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Abstract: The analytical data of ash content and nineteen trace elements of As, B, Ba, Co, Cr,
Cu, Ga, Ge, Li, Mn, Mo, Ni, Pb, Sn, Sr, U, V, W and Zn in coals from twelve Japanese coal
fields obtained in previous paper (Takepa, 1981) are statistically analysed.

The elements of As, Ge, Mo, U and W are concentrated in sub-bituminous and lignite
coals 5 to 10 times larger than in bituminous coals. The high correlation coeflicients for any two
elements in coal are (1) ash-Cr, Cu, Ga, Mn, V (2) Ba—Sr (3) Cr-Ga, V (4) Ga-Li, V. The con-
centrations of the elements of As, B, Ge, Mo, U and W are high especially in sub-bituminous and
lignite coals compared with earth’s crust, and those of Co, Mn and Ni are generally low. Boron is
apparently concentrated in coals deposited in waters with high salinity (more brackish or
marine) or whose coal seam was closely associated with marine strata such as in Mino, Miike
and Ube Coal Fields. Germanium is concentrated at the top and bottom of many coal seams.
Organic and inorganic affinities are evaluated from the histogram of correlation coefficients
of the elements with ash content in 34 bench sets. The elements of B, Ge, Mo and W have
organic affinities and of Ba, Cr, Ga, Li, Mn, Pb, Sn, Sr, U and Zn have inorganic affinities.

The affinities of Co, Mn and Ni are intermediate.

Introduction

The demand for coal as an energy source has
increased during recent years due to the higher
price of oil. Extensive research on the liquefac-
tion and gasification of coal has been
conducted. Thus, there is a renewed interest
on the content of inorganic elements in coal
because they are released into the atomosphere
during the combustion and are the cause of
serious environmental problems.

Trace elements in U. S. coals have been
investigated intensively by GLUSKOTER et al.
(1977) and RucH ¢t al. (1974). In Japanese
coals the distribution of twenty one trace
elements was described by one of the present
authors using bench sets from twelve coal fields
(TakeDA, 1981). He also noted that the origin
of trace elements in coal was mainly from
mineral matters contained in coal. In the

present work, we performed statistical analysis

* Geochemistry and Technical Services Department
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of a large amount of data in order to study the
characteristics of occurrence and distribution
of trace elements in Japanese coals.

The content of nineteen trace elements,
namely As, B, Ba, Co, Cr, Cu, Ga, Ge, Li,
Mn, Mo, Ni, Pb, Sn, Sr, U, V, W, Zn and ash
content are discussed in this paper. Figure 1
shows the location of Mogami, Owari, Igu,
Hiraga, Mino, Mikawa-Akatani, Sasebo,
Kushiro, Sakito-Matsushima, Miike, Ube and
Fukuoka Coal Fields where samples for this
study were collected. Table 1 gives the number
of bench sets (vertical segment of coal seam),
coal samples, partings and rocks from each
coal field which were used in this work. All
samples were collected as bench sets which
contained partings and foot and hanging wall.
Analytical samples were obtained by cutting
those bench sets in each 5 to 10 cm thick.
The total number of bench sets and coals
obtained from bench sets were 83 and 271,
respectively, and total number of rocks and
partings was 300.

Samples were dried in air and crushed and
ground to 80 mesh, and further dried at
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Table ] Number of bench sets, coals, rocks and
partings collected from 12 coal fields.

rocks,
Coalfield bench set coals partings
Mogami 16 36 39
Owari 5 6 19
Igu 10 10 85
Hiraga 13 79 8
Mino 12 8 38
Mikawa- 17 9 91
Sasebo 2 12 4
Kushiro 3 45 10
i/zlizggshima 2 29 3
Miike 1 14 1
Ube 1 6 1
Fukuoka 1 17 1

A
Kushiro

Hiraga _
Mogami

Coal fields of Japan where samples in this study were collected.

105°C for 2 hours before use. In case of coal
samples, coal ash was used for chemical
analysis, which were ashed below 500°C
gradually so that minor elements should not
be lost. Chemical analysis of minor elements
were made by DC arc optical emission spectro-
metry. Samples for emission spectroscopy were
made by mixing coal ash and rock with equal
amount of sodium chloride. Exposure and
electric current were 120 seconds and 10
amperes to suppress matrix effects and improve
reproducibility. Spectrometer used was JACO-
Ebert type. Uranium was determined by
fluorescence technique(MocHIZUKI et al., 1978).

Results and Discussion

Arithmetic and geometric means and stan-
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Table 2 Arithmetic (X,) and geometric (x;) means and standard deviations (SD) of analytical data in each coal field.

Mogami Owari Igu Hiraga

Xa Xe SD Xa Xg SD Xa Xy SD Xa Xg SD
Ash* 14.62  12.67 7.20  20.00 17.64 8.66 22.81 21.77 6.02 15.02  14.09 5.73
As** 34 26 21 36 34 12 325 62 534 83 36 70
B 54 40 39 12 9 8 127 77 102 45 28 45
Ba 128 112 64 496 428 237 119 83 134 123 94 113
Co 5.0 3.8 4.9 5.2 4.4 2.9 11.6 8.2 9.1 7.0 4.4 6.7
Cr 15 13 7 20 18 9 23 22 6 15 14 5
Cu 19 14 14 15 13 6 42 26 42 25 17 24
Ga 5.0 3.2 5.4 8.3 5.7 5.3 11.0 7.6 6.6 4.2 3.4 2.6
Ge 276 3.7 66.9 28.7 7.2 39.1 19.9 14.8 13.9 6.3 2.9 10.3
Li 4.4 2.2 7.3 11.7 4.2 16.8 3.2 1.7 6.4 31.6 25.2 20.8
Mn 86 63 55 145 117 75 37 23 41 92 68 48
Mo 838 6.7 6.3 9.7 5.6 9.3 .97.2 66.7 67.6 11.3 8.0 10.3
Ni 3.2 2.6 2.1 19.7 6.6 33.4 12.3 9.1 11.2 2.5 2.1 1.6
Pb 4.6 3.5 3.2 3.2 2.9 1.5 3.4 2.3 3.7 3.0 2.3 2.3
Sn 1.5 1.3 1.1 2.7 2.4 0.9 1.4 1.5 0.9 2.2 1.7 2.1
Sr 113 86 82 144 139 39 140 117 86 97 76 55
8) — — — 7.5 6.3 4.2 64.6 13.7 104 1.0 1.0 0.4
A% 37 17 61 99 79 80 224 134 229 22 12 28
w 0.3 1.1 1.0 1.3 1.4 3.0 158 66 188 — — —
Zn 13 4 18 30 12 24 60 40 32 16 4 31

Mino Mikawa-Akatani Sasebo Kushiro

Xa X, SD Xa Xy SD b Xg SD Xa Xg SD
Ash* 18.39 17.69 4.92 15.93 13.55 8.13 17.78 16.89 486 1556 13.64 7.53
As** 49 11 47 24 10 19 29 5 71 5 2 9
B 221 212 59 47 23 42 81 52 65 53 25 59
Ba 111 80 95 307 132 400 365 245 356 573 495 299
Co 2.0 1.7 1.7 1.1 1.2 0.6 4.8 3.1 5.1 9.3 5.4 10.9
Cr 18 18 5 16 14 8 18 17 5 16 14 8
Cu 17 16 5 6 4 5 29 24 19 21 16 14
Ga 5.9 4.5 3.2 2.7 1.8 2.8 10.8 10.2 4.2 10.4 6.8 10.2
Ge 284 5.3 61.3 20.6 9.5 23.0 3.6 2.4 3.9 2.8 1.9 3.3
Li 1.4 1.3 3.6 3.6 1.7 8.4 29.6 21.8 20.9 7.2 3.2 10.1
Mn 120 114 35 65 38 59 78 68 32 56 44 35
Mo 33.3 13.9 384 107 78.2 79.1 6.9 3.7 7.4 3.7 2.0 5.0
Ni 6.0 4.6 4.1 1.1 1.2 0.6 8.6 8.0 3.4 7.9 5.6 7.0
Pb 2.0 2.2 1.3 7.0 3.1 8.7 7.2 4.3 8.2 13.2 7.4 16.7
Sn 1.1 1.1 0.3 0.6 1.1 0.7 2.5 1.8 2.5 1.6 1.4 1.2
Sr 271 259 77 132 69 134 360 244 382 220 163 177
U 5.0 4.3 2.7 70.7 274 114 1.1 1.1 0.3 1.3 1.2 0.7
\% 57 36 40 51 25 51 97 64 69 71 20 81
W 187 45 183 16 10 17 — — — _ —_ —
Zn 32 23 13 13 3 21 24 11 19 33 21 25

* (%) ** (ppm)
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Table 2 Continued

Sakito-Matsushima Miike Ube Fukuoka
Xa X SD Xa Xy SD Xa Xg SD Xa Xg SD

Ash* 11.97 10.28 6.44  15.89 15.29 4.42 17.12 16.64 3.65 12.58 11.30 5.63
As** 16 4 50 6 2 10 3 2 7 5 2 10
B 98 58 80 124 76 103 204 193 66 50 36 32
Ba 178 106 225 900 799 301 524 299 487 157 119 107
Co 8.9 3.9 15.7 1.3 1.2 0.5 2.5 1.9 1.9 7.2 4.2 7.9
Cr 12 10 6 16 15 4 17 17 4 13 11 6
Cu 11 10 6 30 26 21 10 8 4 9 7 7
Ga 7.3 5.0 6.0 9.7 7.8 5.9 12.5 11.8 4.5 8.1 5.7 5.5
Ge 3.6 2.5 3.5 6.4 5.7 2.5 2.5 2.1 1.3 1.6 1.4 1.0
Li 10.3 4.4 14.5 206 154 138 28.0 27.1 7.0 12.5 9.9 7.7
Mn 5 3 6 95 91 28 327 255 212 115 74 127
Mo 5.0 3.0 5.4 1.1 1.1 0.3 1.5 1.4 0.5 2.1 1.7 1.3
Ni o 21.2 116 26.2 19.6 10.6 22.2 3.8 3.3 2.0 4.3 3.1 3.8
Pb 5.2 3.5 5.9 8.9 4.9 9.9 4.5 3.8 2.0 3.4 3.0 1.6
Sn 2.3 1.6 3.1 2.6 2.0 1.8 1.3 1.3 0.5 0.9 1.0 0.2
Sr 193 164 108 822 780 225 131 108 80 51 29 41
U 1.2 1.2 0.4 1.2 1.1 0.8 1.0 1.0 0 1.0 1.0 0
Vv 69 30 58 98 48 81 53 49 15 120 41 172
W — —_ — — — — — — — — — —
Zn 17 12 10 114 90 72 7 4 8 1 1 2

dard deviation of the analytical results of
the 271 coal samples from 12 coal fields are
shown in Table 2. All data are based on the
values in coal. Ash contents are shown in
percentages (%) and other elements are as
listed in parts per million (ppm). Geometric
means are preferable especially in cases where
extremely high values were obtained for
comparison among samples because such high
values are of less influence than arithmetic
means.

In this paper, the data from coals whose ash
content is more than 30 percent are excluded,
though previous paper included coals of up
to 80 percent ash. Zero is used when the
content of trace element is less than detection
limit.

The contents of trace elements can be
classified into two groups of different degrees
of coalification. One group is those in sub-
bituminous and lignite coals and the other is
the content in bituminous coals. The average
values in two groups are listed in Table 3.

Table 3 The mean concentrations of the elements in
sub-bituminous, lignite and bituminous coals (ppm).

sub-bituminous

and lignite coal

bituminous coal

As 80 10
B 61 81
Ba 149 437
Co 6.1 7.2
Cr 15 15
Cu 23 18
Ga 5.1 9.4
Ge 15.1 3.3
Li 18.9 34.4
Mn 89 72
Mo 23.5 3.7
Ni 4.1 11.7
Pb 3.6 8.4
Sn 1.8 1.9
Sr 117 268
U 129 1.2
v 46 82
W 22 -
Zn 20 32
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Fig. 2 The average contents of the elements of As, Ge, Mo, U and V in each coal field.
The numbers in abscissa means coal fields as follows, 1 Mogami, 2 Owari, 3 Igu, 4 Hiraga, 5 Mino,
6 Mikawa-Akatani, 7 Sasebo, 8 Kushiro, 9 Sakito-Matsushima, 10 Miike, 11 Ube, 12 Fukuoka.

For comparison of the distribution of trace
elements among those coals, coals from twelve
Japanese coal fields in this paper are divided
into two groups tentatively; sub-bituminous
and lignite coals obtained from Mogami,
Owari, Igu, Hiraga and Mino Coal Fields
and bituminous coals from Mikawa-Akatani,
Sasebo, Kushiro, Sakito-Matsushima, Miike,
Ube and Fukuoka Coal Fields. It is well-
known that Japanese coals were formed
during the Neogene are mainly sub-bituminous
and lignite coals while those formed during

the Paleogene are bituminous coals (MiTa,
1960).

Table 3 shows that As, Ge, Mo, U and W
concentrate in sub-bituminous and lignite
coals. In fact, the contents of these elements in
the sub-bituminous and lignite coals are 5-10
times larger than those in the bituminous
coals. This result suggests that lowly-coalified
sub-bituminous and lignite coals adsorb those
elements more than highly-coalified bituminous
coals. This is shown more clearly in Figure 2
which gives the average contents of As, Ge,
Mo, U and W in each coal field. The age of
coal formation becomes older from Mogami to
Fukuoka Coal Fields as the number in abscissa
increases. It is quite obvious that the contents
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Fig. 3 Histograms of the contents of minor elements and

ash in Japanese coal.

The data from subbituminous and lignite coal are plotted as vertically striped line, and those from bituminous

coals as blank.

of the elements in coal fields 1 to 6 (sub-
bituminous and lignite coals) are much higher
than those in coal fields 7 to 12 (bituminous
coals).

Histograms of the contents of trace elements
and ash in Japanese coal are given in Figure 3.
In appendix Figure 1 to 12 histograms for
each coal field are shown in.order to reveal
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Table 4 Elements whose standard deviations (SD)
are larger than average values (x) or less than one
half of average values in each coal field.

SD>x SD<1/2 x
Mogami Ge, Li, V, W, Zn Cr
Owari Ge, Li, Ni, W As, Ba, Cr, Cu,
Pb, Sn, Sr
Igu As, Ba, Li, Mn, Pb, Cr
Hiraga Ge, V, Zn Cr,U
Mino As, Ge, Li, Mo B, Cr, Cu, Mn,
Sn, Sr, Zn
Mikawa- Ba, Ga, Ge, Li, Pb,
Akatani Sn, Sr, U, Zn
Sasebo As, Co, Ge, Mo, Pb, Cr, Ga, Mn,
Sr Ni, U
Kushiro As, B, Co, Ge, Li,
Mo, Pb, V
Sakito- As, Ba, Co, Li, Mn, U
Matsushima Mo, Ni, Pb, Sn
Miike As, Ni, Pb Ba, Co, Cr, Ge,
Mn, Mo, Sr
Ube As B, Cr, Cu, Ga,
Li, Mo, Pb,
Sn, V
Fukuoka As, Co, Mn, V,Zn Cr, Pb, Sn

the characteristics of the distribution of trace
elements in each coal field because the distribu-
tions in respective coal fields are much
different. '

Table 4 lists the elements which have
relatively large ranges in concentration and
standard deviation larger than average values
and those that havé narrow ranges and
standard deviation less than one half of aver-
age values. From this table it is seen that many

elements are distributed in a wide range and.

standard deviations are larger than average in
the coal field of Igu, Mikawa-Akatani, Kushiro,
and Sakito-Matsushima and many elements
are distributed in a narrow range and standard
deviations are smaller than one half of averages
in Owari, Mino, Miike and Ube Coal Fields.
In Figure 4 the standard deviation divided
by average (SD/x) for each element in Igu
coal field is compared with those in Ube coal
field. Most of the values of SD/x in Ube coal
field are smaller than 1, but the values in Igu
Coal Field are relatively larger. On the whole,
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Fig. 4 The standard deviation divided by average
(SD/x) for each element in Igu and Ube coal fields.

it is suggested that four elements, As, Ge, Li,
and Pb have large ranges in concentration in
most coal fields and chrominum has narrow
range from these tables and histograms.

Table 5 reveals the elements that have high
correlations in each coal field. In this paper
“high correlation” is defined as larger than 0.8
when the number of samples are less than 10,
and larger than 0.6 when the number is
between 11 to 49, and larger than 0.5 when the
number is larger than 50. Statistically, it is
calculated in 99 percent confidence that one
element correlates with the other if the correla-~
tion coeflicient between them is more than
0.8 when number of samples is 7, and more
that 0.5 when the number is 24.

From this table, high correlation which
exist more than four coal fields is extracted as
follows, (1) ash-Cr, Cu, Ga, Mn, V (2) Ba—Sr
(3) Cr—Ga, V (4) Ga-Li, V. Most of these
elements are thought to associated with
minerals. Highest correlation coefficient in all
coals (271 coal samples) of twelve coal fields
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Table 5 Elements which have high correlation coeffi-
cients in each coal field.

Table 6 Elements whose contents are one order of
magnitude larger or less than those in earth’s crust.

Mogami Ash-As,Ba,Mn,Pb As—Cu Ba—Mn,Sr
Co-Cr Ge-W Mn-Pb
Owari Ash—Cu,Ga,Mn As-Ge,Mo B-U Ba-

Pb,Sr Co—V Cr-Li Cr-Sn

Igu B-Sn,Sr Cr-Ge,Pb Ge-Pb Mo-W
Ni-U,V,Zn Sn-Sr U-V

Hiraga As—Ga,Sn Ba—Sr Co-Ni Ga-Sn

Mino Ash-B,Cu,Mn,Sr B-Cu,Mn,Sr Cr—
Ga,Mn,Sr,Zn Cu-Mn,Sr Ge-Li,Sn
Li-Sn Mn-Sr

Mikawa- As-B Ba-~Mo,Sn,Zn Cr-Ga,Sn,V Cu~

Akatani Sn,Zn Ga-Sn,V Mo-Pb,Sn,Zn Pb-U
Sn-V,Zn

Sasebo Ash—Cu,Li,Mn B-Cu Ba—Sr,Zn Co-
Pb,V Ga-Li,U Li-U Mo-Sn Ni-Pb,V
Pb-V Sr—Zn

Kushiro Ash-Cr,Cu,Ga,Li,Mo,V Ba-Sr Cr—Cu,
Ga,Li,Mo,V Cu-Ga,Li,Mo,V Ga-Ge,
Li,Mo,U,V Li-Mo

Sakito- Ash—Cr,Cu,Ga,Li,V As—Mn Ba-Sr

Matsushima Co-Pb Cr—Cu,Ga,V Cu-Ga,V Ga-V
Ge-Mo,V

Miike Ash~As,Cr,Cu,Ga,Mn,Mo,Sr,V As—
Cr,Mn,V Cr-Mn,Mo,V Cu-Mn Ga—
Li,Mn,V Mn-Sr,V Ni-Pb,Sn

Ube Ash—Pb,Co Ba—Ge,Mn,Sn,Sr Co-Ni
Cr-Ga Ge-Mo,Sn,Sr Mn-Pb,Sn,Sr
Mo-Sr Ni-Zn Sn—Sr

Fukuoka Ash—Cr,Ga,V B-Co,Cu,Mn,Ni Ba-

Co,Cu,Mn,Ni,Sr Co-Cr,Cu,Li,Mn,Ni
Cr—Cu,Ge,Li,Pb,V Cu-Li,Mn,Mo,Ni
Ga-Li Ge-Pb,V Li-Mn,Mo,Ni Mn~

Ni Pb-V

are 0.70 for ash-Ga and Ba-Sr and 0.55 for
Li-Sr and 0.49 for As—-Mo and W~-Mo.

Table 6 gives the elements whose contents
are one order of magnitude larger or less
than those in earth’s crust, the clark values
which is used in this paper are from TavLOR
(1964). It is obvious that elements of high
concentration in coals are As, B, Ge, Mo, U
and W. For example, in Igu Coal Field,
enrichment factors of As, B, Ge, Mo, U and W
are 232, 13, 65, 24 and 105. However, the
concentration of these elements are high only
in lignite and sub-bituminous coals of Mogami,
Owari, Igu, Mino and Mikawa-Akatani in
contrast to the very low concentration in
bituminous coals of Sasebo, Kushiro, Sakito-
Matsushima, Ube and Fukuoka. The elements
whose contents in coals are low are Co, Mn

larger less
Mogami As, Ge Mn, Ni
Owari As, Ge
Igu AS’ B’ Ge’ M05 U’ w ng Mn
Hiraga As Mn, Ni
Mino AS, B; GC, MO’ w CO, Ni
Mikawa- )
Akla:l:r,l? As, Ge, Mo, U, W Co, Mn, Ni
Sasebo As Mn
Kushiro Mn
Sakito-
Matsushima Mn
Miike B, Li Co, Mn
Ube B Co, Ni, Zn
Fukuoka Cu, Ni, Zn

Table 7 The average concentration of boron in coal
in each coal field.

concentration (ppm)

Mogami 54
Owari 12
Igu 127
Hiraga 45
Mino 221
Akaian: 47
Sasebo 81
Kushiro 53
Is\/?ﬁggshima %3
Miike 124
Ube 204
Fukuoka 50

and Ni and there is no difference in distribu-
tion of these elements among various coal
fields.

It was reported that the concentration of
boron indicates the paleosalinity of the
environment of deposition (Bomor and
GruskoTER, 1973). The concentration of
boron is thought to be higher in coals which
were deposited in waters of higher salinity.
Table 7 shows the concentration of boron in
coals from various fields. In this table the
concentrations of boron are relatively high in
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Table 9 Elements whose contents in rocks and part-
ings are larger than twice of those in coals or less
§ No g @R g TG W - than one half of those in coals.
partings>2 x coals partings <<
Bllﬁlmwllllli 1/2 x coals
— 0 I~ QNN N0 O Mogami As,Ba,Ga,Li,Mn,Ni Ge
Pl owe g% KT ¢ PbSn,St
° - o © Owari Ba,Co,Cr,Cu,Li,Mn, As,Ge,Mo
o«
3 I P © R R S Pb,Sn,Sr,V,Zn
- Igu Ba,Li,Mn,Pb,Sn,Sr,Zn  As,B,Cu,Ge,
Mo, U,W
N —~ H 0 ¢ O 0O Q thadt]
<5 SIS ERIFLISBRS § Hiraga As,Co,Cu,Ga,Li,Mn, Ge
] - Ni,Pb,Sn,Sr,V,Zn
=] "
o ~N 1 e Mino As,B,Ba,Co,Cr,Cu,Ga, Ge,Mo,U,W
?é B @ oo~ N ® Iii,’lvin,Nl,Pb,s’n,Sr, v,
3 L [y v © 0 ;IS W WO QN . n ) )
g |M — © «© Mikawa- Co,Ga,Li,Mn,Ni,Pb, B,Ge,Mo,U,
o - o Akatani Sn,Sr,V,Zn ) w
B~} ~ <+ 1 0 (=2 2}
o | & S aes3 NI | Sasebo Co,Cr,Cu,Ga,Li,Mn, Mo
5 Ni,Sn,U,V,Zn
g ld|egawees daow Kushiro As,Cu,Ga,Li,Mn,Ni,
o Sn,Sr, U,V
&
& Sl = o o ) o o2 Sakito- As,Cr,Cu,Ga,Li,Mn Mo
% = ggmgggggwgggg Matsushima Sr,’V,Zn’ T
g . .
= Miike Co,Ga,Mn LV
S~ O O > o O O QO H > >
Elg|lee"gessvoon® Ube Cu,Ga,Li,Mo,Ni,Pb,
= Sn,Sr,V,Zn
Q
g (B N N = e | [ o Fukuoka Ga,Ge,Li,Pb,Sn Vv
o}
@
8 8%3&‘9«8”@?@%%8
B
) coal fields of Mino, Miike and Ube, suggesting
2 13|88BR88822883F 5~ that the coals of these fields were deposited in
}é waters with higher salinity (more brackish or
cld|lsBxIB*®8Is=2T more marine) than other coals.
= In the samples of bench sets, vertical distri-
“ 8 o ™~ R P>D Q00 <+ N . . .« .
° - N butions of elements were investigated (distri-
o . .
%0 ~ O O OO OIne oo o bution of each element in bench set, for
s S [0 S O O N 0 O O Q . .
: RN FaN®DFO®DR0D example, from Hiraga coal field is shown
in appendix Figure 13) and the content of
© O I~ O O N OO O : . .
P o R e e L L O = elements in rocks and partings were compared
'E with those in coals. Table 8 shows the con-
18288833111 centrations of elements in rocks and partings
in each coal field. In Table 9 the elements
whose contents in rocks and partings are
g reater than twice of the content in coals or
2 B g
8 ¢ less than one half of that in coals are shown.
% 2 In this table it is seen that As, Co, Ga, Li,
= 8 o & 8 Pb, Sn, Sr, V and Zn are concentrated in
84 §.38385%¢ >
g8 23 5 % 22 5 rocks and partings and B, Ge, Mo and W are
SSBESEEaYS DA concentrated in coals. For example, the dis-
tribution of boron in bench sets in Mogami,

Mino and Kushiro Coal Fields are given in
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Fig. 5 Distributions of boron in bench sets from Mogami, Mino and Kushiro

Coal Fields.

Bad.C; bad coal which is defined that ash content is more than 309, Sh; shale,
C.Sh; carbonaceous shale, C.Mud; carbonaceous mud, C.S.; carbonaceous

sandstone, Sand; sandstone, C; coal.

Figure 5. These shows clearly that boron is
concentrated in coal parts of the bench sets.

Germanium is not only concentrated in the
coal parts, but also concentrated at the top
and bottom of the coal seams. This is shown
in Figure 6 for bench sets of Hiraga and Mino
Coal fields. This suggested that germanium
added to and adsorbed by coal beds after burial
from neighboring rocks by circulating ground
water.

Organic and inorganic affinities of the
elements in coal were determined by using its
washability which indicates whether the ele-
ments are concentrated in organic or inorga-
nic parts of coal (Kuun ef al., 1980). It is
reported that the elements of B and Ge are
associated largely with the organic part of
coal while As, Cd and Zn are in the inorganic
part. In the present paper, the correlation
cocfficient of each element with ash content is
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Fig. 6 Distributions of germanium in bench sets from Hiraga (top three) and Mino (bottom) Coal Fields.

calculated. The positive correlation is con-
sidered as the result of the association with the
inorganic part, and the negative correlation as
showing the high organic affinity. However,
because of the difference of local environment

of each coal field, the correlation coefficient
calculated by using all coal fields’ data has
little significance as the indicator for organic
or inorganic affinity of elements. Therefore,
the correlation coefficient in each bench set is

— 297 —




Bulletin of the Geological Survey of Japan, Vol. 35, No. 7

18

Number of samples
w

-1 8 1

Correlation coefficient of B

L]

s

o

E

L

1]

«

u)

“

1)

O

[

3

=
Correlation coefficient of Ge

Wi

s

@

E

[

w

@

Q

i

[

0

[

Z
Correlation coefficient of Mo

u

s

@ 3

E

m

n

('_

0

&

Q

£ m .

= -1 8 i

(orrelation cosfficient of Il

Fig. 7 Distributions of correlation coefficients of the
elements of B, Ge, Mo and W in each bench set.

calculated from 34 bench sets are shown. In
fact, in the histograms the correlation coeflicient
of each element differs from one bench set to
another. Figure 7 shows the histograms of
correlation coefficients for B, Ge, Mo, W.
Apparently these elements are negatively
correlated with ash contents and considered
to be associated with the organic part in the
coals. Figure 8 shows the positive correlation
of Ba, Mn and Sr. The correlations of Ba, Cr,
Cu, Ga, Li, Mn, Pb, Sn, Sr, U and Zn with
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Fig. 8 Distributions of correlation coefficients of the
elements of Ba, Mn and Sr in each bench set.

ash content are positive. This means that
these elements are associated with the inorganic
part in the coals. In the histograms of the
correlation coefficient for Co, Ni and V, the
coefficients are distributed in wide range from
negative to positive as shown in Figure 9 and
the affinities of these elements are intermediate.
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Fig. 4 Distributions of minor elements and ash content in Hiraga Coal Field.
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Fig. 9 Distributions of minor elements and ash content in Sakito-Matsushima Coal Field.
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Fig. 11 Distributions of minor elements and ash content in Ube Coal Field.
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Fig. 12 Distributions of minor elements and ash content in Fukuoka Coal Field.
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