U

R
E,

 
C

IN
IT

IA
L

 
D

EF
O

R
M

AT
IO

N
 

SO
FT

EN
IN

G
 

FL
U

ID

1
,1

3
0
 

1
,2

0
0
 

1
,2

6
0

1
,0

9
5
 

1
,1

2
0
 

1
,1

5
0

1
,1

8
0

 
1
,2

3
0
 

1
,2

8
0

1
,1

2
0

 
1

,1
5

5
 

1
,2

3
0

1
,1

2
0

 
1

,1
5

0
 

1
,1

7
5

1
,0

6
0

 
1

,1
1

0
 

1
,1

7
0

1
,1

9
0

 
1

,2
4

0
 

1
,2

8
0

1
,0

7
0
 

1
,1

2
5

 
1

,1
7

0

1
,1

2
5

 
1
,1

7
5
 

1
,2

4
5

1
,0

9
5

 
1

,1
5

5
 

1
,2

0
0

1
,1

2
0

 
1

,1
9

0
 

1
,2

5
0

1
,0

4
5
 

1
,1

0
5

 
1

,1
7

0

8
4



Ta
bl

e 
1d

. 
(c

on
t'

d.
) 

Pr
ox

im
at

e 
an
d 

ul
ti

ma
te
 a

na
ly
se
s,
 
he

at
 c

on
te
nt
, 

fo
rm
s 

of
 s

ul
fu

r,
 
fr
ee
-s
we
ll
in
g 

in
de
x,
 
an

d 
as
h-
fu
si
on
 

te
mp

er
at

ur
es

.

PR
OX

IM
AT

E 
AN

AL
YS

IS

SA
MP
LE
 

VO
LA
TI
LE
 

FI
XE
D

NU
MB
ER
 

M
O
I
S
T
U
R
E
_
_
_
M
A
T
T
E
R
 

CA
RB
ON

UL
TI
MA
TE
 
AN
AL
YS
IS

HE
AT
 
OF

 
CO
MB
US
TI
ON

AS
H

HY
DR

OG
EN

 
CA
RB
ON
 

NI
TR
OG
EN
 

OX
YG
EN
 

SU
LF

UR
 

KC
AL

/K
G 

BT
U/
LB

D2
09
95
6

D2
09
95
7

D2
09
95
8

02
09
95
9

D2
09
96
0

02
09
96
1

D2
09

96
2

D2
09

96
3

02
09
96
4

D2
09

96
5

02
09
96
6

02
09

96
7

32
.7 ..
.

..
.

35
.6 ..
.

..
.

35
.3 ..
.

..
.

35
.5 ..
.

..
.

34
.3 ..
.

..
.

36
.3 ..
.

..
.

34
.7 ..
.

36
.3 ..
.

..
.

35
.9 ..
.

..
.

36
.3 ..
.

..
.

33
.7 ..
.

..
.

28
.5 ..
.

..
.

22
.5

33
.4

41
.4

25
.1

39
.0

47
.1

26
.2

40
.5

45
.4

25
.7

39
.8

46
.5

26
.4

40
.2

44
.1

24
.7

38
.8

44
.6

24
.9

38
.1

47
.2

25
.4

39
.9

45
.3

24
.5

38
.2

46
.6

25
.9

40
.7

46
.8

22
.3

33
.6

47
.5

20
.6

28
.8

45
.2

31
.8

47
.3

58
.6

28
.2

43
.8

52
.9

31
.5

48
.7

54
.6

29
.6

45
.9

53
.5

33
.4

50
.8

55
.9

30
.7

48
.2

55
.4

27
.9

42
.7

52
.8

30
.7

48
.2

54
.7

28
.1

43
.8

53
.4

29
.5

46
.3

53
.2

24
.6

37
.1

52
.5

25
.0

35
.0

54
.8

13
.0

19
.3 ..
.

11
.1

17
.2 ..
.

7.
0

10
.8 ..
.

9.
2

14
.3 ..
.

5.
9

9.
0

..
.

8.
3

13
.0 ..
.

12
.5

19
.1 ..
.

7.
6

11
.9 ..
.

11
.5

17
.9 ..
.

8.
3

13
.0 ..
.

19
.4

29
.3 ..
.

25
.9

36
.2 ..
.

6.
3

4.
0

4.
9

6.
9

4.
6

5.
5

6.
8

4.
4

5.
0

6.
9

4.
6

5.
3

6.
6

4.
2

4.
7

6.
7

4.
2

4.
8

6.
3

3.
7

4.
6

6.
9

4.
5

5.
1

6.
6

4.
1

5.
0

6.
7

4.
2

4.
8

6.
3

3.
9

5.
4

5.
3

3.
0

4.
7

39
.8

59
.1

73
.3

38
.0

59
.0

71
.3

40
.8

63
.1

70
.7

39
.6

61
.4

71
.6

43
.1

65
.6

72
.1

39
.4

61
.9

71
.1

37
.7

57
.7

71
.4

40
.1

63
.0

71
.5

36
.5

56
.9

69
.4

39
.5

62
.0

71
.3

32
.7

49
.3

69
.7

32
.2

45
.0

70
.6

.6 .9 1.
1 .7 1.
1

1.
3 .7 1.
1

1.
2 .7 1.
1

1.
3 .7 1.
1

1.
2 .7 1.
1

1.
3 .7 1.
1

1.
3 .7 1.
1

1.
2 .5 .8 1.
0 .7 1.
1

1.
3 .6 .9 1.
3

0.
5 .7 1.
1

39
.8

15
.9

19
.8

43
.0

17
.6

21
.3

44
.3

20
.0

22
.4

42
.9

17
.6

20
.5

43
.3

19
.5

21
.4

44
.6

19
.4

22
.3

40
.7

15
.1

18
.7

44
.3

18
.9

21
.4

43
.2

17
.6

21
.5

44
.4

19
.0

21
.9

40
.2

15
.5

21
.8

34
.6

13
.0

20
.3

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

1.
3 .3 .5 .5 .3 .5 .5

2.
1

3.
2

4.
0 .5 .8 .9 1.
7

2.
7

3.
2 .5 .8 .9 .8 1.
2

1.
7

1.
5

2.
1

3.
3

3,
61
0

5,
36
0

6,
65
0

3,
58
0

5,
56
0

6,
72
0

3,
80

0
5,
88
0

6,
59
0

3,
71
0

5,
74

0
6,
70
0

3,
98
0

6,
06
0

6,
66
0

3,
70
0

5,
81
0

6,
68
0

3,
56
0

5,
45

0
6,
74
0

3,
71
0

5,
83
0

6,
62
0

3,
47

0
5,

42
0

6,
60
0

3,
67
0

5,
76

0
6,
62
0

3,
05

0
4,

60
0

6,
51
0

2,
93
0

4,
10
0

6,
43
0

6,
50
0

9,
66
0

11
,9

70

6,
45
0

10
,0
10

12
,1

00

6,
84
0

10
,5

80
11

,8
60

6,
67

0
10
,3
40

12
,0

60

7,
17
0

10
,9

20
11
,9
90

6,
66
0

10
,4

50
12
,0
20

6,
41
0

9,
81

0
12

,1
30

6,
69
0

10
,5
00

11
,9
20

6,
25
0

9,
75
0

11
,8

80

6,
61
0

10
,3

70
11

,9
20

5,
49

0
8,
29
0

11
,7
10

5,
28
0

7,
38

0
11

,5
70

8
5



Ta
bl
e 

1d
. 

(c
on

t'
d.

) 
Pr

ox
im

at
e 

an
d 

ul
ti
ma
te
 a

na
ly

se
s,

 
he
at
 
co

nt
en

t,
 
fo

rm
s 

of
 
su

lf
ur

, 
fr
ee
-s
we
ll
in
g 

in
de

x,
 
an

d 
as

h-
fu

si
on

 t
em

pe
ra

tu
re

s.

SA
MP

LE
 

NU
MB
ER

02
09

95
6

D2
09

95
7

02
09

95
8

02
09

95
9

D2
09

96
0

02
09

96
1

D 2
 0
99

62

D2
09
96
3

D2
09

96
4

D2
09
96
5

D2
09

96
6

02
09
96
7

AI
R-
DR
IE
D 

LO
SS

25
.1 ..
.

..
.

28
.1 ..
.

..
.

27
.8 ..
.

..
.

28
.0 ..
. 

,
..

.

26
.3 ..
.

..
.

28
.6 ..
.

..
.

27
.2 ..
.

..
.

28
.6 ..
.

..
.

28
.5 ..
.

..
.

28
.5 ..
.

..
.

26
.9 ..
.

..
.

21
.7 ..
.

..
.

SU
LF

AT
E

.0
0

.0
0

.0
0

.0
1

.0
2

.0
2

.0
0

.0
0

.0
0

.0
0

.0
0

.0
0

.0
0

.0
0

.0
0

.0
0

.0
0

.0
0

.0
1

.0
2

.0
2

.0
0

.0
0

.0
0

.0
8

.1
2

.1
5

.0
0

.0
0

.0
0

.0
0

.0
0

.0
0

0.
07 .1
0

.1
5

FO
RM

S 
OF

 

PY
RI
TI
C

.1
7

.2
5

.3
1

.1
6

.2
5

.3
0

.1
2

.1
9

.2
1

.1
4

.2
2

.2
5

.0
3

.0
5

.0
5

.0
2

.0
3

.0
4

.8
4

1.
29

1.
59 .1
6

.2
5

.2
9

.4
9

.7
6

.9
3

.0
4

.0
6

.0
7

.1
2

.1
8

.2
6

0.
39 .5
5

.8
6

SU
LF

UR

FR
EE

 
OR

GA
NI

C 
SW

EL
LI

NG
 

IN
DE

X

.2
9 

0.
0

.4
3

.5
3

.2
6 

.0
.4
0

.4
9

.1
9 

.0
.2
9

.3
3

.5
6 

.0
.8
7

1.
01 .2
5 

.0
.3
8

.4
2

.2
5 

.0
.3
9

.4
5

1.
22
 

.0
1.
87

2.
31 .3
7 

.0
.5
8

.6
6

1.
16
 

.0
1.
81

2.
21 .4
4 

.0
.6
9

.7
9

.6
8 

.0
1.
03

1.
45

1.
00

 
.0

1.
40

2.
19

AS
H 

FU
SI

ON
 
TE
MP
ER
AT
UR
E,
 
C

IN
IT

IA
L 

DE
FO

RM
AT

IO
N 

SO
FT
EN
IN
G 

FL
UI
D

1,
11
0 

1,
17
5 

1,
24
5

1,
15
5 

1,
22
0 

1,
27
0

1,
14

0 
1,

19
0 

1,
25

0

1,
04
5 

1,
10
5 

1,
15
5

1,
20
5 

1,
25
5 

1,
30

0

1,
07

0 
1,

13
0 

1,
18

0

1,
03
0 

1,
00
0 

1,
13
0

1,
04
5 

1,
16
0 

1,
21
0

1,
00
0 

1,
14
5 

1,
19

5

1,
18

0 
1,

25
0 

1,
29
5

1,
22
5 

1,
29

0 
1,

34
0

1,
16

0 
1,

21
0 

1,
27

0

8
6



Ta
bl
e 

1d
. 

(c
on
t'
d.
) 

Pr
ox

im
at

e 
an
d 

ul
ti

ma
te

 a
na
ly
se
s,
 
he

at
 c

on
te
nt
, 

fo
rm

s 
of
 s

ul
fu

r,
 
fr
ee
-s
we
ll
in
g 

in
de

x,
 
an

d 
as
h-
fu
si
on
 

te
mp

er
at

ur
es

.

PR
OX

IM
AT

E 
AN

AL
YS

IS

SA
MP

LE
 

VO
LA
TI
LE
 

FI
XE

D 
NU

MB
ER

 
MO

IS
TU

RE
 

MA
TT

ER
 

CA
RB

ON
AS

H

UL
TI

MA
TE

 
AN
AL
YS
IS
 

HE
AT
 
OF

 
CO

MB
US

TI
ON

 

HY
DR

OG
EN

 
CA
RB
ON
 

NI
TR

OG
EN

 
OX

YG
EN

 
SU
LF
UR
 

KC
AL
/K
G 

BT
U/
LB

D2
09
96
8

D2
40
92
7

D2
40
92
8

D2
40
92
9

D2
40
93
0

D2
40
93
1

D2
40
93
2

D2
40
93
3

D2
40
93
4

D2
40

93
5

D2
40
93
6

D2
40

93
7

31
.9 ..
.

..
.

41
.9 ..
.

..
.

40
.5 ..
.

..
.

41
.9 ..
.

..
.

40
.9 ..
.

..
.

41
.9 ..
.

..
.

43
.1 ..
.

..
.

42
.1 ..
.

..
.

43
.4 ..
.

..
.

42
.0 ..
.

..
.

37
.5 ..
.

..
.

40
.0 ..
.

..
.

23
.0

33
.8

43
.9

23
.3

40
.1

45
.2

23
.9

40
.1

46
.9

24
.5

42
.2

45
.6

25
.3

42
.9

46
.3

23
.8

41
.0

45
.4

26
.1

45
.9

50
.3

26
.0

45
.0

50
.0

26
.2

46
.3

51
.7

25
.1

43
.3

47
.4

26
.7

42
.7

51
.5

26
.9

44
.8

51
.0

29
.4

43
.2

56
.1

28
.2

48
.6

54
.8

27
.0

45
.4

53
.1

29
.3

50
.4

54
.4

29
.4

49
.7

53
.7

28
.7

49
.4

54
.6

25
.8

45
.3

49
.7

26
.1

45
.0

50
.0

24
.5

43
.3

48
.3

27
.8

48
.0

52
.6

25
.2

40
.3

48
.5

25
.8

43
.0

49
.0

15
.7
'

23
.1 ..
.

6.
6

11
.3 ..
.

8.
6

14
.5 ..
.

4.
3

7.
5

..
.

4.
4

7.
4

..
.

5.
6

9.
6

..
.

5.
0

8.
8

..
.

5.
8

10
.0 ..
.

5.
9

10
.4 ..
.

5.
0

8.
7

..
.

10
.6

17
.0 ..
.

7.
3

12
.2 ..
.

6.
1

3.
8

4.
9

6.
9

3.
9

4.
4

6.
8

3.
9

4.
6

7.
1

4.
2

4.
6

7.
2

4.
5

4.
8

7.
1

4.
2

4.
7

7.
1

4.
1

4.
5

7.
1

4.
2

4.
6

6.
8

3.
5

3.
9

7.
3

4.
5

4.
9

6.
8

4.
2

5.
0

6.
9

4.
0

4.
6

37
.2

54
.6

71
.0

37
.6

64
.8

73
.0

37
.0

62
.2

72
.7

38
.8

66
.7

72
.1

39
.5

66
.9

72
.2

37
.8

65
.2

72
.1

37
.4

65
.7

72
.0

38
.0

65
.6

72
.8

36
.8

65
.1

72
.7

38
.0

65
.5

71
.8

37
.4

59
.8

72
.1

39
.3

65
.4

74
.5

.6 .9 1.
1 .6 1.
0

1.
1 .6 1.
0

1.
2 .6 1.
0

1.
1 .6 1.
0

1.
1 .6 1.
0

1.
1 .6 1.
0

1.
1 .6 1.
0

1.
1 .7 1.
2

1.
3 .7 1.
2

1.
4 .7 1.
1

1.
3

0.
7

1.
2

1.
4

38
.9

15
.5

20
.1

47
.5

17
.6

19
.8

46
.6

17
.9

20
.9

48
.7

19
.7

21
.3

48
.0

19
.7

21
.3

48
.6

19
.6

21
.6

49
.5

19
.7

21
.6

48
.0

18
.3

20
.3

49
.3

19
.0

21
.2

48
.4

19
.0

20
.8

44
.0

17
.0

20
.5

45
.0

15
.8

10
.0

1.
5

2.
2

2.
9 .8 1.
4

1.
6 .3 .5 .6 .5 .8 .9 .3 .5 .6 .3 .5 .5 .4 .7 .7 .6 1.
0

1.
1 .5 .8 .9 .6 1.
0

1.
1 .5 .9 1.
0

0.
8

1.
3

1.
5

3,
47
0

5,
09

0
6,
62
0

3,
47
0

5,
98
0

6,
74
0

3,
39
0

5,
69

0
6,
66
0

3,
57

0
6,
15
0

6,
64
0

3,
63
0

6,
13
0

6,
63
0

3,
43
0

5,
91

0
6,
53
0

3,
43
0

6,
03
0

6,
61
0

3,
48
0

6,
00
0

6,
67
0

3,
37
0

5,
96
0

6,
65
0

3,
54
0

6,
11
0

6,
69

0

3,
47
0

5,
55

0
6,

68
0

3,
53
0

5,
87
0

6,
69
0

6,
25

0
9,

17
0

11
,9

20

6,
25
0

10
,7

60
12

,1
40

6,
10

0
10
,2
50

11
,9
90

6,
43
0

11
,0

60
11
,9
60

6,
53

0
11
,0
40

11
,9

30

6,
18
0

10
,6
30

11
,7

60

6,
18

0
10
,8
60

11
,9
10

6,
26

0
10
,8
10

12
,0
10

6,
07

0
10
,7
20

11
,9
70

6,
37
0

10
,9

90
12
,0
40

6,
24
0

9,
98

0
12

,0
30

6,
35
0

10
,5

70
12

,0
40

8
7



Ta
bl

e 
1d
. 

(c
on

t'
d.

) 
Pr

ox
im

at
e 

an
d 

ul
ti

ma
te

 a
na
ly
se
s,
 
he

at
 c

on
te

nt
, 

fo
rm
s 

of
 s

ul
fu

r,
 
fr

ee
-s

we
ll

in
g 

in
de

x,
 
an

d 
as
h-
fu
si
on
 t

em
pe

ra
tu

re
s.

SA
MP
LE
 

NU
MB

ER

02
09
96
8

D2
40

92
7

02
40
92
8

02
40

92
9

02
40
93
0

02
40
93
1

02
40
93
2

02
40
93
3

02
40

93
4

D2
40

93
5

D2
40
93
6

02
40
93
7

AI
R-

DR
IE

D 
LO

SS

24
.5 ..
.

..
.

35
.7 ..
.

..
.

34
.6 ..
.

..
.

35
.4 ..
.

..
.

34
.2 ..
.

..
.

35
.8 ..
.

..
.

36
.8 ..
.

..
.

35
.8 ..
.

..
.

37
.1 ..
.

..
.

36
.2 ..
.

..
.

31
.3 ..
.

..
.

33
.5 ..
.

..
.

SU
LF

AT
E

.0
1

.0
1

.0
2

.0
4

.0
7

.0
0

.0
3

.0
5

.0
6

.0
3

.0
5

.0
6

.0
2

.0
3

.0
4

.0
7

.1
2

.1
3

.0
3

.0
5

.0
6

.0
1

.0
2

.0
2

.0
0

.0
0

.0
0

.0
6

.1
0

.1
1

.0
1

.0
2

.0
2

0.
00 .0
0

.0
0

FO
RM
S 

OF
 

PY
RI
TI
C

.2
5

.3
7

.4
8

.4
6

.7
9

.8
9

.1
7

.2
9

.3
3

.1
0

.1
7

.1
9

.1
3

.2
2

.2
4

.0
4

.0
7

.0
8

.1
1

.1
9

.2
1

.3
5

.6
0

.6
7

.1
7

.3
0

.3
4

.2
3

.4
0

.4
3

.1
1

.1
8

.2
1

0.
59 .9
8

1.
12

SU
LF
UR

FR
EE
 

OR
GA
NI
C 

SW
EL
LI
NG
 

IN
DE
X

1.
27
 

0.
0

1.
86

2.
42 .3
0 

.0
.5
2

.5
8

.1
0 

.0
.1
7

.2
0

.3
5 

.0
.6
0

.6
5

.1
6 

.0
.2
7

.2
9

.1
7 

.0
.2
9

.3
2

.2
4 

.0
.4
2

.4
6

.2
2 

.0
.3
8

.4
2

.2
9 

.0
.5

1
.5
7

.2
9 

.0
.5
0

.5
5

.4
2 

.0
.6
7

.8
1

0.
21
 

.0
.3
5

.4
0

AS
H 

FU
SI
ON
 
TE
MP
ER
AT
UR
E,
 
C

IN
IT

IA
L 

DE
FO
RM
AT
IO
N 

SO
FT
EN
IN
G 

FL
UI
D

1,
09

5 
1,
15
5 

1,
20

5

1,
27
0 

1,
32
0 

1,
34
0

1,
15

5 
1,

21
5 

1,
25
5

1,
34
0 

1,
40

0 
1,
42
0

1,
34
0 

1,
40
5 

1,
43
0

1,
32

5 
1,

37
5 

1,
40
0

1,
29
5 

1,
36

0 
1,

37
5

1,
31

5 
1,

35
5 

1,
37

0

1,
31

5 
1,
36
5 

1,
37
5

1,
27

5 
1,
35
5 

1,
37
0

1,
23

0 
1,

29
5 

1,
37
0

1,
31

5 
1,
35
5 

1,
37
0

8
8



Ta
bl
e 

1d
. 

(c
on
t'
d.
) 

Pr
ox
im
at
e 

an
d 

ul
ti
ma
te
 a

na
ly
se
s,
 
he
at
 
co
nt
en
t,
 
fo

rm
s 

of
 
su

lf
ur

, 
fr
ee
-s
we
ll
in
g 

in
de

x,
 
an

d 
as
h-
fu
si
on
 

te
mp
er
at
ur
es
.

SA
MP
LE
 

VO
LA
TI
LE
 

FI
XE
D 

N
U
M
B
E
R
_
_
_
_
M
O
I
S
T
U
R
E
 

MA
TT
ER
 

CA
RB
ON

PR
OX

IM
AT

E 
AN
AL
YS
IS
 

UL
TI
MA
TE
 
AN
AL
YS
IS
 

HE
AT
 
OF
 
CO
MB
US
TI
ON
 

AS
H 

HY
DR
OG
EN
 

CA
RB

ON
 

NI
TR
OG
EN
 

OX
YG
EN
 

SU
LF

UR
 

KC
AL

/K
G 

BT
U/
LB

D2
40
93
8

D2
40
93
9

D2
40
94
0

D2
40

94
1

39
.2 ..
.

..
.

33
.8 ..
.

..
.

37
.5 ..
.

..
.

39
.2 ..
.

..
.

27
.1

44
.6

48
.9

28
.0

42
.3

48
.9

28
.4

45
.4

50
.0

27
.9

45
.9

50
.7

28
.4

46
.6

51
.1

29
.3

44
.2

51
.1

28
.4

45
.4

50
.0

27
.1

44
.6

49
.3

5.
3

8.
8

..
.

8.
9

13
.4 ..
.

5.
7

9.
2

..
.

5.
7

9.
5

..
.

6.
9

A.
 2

4.
6

6.
6

4.
4

5.
0

6.
9

4.
3

4.
7

6.
8

4.
1

4.
5

40
.2

66
.2

72
.5

40
.9

61
.8

71
.4

41
.0

65
.6

72
.2

39
.1

64
.4

71
.1

.7 1.
2

1.
3 .7 1.
1

1.
3 .6 1.
0

1.
1 .7 1.
1

1.
2

46
.4

19
.1

21
.0

42
.3

18
.5

21
.4

45
.5

19
.5

21
.5

47
.4

20
.7

22
.8

.3 .5 .5 .5 .8 .9 .2 .4 .4 .2 .3 .3

3,
68
0

6,
05
0

6,
63
0

3,
85
0

5,
82
0

6,
73
0

3,
73
0

5,
97

0
6,
57
0

3,
59
0

5,
91

0
6,
53
0

6,
62
0

10
,8

90
11
,9
40

6,
93
0

10
,4
80

12
,1
10

6,
72
0

10
,7

40
11

,8
20

6,
46
0

10
,6
40

11
,7
50

8
9



Ta
bl

e 
1d
. 

(c
on

t'
d.

) 
Pr
ox
im
at
e 

an
d 

ul
ti

ma
te
 a

na
ly

se
s,

 
he
at
 
co
nt
en
t,
 
fo

rm
s 

of
 
su
lf
ur
, 

fr
ee
-s
we
ll
in
g 

in
de
x,
 
an

d 
as
h-
fu
si
on
 

te
mp

er
at

ur
es

.

FO
RM

S 
OF

 
SU

LF
UR

SA
MP

LE
 

AI
R-
DR
IE
D 

FR
EE

NU
MB
ER
 

LO
SS

 
SU
LF
AT
E 

PY
RI

TI
C 

OR
GA
NI
C 

SW
EL

LI
NG

_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
 

IN
DE

X

IN
IT
IA
L 

DE
FO
RM
AT
IO
N

AS
H 

FU
SI
ON
 
TE

MP
ER

AT
UR

E,
 
C

SO
FT

EN
IN

G 
FL
UI
D

D
24

09
38

D
24

09
39

D
24

09
40

D
24

09
41

32
.3

2
7
.6

3
1
.0

3
2

.6

.0
1

.0
2 

.0
2

.0
4 

.0
6

 
.0

7

.0
3 

.0
5 

.0
5

.0
2 

.0
3 

.0
4

.0
6 

.1
0

.1
1

.0
5 

.0
8 

.0
9

.0
4 

.0
6

 
.0

7

.0
2 

.0
3 

.0
4

.2
3 

.3
8

.4
1

.4
1 

.6
2 

.7
2

.1
5 

.2
4 

.2
6

.1
2

.2
0 

.2
2

0
.0 .0 .0 .0

1,
34

0

1,
15

0

1,
29

0

1,
26

0

1,
39

0

1,
20

0

1,
34

5

1,
31

5

1,
40

5

1,
22

0

1,
35

5

1,
34

0

9
0



o
5>
41

C
O

c

C_
o
u.

.c

C_

M i  i
4)

1 8
<D 41
M C_

<U
<D H-
 M C_

C * *
0> C

8 ""° 4»
 *- c
O '^

E

CJ 41

M 41 
41 "O
0)
C- 4->
O) O
4) C

00
in
£ 'r-"in c
^^ 3» 

0
.c .c
M M
<T3

41
X 3
C-  
O <TJ
*-  >
<T3 
C- 0)

O .c
XI 4-<

<T3
  C

<T3

J= «-*

M
C M

W <T3
4* C II

"U <0'x c
o o  

SE *-

C_  D 41

8 C U 
10 C_

'i w D.
 DOC

io as
o M

i 4)
C- J= 3
O 4J    
   > C_ flj

<T3 O >

ft>

<T3

LU Of
-I UJ

: =>
V) Z

/>

n
VI

<M
O
t 

O

VI
LU
U.

0
M

0 
<M

Z

OoSE

o
5

o

  1<

o
CO

oc
CO

UJ 0!
 1 LU 
O. 1

co a

 *sT in *O IN. CO

in tn in tn in
in in in in tn
NO NO ^3 NO NO

O O O O O

o ON « * ro in <M «- CM r*j ro

N- NO NO <M NOin in «* in -j- 
o o o o o
o

00 00 CD 00 CO

fO O N* N*

«* in N* in o
<M

-
0 0 O O O

o

ro «\j «\j
eo o o o «-

NO O N* O O

in N* in >!  NO

IN. ro fN- co o
r>j r\j rvi nj nj

O eo O fN- < *
ca NO N* «* to

eo
roONOnj rvj

o <M in co co
N- 1^ NO tn o

N* in NO N. eg
NO NO NO NO NO
tn in in in in tn tn in tn tn

o o o o o

ON O «- CM to

in in in in in
in in in in in

0 0 0 O O

CM «- «- <M <M

<"*> \Q N^" ON
tn »* NO tn N*
0 0 O O «-

CD CD CO CD CO

NO o ^ r^
CO N* NJ- ON t>~

^-»

O ON «- in

0
r^ in N* o ON

« « »* in

NO co fN. o in
m co co ^ NO

eo ,  r- c\j « 
«- ro ro «- CM

t*. o tn
«- IN! O O 0^- ^~

o N* N* o njro «- «- nj  -

o tn ro nj NO
ON NO NO O «O

ON O «- CM fO 
vO fN. IN. IN, K.
in tn in in tn 
in in in in tn

o o o o o

N* in NO fN- co 
tn tn in tn tn
in in tn tn tn
NO NO NO NO NO

O O O O O

NO N* <NJ «\J O«-«-«- nj ro

eo eg in NO r^ NO «-
0 O ON *NJ fN.

co oo co co oo

in o o o
^O l"^ ro 1"^ in̂~

eo NO o in o

NO i"^ in eo ro
ro nj ro ro ro

tn «- o ro r^
ro ro NO in »*

0

 - o <NJ eo f>-
nj <NJ^»-

o
«- ro «- «- eo« »-*-*-

o tn  >» NO NO 
ro >* ro nj «-

«- tn NO NO N*
o ro oo o

tn m tn in tn in tn tn tn tn
NO NO NO NO NO

o o a o o

ON in NO f^ CO 
fN- O O O Oin NO NO NO NO
tn tn tn in tn
NO NO NO NO NO

o a a o o

o <NJ to tn fN.<M «-«-«- «-

eo *# tr\o ** tn o «- «- r\j

co co co co co

«* in O O NO
l^ in »* »* N*

o o o o <M

>t eo 
NO o o ro «*
ro «- «-

ro ro o o
»n o «- f«- NO*~

o f«- «* ro <M

o o
«- NO CO «~ f\J*  ^  ^~

to nj
fN» NO O O fN-
<M (\J CM

ro o eo o in
O NO NO O O

o in NO f»- co
in NO NO NO NO 
tn in in in tn
NO NO NO NO NO

o o o o o

S o «- rvi to « » « « 
in tn tn in in

o a a a a

f- f>- eo to eo

<M
 4- tn o ON o r*j o <M o in

CD CO CO CD CO

o eo fN- «~ in
t^ ro ro m N*

o o o o o

ro co in N* o o fN- eo eo
,_

eo *- <M N* vj-
o o co o eo

ro co tn o IN.
ro ro ro to <M

f*» oo ^NI NO r^
in tn o NO o

o
^~ CO nj IN. fs»

eo N* ro NO ro
NO fN- eo fN- eo

o o «- <M to o ̂ ~ ^~ ^ - ^~
NO NO NO NO NO
in tn in in in
<O NO NO NO NO

o o a a a

rvi »* in NO f--
NO O O ON ON
in tn tn in in
NO NO NO <O NO

o a o o a

in >* in co ON«- «- ro to to

ro ro in co NO
ON in NO NO ON 
00000

CD CD CD CO CQ

ON «- NO

in «- ro o vj-
(M  -

N* O 0 0 0

O NO«- fN. tn «vi r^
N* »  <M

eo co «- ON -*
ro i"^ ON in co

tn o o tn NO«  «  cvj <NJ rvi

co «- eo
«\j o o to »*^  « 

ro «- ON
»- -* f*. NO >»  
ro to

1"^ tO «- CO tO

0 «- «O »- h>

<M >* m NO t>- ro i*^ tN» t^ t*.
NO O O O ONin in tn in in

a o o a a

CO ON O «- <M
N- N. co eo co
0 0 00 O
tn in in tn in
NO NO NO NO NO

0 O O O O

»* <M r^ eo o
<M tO tO <M <M

_l   1  1 <\j to fN- N* t^ 
in in o in vj-
O 0 0 O 0

CD CO CO CD CD

o* in
" ro in *- r-

T~ T~ * "

00000

o in o «  in »* in <M
<- <-

ro eo «- eo
CO IN. h- «- N.^"

ro o «- nj or\j «~ <M to r*j

fO NO fN-

«- O NO O» NO*~ *~

_
O IN. «- »* «-

IN. tO »» N* N*

fN- *- 0 fN. NO

CO O 0 «- nj 
IN- IV CO CO CO 
O O ON O Otn tn in in in
NO NO »O NO NO

o o o o a

to N* in NO N-
O O O ON O
in in in in in
NO NO NO NO NO

a a a a a

ro <\i vj- r^ t^ro <M <M «- «-

ON ^

ro ro »- o o

CD CD CO CO CD

in «- o «-
ON ON <M in

^"»

o o o o o

NO N* O tO 1"^

«- <M tO <M «-

N* 0 tO O

ON eo o f-- NO"~

o ro IN. «- «-
ro CM r*j CM CM

IN. >t

»* «\J CM ON O
«  «  « 

o in r*j in
rJ co -O co* ON

CM

0 NO N* M IN.

eo eo r-- o «-

ro N* m «Q fN-
O O O ON Otn in in tn in
NO NO NO <O NO

o o o o o



LU Of
  1 LU 
O_ CO

i§
CO Z

KI

to
CM
a. 

CM

8
CM
LI

O 
CM

O
CM
<

3

O
<j

Kl 
o
_l 
<

CM
0 
co

CO

LU tt
  1 LL
a. CD
z: z
CO 2

CO ON O «- O
co co ON <> Nfl
ON ON O> ON N*
to in in in K»
NO NO NO NO IN.

a a a a a

vj- I-. >a- «o 00

N- ON

KI o KI o «-
o

ON 
o

CM 10 IN-

to co ON KI o
«- to

_i _i _j _i
0 0 0 0 fN-.-«-«-«- o

o

CM Kl <M Kl 

«- «- Kl <\J

fN- !>. CO O CM

Kl 

«- O Kl ON «O

I-. «*  «~ »* 
fN- in f-. o KI 

o to in -o inKl «- «- 

 st >* O <\J -O

«- o o co to
«-«-«- CM

§ ON 0 «- «O 
eo ON <> «o ON o* ON ON -* 

to to to in K» 
o o o <o S-
Q O O O O

IN- oo o o «-
«O -O X3 Kl Kl 
«* ^t >* t> O>

RRCICIC
o a a a a

«O AJ IN. Kl K

i\j «- «\J o o

o> «» o  *
O Kl <M to -O

Kl >O

«* r>- KI to
<\J r- <M

Kl OJ «O CM O 
«- Kl O CM CVJ

O< O N- to O

Kl «- >* K O

«- to INJ in «-
>o KI to >*  eo

N.
N- O« tO OJ Kl

Kl O CO N- «-

O O O vf O.

N. co eo o r»-
Kt «- «- «- 

OJ NO O N- O>

<M ON «- ~- NO 

N- CO ON 0 «-
NO NO NO Kl Kl
«*«*»* O« ON

CCC£}C
a a a o a

«\j KI «* to NO
Kl Kl Kl Kl Kl 
ON ON ON 0s ON*

£££££
a o o a o

IN. 

NO to <\J NJ- CM

00000

N- NQ tO V*
«- »* Kl O- «O

to to N* eo 

Kl NQ to N* o

CM eo >* fN- vr
(M fM CM N* ^

ON «-

«* CN| T- CM «-

o in NO «- CM
to eo ON NO NO

in «* h- NO o

ON CM O «-

O NO NO ON <O

fN. »- »- r>- ^
«* «  «- CM  -

«- NO in KI NO
CM in in K o>

CM Kl «* to NO 

<> <> ON ON O>

}C}CJC}CK
a o a o o

N- CO O> Kl >*
Kl Kl Kl «*  * 
O ON ON «  « 
to to to eo co FLF.F.rs.s.
a o o o a

f*~ O ON CM «-

o o o o o

Kl tO ON. CO O 
ON NO F- NO CM

CO CO N- CO 

sit O tO «  tO

to CM Kl CO NO
«- >* N* Kl «-

CM O CM to ON

«- ON NO tO NO

in to in to NO
fN- N/J N- ON O>

KI to eo KI eo

ON CM Kl

IN. ON ON «- O

^N. NO «* to «*
CM «- CM Kl «- 

«* Kl tO «- ON

CO K. fN. O CO

r-. co ON KI «*
Kl Kl Kl «* «* 
ON ON ON «  « 

JQ^FCffS
o o a a a

to 00 ON O «- 
>t ON ON O O 
«- >J >* to in 
co cO cO co co
fs_ fN. fN, fN, fN,

a a a a o

to ON N- «- IN-

0 0 0 0 *-

O Kl O CM CN.
to eo >* fN- NO

NO NO

«O Kl IN. fN- Kl
CM «- <-

to «  «* in 
0 CM «- Kl «-

CO «- CM CO NO

CM ON h. to LO

N* CM NO CM CO

to o 
eo o o in ON

0 Kl >* to

to oo NO co o

to 

eo co KI KI to
CM T- to r- 

«O 00 NO CM 10

10 CM to K» ON 
«  CM «  CM

10 00 ON O *- 
>* ON O 0 O 
«  -sf -sf tO tO 
CO CO CO 00 00

a a a o o

CM Kl >* LO NO 
0 0 O O 0 
to in to to to 
CO 00 CO CO 00

a a a o o

00 00 *  LO ON

O O O O CM

§ K> lS\ «  CO 
Kl IN- Kl Kl

Kl vr IN- O 

-J- Kl LO to NO

O *- ON NO O
NO Kl >* CM vj-

CM Kl O» >!  <NJ

0 NO O> ON CM

in NO NO Kl CO 

O -st O «- ON

NO vT *- «* Kl

N- Kl 00 to ON

10 «- 10 00 Kl 
-J- *- CM ~-

O «- O> 00 ON

<f «- O ON IN.

CM Kl ~J- LO NO 
O O O O O
to 10 10 to to 
co oo oo oo eo
rs. fN- IN- IN. h.

a o o a a

IN- 00 ON 0 «-o o o «- »- 
to m to to to
CO CO 00 CO 00

a a a a a

vj-
o-

10 «- CM «-

o o o o o

IO CM ON 00 
LO Kl IN- Kl 10

Kl ON Kl NO 

t-N- to ON to * 

 st CM Kl -J- Kl 
NO CM tO «- CM

CM 
CO NO IN. CO lO

Kl NO ON O-

CM CM CM NO fs. 

CM

CM eo NO to r-N-

>st CO IN.

«o NO  >* in >r

Kl Kl «- «- Kl
CM »- in «- CM

O- «- «- NO O

IN. ON CO O CM 
CM « « » 

fN- CO ON 0 «-
O O O *-  r-
to to in to to
00 CO CO 00 CO

o a a a o

CM O O «  CM
«- NO IN- |  I-.
10 Kl Kl Kl Kl 
00 ON ON O O

a o o a o

IN- 00 vT 00 O

00000

h. O in r- Kl 
Kl IN- vj- NO 00

O 00 10

rs! r- r- ON «st
r- CM

O Vj- NO IN- O
Kl vT Kl CM I".

CO ON ON IN- Kl

to oo ON eo

ON NO vT CO  
NO

«- NO o o to

«O IN. Is. CM Kl

ON ON »* CO CO

to
10 ON CM ON IN.
«-«- - Kl

CM CO ON -* ON

r-. o o ON «-

CM O O f- CM

tO Kl Kl Kl Kl 
CO ON ON ON ON
r-. fs. fN- IN. fN.

a o o o a



Ta
bl
e 

le
. 

(c
on
t'
d.
) 

Ma
jo

r-
 
an

d 
mi

no
r-

 
ox
id
es
 
in
 t

he
 
la
bo
ra
to
ry
 a

sh
 o

f 
38

3 
li

gn
it

e 
sa
mp
le
s 

fr
om

 t
he
 F

or
t 

Un
io
n 

Re
gi

on
.

SA
MP
LE
 

NU
MB
ER

D 
17
93
73

D 
17

93
74

D 
17

93
75

D 1
79
37
6

D 1
79
37
7

D 
17
93
78

D 
17
93
79

D 
17

93
80

D 
17

93
81

D 
17

93
82

D 
17

93
83

D 
17

93
84

D 
18
00
07

D 
18

00
08

D 
18

00
09

D 
18

00
10

01
 8
00
11

D 
18

00
1 
2

D1
80

01
3

D1
80

0U

D 
18
00
1 
5

D1
80
01
6

D1
80

01
7

D1
80
01
8

01
80
01
9

01
80

07
5

01
80

07
6

01
80

07
7

01
80

07
8

01
80

07
9

01
80
08
0

01
80

08
1

01
80
08
2

01
80
08
3

01
86
05
1

01
86
05
2

01
86

05
3

01
86
05
4

01
86
05
5

01
65

99
2

AS
H

14
.2

10
.6

18
.4

10
.7 9.
1

11
.9 7.
9

10
.6

10
.9 6.
8

9.
6

11
.6

10
.7

10
.8

12
.2 9.
1

9.
5

8.
8

14
.5 9.
9

11
.6

11
.2

11
.4 8.
4

10
.9

9.
6

10
.6

21
.7

10
.1 9.
3

9.
2

15
.5 7.
8

8.
9

7.
9

8.
6

10
.9

10
.4

12
.2

12
.1

SI
02

23 11 20 26 27 8.
9

5.
9

26 24 10 9.
5

12 15 16 14 17 22 18 40 18 16 24 14 20 24 20 20 39 13 13 11 37 10 16 19 12 16 15 14 2.
8

AL
20

3

9.
1

5.
6

10 9.
7

7.
2

7.
2

5.
5

8.
9

14 9.
4

9.
1

7.
4

9.
0

8.
3

6.
3

8.
5

10 12 7.
3

9.
5

8.
9

11 9.
6

12 11 11 11 14 8.
8

9.
9

8.
6

12 9.
8

11 7.
9

9.
0

7.
6

5.
2

7.
9

5.
3

CA
O

12 15 8.
4

15 16 14 14 16 17 21 18 13 15 15 11 16 20 14 10 18 15 17 16 19 15 23 19 7.
1

15 23 19 8.
5

24 20 25 30 20 21 16 23

MG
O 5.
2

6.
6

4.
0

6.
6

9.
1

5.
6

6.
1

6.
6

7.
1

8.
3

7.
9

5.
4

6.
3

5.
8

5.
6

6.
6

5.
9

10 5.
5

8.
3

6.
4

7.
1

7.
4

10 6.
8

6.
5

6.
7

3.
2

6.
6

5.
9

7.
9

4.
6

11 8.
3

6.
3

5.
9

8.
7

6.
3

7.
5

7.
7

NA
20 3.
3 .9
2

4.
8

8.
4

8.
0

6.
3

2.
8 .5
4

6.
0 .7
0

.5
4

3.
9

7.
6

7.
3

3.
4

9.
1 .4
7

5.
6

3.
7

4.
2

1.
1

1.
1

1.
8

4.
0

6.
0 .3
6

.3
0

1.
2

8.
9

1.
6 .8
0

3.
3

2.
1

2.
0

12 3.
4

1.
8

1.
3

2.
7

2.
0

K2
0 0.
70 .2
8

.7
1

.5
1

.5
0

.2
3

.2
7

.3
8

.3
7

.3
9

.3
4

.4
2

.2
8

.3
7

.1
8

.2
4

.2
4

.3
8

.4
8

.2
4

.2
6

.3
4

.2
4

.4
1

.4
8

.2
1

.3
4

1.
7 .2
9

.2
2

.1
0

1.
4 .1
4

.2
7

.2
8

.5
6

.3
1

.3
1

.3
5

.1
0L

FE
20

3

13 15 17 2.
9

2.
1

15 20 4.
4

1.
7

2.
7

3.
1

17 8.
7

11 15 6.
9

3.
1

3.
0

6.
8

6.
8

12 5.
9

11 3.
4

5.
7

1.
1

3.
5

7.
1

7.
9

4.
3

4.
4

6.
0

2.
0

5.
8

4.
4

11 14 15 16 14

TI
02 0.
68 .6
2

.4
9

.7
3

.7
6

.3
8

.2
9

1.
2 .8
2

.5
3

.7
1

.4
5

.5
4

.4
6

.5
3

.5
9

.5
8

.4
7

.6
9

.5
7

.4
5

.7
5

.5
7

.5
1

.7
9

.4
8

.6
6

.5
5

.6
1

.3
3

.3
4

.6
5

.4
9

.5
9

.7
7

.4
6

1.
4 .7
3

2.
5 B

P2
05 1.
0L

1.
0L

1.
0L

1.
0L

1.
0L

1.
0L

1.
0L

1.
0L

1.
0L

1.
0L

1.
0L

1.
0L

1.
0L

1.
0L

1.
0L

1.
0L

1.
0L

1.
0L

1.
0L

1.
0L

1.
0L

1.
0L

1.
0L

1.
0L

1.
0L

1.
0L

1.
0L

1.
0L

1.
0L

1.
6

1.
0L

1.
0L

1.
6

1.
2

1.
0L

1.
0L

1.
0L

1.
0L

1.
0L .0
58

S0
3

27 34 28 22 16 27 30 21 16 27 36 31 24 24 28 20 20 21 15 21 26 21 27 16 19 20 23 13 28 25 31 16 16 21 16 29 30 36 30 45

SA
MP
LE
 

NU
MB
ER

01
79
37
3

01
79
37
4

D 
17

93
75

D 
17
93
76

01
79

37
7

D 
17
93
78

01
79

37
9

01
79

38
0

01
79

38
1

01
79

38
2

01
79

38
3

01
79

38
4

01
80
00
7

01
80
00
8

01
80
00
9

01
80
01
0

01
80

01
1

D1
80

01
2

01
80

01
3

01
80

01
4

01
80
01
5

01
80

01
6

01
80
01
7

01
80

01
8

01
80

01
9

01
80
07
5

01
80

07
6

01
80
07
7

01
80
07
8

01
80
07
9

01
80

08
0

01
80

08
1

01
80
08
2

01
80
08
3

01
86

05
1

01
86

05
2

01
86

05
3

01
86
05
4

01
86
05
5

01
65
99
2

9
3



Ta
bl
e 

1e
. 

(c
on

t^
d.

) 
Ma

jo
r-

 
an
d 

mi
no

r-
 
ox

id
es

 
in
 t

he
 
la

bo
ra

to
ry

 a
sh
 o

f 
38

3 
li
gn
it
e 

sa
mp

le
s 

fr
om
 t

he
 F

or
t 

Un
io
n 

Re
gi
on
.

SA
MP
LE
 

NU
MB

ER

01
65
99
3

01
96
05
2

01
96
05
3

D 
19

60
54

01
96
05
5

01
96

05
6

01
96

05
7

01
96

05
8

01
96

05
9

01
96

06
0

D 
19

60
61

D 
19

60
62

D 
19

60
75

01
96
07
6

01
96
07
7

D 
19
60
78

D 
19
60
79

D 
19
60
80

01
96

08
1

01
94
85
8

01
94
85
9

01
94
86
0

D1
94

86
1

01
94

86
2

01
94

86
3

01
94

86
4

01
94
86
5

01
94

86
6

01
94
86
7

01
94

86
8

D 
19
48
69

01
94
87
0

01
94

02
9

01
94

03
0

01
94

03
1

01
94

03
2

01
94

03
3

D 
19

40
34

01
94
03
5

01
94

03
6

AS
H 8.
8

10
.9

11
.1 9.
5

8.
7

7.
4

10
.1 9.
2

16
.9

12
.3 9.
9

12
.7

38
.1

15
.6

31
.0

11
.3

25
.7

18
.5

11
.9

15
.7

10
.7

20
.0

10
.2

10
.5 9.
5

19
.6 9.
1

32
.1 9.
2

6.
6

9.
5

11
.5 9.
7

10
.6

16
.4

11
.6 8.
7

33
.4 9.
8

8.
1

SI
02 4.
5

15 24 16 23 13 24 17 36 25 20 40 52 33 56 19 43 38 30 39 28 54 38 25 22 55 14 69 17 6.
6

22 28 24 29 41 21 10 73 30 31

AL
20

3

6.
4

6.
2

6.
2

6.
7

11 5.
1

8.
1

7.
6

7.
4

9.
9

8.
5

9.
3

16 8.
7

16 8.
9

15 8.
5

12 11 11 12 12 9.
4

9.
8

9.
4

5.
8

11 10 5.
5 

^

8.
1

7.
4

12 11 15 11 6.
8

14 7.
6

8.
4

CA
O 24 17 13 14 24 26 15 15 8.

7
14 17 12 4.

0
8.

9
5.

3

21 6.
8

13 16 16 17 9.
0

14 13 20 7.
2

19 3.
6

18 22 17 10 18 14 8.
3

16 19 3.
5

15 15

MG
O

11 4.
5

4.
9

8.
4

7.
3

7.
6

5.
4

5.
7

2.
7

4.
4

7.
5

4.
2

2.
5

3.
0

2.
1

2.
6

1.
4

2.
5

2.
6

4.
0

5.
3

4.
5

6.
2

5.
4

6.
9

3.
3

6.
2

1.
9

6.
3

8.
0

6.
6

4.
8

6.
2

4.
2

2.
2

7.
1

7.
8

1.
7

4.
2

6.
9

NA
20 2.
7 .5
5

5.
0

1.
8

1.
4

1.
3

8.
8

10
.8

3
1.
4

2.
4

7.
1

1.
2

8.
2

1.
1

3.
6

2.
6 .9
3

.9
2

.5
1

1.
1

3.
1

9.
4

8.
3

4.
4

4.
7

9.
4

2.
5

9.
5

13 1.
7

7.
2

3.
8

8.
8

5.
4

2.
4

2.
5

2.
7

8.
5

5.
2

K2
0 0.
10

L
.4

0
1.
1 .7
0

.5
0

.5
0

.5
0

.5
0

1.
0 .9
0

.4
0

1.
0

2.
2 .9
0

1.
6 .6
0

1.
3

1.
1

1.
0 .5
0

.8
0

1.
6 .7
0

.4
0

.3
0

.6
0

.3
0

1.
1 .2
0

.3
0

.4
0

1.
1 .8
0

.9
0

.4
0

.2
0

.2
0

1.
6 .6
0

.6
0

FE
20

3

6.
8

18 16 12 3.
6

5.
1

5.
6

10 17 8.
1

9.
4

6.
3

11 11 5.
5

10 9.
3

10 6.
4

5.
2

6.
6

5.
2

3.
2

8.
4

6.
3

4.
3

7.
7

2.
4

6.
3

4.
7

12 13 7.
2

5.
9

8.
8

7.
7

10 2.
1

6.
6

6.
8

TI
02 B .4

0
.4
0

.6
0

.7
0

.4
0

.8
0

.7
0

.6
0

.5
0

.6
0

.9
0

.7
0

.4
0

.7
0

.6
0

.7
0

.6
0

.6
0

1.
0 .4
0

.7
0

1.
1 .6
0

.7
0

1.
4 .6
0

1.
5 .6
0

.6
0

.6
0

.5
0

.6
0

.7
0

.9
0

.4
0

.5
0

.8
0

.7
0

.7
0

P2
05 0.
04

5L
.1
8

.0
90

L
.1

1L
.4
6

.4
1

.4
0

.1
1L

.0
59
L

.0
81
L

.1
0

.1
6

.1
0

.2
6

.0
65

.0
88

L
.1

2
.0
54
L

.0
84
L

1.
0L

1.
0L

1.
0L

1.
0L

1.
0L

1.
0L

1.
0L

1.
0L

1.
0L

1.
0L

1.
0L

1.
0L

1.
0L

1.
0

1.
0L

1.
0L

1.
0

1.
0L

1.
0L

1.
0L

1.
0L

S0
3

44 33 30 37 27 25 25 27 22 31 27 18 7.
3

23 11 33 13 21 23 16 22 6.
8

14 23 25 17 33 8.
5

25 22 30 28 22 22 17 28 38 5.
5

23 24

SA
MP
LE
 

NU
MB
ER

01
65
99
3

01
96
05
2

D 
19

60
53

01
 9
60
54

01
96
05
5

01
96

05
6

01
96
05
7

01
96

05
8

01
96

05
9

01
96
06
0

01
96

06
1

01
 9
60
62

01
96

07
5

01
96

07
6

01
96

07
7

01
96

07
8

01
96
07
9

01
96
08
0

01
96
08
1

01
94
85
8

01
94

85
9

01
94
86
0

01
94

86
1

01
94

86
2

01
94
86
3

01
94
86
4

01
 9
48

65
01

94
86

6
01
94
86
7

01
94
86
8

01
94

86
9

01
94

87
0

01
94

02
9

01
94

03
0

01
94

03
1

01
94
03
2

01
94
03
3

01
94

03
4

01
94

03
5

01
94
03
6

9
4



o
TO
eu 
a:

o

4->
(- 
O 
u.

0)
-C

(- 
N-

CO
ug-
(D
w 
u
4->
'E 

TO

ro
00
ro
H-

o

CO
(0

>s

o
t-f
<o
t-
0
j5
(0

a>
jr *-<

c

sr- oxides

'i 

*
(0

o
«r
z:

T3
4->

O 
U

cj

a; 
la
(0» 

ai a:
_l UJ
a. CD

CO 2

o

in

a. 

\j

8
<M

0

^ 

M
 x. 

O
x:

0

ro o
_l

CJ 
O

V)

CO

UJ tt 
 1 UJ
a. CD

i^
V) Z

vj- m >o r- co
CJ CJ CJ CJ CJ 
*O *O NO NO NO
NO NO NO NO NO

o a a o o

T- M »* «* O»

_i _ i 
t> in
NO N- N- tO f-
o in »* O «-

o

o o o o
NO NO NO »~ NO

o to

<M vj- »* t> CO

to ro »* to r-

o o o o 
ro in »* eo f--

CJ 

 O CO NO O tof- t>- r- «- to
o 

o» r\j o o^ o
«* co co cj r>»

1A 0

r- m «* N. o

(M v3 <X v3

vt CO CO O O

o in MO tr> vj- 
in ru <M in <\j

vi- iA >O CO O

vt O O CO <M

»* in NO r- co
CJ OJ CJ <M <M
NO NO NO NO NO 
NO *O NO NO NO

o o a a o

o o «- cj to 
cj to to ro to
NO NO NO NO NO

o a a o o

»* tO T- V* vj-

_i _i _i
vO 0 tOa. co co o> <x
0 0 0 «- CJ

o o o o 
in »* s. NO f^

NO

NO to ro cj cj
N- N- ro ND NO

o o o o o 
«* in N- >* «*

»j- \e\ in ro o
*- «- IA t>- r-

NO «* IT! NO NO

co cj in NO t>-

m f-- to

cj in cj o o>

o
o eo O> ro in
CJ tO C4 CJ

»* m o m »*

O CJ CJ O O

O o «- cj to 
cj to ro to ro

o o a o o

»* in NO r- co 
to ro to to ro
*O NO NO NO NO

o a a o o

co O oo O in

 i i i 
f- co in f- 
vj- co co in co
0 0 O O -*

o o o o o 
NO f-- NO co m

NO O> ro in
NO to »* fw r-.

o o o o 
oo NO N- vt tn

ro
*- in cj co *-
to NO NO «- 

r- o> co in t>
cj in in in h- 

00

»* in in ro cj

cj M ro «- «-

NO <r- 0 «- 0 
fO fO fO fO CJ

to to eo NO «*
w- «- «- N. 0

»* m NO f- co 
to to to to to
NO NO NO NO NO

Q o o a a

o o f- co o>
fO x* O O O> 
NO NO O 0 0

a a a o a

CQ CQ OQ 
CJ CJ

NO **  O O 0
in N- in «  « 

O O CO CJ CJ
NO in to «* co

«* eo «-

r- NO cj o o

o o to to  «* 
-* in cj cj NO

NO
<r- N. «- m eo

«- «- eo N. 

N- in o eo o
r^ -o NO vj- v* 

o eo cj cj «-

K» to
o «- o> cj eo

N. «- NO NO O
«- <M «- <M fO

eo «- o NO o
o cj eo o o

o o r^ co $>
fO ~t O O O-

5:8222
«- «- CVJ CJ CJ
o a a o a

O «r- CJ tO vj-
o o o o o

CJ CJ CJ CJ CJ 
O Q Q O Q

_l
CJ CJ O
N- NO »* O O
0 O «- 0 «-

o co to t-- f>- 
in NO ro «  ^

f-- «- o> ro
N- «* ^* NO CO 

CJ

»* »* T- CJ

to f- cj «- vo

O 00
o cj NO in

NO 0 NO

cj in «* o ro
M cj NO t-~ in 

O CJ

O^ O^ o in cj

to in m
**  O> «- cj o

in
NO »*-*«* O
M in *- ro

O CO O> «  O

to t*- NO o o

o «- cj ro vj- 
o o o o o

rj cj cj cj cj 
o o d o o

in NO ro «* m 
o o co oo co
T- ^ tO tO tO

CJ CJ CJ CJ CJ
o a o a o

 I tO  1
O ND »* NO CJ
V* «- T- 0 «~

r^ r- o cj
v* «  NO NO tO

NO «- CJ tO O

eo NO ro cj -*

v* vj- CJ NO O

o »* o>
tn «  cj co >* 

o in T- to in
4> NO >* CJ CO

r^. .  M T- m

to cj NO
CO f- O CO O

O
«- <o «* to >* 
CJ tO »* «-

to ro cj o in
O NO f- NO CO

in NO to «* in 
o o oo co co

<M CJ CJ CJ CJ
o a o a a

NO r**- eo o^ o 
co co co co o>
O^ O^ O* ^K O^
to to ro to to
CJ CJ (M CJ CJ
a a o o a

_i _i
o «- to
NO N- »* CJ K- 
0 O <r- *- 0

co co in vj- 
«  in »* .* co

NO »*

ro o> r- ro NO

CJ CJ CJ

«  CJ

o> cj r-

ro o- »* t^. o 

co in in r^- in
«  to cj to cj

CJ O O

-* o> in in « 

«* in o «-
f- o> cj eo eo

NO in NO «- o
NO T- fO CJ CJ

NO «- tO tO «-

«  «* «- co in

NO N- CO O 0 
CO CO CO CO 0>&  t> o> o o« 
ro to ro to to
CJ CJ CJ CJ CJ
o a o o a

«- cj to »* in
8:8:8:8:8:
to to to to to
CJ CJ CJ CJ CJ
a a o o o

__l T- t>    I »*

to >t »* to co 
»- o o «- o

in r- in 
cj oo cj cj «-

f- »* N- NO

ro NO cj NO to

CO NO CJ CJ

CO T- »4-

f1- in N. «  f*. 

NO co ro o eo
«* «- CJ NO tO

CJ tO »* 

N- NO CO N- <>

o^ o to «- ^t

CJ r- CJ xt tO«- »n ro «- **  

r- cj in eo O>
r- »* co f-- «-

«- cj ro »* in
8:8:8:8:8:
to to ro to to
CJ CJ CJ CJ CJ 
Q 0 O Q Q

in 
cr>



Ta
bl

e 
1e
. 

(c
on

t'
d.

) 
Ma
jo
r-
 
an
d 

mi
no
r-

 
ox

id
es

 
in
 t

he
 
la

bo
ra

to
ry

 a
sh
 
of
 3

83
 
li

gn
it

e 
sa

mp
le

s 
fr

om
 t

he
 F

or
t 

Un
io
n 

Re
gi

on
.

SA
MP
LE
 

NU
MB
ER

D2
 13

99
6

D2
13

99
7

D2
13

99
8

D2
13
99
9

02
14
00
0

D2
14

00
1

D 1
96
39
9

D 1
96

40
0

D1
96

40
1

D 1
96

40
2

D 1
96
40
3

D 1
96
40
4

01
96
40
5

D 1
96
40
6

D 1
96

40
7

D2
10
36
5

D2
10
36
8

D2
10
36
9

D2
10
37
1

D2
10
37
2

D2
18

90
7

D2
10
36
6

D2
10
37
0

D 1
96
59
3

01
 9
65
94

01
 9
65

95
01

96
59
6

01
96
59
7

02
40
97
3

02
40
97
4

02
40
97
5

02
40
97
6

02
40

97
7

02
40
97
8

02
40
97
9

02
40
98
0

02
40
98
1

02
40
98
2

02
40
98
3

02
40
98
4

AS
H

20
.8 9.
5

14
.2

13
.3

10
.8 9.
3

7.
6

13
.5

15
.3

10
.6

13
.5

16
.0

13
.7 9.
5

11
.6

11
.9

23
.1 8.
5

11
.4

17
.7 5.
0

8.
3

8.
4

31
.6

20
.5

25
.8

22
.9

29
.2 7.
0

12
.9 9.
3

6.
7

7.
5

12
.7 8.
0

11
.3

30
.2

12
.2

13
.9 8.
6

SI
02

34 20 39 12 28 21 15 14 49 14 13 35
B

32 10

B
58

B
16 34 20

B
18 59 47 57 48 57 8.

6
35 27 11 11 35 8.

4

16 49 32 29 12

AL
20

3

8.
7

7.
9

12 6.
4

9.
8

14 21 12 9.
1

14 15 23 16 23 8.
3 B

13
B 7.
4

12 8.
1 B 9.
6

12 11 14 13 12 7.
3

12 13 7.
3

7.
4

23 6.
1

7.
5

18 13 13 8.
6

CA
O 8.
5

15 11 12 11 14 25 15 15 17 13 9.
7 B

17 15

B 6.
7 B

15 11 27
B

22 7.
0

11 11 10 6.
6

34 16 18 28 22 11 16 17 6.
9

14 9.
7

18

MG
O 2.
0

5.
5

4.
8

3.
2

2.
3

5.
1

7.
2

4.
0

4.
3

5.
2

4.
1

3.
3

3.
8

3.
7

2.
9

3.
9

2.
5

5.
0

4.
5

3.
3

6.
4

4.
0

5.
7

3.
3

5.
0

4.
5

4.
8

3.
7

5.
3

4.
6

4.
1

5.
5

4.
8

3.
7

4.
6

4.
6

3.
2

3.
2

3.
7

4.
0

NA
20 5.
3

8.
6

7.
4

3.
1

9.
8

12 15 7.
0

3.
3

3.
4

7.
0

8.
2

9.
0

13 11 3.
9

4.
5

12 5.
6

1.
6

4.
7

9.
9

1.
1 .3
8

.6
1

.8
0

3.
0

2.
3 .6
9

1.
5

8.
6

2.
6

14 9.
2

13 2.
7

1.
8

11 8.
1 .7
4

K2
0 0.
12 .2
5

.3
6

.1
0

.1
2

.2
2

.2
7

.4
2

.3
2

.2
7

.4
6

.9
7

.2
3

.4
0

.2
6

B 1.
7 B .2
4

1.
4 .4
8

B .4
2

2.
2

1.
7

2.
0

2.
3

2.
2 .1
7

1.
6 .5
2

.1
7

.2
2

.3
7

.2
6

.2
8

2.
0

1.
3

1.
2 .1
6

FE
20

3

14 8.
6

1.
4

29 8.
6

4.
0

3.
1

22 11 21 22 9.
0

15 4.
5

20

B 3.
0 B

14 12 4.
0 B 9.
3

4.
8

5.
0

2.
8

4.
8

4.
1

4.
1

6.
0

5.
3

5.
3

4.
0

2.
1

13 17 5.
6

3.
6

4.
4

17

TI
02 1.
6 .4
8

1.
5 .2
7

.9
5

.5
0

.5
0

.3
3

.4
9

.3
2

.2
1

B .6
1

.6
1

.3
2

B .6
5

B .3
2

.4
5

.3
3

B .4
2

.6
0

.6
0

.6
0

.7
0

.6
0

.2
0

.5
2

.4
5

.3
2

.2
5

.5
3

.3
7

.4
0

.5
7

.4
8

.5
5

.3
7

P2
05 0.
04
8

.2
1

.0
70

.0
83
L

.1
9

.1
1L

.7
9

.5
9

.1
3

.2
8

.6
7

.2
5

.0
73
L

.1
1

.0
86

.1
7

.0
43

.1
2

.3
5

.1
7

1.
2 .2
4

.1
2L

.2
2

.2
0

.1
9

.1
3

.1
4

.6
9

.0
78
L

.1
1L

.1
5L

.4
5

.0
79
L

.1
2L

.0
88
L

.2
1

.4
8

.3
2

.5
9

S0
3 B B B B B B

15 34 23
B

30
B B

13
B B B B B B B B B 6.
8

10 5.
5

11 8.
3 B B B B B B B B B B B B

SA
MP
LE
 

NU
MB
ER

02
13

99
6

02
13
99
7

02
13

99
8

02
13
99
9

02
14
00
0

02
14

00
1

01
 9
63
99

01
96

40
0

01
96

40
1

01
96
40
2

01
96
40
3

01
96
40
4

01
96

40
5

01
96

40
6

01
96
40
7

02
10

36
5

02
10

36
8

02
10

36
9

02
10

37
1

02
10

37
2

D2
18

90
7

02
10

36
6

02
10

37
0

01
96
59
3

01
96

59
4

01
96

59
5

01
96

59
6

01
96
59
7

02
40
97
3

02
40
97
4

02
40

97
5

02
40

97
6

02
40
97
7

02
40

97
8

02
40

97
9

02
40

98
0

02
40

98
1

02
40

98
2

02
40
98
3

02
40

98
4

9
6



Ta
bl

e 
1e
. 

(c
on

t'
d.

) 
Ma

jo
r-

 
an

d 
mi

no
r-

 
ox

id
es

 
in
 t

he
 l

ab
or

at
or

y 
as
h 

of
 3

83
 
li

gn
it

e 
sa
mp
le
s 

fr
om

 t
he
 F

or
t 
Un
io
n 

Re
gi

on
.

SA
MP
LE
 

NU
MB
ER

02
40

98
5

D2
40

98
6

02
40
98
7

D2
40

98
8

D2
40

98
9

D2
40
99
0

D2
40

99
1

02
40
99
2

02
1 
03

67
01

 7
59

72

01
75

97
3

01
75
97
4

01
75
97
5

01
65

75
1

01
65

75
2

01
65
75
3

01
65
75
4

01
65
75
5

01
65

75
6

01
65
75
7

01
65

75
8

01
65
75
9

01
65

76
0

01
65

76
1

D 
16

57
62

01
65
76
3

D 
16

57
64

01
65

76
5

D 
16

57
66

D 
17

80
86

D 
17
80
87

D 
17

80
88

01
88

11
8

01
88

11
9

D 
18

8 1
20

01
88

12
1

01
88

12
2

D 
18

8 1
23

D 
18

8 1
24

01
88
12
5

AS
H 7.
8

13
.7 9.
0

9.
3

13
.8

11
.4

14
.2

11
.5

21
.8 9.
2

9.
2

10
.7 8.
3

6.
4

8.
0

7.
1

7.
9

6.
5

6.
2

11
.3 8.
7

6.
2

8.
6

7.
2

5.
0

14
.2

12
.2

12
.1

15
.8

13
.1

13
.1

11
.5

13
.7 9.
4

10
.2 9.
2

8.
8

13
.1

10
.3 7.
7

SI
02

10 10 26 17 28

H
27 24 51 22 9.

9
8.
1

4.
4

14 11 11 6.
1

3.
4

2.
9

23 23 8.
5

28 19 5.
9

31 27 22 28 22 12 3.
3

35 16 24 12 22 26 13 7.
6

AL
20

3

8.
2

8.
1

12 9.
2

13

H 9.
4

12 14 11 5.
1

5.
1

4.
9

13 12 11 11 11 14 14 13 12 11 15 11 19 14 21 20 16 10 5.
0

U 6.
1

11 7.
3

10 14 4.
2

5.
0

CA
O 17 11 17 15 14

H
11 14 8.

8
15 17 18 19 31 31 38 31 27 30 27 25 30 23 28 33 23 30 20 16 13 13 15 25 35 32 28 29 24 24 40

MG
O 4.
8

3.
7

4.
5

4.
1

4.
0

3.
7

4.
0

3.
7

2.
0

5.
9

6.
1

5.
8

6.
6

11 12 7.
2

5.
8

9.
3

9.
4

9.
8

11 8.
1

9.
5

12 14 6.
3

6.
3

6.
4

5.
0

5.
6

5.
4

5.
6

7.
6

7.
6

7.
9

7.
1

7.
1

5.
1

6.
0

12

NA
20 13 8.
6

12 13 2.
3

11 5.
5

10 5.
3

9.
6

1.
7

1.
3

3.
0 .2
0

.3
0

.1
1

.2
3

.1
3

.1
4

.1
7

.3
8

.5
7

.3
5

.4
4

.6
5

.1
4

.0
8

.1
5

.1
2

2.
2 .5
1

.5
3

2.
0

3.
3

3.
5

8.
8

9.
3

4.
3

6.
8

2.
5

K2
0 0.
19 .1
3

1.
0 .5
5

.3
8

H .9
8

.9
5

2.
2 .3
6

.2
8

.2
7

.3
2

.1
0L

.1
0L

.1
0L

.1
0L

.1
0L

.1
0L

.1
0L

.1
0L

.1
0L

.1
0L

.1
0L

.1
0L

.1
0L

.1
0L

.1
0L

.1
0L

.2
7

.0
8

.1
4

.8
4

.6
0

.6
1

.3
3

.3
9

.4
5

.3
7

.4
0

FE
20
3

6.
2

22 4.
5

8.
4

11

H
14 6.

4
4.
0

7.
9

19 17 15
.9 1.
6 .7

8.
4

9.
1

5.
9 .8 .9

3.
4

2.
1 .5 1.
4

1.
6

1.
4

3.
0

2.
7

8.
2

15 26 3.
3

6.
4

3.
8

9.
7

2.
1

7.
5

15 5.
3

TI
02 0.

33 .3
2

.5
3

.3
2

.6
3

H .9
0

.5
0

.4
3

.7
5

.3
6

.3
1

.2
4

B B B B B B B B B B B B B B B B .3
9

.2
4

.2
6

.5
7

.5
5

.5
3

.2
7

.4
4

.6
1

.4
3

.5
8

P2
05 0.

76 .3
1

.5
7

.6
6

.0
72

L

.2
2

.2
7

.3
1

.0
46

1.
0L

1.
0L

1.
0L

1.
0L

1.
1

4.
2

1.
6

3.
4

4.
6

7.
0 .0
53

L

.4
3

2.
1 .1
4

1.
3 .8
1

.0
49
L

.0
49
L

1.
3 .0
51
L

1.
0L

1.
0L

1.
0L

1.
0L

1.
0L

1.
0L

1.
0L

1.
0L

1.
0L

1.
0L

1.
0L

S0
3

B B B B B B B B B
19 28 35 41 12 15 8.

3
27 28 23 8.

9

8.
7

19 15 9.
5

19 7.
4

9.
8

15 12 17 24 33 5.
2

12 9.
6

22 6.
4

17 30 5.
8

SA
MP
LE
 

NU
MB
ER

02
40

98
5

02
40

98
6

02
40

98
7

02
40

98
8

02
40
98
9

02
40
99
0

02
40

99
1

02
40
99
2

D2
 1
03
67

D 
17

59
72

01
75
97
3

01
75
97
4

01
75
97
5

D1
65

75
1

01
65

75
2

01
65
75
3

01
65
75
4

01
65
75
5

01
65

75
6

01
65

75
7

01
65

75
8

01
65
75
9

01
65

76
0

01
65

76
1

01
65

76
2

01
65

76
3

01
65

76
4

01
65
76
5

01
65

76
6

D 
17
80
86

01
78
08
7

01
78

08
8

D1
88
11
8

01
88

11
9

D 
18
8 1

20

01
88

12
1

01
88

12
2

01
88

12
3

01
88
12
4

01
88
12
5

9
7



Ta
bl

e 
1e

. 
(c

on
t'

d.
) 

Ma
jo
r-
 
an
d 

mi
no
r-

 
ox

id
es

 
in
 t

he
 
la

bo
ra

to
ry

 a
sh
 o

f 
38

3 
li
gn
it
e 

sa
mp
le
s 

fr
om

 t
he

 F
or
t 

Un
io
n 

Re
gi

on
.

SA
MP
LE
 

NU
MB
ER

01
88
12
6

D1
88

12
7

01
 8
81
 2
8

01
 8
8 1

29
D 1

88
1 3

0

01
88
13
1

01
88
13
2

01
88
13
3

01
88
13
4

01
88
13
5

01
88

13
6

D1
88

13
7

01
88
13
8

01
88
14
0

01
88

14
1

01
88
14
2

01
88
14
3

01
88
14
4

01
88
14
5

01
89
25
6

01
89

25
7

01
 8
92

58
01
89
25
9

D 
18
92
60

D 
18

92
61

01
89
26
2

01
 8
92
63

01
 9
66
43

01
96
64
4

01
 9
66

45

D 1
96
64
6

01
96

64
7

01
96
64
8

01
 9
66

49
01
96
65
0

01
96
65
1

01
96
65
2

01
96
65
3

01
96
65
4

01
96
65
5

AS
H 6.
7

9.
4

14
.5

10
.4

12
.9 8.
4

10
.3

16
.8

19
.0

10
.1

14
.7 8.
4

11
.1

10
.4

12
.4

17
.5 9.
1

9.
7

14
.0 9.
0

7.
1

9.
0

8.
7

11
.5 6.
1

7.
8

6.
8

13
.2

12
.9

13
.6

13
.3

17
.2

14
.0

40
.2

10
.9

31
.9

17
.0

10
.5

27
.1

15
.2

SI
02

13 19 18 21 29 14 14 49 45 9.
8

22 17 21 33 14 25 22 31 22 20 14 9.
7

19 22 7.
6

14 4.
9

32 32 29 30 18 28 16 24 55 47 25 56 21

AL
20
3

6.
9

7.
9

10 9.
1

12 8.
6

8.
0

14 16 6.
9

9.
7

7.
3

9.
7

11 7.
6

10 13 8.
0

12 12 12 5.
4

9.
4

11 8.
2

10 4.
9

11 11 13 14 6.
0

11 4.
3

13 17 13 13 13 7.
8

CA
O 36 31 22 28 22 36 29 14 16 26 21 37 22 13 18 22 24 24 19 26 33 25 31 16 31 31 24 14 14 14 15 9.
1

12 2.
3

19 3.
7

11 16 5.
1

11

MG
O 9.
4

4.
8

6.
5

8.
8

7.
1

12 10 4.
8

5.
4

7.
1

5.
8

11 5.
3

3.
7

4.
7

6.
1

6.
2

7.
4

3.
7

8.
2

10 8.
9

10 4.
2

7.
5

8.
3

7.
5

6.
4

6.
5

5.
7

6.
0

3.
7

4.
6 .9
5

7.
0

2.
1

4.
9

6.
1

3.
1

4.
1

NA
20 3.
3

9.
1 .2
3

.3
0

.3
3

.3
4

.3
2

.2
4

.3
5

.1
8

.3
0

.3
5

8.
4

8.
6

8.
0

11 11 3.
0

6.
8 .1
5

.1
7

.1
5

.1
9

1.
8

4.
4

3.
6

1.
9

1.
1

1.
1

2.
9

3.
0

2.
3

2.
8 .6
2

3.
0

1.
1

1.
9

1.
8

1.
7

2.
3

K2
0 0.
39 .5
5

.3
6

.4
6

.7
3

.3
5

.3
9

2.
5

1.
5 .3
3

.8
4

.2
8

1.
0

1.
5 .3
3

.5
0

.5
5

.6
4

.3
7

.2
4

.0
3L

.0
4

.0
3L

.6
9

.0
3L

.0
4

.0
8

1.
1

1.
1 .5
0

.5
0

.7
0

1.
2 .7
0

.5
0

1.
9 .8
0

.6
0

3.
0 .6
0

FE
20

3

7.
5

6.
1

16 7.
5

7.
2

3.
0

8.
4

2.
0

2.
7

20 15
.7

6.
6

6.
4

16 4.
3

4.
8

7.
5

13 4.
7

3.
0

13 1.
4

12 6.
8

4.
1

17 8.
3

7.
0

4.
5

4.
4

24 5.
9

53 4.
0

6.
0

2.
8

8.
3

5.
5

19

TI
02 0.
61 .7
6

.6
9

.7
7

.6
6

.5
2

.8
0

.7
5

.8
3

.4
0

.4
8

.4
9

.8
6

.6
6

.9
5

1.
1

1.
0 .7
7

1.
1 .5
3

.7
8

.7
1

.6
2

.6
1

.4
7

.5
0

.3
6

.6
0

.5
0

1.
1

1.
3 .8
0

.4
0

.1
0

.7
0

.5
0

.9
0

.4
0

.5
0

.6
0

P2
05 1.
0L

1.
0L

1.
0L

1.
0L

1.
0L

1.
0L

1.
0L

1.
0L

1.
0L

1.
0L

1.
0L

1.
0L

1.
0L

1.
0L

1.
0L

1.
0L

1.
0L

1.
0L

1.
0L

1.
0L

1.
2

1.
0L

1.
0L

1.
0L

1.
0L

1.
0L

1.
0L .0
83

.0
93

.0
29

.0
23

.0
12
L

.0
07
L

.0
10
L

.0
18

.0
09

L
.0

18
.0
19

.0
11
L

.0
20

S0
3 11 11 27 18 13 13 20 4.
9

7.
9

32 26 13 22 23 29 13 10 17 24 17 15 27 11 21 24 14 35 7.
9

8.
4

7.
7

8.
0

11 12 5.
5

9.
0

3.
7

3.
5

9.
9

4.
8

12

SA
MP

LE
 

NU
MB
ER

01
88
12
6

01
88

12
7

01
88

12
8

01
88

12
9

01
88

13
0

01
88

13
1

01
88

13
2

01
88

13
3

01
88

13
4

01
88

13
5

01
88
13
6

01
88

13
7

01
88
13
8

01
88

14
0

01
88

14
1

01
88

14
2

01
88

14
3

01
88

14
4

01
88

14
5

01
89

25
6

01
89

25
7

01
89

25
8

01
89

25
9

D 1
89
26
0

01
89

26
1

01
89

26
2

01
89

26
3

01
96

64
3

01
96

64
4

01
96
64
5

01
96
64
6

01
96
64
7

01
96

64
8

01
96
64
9

01
96
65
0

01
96

65
1

01
96

65
2

01
96
65
3

01
96

65
4

01
96
65
5

9
8



Ta
bl
e 

1e
. 

(c
on

t'
d.

) 
Ma

jo
r-

 
an

d 
mi

no
r-

 
ox
id
es
 
in
 t

he
 
la

bo
ra

to
ry

 a
sh
 o

f 
38

3 
li
gn
it
e 

sa
mp
le
s 

fr
om

 t
he
 F

or
t 

Un
io

n 
Re

gi
on

.

SA
MP
LE
 

NU
MB
ER

01
 9
66
56

D 
19
66
57

01
 9
66
58

D 
19
66
59

01
 9
66
60

01
96

66
1

D1
96
66
2

D1
96

64
1

01
 9
66
42

02
21

12
5

02
21
12
6

02
21
12
7

02
21

12
8

02
2 
11
 2
9

02
21
13
0

02
21

13
1

02
21
13
2

02
21

13
3

02
21
13
4

02
21
13
5

02
21

13
6

02
21
13
7

02
21
13
8

02
21

 1
39

D2
21
14
0

02
21

14
1

02
21
14
2

02
21
14
3

02
21
14
4

02
21
14
5

01
 9
65

98
01

96
59

9
02
09
95
3

02
09
95
4

D 2
09

95
5

D2
09
95
6

D2
09

95
7

02
09
95
8

02
09

95
9

02
09

96
0

AS
H

15
.5

10
.6

22
.9

13
.4

12
.8

26
.4

13
.0

12
.9

17
.5

12
.8

13
.0

20
.0

23
.1

13
.3 9.
7

18
.5

29
.3

12
.4

14
.6

27
.8

21
.0

24
.7 9.
3

15
.0

10
.9

21
.5

18
.6 9.
8

14
.4

13
.9

21
.1

40
.7

10
.7 9.
4

16
.0

15
.6

12
.9 9.
0

10
.8 7.
4

SI
02

20 25 44 24 24 12 28 28 11 30 30 34 47 34 32 41 41 28 41 45 26 41 28 28 34 43 28 18 28 21 44 53 16 12 39 41 36 28 28 15

AL
20
3

7.
1

17 9.
0

8.
0

7.
8

5.
4

12 11 7.
0

12 18 18 23 13 16 25 16 16 17 23 9.
1

16 19 21 16 18 18 12 14 11 12 11 10 7.
4

19 21 18 16 13 12

CA
O 11 15 7.

4
17 18 5.

4
12 14 8.

6
14 15 8.

5
9.
5

15 18 8.
7

7.
3

20 12 6.
6

11 6.
7

21 9.
9

12 5.
3

12 20 13 13 11 8.
5

15 14 8.
5

10 13 20 13 22

MG
O 4.

0
5.
9

4.
6

6.
6

6.
9

2.
4

4.
7

5.
9

4.
1

5.
7

5.
4

2.
5

2.
2

1.
4

4.
8

1.
5

3.
4

5.
3

2.
2

1.
4

4.
2

3.
4

5.
9

3.
0

4.
0

2.
1

4.
4

6.
8

4.
9

4.
6

5.
0

3.
7

4.
5

4.
2

2.
7

2.
7

6.
2

9.
2

5.
2

6.
7

NA
20 2.
4

6.
8 .1
8

.2
6

.3
2

.6
0

5.
5 .3
7

.2
1

.3
4

.3
7

4.
2

4.
0 .5
1

.7
7

4.
6 .6
1

1.
2

5.
0

3.
5

1.
0

1.
1 .4
4

5.
4

6.
9

3.
7 .2
5

4.
0

3.
4

1.
2 .9
0

1.
0

10 10 6.
3

6.
8 .6
3

.8
4

7.
3

9.
5

K2
0 0.

50 .4
0

1.
1 .8
0

.8
0

.2
0

.7
0

1.
0 .5
0

.8
0

.7
8

1.
2

1.
7

1.
2 .9
8

1.
6

1.
9 .4
3

1.
9

2.
4

1.
0

2.
0 .4
3

.4
4

1.
3

1.
1 .2
9

.4
8

1.
2 .5
3

1.
9

2.
6 .2
5

.2
6

1.
1

1.
2

1.
3 .6
6

1.
1 .3
6

FE
20

3

18 3.
7

10 8.
5

9.
6

46 11 7.
3

36 11 9.
0

10 2.
3

4.
0

6.
0

3.
9

12 4.
4

3.
9

2.
2

21 11 3.
4

9.
3

5.
4

11 11 9.
7

9.
1

17 5.
8

5.
3

10 14 5.
1

2.
7

5.
7

4.
3

9.
1

7.
0

TI
02 0.
40 .5
0

1.
2 .5
0

.5
0

.2
0

.5
0

.6
0

.2
0

.9
9

.3
2

.5
7

.6
3

.4
5

.4
8

.5
8

.4
7

.5
0

.5
8

.8
0

.2
5

.5
3

.4
5

.3
8

.4
3

.5
8

.5
5

.2
8

.4
3

.3
0

.6
0

.5
0

.2
7

.2
3

.4
5

.7
7

.6
3

.5
7

.5
3

.4
2

P2
05 0.
01
9

.0
09
L

.0
09

L
.0
22

.0
31

.0
11
L

.0
08

L
.0
08

.0
11
L

.0
78
L

.0
77

.0
50
L

.0
43

.0
75

.2
1

.0
54

.0
68

.0
81

L
.4

1
.0
72

.2
9

.1
2

.1
1

.0
67
L

.4
6

.0
93

.0
54

.6
1

.1
4

.3
6

.1
4

.1
0

.0
93

L
.1

1L
.0

63
L

.1
3

.3
9

.3
3

.5
6

.9
5

S0
3 11 6.
8

7.
6

11 9.
8

6.
7

11 7.
9

8.
7 B B B B B B B B B B B B B B B B B B B B B

13 7.
0 B B B B B B B B

SA
MP

LE
 

NU
MB

ER

01
96
65
6

01
96

65
7

01
96
65
8

01
96
65
9

01
96
66
0

01
96
66
1

01
96

66
2

01
96

64
1

01
96
64
2

02
21

12
5

02
21
12
6

02
21
12
7

02
21
12
8

02
21

12
9

02
21
13
0

02
21
13
1

02
21
13
2

02
21
13
3

02
21

13
4

02
21

13
5

02
21

13
6

02
21
13
7

02
21

13
8

02
21

 1
39

D2
21

14
0

02
21

14
1

02
21
14
2

02
21
14
3

02
21

14
4

02
21
14
5

D 
19
65
98

01
96

59
9

02
09
95
3

D2
09

95
4

02
09

95
5

02
09
95
6

D2
09
95
7

D2
09
95
8

D2
09

95
9

02
09

96
0

99



Ta
bl

e 
1e
. 

(c
on

t'
d.

) 
Ma

jo
r-

 
an

d 
mi

no
r-

 
ox

id
es

 
in
 t

he
 
la

bo
ra

to
ry

 a
sh
 o

f 
38

3 
li
gn
it
e 

sa
mp

le
s 

fr
om

 t
he

 F
or

t 
Un

io
n 

Re
gi
on
.

SA
MP
LE
 

NU
MB
ER

D2
09
96
1

D2
09

96
2

D2
09
96
3

02
09
96
4

D2
09
96
5

D2
09

96
6

D2
09
96
7

D2
09
96
8

D2
40

92
7

D2
40

92
8

02
40
92
9

D2
40

93
0

02
40
93
1

02
40

93
2

02
40
93
3

02
40
93
4

D2
40
93
5

02
40

93
6

02
40

93
7

02
40
93
8

02
40
93
9

02
40
94
0

02
40

94
1

AS
H

10
.9

16
.2

10
.1

15
.6

11
.4

27
.5

31
.7

22
.6 9.
0

13
.4 7.
9

7.
2

10
.0 9.
7

7.
9

9.
1

7.
7

17
.8 9.
8

8.
6

10
.4 7.
9

9.
1

SI
02

34 30 26 21 32 51 51 43 18 36 13 10 19 15 15 16 13 36 14 15 29 19 21

AL
20

3

17 13 15 7.
4

21 21 16 17 12 18 8.
6

12 13 9.
1

12 11 8.
4

24 11 14 15 11 11

CA
O

*:
 

14 10 18 7.
3

15 6.
3

4.
6

6.
3

22 13 29 31 24 24 28 28 25 13 24 28 14 28 24

MG
O 5.

0
4.

9
8.

7
3.

9
6.

7

3.
3

1.
7

2.
3

9.
8

6.
5

12 14 9.
6

10 12 9.
3

11 4.
8

9.
1

12 6.
8

11 7.
6

NA
20 9.
0 .9
0

.9
6

.6
1

.7
7

.8
0

3.
8

4.
6

6.
3

5.
1 .4
9

1.
9

1.
2 .4
5

.4
2

.2
4

1.
8

2.
2

3.
1 .9
0

8.
5

4.
4

8.
0

K2
0 0.

83
1.
0 .5
3

1.
1

1.
0

1.
8 .9
8

1.
1 .2
0

.7
8

.1
8

.2
0

.2
2

.2
4

.2
3

.2
8

.2
2

.3
4

.2
8

.1
4

1.
2 .2
6

.3
5

FE
20
3

4.
4

12 4.
6

29 3.
2

2.
9

6.
4

6.
4

2.
8

3.
3

3.
9

2.
7

3.
6

7.
4

1.
8

2.
4

7.
0

4.
0

9.
1

2.
5

6.
3

2.
5

4.
3

TI
02 0.
58 .4
3

.5
5

.3
7

.6
2

.6
5

.9
4

.5
5

.3
3

.6
3

.2
7

.2
8

.4
3

.3
3

.2
8

.2
8

.2
8

.7
0

.2
5

.3
2

.4
3

.3
5

.3
5

P2
05 0.
18 .1
9

1.
3 .0
64

.0
88

.0
36

.0
32

L
.0
44
L

.1
2

.0
75

L

.2
5

.1
4L

.5
4

.2
9

.1
3L

.5
5

.3
8

.1
1

.8
3

.8
8

.0
96
L

.2
5

.5
6

S0
3 B B B B B B B B B B B B B B B B B B B B B B B

SA
MP
LE
 

NU
MB
ER

02
09

96
1

02
09

96
2

02
09

96
3

02
09

96
4

02
09
96
5

02
09
96
6

02
09

96
7

02
09

96
8

02
40

92
7

02
40
92
8

02
40
92
9

02
40

93
0

02
40

93
1

02
40

93
2

02
40
93
3

02
40

93
4

02
40

93
5

02
40
93
6

02
40
93
7

02
40

93
8

02
40
93
9

02
40

94
0

02
40

94
1

1
0
0



Ta
bl
e 

1f
. 

Ma
jo

r-
, 

mi
no

r-
, 

an
d 

tr
ac

e-
el

em
en

t 
co
nc
en
tr
at
io
ns
 o

f 
38

3 
li
gn
it
e 

sa
mp

le
s 

fr
om
 t

he
 F

or
t 

Un
io

n 
Re
gi
on
- 

No
rt

h 
Da

ko
ta

 a
nd
 M

on
ta
na
.

[V
al
ue
s 

in
 p

er
ce

nt
 o

r 
pa
rt
s-
pe
r-
mi
ll
io
n.
 
El

em
en

ts
 n

ot
 d

et
er
mi
ne
d 

on
 w

ho
le

 c
oa

l 
(f
ig
ur
e 

3)
 h

av
e 

be
en
 c

al
cu

la
te

d 
fr

om
 a

na
ly

se
s 

of
 a

sh
. 

S 
= 

an
al
ys
is
 b

y 
si

x-
st

ep
 e

mi
ss

io
n 

sp
ec

tr
og

ra
ph

y;
 
L,

 
le

ss
 t

ha
n 

th
e 

va
lu
e 

sh
ow
n;
 
H,

 
in

te
rf

er
en

ce
 

fo
r 

an
 e

le
me

nt
 w

hi
ch
 c

an
no

t 
be
 r

es
ol
ve
d 

by
 a

ny
 r

ou
ti
ne
 m

et
ho

d;
 B

, 
no
t 

de
te
rm
in
ed
; 

G,
 
gr
ea
te
r 

th
an

; 
N 

no
t 

de
te

ct
ed

.]

SA
MP
LE
 

SI
 

AL
 

CA
 

MG
 

NA
 

K 
FE
 

TI
 

NU
MB
ER
 

(P
ER

CE
NT
) 

(P
ER

CE
NT

) 
(P
ER
CE
NT
) 

(P
ER
CE
NT
) 

(P
ER

CE
NT

) 
(P

ER
CE

NT
) 

(P
ER

CE
NT

) 
(P

ER
CE

NT
)

01
65

56
4

01
 6
55
65

01
65
56
6

01
65
56
7

01
65
56
8

01
65
56
9

01
65

57
0

01
65

57
1

01
65

57
2

01
65
57
3

01
65

57
4

01
65

57
5

01
65

57
6

01
65
57
7

01
65

57
8

01
65

57
9

01
65
60
5

01
65

60
6

01
65
60
7

01
65
60
8

01
65

60
9

01
65
61
0

01
65

61
1

01
65

61
2

01
65
61
3

01
65
63
2

01
65
97
4

01
65

97
5

01
65

97
6

01
65

97
7

01
65

97
8

01
65

97
9

01
65

98
0

01
65

98
1

01
65

98
2

01
65

98
3

01
65

98
4

01
65
98
5

01
65

98
6

01
65
98
7

0.
43 .6
4

.2
1

.3
1

.5
8

1.
4 .4
1

.4
1

.9
4

.3
8

2.
7

5.
0

1.
5

1.
3 .7
9

1.
3 .2
0

.2
9

1.
4

1.
3 .3
4

.2
7

.4
6

.6
2

.6
6

1.
6

1.
8 .2
1

.3
4

.1
7

1.
0 .8
8

.5
5

.4
7

.0
3

.0
7

.3
4

.2
1

.4
1

1.
6

0.
11 .2
6

.1
7

.1
4

.1
9

.5
9

.2
6

.3
0

.5
1

.3
5

1.
1

1.
6 .5
4

.6
3

.4
4

.5
9

.2
2

.2
8

.5
9

.6
8

.2
0

.2
3

.4
1

.2
7

.4
3

.7
1

1.
1 .3
2

.1
9

.1
9

.4
4

.6
1

.3
5

.3
8

.2
3

.2
0

.5
7

.4
8

.5
1

1.
2

1.
3

1.
2

1.
3

1.
1

1.
5

1.
3

1.
4

1.
4 .8
7

1.
0

2.
8

1.
7

1.
5

1.
4

1.
3

1.
4

1.
8

1.
6

1.
7

1.
7

1.
6

2.
0

2.
1

1.
6

1.
6

1.
1

1.
6

1.
3

2.
1

1.
4

1.
3

1.
6

1.
6

1.
7

1.
3

1.
7

1.
4

1.
4

1.
6

1.
8

0.
24 .2
1

.2
1

.1
7

.3
9

.3
3

.3
4

.3
3

.2
5

.2
6

.4
0

.4
3

.3
5

.3
4

.2
9

.3
3

.3
8

.4
4

.4
2

.4
3

.4
0

.4
1

.4
1

.4
3 

-
.4
2

.2
4

.5
3

.3
4

.4
2

.3
7

.3
9

.5
3

.4
4

.5
0

.3
0

.4
5

.4
2

.4
4

.4
5

.4
9

0.
43 .5
3

.5
0

.3
9

.0
92

.0
52

.0
70

.0
65

.3
0

.2
9

.5
0

.4
7

.2
5

.3
0

.2
5

.2
7

.0
48

.0
49

.0
96

.1
1

.0
50

.0
51

.0
48

.0
48

.0
52

.3
3

.1
4

.0
23

.0
23

.1
4

.0
60

.0
42

.0
35

.0
27

.0
57

.0
92

.1
5

.1
6

.1
7

.1
4

0.
00
6L

.0
06
L

.0
11

.0
05

L
.0
09
L

.1
0

.0
05

L
.0

15
.0
60

.0
30

.0
29

.1
5

.0
08

L
.0
13

.0
09
L

.0
09

L
.0

06
L

.0
06
L

.0
08

L
.0

19

.0
06
L

.0
06

L
.0
07
L

.0
06
L

.0
07
L

.0
66

.0
09
L

.0
05
L

.0
10
L

.0
06
L

.0
06
L

.0
09
L

.0
09
L

.0
06
L

.0
05
L

.0
07
L

.0
07
L

.0
06
L

.0
09
L

.0
10
L

0.
21 .2
5

.2
0

.2
2

1.
5 .6
0

.1
8

.1
9

1.
3 .3
6

.8
7

1.
2 .2
0

.5
8

1.
1 .5
3

.2
7

.2
3

.2
8

.3
4

.3
3

.2
0

.2
2

.2
7

.2
6

.4
4

.0
87

.1
6

1.
6 .6
9

.0
48

.9
6

1.
1 .0
78

.5
1

.5
4

.5
5

.1
1

1.
1 .0
10

B B B B B B B B B B B B B B B B B B B B B B B B B B B B B B B B B B B B B B B B

A
G
-
S
 

(P
PM
) N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N

A
S
 

(P
PM
)

10 5.
0

15 5.
0

10 8.
0

5.
0

5.
0

30 10 5.
0

8.
0

4.
0

10 10 15 4.
0

5.
0

10 10 5.
0

4.
0

4.
0

4.
0

5.
0

8.
0

1.
0

2.
0

4.
0

4.
0

1.
0

5.
0

2.
0

1.
0

10 2.
0

2.
0

2.
0

5.
0

1.
0

SA
MP
LE
 

NU
MB
ER

01
 6
55

64
01
65
56
5

01
65
56
6

01
65

56
7

01
65
56
8

01
65
56
9

01
65
57
0

01
65

57
1

01
65

57
2

01
65

57
3

01
65

57
4

01
65

57
5

01
65
57
6

01
65

57
7

01
65
57
8

01
65
57
9

01
65
60
5

01
65
60
6

01
65

60
7

01
65
60
8

01
65
60
9

01
65

61
0

01
65

61
1

01
65

61
2

01
65

61
3

01
65
63
2

01
65
97
4

01
65

97
5

01
65

97
6

01
65

97
7

01
65
97
8

01
65
97
9

01
65
98
0

01
65

98
1

01
65
98
2

01
65
98
3

01
65

98
4

01
65
98
5

01
65

98
6

01
65

98
7

1
0
1



Ta
bl

e 
1f
. 

(c
on
t'
d.
) 

Ma
jo
r-
, 

mi
no
r-
, 

an
d 

tr
ac
e 

el
em

en
t-

co
nc

en
tr

at
 i
on

s 
of

 3
83

 
li

gn
it

e 
sa

mp
le

s 
fr

om
 t

he
 F

or
t 

Un
io
n 

Re
gi
on
.

SA
MP
LE
 

NU
MB
ER

D 
16
5 5

 64
D1

65
56

5
01
 6
55
66

D 
16
55
67

01
 6
55

68

D 
16
55
69

D1
65

57
0

D1
65

57
1

D1
 6
55

72
D1

65
57

3

D 
16
55
74

D 
16

55
75

D 
16
55
76

D1
65
57
7

D 
16
55
78

D 
16
55
79

01
 6
56
05

01
 6
56
06

01
65
60
7

01
65
60
8

01
65
60
9

01
65

61
0

01
65
61
1

01
65

61
2

D1
65

61
3

01
65

63
2

01
 6
59
74

D 
16

59
75

01
65

97
6

01
65

97
7

01
65
97
8

01
65
97
9

01
65

98
0

01
65

98
1

01
65

98
2

01
65
98
3

01
65

98
4

01
65
98
5

01
65

98
6

01
65
98
7

B-
S 

(P
PM
)

11
0

11
0 98 12
0

16
0

15
0

19
0

19
0

10
0

20
0 95 16
0 96 11
0

10
0 72 10
0

10
0

10
0

10
0

14
0

11
0 83 11
0

13
0 53 17
0

18
0 83 15
0

15
0

23
0

31
0

22
0

19
0

16
0

26
0

22
0

31
0

23
0

BA
-S

 
(P
PM
)

35
0

36
0

33
0

40
0

22
0

30
0

13
0

19
0

31
0

46
0

1,
30
0

2,
30

0
67
0

74
0

1,
00

0

72
0

34
0

1,
00
0

70
0

52
0

68
0

74
0

83
0

53
0

58
0

32
0

17
0

12
0

18
0

22
0

12
0 79 52
0 52 13 16 86 22 51 35
0

BE
-S
 

(P
PM
)

0.
35 .3
6

.2
0

.8
7

N .3
0

N N .3
1

.3
3

2.
9

3.
5 .2
9

1.
1 .3
1

.3
1

14
N N N N N N N N 1.
1

1.
1

1.
8 N N N N N N N N N N N N

CD
 

CE
 

(P
PM
) 

(P
PM
)

0.
07
0L

.0
72
L

.0
65
L

.0
58
L

.1
1L

.0
99
L

.0
65

.0
63
L

.1
0L

.0
66

L

.1
9L

.2
4L

.0
96
L

.1
1L

.1
0L

.1
0L

.0
69
L

.0
68
L

.1
0L

.1
1L

.0
68
L

.0
74
L

.0
83
L

.0
76
L

.0
83

L

.1
1

.1
1L

.0
61

L
.1
2L

.0
73
L

.0
77
L

.1
1L

.1
0L

.0
74
L

-0
64
L

.0
80
L

.0
86

L
.0
74
L

.1
0L

.1
2L

B B B B B B B B B B B B B B B B B B B B B B B B B B B B B B B B B B B B B B B B

CL
 

(P
PM
) B B B B B B B B B B B B B B B B B B B B B B B B B B B B B B B B B B B B B B B B

CO
 

(P
PM
) 0.
49 .7
2

.6
5

.8
7

N .9
9

.4
5

.4
4

1.
5

1.
3

1.
3

2.
4 .6
7

1.
6 .7
3

.7
2

.6
9

.6
8

1.
0

1.
1 N N N N N 2.
1

3.
4

1.
8

1.
2 .7
3

1.
2 N N N N N N .7
4

1.
0

1.
2

CR
 

(P
PM
) 1.
4

7.
2

2.
0

1.
7 .7
6

7.
0

1.
9 .9
4

5.
1

2.
0

5.
7

12 2.
9

3.
2

1.
6

2.
1

1.
0

2.
0

2.
0

5.
3

1.
0

1.
1

2.
5

2.
3

1.
3

7.
5

2.
3

3.
1 .8
3

1.
1

2.
3

1.
7

1.
0

1.
1 .9
6

1.
2 .8
6

1.
5

1.
5

5.
9

CU
 

(P
PM
) 3.
4

6.
4

3.
7

2.
4

3.
2

7.
2

2.
9

4.
3

4.
7

3.
3

7.
3

11 7.
5

11 5.
6

5.
8

3.
4

4.
7

8.
0

12 3.
4

3.
4

4.
3

4.
0

5.
7

11 7.
5

4.
2

3.
3

2.
3

6.
7

8.
1

4.
2

3.
6

2.
9

3.
7

4.
0

4.
7

3.
3

15

DY
-S
 

(P
PM
) N B B B B B B B B N N N B N B B B B B B B B B B B B N N B B B B B B B B B B B B

SA
MP
LE
 

NU
MB
ER

01
65

56
4

01
65

56
5

01
65

56
6

D1
65
56
7

01
65
56
8

01
65
56
9

01
65

57
0

01
65

57
1

01
65
57
2

01
65

57
3

01
65

57
4

01
65

57
5

01
65
57
6

01
65

57
7

01
65

57
8

01
65
57
9

01
65

60
5

01
65

60
6

01
65

60
7

01
65
60
8

01
65

60
9

01
65

61
0

01
65

61
1

01
65
61
2

01
65
61
3

01
65
63
2

01
65

97
4

01
65
97
5

01
65
97
6

01
65
97
7

01
65
97
8

01
65
97
9

01
65
98
0

01
65

98
1

01
65

98
2

01
65

98
3

01
65
98
4

01
65

98
5

01
65

98
6

01
65
98
7

1
0
2



Ta
bl
e 

1f
. 

(c
on

t'
d.

) 
Ma
jo
r-
, 

mi
no
r-
, 

an
d 

tr
ac
e-
el
em
en
t 

co
nc
en
tr
at
io
ns
 o

f 
38
3 

li
gn

it
e 

sa
mp

le
s 

fr
om

 t
he

 F
or
t 

Un
io
n 

Re
gi
on
.

SA
MP
LE
 

NU
MB
ER

01
 6
55
64

01
 6
55
65

01
 6
55
66

01
65
56
7

01
65

56
8

01
65
56
9

01
65
57
0

01
65
57
1

01
65
57
2

01
65
57
3

D 1
65

57
4

D1
65
57
5

D1
65
57
6

D1
65

57
7

01
65
57
8

01
65
57
9

01
65
60
5

01
65
60
6

01
65

60
7

01
65
60
8

01
65
60
9

01
65
61
0

01
65
61
1

01
65
61
2

01
65
61
3

01
65
63
2

01
65
97
4

01
65
97
5

01
 6
59
76

01
65
97
7

01
 6
59

78
01
65
97
9

01
 6
59
80

01
65

98
1

01
65
98
2

01
65
98
3

01
65
98
4

01
65
98
5

01
65
98
6

01
 6
59

87

EU
 

(P
PM

) N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N

F (P
PM
)

20
L

20
L

20
L

20
L

20 30 20
L

20
L

20
L

20
L

20 50 20
L

20
L

20
L

20
L

40 20 20
L

35 30 35 20
L

20 30 70 40 20
L

30 20
L

20
L

20
L

20 20
L

20
L

20
L

20
L

20 20
L

20
L

GA
-S

 
(P
PM
)

0.
49

1.
4 .9
8

1.
2

1.
1

2.
0 .9
7

1.
3

2.
0 .9
9

5.
7

7.
1

1.
9

3.
2

2.
1

2.
1

1.
0

1.
4

2.
0

2.
1 .6
8

1.
1

1.
3

1.
1

1.
3

2.
1

5.
7

1.
8

B B 1.
5

1.
7 B 1.
1 .9
6

.8
0

1.
3

2.
2

1.
5

8.
2

GO
-S

 
(P

PM
) N B B B B B B B B N N N B N B B B B B B B B B B B B N N B B B B B B B B B B B B

GE
-S
 

(P
PM
) N 1.
4 N 4.
0 N N N N N N

13 12
N N N N N N N N N N N N N 2.
1L N 1.
8 N N N N N N N N 1.
7L N 2.
1L

8.
2

HF
 

(P
PM

) N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N

HG
 

(P
PM
) 0.
10 .0
90

.0
80

.0
50

.2
2

.1
1

.0
50

.0
50

.2
1

.1
9

.1
0

.1
0

.0
50

.0
70

.3
4

.1
1

.0
90

.0
70

.2
3

.1
7

.0
80

.1
5

.0
70

.1
0

.2
5

.0
90

.0
80

.0
50

.1
5

.1
2

.1
4

.4
8

.3
7

.0
70

.0
90

.0
60

.4
0

.0
90

.4
2

.1
2

LA
 

(P
PM

) 4.
9

5.
0

4.
6

4.
0

7.
6

7.
0

4.
5 N N N N

16 9.
6

7.
4

7.
3

7.
2 N N 7.
0

7.
4 N 5.
2

5.
8 N 5.
8

7.
5

7.
9

4.
3 N N N N N 5.
2 N N

6.
0 N N 8.
2

LI
 

(P
PM

) 0.
98

1.
1 .6
5

.4
6

.8
6

1.
6 .9
1

.8
8

1.
8 .6
6

7.
6

9.
9

3.
4

3.
8

2.
1

3.
3

1.
5

2.
0

7.
0

7.
2

1.
5

1.
4

4.
3

2.
5

4.
3

3.
9

8.
1

2.
5

1.
2L

1.
0

5.
1

7.
5

2.
1

2.
1 .6
4L

.9
6

4.
5

3.
8

5.
6

19

MN
 

(P
PM

)

35 11 20 8.
7

11 15 19 31 20 20 19
0 70 48 32 31 31 21
0 20 15 21 20 74 58 23 17 32 34 43 18 15 77 56 73 74 64 80 43 52 51 82

SA
MP

LE
 

NU
MB
ER

01
65
56
4

01
65

56
5

01
65

56
6

01
65
56
7

01
65

56
8

01
65

56
9

01
65
57
0

01
65

57
1

D1
65

57
2

01
65
57
3

01
65
57
4

01
65

57
5

01
65
57
6

D1
65

57
7

01
65

57
8

01
65

57
9

01
65

60
5

01
65

60
6

01
 6
56

07
01

65
60

8

01
65

60
9

01
65
61
0

01
 6
56
11

01
65
61
2

D1
65
61
3

01
 6
56
32

01
65
97
4

01
65

97
5

01
 6
59
76

01
 6
59

77

01
65

97
8

01
 6
59

79
01

65
98

0
01
65
98
1

01
65

98
2

01
65
98
3

01
65
98
4

01
65

98
5

01
65

98
6

01
65

98
7

1
0
3



Ta
bl

e 
1f
. 

(c
on

t'
d.

) 
Ma
jo
r-
, 

mi
no
r-
, 

an
d 

tr
ac

e-
el

em
en

t 
co
nc
en
tr
at
io
ns
 
of
 3

83
 
li
gn
it
e 

sa
mp

le
s 

fr
om

 t
he

 F
or
t 

Un
io

n 
Re
gi
on
.

SA
MP
LE
 

NU
MB
ER

01
 6
55

64
D 1

65
56

5
D 1

65
 56

6
D 1

65
56
7

D 1
65
56
8

D 1
65
56
9

D 1
65

57
0

D1
65
57
1

D 1
65

57
2

D1
65

57
3

01
65

57
4

D 1
65

57
5

D 1
65
57
6

D 1
65

57
7

D 1
65
57
8

D1
65
5F
9

D1
65
6C
5

01
65
60
6

D1
65
60
7

D 1
65
60
8

D 1
65

60
9

D 1
65

61
0

D 1
65

61
1

D 1
65

61
 2

D1
65

61
3

D 1
65

63
2

D 1
65

97
4

D 1
65

97
5

D 1
65
97
6

01
 6
59
77

01
65
97
8

01
65
97
9

01
65
98
0

01
65

98
1

01
65

98
2

01
65
98
3

01
65
98
4

01
65
98
5

01
65
98
6

01
65

98
7

MO
-S
 

(P
PM

)

0.
49

2.
1

2.
0

1.
7 .7
6

1.
5 .4
5

.4
4

1.
5 .9
9

1.
3

1.
6

1.
4

5.
3

1.
6

1,
5 .4
8

.6
8

1.
0

1.
6 .4
8

.5
2

.5
8

.5
3

.5
8

.7
5

N .4
3

N .5
1

N 1.
1 N .5
2

1.
9

1.
2

2.
6

11 3.
1

1.
2

NB
-S
 

(P
PM

) N 1.
4 N 1.
7 N N N N N N 3.
8

4.
7

1.
9 N N M N n N N N N N N N N 2.
3 H N N 1.
5 N N N N N N N N 2.
3

ND
-S

 
(P
PM
) N N N N N N N N N N N N N N N N K N N N N N N N N N H

9.
2 N N N N N N N N N N N N

NI
-S

 
(P

PM
)

1.
1

2.
1

1.
3

1.
2

1.
1

3.
0 .9
7

.9
4

3.
1

2.
0

1.
9

4.
7

1.
4

5.
3

1.
0

Z.
I ,6
9

1.
0

1.
5

3.
2 .6
8

.7
4

.8
3

.7
6

1.
3

5.
4

7.
9

1.
2

1.
8

1.
5

1.
2 N 1.
0 .7
4

.6
4

.8
0

.8
6

1.
1

1.
5

1.
8

P (P
PM

)

17
L

17 13
L

13
L

22
L

22
L

13
L

17 26 39 48 70 41
0

12
0

32
0

26
0 13
1

44 83 11
0 70 31
0 74 31 18
0 44 26
L

17 35 31 17
L

26
L

31 17 13
L

12
0

13
0 39 22 26
L

PB
 

(P
PM

) 1.
8L

1.
8L

2.
0

1.
4L

2.
7L

5.
0

1.
6

2.
5

3.
1

1.
6L

7.
6

7.
1

4.
8

5.
3

3.
1

5.
2

2.
1

2.
0

3.
0

4.
2

2.
0

2.
2

2.
5

2.
3

3.
3

4.
3

6.
8

2.
1

3.
0L

1.
8

3.
1

5.
1

4.
2

3.
3

2.
6

3.
2

3.
9

3.
3

4.
6

11

SB
 

(P
PM

) 0.
20 .7
0

.4
0

3.
0 .1
0

.5
0

.3
0

.3
0

.5
0

.2
0

1.
1

1.
0 .3
0

1.
4 .4
0

,r
n

.2
3

.2
0

.3
0

.5
0

.1
0

.1
0

.2
0

.2
0

.2
0

1.
0 .2
0

.2
0

.2
0

.2
0

.2
0

.5
0

.2
0

.1
0

.1
0

.1
0

.2
0

.5
0

.4
0

.4
0

sc (P
PM

) 1.
1

1.
4 .9
8

1.
7 N 1.
5 N .9
4

3.
1

2.
0

5.
7

7.
1

1.
9

3.
2

1.
6

2.
1 N .6
8

1.
0

1.
6 N N 1.
3 .7
6

.8
3

2.
1

1.
7

4.
3 N H .7
7

N N N N N N .7
4

1.
0

1.
8

SE
 

(P
PM
) 0.
70 .7
8

.7
6

.4
6

1.
0

1.
3

1.
6 .7
4

.6
3

.6
3

1.
2

1.
5 .5
4

.7
9

.8
3

.9
6

.4
6

.3
9

.9
9

1.
3 .3
4

.3
1

.5
0

.5
3

.8
4

.4
7

1.
0 .3
9

.5
3

.4
2

.8
4

1.
2 .7
2

.2
4

.4
1

.3
8

.8
8

.6
3

.5
5

1.
1

SN
-S

 
(P
PM
) N N N N N N N N N N N N N N H U n N N N N N N H N N H H N N N N N N N N N N N N

SA
MP
LE
 

NU
MB
ER

01
65
56
4

01
65
56
5

01
65

56
6

01
65

56
7

01
65
56
8

01
65

56
9

01
65
57
0

01
65
57
1

01
65
57
2

01
65
57
3

01
65
57
4

01
65
57
5

01
65

57
6

01
65

57
7

01
65

57
8

01
65

57
9

01
65
60
5

01
 6
56
06

01
65

60
7

01
65

60
8

01
65

60
9

D1
65
61
0

01
65
61
1

01
65
61
2

D1
65
61
3

01
65
63
2

01
65
97
4

D 
16
59
75

01
65

97
6

01
65

97
7

01
65

97
8

01
 6
59
79

01
65
98
0

01
65
98
1

01
65
98
2

01
65
98
3

01
65

98
4

01
65

98
5

01
65

98
6

01
65

98
7

1
0
4



Ta
bl

e 
1f
. 

(c
on
t'
d.
) 

Ma
jo

r-
, 

mi
no
r-
, 

an
d 

tr
ac
e-
el
em
en
t 

co
nc
en
tr
at
io
ns
 o

f 
38

3 
li

gn
it

e 
sa

mp
le

s 
fr

om
 t

he
 F

or
t 

Un
io

n 
Re
gi
on
.

SA
MP
LE
 

NU
MB
ER

D 
16

55
64

D 
16

55
65

D 
16
55
66

D 
16
55
67

D 1
65

 56
8

D 1
65
56
9

D 1
65
57
0

D1
65

57
1

D1
65
57
2

D1
65
57
3

D 1
65
57
4

D 1
65

57
5

D1
65
57
6

D1
65

57
7

D1
65

57
8

D1
65
57
9

D 1
65
60
5

D1
65

60
6

D 1
65

60
7

D 1
65

60
8

D1
65

60
9

D1
65
61
0

D 1
65
61
1

D1
65
61
2

01
65
61
3

D 1
65
63
2

01
65
97
4

01
65
97
5

D 1
65
97
6

D 1
65
97
7

D 1
65
97
8

D 1
65
97
9

D 1
65
98
0

D 1
65
98
1

D1
65
98
2

D 1
65
98
3

D 1
65
98
4

D 1
65

98
5

D 1
65
98
6

D 1
65

98
7

SR
-S

 
(P
PM

)

49
0

50
0

65
0

58
0

54
0

50
0

65
0

63
0

51
0

66
0

1,
30

0
1,

20
0

67
0

74
0

73
0

72
0

48
0

68
0

50
0

52
0

48
0

52
0

58
0

53
0

58
0

53
0

34
0

31
0

24
0

15
0

23
0

56
0

73
0

52
0

13
0

16
0

60
0

52
0

51
0

58
0

TH
 

(P
PM
) 9.
4 N N N N 3.
7 N N N 3.
0L

5.
5

5.
6

3.
4

4.
0

5.
2

5.
0 N N N 4.
3 N N N 3.
0L

3.
8 N 9.
2

4.
1

3.
0L N N N N N N N N N N 5.
6

TL
-S

 
(P

PM
) N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N

U (P
PM

) 2.
1

1.
1 .6
1

.6
5

.4
7

1.
5 .8
4

.7
0

.6
6

.4
3

1.
6

2.
2 .9
3

1.
9 .7
1

.9
2

1.
4 .7
6

1.
8

2.
6

1.
00
L

.2
6

.2
1

.5
1

1.
3

1.
0

2.
1

1.
7 .3
1

.6
9

.8
5

1.
6 .3
1

.2
4

1.
00

L

1.
00

L
1.
3 .8
5

.7
9

3.
2

V-
S 

(P
PM
) 2.
1

11 6.
5

4.
0

1.
6

9.
9

4.
5

4.
4

10 6.
6

29 35 6.
7

16 7.
3

7.
2

2.
1

4.
7

5.
0

16 2.
0

3.
7

5.
8

3.
8

4.
2

16 3.
4

4.
3

1.
8

1.
1

2.
3

2.
3

1.
6

2.
2

1.
3

1.
6

1.
7

3.
7

5.
2

5.
9

U (P
PM

) N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N

Y-
S 

(P
PM
)

4.
9

3.
6

3.
3

2.
9 N

2.
0

1.
3

1.
9

5.
1

4.
6

13 16 4.
8

7.
4

3.
1

5.
2

1.
4

1.
4

3.
0

3.
2

1.
4

1.
5

2.
5

1.
5

1.
7

5.
4

7.
9

12
N N

3.
9

3.
4

2.
1

1.
5 N N 1.
7

2.
2

2.
1

2.
3

YB
 

(P
PM

) 1.
1 .3
6

.2
0

.2
9

B .2
0

.1
3

.1
3

.5
1

.4
6

1.
3

1.
6 .2
9

.7
4

.3
1

.3
1

.1
4

.1
4

.3
0

.3
2

N N .2
5

.1
5

.1
7

.3
2

.7
9

1.
2 B B .2
3

.3
4

.3
1

N N N N .2
2

B N

ZN
 

(P
PM

) 1.
4

2.
1

1.
3

2.
3

2.
2

1.
8

1.
6

1.
3

28 3.
6

5.
3

15 1.
5

9.
1

2.
1

4.
7

3.
2

2.
3

2.
6

2.
5

1.
8

1.
8

2.
0

1.
7

1.
5

5.
8

16 6.
1

2.
1

1.
5

1.
9

2.
3L

2.
1L

1.
5L

1.
3L

1.
6L

1.
7L

1.
5L

2.
1L

3.
0

ZR
-S
 

(P
PM
)

11 14 4.
6

12 5.
4

7.
0

4.
5

6.
3

5.
1

3.
3

57 70 19 21 10 15 4.
8

6.
8

15 21 10 7.
4

13 11 13 16 56 6.
1

5.
9

2.
2

15 17 10 5.
2

1.
9

2.
4

6.
0

7.
4

5.
2

18

SA
MP
LE
 

NU
MB

ER

D1
65
56
4

D1
65

56
5

D1
65

56
6

D1
65
56
7

D1
65

56
8

D 1
65
56
9

D 1
65

57
0

D1
65

57
1

D 1
65

57
2

D1
65
57
3

D 1
65
57
4

D1
65
57
5

D1
65

57
6

D1
65

57
7

D1
65

57
8

D1
65

57
9

D 1
65

60
5

D1
65
60
6

D 1
65

60
7

D 1
65

60
8

D 1
65
60
9

D 1
65
61
0

D1
65

61
1

D 1
65

61
 2

01
65
61
3

D 1
65

63
2

D 1
65
97
4

01
65

97
5

D 1
65
97
6

D 1
65

97
7

D 1
65

97
8

D 1
65

97
9

D 1
65

98
0

D 1
65

98
1

D1
65
98
2

D 1
65
98
3

D 1
65

98
4

D1
65

98
5

D1
65

98
6

D 1
65
98
7

1
0
5



Ta
bl
e 

1f
. 

(c
on
t'
d.
) 

Ma
jo

r-
, 

mi
no
r-
, 

an
d 

tr
ac
e-
 
el
em
en
t 

co
nc

en
tr

at
io

ns
 
of
 3

83
 
li

gn
it

e 
sa
mp
le
s 

fr
om
 t

he
 
Fo
rt
 
Un

io
n 

Re
gi
on
.

SA
MP
LE
 

SI
 

AL
 

CA
 

MG
 

NU
MB
ER
 

(P
ER

CE
NT
) 

(P
ER
CE
NT
) 

(P
ER

CE
NT

) 
(P

ER
CE

NT
)

D 
16
59
88

D 
16
59
89

D 
16
59
90

D1
65

99
1

D 1
73
46
6

D 
17
34
67

D 
17
34
68

D 
17
34
69

D 
17

59
30

D1
 7
59

31

D 
17

59
32

D 
17

59
33

D 
17
59
34

D 
17

59
35

D 
17
59
36

D 
17
59
37

01
 7
59
38

D 
17
59
39

D 
17

81
 4
3

D 
17

81
 4
4

D1
78
14
5

D 
17
84
98

D1
78

49
9

D 
17

85
00

01
78

50
1

D 
17

85
02

D 
17

85
03

01
78

50
4

D 
17

85
05

D 
17
85
06

D 
17
85
07

D 
17
85
08

D 
17
85
09

D1
78

51
0

D1
78

51
1

D 
17

85
1 
2

D 
17
93
69

D 
17

93
70

D 
17

93
71

D 
17

93
72

1.
6 .7
4

.7
1

.2
5

.6
0

2.
1

1.
6 .4
4

.5
5

.5
4

2.
7 .2
9

.2
8

.9
4

.6
3

1.
1 .5
6

.8
4

1.
6 .5
8

.6
2

3.
0 .9
3

5.
7 .6
8

2.
9 .5
4

1.
3 .7
5

.4
8

3.
0 .5
4

4.
3 .5
4

1.
3 .5
0

.9
6

.6
1

.4
2

2.
0

0.
47 .3
0

.3
8

.4
6

.4
7

.6
0

.6
2

.3
9

.2
9

.3
3

.6
4

.2
0

.1
8

.3
5

.3
1

.3
5

.3
5

.3
7

.6
1

.4
7

.4
1

1.
0 .5
3

1.
0 .5
2

.5
6

.2
0

.4
6

.5
7

.3
9

2.
4 .3
1

.4
6

.3
2

.8
9

.3
6

.5
5

.2
7

.4
1

.5
3

1.
7

1.
5

1.
7

1.
7

1.
2

1.
5

1.
4

1.
2

1.
0

1.
1

1.
3 .9
6

1.
1 .8
3

1.
4

1.
4 .7
8

.9
6

.9
4

1.
2 .9
5

1.
6

1.
1 .8
3

1.
3

1.
0

1.
1

1.
5

4.
4

1.
1

2.
4

1.
2 .8
0

1.
1

1.
5

1.
1

1.
2 .8
1

1.
3

1.
3

0.
49 .4
4

.5
0

.5
1

.3
4

.4
5

.4
1

.3
5

.3
2

.3
3

.3
6

.2
9

.3
2

.2
7

.3
6

.3
8

.2
8

.3
4

.5
7

.5
1

.3
9

.4
0

.6
3

.3
5

.4
8

.4
2

.4
4

.4
5

.4
7

.3
9

.3
9

.6
3

.2
9

.4
4

.5
7

.4
1

.4
4

.3
2

.5
0

.4
5

- 
NA

 
< 

FE
 

TI
 

(P
fc

'R
CE

NT
) 

(P
ER

CE
NT

) 
(P

ER
CE

NT
) 

(P
ER

CE
NT

)

' 
0.

17 .2
3

.1
6

.2
4

.1
7

.3
5

.2
8

.3
8

.6
5

.5
0

.4
4

.4
9

.4
6

.6
7

.0
79

.0
75

.4
9

.3
5

.4
1

.4
6

.4
3

.1
8

.2
6

.4
9

.3
3

.3
4

.6
8

.1
5

.2
1

.3
1

.1
7

.1
1

.3
6

.2
2

.1
4

.1
5

.1
5

.5
6

.1
2

.3
8

0.
01
0L

.0
09

L
.0
08
L

.0
07
L

.0
15

.0
13

.0
52

.0
06

.0
21

.0
12

.0
22

.0
13

.0
11

.0
29

.0
11

.0
11

.0
26

.0
27

.0
32

.0
12

.0
07

.0
40

.0
18

.2
5

.0
12

.0
70

.0
29

.0
44

.0
43

.0
26

.1
5

.0
17

.0
80

.0
12

.0
23

.0
18

.0
40

.0
33

.0
21

.0
69

0.
42

1.
3 .6
6

.2
1

8.
9 .0
25

3.
3

1.
3

1.
9 .2
7

.3
0

.2
5

.2
1

.2
4

1.
1 .2
8

.5
1

.3
0

.1
2

.3
6

2.
8

2.
1

1.
9

1.
2 .2
4

.4
2

1.
0 .4
1

.7
9

.3
3

1.
4 .3
7

1.
2

1.
1 .1
3

.3
5

.8
3

1.
6 .6
4

.3
7

B B B B .0
14

.0
74

.0
46

.0
16

.0
35

.0
26

.0
78

.0
16

.0
12

.0
42

.0
37

.0
47

.0
28

.0
35

.0
41

.0
15

.0
47

.1
1

.0
37

.1
0

.0
38

.0
74

.0
22

.0
49

.0
37

.0
18

.2
5

.0
19

.0
78

.0
25

.0
42

.0
16

.0
45

.0
29

.0
34

.0
59

AG
-S
 

(P
PM
)

N N N N N N N .1
7

N N N N N N N N N N .2
0

.2
7

.3
1

N N N N N N N N N N N N N N N N N N N

AS
 

(P
PM
) 2.
0

2.
0

2.
0

2.
0

30 2.
0

15 4.
0

12 2.
0

2.
0

2.
0

1.
0

1.
0

15 3.
0

8.
0

5.
0

4.
0

3.
5

18 9.
0

5.
0

13 3.
0

2.
0

18 3.
0

5.
0

1.
5

9.
5

3.
0

5.
5

16 2.
0

2.
0

5.
0

8.
5

4.
0

8.
5

SA
MP
LE
 

NU
MB
ER

D 
16
59
88

D 
16
59
89

D 1
65
99
0

D 
16

59
91

D 
17
34
66

D 
17
34
67

D 
17
34
68

D 1
73
46
9

D 
17
59
30

D1
75

93
1

D 
17
59
32

D 
17
59
33

D 
17
59
34

D 
17

59
35

D 
17
59
36

D 
17
59
37

D 
17
59
38

D 
17
59
39

D 
17

81
 4
3

D 
17
81
 4
4

D 
17

81
 4
5

D 1
78
49
8

D1
78
49
9

D 
17
85
00

01
78

50
1

D 
17
85
02

D1
78
50
3

01
78
50
4

D 
17

85
05

01
 7
85
06

01
78
50
7

D 
17
85
08

D 
17
85
09

D1
78

51
0

D1
78

51
1

D1
78

51
2

D 
17
93
69

D 1
79
37
0

D 
17

93
71

D 1
79
37
2

1
0
6



Ta
bl

e 
1f

. 
(c

on
t'

d.
) 

Ma
jo
r-
, 

mi
no
r-
, 

an
d 

tr
ac
e-
el
em
en
t 

co
nc
en
tr
at
io
ns
 o

f 
38
3 

li
gn
it
e 

sa
mp

le
s 

fr
om

 t
he

 
Fo

rt
 U

ni
on
 R

eg
io

n.

SA
M

PL
E 

NU
M

BE
R

D 
16

59
88

D 
16

59
89

D 
16

59
90

D
16

59
91

D 
17

34
66

D 
17

34
67

D 
17

34
68

D 
17

34
69

D 
17

59
30

D
17

59
31

D 
17

59
32

D 
17

59
33

D 
17

59
34

D 
17

59
35

D 
17

59
36

D 
17

59
37

D 
17

59
38

D 
17

59
39

D 
17

81
 4

3
D 

17
81

 4
4

D 
17

81
 4

5
D 

17
84

98
D 

17
84

99
D 

17
85

00
D 

17
85

 0
1

D 
17

85
02

D 
17

85
 0

3
D 

17
85

04
D 

17
85

05
01

78
50

6

D 
17

85
07

D 
17

85
08

D 
17

85
09

D
17

85
10

D
17

85
11

D
17

85
12

D 
17

93
69

D 
17

93
70

D 
17

93
71

01
 7

93
72

B
-S

 

(P
P

M
)

23
0

31
0

30
0

25
0 77 18
0

14
0

16
0 82 48 18
0

84 82 73 96 59 73 11
0

15
0

18
0

16
0 34 16
0 70 66 70 78 76 59 79 20 14
0

13
0 74 84 72 11
0 76 66 59

B
A

-S
 

(P
P

M
)

57 31 15
0

41
38

0

37
0

59
0

33
0

58
0

34
0

60
0

11
0 55

51
0

48
0

42
0

51
0

37
0

10
0

89 47
0 68 47 35
0

95
0

28
0

56
0

1
,1

0
0

59
0

39
0

5
,6

0
0 91 18
0

16
0

24
0

36
0

11
0

76
0

66
0

83
0

B
E

-S
 

(P
P

M
)

N N N N N N N .7
7

N N N N N N N N .2
2

.2
3

.7
1

N N 2
.3 .4

7
1

.2 .2
9

N 1
.7

1.
1 N .2

4

4
.2 .9

1
1
.3 .5

3
N .2

2
N .5

5
N N

CD
 

(P
P

M
)

0
.1

1
L

.1
0

L
.1

0
L

.0
8
2
L

.2
6

L

.1
2

L
.2

0
L

.1
1

L
.1

2
L

.0
6

9
L

.1
2

L
.0

5
6

L
.0

5
5

L
.0

7
3
L

.0
9
6
L

.0
8

4
L

.0
7

3
L

.0
7

5
L

.1
0

L
.0

8
9

L

.1
6

L
1
.0 .1

6
L

.2
3

L
.0

9
5

L

.1
4

L
.1

1
L

.1
1

L
.2

0
L

.0
7

9
L

2
.7 .0

9
1

L
.1

8
L

.1
1

L
.1

2
L

.0
7

2
L

.1
1

L
.1

1
L

.0
9

4
L

.1
2

L

CE
 

(P
P

M
) B B B B N N N N N N N N N N N N N N

51
L N N

46
N N N N N N N N

84
N N N N N N N N N

C
L 

(P
P

M
) B B B B B B B B B B B B B B B B B B B B B B B B B B B B B B B B B B B B B B B B

CO
 

(P
P

M
) N N N N N 1
.8

2
.0

L
3

.3 1
.2

L
.6

9L

1
.2

L
.8

4
.5

5
.3

7
.9

6
L

.8
4

L
.7

3
1.

1
1

.0
L

.8
9

1
.6

L
11 1

.6
1
.2 N .7

0
2
.2 1.
1 N 1
.2

20
1
.4

1
.3 N N 1
.1 .7

6
1.

1 .6
6

1
.2

CR
 

(P
P

M
)

2
.3

1
.6

1
.5

2
.5

1
.8

3
.7

2
.9

2
.2 1
.2

1
.0

1
.8

1
.7 .8

3
2
.2 1
.4

8
.4 1
.1 1
.5

7
.1

2
.7

2
.3

11 3
.1

12
1
.9

7
.0

2
.2

3
.3

4
.0

1
.6

42 9
.1

5
.4

2
.1

2
.4

3
.6

3
.2

1
.6

1
.9

6
.0

CU
 

(P
P

M
)

7
.1

4
.4

5
.0

6
.3

7
.2

8
.3

6
.3

4
.8

4
.0

4
.6

7
.5

3
.1

2
.4

5
.4

3
.8

6
.2

3
.9

5
.0

7
.9

3
.4

3
.9

21 6
.6

14 4
.0

3
.6

6
.2

13 6
.1

2
.9

78 4
.8

11 6
.5

5
.5

2
.4

9
.3

3
.5

3
.0

11

D
Y

-S
 

(P
P

M
)

B B B B B B B B B B B B B B B B B B N B B N B B N B N N B N

28
N N N B B B B B B

SA
M

PL
E 

NU
M

BE
R

D 
16

59
88

D 
16

59
89

D 
16

59
90

D 
16

59
91

D 
17

34
66

D 
17

34
67

D 
17

34
68

D 
17

34
69

D 
17

59
30

D
17

59
31

D 
17

59
32

D 
17

59
33

D 
17

59
34

D 
17

59
35

D 
17

59
36

D 
17

59
37

D 
17

59
38

D 
17

59
39

D 
17

81
 4

3
D

17
81

44

D 
17

81
 4

5
D 

17
84

98
D 

17
84

99
D 

17
85

00
D 

17
85

01

D1
 7

85
02

D 
17

85
03

D 
17

85
04

D 
17

85
05

D 
17

85
06

D 
17

85
07

D 
17

85
08

D 
17

85
09

D
17

85
10

D
17

85
11

D
17

85
12

D 
17

93
69

D 
17

93
70

D 
17

93
71

D 
17

93
72

1
0
7



Ta
bl

e 
1f

. 
(c

on
t'

d.
) 

Ma
jo
r-
, 

mi
no
r-
, 

an
d 

tr
ac
e-
el
em
en
t 

co
nc
en
tr
at
io
ns
 o

f 
38
3 

li
gn
it
e 

sa
mp

le
s 

fr
om

 t
he

 F
or

t 
Un
io
n 

Re
gi
on
.

SA
MP

LE
 

NU
MB

ER

01
65

98
8

01
65

98
9

D 1
65
99
0

01
65
99
1

01
73

46
6

01
73

46
7

01
73

46
8

D 1
73

46
9

D 1
75
93
0

01
75
93
1

01
 7
59
32

01
75

93
3

D 1
75
93
4

D 1
75
93
5

D 1
75
93
6

01
75
93
7

01
75

93
8

01
75

93
9

01
78
14
3

01
78

14
4

01
78
14
5

01
78

49
8

01
78

49
9

01
78
50
0

01
78
50
1

D 1
78
50
2

D 1
78
50
3

01
78
50
4

01
78
50
5

D 1
78

50
6

D 1
78

50
7

01
78
50
8

01
78

50
9

D1
78
51
0

D1
78

51
1

01
78
51
2

01
79

36
9

D 1
79
37
0

01
79

37
1

01
79

37
2

EU
 

(P
PM
) N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N

F (P
PM

)

70 20
L

30 20 25 40 30 35 20
L

20
L

20
L

20
L

20
L

20 20
L

20
L

20
L

25 20
L

20
L

20
L

55 20
L

70 30 35 20
L

30 20
L

35 23
0 30 40 20
L

20
L

25 20
L

20
L

20 30

GA
-S
 

(P
PM

)

1.
7 B 1.
5

4.
1 B 2.
4 B 2.
2

1.
8 .6
9

3.
6

1.
1 .5
5

1.
5 .9
6

1.
3

1.
1

1.
1

5.
1

2.
7

4.
7

3.
4

3.
1

4.
6

1.
9

2.
8

1.
1

1.
6

3.
0

1.
6

8.
4

1.
8

3.
6

2.
1

2.
4

1.
4

2.
2

1.
6

1.
9

2.
4

GD
-S
 

(P
PM

) B B B B B B B B B B B B B B B B B B N B B N B B N B N N B N N N N N B B B B B B

GE
-S

 
(P

PM
) N N N N N N N 7.
7 N N N N N N N N N N N N N N 3.
1 N N N N N N N N 2.
7 N N N N N N N N

HF
 

(P
PM
) N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N

HG
 

(P
PM

) 0.
31 .6
0

.3
1

.2
0

.4
9

.0
30

.3
5

.1
7

.3
7

.0
40

.0
40

.0
10

.0
10
L

.0
30

.1
2

.0
20

.0
30

.0
30

.0
20

.0
30

.1
4

.2
3

.1
2

.1
7

.1
0

.1
2

.2
1

.1
0

.1
1

.0
60

.4
0

.0
60

.0
80

.1
3

.0
70

.1
2

.1
8

.1
9

.1
7

.1
2

LA
 

(P
PM
) 8.
0 N 7.
0

5.
8 N N N N N N

12
L N 5.
5L

7.
3L N N 7.
3L

7.
5L

10
L 8.
9L N

23
N N N N N N N N

42
N N N N N N N N N

LI
 

(P
PM

) 5.
2

2.
1

4.
6

4.
4

3.
3

5.
4

5.
5

2.
8

2.
1 .9
7

5.
1 .6
2

.5
5

1.
7

1.
2

2.
2

1.
2

1.
7

4.
5

3.
5

2.
2

3.
4

3.
3

7.
0

4.
4

2.
9

1.
1L

3.
2

3.
2

2.
0

5.
3

3.
2

3.
4

1.
9

7.
7

1.
4

2.
7

1.
4

2.
3

3.
2

MN
 

(P
PM

)

80 73 10
0 82 51 85 39 33 22 10 18 7.

3
17 10 14 13 23 23 14
0

15
0

12
0

22
0

22
0 37 39 27 29 41
0

66
0 81 16
0

21
0 96 60 69 42 16
0 43 50 67

SA
MP
LE
 

NU
MB

ER

01
65
98
8

01
65
98
9

01
65

99
0

01
65
99
1

01
73
46
6

01
73
46
7

01
73

46
8

D 1
73

46
9

01
75

93
0

01
75

93
1

01
75
93
2

01
75

93
3

01
75

93
4

01
75

93
5

D 1
75

93
6

01
75
93
7

01
75

93
8

01
75

93
9

01
78

14
3

01
78

14
4

01
78

14
5

01
78

49
8

01
78
49
9

01
78
50
0

01
78

50
1

01
78

50
2

01
 7
85

03
01

 7
85

 04
01

 7
85

05
01
78
50
6

01
78

50
7

01
78

50
8

01
78

50
9

D1
78

51
0

01
78

51
1

D1
78

51
2

01
 7
93
69

01
79

37
0

01
79

37
1

01
79
37
2

1
0
8



Ta
bl
e 

1f
. 

(c
on
t'
d.
) 

Ma
jo
r-
, 

mi
no
r-
, 

an
d 

tr
ac

e-
el

em
en

t 
co

nc
en

tr
at

io
ns

 
of
 3

83
 
li

gn
it

e 
sa

mp
le

s 
fr

om
 t

he
 F

or
t 

Un
io
n 

Re
gi
on
.

SA
M

PL
E 

NU
M

BE
R

D 
16

59
88

D 
16

59
89

D 
16

59
90

D
16

59
91

D 
17

34
66

D 
17

34
67

D 
17

34
68

D 
17

34
69

D 
17

59
30

D
17

59
31

D 
17

59
32

D 
17

59
33

D 
17

59
34

D 
17

59
35

D 
17

59
36

D 
17

59
37

D 
17

59
38

D 
17

59
39

D1
 7

81
43

D1
 7

81
44

D
17

81
45

D 
17

84
98

D 
17

84
99

D 
17

85
00

D 
17

85
01

D 
17

85
02

D 
17

85
03

D 
17

85
04

D 
17

85
05

D 
17

85
06

D 
17

85
07

D 
17

85
08

D 
17

85
09

D
17

85
10

D
17

85
11

D
17

85
12

D 
17

93
69

D 
17

93
70

D 
17

93
71

D 
17

93
72

M
O

-S
 

(P
P

M
)

N 1
.0 .7

0
.8

2
3
.8

2
.4 1
.4

7
.7

1
.2

1
.0

1
.2 .5

6
.8

3
.5

1
.9

6

1.
3 .7
3

.5
3

3
.0

4
.5

4
.7

4
.6

4
.7

4
.6 .9

5

2
.8

3
.3 1.
1

2
.0 1
.6

28
0 4

.6
5

.4
5
.3 1
.2

2
.2 1
.6

3
.3 .9

4
1

.8

N
B-

S 
(P

P
M

)

N 1
.0 N N

5
.1

L

3
.7

3
.9

L
2

.2
1

2
.3

L
1.

4L

2
.4 1.
1L

1.
1L

2
.2 1
.9

2
.5 1.
5L

1.
5L

3
.0

2
.7

4
.7 N N

4
.6 N 2
.8 N 2
.2 N N N N

3
.6 N N N 2
.2 N N N

N
D

-S
 

(P
P

M
)

N N N N B B B B B B N B N N B B N N N N B
46

B B B B B B B B

84
B B B B B B B B B

N
I-

S
 

(P
P

M
)

N 1
.0

1
.0 .8

2
5

.1

2
.4

2
.9

2
.2 1
.8 .6

9

2
.4 1
.7

2
.8

1.
1

1
.4

1
.3

1
.5

1
.5

1
.5

2
.7

3
.1

34
7

.8 1
.6 .6

7

2.
1

3
.3 1.
1

1
.4

1
.6

84
1

.8
1

.8
1.

1
1

.8

2
.2 1
.6

2
.2 1
.4

1
.8

P (P
P

M
)

18
0 31 13
0 17

L
12

0

14
0

13
0

12
0

51
0L

30
0L

53
0L

24
0L

24
0L

32
0L

42
0L

37
0L

32
0L

33
0L

44
0L

41
0

68
0L

1,
O

O
O

L
68

0L
1,

O
O

O
L

46
0

61
0L

49
0L

48
0L

87
0L

40
0

1,
20

0L
40

0L
79

0L
46

0L
52

0L

31
0L

47
0L

48
0L

41
0L

52
0L

PB
 

(P
P

M
)

2
.9

L
2
.6

L
2

.5
L

4
.1

6
.4

L

3
.1

4
.9

L
3
.3

2
.9

L
2

.8

3
.0 1
.7

1
.4

1
.8

2
.4

2.
1

1.
8L

1
.9

4
.0

2
.2

1

3
.9

L
5
.7

L
3
.9

L
5
.8

2
.9

3
.5

L
2

.8
5

.5
5

.0
4
.0

7
.0

2
.3

4
.5

L
2
.7

L
3
.0

2
.5

13 2
.7

L
2

.4
4
.2

SB
 

(P
P

M
)

0
.2

0
.4

0
.4

0
.4

0
1

.8 .3
0

.7
0

1
.0 .1

0
.1

0

.1
0L

.1
0L

.1
0L

.1
0

.1
0

.1
0

.2
0

.2
0

.6
0

.4
0

.5
0

.3
0

.4
0

.8
0

.1
0

.2
0

.1
0L

.2
0

.2
0

.1
0L

.2
0

.3
0

.4
0

.4
0

.1
0

.2
0

.4
0

.1
0L

.1
0

.5
0

SC
 

(P
P

M
)

1.
1 N 1
.0 1
.2 N 1
.8

2
.0

L
1

.7
1.

2L .6
9L

1
.8 .8

4
.5

5L
1.

1 .9
6L

.8
4

1.
1

1.
1

3
.0 1
.3 N 3
.4 1.
1

2
.3 .6

7

1
.4

1.
1

1
.6 N .5

5

14 1
.8

1
.3 .7

4
.6

0

.3
6

1.
1 .7

6
.4

7
.8

3

SE
 

(P
P

M
)

0
.8

5
.9

3
.8

4
1

.0
2
.0 .4

2
1

.4 .6
9

.5
0

.6
7

.5
6

.4
5

.3
7

.8
1

.7
1

.9
6

.5
8

.6
6

.9
7

.4
3

.9
7

1
.7 .9

5
.4

0
.1

5

.1
0L

.1
0L

.1
0L

.3
7

.1
0L

3
.3 .4

5
.1

0L
.1

0L
.1

0L

.1
8

1.
1 .2

0
.5

6
.4

3

SN
-S

 
(P

P
M

) N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N

S
A

M
P

LE
 

N
U

M
BE

R

D 
1

6
5

9
8

8
D 

1
6
5
9
8
9

D 
16

59
90

D
16

59
91

D 
17

34
66

D 
17

34
67

D 
17

34
68

D 
17

34
69

D 
17

59
30

D
17

59
31

D 
17

59
32

D 
17

59
33

D 
17

59
34

D 
17

59
35

D 
17

59
36

D 
17

59
37

01
 7

59
38

01
 7

59
39

01
78

14
3

01
78

14
4

01
78

14
5

01
78

49
8

D 
17

84
99

01
78

50
0

01
78

50
1

01
78

50
2

01
78

50
3

01
78

50
4

01
78

50
5

D1
 7

85
06

01
78

50
7

01
78

50
8

01
78

50
9

01
78

51
0

01
78

51
1

01
78

51
2

01
79

36
9

01
79

37
0

01
79

37
1

01
79

37
2

1
0
9



Ta
bl

e 
1f
. 

(c
on
t'
d.
) 

Ma
jo
r-
, 

mi
no
r-
, 

an
d 

tr
ac
e-
el
em
en
t 

co
nc
en
tr
at
io
ns
 o

f 
38

3 
li

gn
it

e 
sa

mp
le

s 
fr
om
 t

he
 F

or
t 

Un
io
n 

Re
gi
on
.

SA
MP
LE
 

NU
MB

ER

01
65
98
8

01
65
98
9

01
65

99
0

01
65
99
1

01
73

46
6

01
73
46
7

01
73
46
8

01
73
46
9

01
75

93
0

01
75
93
1

01
75

93
2

01
75
93
3

01
75
93
4

01
75

93
5

01
75

93
6

01
75
93
7

01
75

93
8

01
75

93
9

01
78

14
3

01
78
14
4

D 1
78
1 4

5
01

78
49

8
01
78
49
9

01
78
50
0

01
78

50
1

D 1
78
50
2

01
78
50
3

01
78

50
4

D 1
78

50
5

D 1
78
50
6

01
78

50
7

01
78
50
8

01
78

50
9

01
78

51
0

01
78
51
1

01
78
51
2

01
79
36
9

01
79

37
0

01
79
37
1

01
79
37
2

SR
-S

 
(P
PM

)

57
0

73
0

70
0

58
0

38
0

61
0

39
0

55
0

35
0

14
0

60
0

39
0

38
0

22
0

19
0

17
0

22
0

22
0

10
0

18
0

11
0

11
0 78 23
0

14
0 98 11
0 76 20
0

12
0 42 91 18
0

11
0

12
0

14
0

22
0

22
0

28
0

24
0

TH
 

(P
PM
) N N 3.
1 N 4.
7

4.
7 N N N N 8.
0 N N N N N N N N N N N N

12 4.
7 N N N N N N N N N N N N N N N

TL
-S

 
(P

PM
) N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N

U (P
PM
) 0.
90 .3
3

.2
6

1.
8 .7
5

1.
1 .8
6

2.
6

> 
.4
9

.9
6

.7
9

.5
2

.0
5

.5
1

.4
2

.8
5

.3
9

.4
6

1.
9 .7
0

.6
4

1.
2 .6
9

1.
6

1.
00

L

.4
7

.5
1

1.
5 .8
5

.5
4

11 2.
9

2.
8

1.
4

1.
5 .5
9

.9
2

.4
1

.3
3

1.
1

v-
s

(P
PM
) 2.
3

1.
6

3.
0

5.
8

3.
8

6.
1

5.
9

3.
3

2.
3

1.
4

6.
1

1.
7

1.
7

3.
7

2.
9

2.
5

3.
7

3.
8

15 6.
2

11 16 11 16 4.
8

9.
8

3.
3

7.
6

9.
9

4.
0

84 14 13 5.
3

8.
4

3.
6

11 3.
3

2.
8

8.
3

U (P
PM
) N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N

Y-
S 

(P
PM
)

3.
4

2.
1

2.
0

2.
5

5.
1L

3.
7

3.
9L

5.
5

2.
3

1.
4L

3.
6

1.
1

1.
1

1.
5

1.
9L

2.
5

2.
2

2.
3

7.
1

4.
5

4.
7

23 3.
1

7.
0

6.
7

4.
2

7.
8

7.
6

4.
0

5.
5

84 6.
4

13 7.
4 N 3.
6

3.
2

3.
3

1.
9

6.
0

YB
 

(P
PM
) 0.
34 B .3
0

.2
5

B .3
7

B B B B .2
4

.1
1

.1
1

.1
5

.1
9

.2
5

.2
2

.1
5

.7
1

.2
7

B B B .7
0

.2
9

.7
0

B .7
6

.4
0

.5
5

8.
4 .6
4

1.
3 B N .2
2

B B B .3
6

ZN
 

(P
PM
) 2.
3L

2.
1L

2.
0L

1.
6L

6.
9

7.
8

4.
9

1.
8

2.
6

1.
9

2.
4

1.
1

1.
2

1.
6

1.
7

1.
5

4.
2

2.
1

2.
1

1.
6

3.
1

51 14 9.
3

2.
6

2.
8L

7.
9

9.
9

5.
0

5.
8

88 3.
7

5.
4

2.
4

4.
8

6.
3

7.
9

4.
1

4.
3

6.
2

ZR
-S

 
(P

PM
)

17 7.
3

15 12
N

24 20 7.
7

8.
2

3.
5

18 3.
9

3.
9

15 9.
6

17 7.
3

15 20 13 23 23 11 35 6.
7

21 2.
2

11 9.
9

5.
5

42 9.
1

36 7.
4

12 5.
0

11 7.
6

6.
6

18

SA
MP

LE
 

NU
MB

ER

01
65

98
8

01
65
98
9

01
65
99
0

01
65

99
1

01
73

46
6

01
73
46
7

01
73

46
8

01
73

46
9

01
75
93
0

01
75

93
1

01
75
93
2

01
75

93
3

01
75

93
4

01
75

93
5

01
75
93
6

01
75
93
7

01
75

93
8

01
75

93
9

01
78

14
3

D 1
78

1 4
4

D 1
78
14
5

01
78
49
8

01
78
49
9

01
78
50
0

01
78

50
1

01
78
50
2

01
78

50
3

01
78

50
4

01
78

50
5

01
78
50
6

01
78

50
7

01
78
50
8

01
78
50
9

01
78
51
0

01
78
51
1

01
78
51
2

01
79
36
9

D 1
79

37
0

01
79
37
1

01
79

37
2

1
1
0



Ta
bl

e 
1f

. 
(c
on
t'
d.
) 

Ma
jo
r-
, 

mi
no
r-
, 

an
d 

tr
ac
e-
el
em
en
t 

co
nc
en
tr
at
io
ns
 o

f 
38

3 
li

gn
it

e 
sa

mp
le

s 
fr

om
 t

he
 F

or
t 

Un
io

n 
Re

gi
on

.

SA
MP
LE
 

SI
 

AL
 

CA
 

MG
 

NA
 

K 
FE
 

TI
 

NU
MB
ER
 

(P
ER

CE
NT
) 

(P
ER

CE
NT

) 
(P

ER
CE

NT
) 

(P
ER

CE
NT

) 
(P

ER
CE

NT
) 

(P
ER

CE
NT

) 
(P

ER
CE

NT
) 

(P
ER

CE
NT

)

01
 7
93

73
01

 7
93
74

01
79

37
5

01
79
37
6

01
79
37
7

01
79
37
8

01
79
37
9

01
79
38
0

01
79
38
1

01
79
38
2

01
79
38
3

01
79
38
4

01
80
00
7

01
80
00
8

01
80
00
9

01
80
01
0

01
80
01
1

01
80
01
2

01
80
01
3

01
80
01
4

01
80

01
5

01
80
01
6

01
80
01
7

01
80
01
8

01
80
01
9

01
80

07
5

01
80
07
6

01
80

07
7

01
80
07
8

01
80
07
9

01
80

08
0

01
80
08
1

01
80
08
2

01
80

08
3

01
86
05
1

01
86
05
2

01
86
05
3

01
86
05
4

01
86
05
5

01
65
99
2

1.
5 .5
4

1.
7

1.
3

1.
2 .4
9

.2
2

1.
3

1.
2 .3
2

.4
3

.6
6

.7
4

.8
0

.7
9

.7
3

.9
8

.7
5

2.
7 .8
4

.8
5

1.
3 .7
5

.7
9

1.
2 .9
1

.9
9

4.
0 .6
3

.5
7

.4
7

2.
7 .3
6

.6
5

.7
0

.4
8

.8
1

.7
3

.8
0

.1
6

0.
68 .3
1

.9
7

.5
5

.3
5

.4
5

.2
3

.5
0

.8
2

.3
4

.4
6

.4
5

.5
1

.4
8

.4
0

.4
1

.5
1

.5
6

.5
6

.5
0

.5
5

.6
6

.5
8

.5
3

.6
2

.5
7

.6
2

1.
6 .4
7

.4
9

.4
2

.9
8

.4
0

.5
0

.3
3

.4
1

.4
4

.2
9

.5
1

.3
4

.2 .1 .1 .1 .0 1.
2 .7
9

1.
2

1.
3

1.
0 .2 .1 .2 .1 .0 1.
1

1.
3 .8
7

1.
1

1.
3

1.
3

1.
3 .3 .2 .2 .6 .4 .1 .1 .5 1.
3 .9
5

1.
3

1.
3

1.
4

1.
8

1.
6

1.
6

1.
4

2.
0

0.
44 .4
2

.4
4

.4
2

.5
0

.4
0

.2
9

.4
2

.4
6

.3
4

.4
6

.3
8

.4
1

.3
7

.4
1

.3
6

.3
4

.5
3

.4
8

.4
9

.4
5

.4
8

.5
0

.5
2

.4
4

.3
7

.4
3

.4
2

.4
0

.3
3

.4
4

.4
3

.5
4

.4
5

.3
0

.3
0

.5
7

.4
0

.5
5

.5
6

0.
35 .0
72

.6
6

.6
7

.5
4

.5
6

.1
6

.0
42

.4
8

.0
35

.0
38

.3
3

.6
0

.5
9

.3
1

.6
2

.0
33

.3
7

.4
0

.3
1

.0
93

.0
92

.1
5

.2
5

.4
9

.0
26

.0
24

.2
0

.6
7

.1
1

.0
55

.3
8

.1
2

.1
3

.7
0

.2
1

.1
4

.0
97

.2
4

.1
8

0.
08

3
.0
25

.1
1

.0
45

.0
38

.0
23

.0
18

.0
34

.0
34

.0
22

.0
27

.0
41

.0
25

.0
33

.0
18

.0
18

.0
19

.0
28

.0
58

.0
20

.0
25

.0
32

.0
23

.0
29

.0
44

.0
17

.0
30

.3
0

.0
24

.0
17

.0
08

.1
9

.0
09

.0
20

.0
18

.0
40

.0
28

.0
27

.0
36

.0
10

L

1.
3

1.
1

2.
2 .2
2

.1
3

1.
2

1.
1 .3
3

.1
3

.1
3

.2
1

1.
4 .6
5

.8
0

1.
3 .4
4

.2
1

.1
9

.6
9

.4
7

.9
7

.4
6

.8
6

.2
0

.4
3

.0
76

.2
6

1.
1 .5
6

.2
8

.2
9

.6
5

.1
1

.3
6

.2
4

.6
6

1.
1

1.
1

1.
4

1.
2

0.
05

8
.0
39

.0
54

.0
47

.0
41

.0
27

.0
14

.0
76

.0
54

.0
22

.0
41

.0
31

.0
35

.0
30

.0
39

.0
32

.0
33

.0
25

.0
60

.0
34

.0
31

.0
50

.0
39

.0
26

.0
52

.0
28

.0
42

.0
71

.0
37

.0
18

.0
19

.0
60

.0
23

.0
31

.0
36

.0
24

.0
91

.0
45

.1
8

B

AG
-S
 

(P
PM
) N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N .6
4

N N N N N N N N N

AS
 

(P
PM
) 9.

0
3.

0
39 2.

5
1.

5

5.
0

13 4.
5

1.
5

1.
5

2.
5

14 5.
0

9.
0

26 6.
0

3.
5

3.
0

3.
5

5.
0

4.
5

5.
0

15 3.
0

5.
0

2.
0

3.
0

24 7.
5

1.
5

3.
0

17 2.
0

4.
0 B

26 7.
2

13 8.
5

8.
0

SA
MP

LE
 

NU
MB
ER

01
79
37
3

01
79

37
4

01
79

37
5

01
79

37
6

01
79
37
7

01
79

37
8

01
79
37
9

01
79

38
0

01
79

38
1

01
79
38
2

01
79
38
3

01
79
38
4

01
80
00
7

01
80

00
8

01
80

00
9

01
80

01
0

01
80

01
1

01
80
01
2

01
80

01
3

01
80
01
4

01
80

01
5

01
80

01
6

01
80

01
7

01
80

01
8

01
80

01
9

01
80

07
5

01
80
07
6

01
80

07
7

01
80
07
8

01
80
07
9

01
80

08
0

01
80
08
1

01
80

08
2

01
80
08
3

01
86
05
1

01
86

05
2

D 1
86
05
3

01
86

05
4

01
86

05
5

01
65
99
2

11
1



c_o
5»
0) 
O£

|"c
3 

*j
(_ 
O 
u.

(U
.C 
4-»

«_ 
N-

(0
0)

1
<D
V>

O 
4-»
'E

0)

ro
00
ro
N-

o
(0

i
*J
CD
(_
4-»
C
0)8
o
u
*J

"«

0)
u
«j«_*j

?
«j

t_
8'i

<_
(O

«j
z
*-\ 
 d
4-»
C
o
u

s-
^

O

!o
a» 

Ul Of
 1 Ul
L CD

tO Z

^
(0 X
i a.

v- a.
O *"

IE3 rt
u a.

X.
o£ a.
o a.

<^
13 ^
u a.

»

* * 
ae

-1 0.
U 0.

w

^+

ui a.
u a.

*~*

s|

^^
C/) 31

ui a.oa ^

^
to z
i a. 
< a.
CO ^

oa c%^

Ul Of
_l Ul

ii
CO Z

rosrjnofc
ro ro ro ro ro
fcfcfcfcfc
ooooo

00 00 Z 00 Z

00 CO vj- f1-

h- in o ND in^ 

ro «- (vi »* «o
«* (vj ON in «*

*4" ^ oo r^ »o
«- »- (VI

00 00 00 00 00

z z z z z

_l
  1 _l _l _l  «  
>* ^ 00 «~ ON »-« «-»- o

o

ro ^ 
%^ oo ^0

  z   z  
0 (VJ

ooooo 
ro <O in in in «* «- in F- «*

^ogjo-
«  « 

Rfficsf:
ggggg
ooooo

00 P» O «- <M f>« F- 00 00 00
ro ro ro ro ro

ooooo

00 GO 2C CO 00

(M (vi (vj (M in
 4- ro in oo (vj

oo (vi ro (vj Nt
«- «- in (vj «-

o p> ro co 
 o F- in NO

ea oa oa oa oo

z z z z z

_J _l
_i p> _ i _ i 00 
«- o ^- ^ o

o  *
z     z z

ooooo
ON Nt O O CO
in CM <o «- v5

«-   

gp^^jOCO

co p> o «- (vj r^- N- co co oo
ro to ro ro ro

ooooo

M ^
ro ro o o o
ON ON O O O 
h  N- 00 00 00

OOOOO

CO CO CO CO CO

oo «- m ro ON
ro «* NJ- *t ro

ON ro (vj (vj co
«- (vj ro ro «-

 O «  in
ON 00 «- «O 00

,_ ,_

oa oa oa oa oo

z z z z z

_l
vO   1   1 _l _l 
ON (VJ «- »- (VJ 
O «-«-«-«-

Z Z Z Z Z

ooooo 
o oo in «* «- 
Nt in F» in <o
« 

 >O co in <O in 
ON in F- t^ oo

ro s* t^ co ON
CO CO O O O
ro ro o o o 
p» p» o o o
n» n» CO 00 00

OOOOO

o «- rvj ro »*
ooooo
§ 0000 

00 00 00 00

ooooo

00 Z Z Z Z

NO  - (vj in o
ro ro «* NJ- N*

r^ ON o
(vj rvj ro o in^» ^~

MO NO MD in NO
^_

ca co oa oa oa

z z z z z

_l _l
«- in oo   i 
ON ON cO in in o o o «-  «-

in o
z z z *^ ^

ooooo 
«* NO «o ro ON
NO  «<> (VJ »* «O

«* ' O (VJ fO ON
NO *O N3 ^^ NO

o «- (vj ro »*
ooooo 
ooooo
00 00 CO CO CO

ooooo

in NO f>> 00 ON

ooooo
ooooo
00 00 00 CO CO

ooooo

z oa z z oa

ro in in ro in
 * fs. in «* in

m oo «* ON ND
ro t^ ro in K

^ CO O »* jOr^ PM co oo r^
,_

oa oa oo oa ca

z z z z z

_l
(VJ »- »- 00 «-»- ^ »- o «-

(VJ 00
«- o

  z z   z

ooooo 
in >* o in ND 
ro ro oo (vj N-

co t^ oo in fN»

in ND t^ eo ON
ooooo 
ooooo
00 00 00 00 00

ooooo

ICrSfceopN N- r^ r«» r^ r^
ooooo
§ 0000 

00 CO 00 00

ooooo

oo co z co oa

oo (vj ro ro
in in oo  * ro

(VJ

ON ro o O"
«- in ro ro «-^^

ro «- ro 
>» in ro in o«
«- ro

oa oa oa oa oo

z z z z z

ND  i  i  i ro
ON «- (VJ O ON 
O «- (VJ «- O

ro
z z   z z

00 Nt (VJ 0 00>* r^ (vj o (vj
« 

r-oo-gj
^ * 

in NO h- CO ONrs. fN. r>- rw r^

§ 0000 
o o o o

ooooo

o «- (vj ro T- §00 CO oo in
o o o o

§ o o o NO 
CO 00 00 CO

ooooo

oa z z oa z

(vj co «- in
ro f^ ro N» m

^ 

00 ON t^ «*

«- ro ro oj «-
(VJ

NO in ND 
»* ro ro N» m

(VJ (VJ

oa ca co oa oa

z z z z z

(VJ ^1 CO ON ON 
CX *O r** 00 f**-*
o «- o o o

fN> (VJ (VJ
z       z

ooooo 
 O ND in (vj m 
-* »* in «o m

(VJ O CO (VJ OON «- t^ ND (vj

o «- (vj ro « 
oo co co oo in 
ooooo
^D CO CO CO ND

OOOOO

(vj ro »* in (vi in in in in ON
^A ^O ND ND in
CO CO CO CO ND

ooooo

z oa oa z oa

ro in ro in «-
«* in oo in in

in
ro (vi »* o rvi
(vj ro in «-

o in o
O> O Nt 00 (VI

,_ ,_

aa oa oa oa oa

z z z z oa

ND   1   1   1  1
oO «- o (vj (vj o «-«-«-«-

ro ro in 
«* ro oo

    z   z

ooooo
«O 0 «-0 0
(vj ND ro «- co

«-* NO**-*

jgorogo
*- T"

(vj to »* in (vj
in in in in ON 
ooooo-
08 a$ 08 <§ so
ooooo

CJ 
H 
H



Ta
bl
e 

1f
. 

(c
on

t'
d.

) 
Ma
jo
r-
, 

mi
no
r-
, 

an
d 

tr
ac
e-
el
em
en
t 

co
nc

en
tr

at
io

ns
 o

f 
38
3 

li
gn

it
e 

sa
mp

le
s 

fr
om

 t
he

 F
or
t 

Un
io

n 
Re

gi
on

.

SA
MP
LE
 

NU
MB
ER

D 
17
93
73

D 
17
93
74

D 1
79

37
5

D 1
79

37
6

01
 7
93

77

D 1
79
37
8

01
 7
93

79
D 1

79
38
0

D1
79

38
1

D 1
79
38
2

01
 7
93

83
D 1

79
38
4

D 
18
00
07

D 
18
00
08

D 1
80
00
9

D1
80
01
0

D1
80

01
1

D 1
80
0 1

2
D1
80
01
3

D1
80
01
4

D1
80
01
5

D 1
80

01
 6

D1
80

01
7

D1
80
01
8

D1
80

01
9

D 1
80

07
5

D 1
80
07
6

D1
 8
00
77

D1
 8
00
78

D1
 8
00
79

D 1
80
08
0

D 1
80
08
1

D 1
80
08
2

D 1
80
08
3

01
86

05
1

D 1
86

05
 2

D1
86
05
3

D 1
86

05
4

D 1
86

05
5

D 1
65

99
2

EU
 

(P
PM
) N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N

F (P
PM

)

25 20
L

25 25 20
L

20
L

20
L

20
L

20
L

20
L

20
L

20
L

20
L

20
L

20
L

20
L

20
L

20 40 20 20
L

30 30 20
L

30 65 30 12
0 20
L

20
L

20
L

70 20
L

40 20
L

25 25 20
L

20
L

20
L

GA
-S

 
(P

PM
)

2.
8

1.
6

3.
7

2.
1 .9
1

1.
8

1.
6

2.
1

2.
2

1.
0

1.
4

2.
3

2.
1

3.
2

2.
4

1.
8

2.
9

2.
6

4.
4

3.
0

2.
3

3.
4

3.
4

2.
5

3.
3

1.
4

2.
1

6.
5

1.
5

1.
9

1.
4

4.
7

2.
3

1.
3

1.
2

1.
3

1.
6

1.
6

1.
8

1.
2

GD
-S
 

(P
PM

) B B N B N B B N B B B B B B B B N N N N N B N N B B B N B B B N N B N N B B N B

GE
-S
 

CP
PM
) N N N N N N N N N N 1.
9L N N N N N N N N N N N N N N N N

6.
5 N N N

4.
7

1.
6L N N N N N N N

HF
 

(P
PM
) N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N

HG
 

(P
PM
) 0.
22 .1
5

.2
5

.0
80

.0
60

.2
4

.2
6

.0
70

.0
50

.0
50

.1
3

.2
0

.1
7

.2
5

.2
5

.2
0

.1
5

.1
1

.1
3

.1
2

.1
5

.1
2

.2
8

.1
0

.1
8

.0
70

.1
1

.3
0

.1
9

.1
2

.1
2

.1
0

.1
3

.1
5

.0
60

.1
4

.2
5

.3
8

.2
5

.1
3

LA
 

(P
PM

) N N N N N N N N N N N N N N N N N N N N N N N N N N N
15

N N N N
5.
5 N 7.
9L

8.
6L

11
L

10
L N N

LI
 

(P
PM

) 3.
6

1.
6

6.
3

4.
0

2.
2

3.
9 .8
7

2.
9

8.
8

1.
7

3.
1

2.
7

2.
9

3.
0

2.
8

2.
4

2.
5

4.
7

3.
3

2.
8

3.
9

4.
7

4.
0

3.
1

4.
4

3.
7

3.
5

8.
0

3.
2

3.
1

1.
8

4.
3

1.
8

2.
9

1.
3

1.
6

4.
5

2.
5

5.
0

2.
7

MN
 

(P
PM
)

60 15
0 89 75 87 84 48 62 59 26 15
0 34 49 30 21 25 88 26 43 46 36 13
0 55 58 67 61 18
0 90 71 20
0 89 48 65 58 12 60 63 12
0 45 85

SA
MP
LE
 

NU
MB

ER

D 1
79
37
3

D 1
79

37
4

D 1
79

37
5

D 1
79
37
6

D 1
79
37
7

D 1
79

37
8

D 1
79

37
9

D 1
79
38
0

D 1
79

38
1

D 1
79
38
2

D 1
79
38
3

D 1
79
38
4

D 1
80
00
7

D 1
80

00
8

D 
18

00
09

D 1
80
0 1

0
D 1

80
01

1
D 1

80
01

 2
D1

80
01

3
D 1

80
0 1

4

D 1
80

01
 5

D1
80

01
6

D 1
80

01
 7

D1
80

01
8

D 1
80
0 1

9

D 
18

00
75

D 1
80

07
6

D 
18

00
77

D 
18

00
78

D 
18

00
79

D 1
80
08
0

D 1
80
08
1

D 
18

00
82

01
80

08
3

D1
86

05
1

D 1
86

05
2

D 
18

60
53

D 
18
60
54

01
86

05
5

D 1
65
99
2

1
1
3



Ta
bl

e 
1f

. 
(c
on
t'
d.
) 

Ma
jo
r-
, 

mi
no
r-
, 

an
d 

tr
ac
e-
el
em
en
t 

co
nc
en
tr
at
io
ns
 o

f 
38
3 

li
gn

it
e 

sa
mp
le
s 

fr
om
 t

he
 F

or
t 

Un
io

n 
Re

gi
on

.

SA
MP
LE
 

NU
MB
ER

D 
17

93
73

D 1
79
37
4

D1
 7
93
75

D 1
79
37
6

D 1
79

37
7

D 1
79
37
8

D 1
79
37
9

D 1
79
38
0

D1
 7
93
81

01
 7
93

82

D 1
79
38
3

D 1
79
38
4

D 1
80

00
7

D 1
80

00
8

D 1
80
00
9

D1
80
01
0

D1
80
01
1

D1
80
01
2

D1
80
01
3

D1
80
01
4

D1
80
01
5

D1
80
01
6

D1
80

01
7

D1
80
01
8

D1
80
01
9

D 1
80

07
5

D 1
80

07
6

D1
80

07
7

D 1
80
07
8

D 1
80
07
9

01
 8
00

80
D1

80
08

1
D1
80
08
2

D 1
80

08
3

D 1
86
05
1

D 1
86

05
2

D 1
86

05
3

D 1
86

05
4

D 1
86
05
5

D 1
65
99
2

MO
-S

 
CP
PM

)

2.
1

3.
2

3.
7

2.
1 .9
1

2.
4

2.
4

1.
6 N N 1.
9

1.
2

2.
1

1.
6 .8
5

.6
4

.6
7

.8
8

1.
5 .9
9

1.
7

1.
7

1.
7

1.
3

1.
6

1.
9

1.
1

11 1.
0 .9
3

.9
2

7.
8 .7
8

1.
3 .5
5

1.
3

1.
6

1.
6 .8
5

.8
5

NB
-S
 

(P
PM

)

N N N N N N 1.
6

3.
2 N N N 2.
3 N N N N N N 2.
9 N N N N N 2.
2 N 2.
1

4.
3 N N N 3.
1

1.
6 N 1.
6

1.
7L

2.
2

2.
1

2.
4L N

ND
-S
 

(P
PM

)

B B B B B B B B B B B B B B B B B B B B B B B B B B B N B B B B N B N N N N B N

NI
-S
 

(P
PM

)

4.
3

2.
1

9.
2

2.
1 .9
1

2.
4 .5
5

1.
1

1.
1

2.
0

1.
9

1.
2

2.
1

3.
2

1.
8

1.
4

1.
9

2.
6

2.
2

3.
0

3.
5

2.
2

3.
4

2.
5

3.
3

1.
9 .7
4

11 1.
5

1.
9 .6
4

7.
8 .7
8

1.
3

1.
2

1.
3

1.
1

1.
6

1.
8

1.
2

P (P
PM

)

62
0L

46
0L

80
0L

47
0L

40
0L

52
0L

35
0L

46
0L

48
0L

30
0L

42
0L

51
0L

47
0L

47
0L

53
0L

40
0L

42
0L

38
0L

63
0L

43
0L

51
0L

49
0L

50
0L

37
0L

48
0L

42
0L

46
0L

95
0L

44
0L

63
0

40
0L

68
0L

53
0

47
0

35
0L

38
0L

48
0L

45
0L

53
0L 31

PB
 

(P
PM

)

5.
7

2.
7L

4.
6

2.
7

2.
3

4.
2

2.
0L

3.
7

17 2.
0

3.
4

3.
5

2.
7

2.
7

3.
1L

2.
3L

2.
9

2.
6

3.
6L

2.
5

2.
9L

3.
4

2.
9

2.
9

3.
3

6.
7

3.
2

6.
5

2.
5

2.
3

2.
3L

3.
9

2.
0

2.
2

2.
4

2.
6

6.
5

14 5.
5

3.
6

SB
 

(P
PM
)

0.
30 .3
0

1.
0 .4
0

.2
0

.2
0

.3
0

.2
0

.2
0

.3
0

.3
0

.5
0

.2
0

.3
0

.1
0

.4
0

.3
0

.3
0

.5
0

.3
0

.3
0

.4
0

.3
0

.5
0

.4
0

.3
0

.3
0

3.
8 .1
0

.2
0

2.
1 .3
0

.4
0

.3
0

.2
0

.3
0

.3
0

.9
0

.6
0

.2
0

SC
 

(P
PM

?

0.
99 N 3.
7

1.
1 .9
1

.6
0

.5
5

1.
6 .7
6

.3
4

.4
8

.8
1

1.
6

1.
6 .8
5

1.
4 .6
7

1.
3

2.
2

1.
5

1.
7

1.
7

1.
1

1.
3

1.
6 .4
8

.5
3

6.
5 .7
1

.4
7

N 7.
8 .7
8

.4
5

1.
2 .8
6

1.
1L

1.
0

1.
8 N

SE
 

(P
PM
)

0.
64 .7
2

1.
4 .5
0

.4
8

.7
9

.3
6

.5
1

.6
4

.1
9

.4
9

.6
0

.5
9

.6
8

.8
5

.5
2

.4
0

.4
1

.5
0

.4
9

.8
2

.6
8

.6
3

.5
7

.7
5

1.
3 .5
0

1.
6

1.
4 .6
1

.6
8

.9
8

.6
8

1.
1 .8
0

.8
0

.9
0

1.
0 .8
0

.6
0

SN
-S

 
(P
PM
) N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N

SA
MP
LE
 

NU
MB
ER

D 1
79
37
3

D 1
79
37
4

D 1
79
37
5

D 1
79
37
6

D 1
79

37
7

D 1
79

37
8

D 1
79

37
9

D 1
79

38
0

01
 7
93
81

D 1
79

38
2

D 1
79

38
3

D 1
79
38
4

D 1
80

00
7

D1
80

00
8

D1
80

00
9

01
80

01
0

D1
80
01
1

01
80

01
2

D1
80

01
3

D1
80

01
4

01
80
01
5

01
80
01
6

D1
80

01
7

D1
80

01
8

D1
80
01
9

D1
80

07
5

01
 8
00

76
01

 8
00

77
01
80
07
8

01
80
07
9

01
80
08
0

01
80

08
1

01
80

08
2

01
80
08
3

01
86
05
1

01
86

05
2

01
86
05
3

01
86
05
4

01
86

05
5

01
65

99
2

1
1
4



Ta
bl

e 
1f
. 

(c
on

t'
d.

) 
Ma
jo
r-
, 

mi
no

r-
, 

an
d 

tr
ac

e-
el

em
en

t 
co
nc
en
tr
at
io
ns
 o

f 
38

3 
li

gn
it

e 
sa

mp
le

s 
fr
om
 t

he
 F

or
t 

Un
io
n 

Re
gi

on
.

SA
MP

LE
 

NU
MB

ER

D 
17

93
73

D 
17

93
74

D 
17
93
75

D 
17

93
76

D1
 7
93
77

D 
17

93
78

D 
17

93
79

D 
17
93
80

D 
17

93
81

D 
17
93
82

D 
17

93
83

D 
17
93
84

D1
80

00
7

D1
80
00
8

D 
18

00
09

D1
80
01
0

D1
80
01
1

D1
80
01
2

D1
80
01
3

D1
80
01
4

D 
18

00
 1
5

D1
80
01
6

D1
80

01
7

D1
80
01
8

D1
80
01
9

D1
80
07
5

D 
18

00
76

01
 8
00

77
D 
18

00
78

D 
18

00
79

D 
18

00
80

D 
18

00
81

D 
18
00
82

D 
18
00
83

D1
86
05
1

D 
18
60
52

D1
86
05
3

D 
18

60
54

D 
18
60
55

D 
16

59
92

SR
-S
 

(P
PM

)

28
0

16
0

28
0

32
0

27
0

24
0

16
0

32
0

33
0

34
0

29
0

23
0

32
0

32
0

18
0

64
0

14
0

26
0

22
0

49
0

35
0

22
0

34
0

42
0

33
0 48 16
0

33
0

30
0

19
0

18
0

15
0

39
0

27
0

55
0

17
0

22
0

16
0

37
0

60
0

TH
 

(P
PM

) N N N N N N N N N N N N N N N N 5.
8 N N N N N N N N N N N N N N 3.
0L N N 1.
7 .9
5

1.
5 .8
9

1.
5 N

TL
-S

 
(P

PM
) N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N

U (P
PM
) 0.
79 .7
9

2.
4

1.
1 .7
9

.7
3

.4
4

.6
2

.8
4

.1
9

.5
4

.6
1

1.
00
L

.5
9

1.
00

L

.5
4

1.
00

L
.9

1
1.
3

1.
00

L

.7
1

.9
6

.6
8

.5
2

.6
6

.7
0

.7
6

6.
1 .5
0

.8
0

.3
2

3.
6 .6
2

1.
0 .8
1

.7
0

.8
4

.8
5

.7
9

.3
8

V-
S 

(P
PM

) 9.
9

7.
4

28 7.
5

6.
4

6.
0

4.
0

7.
4

5.
5

2.
0

4.
8

5.
8

7.
5

16 6.
1

6.
4

6.
7

13 22 6.
9

8.
1

17 8.
0

8.
4

16 4.
8

7.
4

11
0 7.

1
2.

8

4.
6

46 5.
5

6.
2

2.
4

2.
6

3.
3

7.
3

6.
1

1.
8

W (P
PM
) N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N

Y-
S 

(P
PM

)

7.
1

2.
1

13 5.
4

6.
4

2.
4

4.
0

7.
4

2.
2

1.
4

1.
9

3.
5

5.
4

5.
4

3.
7

4.
6

6.
7

6.
2

10 6.
9

8.
1

5.
6

8.
0

5.
9

5.
5

1.
9

2.
1

22 2.
0

2.
8 N

23 5.
5

1.
8

5.
5

6.
0

3.
3

3.
1

8.
5 N

YB
 

(P
PM

) B B B .5
4

.4
6

B B .7
4

.2
2

.1
4

.1
9

B .5
4

.5
4

.3
7

.4
6

.4
8

.6
2

1.
0 .6
9

.8
1

.5
6

.8
0

.5
9

.5
5

.1
9

.2
1

3.
3 .2
0

.1
9

.1
8

2.
3 .3
9

.1
8

.5
5

.6
0

.3
3

.3
1

.8
5

N

ZN
 

(P
PM

) 9.
5

1.
9

19 2.
9

3.
5

6.
5

1.
7

3.
2

10 2.
0

3.
4

9.
7

14 14 8.
3

12 35 9.
7

13 24 8.
5

8.
2

13 14 5.
9

7.
3

3.
8

75 2.
7

2.
7

3.
5

14 3.
4

3.
5

2.
0

2.
7

3.
4

3.
7

3.
3

3.
4

ZR
-S

 
(P

PM
)

9.
9

7.
4

18 16 14 8.
3

5.
5

16 11 4.
8

6.
7

8.
1

53 7.
6

8.
5

14 14 13 29 15 17 17 11 13 16 9.
6

11 43 10 9.
3

6.
4

23 7.
8

8.
9

12 6.
0

7.
6

7.
3

12 3.
6

SA
MP
LE
 

NU
MB
ER

D 
17
93
73

D 
17
93
74

D 
17
93
75

D 
17
93
76

D 
17

93
77

D 
17
93
78

D 
17
93
79

D 
17
93
80

D 
17

93
81

D 
17
93
82

D 
17
93
83

D 
17
93
84

D1
80

00
7

D 
18
00
08

D 
18
00
09

D1
80
01
0

D1
80

01
1

D1
80
01
2

D1
80
01
3

D1
80

01
4

D1
80

01
5

D1
80
01
6

D1
80
01
7

D1
80
01
8

D1
80
01
9

D1
80

07
5

D 
18
00
76

D1
80
07
7

D 
18
00
78

D1
80

07
9

D 
18
00
80

01
80
08
1

D 
18
00
82

D 
18
00
83

D1
86

05
1

D 
18
60
52

D1
86

05
3

D1
86

05
4

D1
86
05
5

D 
16
59
92

1
1
5



Ta
bl

e 
1f
. 

(c
on

t'
d.

) 
Ma

jo
r-

, 
mi

no
r-

, 
an

d 
tr

ac
e-

el
em

en
t 

co
nc
en
tr
at
io
ns
 o

f 
38

3 
li
gn
it
e 

sa
mp
le
s 

fr
om
 t

he
 F

or
t 

Un
io

n 
Re
gi
on
.

SA
MP
LE
 

SI
 

AL
 

CA
 

MG
 

NA
 

K 
FE

 
TI

 
NU
MB
ER
 

(P
ER
CE

NT
) 

(P
ER

CE
NT

) 
(P
ER
CE
NT
) 

(P
ER
CE
NT
) 

(P
ER
CE
NT
) 

(P
ER

CE
NT

) 
(P
ER
CE
NT
) 

(P
ER
CE
NT
)

D 
16
59
93

D 
19

60
52

D 
19

60
53

D 
19
60
54

D 
19

60
55

D 
19

60
56

D 
19
60
57

D 
19
60
58

D 
19
60
59

D 
19

60
60

D 
19

60
61

D 
19

60
62

D 
19

60
75

D 
19
60
76

D 
19
60
77

D 
19

60
78

D 
19

60
79

D1
96
08
0

D 
19
60
81

D 
19
48
58

D 
19
48
59

D 
19

48
60

D1
94
86
1

D 
19

48
62

D1
 9
48
63

D 
19

48
64

D1
 9
48

65
D 
19
48
66

D 
19
48
67

D 
19
48
68

D 
19
48
69

D 
19

48
70

D1
94

02
9

D1
94
03
0

D 
19
40
31

D 
19

40
32

D 
19

40
33

D 
19

40
34

D 
19

40
35

D 
19

40
36

0.
18 .7
6

1.
2 .7
1

.9
3

.4
5

1.
1 .7
3

2.
8

1.
4 .9
2

2.
4

9.
3

2.
4

8.
1

1.
0

5.
2

3.
3

1.
7

2.
9

1.
4

5.
0

1.
8

1.
2 .9
8

5.
0 .5
9

10
.7
3

. 
.2
0

.9
8

1.
5

1.
1

1.
4

3.
1

1.
1 .4
1

11 1.
4

1.
2

0.
30 .3
6

.3
6

.3
4

.5
1

.2
0

.4
3

.3
7

.6
6

.6
4

.4
5

.6
2

3.
2 .7
2

2.
6 .5
3

2.
0 .8
3

.7
6

.9
1

.6
2

1.
3 .6
5

.5
2

.4
9

.9
7

.2
8

1.
9 .4
9

.1
9

.4
1

.4
5

.6
2

.6
2

1.
3 .6
8

.3
1

2.
5 .3
9

.3
6

1.
5

1.
3

1.
0 .9
5

1.
5

1.
4

1.
1 .9
9

1.
0

1.
2

1.
2

1.
1

1.
1 .9
9

1.
2

1.
7

1.
2

1.
7

1.
4

1.
8

1.
3

1.
3

1.
0 .9
7

1.
4

1.
0

1.
2 .8
3

1.
2

1.
0

1.
2 .8
2

1.
2

1.
1 .9
7

1.
3

1.
2 .8
3

1.
0 .8
7

0.
56 .3
0

.3
3

.4
8

.3
8

.3
4

.3
3

.3
2

.2
7

.3
3

.4
5

.3
2

.5
6

.2
8

.4
0

.1
8

.2
2

.2
8

.1
9

.3
8

.3
4

.5
4

.3
8

.3
4

.3
9

.3
9

.3
4

.3
7

.3
5

.3
2

.3
8

.3
3

.3
6

.2
7

.2
2

.5
0

.4
1

.3
4

.2
5

.3
4

0.
17 .0
44

.4
1

.1
3

.0
92

.0
69

.6
6

.6
8

.1
0

.1
3

.1
7

.6
7

.3
4

.9
5

.2
6

.3
0

.5
0

.1
3

.0
81

.0
59

.0
86

.4
6

.7
1

.6
5

.3
1

.6
8

.6
3

.6
0

.6
5

.6
6

.1
2

.6
1

.2
7

.6
9

.6
6

.2
1

.1
6

.6
7

.6
2

.3
1

0.
00
7L

.0
36

.1
0

.0
55

.0
36

.0
31

.0
42

.0
38

.1
4

.0
92

.0
33

.1
1

.7
0

.1
2

.4
1

.0
56

.2
8

.1
7

.0
99

.0
65

.0
71

.2
7

.0
59

.0
35

.0
24

.0
98

.0
23

.2
9

.0
15

.0
16

.0
32

.1
1

.0
65

.0
79

.0
55

.0
19

.0
14

.4
5

.0
49

.0
40

0.
42

1.
4

1.
2 .8
0

.2
2

.2
6

.4
0

.6
4

2.
0 .7
0

.6
5

.5
6

2.
9

1.
2

1.
2 .7
9

1.
7

1.
3 .5
3

.5
7

.4
9

.7
3

.2
3

.6
2

.4
2

.5
9

.4
9

.5
4

.4
1

.2
2

.8
0

1.
0 .4
9

.4
4

1.
0 .6
2

.6
1

.4
9

.4
5

.3
9

B .0
26

.0
27

.0
34

.0
36

.0
18

.0
48

.0
39

.0
61

.0
37

.0
36

.0
68

.1
6

.0
37

.1
3

.0
41

.1
1

.0
66

.0
43

.0
94

.0
26

.0
84

.0
67

.0
38

.0
40

.1
6

.0
33

.2
9

.0
33

.0
24

.0
34

.0
34

.0
35

.0
44

.0
88

.0
28

.0
26

.1
6

.0
41

.0
34

AG
-S
 

(P
PM
) N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N .5
0

N N

AS
 

(P
PM

) 8.
0

8.
9

18 11 1.
4

7.
0

3.
9

15 14 10 6.
1

4.
4

15 17 16 4.
1

32 6.
6

4.
2

7.
0

11 6.
1

5.
4

7.
5

1.
8

4.
2

3.
4

7.
2

3.
0

4.
0

4.
9

19 19 22 28 1.
1

2.
7

13 11 4.
8

SA
MP
LE
 

NU
MB
ER

D 
16
59
93

D1
96

05
2

D 
19

60
53

D 
19
60
54

D 
19

60
55

D 
19
60
56

D1
96
05
7

D 
19
60
58

D1
96
05
9

D 
19
60
60

D 
19

60
61

D 
19

60
62

D1
96
07
5

D1
96
07
6

D 
19
60
77

D 
19
60
78

D 
19
60
79

D 
19
60
80

D1
96

08
1

D 
19
48
58

D 
19
48
59

D 
19

48
60

D1
94

86
1

D 
19
48
62

D 
19

48
63

D 
19
48
64

D 
19

48
65

D 
19
48
66

D 
19
48
67

D 
19
48
68

D 
19
48
69

D 
19
48
70

D 
19
40
29

D 
19
40
30

D 
19
40
31

D 
19
40
32

D 
19
40
33

D1
94

03
4

D1
94

03
5

D 
19
40
36

1
1
6



Ta
bl

e 
1f
. 

(c
on

t'
d.

) 
Ma
jo
r-
, 

mi
no

r-
, 

an
d 

tr
ac
e-
el
em
en
t 

co
nc

en
tr

at
io

ns
 o

f 
38

3 
li
gn
it
e 

sa
mp

le
s 

fr
om
 t

he
 F

or
t 

Un
io
n 

Re
gi
on
.

SA
MP
LE
 

NU
MB
ER

D 
16

59
93

D 
19

60
5 
2

D 
19
60
53

D 
19

60
54

D1
96
05
5

D 
19
60
56

D 
19
60
57

D 
19

60
58

D 1
96
05
9

D 
19

60
60

D 
19

60
61

D 
19
60
62

D 
19

60
75

D 1
96
07
6

D 
19
60
77

D 
19
60
78

D 
19
60
79

D 
19

60
80

D1
96
08
1

D 
19
48
58

D 
19
48
59

D 
19

48
60

D 
19
48
61

D 
19

48
62

D 1
94

86
3

D 
19

48
64

D 1
94

86
5

D 1
94
86
6

D 
19
48
67

D 
19

48
68

D 
19

48
69

D 
19

48
70

D 
19

40
29

D 
19

40
30

D1
94
03
1

D 
19

40
32

D 
19

40
33

D 
19

40
34

D 
19

40
35

D 
19
40
36

B-
S 

(P
PM
)

26
0

11
0

11
0

14
0 87 11
0

15
0 92 12
0

12
0 99 89 11
0

16
0

22
0

17
0

18
0

28
0

18
0 79 11
0

10
0 71 73 14
0

14
0

14
0

16
0

14
0

13
0

14
0

17
0 97 11
0

11
0

12
0

13
0

10
0

15
0

12
0

BA
-S
 

(P
PM
)

44
0

54
0

56
0

66
0

61
0

37
0

1,
00

0
92
0

51
0

18
0

69
0

64
0

38
0

47
0

46
0

56
0

51
0

18
0

36
0

79
0

21
0

40
0

1,
00

0
52

0
66
0

59
0

64
0

48
0

64
0

66
0

47
0

57
0

49
0

74
0

82
0

23
0

61
0

67
0

49
0

57
0

BE
-S
 

(P
PM
) N N .3
3

.2
9

.2
6

.7
4

.3
0

1.
4 N .8
6

N .3
8

1.
1 .4
7

.9
3

N N N N N .5
4

.6
0

N .3
2

N .5
9

N .9
6

.2
8

.4
6

.2
9

.3
5

.9
7

N 1.
1 N .2
6

1.
0 .2
9

.2
4

CD
 

CE
 

(P
PM
) 

(P
PM
)

0.
08
8L

.1
1L

.1
1L

.1
9

.0
87

L

.0
74

L
.1
0L

.0
92

L
.1
7L

.1
2

.0
99

L
.1
3L

.3
8L

.1
6L

.3
1

.1
1L

.2
6L

.1
9L

.1
2L

.1
6L

.1
1L

.2
0L

.1
0L

.1
1L

.0
95

L

.2
0L

.0
91
L

.3
2L

.0
92
L

.0
66
L

.0
95
L

.1
2L

.0
97

L
.1

1
.1
6

.1
2L

.0
87

L
.3
3L

.0
98

.0
81

L

B N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N

CL
 

(P
PM
) B

20
0

10
0L

20
0

10
0L

20
0

10
0L

10
0

10
0L

10
0L

10
0L

20
0

10
0

10
0

10
0L

10
0L

10
0L

10
0L

10
0L B B B B B B B B B B B B B B B B B B B B B

CO
 

(P
PM

) N .6
0

1.
1

1.
1 .4
0

1.
2

1.
1

5.
4

1.
7

3.
1 .6
0

.9
0

.1
0L

1.
4

2.
5 .7
0

2.
6 .6
0

1.
3 .6
0

2.
0

3.
1 .8
0

.8
0

.7
0

1.
9 .6
0

1.
9 .8
0

.7
0

.8
0

1.
4

1.
0 .8
0

2.
1 .5
0

1.
0 .8
0

.1
0

.1
0L

CR
 

(P
PM

) 0.
62

1.
6

3.
8

3.
1

2.
3

2.
5

4.
2

3.
2

8.
6

8.
4

2.
2

5.
6

28 5.
0

16 2.
5

13 5.
5

5.
6

7.
5

7.
1

11 4.
9

4.
2

2.
2

10 1.
9

27 2.
7

1.
2

2.
3

5.
0

4.
3

4.
6

7.
0

2.
0

1.
5

19 4.
9

1.
7

CU
 

(P
PM

) 4.
0

4.
1

5.
9

4.
3

2.
8

6.
9

6.
7

4.
3

7.
6

13 4.
5

6.
5

33 7.
3

28 6.
9

23 8.
7

6.
4

7.
9

8.
6

7.
0

7.
1

4.
4

4.
8

11 4.
1

19 3.
7

2.
3

3.
8

4.
0

6.
4

6.
4

13 2.
9

3.
0

26 7.
1

3.
0

DY
-S
 

(P
PM
) B B B B B N B N B N B B N B B B B B B B B B B B B B B B N N B B N B N B B B N B

SA
MP
LE
 

NU
MB
ER

01
65

99
3

D1
 9
60

52
D 
19
60
53

D 
19

60
54

D 
19

60
55

D 
19
60
56

D 
19
60
57

D 
19
60
58

D 1
96
05
9

D 
19

60
60

D1
96

06
1

D 
19
60
62

D 
19

60
75

D 1
96
07
6

D 1
96
07
7

D 
19
60
78

D 
19
60
79

D 
19
60
80

D 
19
60
81

D 
19
48
58

D 
19
48
59

D 1
94
86
0

D 
19
48
61

D 
19

48
62

D 
19
48
63

D 
19

48
64

D 
19

48
65

D 
19
48
66

D 
19

48
67

D 
19
48
68

D 
19
48
69

D 
19
48
70

D 
19
40
29

D 
19
40
30

D 
19
40
31

D 
19

40
32

D 
19
40
33

D 1
94

03
4

D 
19

40
35

D 1
94
03
6

1
1
7



Ta
bl
e 

1f
. 

(c
on

t'
d.

) 
Ma
jo
r-
, 

mi
no

r-
, 

an
d 

tr
ac

e-
el

en
»n

t 
co
nc
en
tr
at
io
ns
 o

f 
38

3 
li

gn
it

e 
sa

mp
le

s 
fr
om
 t

he
 F

or
t 

Un
io

n 
Re
gi
on
.

SA
MP

LE
 

EU
 

NU
MB

ER
 

(P
PM
)

D 
16
59
93

01
 9
60
52

01
 9
60
53

01
96

05
4

01
96
05
5

01
96
05
6

01
96
05
7

01
96

05
8

01
96
05
9

01
96

06
0

01
96

06
1

01
96
06
2

01
96

07
5

D 
19
60
76

01
96
07
7

01
96

07
8

01
96

07
9

01
96
08
0

01
96

08
1

01
94

85
8

01
94

85
9

01
94
86
0

01
94

86
1

01
94
86
2

01
94
86
3

01
94

86
4

01
94
86
5

01
94

86
6

01
94
86
7

01
94
86
8

01
94

86
9

01
94

87
0

01
94
02
9

01
94
03
0

01
94

03
1

01
94
03
2

01
94

03
3

01
94
03
4

01
94
03
5

01
94
03
6

N B B B B B B B B B B B N N N N N N N N N N N N N N N N N N N N N N N N N N N N

F (P
PM

)

20
L

20 30 20 15 20 15 15 35 35 20 35 21
0 35 19
0 35 11
0 55 45 35 40 75 30 20 20
L

30 20
L

80 20
L

20
L

20
L

35 25 30 30 25 20
L

12
0 20
L

20
L

GA
-S
 

(P
PM
)

0.
88 B B 1.
9

1.
7

1.
1

2.
0

2.
8 B 2.
5

1.
5

2.
5

11 2.
3

9.
3

1.
7

7.
7

2.
8

2.
4

4.
7

3.
2

6.
0

3.
1

3.
2

2.
9

5.
9

1.
4

16 1.
4 .6
6

1.
4

1.
7

4.
9

3.
2

8.
2

3.
5

1.
7

10 2.
9

1.
2

GD
-S
 

(P
PM
) B B B B B N B N B N B B N B B B B B B B B B B B B B B B N N B B N B N B B B N B

GE
-S

 
iP

PM
) N N N N N N 7.
1

4.
6 N 3.
7 N N 7.
6L N N N N N N N N N N N N 5.
9 N N N N N N 2.
9 N N N 1.
7L N N N

HF
 

(P
PM

) N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N

HG
 

(P
PM

) 0.
11 .1
4

.1
6

.0
70

.0
20

.0
40

.0
60

.1
3

.1
1

.0
90

.1
2

.1
0

.0
60

.1
2

.1
8

.1
1

.3
9

.5
0

.0
60

.1
0

.0
90

.0
70

.0
60

.1
0

.0
80

.1
9

.1
1

.1
4

.0
60

.0
50

.0
80

.1
6

.1
3

.1
2

.5
0

.0
40

.1
1

.1
4

.1
1

.0
70

LA
 

(P
PM

) N N N N N N N N N N N N
27

N
22

N
18

N N N N N N N N N N N N N N N 9.
7L N N N N N N N

LI
 

(P
PM
) 4.
0

1.
7

2.
2

1.
2

2.
8 .7
4L

3.
4

2.
9

3.
0

3.
0

3.
2

3.
9

22 2.
8

33 2.
9

27 7.
2

3.
3

6.
0

2.
5

5.
4

4.
2

4.
0

2.
2

6.
1

1.
6

14 4.
0 .8
6

1.
7

2.
3

3.
0

2.
9

8.
9

5.
9

1.
1

11 2.
2 .8
9

MM
 

(P
PM
)

26
0

19
0 40 13
0 87 77 50 11 16
0

21
0 61 71 58
0 70 39
0

19
0 93 12
0 98 16
0

11
0

13
0 50 21 82 76 13
0 72 68 28 64 31 33 13 13 56 49 50 41 48

SA
MP
LE
 

NU
MB
ER

01
65

99
3

01
96

05
2

01
96

05
3

01
96

05
4

01
96
05
5

01
96
05
6

01
96
05
7

01
96

05
8

D 
19
60
59

D 
19
60
60

01
96

06
1

01
96

06
2

01
96

07
5

01
96
07
6

01
96
07
7

01
96

07
8

01
96

07
9

01
96

08
0

01
96

08
1

01
94
85
8

01
94

85
9

01
94

86
0

01
94

86
1

01
94

86
2

01
94

86
3

01
94

86
4

01
94

86
5

01
94
86
6

01
94

86
7

01
94

86
8

D 
19
48
69

D 
19
48
70

D 
19
40
29

01
94

03
0

01
94

03
1

01
94

03
2

01
94

03
3

01
94
03
4

D1
94
03
5

01
94

03
6



Ta
bl

e 
1f

. 
(c
on
t'
d.
) 

Ma
jo

r-
, 

mi
no

r-
, 

an
d 

tr
ac

e-
el

em
en

t 
co
nc
en
tr
at
io
ns
 o

f 
38

3 
li

gn
it

e 
sa
mp
le
s 

fr
om
 t

he
 F

or
t 

Un
io
n 

Re
gi
on
.

SA
MP

LE
 

NU
MB

ER

D 
16
59
93

D 
19
60
52

D 
19
60
53

D 
19
60
54

D1
 9
60
55

D1
 9
60
56

D 
19

60
57

D 
19

60
58

D1
 9
60
59

D 
19
60
60

D1
96
06
1

D1
 9
60
62

D 
19
60
75

01
 9
60
76

D 
19

60
77

01
 9
60

78
D 
19
60
79

D 
19
60
80

D 
19

60
81

D 
19
48
58

D 
19

48
59

D 
19
48
60

D 
19

48
61

D 
19
48
62

D 
19
48
63

D 
19
48
64

D 
19
48
65

D1
 9
48

66
D 1

94
86
7

D 1
94

86
8

D 
19
48
69

D 
19
48
70

D1
94

02
9

D 
19

40
30

01
94
03
1

D 
19

40
32

01
94
03
3

01
94
03
4

01
94
03
5

01
 9
40
36

MO
-S

 
(P
PM
) N 1.
6

3.
3

1.
4 N 2.
2

1.
5

1.
4

2.
5

1.
8 .6
9

1.
9

5.
7

1.
6

3.
1 .7
9

5.
1

5.
6

1.
8

1.
1

2.
1 N .7
1L

1.
1 .6
7L

2.
9 .6
4L

2.
2 .6
4

.4
6

.9
5

1.
7

1.
5

1.
6

1.
6 .8
1

.6
1

5.
0

2.
0

1.
2

NB
-S
 

(P
PM

) N N N N N N 2.
0L

2.
8 N 3.
7 N N 7.
6 N N N 5.
1L N N 3.
1L

2.
1L N N N N 5.
9 N 9.
6

1.
8L N N N 2.
9 N 4.
9

2.
3 N 6.
7

2.
0L N

ND
-S
 

(P
PM

) N B B B B B B B B B B B N B N B N B B B B B B B B B B B B B B B N B B B B B B B

NI
-S
 

(P
PM
)

0.
88

2.
2

3.
3

1.
9

1.
3

3.
7

3.
0

4.
6

3.
4

6.
2

2.
0

1.
9

57 3.
1

6.
2

1.
7

7.
7

1.
9L

2.
4

1.
6L

7.
5

10 2.
0

2.
1

1.
9

3.
9

1.
8

3.
2

1.
4

2.
0

1.
4

2.
3

1.
9

1.
6

4.
9

1.
7

1.
3

10 2.
9

5.
7

P (P
PM

)

17
L

87 44
L

44
L

17
0

13
0

17
0 44
L

44
L

44
L

44 87 17
0

17
0 87 44
L

13
0 44
L

44
L

69
0L

47
0L

87
0L

45
0L

46
0L

42
0L

86
0L

40
0L

1,
40
0L

40
0L

29
0L

42
0L

50
0L

42
0

46
0L

72
0L

5,
10

3,
80
1

1,
50
0L

43
0L

35
0L

PB
 

(P
PM

) 2.
2L

2.
7L

2.
8L

2.
4L

3.
0

2.
2

2.
5

3.
2

4.
2L

4.
3

2.
5

3.
2

11 5.
5

12 3.
4

12 4.
6

4.
8

6.
3

3.
7

6.
0

2.
6

2.
6

2.
4

4.
9

2.
7

8.
0L

2.
3

1.
7

2.
9

4.
0

4.
4

4.
2

8.
2

4.
6

3.
0

8.
4L

2.
5L

4.
5

SB
 

(P
PM

) 0.
20 .2
0

.3
0

.4
0

.1
0

.3
0

.4
0

1.
1 .3
0

.4
0

.2
0

.3
0

.1
0L

1.
0

1.
6 .3
0

1.
1 .3
0

.6
0

.3
0

1.
0 .4
0

.3
0

.4
0

.1
0

.5
0

.1
0

1.
0 .1
0

.1
0

.2
0

.3
0

1.
1 .6
0

1.
2 .1
0

.2
0

.1
0L

.6
3

.1
0L

SC
 

(P
PM

) N 1.
1L

1.
1

1.
9

1.
3

1.
5

1.
5

6.
4

1.
7

3.
7 .9
9

1.
9

11 1.
6

4.
6 N 3.
9

1.
9

1.
8

2.
4

2.
1

2.
0

1.
5

1.
1 .9
5

2.
9 .9
1L

4.
8

1.
4

1.
3

1.
4

1.
2

2.
9

1.
6

3.
3

1.
7 .8
7

5.
0

2.
9 .8
1

SE
 

(P
PM

) 0.
50 .5
0

.6
0

.3
0

.3
0

.5
0

.7
0

.5
0

.4
0

.8
0

.5
0

.6
0

.8
0

.4
0

2.
1 .8
0

1.
6

1.
2 .8
0

1.
0 .8
0

.9
0

.6
0

1.
0 .4
0

1.
2 .6
0

1.
7 .5
0

.2
7

.6
0

.5
5

1.
2 .9
0

.1
0L

.9
0

.5
1

1.
7 .9
5

.5
3

SN
-S
 

(P
PM
) N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N

SA
MP

LE
 

NU
MB

ER

01
65

99
3

01
96

05
2

01
96
05
3

01
96

05
4

01
96
05
5

01
96
05
6

01
96
05
7

01
96

05
8

01
96
05
9

01
96

06
0

01
96
06
1

01
96
06
2

01
96
07
5

01
 9
60

76
01

96
07

7

01
96
07
8

01
96

07
9

01
96

08
0

01
96
08
1

01
94
85
8

01
94
85
9

01
94

86
0

01
94
86
1

01
94

86
2

01
94
86
3

01
94

86
4

01
94
86
5

01
94
86
6

01
94

86
7

01
94
86
8

01
94

86
9

01
94

87
0

01
94
02
9

01
94

03
0

01
94
03
1

01
94

03
2

01
94

03
3

01
94
03
4

01
94
03
5

01
94
03
6

1
1
9



Ta
bl
e 

1f
. 

(c
on

t'
d.

) 
Ma
jo
r-
, 

mi
no
r-
, 

an
d 

tr
ac

e-
el

em
en

t 
co

nc
en

tr
at

io
ns

 o
f 

38
3 

li
gn

it
e 

sa
mp

le
s 

fr
om

 t
he
 F

or
t 

Un
io
n 

Re
gi
on
.

SA
MP

LE
 

NU
MB

ER

D 
16
59
93

D1
96

05
2

D 
19

60
53

D 
19
60
54

D 
19

60
55

D 
19
60
56

D1
 9
60
57

D 
19

60
58

D 
19
60
59

D 
19

60
60

D 
19

60
61

D 
19
60
62

D 
19

60
75

D 
19
60
76

D 
19
60
77

D 
19
60
78

D 
19
60
79

D 
19

60
80

D 
19

60
81

D 
19
48
58

D 
19
48
59

D 
19
48
60

D 
19

48
61

D 
19

48
62

D 
19

48
63

D 
19

48
64

D 
19

48
65

D 
19

48
66

D 
19
48
67

D 1
94
86
8

D 
19
48
69

D 
19

48
70

D 
19
40
29

D 
19

40
30

D 
19
40
31

D 
19
40
32

D 
19

40
33

D 
19
40
34

D 
19

40
35

D 
19
40
36

SR
-S
 

(P
PM

)

44
0

22
0

56
0

28
0

43
0

37
0

71
0

92
0

25
0

25
0

69
0

64
0

38
0

47
0

31
0

34
0

39
0

37
0

24
0

47
0

32
0

40
0

71
0

52
0

47
0

39
0

64
0

48
0

64
0

66
0

47
0

34
0

49
0

32
0

33
0

35
0

43
0

33
0

49
0

41
0

TH
 

(P
PM
) N .8

0
.5
0

.5
0

1.
0 .5
0

1.
1

1.
5 .9
0

1.
4 .9
0

1.
2

4.
1

1.
0

6.
6

1.
1

5.
2

2.
3

1.
7

1.
9

1.
3

2.
3

1.
4

1.
5 .8
4

2.
9 .9
6

5.
3

1.
0 .2
8

1.
4 .7
3

1.
4 .9
8

4.
9

1.
7 .4
8

3.
7

1.
2 .7
7

TL
-S
 

(P
PM
) N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N

U (P
PM

) 0.
22 .8
5

.8
1

1.
2 .6
2

1.
4

1.
1

1.
3

1.
3

2.
0 .7
8

1.
1

4.
0

1.
3

5.
0 .8
1

4.
3

1.
7

1.
7

1.
2

1.
6

1.
6 .8
6

.8
4

.6
5

2.
0 .5
7

2.
9 .7
0

.3
4

1.
1 .6
6

1.
7

1.
5

3.
2

1.
0 .7
1

3.
2

1.
1

1.
1

V-
S 

(P
PM

) 1.
3

2.
2

7.
8

6.
7

4.
4

5.
2

7.
1

6.
4

12 18 3.
0

8.
9

76 11 46 3.
4

39 9.
3

8.
3

24 16 14 10 7.
4

4.
8

20 2.
7

48 9.
2

3.
3

2.
9

8.
1

15 7.
4

11 3.
5

2.
6

50 9.
8

1.
6

W (P
PM
) N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N

Y-
S 

(P
PM

) N 2.
2

3.
3

4.
8

4.
4

5.
2

5.
1

9.
2

5.
1

8.
6

3.
0

3.
8

27 4.
7

16 2.
3

13 5.
6

3.
6

4.
7

5.
4

6.
0

3.
1

3.
2

2.
9

5.
9

1.
8

16 6.
4

6.
6

2.
9

2.
3

6.
8

2.
1

11 2.
3L

2.
6

10 6.
9

2.
4

YB
 

(P
PM

) N B B .2
9

.2
6

.3
7

.3
0

.9
2

B .8
6

.3
0

.3
8

2.
7 .4
7

1.
6 N .7
7

.5
6

.3
6

.3
1

.3
2

.6
0

.2
0

.3
2

.1
9

.5
9

.1
8L

.9
6

.2
8

.4
6

.2
9

.3
5

.6
8

.2
1

1.
1 .2
3L

.2
6

1.
7 .6
9

.2
4

ZN
 

(P
PM
) 1.
8L

4.
5

3.
9

6.
6

4.
6

4.
4

6.
8

5.
7

5.
7

17 4.
2

14 76 4.
5

33 7.
0

30 7.
6

42 2.
8

29 17 6.
5

6.
3

2.
9

13 7.
8

20 2.
6

2.
1

3.
0

7.
1

4.
1

3.
4

3.
4

1.
9

2.
3

22 2.
7

2.
3

ZR
-S
 

(P
PM
)

4.
4

11 11 6.
7

13 7.
4

20 28 25 25 15 19 57 23 46 7.
9

51 28 18 24 11 20 15 11 14 39 9.
1

64 14 4.
6

14 8.
1

19 11 49 17 6.
1

10
0 20 8.

1

SA
MP

LE
 

NU
MB

ER

D 1
65

99
3

D 
19

60
52

D 
19

60
53

D 
19

60
54

D 1
96

05
5

D 
19

60
56

D1
96
05
7

D 
19

60
58

D 1
96

05
9

D 
19

60
60

D 1
96
06
1

D 
19

60
62

D 
19

60
75

D 
19

60
76

D 1
96
07
7

D 1
96

07
8

D 
19
60
79

D 
19

60
80

D 
19
60
81

D 
19

48
58

D 
19

48
59

D 
19

48
60

D1
94
86
1

D 
19

48
62

D 
19

48
63

D 
19

48
64

D 
19

48
65

D 
19

48
66

D 
19

48
67

D 
19

48
68

D 
19
48
69

D 
19

48
70

D 
19
40
29

D 
19

40
30

D 
19
40
31

D 
19

40
32

D 
19

40
33

D 
19

40
34

D 
19

40
35

D 
19

40
36

1
2
0



Ta
bl
e 

1f
. 

(c
on
t'
d.
) 

Ma
jo
r-
, 

mi
no
r-
, 

an
d 

tr
ac

e-
el

em
en

t 
co
nc
en
tr
at
io
ns
 o

f 
38

3 
li

gn
it

e 
sa
mp
le
s 

fr
om

 t
he

 F
or
t 

Un
io
n 

Re
gi
on
.

SA
MP
LE
 

SI
 

AL
 

CA
 

MG
 

NA
 

K 
FE
 

TI
 

NU
MB
ER
 

(P
ER

CE
NT

) 
(P

ER
CE

NT
) 

(P
ER
CE
NT
) 

(P
ER
CE
NT
) 

(P
ER
CE
NT
) 

(P
ER

CE
NT

) 
(P

ER
CE

NT
) 

(P
ER

CE
NT

)

01
96

62
4

D 
19
66
25

01
96
62
6

D 
19
66
27

01
96
62
8

01
96
62
9

01
96

63
0

01
96

63
1

01
96

63
2

01
96

63
3

01
96

63
4

01
96

63
5

01
96
63
6

01
96
63
7

01
96
63
8

01
96
63
9

01
96

64
0

02
21

09
7

02
21
09
8

02
21
09
9

02
21
10
0

02
21

10
1

02
21

10
2

02
21
10
3

02
21
10
4

02
21
10
5

02
21

10
6

02
13
98
3

02
13

98
4

02
13
98
5

02
13

98
6

02
13

98
7

02
13
98
8

D2
13
98
9

02
13
99
0

02
13

99
1

02
13
99
2

02
13
99
3

02
13

99
4

02
13

99
5

3.
4

1.
2

1.
3

7.
4

1.
3 .9
7

.4
7

2.
2

1.
1

1.
2

3.
6

1.
6

1.
7

2.
5 .9
7

.8
6

1.
2 .6
0

1.
2

1.
4

2.
4

4.
4 .4
6

.2
1

3.
6

1.
0 .2
0

1.
2

3.
2 .5
4

9.
8

1.
0

3.
6 .8
0

1.
4 .4
3

5.
8

2.
8 .5
2

2.
4

1.
1 .4
6

.4
8

1.
1 .6
1

.6
6

.3
6

.7
6

.5
4

.5
1

1.
4 .7
8

.8
1

1.
0 .6
1

.5
7

.7
0

.3
9

.6
2

.4
4

1.
0 .8
7

.4
0

.1
3

.9
9

.4
5

.2
4

.7
2

1.
6 .4
3

1.
2 .7
0

1.
3 .3
9

.6
5

.3
7

1.
3

1.
2 .4
4

.8
9

0.
77

1.
9

1.
8

1.
4

1.
6

1.
3

1.
1

1.
3

1.
2

1.
3 .7
3

1.
2

1.
3

1.
6

1.
6

1.
5

1.
6

1.
3 .8
2

.8
0

.8
9

1.
2 .9
7

1.
1

1.
7

1.
2 .9
4

.6
8

1.
2 .9
3

.9
5

1.
0 .7
7

.9
1

1.
2 .9
2

1.
1

1.
1 .9
4

.8
0

0.
42 .5
2

.5
1

.5
0

.5
1

.4
1

.3
5

.3
9

.4
0

.4
1

.3
4

.4
0

.4
1

.5
8

.4
9

.5
0

.4
7

.2
9

.2
8

.2
4

.2
7

.2
7

.2
7

.4
3

.6
3

.5
6

.2
5

.1
8

.2
2

.4
3

.3
5

.3
0

.3
2

.1
8

.2
3

.2
2

.2
7

.2
6

.2
8

.2
7

0.
08
1

.0
61

.0
60

.0
41

.0
29

.1
1

.1
4

.4
9

.5
7

.5
4

.5
0

.5
4

.5
4

.1
1

.0
87

.0
85

.0
68

.0
65

.6
1

.5
8

.6
1

.0
27

.5
2

.5
0

.0
85

.4
5

.5
2

.1
3

1.
1 .8
8

.9
2

.9
6

.7
4

1.
0

1.
1 .9
5

1.
0 .9
8

.6
2

.6
5

0.
28 .0
44

.0
35

.1
9

.0
70

.0
35

.0
52

.0
70

.0
35

.0
35

.3
2

.0
56

.0
69

.0
59

.0
43

.0
36

.0
50

.0
15

.0
18

.0
53

.1
5

.1
1

.0
14

.0
09

.1
0

.0
21

.0
13

.0
07

.0
35

.0
07

.2
8

.0
14

.3
6

.0
08

.0
15

.0
18

.0
73

.0
18

.0
14

.1
1

0.
32 .2
5

.3
3

.7
9

.6
5

.5
5

.6
4

.2
8

.4
6

.4
5

2.
4 .2
8

.4
0

.9
0

.5
5

.5
6

.5
8

.7
0

.6
1

.7
0

.7
5

.5
2

.2
3

1.
8

1.
2 .6
2

.2
7

.1
6

.2
6

.2
4

.7
9

1.
8

2.
6 .2
0

1.
7 .2
0

1.
1

1.
6 .3
7

.3
0

0.
05

2
.0

38
.0
38

.5
3

.0
43

.0
31

.4
8

.0
50

.0
38

.0
44

.0
77

.0
47

.0
42

.0
84

.0
31

.0
39

.0
36

.0
18

.0
24

.0
49

.0
42

.0
73

.0
14

.0
10

.0
56

.0
29

.0
06

.0
26

.1
5

.0
16

.2
1

.0
49

.0
61

.0
22

.0
76

.0
12

.1
3

.1
3

.0
12

.0
80

AG
-S

 
AS

 
(P

PM
) 

(P
PM
)

N N N N N N N N N N N N N N N N N .0
74

L
.0

88
L

.0
92
L

.1
3L

.1
6L

.0
63

L
.0
93
L

.1
8L

.0
95

L
.0
58
L

N N N N N N N N N N N N N

8.
9

2.
2

2.
7

10 4.
6

15 19 5.
2

4.
5

4.
3

63 6.
3

6.
3

7.
1

6.
6

8.
0

1.
6

9.
6

4.
3

11 14 3.
9

1.
7

7.
8

7.
1

2.
8

2.
6 B B B B B B B B B B B B B

SA
MP
LE
 

NU
MB
ER

01
96
62
4

01
96
62
5

01
96

62
6

01
96
62
7

01
96
62
8

01
96

62
9

01
96
63
0

01
96

63
1

01
96

63
2

01
96

63
3

01
96
63
4

01
96
63
5

01
96

63
6

01
96
63
7

01
96

63
8

01
96

63
9

01
96

64
0

02
21

09
7

02
21
09
8

02
21

09
9

02
21
10
0

02
21

10
1

02
21

10
2

02
21
10
3

02
21

10
4

02
21
10
5

02
21
10
6

02
13

98
3

02
13

98
4

02
13
98
5

02
13
98
6

02
13
98
7

02
13
98
8

02
13

98
9

D2
13
99
0

02
13

99
1

02
13
99
2

02
13
99
3

02
13
99
4

02
13

99
5

1
2
1



Ta
bl

e 
1f
. 

(c
on

t'
d.

) 
Ma

jo
r-

, 
mi

no
r-

, 
an
d 

tr
ac
e-
el
em
en
t 

co
nc
en
tr
at
io
ns
 o

f 
38

3 
li

gn
it

e 
sa

mp
le

s 
fr

om
 t

he
 F

or
t 

Un
io
n 

Re
gi

on
.

SA
MP

LE
 

NU
MB

ER

D 
19
66
24

D 
19

66
25

D 
19
66
26

D 
19
66
27

D 
19
66
28

D 
19
66
29

D 
19

66
30

D1
96

63
1

D 
19
66
32

D 
19

66
33

D 
19

66
34

D 
19

66
35

D 
19
66
36

D 
19
66
37

D 
19
66
38

D 
19
66
39

D 
19

66
40

D2
21

09
7

D2
21

09
8

D2
21
09
9

D2
21

10
0

D2
21

10
1

D2
21

10
2

D2
21

10
3

D2
21

10
4

D2
21
10
5

D2
21
10
6

D2
13

98
3

D2
13

98
4

D2
13

98
5

D2
13

98
6

02
 1
39
87

D2
13
98
8

D2
13
98
9

D2
13

99
0

D2
13

99
1

D2
13

99
2

D2
13
99
3

D2
13

99
4

D2
13
99
5

B-
S

(P
PM
)

14
0

16
0

16
0

20
0

18
0

16
0

19
0

18
0

16
0

16
0

15
0

11
0 83 12
0

16
0

16
0

18
0 96 12
0

11
0

14
0

16
0

14
0

13
0

11
0

14
0

16
0

50
0

32
0

59
0

32
0

21
0

32
0

41
0

30
0

38
0

48
0

18
0

16
0

12
0

BA
-S
 

(P
PM
)

14
0

10
0

11
0

5,
80

0
24
0

10
0

12
,O
OO
G

12
0

21
0 52 15
0

34
0

35
0

18
0

21
0

54
0

36
0

15
0

34
0

71
0

79
0

18
0

26
0

21
0

1,
20

0

33
0

16
0

11
0

1,
60

0
59

0

47
0

1,
40

0
1,

10
0

1,
70

0
1,

10
0

77
0

1,
20

0
92
0

78
0

83
0

BE
-S
 

(P
PM
)

2.
2 .5
3

.5
3

4.
3 .6
0

1.
6

2.
5

3.
6 .3
2

.3
1

1.
5 .3
4

.3
5

.5
3

.3
1

.3
2

.3
6

.6
4

.8
4

.7
9

1.
1 .7
1

.1
9

.5
4

.6
6

.3
0

.3
9

.7
2

.8
0

N .9
5L

.4
2L

2.
1 .4
2

.4
5L

.2
3L

1.
2 N N N

CD
 

(P
PM
) 0.
14

L
.1
1L

.1
1L

.2
9L

.1
2L

.4
2

.1
3L

.1
2L

.2
1

.1
0

.2
1L

.1
1L

.1
2L

.1
8L

.1
0L

.1
1L

.1
2L

.0
80
L

.0
96
L

.1
0L

.1
4L

.1
8L

.0
69

L
.1

0L
.2

0L

.1
0L

.0
63
L

.2
2

.3
2

.0
85

L

.9
5

.1
4L

.2
1

.1
7

.1
5L

.0
77
L

.4
8

.1
9L

.1
6

.1
2L

CE
 

(P
PM
) N N N N N N N N N N N N N N N N N 7.
4L

8.
9L

13 18 20 8.
3

9.
4L

26 10 7.
6 N N N N N N N N N N N N N

CL
 

(P
PM

)

10
0L

10
0L

10
0L

10
0L

10
0L

10
0L

10
0

10
0

10
0L

10
0L

10
0L

10
0L

10
0L

10
0L

10
0L

10
0L

10
0L

10
0L

10
0L

10
0L

10
0L

10
0L

10
0L

10
0

10
0

10
0L

10
0L

10
0L

10
0L

10
0L

10
0L

10
0L

10
0L

10
0L

10
0L

10
0L

10
0L

10
0L

10
0L

10
0L

CO
 

(P
PM

) 1.
6

1.
1

1.
0

2.
0 .8
1

3.
0

6.
2

3.
1 .5
3

.5
2

28
.6
9

.7
3

.5
8

.5
9

.5
9

3.
5

10 16 6.
9

10 12 19 48 13 19 68 4.
6

1.
2

2.
0

3.
2

1.
1

4.
0 .7
0

1.
6

1.
1

3.
8

3.
4 .4
8

1.
2

CR
 

(P
PM
) 9.
8

3.
6

3.
6

14 3.
7

4.
0

6.
3

5.
1

3.
0

2.
8

29 3.
3

4.
2

6.
3

1.
7

1.
8

2.
8

18 19 54 54 64 1.
4L

52 50 34 30 2.
8

7.
1

1.
7

17 3.
5

21 2.
4

3.
4

2.
1

18 8.
0

2.
6

12

CU
 

(P
PM
)

10 5.
6

5.
6

10 4.
4

21 9.
0

8.
0

4.
1

4.
6

25 4.
4

5.
2

13 3.
6

2.
7

4.
2

5.
5

5.
2

7.
0

11 8.
9

2.
7

3.
0

11 4.
6

2.
4

5.
1

13 2.
3

19 4.
4

14 4.
5

5.
4

3.
9

19 10 2.
9

9.
9

DY
-S
 

(P
PM
) N N N N B N N N B B N B B B B B B 1.
6L

1.
9L

2.
0L

2.
8L

3.
6L

1.
4L

2.
0L

4.
0L

2.
1L

1.
3L N N N N N N N N N N B B B

SA
MP
LE
 

NU
MB
ER

D 
19
66
24

D 
19

66
25

D 
19
66
26

D 
19
66
27

D 
19
66
28

D 
19
66
29

D 
19

66
30

D1
96

63
1

D 
19
66
32

D 
19

66
33

D 
19

66
34

D 
19

66
35

D 
19
66
36

D 
19
66
37

D 
19
66
38

D 
19
66
39

D 
19

66
40

D2
21
09
7

D2
21

09
8

D2
21
09
9

D2
21

10
0

D2
21

10
1

D2
21

10
2

D2
21
10
3

D 2
2 
11
 0
4

D2
21
10
5

D2
21
10
6

D2
13

98
3

D2
13

98
4

D2
13
98
5

D2
13
98
6

D2
13

98
7

D2
13

98
8

D2
13
98
9

D2
13

99
0

D2
13

99
1

D2
13

99
2

D2
13
99
3

D2
13
99
4

D2
13
99
5

1
2
2



Ta
bl
e 

1f
. 

(c
on
t'
d.
) 

Ma
jo
r-
, 

mi
no

r-
, 

an
d 

tr
ac

e-
el

em
en

t 
co
nc
en
tr
at
io
ns
 o

f 
38

3 
li
gn
it
e 

sa
mp
le
s 

fr
om

 t
he

 F
or
t 

Un
io
n 

Re
gi
on
.

SA
MP

LE
 

NU
MB
ER

D 
19
66
24

D 
19
66
25

D 
19
66
26

D 
19
66
27

01
 9
66
28

D 
19
66
29

D 
19
66
30

D1
96
63
1

D 
19
66
32

D 
19
66
33

D 
19
66
34

D 
19
66
35

D 
19
66
36

D 
19
66
37

D 
19
66
38

D 
19
66
39

D 
19
66
40

D2
21
09
7

D2
21
09
8

D2
21
09
9

D2
21
10
0

D2
21
10
1

D2
21
10
2

D2
21
10
3

D2
21
10
4

D2
21
10
5

D2
21
10
6

D2
 1
39

83
D2
13
98
4

D2
13
98
5

D2
13
98
6

D2
13
98
7

D 2
1 
39
88

D2
13
98
9

D2
13
99
0

D2
13
99
1

D2
13
99
2

D2
13
99
3

D2
 1
39

94
D2
13
99
5

EU
 

(P
PM
) B B B B B B B B B B B B B B B B B .1

6L
.1

9L
.2
0L

.2
8L

.3
6L

.1
4L

.2
0L

.4
0L

.2
1L

.1
3L

N B B B B B B B B B B B B

F (P
PM

)

90 20 20 40 20 20 20 25 25 25 11
0

35 35 20 20 20 25 25 25 25 55 50 20
L

20
L

65 20
L

20
L

14
0 25 25 11
0 35 11
0 20 20
L

20 20 20 20
L

45

GA
-S
 

(P
PM

)

10 2.
1

3.
2

14 3.
6

5.
2

13 6.
0

2.
1

3.
1

15 3.
4

2.
4

5.
3

1.
6

1.
6

1.
8 .9
6

2.
4

2.
0

3.
1

2.
3

1.
2 .6
0

2.
0

1.
0 .4
7

3.
6

11 2.
6

6.
3

4.
2

6.
4

2.
5

4.
5

2.
3

7.
3

13 2.
3

6.
0

GD
-S
 

(P
PM

) N N N N B N N N B B N B B B B B B 1.
6L

1.
9L

2.
0L

2.
8L

3.
6L

1.
4L

2.
0L

4.
0L

2.
1L

1.
3L N N N N N N N N N N B B B

GE
-S
 

(P
PM
)

2.
9L N N 5.
8L N 2.
1L

8.
8

6.
0 N N 6.
4 N N 3.
5L N N 2.
4L .2
2

.1
9L

1.
3 .7
1

1.
8 .3
4

.3
7

1.
0 .5
2

1.
3

1.
4 N N N N N 1.
7

4.
5 N N 3.
7 N N

HF
 

(P
PM
) N N N N N N N N N N N N N N N N N

16
L

19
L

20
L

28
L

36
L

14
L

20
L

40
L

21
L

13
L N N N N N N N N N N N N N

HG
 

(P
PM

) 0.
06
0

.0
60

.0
80

.1
8

.0
60

.2
3

.1
0

.0
60

.1
5

.1
3

1.
2 .1
1

.1
2

.2
4

.1
5

.1
5

.0
80

.1
5

.0
80

.1
4

.1
0

.0
40

.0
30

.2
6

.1
5

.0
80

.0
80

.0
20

.1
6

.0
40

.1
6

.4
8

.1
7

.0
80

.3
1

.0
50

.2
4

.3
4

.0
90

.0
90

LA
 

(P
PM
) N N N N N N N N N N N N N N N N N 3.
6

4.
4

2.
9

7.
1

6.
8

3.
2

4.
1

11 4.
0

3.
5

7.
2L N N N N N N N N N N N N

LI
 

(P
PM
) 5.
9

3.
5

3.
5

12 4.
7

5.
4

1.
3L

6.
8

4.
3

4.
4

6.
8

5.
9

5.
5

12 4.
7

5.
0

5.
7

2.
5

3.
1

2.
3

5.
3

5.
2

2.
8

1.
0L

4.
8

2.
9 .9
5

4.
2

7.
5

2.
2

6.
6

4.
2

3.
6

1.
2

2.
6

1.
5

5.
8

8.
0

3.
3

5.
4

MN
 

(P
PM
)

41 19
0

14
0 52 96 77 32 89 10
0

10
0 62 14
0

14
0

10
0

13
0

13
0

18
0 42 50 33 21 19
0 38 50 11
0 87 36 67
0

21
0 88 14
0 84 16
0 95 12
0

18
0

11
0

14
0 91 37

SA
MP
LE
 

NU
MB
ER

D 
19

66
24

D 
19

66
25

D 
19
66
26

D 
19
66
27

D 1
96
62
8

D 
19
66
29

D 
19
66
30

D 
19
66
31

D 
19

66
32

D 
19
66
33

D 
19
66
34

D 
19
66
35

D 
19
66
36

D 
19
66
37

D 1
96
63
8

D 
19
66
39

D 
19

66
40

D2
21
09
7

D2
21
09
8

D2
21

09
9

D2
21

10
0

D2
21

10
1

D2
21

10
2

D2
21
10
3

D2
21

10
4

D2
21

10
5

D 2
2 
11
 0
6

D2
13

98
3

D2
13

98
4

D2
13

98
5

D2
13
98
6

D2
13

98
7

D2
13
98
8

D2
13
98
9

D2
13

99
0

D2
13

99
1

D2
13

99
2

D2
13
99
3

D2
13

99
4

D2
13

99
5

1
2
3



Ta
bl
e 

1f
. 

(c
on

t'
d.

) 
Ma

jo
r-

, 
mi
no
r-
, 

an
d 

tr
ac

e-
el

em
en

t 
co
nc
en
tr
at
io
ns
 o

f 
38
3 

li
gn
it
e 

sa
mp

le
s 

fr
om

 t
he

 F
or
t 

Un
io
n 

Re
gi

on
.

SA
MP

LE
 

NU
MB
ER

D1
96
62
4

01
96
62
5

01
96

62
6

D1
96

62
7

01
96
62
8

01
96

62
9

01
96
63
0

01
96

63
1

01
96

63
2

D 
19

66
33

01
96

63
4

D1
96

63
5

01
96

63
6

D1
96

63
7

01
96

63
8

01
96

63
9

01
 9
66
40

D2
21
09
7

02
21

09
8

02
21

09
9

D2
21
10
0

D2
21
10
1

D2
21
10
2

02
21
10
3

02
21
10
4

02
21
10
5

D2
21

10
6

02
13
98
3

D2
13

98
4

D2
13
98
5

D2
13
98
6

02
13

98
7

02
13
98
8

D2
13

98
9

D2
13
99
0

D2
13
99
1

D2
 1
39

92
D2

 1
39

93
D2
13
99
4

02
13

99
5

MO
-S
 

CP
PM
)

2.
9

2.
1

1.
6

2.
9

3.
6

7.
3

6.
3

1.
8

1.
6

1.
6

15 1.
1 .8
3

1.
2

1.
6

1.
6

1.
8

2.
6

2.
8

2.
6

3.
1

2.
0 .6
7

2.
2

1.
9 .7
0

1.
0

7.
2

8.
0

6.
0

4.
7

2.
8

4.
3

2.
5

15 2.
3

7.
3

37 1.
2

1.
8

NB
-S

 
(P
PM
)

2.
9L

2.
1L L 5.
8L

2.
4L

2.
1L

8.
8

3.
6

2.
1

2.
1L

11 2.
3L

2.
4L

3.
5L N N 2.
4L

1.
5

4.
2

3.
2

4.
7

7.
3

1.
8

2.
2

6.
2

1.
9

1.
6

1.
4

3.
2

1.
7L

6.
3 N N 1.
7L

3.
0L N 4.
8L

3.
7

1.
6L

2.
4

ND
-S

 
(P
PM
) B B B B B B B B B B B B B B B B B 7.
4L

8.
9L

9.
3L

13
L

17
L 6.
4L

9.
4L

19
L 9.
6L

5.
9L N B B B B B B B B B B B B

NI
-S

 
(P

PM
)

2.
2

1.
1

1.
1

4.
3

1.
2

3.
1

6.
3

2.
4

1.
1

1.
0

43 1.
7

1.
2

1.
8

1.
6

1.
6

1.
8

1.
4

5.
1

2.
6

5.
8

5.
5

2.
5

4.
2

6.
6

3.
7

3.
3

36 3.
2

6.
0

16 2.
8

15 1.
7

7.
6

3.
9

24 9.
3 .7
8

3.
6

P (P
PM

)

44
L

26
0

22
0 44
L

87 44
L

44
L

44
L

87 13
0 44 44
L

44
L

44
L

22
0

26
0

39
0

17
0 44 44
L

44 48 44 44
L

87 22
0 44 44
L

44 44
L

83 44
L

13
0 44 48
L

44
L

44 39 44
L

44

PB
 

(P
PM
) 5.
8

3.
7

4.
8

7.
2

4.
2

3.
1

3.
1

6.
0

4.
2

3.
1

9.
6

4.
5

4.
1

29 4.
7

4.
3

3.
0L

4.
3

3.
2

3.
8

6.
0

4.
6

2.
6

3.
0L

6.
0L

3.
1L

1.
9L

3.
3

10 2.
1L

7.
9L

4.
4

5.
3L

2.
1L

3.
8

2.
4

7.
7

6.
8

2.
4

3.
3

SB
 

(P
PM

) 1.
9 .3
9

.4
0

2.
0 .4
1

1.
1

4.
7

1.
1 .3
8

.3
3

7.
3 .3
6

.3
6

.7
7

.6
1

.5
5

.3
3

.1
7

.4
6

1.
3 .9
0

.3
2

.1
0

.0
70

.3
3

.2
2

.1
8

.4
3

.8
0

.1
6

.9
2

.4
9

1.
4 .4
1

1.
0 .3
2

1.
5 .9
1

.2
1

.8
8

SC
 

(P
PM

) 7.
2

1.
6

1.
6

8.
6

1.
8

2.
1

3.
8

3.
6

1.
1

1.
0

6.
4

1.
1L

1.
2L

2.
6

1.
0L

1.
1L

1.
2L .9
6

1.
2

2.
3

2.
6

3.
4 .5
8

1.
4

3.
2

1.
1

1.
2

3.
6

4.
8 .8
5

6.
3

2.
8

6.
4

2.
5

2.
3

1.
5

7.
3

2.
8

1.
2

2.
4

SE
 

(P
PM

) 0.
60 .6
9

.7
0

1.
2 .6
0

.5
1

.6
1

1.
0 .6
6

.6
6

1.
1 .6
9

.8
1

1.
6 .1
0L

.5
3

.5
9

.5
6

.7
9

1.
1

1.
6 .5
6

.3
9

.5
0

.8
2

.4
8

.4
3

.8
0

2.
6 .4
4

1.
4

1.
2 .1
0L

.5
4

.9
6

.6
6

2.
0

2.
2 .8
2

1.
3

SN
-S

 
(P
PM
) N N N N N N N N N N N N N N N N N .7

4L
.8

9L
.9

3L

1.
3L

1.
7L .6
4L

.9
4L

1.
9L .9
6L

.5
9L

N N N N N N N N N N N N N

SA
MP
LE
 

NU
MB
ER

01
96

62
4

01
96
62
5

01
96
62
6

01
 9
66
27

01
96
62
8

01
96

62
9

01
96
63
0

01
96

63
1

01
96
63
2

01
96
63
3

01
96
63
4

01
96
63
5

01
96

63
6

01
96
63
7

01
 9
66

38

D 
19
66
39

D 
19
66
40

02
21

09
7

02
21
09
8

02
21
09
9

D2
21
10
0

D2
21

10
1

02
21

10
2

02
21
10
3

D2
21

10
4

02
21

10
5

02
21

10
6

02
13
98
3

02
13
98
4

D2
 1
39

85

02
13

98
6

02
13
98
7

02
13

98
8

02
13

98
9

D2
13
99
0

02
13

99
1

02
13
99
2

02
13

99
3

02
13

99
4

02
13

99
5

1
2
4



Ta
bl
e 

1f
. 

(c
on
t'
d.
) 

Ma
jo

r-
, 

mi
no

r-
, 

an
d 

tr
ac

e-
el

em
en

t 
co

nc
en

tr
at

io
ns

 o
f 

38
3 

li
gn
it
e 

sa
mp

le
s 

fr
om
 t

he
 F

or
t 

Un
io
n 

Re
gi
on
.

SA
MP

LE
 

NU
MB
ER

01
 9
66
24

01
 9
66
25

D 
19
66
26

D 
19
66
27

D 
19
66
28

01
 9
66
29

01
96

63
0

01
96
63
1

01
96

63
2

D 
19
66
33

D 
19

66
34

01
96
63
5

01
96

63
6

01
96
63
7

01
96

63
8

01
96
63
9

01
96

64
0

02
21

09
7

02
21
09
8

02
21
09
9

02
21

10
0

02
21

10
1

02
21

10
2

02
21

10
3

02
21

10
4

02
21

10
5

02
21

10
6

02
13

98
3

D2
13

98
4

02
13
98
5

02
13

98
6

02
13
98
7

02
13

98
8

D2
13
98
9

D2
13
99
0

02
13

99
1

02
13

99
2

D2
13
99
3

02
13

99
4

02
13
99
5

SR
-S
 

(P
PM
)

22
0

21
0

21
0

43
0

24
0

16
0

25
0

18
0

21
0

21
0

21
0

23
0

18
0

26
0

21
0

22
0

24
0

25
0

29
0

32
0

40
0

25
0

30
0

35
0

50
0

36
0

57
0G

11
0

32
0

25
0

47
0

14
0

43
0

41
0

30
0

38
0

36
0

28
0

23
0

24
0

TH
 

(P
PM

) 2.
5

2.
4

2.
3

5.
3

2.
0

1.
6

1.
1

3.
6

1.
8

1.
9

5.
7

2.
3

2.
3

4.
4

1.
4

1.
3

1.
8 .9
8

1.
9

1.
1

1.
8

1.
7 .8
9

.7
4

1.
6

1.
0 .3
2

2.
4

5.
1

1.
2

3.
9

2.
3

2.
1

1.
4

2.
1

1.
0

5.
0

5.
3

1.
4

3.
2

TL
-S
 

(P
PM
) N N N N N N N N N N N N N N N N N .7
4L

.8
9L

.9
3L

1.
3L

1.
7L .6
4L

.9
4L

1.
9L .9
6L

.5
9L

N N N N N N N N N N N N N

U (P
PM

)

11
.8
3

.9
0

9.
8

2.
7

2.
4

10 4.
1 .9
1

.9
1

13
.8

4
.9
3

4.
3 .8
9

1.
0

1.
2

1.
7

1.
2

1.
1

2.
0

1.
3 .3
3

.2
0

1.
3 .5
5

.2
0L

1.
2

2.
3

1.
4

2.
8

1.
5

2.
8

1.
9

4.
8 .8
9

4.
0

3.
0 .5
6

1.
3

V-
S 

(P
PM

)

22 7.
4

7.
4

29 8.
4

16 38 18 5.
3

3.
1

64 5.
7

3.
5

12 1.
6

1.
6

3.
6

1.
8

14 12 19 21 3.
7

6.
0

19 9.
7

3.
3

7.
2

24 6.
0

47 9.
9

11
0 12 15 7.
7

48 13 5.
5

24

U (P
PM

) N N N N N N N N N N N N N N N N N
93

L
93

L
93

L

93
L

93
L

93
L

93
L

93
L

93
L

93
L N N N N N N N N N N N N N

Y-
S 

(P
PM

)

14 7.
4

18 29 3.
6

7.
3

13 18 3.
2

3.
1

21 3.
4

3.
5

8.
8

3.
1

3.
2

3.
6

5.
7

6.
4

7.
2

6.
8

11 3.
4

8.
2

12 4.
2

6.
9

7.
2

24 6.
0

22 9.
9

21 8.
3

11 7.
7

24 9.
3

3.
9

6.
0

YB
 

(P
PM

) 1.
4 .5
3

.5
3

2.
0 .3
6

.7
3

1.
9

1.
8 .3
2

.3
1

3.
2 .3
4

.3
5

.5
3

.2
1

.2
2

.3
6

.3
3

.3
7

.4
8

.5
7

.9
8

.2
4

.5
4

1.
1 .3
3

.4
2

.7
2

1.
6 .4
3

2.
2 .9
9

2.
1 .5
8

.7
6

.5
4

2.
4 .9
3

.3
9

.6
0

ZN
 

(P
PM
)

16 6.
0

5.
9

25 6.
5

83 34 31 19 20 17
0 29 28 19 5.
0

5.
2

17 2.
2

6.
8

4.
0

7.
2

3.
6L

1.
4L

14 8.
8

3.
9

21 16 53 1.
7L

15 2.
8L

10 6.
2

3.
0L

1.
5L

43 6.
7

6.
6

3.
8

ZR
-S
 

(P
PM
)

29 16 16 86 18 16 63 60 16 16 64 17 18 26 10 11 18 17 30 28 43 64 12 12 38 23 5.
7

36 80 26 16
0 28 11
0 41 45 12 12
0 55 12 36

SA
MP
LE
 

NU
MB
ER

01
96
62
4

01
96
62
5

01
96

62
6

01
96
62
7

01
96

62
8

01
96
62
9

01
96

63
0

01
96

63
1

01
96

63
2

01
96

63
3

D 
19
66
34

01
96
63
5

01
96
63
6

01
96
63
7

01
96

63
8

01
96
63
9

01
96

64
0

02
21
09
7

02
21
09
8

02
21
09
9

02
21

10
0

02
21

10
1

02
21

10
2

02
21

10
3

02
21

10
4

02
21

10
5

02
21
10
6

02
13

98
3

02
13
98
4

02
13
98
5

02
13
98
6

02
13
98
7

02
13
98
8

D2
13
98
9

02
13

99
0

02
13

99
1

02
13
99
2

02
13

99
3

02
13

99
4

02
13
99
5

1
2
5



Ta
bl

e 
1f

. 
(c
on
t'
d.
) 

Ma
jo
r-
, 

mi
no
r-
, 

an
d 

tr
ac
e-
el
em
en
t 

co
nc
en
tr
at
io
ns
 o

f 
38

3 
li

gn
it

e 
sa
mp
le
s 

fr
om
 t

he
 F

or
t 

Un
io
n 

Re
gi

on
.

SA
MP
LE
 

SI
 

AL
 

CA
 

MG
 

NA
 

K 
FE
 

TI
 

NU
MB
ER
 

(P
ER

CE
NT

) 
(P

ER
CE

NT
) 

(P
ER

CE
NT

) 
(P
ER
CE
NT
) 

(P
ER

CE
NT

) 
(P

ER
CE

NT
) 

(P
ER

CE
NT

) 
(P

ER
CE

NT
)

D2
13

99
6

D2
 1
39

97
D2
 1
39

98
D2
13
99
9

D2
14

00
0

D2
14

00
1

D 
19
63
99

D 
19

64
00

D1
96

40
1

D 
19

64
02

D 
19

64
03

D 
19

64
04

D 
19

64
05

D 
19
64
06

D 
19
64
07

D2
10
36
5

D2
10

36
8

D2
10

36
9

D2
10

37
1

D2
10

37
2

D2
18
90
7

D2
10

36
6

D2
10
37
0

D 
19

65
93

D 
19

65
94

D 
19

65
95

61
96
59
6

D1
96
59
7

D2
40

97
3

D2
40
97
4

D2
40

97
5

D2
40

97
6

D2
40
97
7

D2
40

97
8

D2
40

97
9

D2
40
98
0

D2
40

98
1

D2
40

98
2

D2
40

98
3

D2
40
98
4

3.
3 .9
0

2.
6 .7
4

1.
4 .9
3

.5
3

.8
8

3.
5 .6
9

.8
2

2.
6 B 1.
4 .5
4

B 6.
2 B .8
3

2.
8 .4
7

B .7
1

8.
7

4.
5

6.
9

5.
1

7.
8 .2
8

2.
1

1.
2 .3
4

.3
9

2.
1 .3
1

.8
3

6.
9

1.
8

1.
9 .4
6

0.
96 .4
0

.8
7

.4
5

.5
6

.7
1

.8
4

.8
4

.7
3

.7
6

1.
1

1.
9

1.
2

1.
1 .5
1

B 1.
6 B .4
4

1.
1 .2
2

B .4
3

2.
0

1.
2

1.
9

1.
6

1.
9 .2
7

.8
5

.6
5

.2
6

.2
9

1.
5 .2
6

.4
5

2.
9 .8
4

.9
3

.3
9

1.
3

1.
0

1.
1

1.
2 .8
9

.9
0

1.
4

1.
5

1.
7

1.
3

1.
3

1.
1 B 1.
1

1.
3 B 1.
1 B 1.
3

1.
3 .9
5

B 1.
3

1.
6

1.
6

2.
0

1.
6

1.
4

1.
7

1.
5

1.
2

1.
3

1.
2 .9
8

.8
9

1.
3

1.
5

1.
2 .9
6

1.
1

0.
25 .3
1

.4
1

.2
5

.1
5

.2
9

.3
3

.3
2

.4
0

.3
3

.3
3

.3
2

.3
1

.2
1

.2
1

.2
8

.3
4

.2
6

.3
1

.3
5

.1
9

.2
0

.2
9

.6
3

.6
2

.7
0

.6
6

.6
5

.2
2

.3
6

.2
3

.2
2

.2
2

.2
8

.2
2

.3
2

.5
7

.2
3

.3
1

.2
1

0.
81 .6
1

.7
8

.3
1

.7
9

.8
5

.8
3

.7
0

.3
7

.2
7

.7
0

.9
7

.9
1

.9
4

.9
2

.3
5

.7
7

.7
3

.4
7

.2
1

.1
8

.6
1

.0
66

.0
89

.0
93

.1
5

.5
0

.4
9

.0
36

.1
4

.6
0

.1
3

.7
5

.8
6

.7
5

.2
3

.3
9

.9
9

.8
3

.0
47

0.
02
1

.0
20

.0
43

.0
11

.0
11

.0
17

.0
17

.0
47

.0
40

.0
24

.0
52

.1
3

.0
27

.0
32

.0
25

B .3
2

B .0
23

.2
1

.0
20

B .0
29

.5
8

.2
9

.4
3

.4
4

.5
3

.0
10

.1
8

.0
40

.0
09

.0
14

.0
39

.0
17

.0
26

.5
1

.1
4

.1
4

.0
11

2.
1 .5
7

.1
4

2.
7 .6
5

.2
6

.1
6

2.
1

1.
2

1.
6

2.
1

1.
0

1.
4 .3
0

1.
6 B .4
8

B 1.
1

1.
5 .1
4

B .5
5

1.
1 .7
2

.5
0

.7
7

.8
4

.2
0

.5
4

.3
4

.2
5

.2
1

.1
8

.7
2

1.
3

1.
2 .3
1

.4
3

1.
0

0.
20 .0
27

.1
3

.0
22

.0
61

.0
28

.0
23

.0
27

.0
45

.0
20

.0
17

B .0
50

.0
35

.0
22

B .0
90

B .0
22

.0
48

.0
10

B .0
21

.1
1

.0
74

.0
93

.0
96

.1
0

.0
08

.0
40

.0
25

.0
13

.0
11

.0
40

.0
18

.0
27

.1
0

.0
35

.0
46

.0
19

AG
-S

 
AS

 
(P
PM
) 

(P
PM
)

0.
42 N N N N N N N N N N N N N N N N N N N .0
46

L
N N N N N N N .0

07
L

.0
13

L

.0
09
L

.0
07
L

.0
08

L
.0
13
L

.0
08
L

.0
11

L
.0

51
.0
22

.0
14
L

.0
09

L

B B B B B B 3.
7

22 6.
6

14 10 12 9.
1

8.
2 B 2.
3

3.
8

7.
9

9.
8

12 3.
8

1.
5

3.
3

3.
4

4.
9

4.
9

3.
4

8.
1

1.
4

4.
4

6.
1

3.
1

3.
6

8.
7

8.
9

9.
7

24 4.
1

9.
2

20

SA
MP
LE
 

NU
MB
ER

D2
13

99
6

D2
13
99
7

D2
13
99
8

D2
13
99
9

D2
14

00
0

D2
14

00
1

D 
19
63
99

D 1
96
40
0

D1
96

40
1

D 
19
64
02

D 
19
64
03

D 
19
64
04

D 
19

64
05

D 
19
64
06

D 
19
64
07

D2
 1
03

65
D2

 1
03

68
D2

10
36

9
D2

10
37

1
D2

10
37

2

D2
18
90
7

D2
10

36
6

D2
 1
03

70
D 
19
65
93

D 
19
65
94

D 
19

65
95

D 
19
65
96

01
96

59
7

D2
40

97
3

D2
40

97
4

D2
40
97
5

D2
40
97
6

D2
40

97
7

D2
40

97
8

D2
40

97
9

D2
40

98
0

D2
40

98
1

D2
40
98
2

D2
40

98
3

D2
40
98
4

1
2
6



Ta
bl

e 
1f
. 

(c
on
t'
d.
) 

Ma
jo
r-
, 

mi
no
r-
, 

an
d 

tr
ac

e-
el

em
en

t 
co

nc
en

tr
at

io
ns

 o
f 

38
3 

li
gn

it
e 

sa
mp

le
s 

fr
om

 t
he
 F

or
t 

Un
io
n 

Re
gi

on
.

SA
MP

LE
 

NU
MB

ER

D2
 1
39
96

D2
13
99
7

D2
 1
39

98
D2
13
99
9

D2
14

00
0

D2
14

00
1

D 
19
63
99

D 
19
64
00

D1
96
40
1

D 
19

64
02

D 
19

64
03

D 
19

64
04

D 
19

64
05

D 
19
64
06

D 
19
64
07

D2
 1
03

65
D2

 1
03

68
D2

 1
03

69
D2

10
37

1
D2
10
37
2

D2
18
90
7

D2
 1
03
66

D2
 1
03

70
D 
19

65
93

D 
19

65
94

D 
19

65
95

D 
19
65
96

D 
19
65
97

D2
40

97
3

D2
40
97
4

D2
40

97
5

D2
40

97
6

D2
40

97
7

D2
40

97
8

D2
40

97
9

D2
40

98
0

D2
40

98
1

D2
40

98
2

D2
40

98
3

D2
40
98
4

B-
S 

(P
PM
)

21
0

19
0

21
0

13
0

11
0

19
0 53 20
0

15
0

11
0 94 16
0

21
0 95 12
0

12
0

12
0 85 23
0

18
0 40 58 25
0

22
0

14
0

18
0

16
0

20
0 53 88 68 60 57 66 72 10
0

13
0 63 69 73

BA
-S
 

(P
PM
)

1,
50

0
95

0
1,

40
0

93
0

76
0

93
0

53
0

40
0

76
0

32
0

27
0

2,
40

0
41

0
28
0

35
0

36
0

1,
20

0
25
0

57
0

88
0

15
0

58
0

25
0

32
0

20
0

52
0

1,
10

0
58
0

49
0

66
0

16
0

18
0

51
0 71 45
0

38
0

39
0

1,
20

0
42
0

28
0

BE
-S
 

(P
PM
) N .2
9L

N .6
7

.3
2L

1.
9 .3
8

.4
1L

.4
6

.3
2L

N .4
8

.4
1

.4
8

.3
5

N N .2
6

N .5
3L

.1
5

.4
2

.2
5

N 2.
1

1.
3 .6
9

.8
8

.1
8

.6
1

1.
8

1.
3 .2
7

.7
5

.3
8

.8
6

3.
3 .3
3

.3
8

1.
1

CD
 

(P
PM
) 0.
21
L

.0
95

L
.5

7
.1
3L

.1
1

.0
93

.0
76

L
.1
4L

.1
5L

.1
1L

.1
4L

.1
6L

.1
4L

.0
95

L
.1

2L

.1
2L

.2
3L

.0
85

L
.1
1L

.1
8L

.0
50

L
.1

7
.0

84
L

.3
2L

.2
1L

.2
6L

.2
3L

.2
9L

.0
07

L
.0
41

.0
09

L
.0

07
L

.0
12

.0
13

L
.0

08
L

.0
11

L
.0
97

.0
12

L
.0

14
L

.0
09
L

CE
 

(P
PM

) N N N N N N B N N N N N N N N N N N N N

4.
6L N N N N N N N

3.
0L

5.
5L

4.
0L

2.
9L

3.
2L

5.
5L

6.
0

6.
8

21 5.
2L

6.
0L

6.
4

CL
 

(P
PM
)

10
0L

10
0

10
0L

10
0L

20
0

10
0L

10
0L

10
0L

10
0

10
0L

10
0

10
0

10
0L

10
0L

10
0L

10
0L

10
0L

10
0L

10
0L

10
0L

10
0L

10
0L

10
0L

10
0L

10
0L

10
0L

10
0L

10
0L

18
0

21
0

18
0

21
0

27
0

26
0

19
0

19
0

16
0

20
0

18
0

18
0

CO
 

(P
PM
) 1.
3 .6
1

.9
0

.6
1

.7
2

1.
4

1.
9 .7
2

2.
0 .8
5

1.
4

2.
0 .7
4

2.
4 .8
9

.9
7

1.
6

1.
0

1.
3

1.
7

1.
3

2.
1 .8
1

4.
3

2.
0

3.
0

2.
8

2.
9 .7
1

2.
5

3.
2

3.
6 .6
4

2.
7

1.
1 .8
8

8.
4

1.
1

2.
9

1.
1

CR
 

(P
PM

) 8.
4

2.
5

5.
7

2.
4

5.
0

3.
7

1.
2

2.
5

2.
8

1.
7

2.
7

7.
0

3.
7

2.
9

2.
7

1.
6

14 3.
5

2.
4

8.
5

2.
5

1.
8

2.
7

16 8.
7

11 8.
9

12 1.
6

9.
5

3.
7

2.
5

1.
6

3.
7

1.
2

2.
6

20 7.
3

10 1.
7

CU
 

(P
PM

)

16 6.
7

12 6.
9

8.
0

9.
3

3.
3

4.
2

5.
7

3.
7

4.
2

9.
9

7.
3

5.
9

4.
8

8.
0

9.
9

7.
6

6.
8

9.
9

3.
5

5.
1

5.
1

7.
3

8.
0

10 6.
9

8.
2

1.
3

3.
5

3.
5

2.
6

1.
5

3.
8

1.
3

2.
9

17 4.
0

5.
0

2.
0

DY
-S
 

(P
PM

) N B B B N B B B B B B B B B B B B B B B 1.
0L N B B N B B B 1.
5L

2.
8L

2.
0L

1.
9

1.
7L

2.
8L

1.
8L

2.
5L

7.
2

2.
7L

3.
1L

1.
9L

SA
MP

LE
 

NU
MB
ER

D2
13
99
6

D2
13
99
7

D2
 1
39

98
D2

 1
39

99
D2
14
00
0

D2
14

00
1

D 
19

63
99

D 
19

64
00

D 
19
64
01

D 
19

64
02

D 
19

64
03

D 
19

64
04

D 
19

64
05

D 
19

64
06

D 
19
64
07

D2
 1
03

65
D2

 1
03
68

D2
 1
03
69

D2
10
37
1

D2
 1
03
72

D2
 1
89

07
D2
 1
03

66
D2

 1
03
70

D 
19

65
93

D 
19

65
94

D 
19

65
95

D 
19

65
96

D 
19
65
97

D2
40

97
3

D2
40
97
4

D2
40
97
5

D2
40

97
6

D2
40

97
7

D2
40

97
8

D2
40

97
9

D2
40
98
0

D2
40
98
1

D2
40
98
2

D2
40
98
3

D2
40

98
4

1
2
7



Ta
bl
e 

1f
. 

(c
on
t'
d.
) 

Ma
jo
r-
, 

mi
no

r-
, 

an
d 

tr
ac

e-
el

em
en

t 
co

nc
en

tr
at

io
ns

 o
f 

38
3 

li
gn
it
e 

sa
mp
le
s 

fr
om

 t
he
 F

or
t 

Un
io
n 

Re
gi

on
.

SA
MP
LE
 

NU
MB

ER

D2
 1
39
96

D2
13

99
7

D2
13

99
8

D2
13

99
9

02
14
00
0

D2
14
00
1

D 
19
63
99

01
96
40
0

01
96

40
1

01
96

40
2

01
96
40
3

01
96
40
4

01
96
40
5

01
96

40
6

01
96
40
7

02
10
36
5

02
10

36
8

02
10

36
9

02
10
37
1

02
10

37
2

02
18

90
7

02
10
36
6

02
10

37
0

D 
19

65
93

01
96
59
4

01
96
59
5

01
96
59
6

01
96

59
7

02
40
97
3

02
40
97
4

02
40
97
5

02
40
97
6

02
40
97
7

02
40

97
8

02
40

97
9

02
40

98
0

02
40
98
1

02
40
98
2

02
40
98
3

02
40
98
4

EU
 

(P
PM
) B B B B B B B B B B B B B B B B B B B B .1

0L
N B B B B B B .1

5L
.2
81

.2
1L

.2
6

.1
7L

.2
8L

.1
8L

.2
5L

.6
6L

.2
7L

.3
1L

.1
9L

F (P
PM

)

20 40 35 20
L

20 20 35 30 20 20 35 65 25 25 20
L

42 80 20
L

25 35 30 20
L

45 17
0 80 12
0

13
0

16
0 20 72 42 31 35 40 32 31 23
0 81 79 42

GA
-S
 

(P
PM
)

10 1.
9

7.
1

4.
0

3.
2

6.
5

1.
1 B B B B B B 1.
4 B 3.
6

4.
6

1.
7

1.
7

5.
3 .3
8

2.
5

2.
5

9.
5

6.
2

7.
7

4.
6

8.
8 .6
1

1.
9

3.
0 .7
4

1.
5

5.
1

1.
5

1.
8

6.
9

2.
6

2.
2

1.
7

GD
-S
 

(P
PM
) N B B B N B B B B B B B B B B B B B B B 1.
0L N B B N B B B 2.
2L

4.
1L

3.
0L

2.
1L

2.
4L

4.
1L

2.
6L

3.
6L

9.
7L

3.
9L

4.
4L

2.
8L

GE
-S
 

(P
PM
) N N N N N 4.
7 N N N N N N N N N N N 1.
7 N N .1
3

1.
7L N N N N N N .3
2L

-5
9L

3.
4

1.
5 .3
5L

.5
8L

.4
9

.5
2L

1.
4 .5
6L

.6
4L

.4
0L

HF
 

(P
PM

) N N N N N N N N N N N N N N N N N N N N

10
L N N N N N N N 1.
1L

1.
9L

3.
9

1.
0L

1.
1L

1.
9L

1.
2L

1.
7L

4.
5L

1.
8L

2.
1L

1.
3L

HG
 

(P
PM

) 0.
91 .1
0

.0
50

.2
1

.1
8

.0
80

.0
20

.1
5

.0
60

.0
70

.1
0

.1
4

.1
2

.0
20

.2
6

.0
60

.0
70

.0
80

.2
2

.1
2

.0
80

.0
40

.0
70

.1
1

.1
0

.0
80

.0
90

.1
0

.0
10

.0
30

.0
20

.0
30

.0
50

.0
40

.1
0

.0
80

.1
9

.0
70

.0
30

.1
7

LA
 

(P
PM
) N N N N N N N N N N N N N N N N N N N N 1.
7

8.
3L N N N N N N 4.
2

5.
2

4.
1

3.
8

3.
8

4.
2

2.
6

6.
2

22 6.
8

5.
7

5.
3

LI
 

(P
PM

) 7.
9

2.
4

6.
2

2.
4

3.
7

3.
7

2.
3

2.
2

4.
1

1.
7

3.
2

7.
8

5.
3

2.
6

5.
9

4.
3

6.
7

2.
7

3.
4

5.
0

1.
2

2.
7

1.
9

13 8.
0

13 8.
9

13
.3
5

1.
5 .7
4

.3
4

.3
8

3.
2 .4
0

.7
9

6.
6

2.
1

1.
5 .6
0

MN
 

(P
PM
)

83 44 49 18
0 32 35 73 12
0 89 81 88 14
0

12
0

12
0

11
0

18
0 57 21 44 11
0 21 27 79 14
0

11
0

21
0

19
0

15
0 70 12
0 73 12
0 27 60 38 96 75 15 65 56

SA
MP
LE
 

NU
MB
ER

02
13

99
6

02
13

99
7

02
13

99
8

02
13

99
9

02
14

00
0

02
14

00
1

01
96
39
9

01
96
40
0

01
96

40
1

01
96

40
2

01
96

40
3

01
96

40
4

01
96
40
5

01
96

40
6

01
96

40
7

02
10
36
5

02
10

36
8

02
10
36
9

02
10

37
1

02
10

37
2

02
18

90
7

02
10

36
6

02
10
37
0

01
96

59
3

01
96

59
4

01
96
59
5

01
96
59
6

01
96
59
7

02
40

97
3

02
40
97
4

02
40

97
5

D2
40

97
6

02
40

97
7

02
40

97
8

02
40
97
9

02
40

98
0

02
40

98
1

02
40
98
2

02
40
98
3

02
40
98
4

1
2
8



Ta
bl

e 
1f

. 
(c

on
t'

d.
) 

Ma
jo
r-
, 

mi
no

r-
, 

an
d 

tr
ac

e-
el

 er
ra

nt
 c

on
ce
nt
ra
ti
on
s 

of
 3

83
 
li

gn
it

e 
sa
mp
le
s 

fr
om
 t

he
 F

or
t 

Un
io

n 
Re
gi
on
.

SA
MP
LE
 

NU
MB
ER

D2
13

99
6

D2
13

99
7

D2
13

99
8

D2
13

99
9

D2
14
00
0

D2
14

00
1

D 
19
63
99

D 
19

64
00

D1
96

40
1

D1
96
40
2

D 1
96
40
3

D 
19

64
04

D 
19

64
05

D 
19
64
06

D 
19
64
07

D2
 1
03

65
D2

10
36

8
D2
10
36
9

D2
10
37
1

D2
 1
03

72

D2
18

90
7

D2
10

36
6

D2
10
37
0

D 
19

65
93

D 
19

65
94

D 
19

65
95

D 1
96
59
6

D 1
96
59
7

D2
40

97
3

D2
40
97
4

D2
40
97
5

D2
40

97
6

D2
40
97
7

D2
40

97
8

D2
40
97
9

D2
40
98
0

D2
40

98
1

02
40
98
2

D2
40
98
3

D2
40
98
4

MO
-S
 

(P
PM
)

2.
1

1.
4

2.
8

2.
0 .7
6

.9
3

1.
1

2.
0

3.
1

3.
2

2.
0

3.
2

2.
1

1.
4

1.
2

2.
4 N 1.
7

1.
7

2.
7 .3
5

.5
8L

1.
7

3.
2

3.
1

2.
6 N N .2
7

.4
8

1.
4

3.
4 .5
0

.8
6

.5
8

3.
5

5.
1

2.
0

1.
5

1.
1

NB
-S

 
(P
PM
)

4.
2

1.
9L

2.
8 N 2.
2L

1.
9L N N N N N N N N N N N 1.
7L N N .8
0

N 1.
7L

6.
3L

4.
1

5.
2 N 5.
8L .4
8L

.8
8L

1.
3

1.
1 .6
4

1.
0 .5
4L

1.
0

5.
4

1.
0

1.
0

1.
8

ND
-S

 
(P

PM
) B B B B B B B B B B B B B B B B B B B B 4.
7L N B B B B B B 2.
2L

4.
1L

3.
0L

2.
1L

2.
4L

4.
1L

2.
6L

3.
6L

9.
7L

3.
9L

4.
4L

2.
8L

NI
-S

 
(P

PM
)

10 1.
4

2.
1

1.
3

1.
1

1.
4

5.
3

2.
0

3.
1

1.
6

2.
0

4.
8

1.
4

1.
9

1.
2

2.
4

3.
5

2.
6

2.
3

3.
5

1.
6

4.
2

1.
3

4.
7

3.
1

3.
9

3.
4

4.
4

1.
8

3.
9

2.
8

4.
0

1.
3

3.
6

1.
7

1.
0

22 3.
3

3.
8

1.
8

P (P
PM
)

44 87 44 48
L

92 44
L

26
0

35
0 87 13
0

39
0

17
0 44
L

44 44 87 44 44 17
0

13
0

26
0 87 44
L

31
0

18
0

21
0

13
0

18
0

21
0 44
L

44
L

44
L

15
0 44
L

44
L

44
L

28
0

25
0

1*
0

22
0

PB
 

(P
PM
) 8.
1

2.
4L

5.
0

3.
3L

3.
5

3.
4

4.
2

3.
4

3.
8

3.
7

11 5.
6

4.
8

2.
4

2.
9

6.
3

5.
8L

2.
3

2.
9L

4.
4L

4.
7

3.
3

2.
2

7.
9

7.
2

15 5.
7

7.
3 .3
5

.6
5

1.
7

1.
5 .6
0

6.
0

1.
2

1.
4

8.
8

2.
7

3.
1

1.
5

SB
 

(P
PM
) 1.
0 .3
0

.4
3

.3
8

.6
1

1.
5 .3
0

.5
5

.6
4

.2
6

.5
7

.6
8

.7
2

.4
7

.5
4

.2
0

.3
7

.6
0

.4
3

.9
7

.4
7

.4
2

.4
3

.6
5

.7
4

.5
6

.4
3

.7
2

.1
3

.4
5

1.
3 .6
2

.2
5

.6
7

.4
0

.5
9

1.
8 .8
1

1.
0 .5
2

SC
 

(P
PM
) 4.
2

1.
4

2.
1

1.
3

1.
6

6.
5

1.
5

1.
4

1.
5

1.
1

1.
4

2.
4

1.
4

1.
9

2.
3

1.
2L

2.
3

1.
3

1.
1

2.
7 .5
5

.8
3

.8
4

4.
7

4.
1

3.
9

3.
4

4.
4 .6
7

1.
5

3.
0

1.
4 .7
4

1.
7 .7
0

.7
7

4.
8

1.
2

1.
5

1.
5

SE
 

(P
PM
) 3.
0 .6
9

1.
2 .7
8

1.
2

1.
1 .2
9

.4
4

.4
6

.3
0

.4
4

.7
9

.9
8

.4
6

.6
8

.6
0

.8
4

.6
0

.6
0

.1
0L

.4
8

.4
2

.3
8

.1
0L

.5
8

.7
2

.1
0L

.1
0L

B .4
8

B .7
8

.6
7

1.
3 .6
9

.6
9

3.
4

1.
5

1.
4 .6
3

SN
-S
 

(P
PM
) N N N N N N N N N N N N N N N N N N N N .4

7L
N N N N N N N .3

2L
.7

1

.4
9

.3
1L

.3
5L

.5
8L

.3
7L

.5
2L

1.
4L .6
5

.7
0

.4
0L

SA
MP

LE
 

NU
MB
ER

D2
13
99
6

D2
13

99
7

D2
 1
39

98
D2
13
99
9

D2
14

00
0

D2
14
00
1

D 
19

63
99

D 
19

64
00

D1
96

40
1

D 
19

64
02

D1
 9
64

03
D 1

96
40

4
D 
19

64
05

01
 9
64
06

D 
19
64
07

D2
10

36
5

D2
10

36
8

D2
 1
03

69
D2
10
37
1

D2
10
37
2

D2
 1
89

07
D2

 1
03

66
D2
10
37
0

01
 9
65
93

01
96
59
4

01
96

59
5

01
96

59
6

01
96
59
7

02
40
97
3

02
40
97
4

02
40
97
5

02
40

97
6

02
40
97
7

02
40

97
8

02
40

97
9

02
40
98
0

02
40
98
1

02
40

98
2

02
40

98
3

02
40

98
4

1
2
9



Ta
bl
e 

1f
. 

(c
on

t'
d.

) 
Ma
jo
r-
, 

mi
no
r-
, 

an
d 

tr
ac

e-
el

em
en

t 
co
nc
en
tr
at
io
ns
 o

f 
38

3 
li
gn
it
e 

sa
mp

le
s 

fr
om

 t
he
 F

or
t 
Un
io
n 

Re
gi

on
.

SA
MP
LE
 

NU
MB
ER

D2
13

99
6

D2
13
99
7

D2
13

99
8

D2
13
99
9

D2
14

00
0

D2
14

00
1

D 
19
63
99

D 
19

64
00

D1
96

40
1

D 
19

64
02

D 
19

64
03

D 
19

64
04

D 
19
64
0 5

D 
19
64
06

D 
19
64
07

D2
 1
03
65

D2
 1
03

68
D2

 1
03

69
D2

10
37

1
D2

 1
03
72

D2
18

90
7

D2
 1
03

66
D2

 1
03

70
D 
19

65
93

D 
19

65
94

D 
19

65
95

D 
19
65
96

D1
96
59
7

D2
40
97
3

D2
40

97
4

D2
40
97
5

D2
40

97
6

D2
40
97
7

D2
40
97
8

02
40
97
9

D2
40
98
0

D2
40

98
1

D2
40
98
2

D2
40
98
3

D2
40

98
4

SR
-S

 
(P
PM

)

31
0

28
0

28
0

20
0

22
0

28
0

23
0

27
0

23
0

32
0

27
0

24
0

27
0

19
0

23
0

24
0

35
0

59
0

57
0

35
0

11
0

58
0

42
0

63
0

41
0

52
0

46
0

44
0

38
0

18
0

24
0

21
0

37
0

24
0

36
0

33
0

36
0

30
0

39
0

17
0

TH
 

(P
PM

) 4.
8

1.
3

3.
0

1.
7

2.
5

2.
4 .5
5

.5
2

.6
5

.3
4

.8
5

1.
5

1.
2

1.
2 .4
9

1.
8

2.
4 .7
0

.8
3

1.
7

8.
6

1.
0 .9
2

3.
9

3.
2

3.
6

2.
5

3.
8 .4
6

1.
3

1.
0 .7
5

.5
2

2.
0 .4
6

1.
3

6.
2

1.
5

1.
6

1.
2

TL
-S

 
(P
PM
) N N N N N N N N N N N N N N N N N N N N .4
7L

N N N N N N N .7
0L

1.
3L .9
3L

.6
7L

.7
5L

1.
3L .8
0L

1.
1L

3.
0L

1.
2L

1.
4L .8
6L

U (P
PM

) 3.
2 .8
5

2.
2

1.
3

1.
1

3.
2 .4
3

.9
9

1.
1 .4
7

1.
0

1.
7

1.
5

1.
0 .9
3

10 1.
2 .7
1

.8
2

1.
7 .8
6

.8
5

.7
4

.9
4

2.
1

1.
3 

'
.4
6

1.
1 .2
1

.8
3

1.
3

3.
8 .3
3

1.
1 .1
5L

1.
7

4.
1

1.
7

1.
2

1.
0

V-
S 

(P
PM
)

31 4.
8

21 6.
7

16 19 5.
3

9.
5

7.
7

7.
4

9.
5

24 9.
6

14 12 2.
4

23 13 8.
0

27 2.
5

5.
8

5.
9

22 14 18 16 20 2.
0

8.
8

6.
7

4.
6

2.
6

7.
1

2.
2

5.
1

30 9.
3

12 4.
6

W (P
PM
) N N N N N N N N N N N N N N N N N N N N

4.
7 N N N N N N N

15
L

15
L

15
L

15
L

15
L

15
L

15
L

15
L

15
L

15
L

15
L

15
L

Y-
S 

(P
PM
)

15 4.
8

7.
1

6.
7

5.
4

14 2.
3

2.
7L

3.
1

2.
1

2.
7L

3.
2

2.
7

2.
9

2.
3L

2.
4

4.
6

2.
6

3.
4

5.
3

1.
5

5.
8

4.
2

16 14 7.
7

6.
9

8.
8

2.
9

3.
7

7.
3

6.
6

2.
2

5.
7

2.
0

3.
3

19 3.
1

3.
6

4.
3

YB
 

(P
PM
) 1.
5 .4
8

.7
1

B .5
4

1.
4 .2
3

B .3
1

B B B B .2
9

B B .6
9

.2
6

B B .1
0

.4
2

.2
5

.9
5

1.
0 .7
7

.6
9

.8
8

.1
8

.3
5

.8
4

.7
4

.1
5

.5
6

.1
0

.1
6

2.
0 .2
6

.3
9

.4
0

ZN
 

(P
PM

) 4.
2L

2.
5

2.
8

8.
9

3.
2

7.
4

6.
6

4.
5

3.
5

5.
3

28 9.
1

4.
8

2.
9

5.
3

75 22 44 9.
6

62 2.
1

13 11 32 19 29 20 35
.5
6

6.
8 .6
5

.5
4

1.
3

1.
0 .7
2

1.
1

16 2.
7

5.
4

3.
4

ZR
-S
 

(P
PM

)

10
0 19 43 20 22 65 15 14 15 5.
3

14 24 21 19 17 8.
3

46 17 11 27 6.
5

17 8.
4

95 61 52 34 44 11 35 10
0 14 12 17 5.
4

24 72 15 18 40

SA
MP
LE
 

NU
MB
ER

D2
13
99
6

D2
13
99
7

D2
 1
39

98
D2
13
99
9

D2
 1
40

00

D2
14

00
1

D 
19
63
99

D 
19
64
00

D1
96

40
1

D 
19
64
02

D 
19
64
03

D 
19
64
04

D 
19

64
05

D 
19
64
06

D 
19
64
07

D2
 1
03
65

D2
 1
03

68
D2

 1
03

69
D2

10
37

1
D2

10
37

2

D2
18

90
7

D2
10
36
6

D2
 1
03

70
D 
19

65
93

D 
19
65
94

D 
19

65
95

D 
19
65
96

D 
19
65
97

D2
40
97
3

D2
40
97
4

D2
40

97
5

D2
40
97
6

D2
40

97
7

D2
40

97
8

D2
40
97
9

D2
40
98
0

D2
40

98
1

D2
40
98
2

D2
40

98
3

D2
40
98
4

1
3
0



Ta
bl
e 

1f
. 

(c
on
t'
d.
) 

Ma
jo

r-
, 

mi
no
r-
, 

an
d 

tr
ac

e-
el

em
en

t 
co

nc
en

tr
at

io
ns

 o
f 

38
3 

li
gn

it
e 

sa
mp

le
s 

fr
om

 t
he

 F
or
t 

Un
io
n 

Re
gi
on
.

SA
MP

LE
 

SI
 

AL
 

CA
 

MG
 

NA
 

K 
FE
 

TI
 

NU
MB
ER
 

(P
ER

CE
NT
) 

(P
ER

CE
NT

) 
(P
ER
CE
NT
) 

(P
ER

CE
NT

) 
(P

ER
CE

NT
) 

(P
ER

CE
NT

) 
(P

ER
CE

NT
) 

(P
ER

CE
NT

)

D2
40
98
5

02
40

98
6

02
40
98
7

D2
40
98
8

D2
40
98
9

D2
40

99
0

D2
40

99
1

D2
40
99
2

D2
 10

36
7

D 1
75

97
2

D 1
75

97
3

D 1
75

97
4

D 1
75

97
5

D1
65
75
1

D1
65
75
2

D1
65
75
3

D1
65
75
4

D1
65

75
5

D1
65
75
6

D1
65
75
7

D1
65

75
8

D 1
65

75
9

D1
65

76
0

D 1
65

76
1

D1
65

76
2

D 1
65
 76

3
D1
65
76
4

D 1
65
76
5

01
65

76
6

D 1
78

08
6

D 1
78
08
7

01
78
08
8

01
88
11
8

01
88
11
9

01
88
12
0

01
88

12
1

01
88
12
2

01
88

12
3

01
88
12
4

D 1
88

 12
5

0.
37 .6
5

1.
1 .7
4

1.
8 H 1.
8

1.
3

5.
2 .9
7

.4
3

.4
0

.1
7

.4
2

.4
1

.3
7

.2
3

.1
0

.0
8

1.
2 .9
4

.2
5

1.
1 .6
4

.1
4

2.
1

1.
5

1.
2

2.
1

1.
3 .7
3

.1
8

2.
2 .7
0

1.
1 .5
2

.9
0

1.
6 .6
3

.2
7

0.
34 .5
9

.5
9

.4
5

.9
5

H .7
0

.7
5

1.
6 .5
2

.2
5

.2
9

.2
1

.4
4

.5
1

.4
1

.4
6

.3
8

.4
6

.8
4

.6
0

.3
9

.5
0

.5
7

.2
9

1.
4 .9
0

1.
3

1.
7

1.
1 .6
9

.3
0

1.
0 .3
0

.5
9

.3
6

.4
7

.9
7

.2
3

.2
0

0.
94

1.
0

1.
1 .9
7

1.
4 H 1.
1

1.
1

1.
4 .9
9

1.
1

1.
4

1.
1

1.
4

1.
8

1.
9

1.
8

1.
2

1.
3

2.
2

1.
6

1.
3

1.
4

1.
4

1.
2

2.
3

2.
6 .7 .8 .2 .2 .2 2.
4

2.
3

2.
3

1.
8

1.
8

2.
2

1.
8

2.
2

0.
23 .3
0

.2
4

.2
3

.3
3

.2
5

.3
4

.2
5

.2
7

.3
3

.3
4

.3
8

.3
3

.4
3

.5
6

.3
1

.2
8

.3
6

.3
5

.6
7

.5
6

.3
0

.4
9

.5
3

.4
3

.5
4

.4
6

.4
7

.4
8

.4
4

.4
2

.3
9

.6
2

.4
3

.4
8

.3
9

.3
8

.4
0

.3
7

.5
5

0.
73 .8
8

.7
7

.8
8

.2
3

.9
6

.5
8

.8
6

.8
6

.6
5

.1
2

.0
99

.1
8

.0
09

.0
18

.0
06

.0
14

.0
06

.0
06

.0
14

.0
25

.0
26

.0
22

.0
24

.0
24

.0
15

.0
07

.0
13

.0
14

.2
1

.0
50

.0
45

.2
0

.2
3

.2
6

.6
0

.6
1

.4
2

.5
2

.1
4

0.
01
2

.0
15

.0
77

.0
43

.0
44

H .1
2

.0
91

.3
9

.0
28

.0
21

.0
24

.0
22

.0
05

L
.0

07
L

.0
06

L
.0
07
L

.0
05

L
.0
05
L

-0
09

L

-0
07
L

.0
05
L

.0
07

L
.0

06
L

.0
04
L

.0
12
L

.0
10
L

.0
10
L

.0
13
L

.0
29

.0
08

.0
13

.0
96

.0
47

.0
52

.0
25

.0
29

.0
49

.0
32

.0
26

0.
34

2.
1 .2
8

.5
4

1.
0 H 1.
4 .5
2

.6
1

.5
1

1.
2

1.
3 .8
5

.0
40

.0
90

.0
37

.4
7

.4
1

.2
6

.0
66

.0
53

.1
5

.1
3

.0
24

.0
49

.1
6

.1
2

.2
5

.3
0

.7
5

1.
4

2.
1 .3
2

.4
2

.2
7

.6
2

.1
3

.6
9

1.
1 .2
9

0.
01

5
.0

26
.0

29
.0
18

.0
52

H .0
77

.0
34

.0
56

.0
41

.0
20

.0
20

.0
12

B B B B B B B B B B B B B B B B .0
31

.0
19

.0
18

.0
47

.0
31

.0
32

.0
15

.0
23

.0
48

.0
27

.0
27

AG
-S
 

AS
 

(P
PM

) 
(P

PM
)

0.
00
8L

.0
55

.0
09
L

.0
09

L
.0

14
L

.0
11

L
.0

31
.0

12
L

N N N N .1
2

N N N N N N N N N N N N N N N N N N N N N N N N N N N

9.
0

13 3.
8

12 12 9.
1

13 5.
0

13 8.
0

5.
0

2.
0

3.
0

1.
0

2.
0

1.
0

2.
0

2.
0

1.
0

2.
0

1.
0

1.
0

2.
0

1.
0

1.
0

3.
0

3.
0

5.
0

5.
0

16 2.
5

4.
0

1.
9

2.
7

2.
5 .7
4

.8
8

1.
5

1.
7

1.
2

SA
MP
LE
 

NU
MB
ER

02
40
98
5

02
40

98
6

02
40
98
7

02
40

98
8

02
40

98
9

02
40

99
0

02
40

99
1

02
40

99
2

02
10

36
7

01
75

97
2

01
75

97
3

01
75

97
4

01
75

97
5

01
65

75
1

01
65

75
2

01
65

75
3

01
65

75
4

01
65
75
5

01
65

75
6

01
65
75
7

01
65

75
8

01
65
75
9

01
65

76
0

01
65

76
1

01
65

76
2

01
65
76
3

01
65

76
4

01
65
76
5

01
65
76
6

01
78
08
6

01
78
08
7

01
78
08
8

01
88

11
8

01
88
11
9

01
88

12
0

01
88

12
1

01
88

12
2

D 
18

8 1
23

01
88

12
4

D 
18
8 1

25

1
3
1



Ta
bl
e 

1f
. 

(c
on

t'
d.

) 
Ma

jo
r-

, 
mi

no
r-

, 
an
d 

tr
ac
e-
el
em
en
t 

co
nc
en
tr
at
io
ns
 o

f 
38

3 
li

gn
it

e 
sa
mp
le
s 

fr
om

 t
he

 F
or
t 

Un
io

n 
Re

gi
on

.

SA
MP

LE
 

NU
MB

ER

D2
40
98
5

D2
40

98
6

D2
40
98
7

D2
40

98
8

D2
40

98
9

D2
40
99
0

D2
40

99
1

D2
40
99
2

D2
 1
03
67

D 1
75

97
2

D 
17
59
73

D 1
75
97
4

D 1
75

97
5

D1
65

75
1

D1
65
75
2

D1
65
75
3

D1
65
75
4

D1
65
75
5

D 1
65

75
6

D 1
65

75
7

D1
65

75
8

D1
65

75
9

D 1
65
76
0

D 1
65
76
1

D1
65
76
2

D 1
65
76
3

D 1
65
76
4

D 1
65
76
5

D 1
65

76
6

D 1
78
08
6

D 1
78

08
7

D 1
78
08
8

D 1
88
1 
18

D1
88

11
9

D 
18
8 1

20

D1
88

12
1

D 1
88
 12

2
D 1

88
 12

3
D1
88
12
4

D 1
88
 12

5

B-
S 

(P
PM
)

57 12
0 44 60 95 97 12
0 98 11
0

14
0

18
0

16
0

17
0 64 56 36 16 45 44 56 61 62 60 72 50 43 24 85 47 13
0

13
0

11
0 96 14
0

15
0

14
0

13
0 92 72 54

BA
-S
 

(P
PM

)

1,
20

0
75
0

33
0

1,
00
0

39
0

60
0

12
0

2,
90

0
1,
10
0

64
0

28
0

21
0

17
0

96
0

56
0

50
0

55
0

97
0

62
0

56
0

1,
30

0
62
0

60
0

36
0

15
0

43
0

18
0

36
0

79
0

26
0

13
0 23 96 28
0 31 64 44 26
0 72 54
0

BE
-S
 

(P
PM
)

0.
33

1.
4 .2
2

.6
7

1.
7 .5
7

.3
3

.6
1

1.
1 .2
8

.2
8

N .5
8

N N .2
1

N N N N N N N .2
2

N .9
9

1.
8 .8
5

.7
9

1.
3 N 1.
2 N N N N .4
4

N N N

CO
 

(P
PM

) 0.
00

8L
.0
14
L

.0
09

L
.0
33

.0
14

L

.0
11

L
.0
45

.0
12
L

.0
22
L

.0
92

L

.0
92

L
.1
1L

.0
83
L

.0
64

L
.0
80
L

.0
71
L

.0
79
L

.0
65

L
.0

62
L

.1
1L

.0
87
L

.0
62
L

.0
86
L

.0
72
L

.0
50

L

.1
4L

.1
2

.1
2

.1
6

.1
3L

.1
3

.1
2L

.1
4L

.0
94

L
.1
0L

.2
8

.0
88
L

.1
3L

.1
0L

.0
77

L

CE
 

(P
PM

) 3.
4L

9.
6

3.
9L

4.
1

5.
9L

4.
9L

6.
1L

4.
9L N N N N N B B B B B B B B B B B B B B

61
N N N N N N N N N N N N

CL
 

(P
PM

)

18
0

10
0L

16
0

22
0

21
0

28
0

30
0

35
0

10
0L B B B B B B B B B B B B B B B B B B B B B B B B B B B B B B B

CO
 

(P
PM

) 1.
4

1.
4

1.
5

2.
3

2.
1

2.
5

2.
1

1.
6 .8
3

1.
4 .9
2

1.
1L

1.
2 .6
4

N N N .6
5

.6
2

N N .6
2

N .7
2

.7
6

N N 1.
8

1.
6 N N .8
1

.5
9

.5
3

2.
0 .3
5

.9
7

.4
7

.8
9

.4
1

CR
 

(P
PM

) 1.
6

2.
4

4.
2

5.
1

4.
7

4.
4

7.
0

8.
9

2.
2

2.
8

2.
8

1.
1

1.
2 .9
6

1.
2

1.
1 .5
5

.4
5

.6
2

2.
3

1.
3 .9
3

2.
6

1.
4 .7
6

2.
1

3.
7

2.
4

2.
4

6.
6

2.
0

2.
3

3.
2

1.
9

4.
2

1.
3

2.
0

3.
1

1.
7 .9
9

CU
 

(P
PM
) 1.
8

3.
3

3.
7

3.
5

3.
7

2.
7

11 5.
2

11 5.
2

4.
4

3.
0

9.
0

3.
4

4.
3

3.
4

3.
8

3.
4

3.
9

5.
4

4.
5

3.
6

9.
0

3.
9

2.
9

6.
0

6.
1

5.
6

9.
5

9.
4

7.
6

10 4.
8

3.
1

5.
5

3.
4

3.
9

4.
8

4.
5

2.
2

DY
-S
 

(P
PM
)

1.
7L

4.
1

2.
0L

2.
0L

3.
0L

2.
5L

3.
1L

2.
5 B B B B B B B B B B B B B B B B B B N B B B B B N N N N N N N N

SA
MP
LE
 

NU
MB
ER

D2
40

98
5

D2
40
98
6

D2
40

98
7

D2
40

98
8

D2
40
98
9

D2
40

99
0

D2
40

99
1

D2
40
99
2

D2
10

36
7

D 1
75

97
2

D 1
75
97
3

D 1
75

97
4

D 1
75
97
5

D1
65

75
1

D1
65

75
2

D 1
65
75
3

D1
65

75
4

D1
65

75
5

D1
65

75
6

D1
65

75
7

D1
65

75
8

D1
65
75
9

D 1
65

76
0

D 1
65
76
1

D 1
65
76
2

D 1
65
76
3

D 1
65

76
4

D 1
65
76
5

D 1
65

76
6

D 1
78

08
6

D 1
78
08
7

D 1
78

08
8

D1
88
11
8

D1
88

11
9

D 1
88

1 
20

D 1
88

1 
21

D 1
88

1 2
2

D 1
88

 12
3

D 1
88

 12
4

D 1
88

 12
5

1
3
2



Ta
bl

e 
If
. 

(c
on
t'
d.
) 

Ma
jo
r-
, 

mi
no

r-
, 

an
d 

tr
ac
e-
el
em
en
t 

co
nc
en
tr
at
io
ns
 o

f 
38

3 
li

gn
it

e 
sa

mp
le

s 
fr
om
 t

he
 F

or
t 

Un
io
n 

Re
gi

on
.

SA
MP
LE
 

NU
MB

ER

02
40
98
5

02
40

98
6

D2
40
98
7

02
40

98
8

D2
40
98
9

D2
40
99
0

02
40

99
1

02
40

99
2

02
10
36
7

01
75

97
2

01
75
97
3

01
75

97
4

01
75
97
5

01
65

75
1

01
65

75
2

D 
16

57
53

01
65

75
4

D1
65

75
5

01
65

75
6

01
65
75
7

D1
65
75
8

01
65

75
9

01
65

76
0

01
 6
57

61
01

65
76

2

01
65

76
3

01
65

76
4

01
65

76
5

01
65

76
6

D 
17
80
86

01
78

08
7

01
78

08
8

D1
88

11
8

01
88
11
9

D 
18

81
 2
0

01
88

12
1

01
88

12
2

01
88

12
3

01
88

12
4

D 
18

8 1
25

EU
 

(P
PM
) 0.
17

L
.3
0L

.2
0L

.2
1L

.3
0L

.2
5L

.3
1L

.2
5L

N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N

F (P
PM
)

38 49 40 34 35 25 46 44 55 35 25 40 30 55 50 60 60 90 70 40 40 55 80 12
0 90 30 90 80 70 20 20
L

20
L

40 25 30 25 40 45 30 30

GA
-S
 

(P
PM
)

1.
2

4.
1

1.
4

2.
7

3.
6

1.
8

2.
1

3.
6

6.
5

1.
8

1.
4

1.
6 .8
3

1.
9

1.
2

1.
1

1.
6 .9
7

.9
3

1.
1

1.
7 .9
3

2.
6

1.
4

1.
0

1.
4

2.
4

3.
6

3.
2

3.
9

2.
6

2.
3

4.
1

1.
4

3.
1

1.
4

1.
3

3.
9

1.
5 .7
7

GD
-S
 

(P
PM
)

2.
5L

4.
4L

2.
9L

3.
0L

4.
4L

3.
6L

4.
5L

3.
7L B B B B B B B B B B B B B B B B B B N B B B B B N N N N N N N N

GE
-S
 

(P
PM
)

0.
36
L

.8
4

.4
1L

1.
2

1.
4 .5
2L

.6
5L

.5
3L

4.
4 N N N N N N N N N N N N N N N N N N 2.
4L N N N N N N N N N N N N

HF
 

(P
PM

) 1.
2L

2.
1L

1.
4L

1.
4L

2.
1L

1.
7L

2.
1L

1.
7L N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N

HG
 

(P
PM
) 0.
04

0
.1
0

.0
30

.0
60

.0
40

.1
1

.1
0

.0
80

.0
80

.0
50

.2
8

.0
40

.0
80

.0
50

.0
60

.0
40

.0
70

.1
5

.1
1

.0
40

.0
60

.0
90

.1
2

.0
40

.0
30

.0
40

.0
30

.0
90

.0
70

.1
3

.0
90

.1
1

.0
80

.1
6

.0
30

.0
50

.0
30

.0
80

.0
80

.0
20

LA
 

(P
PM
) 5.
2

5.
2

4.
0

4.
6

3.
7

4.
1

5.
4

6.
9

22
L N N N N 4.
5

5.
6

5.
0

5.
5

4.
5

4.
4

7.
9 N 9.
3 N 7.
2

7.
6

9.
9

8.
5

36
N N N N N N N N N N N N

LI
 

(P
PM

) 0.
39 .9
6

.6
3

.4
7

1.
9 .5
7

.9
9

1.
3

7.
4

2.
5

1.
4

1.
7 .8
3

2.
5

2.
5

2.
3

1.
5 .3
2L

.3
7

11 6.
2

1.
1

4.
4

5.
1 .7
6

16 10 14 23 9.
0

6.
8

1.
2L

12 1.
5

3.
8

2.
6

3.
4

17 2.
0 .7
7L

MN
 

(P
PM

)

31 55 44 24 77 82 84 74 48 43 88 73 41 45 56 36 40 32 31 56 44 44 43 51 35 71 37 36 47 10
0 86 64 55 14
0 71 72 74 82 75 66

SA
MP
LE
 

NU
MB
ER

02
40
98
5

02
40
98
6

02
40

98
7

02
40
98
8

D2
40

98
9

02
40

99
0

02
40

99
1

02
40

99
2

02
10
36
7

01
75

97
2

01
75

97
3

01
75

97
4

01
75

97
5

01
65

75
1

01
65

75
2

01
65

75
3

01
65

75
4

01
65
75
5

01
65

75
6

D1
65
75
7

01
65

75
8

01
65

75
9

01
65

76
0

01
65

76
1

01
65

76
2

01
65

76
3

01
65
76
4

01
65

76
5

01
65
76
6

01
78
08
6

01
78

08
7

01
78
08
8

01
88

11
8

D1
88
11
9

01
88

12
0

01
88

12
1

01
88
12
2

D 
18

8 1
23

01
88

12
4

D 
18
8 1

25

1
3
3



Ta
bl

e 
1f
. 

(c
on
t'
d.
) 

Ma
jo
r-
, 

mi
no
r-
, 

an
d 

tr
ac
e-
el
em
en
t 

co
nc
en
tr
at
io
ns
 o

f 
38

3 
li

gn
it

e 
sa

mp
le

s 
fr

om
 t

he
 F

or
t 

Un
io

n 
Re
gi
on
.

SA
M

PL
E 

NU
M

BE
R

D
24

09
85

D
24

09
86

D
24

09
87

D
24

09
88

D
24

09
89

D
24

09
90

D
24

09
91

D
24

09
92

D
2 

10
36

7
D 

17
59

72

D 
17

59
73

D 
17

59
74

D1
 7

59
75

D
16

57
51

D
16

57
52

D
16

57
53

D
16

57
54

D
16

57
55

D 
16

57
56

D
16

57
57

D
16

57
58

D
16

57
59

D 
16

57
60

D1
 6

57
61

D1
 6

57
62

D
16

57
63

D
16

57
64

D 
16

57
65

D
16

57
66

D1
 7

80
86

01
 7

80
87

01
 7

80
88

D
18

81
18

D
18

81
19

D 
18

81
 2

0

D 
18

81
 2

1
D 

18
8 

12
2

D 
18

8 
12

3
D 

18
8 

12
4

D 
18

8 
12

5

M
O

-S
 

(P
P

M
)

1
.3

3
.0

1
.2

2
.4

1
.3

7
.1 1
.6

10 1
.5

L
1
.8

1
.4

1.
1

2
.5 .4

5
.5

6

.5
0

.5
5

.9
7

.9
3

1
.7 N .4

4
.6

0
N .3

5

.9
9

3
.7

2
.4

2
.4

3
.9

3
.9

3
.5

2
.1 2
.8

1
.5

1
.4

1
.3

2
.0 1
.0 .5

4

N
B

-S
 

(P
P

M
)

0
.5

3
L

1
.4 .6

1
L

.8
1

1
.7 .7

8L
1.

1
1

.3 N 1
.8

L

1
.8

L
2
.1

L
1

.7
L

N N N N .0
6

.0
6

N 1
.7 N 1
.7

1
.4 N N N N N

2
.6 N N N N

3
.1 N N

3
.9 N N

N
D

-S
 

(P
P

M
)

2
.5

L
4
.4

L
2
.9

L
3

.0
L

4
.4

L

3
.6

L
4
.5

L
3
.7

L
N B B B B N N N N N N N N N N N N N N

18
N B B B B B B B B B B B

N
I-

S
 

(P
P

M
)

3
.0

1
.3

3
.1

5
.5

2
.2

5
.7

5
.4

5
.2

6
.5

2
.8

1
.8

1.
1

1
.7 .6

4
.8

0

.7
1

N .9
7

.9
3

N 1
.3

1
.2 .8

6
1

.1
1
.0 N 1
.2

1
.8

1
.6

2
.0 .6

6
1
.7 .9

6
.9

4
2
.0 .6

4
1

.3 .9
2

.7
2

.7
7

P (P
P

M
)

26
0

19
0

22
0

27
0 44
L

11
0

17
0

16
0

44 40
0L

40
0L

47
0L

36
0L

31
0

1
,5

0
0

50
0

1
,|
0
0

1
,3

0
0

1,
fO

O 26
L

17
0

57
0 52

41
0

18
0 31
L

26
L

' 
69

0 35
L

57
0L

57
0L

50
0L

60
0L

41
0L

45
0L

40
0L

38
0L

57
0L

45
0L

34
0L

PB
 

(P
P

M
)

0
.8

6
1
.4

1
.8

1
.7

3
.0 .5

7
3
.0

2
.5

5
.5

L
5
.5

2
.8

5
.4

8
.3

3
.2

2
.8

2
.1

2
.4 1
.6

L
1
.9

2
.8

L

3
.1 1
.9

3
.5

2
.5

1
.5

3
.6

L
4

.9
3
.0

L
4
.0

L
7

.2

4
.6

3
.5

6
.9

2
.4

5
.1

3
.7

2
.2

5
.2

3
.1

2
.7

SB
 

(P
P

M
)

0
.3

8
.7

4
.4

0
.9

9
1
.9 .5

7
.7

9
1
.0

1
.9 .4

0

.3
0

.2
0

.2
0

.2
0

.1
0

L

.1
0

.2
0

.1
0

L
.2

0
.1

0

.1
0

.1
0

L
.5

0
.2

0
.1

0

.1
0

.6
0

1
.6

1
.1 .4

0

.3
0

.4
0

.3
1

.1
9

.3
7

.1
8

.3
3

.3
1

.2
4

.0
6

0

SC
 

(P
P

M
)

0
.9

4
1
.2 .9

0
1
.8

1
.8 .8

8
1
.0

2
.9

3
.3 1
.4

1
.4 N .8

3
L

.6
4

.8
0

.7
1

N .6
5

.6
2

1
.1 .8

7
.9

3
1
.3

1
.1 .5

0

1
.4

1
.8

1
.8

2
.4

1
.3 N 1
.2

1
.4 N 1
.0 .6

4
1
.3 .9

2
N N

SE
 

(P
P

M
)

0
.7

7
.7

5
1
.2 .9

6
.9

3

.5
3

1
.2

1
.2 .7

0
.8

1

1
.8 .6

3
.3

8
.2

0
.1

0

.2
0

.3
0

.4
0

.4
0

.3
0

.3
0

.1
0

.6
0

.2
0

.2
0

.3
0

.9
0

.4
0

.7
0

.1
0

L

.3
6

.3
5

.9
3

.2
5

.4
3

.4
5

.3
5

1
.2 .5

6
.2

7

S
N

-S
 

(P
P

M
)

0
.3

6
L

.6
3

L
.4

1
L

.4
3

L
.6

3L

.5
2

L
.6

5
L

.5
3

L
N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N

SA
M

PL
E 

NU
M

BE
R

D
24

09
85

D
24

09
86

D
24

09
87

D
24

09
88

D
24

09
89

D
24

09
90

D
24

09
91

D
24

09
92

D
21

03
67

D 
17

59
72

D 
17

59
73

D 
17

59
74

D 
17

59
75

D
16

57
51

D 
16

57
52

D
16

57
53

D
16

57
54

D
16

57
55

D 
16

57
56

D
16

57
57

D
16

57
58

D
16

57
59

D 
16

57
60

D 
16

57
61

D
16

57
62

D 
16

57
63

D 
16

57
64

D 
16

57
65

D 
16

57
66

D 
17

80
86

01
 7

8
0
8
7

D 
17

80
88

D
18

81
18

D 
18

81
 1

9
D 

18
81

 2
0

D
18

81
21

D 
18

8 
12

2
D 

18
8 

12
3

D 
18

8 
12

4
D 

18
8 

12
5

1
3
4



Ta
bl

e 
1f
. 

(c
on
t'
d.
) 

Ma
jo

r-
, 

mi
no

r-
, 

an
d 

tr
ac
e-
el
em
en
t 

co
nc
en
tr
at
io
ns
 o

f 
38

3 
li
gn
it
e 

sa
mp

le
s 

fr
om
 t

he
 F

or
t 

Un
io
n 

Re
gi
on
.

SA
MP
LE
 

NU
MB

ER

D2
40

98
5

D2
40

98
6

D2
40

98
7

D2
40

98
8

D2
40

98
9

D2
40

99
0

D2
40

99
1

D2
40
99
2

D2
10
36
7

D 
17
59
72

D 
17

59
73

D 
17

59
74

D 
17

59
75

D1
65

75
1

D1
65

75
2

D 
16

57
53

D1
65

75
4

D1
65
75
5

D1
65

75
6

D1
65
75
7

D1
 6
57
58

D 
16

57
59

D1
65
76
0

D 
16
57
61

D 
16

57
62

D1
65

76
3

D 
16

57
64

D 
16

57
65

D 
16
57
66

D 
17
80
86

D1
 7
80
87

01
78
08
8

D1
88

11
8

D1
88
11
9

D 
18

81
 2
0

D1
88

12
1

D1
88
12
2

D1
88
12
3

D 
18

8 1
24

D 
18

8 1
25

SR
-S
 

(P
PM
)

44
0

47
0

33
0

43
0

18
0

38
0

30
0

38
0

33
0

28
0

18
0

16
0

17
0

45
0

56
0

21
0

40
0

45
0

62
0

34
0

61
0

44
0

43
0

51
0

35
0

28
0

24
0

60
0

24
0

13
0

13
0

17
0

41
0

47
0

51
0

64
0

62
0

39
0

72
0

54
0

TH
 

(P
PM
) 0.
57

1.
3

1.
2 .7
8

2.
2 .7
3

1.
4

1.
6

1.
9

4.
0 N N N N N N N N 3.
3 N N N N N N 4.
9

5.
8

5.
8

8.
6

3.
5

2.
0 .9
2

2.
7 .5
3

1.
8 .8
7

1.
1

2.
5 .8
7

.3
5

TL
-S

 
(P

PM
)

0.
78
L

1.
4L .9
0L

.9
3L

1.
4L

1.
1L

1.
4L

1.
2L N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N

U (P
PM
) 0.
75

1.
4 .7
3

1.
2

2.
0 .8
2

1.
7

1.
1

1.
6 .4
0

.5
8

.7
6

1.
00
L

.4
3

.3
7

.5
3

.7
5

1.
0L .8
8

.3
3

.4
8

.5
3

.7
9

.3
1

.4
7

.7
2

3.
0

2.
3

5.
1

1.
4

1.
2 .5
5

1.
5

2.
1

1.
7 .9
7

1.
2

2.
1

1.
1 .4
1

V-
S 

(P
PM
) 4.
2

4.
2

6.
8

11 9.
7

5.
1

10 13 33 6.
4

2.
8

2.
1

2.
5

3.
2

1.
6

3.
6

1.
2

1.
3

1.
9

3.
4

4.
4

3.
1

8.
6

5.
1

1.
5

4.
3

6.
1

12 11 9.
2

2.
6

5.
8

4.
1

2.
8

7.
1

2.
8

6.
2

3.
9

3.
1

2.
3

U (P
PM

)

15
L

15
L

15
L

15
L

15
L

15
L

15
L

15
L N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N

Y-
S 

(P
PM

)

3.
4

4.
4

2.
2

3.
7

5.
8

2.
6

3.
6

6.
6

11 2.
8

2.
8

2.
1L

2.
5

1.
3

2.
4

1.
4

1.
6

1.
9

1.
9

3.
4

1.
7

1.
9

1.
7

2.
2

1.
5

7.
1

8.
5

6.
1

4.
7

6.
6 N 5.
8

6.
9

1.
9

5.
1

2.
8

6.
2

3.
9

2.
1

1.
5

YB
 

(P
PM

) 0.
22 .2
3

.1
6

.3
3

.6
9

.1
6

.2
4

.5
8

1.
1 .2
8

.2
8

.2
1L

.2
5

.1
3

.2
4

.1
4

.1
6

.1
3

.1
2

.3
4

.1
8

.1
9

.1
7

.2
2

.1
0

.4
3

.6
1

.3
6

.4
7

B B B .4
1

.1
9

.3
1

.2
8

.6
2

.3
9

.3
1

.2
3

ZN
 

(P
PM
) 1.
7

1.
6

2.
9

5.
2

1.
8

1.
1

6.
4

1.
6

30 4.
6

3.
7

3.
9

5.
6

1.
4

2.
2

2.
0

1.
6

1.
0

1.
2

2.
3

3.
0

2.
1

1.
9

1.
4

1.
0

1.
7

2.
2

16 4.
7

8.
6

3.
9

3.
3

4.
7

3.
3

8.
0

4.
4

2.
5

3.
1

3.
1

2.
6

ZR
-S

 
(P

PM
)

10 23 8.
1

31 46 18 14 26 65 14 9.
2

5.
4

5.
8

9.
6

8.
0

7.
1

7.
9

4.
5

6.
2

17 17 6.
2

17 11 5.
0

14 12 12 16 20 9.
2

8.
1

21 2.
8

10 14 13 20 3.
1

2.
3

SA
MP
LE
 

NU
MB
ER

D2
40
98
5

D2
40
98
6

D2
40

98
7

02
40

98
8

D2
40
98
9

D2
40

99
0

D2
40

99
1

D2
40

99
2

D2
10
36
7

D 
17
59
72

D 
17

59
73

D1
 7
59

74
D 
17

59
75

D1
65

75
1

D1
65

75
2

D1
65
75
3

D1
65

75
4

D1
65
75
5

D1
65

75
6

D1
65

75
7

D1
65

75
8

D1
65

75
9

D1
65

76
0

D1
65

76
1

D 
16
57
62

D 
16
57
63

D 
16

57
64

D 
16

57
65

D 
16
57
66

D1
 7
80
86

D 
17

80
87

D 
17
80
88

D1
88
11
8

01
88

11
9

01
88

12
0

D1
88

12
1

01
88

12
2

01
88
12
3

D 
18
8 1

24
01
88
12
5

1
3
5



Ta
bl
e 

1f
. 

(c
on

t'
d.

) 
Ma

jo
r-

, 
mi

no
r-

, 
an
d 

tr
ac

e-
el

em
en

t 
co
nc
en
tr
at
io
ns
 o

f 
38

3 
li
gn
it
e 

sa
mp

le
s 

fr
om

 t
he
 F

or
t 

Un
io
n 

Re
gi
on
.

SA
MP
LE
 

SI
 

AL
 

CA
 

MG
 

NA
 

K 
FE

 
TI

 
NU
MB
ER
 

(P
ER

CE
NT
) 

(P
ER

CE
NT

) 
(P

ER
CE

NT
) 

(P
ER

CE
NT

) 
(P

ER
CE

NT
) 

(P
ER

CE
NT

) 
(P

ER
CE

NT
) 

(P
ER

CE
NT

)

D 
18

8 1
26

D 
18

81
 2
 7

D 
18

8 1
28

D1
88

12
9

D 
18

8 1
30

D1
88

13
1

D 
18

81
 3
2

D 
18

8 1
33

D 
18

8 1
34

D 
18

81
 3
5

D1
88

13
6

D1
88

13
7

D 
18

81
 3
8

D1
88
UO

D1
88
14
1

D1
88
14
2

D1
88

14
3

D1
88
14
4

D1
88

14
5

D 
18

92
56

D1
89

25
7

D 
18

92
58

D1
89
25
9

D 
18

92
60

D1
 8
92

61

D 
18

92
62

D1
89
26
3

D 
19

66
43

D 
19

66
44

D 
19

66
45

D1
96
64
6

D1
96

64
7

D1
96
64
8

D1
96

64
9

D 
19

66
50

D1
96
65
1

D 
19

66
52

D 
19

66
53

D 
19

66
54

D 
19

66
55

0.
41 .8
3

1.
2

1.
0

1.
7 .5
5

.6
7

3.
8

4.
0 .4
6

1.
5 .6
7

1.
1

1.
6 .8
1

2.
0 .9
3

1.
4

1.
4 .8
4

.4
6

.4
1

.7
7

1.
2 .2
2

.5
1

.1
6

2.
0

1.
9

1.
8

1.
9

1.
4

1.
8

3.
0

1.
2

8.
2

3.
7

1.
2

7.
1

1.
5

0.
24 .3
9

.7
7

.5
0

.8
2

.3
8

.4
4

1.
2

1.
6 .3
7

.7
5

.3
2

.5
7

.6
1

.5
0

.9
3

.6
3

.4
1

.8
9

.5
7

.4
5

.2
6

.4
3

.6
7

.2
6

.4
1

.1
8

.7
7

.7
5

.9
4

.9
9

.5
5

.8
1

.9
1

.7
5

2.
9

1.
2 .7
2

1.
9 .6
3

1.
7

2.
1

2.
3

2.
1

2.
0

2.
2

2.
1

1.
7

2.
2

1.
9

2.
2

2.
2

1.
7 .9
7

1.
6

2.
7

1.
6

1.
7

1.
9

1.
7

1.
7

1.
6

1.
9

1.
3

1.
4

1.
7

1.
2

1.
3

1.
3

1.
4

1.
4

1.
1

1.
2 .6
6

1.
5 .8
4

1.
3

1.
2 .9
9

1.
2

0.
38 .2
7

.5
6

.5
5

.5
5

.6
3

.6
4

.4
8

.6
2

.4
3

.5
1

.5
4

.3
5

.2
3

.3
5

.6
5

.3
4

.4
3

.3
1

.4
4

.4
4

.4
8

.5
3

.2
9

.2
8

.3
9

.3
0

.5
1

.5
0

.4
7

.4
8

.3
8

.3
9

.2
3

.4
6

.4
0

.5
0

.3
9

.5
1

.3
8

0.
16 .6
4

.0
25

.0
23

.0
32

.0
21

.0
24

.0
30

.0
49

.0
13

.0
33

.0
22

.6
9

.6
6

.7
4

1.
4 .7
5

.2
1

.7
0

.0
10

.0
09

.0
10

.0
12

.1
5

.2
0

.2
1

.0
95

.1
0

.1
1

.2
9

.2
9

.2
9

.2
9

.1
8

.2
4

.2
6

.2
4

.1
4

.3
4

.2
6

0.
02

2
.0
43

.0
43

.0
40

.0
78

.0
24

.0
33

.3
5

.2
4

.0
28

.1
0

.0
20

.0
92

.1
3

.0
34

.0
73

.0
42

.0
52

.0
43

.0
18

.0
02

L
.0
03

.0
02

L
.0
66

.0
02

L

.0
02

.0
04

.1
2

.1
2

.0
57

.0
55

.1
0

.1
4

.2
3

.0
45

.5
0

.1
1

.0
52

.6
8

.0
76

0.
35 .4
0

1.
6 .5
5

.6
5

.1
8

.6
0

.2
3

.3
6

1.
4

1.
5 .0
38

.5
1

.4
7

1.
4 .5
3

.3
1

.5
1

1.
3 .3
0

.1
5

.8
2

.0
85

.9
6

.2
9

.2
2

.8
1

.7
7

.6
3

.4
3

.4
1

2.
9 .5
8

15
.3
0

1.
3 .3
3

.6
1

1.
0

2.
0

0.
02
4

.0
43

.0
60

.0
48

.0
51

.0
26

.0
49

.0
75

.0
94

.0
24

.0
42

.0
25

.0
57

.0
41

.0
71

.1
2

.0
55

.0
45

.0
92

.0
29

.0
33

.0
38

.0
32

.0
42

.0
17

.0
23

.0
15

.0
47

.0
39

.0
90

.1
0

.0
82

.0
34

.0
24

.0
46

.0
96

.0
92

.0
25

.0
81

.0
55

AG
-S
 

(P
PM

) N N .4
4

N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N

AS
 

(P
PM
) 2.

7
3.

2
4.
1

6.
4

11
0 1.

3
2.
1

2.
5

45
1.

9

6.
0 .9
1

6.
3

15 4.
8 B 3.
1

1.
3

5.
6

21 1.
3

1.
9

1.
2

8.
0

2.
7

1.
2

3.
2

8.
3

4.
6

5.
6

5.
7

28 33 17
0 2.

6

19 3.
5

3.
5

23 19

SA
MP
LE
 

NU
MB
ER

D 
18

8 1
26

D1
88
12
7

D 
18

8 1
28

D 
18

8 1
29

D 
18

8 1
30

D1
88

13
1

D 1
88
1 
32

D 
18

8 1
33

D 
18

8 1
34

D 
18

8 1
35

D 
18

8 1
36

D1
88
13
7

D 
18

8 1
38

D 
18

81
 4
0

D1
88

14
1

D1
88

14
2

D 
18

8 1
43

D 
18
8 1

44
D 
18

81
 4
5

D1
89

25
6

D1
89
25
7

D 
18
92
58

D1
89

25
9

D 
18
92
60

D 
18
92
61

D1
89

26
2

D 
18
92
63

D 
19
66
43

D 
19
66
44

D 
19

66
45

D1
96

64
6

D 
19
66
47

D 
19
66
48

D 
19
66
49

D1
96

65
0

D1
96

65
1

D 
19
66
52

D 
19
66
53

D 
19

66
54

D 
19

66
55

1
3
6



Ta
bl

e 
1f
. 

(c
on

t'
d.

) 
Ma
jo
r-
, 

mi
no
r-
, 

an
d 

tr
ac

e-
el

em
an

t 
co

nc
en

tr
at

io
ns

 o
f 

38
3 

li
gn
it
e 

sa
mp
le
s 

fr
om

 t
he
 F

or
t 

Un
io
n 

Re
gi
on
.

SA
MP
LE
 

NU
MB

ER

D 
18

8 
12

6
D1
88
12
7

D 
18

8 1
28

D 
18

8 1
29

D 
18
81
 3
0

D1
88
13
1

D1
88

13
2

D 
18

8 1
33

D1
88

13
4

D 
18

8 1
35

D 1
88

 13
6

D 
18

8 1
37

D 
18

8 1
38

D 
18

8 H
O

D1
88

14
1

D1
88

14
2

D 
18

8 1
43

D 
18

8 1
44

D 
18

81
 4
5

D1
89
25
6

D1
89
25
7

D 
18
92
58

D 
18
92
59

D 
18

92
60

D 
18
92
61

D 
18
92
62

D 
18
92
63

D 
19
66
43

D 
19

66
44

D 
19

66
45

D 
19
66
46

D 
19
66
47

D1
96

64
8

D 
19
66
49

D 
19
66
50

D1
96

65
1

D 
19

66
52

D 
19

66
53

D 
19
66
54

D 
19

66
55

B-
S 

(P
PM

)

10
0

28
0

10
0 73 90 59 72 50 57 71 73 84 11
0 73 87 12
0 64 15
0 98 63 50 45 61 57 43 55 48 13
0

13
0

14
0

13
0

12
0

21
0 80 16
0

16
0

17
0

16
0

14
0

11
0

BA
-S

 
(P
PM
)

20
0

66
0

1,
00
0

31
0 64 13
0

72
0

25
0

28
0 71 22
0 25

1,
10

0
73

0
87

0

1,
70

0
1,
40
0

19
0

98
0

45
0

50
0

63
0

13
0

34
0

12
0

16
0

10
0

13
0

13
0

2,
70

0

2,
70

0
3,
40
0 70 40
0

33
0

22
0

51
0

10
0

27
0

76
0

BE
-S
 

(P
PM
)

0.
34 .6
6

.7
3

.3
1

.9
0

N N N .5
7

N .4
4

N 1.
1

1.
6 N 2.
6 .6
4

.9
7

.9
8

.6
3

N N N .8
1

N N N .4
0

.3
9

.4
1

.9
3

.5
2

.9
8

4.
0 .3
3

2.
2 .5
1

.5
3

2.
7 .4
6

CD
 

CE
 

(P
PM
) 

(P
PM
)

0.
06
7L

.0
94

L
.1
5L

.1
0L

.1
3L

.0
84

L
.1
0L

.1
7L

.1
9L

.1
0L

.1
5L

.0
84

L
.1
1L

.1
0L

.1
2L

.1
8L

.0
91

L
.0
97
L

.1
4L

.0
90
L

.0
71
L

.0
90

L
.0
87
L

.1
2L

.0
61

L

.0
78

L
.0
68
L

.1
3L

.1
3L

.1
4L

.1
3L

.1
7L

.1
4L

.4
0L

.1
1L

.3
2L

.1
7L

.1
1L

.2
7L

.1
5L

N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N

CL
 

(P
PM
) B B B B B B B B B B B B B B B B B B B B B B B B B B B B B B B B B B B B B B B B

CO
 

(P
PM
) 1.
1

1.
5 .6
7

2.
5

2.
7 .3
8

.4
2

1.
2

1.
3

2.
0

1.
2 .5
1

1.
1

2.
1 .7
3

1.
5 .7
7

1.
5

1.
1 .6
1

.4
6

.3
7

.4
5

1.
5 .3
9

.3
6

.7
0

1.
3 .6
7

.6
3

.6
5

1.
0

1.
3

8.
4 .8
6

7.
7 .9
6

1.
0

6.
7

1.
7

CR
 

(P
PM
) 2.
2

3.
2

2.
5

2.
7

4.
5

1.
5

1.
8

12 7.
9

1.
4

3.
4

1.
2

3.
5

5.
1

2.
0

3.
0

2.
4

3.
2

3.
0

2.
1 .8
3

.8
3

1.
8

6.
1 .8
1

.9
6

.7
2

6.
0

4.
0

3.
6

3.
5

4.
3

7.
3

15 2.
4

22 6.
3

3.
3

20 4.
3

CU
 

(P
PM

) 4.
0

3.
9

5.
4

6.
9

8.
8

3.
9

4.
0

8.
4

18 3.
3

5.
1

3.
9

8.
8

7.
6

4.
1

9.
1

5.
6

6.
2

5.
2

4.
4

3.
2

2.
6

3.
7

13 4.
1

4.
1

2.
4

9.
5

9.
3

5.
3

5.
2

6.
0

8.
7

18 4.
8

30 7.
5

5.
1

24 6.
4

DY
-S
 

(P
PM

) N N N N N N N N N N N N N N N N N N N N B B B N B B N B B B B B N B B N B B N B

SA
MP
LE
 

NU
MB
ER

D 
18

81
 2
6

D1
88
12
7

D 
18

81
 2
8

D 
18

81
 2
9

D1
88

13
0

D1
88

13
1

D 1
88

 13
2

D 
18
8 1

33
D1
88
13
4

D 
18
8 1

35

D1
88
13
6

D1
88
13
7

D 1
88

 13
8

D 
18

8 1
40

D1
88

14
1

D 
18

81
 4
2

D 1
88

 14
3

D 
18
8 1

44
D 
18

81
 4
5

D 
18
92
56

D 
18
92
5 
7

D 
18
92
58

D1
 8
92

59
D 
18

92
60

D 
18
92
61

D 
18
92
62

D1
89
26
3

D 1
96
64
3

D 
19

66
44

D 
19

66
45

D 
19
66
46

D1
96

64
7

D1
96
64
8

D 
19
66
49

D 
19
66
50

D 
19
66
51

D1
96

65
2

D 
19

66
53

D 
19
66
54

D1
96

65
5

1
3
7



Ta
bl

e 
1f
. 

(c
on

t'
d.

) 
Ma
jo
r-
, 

mi
no

r-
, 

an
d 

tr
ac

e-
el

em
en

t 
co
nc
en
tr
at
io
ns
 o

f 
38

3 
li

gn
it

e 
sa

mp
le

s 
fr
om
 t

he
 F

or
t 

Un
io

n 
Re
gi
on
.

SA
MP

LE
 

NU
MB

ER

D1
88
12
6

D1
88

12
7

D 
18

8 1
28

01
88
12
9

D 
18

81
 3
0

D1
88

13
1

D1
88
13
2

D1
88

13
3

D 
18

6 1
34

D 
18

81
 3
5

D1
88

13
6

D1
88
13
7

D1
88

13
8

D 
18

8 1
40

D1
88
14
1

01
88
14
2

D1
88
14
3

D1
88

14
4

D1
88

14
5

D 
18
92
56

D 
18
92
57

D 
18
92
58

D1
89

25
9

D 
18
92
60

D 
18
92
61

D 
18
92
62

D 
18

92
63

D 
19

66
43

D1
96

64
4

01
96

64
5

01
 9
66
46

01
96
64
7

01
96

64
8

01
96

64
9

01
96
65
0

01
96

65
1

01
96
65
2

01
96
65
3

01
96
65
4

01
96

65
5

EU
 

(P
PM
) N N N N N N N N N N N N N N N N N N N N N N N N N N N B B B B B B B B B B B B B

F (P
PM

)

30 30 20
L

25 40 20
1

25 15
0

10
0 30 45 45 45 55 30 45 60 20 25 45 45 35 30 95 85 65 55 50 45 30 30 25 45 50 25 18
0 45 30 19
0 25

GA
-S
 

(P
PM
)

1.
3

1.
4

2.
2

3.
1

1.
9

1.
3

1.
5

5.
0

5.
7

1.
5

2.
2

1.
3

3.
3

7.
3

2.
5

5.
3

4.
6

2.
9

4.
2

1.
8

1.
4 .9
0

1.
3

2.
3 .9
2

1.
2

1.
0

2.
0

2.
6

4.
1

4.
0

3.
4

4.
2 B 2.
2

9.
6

5.
1

3.
2

19 2.
3

GD
-S

 
(P
PM
) N N N N N N N N N N N N N N N N N N N N B B B N B B N B B B B B N B B N B B N B

GE
-S
 

HF
 

(P
PM
) 

(P
PM

)

N N N N N N N N N N N N N 3.
1 N N 1.
8 N N N N N N N N N N N N N N N N N N N N N N N

N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N

HG
 

(P
PM

) 0.
03

0
.0

30
.2
0

.0
80

.2
4

.0
30

.0
90

.0
60

.2
4

.0
70

.1
0

.0
20

.0
50

.0
50

.0
30

.0
30

.0
30

.0
40

.1
0

.1
5

.0
50

.1
2

.0
40

.0
60

.0
30

.0
40

.0
60

.1
4

.1
2

.0
90

.0
90

.2
1

.1
1

.7
4

.0
80

.4
6

.1
0

.1
5

.1
8

.1
8

LA
 

(P
PM

) N 6.
6 N 7.
3 N N N N N N N N N N N

12 6.
4 N N 9.
0 N N N N N N N N N N N N N N N N N N N N

LI
 

(P
PM
) 1.
3

2.
9

5.
8

2.
9

5.
8

3.
4

5.
0

7.
2

16 2.
5

6.
8

2.
4

4.
1

2.
8

3.
8

6.
8

5.
0

3.
3

11 6.
6

4.
0

3.
2

6.
3

6.
7

1.
3

4.
1 .6
8L

5.
4

5.
4

7.
1

7.
0

2.
9

4.
9

5.
6

15 32 12 10 12 5.
3

MN
 

(P
PM
)

64 67 76 66 71 93 12
0 85 12
0 53 72 81 70 31 53 63 32 83 74 58 58 58 74 92 91 11
0 64 84 83 14
0

13
0 84 73 98 13
0 91 11
0

10
0 98 12
0

SA
MP
LE
 

NU
MB
ER

D 
18
8 1

26
01
88
12
7

01
88

12
8

D 
18
8 1

29
01

88
13

0

01
88

13
1

01
88
13
2

01
88

13
3

01
88
13
4

01
88
13
5

01
88

13
6

01
88
13
7

01
88

13
8

01
88

14
0

D1
88
14
1

01
 8
81
 4
2

D1
88
14
3

01
88
14
4

01
88
14
5

01
89

25
6

D 
18
92
57

01
89

25
8

D1
89

25
9

01
89
26
0

01
89

26
1

01
89
26
2

01
 8
92

63
01

96
64

3
D 
19

66
44

01
 9
66
45

01
96

64
6

01
96
64
7

01
 9
66

48
01

96
64

9
01
96
65
0

D1
96
65
1

01
96
65
2

01
96

65
3

01
96

65
4

01
96

65
5

1
3
8



Ta
bl
e 

1f
. 

(c
on

t'
d.

) 
Ma

jo
r-

, 
mi
no
r-
, 

an
d 

tr
ac

e-
el

em
en

t 
co
nc
en
tr
at
io
ns
 o

f 
38
3 

li
gn

it
e 

sa
mp
le
s 

fr
om
 t

he
 F

or
t 

Un
io
n 

Re
gi

on
.

SA
MP
LE
 

NU
MB
ER

01
88
12
6

D1
88
12
7

01
88
12
8

01
88
12
9

01
88

13
0

01
88

13
1

01
88
13
2

01
88
13
3

01
88
13
4

01
88
13
5

01
88

13
6

01
88
13
7

01
88
13
8

01
88

14
0

01
88
14
1

01
88

14
2

01
88

14
3

01
88
14
4

01
88
14
5

01
89

25
6

01
89

25
7

01
89

25
8

01
89

25
9

01
89

26
0

01
89

26
1

01
89
26
2

01
89
26
3

01
96
64
3

01
96

64
4

01
96

64
5

01
96

64
6

01
96
64
7

01
96

64
8

01
96
64
9

01
96
65
0

01
96

65
1

01
96
65
2

D 
19

66
53

D 
19

66
54

01
96

65
5

MO
-S
 

(P
PM

)

2.
0

1.
4

2.
9

1.
6

1.
9 N 1.
5 N 2.
9

2.
0

4.
4

1.
3

3.
3

7.
3

1.
9

5.
3

1.
8

2.
9

2.
8

1.
4 .7
1

N .8
7

2.
3 .9
2

N 1.
0

1.
3

1.
3

1.
4

1.
3

5.
2

4.
2

20
1.
6

9.
6

1.
7

1.
6

14 3.
0

NB
-S

 
(P
PM
) N 2.
8 N 3.
1

2.
6 N 2.
1

3.
4

3.
8 N 2.
9 N 2.
2

5.
2 N 5.
3

1.
8

1.
9

2.
8

1.
8L N N N 2.
3L N N 1.
4L N 2.
6L N N N 2.
8L N N 6.
4

3.
4

2.
1L

5.
4L N

NO
-S

 
(P
PM
) B N B N B B B B B B B B B B B N N B B N B B B B B B B B B B B B B B B B B B B B

NI
-S
 

(P
PM

)

1.
0

1.
4

1.
0

2.
1

3.
9 .5
9

.5
2

1.
2

2.
9

1.
5.

1.
0 .5
9

1.
7

3.
1 .8
7

2.
6

1.
4

1.
5

2.
1 .6
3

.7
1

.6
3

.8
7

1.
2 .6
1

.5
5

.6
8

2.
0

1.
3

1.
4

2.
0

3.
4

2.
8

28 1.
6

16 2.
6

1.
6

14 3.
0

P (P
PM

)

29
0L

41
0L

63
0L

45
0L

56
0L

37
0L

45
0L

73
0L

83
0L

44
0L

64
0L

37
0L

49
0L

45
0L

54
0L

76
0L

40
0L

42
0L

61
0L

39
0L

37
0

39
0L

3.
80

L
50

0L
27

0L

3,
40

L
30

0L 48 52 17 13 8.
7L

4.
4L

17
L 8.
7

13
L

13 8.
7

13
L

13

PB
 

(P
PM
) 2.
7

2.
4

5.
1

4.
2

4.
5

4.
2

4.
1

5.
0

7.
6

3.
5

7.
4

2.
1

5.
0

3.
1

3.
1

7.
9

4.
1

2.
9

6.
3

2.
3

2.
1

2.
3L

3.
5

2.
9L

1.
5L

2.
7

1.
7L

4.
0

4.
5

5.
4

5.
3

4.
3L

3.
5L

10
L 4.
9

9.
6

6.
8

4.
2

6.
8L

3.
8L

SB
 

(P
PM

) 0.
34 .3
5

.4
8

1.
0

1.
0 .1
8

.1
9

.6
0

.9
6

.1
3

.7
5

.1
4

1.
1

2.
5 .6
3

.6
4

.9
1

.4
1

.5
7

.5
2

.2
1

.1
3

.2
2

2.
1 .3
9

.2
6

.2
5

.6
8

.3
9

.3
1

.3
0

.8
8

1.
4

4.
0 .3
4

2.
9 .4
0

.5
4

3.
8

1.
8

SC
 

(P
PM
) 0.
47 .6
6

N .7
3

1.
9 N N 2.
5

2.
9 N 1.
0 N 1.
7

3.
1 .8
7

2.
6

1.
8

2.
9

1.
4

1.
8 .5
0

N .6
1

2.
3 .6
1

.5
5

N L L 2.
0

2.
0

1.
7

2.
8

6.
0

1.
1

9.
6

1.
7

1.
6

8.
1

1.
5

SE
 

(P
PM

) 0.
39 .3
3

.5
3

.7
5

1.
1 .7
3

.6
6

.7
0

.8
5

.6
8

.7
8

.3
9

.6
2

.3
6

.5
5

.1
0L

.4
8

.5
8

.8
4

.4
1

.3
8

.5
0

.6
0

.4
9

.3
7

.3
4

.2
9

.9
7

.5
8

.6
7

.1
0L

.3
9

.4
4

.8
2

.1
0L

.8
4

.8
0

.5
1

.1
0L

.1
0L

SN
-S
 

(P
PM
) N N N N N N N N 5.
7 N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N

SA
MP

LE
 

NU
MB

ER

01
88

12
6

01
88
12
7

01
88
12
8

01
88
12
9

01
88

13
0

01
88

13
1

01
88

13
2

01
88

13
3

01
88
13
4

01
88
13
5

01
88

13
6

01
88
13
7

01
88
13
8

01
88

14
0

01
88

14
1

01
88

14
2

01
88

14
3

01
88

14
4

01
88

14
5

01
89
25
6

01
89
25
7

01
89
25
8

01
89

25
9

01
89

26
0

01
89

26
1

01
89
26
2

01
89
26
3

01
96

64
3

01
96

64
4

01
96
64
5

01
96
64
6

01
96

64
7

01
96
64
8

01
96
64
9

01
96

65
0

01
96

65
1

01
96

65
2

D 
19

66
53

01
96

65
4

01
96

65
5

1
3
9



Ta
bl
e 

1f
. 

(c
on

t'
d.

) 
Ma

jo
r-

, 
mi

no
r-

, 
an
d 

tr
ac
e-
el
em
en
t 

co
nc

en
tr

at
io

ns
 o

f 
38

3 
li
gn
it
e 

sa
mp
le
s 

fr
om
 t

he
 F

or
t 

Un
io

n 
Re

gi
on

.

SA
MP
LE
 

NU
MB

ER

D 
18

81
 2
6

D1
88
12
7

D 
18
8 1

28
D 
18

8 1
29

D 
18

81
 3
0

D1
88

13
1

D1
88

13
2

D 
18

8 1
33

D 
18

8 1
34

D 
18
81
 3
 5

D 
18

8 1
36

D1
88
13
7

D 
18

8 1
38

D1
88
14
0

D1
88

14
1

D 
18
81
 4
2

D 
18

8 1
43

D 
18

8 1
44

D1
88
14
5

D 
18
92
56

D 
18
92
57

D 
18
92
58

D 
18
92
59

D 
18

92
60

D 
18
92
61

D 
18
92
62

D 
18

92
63

D1
96
64
3

D1
96
64
4

D 
19

66
45

D 
19

66
46

D 
19
66
47

D1
96
64
8

D 
19
66
49

D1
96

65
0

D1
96
65
1

D1
96
65
2

D 
19

66
53

D 
19

66
54

D 
19

66
55

SR
-S
 

(P
PM

)

33
0

28
0

22
0

31
0

19
0

25
0

31
0

25
0

38
0 71 22
0

25
0

33
0

21
0

62
0

87
0

64
0

19
0

42
0

18
0

21
0

13
0

17
0

23
0

30
0

39
0

20
0

20
0

19
0

27
0

27
0

34
0

21
0

20
0

22
0

22
0

34
0

21
0

27
0

30
0

TH
 

(P
PM
) 0.
88

1.
1

2.
4

1.
7

2.
5 .9
6

1.
2

3.
1

3.
7 .9
1

2.
1 .6
7

1.
3

1.
7

1.
5

1.
7

1.
8

1.
5

2.
1

1.
6 .9
2

.8
1

1.
5

1.
7 .8
6

1.
5 .4
0

2.
4

1.
7

2.
1

2.
0

1.
8

1.
6 .1
0L

1.
8

5.
7

3.
8

1.
6

4.
3

2.
3

TL
-S

 
(P
PM
) N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N

U (P
PM
) 1.
2

1.
1

2.
5

1.
7

1.
8 .6
9

.9
3

1.
6

2.
2

13 3.
1 .8
4

2.
9

6.
5

1.
4

1.
2

1.
9

1.
8

1.
6

1.
1 .9
6

1.
3 .9
5

2.
4

1.
2

1.
3 .9
3

1.
5

1.
5

1.
5

1.
5

2.
2

2.
9

5.
4 .8
8

7.
4

1.
5

1.
2

16 1.
8

V-
S 4.

7
4.
7

4.
4

7.
3

9.
0

2.
5

3.
1

12 13 3.
0

4.
4

2.
5

17 31 6.
2

12 14 6.
8

4.
2

4.
5

1.
4 .9
0

2.
6

17 3.
1

2.
3

1.
4

6.
6

6.
5

9.
5

9.
3

8.
6

21 28 3.
3

48 12 7.
4

27 4.
6

U (P
PM

) N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N

Y-
S 

(P
PM

)

4.
7

6.
6

7.
3

7.
3

9.
0

1.
7

2.
1

5.
0

5.
7

3.
0

4.
4

1.
7

7.
8

16 3.
7

12 6.
4

6.
8

7.
0

9.
0

1.
4

1.
4

1.
7

8.
1

1.
2

1.
6

4.
8

2.
6

3.
9

6.
8

6.
7

5.
2

9.
8

12 3.
3

22 5.
1

5.
3

19 4.
6

YB
 

(P
PM
) 0.
34 .6
6

.7
3

.5
2

.9
0

.1
7

.2
1

.5
0

.9
5

.3
0

.7
4

.2
5

.7
8

1.
6 .3
7

1.
2 .6
4

.6
8

.7
0

.6
3

.1
4

.1
8

.1
7

.8
1

.1
8

.1
6

.3
4

.4
0

.3
9

.4
1

.4
0

B .9
8

B .3
3

2.
2 .5
1

.5
3

2.
7 B

ZN
 

(P
PM
) 2.
6

5.
3

5.
5

7.
5

11 2.
9

4.
1

7.
9

12 3.
8

8.
7

2.
8

11 12 5.
6

8.
8

2.
5

3.
5

4.
9

4.
6

2.
1

4.
2

2.
8

7.
2

1.
8

2.
9

2.
5

40 41 8.
8

8.
6

12 17 75 6.
2

74 15 17 65 16

ZR
-S

 
(P

PM
)

4.
7

6.
6

15 10 19 5.
9

7.
2

17 29 7.
1

10 5.
9

17 16 19 26 18 15 21 14 7.
1

4.
5

8.
7

12 6.
1

7.
8

4.
8

13 13 20 13 17 21 40 16 48 26 16 41 15

SA
MP
LE
 

NU
MB
ER

D 
18

8 1
26

D1
88
12
7

D 
18
81
 2
8

D 
18

81
 2
9

D 
18

8 
13
0

D1
88

13
1

D 
18
81
 3
2

D 
18

8 1
33

D1
88

13
4

D 
18
8 1

35

D 
18

8 
13
6

D1
88
13
7

D 
18

8 1
38

D 
18
81
 4
0

D1
88

14
1

D 
18
81
 4
2

D 
18

8 1
43

D 
18

8 
14
4

D 
18

81
 4
5

D 
18
92
56

D 
18
92
57

D 
18
92
58

D 
18
92
59

D 
18
92
60

D 
18
92
61

D 
18
92
62

D 
18
92
63

D 
19

66
43

D1
96

64
4

D 
19
66
45

D 
19
66
46

D1
96

64
7

01
 9
66

48
D1
96
64
9

D 
19
66
50

01
96
65
1

01
 9
66

52
01
 9
66
53

01
96

65
4

01
96

65
5

1
4
0



Ta
bl

e 
1f
. 

(c
on
t'
d.
) 

Ma
jo

r-
, 

mi
no

r-
, 

an
d 

tr
ac
e-
el
em
en
t 

co
nc

en
tr

at
io

ns
 o

f 
38

3 
li

gn
it

e 
sa
mp
le
s 

fr
om

 t
he

 F
or
t 

Un
io

n 
Re

gi
on

.

SA
MP

LE
 

SI
 

AL
 

CA
 

MG
 

NA
 

K 
FE
 

TI
 

NU
MB

ER
 

(P
ER

CE
NT

) 
(P

ER
CE

NT
) 

(P
ER
CE
NT
) 

(P
ER

CE
NT

) 
(P
ER
CE
NT
) 

(P
ER

CE
NT

) 
(P

ER
CE

NT
) 

(P
ER

CE
NT

)

01
96
65
6

01
 9
66
57

01
96
65
8

01
96
65
9

01
96
66
0

01
96
66
1

01
96

66
2

01
96
64
1

01
96
64
2

02
21
12
5

02
21

12
6

02
21

12
7

02
21
12
8

02
21
12
9

02
21
13
0

02
21
13
1

02
21
13
2

02
21

13
3

02
21
13
4

02
21
13
5

02
21
13
6

D2
21
13
7

02
21
13
8

02
21
13
9

02
21

14
0

02
21
14
1

02
21
14
2

02
21

14
3

02
21

14
4

02
21

14
5

01
96
59
8

01
96

59
9

02
09
95
3

02
09

95
4

02
09
95
5

02
09
95
6

02
09
95
7

02
09
95
8

02
09
95
9

02
09
96
0

1.
4

1.
2

4.
7

1.
5

1.
4

1.
5

1.
7

1.
7 .9
0

1.
8

1.
8

3.
2

5.
1

2.
1

1.
5

3.
5

5.
6

1.
6

2.
8

5.
8

2.
5

4.
7

1.
2

1.
9

1.
7

4.
3

2.
4 .8
4

1.
9

1.
4

4.
3

10
.8
2

.5
3

2.
9

3.
0

2.
2

1.
2

1.
4 .5
2

0.
58 .9
5

1.
1 .5
7

.5
3

.7
5

.8
3

.7
5

.6
5

.8
4

1.
2

1.
9

2.
8 .9
4

.8
1

2.
4

2.
5

1.
0

1.
3

3.
3

1.
0

2.
0 .9
3

1.
6 .8
9

2.
0

1.
7 .6
1

1.
0 .8
2

1.
3

2.
4 .5
9

.3
7

1.
6

1.
7

1.
2 .7
6

.7
7

.4
7

1.
2

1.
1

1.
2

1.
6

1.
6

1.
0

1.
1

1.
3

1.
1

1.
3

1.
4

1.
2

1.
6

1.
5

1.
3

1.
1

1.
5

1.
7

1.
3

1.
3

1.
7

1.
2

1.
4

1.
1 .9
4

.8
2

1.
6

1.
4

1.
3

1.
3

1.
7

2.
5

1.
2 .9
4

.9
8

1.
1

1.
2

1.
3

1.
0

1.
2

0.
37 .3
8

.6
3

.5
3

.5
3

.3
9

.3
7

.4
6

.4
3

.4
4

.4
2

.3
0

.3
1

.1
1

.2
8

.1
7

.6
0

.3
9

.2
0

.2
3

.5
3

.5
0

.3
3

.2
7

.2
6

.2
7

.4
9

.4
0

.4
3

.3
9

.6
4

.9
1

.2
9

.2
4

.2
6

.2
5

.4
8

.5
0

.3
4

.3
0

0.
27 .5
3

.0
31

.0
26

.0
30

.1
2

.5
3

.0
35

.0
27

.0
32

.0
36

.6
2

.6
8

.0
50

.0
55

.6
3

.1
3

.1
1

.5
4

.7
2

.1
6

.2
1

.0
31

.6
0

.5
6

.5
8

.0
34

.2
9

.3
6

.1
2

.1
4

.3
0

.8
1

.7
2

.7
4

.7
8

.0
61

.0
56

.5
8

.5
2

0.
06

5
.0

35
.2
1

.0
89

.0
85

.0
44

.0
76

.1
1

.0
73

.0
85

.0
84

.1
9

.3
2

.1
3

.0
79

.2
4

.4
7

.0
44

.2
3

.5
6

.1
7

.4
2

.0
33

.0
55

.1
2

.2
0

.0
45

.0
39

.1
4

.0
61

.3
3

.8
8

.0
22

.0
20

.1
4

.1
5

.1
4

.0
49

.0
99

.0
22

2.
0 .2
7

1.
6 .8
0

.8
6

8.
5

1.
0 .6
6

4.
4

1.
0 .8
2

1.
4 .3
7

.3
7

.4
1

.5
0

2.
5 .3
8

.3
9

.4
2

3.
1

1.
9 .2
2

.9
7

.4
1

1.
6

1.
5 .6
7

.9
2

1.
7 .8
6

1.
5 .7
5

.8
9

.5
8

.3
0

.5
2

.2
7

.6
9

.3
6

0.
03
7

.0
32

.1
6

.0
40

.0
38

.0
32

.0
39

.0
46

.0
21

.0
76

.0
25

.0
68

.0
87

.0
36

.0
28

.0
64

.0
82

.0
37

.0
51

.1
3

.0
31

.0
78

.0
25

.0
34

.0
28

.0
75

.0
61

.0
16

.0
37

.0
25

.0
76

.1
2

.0
17

.0
13

.0
43

.0
72

.0
49

.0
31

.0
34

.0
19

AG
-S
 

(P
PM

) N N N N N N N N N .1
2L

.1
2L

.1
8L

.2
1L

.1
2L

.0
89
L

.1
7L

.2
7L

.1
1L

.1
3L

.2
6L

.1
9L

-2
3L

.0
86

L
.1
4L

.1
0L

.2
0L

.1
7L

.0
90
L

.1
3L

.1
3L

N N N N N N N N N N

AS
 

(P
PM

) 21 18 19 10 9.
6

22 8.
4

13 18
0 10 6.
2

37 8.
4

3.
3

5.
7

9.
8

39 15 3.
6

3.
0

11 8.
8

2.
3

11 5.
7

21
0 14 2.
5

8.
4

10 4.
7

11 7.
4

4.
8

6.
9

1.
7

32
1.

7
4.

8
1.
4

SA
MP
LE
 

NU
MB

ER

01
96

65
6

01
96

65
7

01
96

65
8

01
96
65
9

01
96

66
0

01
96
66
1

01
96

66
2

01
96
64
1

01
96

64
2

02
21
12
5

02
21
12
6

02
21
12
7

02
21

12
8

02
21
12
9

02
21

13
0

02
21
13
1

02
21
13
2

02
21

13
3

02
21

13
4

02
21

13
5

02
21
13
6

02
21

13
7

02
21
13
8

02
21
13
9

02
21

14
0

02
21
14
1

02
21

14
2

02
21
14
3

02
21

14
4

02
21
14
5

01
96

59
8

01
96

59
9

02
09
95
3

02
09

95
4

02
09

95
5

02
09

95
6

02
09
95
7

02
09
95
8

D2
09

95
9

02
09

96
0

1
4
1



Ta
bl
e 

1f
. 

(c
on
t'
d.
) 

Ma
jo
r-
, 

mi
no
r-
, 

an
d 

tr
ac
e-
el
em
en
t 

co
nc

en
tr

at
io

ns
 o

f 
38

3 
li

gn
it

e 
sa

mp
le

s 
fr
om
 t

he
 F

or
t 

Un
io
n 

Re
gi

on
.

SA
MP
LE
 

NU
MB
ER

D 
19
66
56

D 
19
66
57

D 
19
66
58

D 
19
66
59

D 
19

66
60

D 
19

66
61

D 1
96

66
2

01
 96

64
1

D 1
96

64
2

D2
21
12
5

D2
21

12
6

D2
21
12
7

D2
21

12
8

D2
21

12
9

D2
21

13
0

D2
21
13
1

D 2
2 1

1 3
2

D2
21
13
3

D2
21
13
4

02
21
 1
35

D2
21

13
6

D2
21
13
7

D2
21
13
8

02
21
 1
39

D2
21
14
0

D2
21
14
1

D2
21
14
2

D2
21
14
3

D2
21

14
4

D2
21

14
5

D1
96
59
8

D1
96
59
9

D2
09
95
3

D2
09
95
4

D2
09

95
5

D2
09

95
6

D2
09

95
7

D2
09

95
8

D2
09

95
9

D2
09
96
0

B-
S 

(P
PM
)

11
0

16
0

16
0

13
0

13
0 79 13
0

13
0

12
0

11
0

11
0

18
0

17
0

21
0 97 30
0

22
0

29
0

38
0

36
0

17
0

22
0

10
0

12
0 89 18
0

12
0

13
0

16
0

12
0

15
0

20
0

16
0

14
0

16
0

16
0

13
0

13
0

11
0

11
0

BA
-S

 
(P
PM
)

46
0 53

1,
10

0
13
0

13
0

53
0 65 39
0 26 17
0

48
0

22
0

83
0

80
0

30
0

85
0

18
0

20
0

55
0

1,
50
0

1,
40

0
1,
90
0

14
0

76
0

72
0

56
0

48
0

23
0

2,
00

0
58
0

42
0

81
0

53
0

1,
40
0

32
0

1,
60

0
13
0

13
0

11
0

22
0

BE
-S

 
(P
PM
)

0.
78

1.
1

1.
6 .9
4

.9
0

2.
6

1.
3

1.
9

3.
5

1.
7

1.
1

1.
7

1.
9

1.
9

1.
3

1.
9

4.
4

1.
2

1.
1

3.
6

2.
3

2.
7 .4
3

2.
9 .6
6

3.
4

3.
2 .4
1

1.
6 .9
3

N 1.
2 .5
4

.6
6

.8
0

.7
8

.6
5

.2
7

.5
4

1.
1

CD
 

(P
PM
) 0.
16

L
.1
1L

.2
3L

.1
3L

.1
3L

.2
6L

.1
3L

.1
3L

.1
8L

.1
3L

.1
3L

.2
0L

.2
3

.1
3

.3
9

.1
9L

.2
9L

.1
2

.1
5

.2
8

.2
1L

.2
5L

.1
9

.3
0

.1
1L

.2
2L

.3
7

.0
98

.1
4

.1
4L

.2
1L

.4
1L

.1
1

.0
94
L

.1
6

.1
6L

.1
3

.0
90

.2
2

.0
74

CE
 

(P
PM
) N B N N N N N N N

20 20 24 21
L

25 16 31 27
L

16 18 44 20
L

23
L

10 30
L

14 39 43 13 22 13
L N N B B N N N N N B

CL
 

(P
PM
) B B B B B B B B B B B B B B B B B B B B B B B B B B B B B B B B B B B B B B B B

CO
 

(P
PM
) 3.
3

1.
2

2.
6 .9
3

.8
2

2.
3

1.
5

4.
9

43 1.
2

1.
1

5.
1 .7
4

1.
6

1.
9

1.
1

13
.9
6

1.
8

2.
0

1.
9

4.
3 .6
4

6.
2

1.
7

2.
6

1.
4

1.
2

3.
7

1.
1

2.
0 .1
0L

.5
7

.6
0

1.
4 .9
6

1.
2 .4
5

4.
3

1.
5

CR
 

(P
PM
) 4.
6 .1
0L

8.
6

6.
2

5.
3

4.
5

4.
0

14 9.
0

7.
0

3.
3

15 8.
4

7.
0

7.
0

4.
6

15 3.
8

7.
3

14 7.
0

17 4.
0

5.
0

6.
4

13 5.
7

2.
5

8.
8

4.
4

8.
2

20
.1
0L

1.
3

4.
6

5.
4 .1
0L

2.
8

7.
7

2.
7

CU
 

(P
PM
) 5.
4

6.
9

13 7.
1

6.
1

4.
2

7.
5

17 8.
4

6.
3

6.
4

18 5.
5

12 11 5.
6

20 6.
6

19 21 6.
1

9.
4

4.
0

9.
5

4.
8

10 20 3.
4

9.
5

5.
0

6.
3

16 11 7.
1

14 17 12 7.
6

15 4.
9

DY
-S
 

(P
PM

) B N N N N B B N N
2.

6L

2.
6L

4.
0L

4.
6L

2.
7L

1.
9L

3.
7L

5.
9L

2.
5L

2.
9L

5.
6L

4.
2L

4.
9L

1.
9L

3.
0L

2.
 2
1

4.
3L

3.
7L

2.
0L

2.
9L

2.
8L B B N B B B B B N N

SA
MP

LE
 

NU
MB
ER

D 
19
66
56

D1
96
65
7

D 
19
66
58

D1
96

65
9

D 
19

66
60

D 
19
66
61

D 1
96

66
2

D1
96

64
1

D 1
96

64
2

D2
21
12
5

D2
21
12
6

D2
21
12
7

D2
21
12
8

02
21
12
9

D2
21

13
0

D2
21

13
1

D 2
2 1

1 3
2

02
21
13
3

D2
21
13
4

D2
21

13
5

D 2
2 1

1 3
6

02
21

13
7

D2
21
13
8

D2
21
13
9

D2
21
14
0

02
21

14
1

D2
21
14
2

D2
21
14
3

D2
21
14
4

D2
21
14
5

D1
96
59
8

D 1
96

59
9

D2
09
95
3

D2
09
95
4

D2
09

95
5

D2
09
95
6

D2
09

95
7

D2
09
95
8

D2
09
95
9

D2
09
96
0

1
4
2



Ta
bl

e 
1f
. 

(c
on

t'
d.

) 
Ma
jo
r-
, 

mi
no
r-
, 

an
d 

tr
ac
e-
el
eu
ie
nt
 c

on
ce
nt
ra
ti
on
s 

of
 3

83
 
li

gn
it

e 
sa
mp
le
s 

fr
om

 t
he
 F

or
t 

Un
io
n 

Re
gi
on
.

SA
MP

LE
 

NU
MB

ER

D 
19
66
56

D 
19
66
57

D 
19
66
58

D 
19
66
59

D 
19
66
60

D 
19

66
61

01
96

66
2

D1
96

64
1

D 
19
66
42

D2
21
12
5

02
21

12
6

D2
21
12
7

D 2
2 
11

 2
8

D2
21

12
9

D2
21

13
0

D2
21

13
1

D2
21

13
2

D2
21

13
3

D2
21
13
4

D2
21
13
5

D2
21
13
6

D2
21

13
7

D2
21
13
8

D2
21

13
9

D2
21

14
0

D2
21

14
1

D2
21
14
2

D2
21

14
3

D2
21
14
4

D 2
21

 1
45

D1
96
59
8

D 
19
65
99

D2
09
95
3

D2
09

95
4

D2
09
95
5

D2
09
95
6

02
09
95
7

D2
09

95
8

D2
09

95
9

D2
09

96
0

EU
 

(P
PM
) B B B B B B B B B .2

6L

.2
6L

.4
0L

.5
1

.4
3

.1
9L

.4
1

.5
9L

.2
5L

.2
9L

.6
7

.4
2L

.4
9L

.1
9L

.3
0L

.2
2L

.4
3L

.3
7L

.2
0L

.2
9L

.2
8L

B B B B B B B B B N

F (P
PM
)

25 25 55 25 25 20
L

30 45 25 65 55 60 40 55 60 40 14
0 30 75 12
0 65 11
0 40 55 60 95 40 30 60 40 11
0

29
0 20 20 70 50 70 20 30 20
L

GA
-S

 
(P

PM
)

4.
7

5.
3

6.
9

2.
7

2.
6

5.
3

3.
9

9.
0

12 5.
1

3.
9

8.
0

7.
2

6.
9

2.
8

12 9.
7

3.
6

6.
4

19 5.
7

5.
9

2.
7

8.
4

2.
8

11 7.
8

2.
3

4.
9

3.
5

6.
3

12 3.
2

2.
8

4.
8

7.
8

6.
5

2.
7

7.
6

2.
2

GD
-S

 
(P

PM
) B N N N N B B N N 2.
6L

2.
6L

4.
0L

4.
6L

2.
7L

1.
9L

3.
7L

5.
9L

2.
5L

2.
9

5.
6L

4.
2L

4.
9L

1.
9L

3.
0L

2.
2L

4.
3L

3.
7L

2.
0L

2.
9L

2.
8L B B N B B B B B N N

GE
-S
 

(P
PM
) N N N N N 7.
9 N 6.
5

12 1.
2 .6
2

.9
8

.7
6

1.
2 .4
8

1.
1

3.
2 .6
6

.9
3

1.
9

1.
4

1.
6 .4
2

1.
5 .4
6

4.
5

2.
4 .5
8

.6
0

.5
4

N N N N N N N N 7.
6 N

HF
 

(P
PM
) N N N N N N N N N

26
L

26
L

40
L

46
L

27
L

19
L

37
L

59
L

25
L

29
L

56
L

42
L

49
L

19
L

30
L

22
L

43
L

37
L

20
L

29
L

28
L N N N N N N N N N N

HG
 

(P
PM

) 0.
16 .1
3

.1
2

.1
4

.1
3

.5
6

.1
9

.0
80

.7
9

.1
2

.1
0

.2
6

.1
1

.0
40

.0
60

.0
60

.1
7

.0
70

.0
50

.0
90

.1
1

.0
50

.0
20

.2
0

.0
90

.4
2

.1
6

.0
40

.1
2

.1
2

.1
2

.1
8

.2
0

.1
6

.1
1

.0
50

.3
2

.0
50

.1
1

.1
3

LA
 

(P
PM
) N N N N N N N N N 7.
0

7.
1

9.
8

12 10 6.
4

17 16 7.
1

10 24 12 17 6.
0

13 5.
7

13 16 5.
7

11 7.
1 N N N N N N N N N L

LI
 

(P
PM
) 5.
1

8.
3

9.
4

4.
3

4.
2

8.
7

6.
9

5.
4

5.
4

6.
3

7.
9

13 24 3.
6

4.
0

23 16 6.
8

8.
8

28 6.
1

10 6.
4

10 5.
6

9.
5

10 3.
7

4.
5

5.
3

13 16 1.
8

1.
1

11 9.
8

5.
5

5.
5

2.
5

1.
7

MN
 

(P
PM
)

12
0

11
0 42 91 79 40 64 68 58 83 35 50 65 75 53 37 61 45 81 99 69 42 45 68 41 39 50 52 56 49 18
0

20
0 40 33 57 54 43 42 71 90

SA
MP
LE
 

NU
MB
ER

D 
19
66
56

D 
19
66
57

D 
19
66
58

D 
19
66
59

D 
19
66
60

D 
19
66
61

D 
19
66
62

D1
96

64
1

D 
19
66
42

D2
21

12
5

D2
21

12
6

D2
21
12
7

D2
21
12
8

D2
21
12
9

D2
21
13
0

D2
21

13
1

D2
21

13
2

D2
21
13
3

D2
21

13
4

D2
21
13
5

D2
21

13
6

D2
21
13
7

D2
21

13
8

D2
21
13
9

D2
21

14
0

D2
21

14
1

D2
21

14
2

D2
21

14
3

D2
21
14
4

D2
21

14
5

D 
19
65
98

D 
19
65
99

D2
09
95
3

D2
09
95
4

D2
09

95
5

D2
09
95
6

D2
09

95
7

D2
09
95
8

D2
09

95
9

D2
09
96
0

14
,3



Ta
bl
e 

1f
. 

(c
on

t'
d.

) 
Ma
jo
r-
, 

mi
no

r-
, 

an
d 

tr
ac

e-
el

em
en

t 
co
nc
en
tr
at
io
ns
 o

f 
38

3 
li
gn
it
e 

sa
mp
le
s 

fr
om
 t

he
 F

or
t 

Un
io
n 

Re
gi

on
.

SA
MP

LE
 

NU
MB

ER

D1
 9
66
56

D1
 9
66
57

D1
96

65
8

D1
96

65
9

D1
96
66
0

D1
96

66
1

D1
96

66
2

D 
19
66
41

D 
19
66
4 2

D2
21
12
5

D2
21
12
6

D2
21
12
7

D2
21
12
8

D2
21

12
9

D2
21

13
0

D2
21
13
1

D2
21

13
2

D2
21
13
3

D2
21

13
4

D2
21
13
5

D2
21
13
6

D2
21

13
7

02
21

13
8

D2
21

13
9

D2
21

14
0

D2
21

14
1

D2
21

14
2

D2
21
14
3

D2
21
14
4

D2
21
14
5

D1
 9
65
98

D1
96

59
9

D2
09
95
3

D2
09

95
4

D2
09
95
5

D2
09
95
6

D2
09
95
7

D2
09
95
8

D2
09

95
9

D2
09

96
0

MO
-S
 

(P
PM

)

2.
3

3.
2

3.
4

2.
0

1.
9

7.
9

3.
9

2.
6

12 4.
0

4.
0

4.
4

1.
3

2.
8

3.
3

1.
4

7.
0

2.
6

1.
9

1.
9

5.
7

3.
7

1.
2

6.
0

2.
0

3.
2

7.
3

1.
5

3.
6

2.
4 N 2.
8

1.
6

1.
9

1.
6

1.
1L

1.
9 .9
0

3.
2

1.
5

NB
-S

 
(P

PM
) N N 4.
6

2.
7

2.
6L N 2.
6L

3.
9

8.
8

7.
6

6.
1

7.
0

9.
0

4.
9

3.
6

11 9.
7

5.
3

5.
5

28 7.
6

10 3.
8

9.
0

3.
7

11 7.
3

3.
2

5.
2

3.
5 N N L L L L L L L 1.
5

ND
-S
 

(P
PM

) B B B B B B B B B
12
L

12
L

19
L

21
L

12
L 9.
0L

17
L

27
L

12
L

14
L

26
L

20
L

23
L 8.
6L

14
L

10
L

20
L

17
L 9.
1L

13
L

13
L B B B B B B B B B N

NI
-S
 

(P
PM

)

2.
3

1.
6

4.
6

2.
0

1.
9

4.
0

2.
0

3.
9

35 2.
4

2.
0

12 1.
9

4.
3

4.
1

3.
5

20 2.
7

4.
5

8.
9

6.
1

9.
1

1.
8

14 4.
3

10 4.
8

2.
1

5.
8

2.
4

3.
2

12 2.
1

2.
8

8.
0

4.
7

3.
9 .9
0

16 5.
2

P (P
PM
)

13 4.
4L

8.
7L

13 17 13
L 4.
4L

4.
4

8.
7L

44
L

44 44
L

44 44 87 44 87 44
L

26
0 87 26
0

13
0 44 44
L

22
0 87 44 26
0 87 22
0

13
0

18
0 44
L

44
L

44
L

87 22
0

13
0

26
0

31
0

PB
 

(P
PM
) 3.
9L

3.
2

5.
7L

4.
7

6.
4

7.
9

5.
9

3.
9

5.
3

3.
6

4.
7

9.
0

13 4.
5

4.
2

10 13 8.
4

6.
6

22 6.
3L

6.
9

7.
7

7.
4

3.
8

7.
1

7.
4

3.
2

4.
3L

4.
3

7.
4

10 3.
9

2.
4L

8.
0

10 4.
0

3.
2

3.
2

1.
9

SB
 

(P
PM
) 2.
1 .8
0

3.
6 .4
4

.4
3

1.
5 .9
8

2.
1

11 1.
0 .8
5

2.
4 .8
5

1.
3

1.
1 .9
0

2.
0 .8
9

.6
7

1.
2

1.
2

1.
8 .3
0

2.
6 .9
7

2.
4 .9
6

.7
3

1.
0 .6
8

.4
6

3.
3 .4
2

.5
5

.8
2

.6
1

.7
4

.5
6

1.
7 .3
2

SC
 

(P
PM
) 1.
6

2.
1

3.
4

2.
0

1.
9

4.
0

2.
0

3.
9

5.
3

2.
3

1.
6

3.
8

2.
5

3.
5

2.
3

3.
3

7.
3

2.
0

2.
8

5.
8

2.
7

4.
2

1.
2

5.
0

1.
7

4.
7

3.
9 .9
6

3.
2

1.
4

2.
1

6.
1

2.
1

2.
8

1.
6

4.
7

2.
6

1.
4

3.
2

2.
2

SE
 

(P
PM
) 1.
1 .6
5

1.
3 .7
0

.1
0L

.9
4

.5
4

.8
1

1.
7 N N 2.
2 N .8
3

.7
5

1.
7

1.
0 .8
8

1.
0

2.
4 N N .4
9

N .5
7

N 1.
2 N .4
2

.5
0

.6
8

.1
0L

.8
1

1.
1

1.
4

1.
5 .6
0

.6
3

.4
9

.3
0

SN
-S
 

(P
PM
) N N N N N N N N N 1.
2L

1.
2L

1.
9L

2.
1L

1.
2L .9
0L

1.
7L

2.
7L

1.
2L

1.
4L

2.
6L

2.
0L

2.
3L .8
6L

1.
4L

1.
0L

2.
0L

1.
7L .9
1L

1.
3L

1.
3L N N N N N N N N N N

SA
MP

LE
 

NU
MB

ER

D 
19
66
56

D 
19

66
57

D1
96
65
8

D 
19
66
59

D 
19
66
60

D1
96
66
1

D1
96

66
2

D1
96
64
1

D1
96

64
2

D2
21

12
5

02
2 
11

 2
6

D2
21

12
7

D2
21

12
8

D2
21

12
9

D2
21

13
0

D2
21
13
1

D2
21

13
2

D2
21

13
3

D2
21

13
4

D2
21

13
5

D2
21

13
6

D2
21

13
7

D2
21
13
8

D2
21

13
9

D2
21

14
0

D2
21
14
1

D2
21

14
2

D2
21

14
3

D2
21
14
4

D2
21

14
5

D1
96
59
8

D 
19

65
99

D2
09

95
3

D2
09

95
4

D2
09

95
5

D2
09
95
6

D2
09

95
7

D2
09
95
8

D2
09
95
9

D2
09
96
0

1
4
4



Ta
bl

e 
1f
. 

(c
on

t'
d.

) 
Ma

jo
r-

, 
mi
no
r-
, 

an
d 

tr
ac

e-
el

em
en

t 
co
nc
en
tr
at
io
ns
 o

f 
38

3 
li
gn
it
e 

sa
mp

le
s 

fr
om
 t

he
 F

or
t 

Un
io
n 

Re
gi
on
.

SA
MP
LE
 

NU
MB

ER

01
96

65
6

D 
19
66
57

01
96
65
8

D 
19
66
59

01
96

66
0

01
96

66
1

01
96

66
2

01
96

64
1

01
96
64
2

02
21
12
5

02
21

12
6

02
21
12
7

02
21

12
8

02
21
12
9

02
21

13
0

02
21

13
1

02
21
13
2

02
21

13
3

02
21
13
4

02
21

13
5

02
21

13
6

02
21
13
7

02
21
13
8

02
21

13
9

02
21

14
0

02
21

14
1

02
21

14
2

02
21

14
3

02
21

14
4

02
21
14
5

01
96

59
8

01
96
59
9

02
09

95
3

02
09
95
4

02
09

95
5

02
09
95
6

02
09

95
7

02
09
95
8

02
09

95
9

02
09

96
0

SR
-S

 
(P
PM
)

23
0

16
0

23
0

20
0

19
0

26
0

26
0 64 17
0

12
0 84 28
0

44
0

47
0 83 50
0

25
0

32
0

36
0

56
0

34
0

37
0

11
0

42
0

26
0

32
0

13
0

27
0

36
0

28
0

42
0

20
0

53
0

47
0

24
0

31
0

26
0

27
0

32
0

52
0

TH
 

(P
PM
) 2.
2

2.
4

3.
7

2.
7

2.
5

2.
5

2.
1

2.
8

3.
5

3.
3

4.
4

4.
6

9.
0

2.
4

2.
2

5.
8

5.
4 N 3.
3

12

N 3.
8

2.
6

4.
0

2.
4

3.
7

5.
5

1.
7

2.
3

2.
1

2.
7

4.
6

1.
9

1.
1

3.
0

3.
6

1.
9

1.
5

1.
2

1.
0

TL
-S

 
(P
PM
) N N N N N N N N N 1.
2L

1.
2L

1.
9L

2.
1L

1.
2L .9
0L

1.
7L

2.
7L

1.
2L

1.
4L

2.
6L

2.
0L

2.
3L .8
6L

1.
4L

1.
0L

15 1.
7L .9
1L

1.
3L

1.
3L N N N N N N N N N N

U (P
PM

) 1.
7

1.
4

5.
2

2.
1

2.
1

1.
8

1.
8

13 17 5.
9

2.
7

4.
1

3.
9

2.
4

2.
7

2.
1

5.
3

3.
4

1.
6

4.
7 

.

2.
1

3.
3

1.
0

3.
2

1.
4

2.
9

4.
3

1.
0

3.
2

1.
6 .6
9

1.
6

1.
4 .7
2

2.
5

2.
5

1.
7

1.
1

1.
7

2.
1

V-
S 

(P
PM

) 7.
8

7.
4

16 9.
4

9.
0

7.
9

9.
1

39 35 14 6.
4

36 17 21 16 24 44 16 20 64 19 35 5.
0

21 12 32 22 5.
1

17 10 15 28 16 14 32 31 26 9.
0

54 11

W (P
PM

) N N N N N N N N N
93
L

93
L

93
L

93
L

93
L

93
L

93
L

93
L

93
L

93
L

93
L

93
L

93
L

93
L

93 93
L

93
L

93
L

93
L

93
L

93
L N N N N N N N N N N

Y-
S 

(P
PM

)

7.
8

7.
4

16 9.
4

9.
0

7.
9

6.
5

13 18 9.
5

7.
5

13 12 15 9.
7

13 29 8.
4

9.
2

28 12 17 4.
0

23 6.
0

16 20 4.
0

12 5.
7

6.
3

12 7.
5

4.
7

8.
0

7.
8

6.
5

4.
5

7.
6

11

YB
 

(P
PM

) 0.
78 .7
4

1.
6 .9
4

.9
0

B .6
5

1.
9

2.
6 .6
5

.6
1

1.
0

1.
0

1.
3 .8
1

1.
3

2.
0 .6
3

.7
2

2.
3

1.
1

1.
1 .4
2

2.
3 .5
0

1.
4

1.
3 .3
2

1.
1 .4
2

.6
3

1.
2 .7
5

.4
7

.8
0

.7
8

.6
5

.2
7

.7
6

1.
1

ZN
 

(P
PM
) 6.
2

26 39 5.
4

6.
1

13
0 5.

5
15

0 57 4.
5

4.
2

13 7.
9

36 9.
1

3.
7L

23 3.
1

6.
1

21 6.
9

16 6.
3

25 6.
0

8.
4

24 2.
8

9.
6

6.
1

19 51 21 16 31 24 38 15 19 22

ZR
-S
 

(P
PM
)

16 21 46 20 19 40 20 39 87 69 38 68 97 65 51 14
0

16
0 81 64 31
0 69 15
0 33 16
0 43 16
0

11
0 25 75 43 32 81 21 14 48 78 26 14 54 22

SA
MP
LE
 

NU
MB
ER

01
96

65
6

01
96
65
7

01
96

65
8

01
96
65
9

01
96

66
0

01
96

66
1

01
96

66
2

01
96

64
1

01
96

64
2

02
21
12
5

02
21
12
6

02
21

12
7

02
21

12
8

02
21

12
9

02
21

13
0

D2
21

13
1

02
21
13
2

02
21

13
3

02
21
13
4

02
21
13
5

02
21

13
6

02
21

13
7

02
21

13
8

02
21

13
9

02
21
14
0

02
21

14
1

02
21

14
2

02
21

14
3

02
21

14
4

02
21

14
5

01
96

59
8

01
96
59
9

02
09
95
3

02
09

95
4

02
09
95
5

02
09
95
6

02
09

95
7

02
09
95
8

02
09

95
9

02
09
96
0

1
4
5



Ta
bl

e 
1f

. 
(c

on
t'

d.
) 

Ma
jo

r-
, 

mi
no
r-
, 

an
d 

tr
ac

e-
el

em
en

t 
co

nc
en

tr
at

io
ns

 o
f 

38
3 

li
gn

it
e 

sa
mp

le
s 

fr
om
 t

he
 F

or
t 

Un
io
n 

Re
gi
on
.

SA
MP
LE
 

SI
 

AL
 

CA
 

MG
 

NA
 

K 
FE
 

TI
 

NU
MB
ER
 

(P
ER

CE
NT
) 

(P
ER

CE
NT

) 
(P

ER
CE

NT
) 

(P
ER

CE
NT

) 
(P
ER
CE
NT
) 

(P
ER

CE
NT

) 
(P

ER
CE

NT
) 

(P
ER

CE
NT

)

02
09

96
1

02
09

96
2

02
09
96
3

02
09

96
4

02
09
96
5

02
09

96
6

02
09

96
7

02
09

96
8

02
40

92
7

02
40

92
8

02
40

92
9

02
40
93
0

02
40

93
1

02
40
93
2

02
40
93
3

02
40
93
4

02
40
93
5

02
40

93
6

02
40

93
7

02
40

93
8

02
40

93
9

02
40
94
0

02
40
94
1

1.
7

2.
3

1.
2

1.
6

1.
7

6.
6

7.
6

4.
5 .7
5

2.
2 .4
8

.3
4

.8
8

.6
9

.5
6

.6
7

.4
6

3.
0 .6
2

.6
2

1.
4 .6
9

.8
8

0.
99

1.
2 .7
9

.6
1

1.
3

3.
0

2.
8

2.
0 .5
8

1.
3 .3
6

.4
5

.7
1

.4
7

.5
2

.5
1

.3
4

2.
3 .5
8

.6
3

.8
2

.4
5

.5
4

1.
1

1.
2

1.
3 .8
1

1.
3

1.
2

1.
0

1.
0

1.
4

1.
2

1.
7

1.
6

1.
7

1.
7

1.
6

1.
8

1.
4

1.
6

1.
6

1.
7

1.
1

1.
6

1.
6

0.
33 .4
8

.5
3

.3
7

.4
6

.5
5

.3
2

.3
2

.5
3

.5
2

.5
7

.5
9

.5
8

.6
1

.5
8

.5
1

.5
2

.5
2

.5
4

.6
3

.4
3

.5
4

.4
2

0.
73 .1
1

.0
72

.0
70

.0
65

.1
6

.9
0

.7
7

.4
2

.5
1

.0
28

.1
0

.0
87

.0
32

.0
24

.0
16

.1
0

.2
8

.2
3

.0
58

.6
5

.2
6

.5
4

0.
07

5
.1
4

.0
45

.1
4

.0
95

.4
1

.2
6

.2
0

.0
15

.0
87

.0
12

.0
12

.0
18

.0
19

.0
15

.0
21

.0
14

.0
50

.0
23

.0
10

.1
0

.0
17

.0
27

0.
34

1.
3 .3
2

3.
1 .2
5

.5
5

1.
4

1.
0 .1
7

.3
1

.2
2

.1
3

.2
5

.5
0

.0
97

.1
5

.3
8

.4
9

.6
3

.1
5

.4
6

.1
4

.2
7

0.
03
8

.0
42

.0
33

.0
35

.0
42

.1
1

.1
8

.0
74

.0
18

.0
51

.0
13

.0
12

.0
26

.0
19

.0
13

.0
15

.0
13

.0
75

.0
15

.0
16

.0
27

.0
17

.0
19

AG
-S
 

AS
 

(P
PM
) 

(P
PM
)

N N N N N N N N .0
09

L
.0

13
L

.0
08
L

.0
07
L

.0
10
L

.0
10
L

.0
08

L

.0
09

L
.0

08
L

.0
18

L
.0

10
L

.0
09

L

.0
10

L
.0

08
L

.0
12

1.
2

10 2.
1

56
0 1.

7

5.
6

24 16 1.
6

1.
8

2.
4 .8
4

1.
6

1.
6

1.
6

2.
1

3.
4

9.
4

1.
5

1.
4

8.
9

1.
2 .9
0

SA
MP
LE
 

NU
MB
ER

02
09

96
1

02
09

96
2

02
09

96
3

02
09

96
4

02
09
96
5

02
09
96
6

02
09
96
7

02
09

96
8

02
40
92
7

02
40
92
8

02
40
92
9

02
40

93
0

02
40

93
1

02
40

93
2

02
40

93
3

02
40
93
4

02
40
93
5

02
40
93
6

02
40
93
7

02
40
93
8

02
40
93
9

02
40

94
0

02
40

94
1

1
4
6



Ta
bl
e 

1f
. 

(c
on

t'
d.

) 
Ma
jo
r-
, 

mi
no

r-
, 

an
d 

tr
ac

e-
el

em
en

t 
co
nc
en
tr
at
io
ns
 o

f 
38
3 

li
gn

it
e 

sa
mp

le
s 

fr
om

 t
he

 F
or
t 

Un
io
n 

Re
gi
on
.

SA
MP
LE
 

NU
MB
ER

D2
09
96
1

D2
09
96
2

D2
09
96
3

D2
09
96
4

D2
09
96
5

D2
09
96
6

D2
09

96
7

D2
09
96
8

D2
40

92
7

D2
40
92
8

D2
40

92
9

D2
40
93
0

D 2
4 0

93
1

D2
40
93
2

D2
40
93
3

D2
40
93
4

D2
40

93
5

D2
40

93
6

D2
40
93
7

D2
40

93
8

D2
40
93
9

D2
40
94
0

D2
40
94
1

B-
S 

(P
PM
)

11
0

11
0

15
0

16
0

11
0

14
0

16
0

11
0 47 50 60 50 51 49 42 67 69 68 88 62 51 28 45

BA
-S
 

(P
PM

)

11
0

11
0

20
0 47 57 14
0

16
0

16
0

63
0

52
0

52
0

17
0

1,
20

0
1,

10
0

24
0

36
0

55
0 98 43
0

19
0 34 18
0

32
0

BE
-S

 
(P
PM
)

0.
55

1.
6 .3
0L

1.
6

1.
1 .8
3

1.
6 .6
8

.3
9

.2
0

.2
8

.0
8

.3
1

.1
2

.4
0

.3
5

.6
7

1.
1 .2
2

.2
2

.6
6

.2
3

.1
7

CD
 

(P
PM

) 0.
22 .1
6

.1
0

.3
1

.1
1L

.2
8L

.3
2L

.2
3

.0
16

.0
27

.0
21

.0
07

L
.0
10
L

.0
10

L
.0

08
L

.0
24

.0
14

.0
78

.0
10
L

.0
09
L

.0
71

.0
08

L
.0
09
L

CE
 

(P
PM
) N N N N N N N N 3.
9L

5.
8L

3.
4L

3.
1L

4.
3L

4.
2L

3.
4L

3.
9L

3.
3L

7.
7L

5.
7

3.
8

4.
5L

3.
4L

3.
9L

CL
 

(P
PM

) B B B B B B B B B B B B B B B B B B B B B B B

CO
 

(P
PM

) 0.
59

1.
9 .5
3

13 1.
5

1.
6

2.
0

1.
6 .4
0

.8
3

.4
1

.2
9

.4
6

.4
1

.6
6

.6
3

.5
5

1.
2 .6
4

.4
1

2.
7 .9
6

.7
9

CR
 

(P
PM

) 4.
2

7.
8

2.
7 .1
0L

3.
7

10 18 14 1.
9

3.
9

1.
4 .9
7

1.
6

1.
7

1.
1

1.
6

1.
3

2.
7

1.
3

1.
0

3.
6

1.
7

2.
0

CU
 

(P
PM
)

12 12 5.
6

17 4.
9

18 21 24 3.
0

4.
8

2.
6

1.
9

3.
0

3.
4

3.
2

3.
8

3.
0

10 3.
1

2.
8

9.
9

3.
3

4.
0

DY
-S
 

(P
PM
) N N B N N B B B 2.
0L

2.
9L

1.
7L

1.
6L

2.
2L

2.
1L

1.
7L

2.
0L

1.
7L

3.
9L

2.
2L

1.
9L

2.
3L

1.
7L

2.
0L

SA
MP
LE
 

NU
MB
ER

D2
09
96
1

D2
09
96
2

D2
09
96
3

D2
09
96
4

D2
09
96
5

D2
09

96
6

D2
09

96
7

D2
09

96
8

D2
40
92
7

D2
40

92
8

D2
40

92
9

D2
40
93
0

D2
40

93
1

D2
40

93
2

D2
40
93
3

D2
40

93
4

D2
40
93
5

D2
40

93
6

D2
40
93
7

D2
40
93
8

D2
40

93
9

D2
40

94
0

D2
40

94
1

1
4
7



Ta
bl

e 
1f
. 

(c
on
t'
d.
) 

Ma
jo

r-
, 

mi
no
r-
, 

an
d 

tr
ac

e-
el

em
en

t 
co

nc
en

tr
at

io
ns

 o
f 

38
3 

li
gn
it
e 

sa
mp
le
s 

fr
om
 t

he
 F

or
t 

Un
io
n 

Re
gi

on
.

SA
MP
LE
 

EU
 

NU
MB

ER
 

(P
PM
)

D2
09
96
1

D2
09
96
2

D2
09
96
3

D2
09
96
4

D2
09
96
5

D2
09

96
6

D2
09

96
7

D2
09
96
8

D2
40
92
7

D2
40

92
8

D2
40

92
9

D2
40
93
0

D2
40

93
1

D2
40
93
2

D2
40
93
3

D2
40
93
4

D2
40
93
5

D2
40
93
6

D2
40

93
7

D2
40

93
8

D2
40

93
9

D2
40
94
0

D2
40
94
1

N B B B B B B B .2
0L

.3
0L

.1
7L

.1
9

.2
5

.3
9

.2
2

.2
0L

.1
7L

.3
9L

.2
2L

.1
9L

.2
3L

.1
7L

.2
1

F (P
PM
)

40 50 20 50 20 70 12
0 90 20
L

40 20
L

30 30 20 30 20
L

20
L

30 50 50 70 30 30

GA
-S
 

(P
PM
)

5.
5

8.
1

3.
0

23 11 8.
3

22 6.
8

1.
2

3.
1 .5
8

.9
4

1.
6 .9
4

.7
6

.7
5

1.
0

5.
3

1.
8 .9
5

2.
1

1.
1

1.
9

GD
-S

 
(P
PM
) N N B N N B B B 2.
9L

4.
3L

2.
5L

2.
3L

3.
2L

3.
1L

2.
5L

2.
9L

2.
5L

5.
7L

3.
1L

2.
8L

3.
3L

2.
5L

2.
9L

GE
-S
 

(P
PM

) N L N 3.
1L N N N N .4
1L

.6
2L

.3
6L

.3
3L

.4
6L

.4
5L

.3
6L

.4
2L

.3
5L

.8
2L

.4
5L

.4
0L

.4
8L

.3
6L

.4
2L

HF
 

(P
PM
) N N N N N N N N 1.
4L

2.
0L

1.
2L

1.
1L

1.
5L

1.
5L

1.
2L

1.
4L

1.
2L

2.
7L

1.
5L

1.
3L

1.
6L

1.
2L

1.
4L

HG
 

(P
PM
) 0.
08

0
.1

9
.1
2

.0
70

.0
80

.0
90

.1
2

.3
2

.0
40

.0
80

.0
50

.0
40

.0
70

.1
4

.0
40

.0
60

.0
60

.3
8

.0
80

.0
40

.1
4

.0
30

.0
30

LA
 

(P
PM
) L N N N N N N N 4.
5

5.
2

3.
8

2.
4

6.
8

4.
6

5.
1

6.
2

6.
2

9.
6

7.
0

6.
7

6.
1

7.
1

7.
6

LI
 

(P
PM

) 5.
9

4.
1

5.
7

1.
6L

7.
4

19 28 20 3.
0

5.
9 .7
9

2.
0

3.
3

1.
7

1.
9

1.
2 .6
2

9.
3

1.
6

1.
7

1.
9

1.
2

1.
3

MN
 

(P
PM

)

55 34 13
0 33 38 42 44 42 65 43 75 70 72 81 70 10
0 52 10
0 96 86 33 57 62

SA
MP
LE
 

NU
MB
ER

D2
09

96
1

D2
09

96
2

D2
09

96
3

D2
09
96
4

D2
09
96
5

D2
09

96
6

D2
09
96
7

D2
09

96
8

D2
40
92
7

D2
40

92
8

D2
40
92
9

D2
40

93
0

D2
40

93
1

D2
40
93
2

D2
40

93
3

D2
40
93
4

D2
40
93
5

D2
40

93
6

D2
40
93
7

D2
40
93
8

D2
40
93
9

D2
40
94
0

D2
40

94
1

1
4
8



Ta
bl
e 

1f
. 

(c
on
t'
d.
) 

Ma
jo

r-
, 

mi
no
r-
, 

an
d 

tr
ac

e-
el

em
en

t 
co

nc
en

tr
at

io
ns

 o
f 

38
3 

li
gn

it
e 

sa
mp

le
s 

fr
om

 t
he

 F
or
t 

Un
io
n 

Re
gi
on
.

SA
MP

LE
 

NU
MB
ER

D2
09
96
1

D2
09
96
2

D2
09

96
3

D2
09
96
4

D2
09
96
5

D2
09

96
6

D2
09

96
7

D2
09

96
8

D2
40
92
7

D2
40
92
8

D2
40

92
9

D2
40

93
0

D2
40
93
1

D2
40
93
2

D2
40

93
3

D2
40
93
4

D2
40
93
5

D2
40
93
6

D2
40
93
7

D2
40

93
8

D2
40

93
9

D2
40
94
0

D2
40
94
1

MO
-S
 

(P
PM
)

1.
1

1.
6

1.
0

7.
8

1.
7

5.
5

3.
2

3.
4 .3
9

.5
2

.9
5

.2
0

.3
5

.7
2

1.
2

1.
3

1.
1

1.
6

1.
9 .7
3

2.
7 .6
5

1.
1

NB
-S
 

(P
PM

) L L L L L L L N .8
3

1.
2 .6
9

.5
1

1.
2 .9
6

1.
1

1.
1 .8
5

1.
8 .8
0

1.
2 .7
1L

.7
9

.7
6

ND
-S

 
(P

PM
) N B B B B B B B 2.
9L

4.
3L

2.
5L

2.
3L

3.
2L

3.
1L

2.
5L

2.
9L

2.
5L

5.
7L

3.
1L

4.
7

3.
3L

2.
5L

2.
9L

NI
-S

 
(P
PM
)

1.
6

4.
9

2.
0

47 5.
7

8.
3

16 11
.7

4
1.
1 .9
5

.6
8

.8
6

.7
1

.8
7

1.
3

1.
0

3.
6

1.
9

1.
1

3.
6

1.
7

1.
9

P (P
PM

)

87 13
0

57
0 44 44 44 44
L

44
L

48 44
L

87 44
L

24
0

12
0 44
L

22
0

13
0 87 35
0

33
0 44
L

87 22
0

PB
 

(P
PM
) 3.
9

4.
1L

2.
5L

7.
3

3.
2

14 15 6.
3

1.
8

3.
6 .6
3

1.
1

2.
3 .7
8

1.
4

1.
5 .6
2

9.
6 .6
9

1.
3

1.
9

1.
0

1.
3

SB
 

(P
PM
) 0.
52

1.
7 .2
5

5.
6 .4
7

1.
4

1.
2

1.
9 .2
1

.4
7

.1
4

.1
4

.2
9

.1
5

.1
9

.2
8

.3
6

.7
8

.2
4

.2
4

.6
8

.1
9

.1
8

SC
 

(P
PM
) 2.
2

3.
2

1.
5

7.
8

1.
7

2.
8

6.
3

3.
4 .9
9

.9
1

.7
7

.4
8

.9
8

.5
9

.8
7

.7
8

.6
6

1.
7 .7
1

.7
3

1.
0 .7
7

.0
91

L

SE
 

(P
PM

) 0.
61 .8
2

3.
0L

1.
3

1.
1

2.
3

2.
3

2.
3 .4
9

.6
2

.4
0

.2
7

.5
5

.5
0

B .4
4

.4
1

1.
0 B .2
9

.4
0

.5
6

.4
9

SN
-S

 
(P
PM
) N N N N N N N N .4

1L
.6
2L

.3
6L

.5
2

.8
6

.4
5L

.3
6L

.4
2L

.3
5L

1.
1 .4
5L

.4
0L

.4
8L

.3
6L

.4
2L

SA
MP
LE
 

NU
MB
ER

D2
09

96
1

D2
09

96
2

D2
09

96
3

D2
09

96
4

D2
09

96
5

D2
09
96
6

D2
09
96
7

D2
09

96
8

D2
40
92
7

D2
40

92
8

D2
40
92
9

D2
40

93
0

D2
40

93
1

D2
40

93
2

D2
40
93
3

D2
40

93
4

D2
40

93
5

D2
40

93
6

D2
40

93
7

D2
40
93
8

D2
40
93
9

D2
40

94
0

D2
40

94
1



Ta
bl
e 

1f
. 

(c
on

t'
d.

) 
Ma

jo
r-

, 
mi

no
r-

, 
an
d 

tr
ac
e-
el
em
en
t 

co
nc
en
tr
at
io
ns
 o

f 
38
3 

li
gn

it
e 

sa
mp

le
s 

fr
om
 t

he
 F

or
t 

Un
io
n 

Re
gi
on
.

SA
MP
LE
 

NU
MB
ER

D2
09

96
1

D2
09

96
2

D2
09

96
3

D2
09
96
4

D2
09
96
5

D2
09

96
6

D2
09
96
7

D2
09

96
8

D2
40
92
7

D2
40
92
8

D2
40

92
9

D2
40
93
0

D2
40

93
1

D2
40
93
2

D2
40
93
3

D2
40

93
4

D2
40
93
5

D2
40
93
6

D2
40
93
7

D2
40

93
8

D2
40

93
9

D2
40
94
0

D 2
40

94
1

SR
-S
 

(P
PM
)

33
0

16
0

20
0

16
0

17
0

27
0

48
0

34
0

52
0

31
0

28
0

56
0

41
0

44
0

49
0

50
0

40
0

55
0

55
0

49
0

40
0

43
0

1,
00

0

TH
 

(P
PM
) 2.
2

2.
8

1.
6

1.
4

2.
4

6.
1

6.
2

3.
7

1.
3

2.
5 .7
2

.6
2

1.
3 .9
0

.6
6

.7
5

.5
6

3.
7 .8
2

.9
0

1.
6 .8
8

1.
3

TL
-S

 
(P

PM
) N N N N N N N N .9
0L

1.
3L .7
9L

.7
2L

1.
0L .9
7L

.7
9L

.9
1L

.7
7L

1.
8L .9
8L

.8
6L

1.
0L .7
9L

.9
1L

U (P
PM
) 1.
1

2.
9 .9
2

7.
3

1.
6

5.
0

6.
6

4.
4 .7
2

1.
2 .2
4

.3
0

.8
7

.4
8

.5
2

.6
9

.7
0

2.
5 .3
7

.6
0

1.
3 .7
4

.4
5

V-
S 

(P
PM
)

16 24 10 78 17 41 63 45 3.
8

5.
0

2.
0

1.
8

2.
5

1.
9

2.
6

3.
0

2.
3

5.
0

2.
5

2.
5

6.
6

2.
2

2.
5

U (P
PM

) N N N N N N N N
15
L

15
L

15
L

15
L

15
L

15
L

15
L

15
L

15
L

15
L

15
L

15
L

15
L

15
L

15
L

Y-
S 

(P
PM
)

7.
6

16 5.
1

23 8.
0

14 16 11 3.
0

2.
4

2.
7 .9
4

2.
6

1.
4

2.
9

3.
0

2.
7

7.
3

2.
4

2.
8

5.
1

2.
8

3.
0

YB
 

(P
PM
) 0.
55

1.
6 .3
0

2.
3 .5
7

1.
4

2.
2 .6
8

.2
6

.2
8

.1
7

.0
9

.1
8

.1
1

.2
4

.2
5

.1
9

.7
8

.2
0

.2
2

.5
0

.2
1

.1
9

ZN
 

(P
PM
)

37 19 4.
4

55 9.
7

23 21 16 1.
4

3.
1

1.
1

1.
2

1.
4

1.
4

1.
2

1.
9

1.
4

23 1.
7

1.
6

15 1.
8

1.
7

2R
-S
 

(P
PM

)

33 49 20 78 34 82 95 34 20 20 12 9.
4

25 15 20 18 12 44 20 23 12 19 16

SA
MP
LE
 

NU
MB
ER

D2
09

96
1

D2
09

96
2

D2
09

96
3

D2
09

96
4

D2
09
96
5

D2
09

96
6

D2
09

96
7

D2
09

96
8

D2
40
92
7

D2
40
92
8

D2
40
92
9

D2
40

93
0

D2
40

93
1

D2
40

93
2

D2
40

93
3

D2
40
93
4

D2
40
93
5

D2
40
93
6

D2
40
93
7

D2
40
93
8

D2
40

93
9

D2
40

94
0

D2
40

94
1

1
5
0



Ta
bl
e 

2a
. 

Lo
ca

ti
on

 
in
fo
rm
at
io
n 

fo
r 

22
 
ro
ck
 s

am
pl

es
 f

ro
m 

th
e 

Fo
rt
 U

ni
on
 R

eg
io

n-
 
No

rt
h 

Da
ko

ta
 a

nd
 M

on
ta

na
. 

ND
E 

= 
no
 d

at
a 

en
te
re
d.

SA
MP
LE
 

NU
MB

ER

D1
78
51
3

D1
78
51
4

D1
78
51
5

D1
78
51
6

D1
78
51
7

D1
78
51
8

D1
78
51
9

D 
17
85
20

D 
17

85
21

D 
17
85
22

D1
 7
85

23
D 
17
85
24

D 
17
85
25

D 
17

85
26

D 
17

85
27

D 
17
85
28

D 
17

85
29

D1
88
13
9

D 
17
89
40

D 
17

89
41

D 
17
89
42

D 
17
89
43

ST
AT
E

NO
RT

H 
DA

KO
TA

NO
RT

H 
DA
KO
TA

NO
RT
H 

DA
KO

TA
NO
RT
H 

DA
KO
TA

NO
RT

H 
DA
KO
TA

NO
RT

H 
DA
KO
TA

NO
RT

H 
DA
KO
TA

NO
RT

H 
DA

KO
TA

NO
RT

H 
DA
KO
TA

NO
RT

H 
DA
KO
TA

NO
RT

H 
DA
KO
TA

NO
RT

H 
DA
KO
TA

NO
RT

H 
DA

KO
TA

NO
RT

H 
DA
KO
TA

NO
RT
H 

DA
KO

TA

NO
RT

H 
DA
KO
TA

NO
RT

H 
DA
KO
TA

MO
NT

AN
A

MO
NT

AN
A

MO
NT

AN
A

MO
NT
AN
A

MO
NT

AN
A

CO
UN

TY

DU
NN

DU
NN

DU
NN

DU
NN

DU
NN

DU
NN

DU
NN

DU
NN

DU
NN

DU
NN

DU
NN

DU
NN

DU
NN

DU
NN

DU
NN

DU
NN

DU
NN

RI
CH

LA
ND

MC
CO

NE
MC

CO
NE

MC
CO

NE
MC

CO
NE

QU
AD

RA
NG

LE

DU
NN
 
CE

NT
ER

 
(7

.5
 '
)

DU
NN
 
CE

NT
ER

 
(7

.5
 '
)

DU
NN
 
CE

NT
ER

 
(7

.5
 '
)

DU
NN
 
CE

NT
ER

 
(7

.5
 '
)

DU
NN
 
CE

NT
ER

 
(7

.5
 '
)

DU
NN
 
CE

NT
ER

 
(7

.5
 '
)

DU
NN

 
CE

NT
ER

 
(7
.5
 '
)

DU
NN
 
CE

NT
ER

 
(7

.5
 '
)

DU
NN
 
CE

NT
ER

 
(7
.5
 '
)

DU
NN
 
CE

NT
ER

 
(7

.5
 '
)

DU
NN
 
CE

NT
ER

 
(7

.5
 '
)

DU
NN
 
CE

NT
ER

 
(7
.5
 '
)

DU
NN
 
CE

NT
ER

 
(7

.5
 '
)

DU
NN

 
CE

NT
ER

 
(7
.5
')

DU
NN
 
CE

NT
ER

 
(7

.5
 '
)

DU
NN
 
CE

NT
ER

 
(7

.5
1)

DU
NN

 
CE

NT
ER

 
(7
.5

1)
SK

AA
R 

NE
 
(7
.5
 '
)

BU
G 

CR
EE

K 
(7
.5

1)
NE
LS
ON
 
CR

EE
K 

BA
Y 

(7
.5
 '
)

NE
LS

ON
 
CR

EE
K 

BA
Y 

(7
.5

 '
)

FR
AN

K 
CO

UL
EE

 
(7
.5
 '
)

LA
TI
TU
DE

47
17
33
N

47
17
33
N

47
17
33
N

47
17
33
N

47
17
33
N

47
17
33
N

47
17
33
N

47
17
33
N

47
17
33
N

47
17
33
N

47
17
08
N

47
17
08
N

47
17
08
N

47
17
08
N

47
17
08
N

47
17
08
N

47
17
08
N

47
30
00
N

47
40
32
N

47
33
02
N

47
33
02
N

47
28
30
N

LO
NG
IT
UD
E

10
23

45
4W

10
23
45
4W

1 0
23

45
4 W

10
23

45
4W

10
23

45
4W

10
23

45
4W

10
23
45
4W

10
23

45
4W

10
23
45
4W

10
23

45
4W

1 0
23
31
 1
W

1 0
23

31
 1
W

1 0
23
31
 1
W

1 0
23

31
 1
W

10
23

31
 1
W

10
23

31
 1
W

10
23
31
 1
W

10
40

73
0W

10
61

00
8U

10
61

20
2W

10
61

20
2U

10
61

74
0U

LO
CA
TI
ON
 
NA

ME

ND
E

ND
E

ND
E

ND
E

ND
E

ND
E

ND
E

ND
E

ND
E

ND
E

ND
E

ND
E

ND
E

ND
E

ND
E

ND
E

ND
E

ND
E

ND
E

ND
E

ND
E

ND
E

1
5
1



Ta
bl
e 

2b
. 

Ge
ol

og
ic

 
in

fo
rm

at
io

n 
fo

r 
22

 r
oc

k 
sa

mp
le

s 
fr
om
 t

he
 F

or
t 

Un
io
n 

Re
gi

on
- 

No
rt
h 

Da
ko
ta
 a

nd
 M

on
ta

na
. 

ND
E 

* 
no
 d
at
a 

en
te
re
d.
 

Da
ta

 f
or
 a

ss
oc
ia
te
d 

co
al

 
sh

ow
n 

in
 T

ab
le
 1

 
fo
r 

sa
mp

le
s 

ma
rk
ed
 w

it
h 

*.

SA
MP
LE
 

NU
MB
ER

D1
78

51
3

D1
78

51
4

D1
78

51
5

D1
78
51
6

D1
78
51
7

D 
17
85
1 
8

D 
17
85
19

D 
17

85
20

D 
17

85
21

D 
17
85
22

D 
17

85
23

D 
17
85
24

D 
17

85
25

D 
17
85
26

D 
17
85
27

D 
17
85
28

D 
17
85
29

D1
88

13
9*

D 1
78
94
0

D 
17
89
41

D 
17

89
42

D 
17

89
43

GR
OU
P/
FO
RM
AT
IO
N

FO
RT

 
UN

IO
N 

GP
FO

RT
 
UN

IO
N 

GP
FO

RT
 U

NI
ON

 G
P

FO
RT

 
UN

IO
N 

GP
FO

RT
 
UN

IO
N 

GP

FO
RT

 
UN
IO
N 

GP
FO

RT
 
UN

IO
N 

GP
FO

RT
 
UN

IO
N 

GP
FO

RT
 
UN

IO
N 

GP
FO

RT
 U

NI
ON

 G
P

FO
RT

 
UN

IO
N 

GP
FO

RT
 U

NI
ON
 G

P
FO
RT
 
UN

IO
N 

GP
FO

RT
 U

NI
ON
 G

P
FO

RT
 
UN

IO
N 

GP

FO
RT

 
UN

IO
N 

GP
FO

RT
 
UN

IO
N 

GP
FO

RT
 U

NI
ON
 
GP

FO
RT

 U
NI
ON
 G

P
FO

RT
 
UN
IO
N 

GP

FO
RT

 U
NI
ON
 G

P
FO
RT

 
UN

IO
N 

GP

BE
D 

NA
ME

ND
E

ND
E

ND
E

ND
E

ND
E

ND
E

ND
E

ND
E

ND
E

ND
E

ND
E

ND
E

ND
E

ND
E

ND
E

ND
E

ND
E

ND
E

ND
E

ND
E

ND
E

ND
E

LI
TH
OL
OG
Y

SA
ND
ST
ON
E

SA
ND
ST
ON
E

SK
AL

E
SA
ND
ST
ON
E

RO
CK

SH
AL

E
SA
ND
ST
ON
E

SH
AL

E
SA
ND
ST
ON
E

SH
AL

E

SA
ND
ST
ON
E

SI
LT
ST
ON
E

SA
ND
ST
ON
E

SA
ND
ST
ON
E

SH
AL

E

SA
ND
ST
ON
E

SH
AL

E
CL

AY
CL
AY
ST
ON
E

CL
AY
ST
ON
E

CL
AY
ST
ON
E

SI
LT
ST
ON
E

FI
EL
D 

ID
 
NO

.

DH
75

-1
02

-A
DH

75
-1

02
-B

DH
75

-1
02

-C
DH
75
-1
02
-D

DH
75

-1
02

-E

DH
75

-1
02

-F
DH
75
-1
02
-G

DH
75
-1
02
-H

DH
75

-1
02

-I
DH

75
-1

02
-J

DH
75
-1
01
-A

DH
75

-1
01

-B
DH
75
-1
01
-C

DH
75

-1
01

-D
DH
75
-1
01
-E

DH
75

-1
01

-F
DH
75
-1
01
-G

76
C-
01
0B

CR
WR

-1
CR
WR
-2

CR
WR

-3
CR
WR
-4

CO
LL
EC
TO
R

US
GD

-S
UA

NS
ON

 
V 

E
US

GD
-S

UA
NS

ON
 
V 

E
US

GD
-S

UA
NS

ON
 
V 

E
US

GD
-S

UA
NS

ON
 
V 

E
US

GD
-S

UA
NS

ON
 
V 

E

US
GD

-S
UA

NS
ON

 
V 

E
US
GD
-S
UA
NS
ON
 
V 

E
US

GD
-S

UA
NS

ON
 
V 

E
US

GD
-S

UA
NS

ON
 
V 

E
US
GD
-S
UA
NS
ON
 
V 

E

US
GD

-S
UA

NS
ON

 
V 

E
US

GD
-S

UA
NS

ON
 
V 

E
US

GD
-S

UA
NS

ON
 
V 

E
US

GD
-S

UA
NS

ON
 
V 

E
US

GD
-S

UA
NS

ON
 
V 

E

US
GD

-S
UA

NS
ON

 
V 

E
US

GD
-S

UA
NS

ON
 
V 

E
US

GD
-S

UA
NS

ON
 
V 

E
US
GD
-S
UA
NS
ON
 
V 

E
US
GD
-S
UA
NS
ON
 
V 

E

US
GD
-S
UA
NS
ON
 
V 

E
US

GD
-S

UA
NS

ON
 
V 

E

1
5
2



Ta
bl
e 

2c
. 

Sa
mp
le
 i

nf
or
ma
ti
on
 f

or
 2

2 
ro

ck
 s

am
pl
es
 f

ro
m 

th
e 

Fo
rt
 U

ni
on
 R

eg
io

n-
 N

or
th

 D
ak
ot
a 

an
d 

Mo
nt
an
a.

SA
MP
LE
 

NU
MB
ER

D1
78

51
3

D1
 7
85

14
D1

78
51

5
D1

78
51

6
D1
78
51
7

D1
 7
85
18

D1
78
51
9

D1
 7
85
20

D1
 7
85

21
D 
17
85
22

D 
17

85
23

D 
17
85
24

D 
17

85
25

D 
17
85
26

D 
17
85
27

D 
17
85
28

D 
17
85
29

D 1
88

 13
9

D 
17
89
40

D 
17

89
41

D 
17

89
42

D 
17

89
43

DE
PT
H 

SA
MP
LE
 
TH
IC
KN
ES
S 

CM
 

IN
 

CM
 

IN

24
3.
8

67
0.
5

88
3.

9
11
88
.7

19
20

.2

22
86
.0

27
73
.6

36
57
.5

44
19
.5

49
37

.7

76
2.

0
15

24
.0

24
99
.3

30
47

.9
36
57
.5

42
82
.4

47
39

.6
46
02
.4 0.
0

0.
0

15
.2 0.
0

(9
6.

0)
(2

64
.0

)
(3
48
.0
)

(4
68

.0
)

(7
56

.0
)

(9
00

.0
)

(1
09
2.
0)

(1
44
0.
0)

(1
74
0.
0)

(1
94
4.
0)

(3
00

.0
)

(6
00

.0
)

(9
84

.0
)

(1
20

0.
0)

(1
44
0.
0)

(1
68
6.
0)

(1
86

6.
0)

(1
81
2.
0)

(0
.0

)
(0
.0
)

(6
.0
)

(0
.0
)

15
.2

15
.2

15
.2

15
.2

15
.2

15
.2

15
.2

15
.2

15
.2

15
.2

15
.2

15
.2

15
.2

15
.2

15
.2

15
.2

15
.2

15
.2 3.
0

15
.2

11
1.

7
33

5.
2

(6
.0
)

(6
.0
)

(6
.0
)

(6
.0

)
(6
.0
)

(6
.0

)
(6

.0
)

(6
.0
)

(6
.0

)
(6
.0
)

(6
.0
)

(6
.0
)

(6
.0
)

(6
.0
)

(6
.0
)

(6
.0

)
(6

.0
)

(6
.0
)

(1
.2
)

(6
.0
)

(4
4.

0)
(1
32
.0
)

SA
MP
LE
 
TY

PE

DR
IL

L 
CO
RE

DR
IL
L 

CO
RE

DR
IL

L 
CO
RE

DR
IL
L 

CO
RE

DR
IL
L 

CO
RE

DR
IL
L 

CO
RE

DR
IL
L 

CO
RE

DR
IL

L 
CO
RE

DR
IL

L 
CO
RE

DR
IL
L 

CO
RE

DR
IL
L 

CO
RE

DR
IL

L 
CO
RE

DR
IL

L 
CO
RE

DR
IL

L 
CO
RE

DR
IL
L 

CO
RE

DR
IL
L 

CO
RE

DR
IL

L 
CO
RE

DR
IL
L 

CO
RE

CH
AN
NE
L

CH
AN
NE
L

CH
AN
NE
L

CH
AN
NE
L

US US US US US US US US US US US US US US us us us us us us us us

AN
AL

YT
IC

AL

GE
OL
OG
IC
AL

GE
OL
OG
IC
AL

GE
OL

OG
IC

AL
GE
OL
OG
IC
AL

GE
OL
OG
IC
AL

GE
OL
OG
IC
AL

GE
OL
OG
IC
AL

GE
OL
OG
IC
AL

GE
OL
OG
IC
AL

GE
OL
OG
IC
AL

GE
OL
OG
IC
AL

GE
OL

OG
IC

AL
GE
OL
OG
IC
AL

GE
OL
OG
IC
AL

GE
OL
OG
IC
AL

GE
OL
OG
IC
AL

GE
OL

OG
IC

AL
GE
OL
OG
IC
AL

GE
OL
OG
IC
AL

GE
OL
OG
IC
AL

GE
OL
OG
IC
AL

GE
OL
OG
IC
AL

LA
BS

SU
RV
EY

SU
RV
EY

SU
RV
EY

SU
RV
EY

SU
RV
EY

SU
RV
EY

SU
RV
EY

SU
RV
EY

SU
RV
EY

SU
RV
EY

SU
RV
EY

SU
RV
EY

SU
RV
EY

SU
RV
EY

SU
RV
EY

SU
RV
EY

SU
RV
EY

SU
RV
EY

SU
RV
EY

SU
RV
EY

SU
RV
EY

SU
RV
EY

DA
TA

 V
AL
UE
S 

RE
PR

ES
EN

T

SI
NG
LE

SI
NG
LE

SI
NG
LE

SI
NG
LE

SI
NG
LE

SI
NG
LE

SI
NG
LE

SI
NG
LE

SI
NG
LE

SI
NG
LE

SI
NG
LE

SI
NG
LE

SI
NG
LE

SI
NG
LE

SI
NG
LE

SI
NG
LE

SI
NG
LE

SI
NG
LE

SI
NG
LE

SI
NG
LE

SI
NG
LE

SI
NG
LE

SA
MP
LE

SA
MP
LE

SA
MP
LE

SA
MP
LE

SA
MP
LE

SA
MP
LE

SA
MP
LE

SA
MP
LE

SA
MP
LE

SA
MP
LE

SA
MP
LE

SA
MP
LE

SA
MP
LE

SA
MP
LE

SA
MP
LE

SA
MP
LE

SA
MP
LE

SA
MP
LE

SA
MP
LE

SA
MP
LE

SA
MP
LE

SA
MP
LE

DA
TE
 

YR
/M

O/
DY

75
11
13

75
11
13

75
11
13

75
11
13

75
11
13

75
11
13

75
11
13

75
11
13

75
11

13
75
11
13

75
11
13

75
11
13

75
11
13

75
11
13

75
11
13

75
11
13

75
11
13

77
02
01

75
12

31
75
12
31

75
12
31

75
12
31

1
5
3



Ta
bl

e 
2d
. 

Ma
jo
r-
 
an
d 

mi
no
r-
 
ox
id
es
 c

on
ce
nt
ra
ti
on
s 

in
 t

he
 
la
bo
ra
to
ry
 a

sh
 
(5
25
 d

eg
re
es
 C

) 
of
 2

2 
ro
ck
 s

am
pl

es
 

fr
om

 t
he

 F
or

t 
Un
io
n 

Re
gi
on
- 

No
rt

h 
Da

ko
ta

 a
nd

 M
on

ta
na

. 
Va

lu
es

 
in
 p

er
ce

nt
. 

L 
= 

le
ss
 
th

an
 

th
e 

va
lu
e 

sh
ow

n.

SA
MP
LE
 

NU
MB
ER

D1
78
51
3

D1
78

5U
D1
78
51
5

D1
78

51
6

D1
78

51
7

D1
78
51
8

D1
 7
85

19
D 1

78
52
0

D 1
78
52
1

D 1
78
52
2

D1
78
52
3

D 1
78

52
4

D 1
78

52
5

D 1
78
52
6

D 1
78

52
7

D 1
78
52
8

D 1
78
52
9

D 1
88

 13
9

D 1
78
94
0

01
 7
89

41

D 1
78
94
2

D 1
78
94
3

AS
H 

(P
ER

CE
NT

)

97
.8

99
.3

94
.8

97
.1

95
.3

94
.2

97
.4

96
.6

97
.9

95
.7

97
.4

97
.6

94
.8

96
.6

96
.6

98
.0

94
.1

46
.6

87
.5

95
.8

96
.6

97
.1

SI
02
 

(P
ER

CE
NT

)

84 94 65 73 70 69 75 76 62 59 76 70 65 66 66 71 70 54 57 73 71 75

AL
20

3 
(P

ER
CE

NT
)

8.
4

5.
3

14 11 12 16 11 12 7.
1

12 12 12 15 10 11 8.
8

18 28 33 15 15 13

CA
O 

(P
ER

CE
NT

)

.3
7

.2
9

.6
3

.7
5

1.
6 .4
4

2.
4 .2
8

7.
7

4.
0

1.
2

1.
7

1.
6

3.
7

4.
0

3.
9 .2
8

7.
3 .5
2

.2
2

.1
7

.3
1

MG
O 

(P
ER

CE
NT

)

.7
6

.4
8

1.
4

1.
6

2.
4

1.
2

2.
6

1.
9

5.
6

5.
0

1.
3

2.
6

3.
0

2.
9

3.
0

2.
9

1.
2

1.
4 .1
9

1.
9

2.
1

1.
4

NA
20

 
(P
ER
CE
NT
)

.1 .0 .4 .9 .4 1.
1

1.
4 .8
9

.7
7

.5
0

2.
1

1.
7

1.
6

1.
5

1.
5

1.
4 .4
6

1.
9

1.
0

1.
2 .8
5

.8
7

K2
0 

(P
ER

CE
NT

)

1.
4

1.
2

2.
4

1.
9

2.
3

2.
0

2.
0

3.
1

1.
9

3.
2

2.
0

2.
3

2.
8

1.
9

2.
0

1.
8

2.
6 .5
7

2.
9

3.
6

3.
4

2.
9

FE
20
3 

(P
ER

CE
NT

)

2.
0

1.
1

5.
3

2.
1

3.
0

2.
8

2.
0

2.
6

1.
6

2.
8

2.
1

2.
9

3.
5

4.
8

3.
0

2.
1

2.
3 .6 .3

3.
3

3.
5

3.
7

TI
02

 
(P
ER

CE
NT

)

.6
5

.3
1

.6
8

.5
8

.5
6

.6
1

.5
7

.5
7

.3
4

.5
3

.5
0

.5
8

.6
8

.5
2

.5
0

.5
4

.7
0

.8
8

.6
9

.5
5

.6
1

.6
2

S0
3 

(P
ER

CE
NT

)

.4
8

.2
0L

1.
2 .2
0L

.4
2

.2
0L

.2
0L

.2
0L

.2
0L

.2
0L

.5
0

.2
1

.2
0

.8
1

.2
0L

.2
0L

.2
0L

1.
3 .2
0L

.3
8

.2
0L

.2
0L

SA
MP
LE
 

NU
MB

ER

D1
78

51
3

D1
 7
85

14
D1
78
51
5

D1
78

51
6

D1
78

51
7

D1
78

51
8

D1
78

51
9

D 1
78
52
0

D 1
78

52
1

D 1
78
52
2

D 1
78

52
3

D 1
78

52
4

D 1
78
52
5

D 1
78

52
6

D 1
78
52
7

D 1
78
52
8

D 1
78

52
9

D 1
88

 13
9

D 1
78

94
0

D 1
78
94
1

D 1
78
94
2

D 1
78
94
3

1
5
4



Ta
bl
e 

2e
. 

Ma
jo

r-
, 

mi
no

r-
, 

an
d 

tr
ac

e-
el

em
en

t 
co

nc
en

tr
at

io
ns

 o
f 

22
 r

oc
k 

sa
mp
le
s 

fr
om
 t

he
 F

or
t 

Un
io

n 
Re
gi
on
- 

No
rt

h 
Da
ko
ta
 a

nd
 M

on
ta

na
.

[V
al
ue
s 

in
 p

er
ce
nt
 o

r 
pa
rt
s-
pe
r-
mi
ll
io
n.
 

El
em

en
ts

 n
ot
 
fr
om
 d

ir
ec
t 

de
te
rm
in
at
io
ns
 o

n 
wh
ol
e 

co
al
 
(f
ig
ur
e 

3)
 h

av
e 

be
en
 c

al
cu
la
te
d 

fr
om
 a

na
ly

se
s 

of
 a

sh
. 

S 
= 

an
al

ys
is

 b
y 

em
is

si
on

 s
pe
ct
og
ra
ph
y;
 
L,
 
le
ss
 t

ha
n 

th
e 
va
lu
e 

sh
ow

n;
 
N,
 
no
t 

de
te

ct
ed

.]

SA
MP
LE
 

NU
MB
ER

D1
78

51
3

D1
78

51
4

D1
78
51
5

D1
78

51
6

D1
78
51
7

D1
78

51
8

D1
78

51
9

D1
 7
85
20

D1
78

52
1

D 
17

85
22

D 
17

85
23

D 
17

85
24

D 
17

85
25

D 
17
85
26

D 
17
85
27

D 
17
85
28

D 
17

85
 2
9

D 
18

8 1
39

D 
17
89
40

D1
 7
89
41

D 
17
89
42

D 
17

89
43

SI
 

(P
ER
CE
NT
)

39 44 29 33 31 30 34 34 28 26 35 32 29 30 30 32 31 12 23 33 32 34

AL
 

(P
ER

CE
NT

)

4.
3

2.
8

6.
9

5.
7

6.
2

7.
8

5.
5

6.
2

3.
7

6.
3

6.
1

6.
2

7.
3

5.
3

5.
4

4.
6

9.
2

6.
9

15 7.
6

7.
7

6.
7

CA
 

(P
ER

CE
NT

)

.2
6

.2
1

.4
3

.5
2

1.
1 .3
0

1.
7 .1
9

5.
4

2.
7 .8
1

1.
2

1.
1

2.
5

2.
8

2.
7 .1
9

2.
4 .3
2

.1
5

.1
2

.2
1

MG
 

(P
ER

CE
NT

)

.4
5

.2
9

.8
0

.9
2

1.
4 .6
7

1.
5

1.
1

3.
3

2.
9 .7
5

1.
5

1.
7

1.
7

1.
7

1.
7 .7
0

.3
9

.1
0

1.
1

1.
2 .8
4

NA
 

(P
ER

CE
NT

)

.8
0

.7
4

.9
8

1.
3

1.
0 .7
5

1.
0 .6
4

.5
6

.3
5

1.
5

1.
2

1.
1

1.
1

1.
1

1.
0 .3
2

.6
7

.6
7

.8
2

.6
1

.6
3

K (P
ER

CE
NT

)

1.
1

1.
0

1.
9

1.
5

1.
8

1.
6

1.
6

2.
5

1.
5

2.
5

1.
7

1.
8

2.
2

1.
6

1.
6

1.
5

2.
0 .2
2

2.
1

2.
9

2.
7

2.
3

FE
 

(P
ER

CE
NT

)

1.
4 .7
6

3.
5

1.
4

2.
0

1.
9

1.
4

1.
7

1.
1

1.
9

1.
4

2.
0

2.
3

3.
2

2.
0

1.
5

1.
5 .2
1

.2
0

2.
2

2.
4

2.
5

TI
 

(P
ER
CE
NT
)

.3
8

.1
8

.3
9

.3
4

.3
2

.3
4

.3
3

.3
3

.2
0

.3
0

.2
9

.3
4

.3
9

.3
0

.2
9

.3
2

.3
9

.2
5

.3
6

.3
2

.3
5

.3
6

AS
 

(P
PM

)

11 8.
5

5.
0

5.
5

6.
5

4.
0

3.
5

5.
5

2.
5

2.
5

4.
5

4.
0

6.
0

38 8.
0

3.
0

6.
5 .1
0L

.5
0

6.
5

2.
5

3.
0

B-
S 

(P
PM
) N N

47
N

48 47 49 68 49 67

N
49 47

N
48 49 66 70 61 14
0

14
0

15
0

SA
MP
LE
 

NU
MB
ER

D1
78
51
3

D1
78

51
4

D1
78
51
5

D1
78

51
6

D1
78
51
7

D1
78

51
8

D1
 7
85

19
D 
17
85
20

D 
17
85
21

D 
17

85
22

D 
17

85
23

D1
 7
85

24
D 
17

85
25

D 
17
85
26

D 1
78

52
7

D 
17
85
28

D 
17
85
29

D1
88

13
9

D1
 7
89

40
D 
17
89
41

D 
17
89
42

D 
17

89
43

1
5
5



Ta
bl

e 
2e

. 
(c
on
t'
d.
) 

Ma
jo

r-
, 

mi
no
r-
, 

an
d 

tr
ac
e-
el
em
en
t 

co
nc
en
tr
at
io
ns
 o

f 
22

 
ro
ck
 s

am
pl
es
 f

ro
m 

th
e 

Fo
rt
 U

ni
on
 R

eg
io

n.

SA
M

PL
E 

NU
M

BE
R

D
17

85
13

D
1
7
8
5
U

D
17

85
15

D
17

85
16

D
17

85
17

D
17

85
18

D
17

85
19

D 
17

85
20

D1
 7

85
21

D 
17

85
22

D1
 7

85
23

D1
 7

85
24

D1
 7

85
25

D1
 7

85
26

D 
17

85
27

D 
17

85
28

D 
17

85
29

D
18

81
39

D 
17

89
40

D1
 7

89
41

D 
17

89
42

D1
 7

89
43

B
A

-S
 

(P
P

M
)

68
0

70
0

66
0

68
0

67
0

47
0

49
0

48
0

29
0

67
0

97
0

68
0

66
0

68
0

48
0

49
0

47
0

70
0

1
,7

0
0

96
0

68
0

68
0

B
E

-S
 

(P
P

M
)

N N N N N N N N N N N N N N N N N 3
.3 N

2
.9

2
.9

2
.9

CO
 

(P
P

M
)

N 5
.0

4
.7

15 9
.5

4
.7

6
.8

9
.7

4
.9

6
.7

6
.8

6
.8

9
.5

4
.8

6
.8 N N N N

9
.6

L

9
.7

15

CR
 

(P
P

M
)

68 20 95 68 6
7

66 9
7

48 29 6
7

49 98 95 68 68 69 94
3

.6
6
.1

96 9
7

97

CU
 

(P
P

M
)

20
L

20
L

3
7 19

L
33 32 19

L
22 20

L
25 19

L
28 46 22 30 20

L
2
7 15 18
L

23 28 25

F (P
P

M
)

15
0

16
0

43
0

43
0

49
0

43
0

33
0

66
0

38
0

91
0

28
0

46
0

70
0

49
0

49
0

42
0

58
0 90 15
0

85
0

71
0

71
0

G
A

-S
 

(P
P

M
)

15
N

28 29 29 28 19 29 15 29 19 29 28 19 19 20 28 14 61 29 29 29

HG
 

(P
P

M
)

.0
2

0
.0

2
0

.1
0

.0
2

0
.0

6
0

.0
6

0
.0

3
0

.0
8

0
.0

2
0

.0
4
0

.0
1

0
.0

5
0

.0
7

0
.0

7
0

.0
6
0

.0
2
0

.1
1

0
.0

3
0

.1
6

.1
1

.0
6

0
.0

3
0

L
I (P
P

M
)

16 9
.9

23 17 27 26 22 43 23 39 22 27 3
7 23 24 20 4
7 55 11
0 36 45 39

M
N (P
P

M
)

17
0 94 17
0

22
0

35
0 75

23
0

12
0

31
0

25
0

32
0

31
0

39
0

70
0

46
0

31
0 42 51 39 86 12
0

33
0

SA
M

PL
E 

NU
M

BE
R

D
17

85
13

D1
 7

85
14

D
17

85
15

D
17

85
16

D
17

85
17

D
17

85
18

D
17

85
19

D 
17

85
20

D
17

85
21

D 
17

85
22

D1
 7

85
23

D 
17

85
24

D 
17

85
25

D1
 7

85
26

D 
17

85
27

D1
 7

85
28

D 
17

85
29

D 
18

8 
13

9
D 

17
89

40
D1

 7
89

41

D 
17

89
42

D 
17

89
43

1
5
6



Ta
bl
e 

2e
. 

(c
on
t'
d.
) 

Ma
jo
r-
, 

mi
no

r-
, 

an
d 

tr
ac
e-
el
em
en
t 

co
nc

en
tr

at
io

ns
 o

f 
22
 r

oc
k 

sa
mp

le
s 

fr
om
 t

he
 F

or
t 
Un

io
n 

Re
gi
on
.

SA
MP
LE
 

NU
MB
ER

D1
78

51
3

D1
78

51
4

D1
78
51
5

D1
78
51
6

D1
78
51
7

D1
78

51
8

D1
78
51
9

D 
17
85
20

D 
17

85
21

D 
17

85
22

D 
17
85
23

D 
17

85
24

D 
17

85
25

D 
17
85
26

D 
17
85
27

D 
17
85
28

D1
 7
85
29

D1
88
13
9

D 
17
89
40

D1
 7
89
41

D 
17

89
42

D 
17

89
43

MO
-S
 

(P
PM

) N
20

N 9.
7 N N

15
N N N N 9.
8

9.
5 N 9.
7 N N N N N N

15

NB
-S
 

(P
PM
) N N

19 19 19 19
N

19
N

19

N N
19

N N N
19 9.

3
26 29 29 29

MI
-S
 

(P
PM
)

6.
8

7.
0

14 49 29 14 19 19 9.
8

19 19 29 47 19 29 9.
8

9.
4

2.
3 N

29 29 49

PB
 

(P
PM
)

24
L

25
 L

24
L

24
L

24
L

24
L

24
L

24
L

24
L

24
L

24
L

24
L

24
L

24
L

24
L

25
L

24
L

14 22
1

24
L

24
L

24
L

SB
 

(P
PM
) .3

0
.2
0

.6
0

.4
0

.6
0

.8
0

.5
0

.8
0

.4
0

.6
0

.3
0

.6
0

1.
0

1.
5 .7
0

.5
0

1.
1 .1
0L

.4
0

.6
0

.6
0

.8
0

SC
 

(P
PM

) 6.
8 N 9.
5

9.
7

9.
5

14 6.
8

6.
8 N 9.
6

6.
8

9.
8

9.
5

6.
8

6.
8

4.
9

14 7.
0 N

14 14 15

SE
 

(P
PM
) .1

0L
.1

0L
.4

1
.1
0L

.2
9

.4
0

.1
3

.1
6

.2
0

.4
6

.1
0L

.2
8

.7
8

.1
6

.1
0L

.1
0L

1.
3

2.
4 .4
0

.6
0

.3
0

.6
0

SR
-S
 

(P
PM
)

98 70 19
0

19
0

19
0

19
0

15
0 68 29 14
0

29
0

20
0

19
0

19
0

19
0

29
0

47
0

33
0

61
0 67 68 15
0

TH
 

(P
PM

) 5.
2 N 8.
9

8.
2

6.
6

10 2.
8

13 6.
4

12 5.
7

7.
3

8.
0

9.
3

8.
1

10 11 14 12 6.
2

6.
9

8.
9

U (P
PM

) 1.
7

1.
5

2.
9

2.
5

2.
9

5.
1

3.
1

3.
3

2.
4

5.
0

2.
5

3.
0

3.
9

2.
9

2.
9

2.
9

5.
6

5.
1

4.
1

4.
2

3.
8

4.
0

SA
MP
LE
 

NU
MB
ER

D1
78

51
3

D1
 7
85
14

D1
78
51
5

D1
78
51
6

D1
78
51
7

D1
78
51
8

D1
78
51
9

D 
17
85
20

D 
17
85
21

D 
17
85
22

D 
17

85
23

D 
17

85
24

D 
17

85
25

D 
17
85
26

D1
 7
85
27

D 
17
85
28

D 
17
85
29

D 
18

8 1
39

D 
17
89
40

D 
17
89
41

D 
17

89
42

D 
17

89
43

1
5
7



Ta
bl

e 
2e
. 

(c
on
t'
d.
) 

Ma
jo
r-
, 

mi
no
r-
, 

an
d 

tr
ac

e-
el

em
en

t 
co
nc
en
tr
at
io
ns
 o

f 
22
 r

oc
k 

sa
mp
le
s 

fr
om

 t
he
 F

or
t 

Un
io
n 

Re
gi

on
.

SA
MP

LE
 

NU
MB
ER

D1
78
51
3

D1
78
51
4

D1
78
51
5

D1
78

51
6

D1
78

51
7

D1
78
51
8

D1
78
51
9

01
 7
85

20
01

 7
85
21

01
78
52
2

01
78
52
3

01
78
52
4

01
78
52
5

01
78
52
6

01
78

52
7

01
78

52
8

01
78
52
9

01
88
13
9

01
78
94
0

01
78
94
1

01
78
94
2

01
78
94
3

V-
S 

(P
PM

)

68 50 95 68 95 14
0 68 68 49 96 68 98 14
0 68 68 69 14
0 14 61 19
0

19
0

15
0

Y-
S 

(P
PM

)

20 20
N

29 29 47 19 29 29 29 19 20 28 19 19 20 19 14 26 48 48 49

YB
 

(P
PM

)

2.
0

2.
0

1.
9

2.
9

2.
9

4.
7

2.
9

4.
8

2.
9

2.
9

1.
9

2.
9

2.
8

2.
9

2.
9

2.
9

2.
8

2.
3

2.
6

4.
8

6.
8

6.
8

ZN
 (P
PM

)

31 37 12
0

13
0

10
0 57 77 84 65 11
0 98 93 13
0 79 92 64 71 10 18
L

54 11
0 99

ZR
-S

 
(P

PM
)

68 99 95 97 95 14
0

19
0

14
0 98 96 68 98 95 97 14
0

20
0 66 70 13
0

14
0

14
0

19
0

1
5
8



Table 3. Statistics for lignite beds in the Fort Union region. 
[Values are in percent, except heat of combustion values, 
and are reported on an as-received basis. N is number of 
samples.]

North Dakota 
N=216

Range
Arithmetic _ __ 

mean Min Max

Montana 
N=88

Range
Arithmetic 

mean Mm Max

Regional 
N=304

Arithmetic 
mean

Proximate and ultimate analyses

Moisture
Volatile
matter
Fixed
carbon

Ash
Hydrogen 
Carbon
Nitrogen 
Oxygen 
Sulfur

38.35

25.93

26.96
8.76
6.81 

37.24
0.60 

45.53 
1.00

26.20

20.50

7.80
3.50
5.00 

18.80
0.20 

32.20 
0.20

57.20

40.00

36.30
30.70
7.70 

47.70
1.00 

59.80 
4.00

35.86

25.55

29.07
9.54
6.55 

38.89
0.63 

43.22 
0.98

20.40

14.06

20.50
3.89
5.20 

28.60
0.40 

29.50 
0.16

43.44

34.20

42.86
23.60
7.29 

49.90
1.00 

49.35 
8.40

37.67

25.82

27.53
8.97
6.74 

37.67
0.61 

44.94 
1.00

Heat of combustion

Kcal/kg 
Btu/lb

3463
6229

1460
2625

4415
7980

3586
6450

2689
4836

4608
8287

3497
6290
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Table 4. Statistics for lignite beds in North Dakota and Montana, 
[Values are in parts per million on a whole coal basis. 
N is number of samples. Analytical methods are listed 
below. Values less than detection limits were not used.]

North Dakota
Range

Geometric ______ 
mean Min Max

Montana
Range

Geometric _ 
mean Min Max

Regional

Geometric
mean (N)

Trace element analyses

As
Ba
Cd
Ge
Hg
Li
Mn
Na
Pb
Se
U
Zr

5.
407

0.
2.
0.
2.

65
2700

3.
0.
1.

16.

9

16
2
11
9

6
72
1
0

1.0
13
0.01
0.12
0.01
0.33
8.7

230
0.35
0.15
0.20
1.9

63
5760

2.6
13
1.2

33
668

11000
13
3.3

13
158

5.
349

0.
1.
0.
5.

65
1400

4.
0.
1.

26

8

12
4
09
4

3
67
7

0.8
34
0.01
0.41
0.02
0.38

31
64
0.61
0.20
0.37
3.6

564
2690

0.39
8.2
0.56

32
203

10000
22
2.3

14
305

5.
389

0.
1.
0.
3.

65
2200

3.
0.
1.

18

9

14
9
11
5

8
71
3

(284)
(303)
(61)
(69)
(304)
(297)
(304)
(304)
(253)
(281)
(286)
(304)

As determined by heteropoly blue spectrophotometric method, or 
graphite furnace-atomic absorption method, or INAA.

Ba,Ge,Zr determined by six-step spectrographic method, or 
plate-reader spectrographic method.

Mn determined by six-step spectrographic method or atomic 
absorption.

Se determined by x-ray fluorescence or INAA.
U determined by delayed neutron activation.
All other elements determined by colorimetric methods.
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