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Germanimm in the Coal of Mogami Ceal Field

By

Eizo Takeda, Shozo Nagata, Kiyoji Tkeda & Kichizé Fujiya

Abstract

Writers have studied the germanium concentration within the coal seams of Mogami coal
field in the northeastern Japan.

In most cases, the germanium has shown the highest concentration at the top or bottom of
the coal seam.

To find the vertical distribution in detail, 10 cm of the columnar samples obtained from the
above-stated part were cautiously cut off by every 56 mm, and analyzed for germanium.

It has been observed that the germanium is most enriched in the part that is adjacent to
both the walls.

However, in some cases, the germanium have shown a appavent enrichment also in the
middle of the coal seam, but we have confirmed that such enrichment is seen only at the surface
of coal, and in the fresh face, (about 10cm depth), the vertical distribution of the germanium
recovers the normal type as mentioned above.

The isolated mass of coal as well as thin coal seam occurring among sandstone or shale have
shown a higher contents of germanium.

The germanium contents in the hotsprings, mineral springs, rocks and ores surrounding the
coal field were as follows. 4

Hotsprings and mineral springs  0.001~0.063 mg/{
Igneous rocks (6 samples) 1.6~2.6 ppm
Sedimentary rocks (46 samples) 0.0~4.6 ppm
Sulphide ores (14 samples) 2.0~18.3 ppm

Absorbability of lignite for germanium has been compared with the bituminous coal, sandstone
and shale. The lignite has shown the highest value, while the bituminous coal, the lowest,
and we have known that the most part of germanium which is absorbed by sandstone or shale
is lable to transfer by water.

The distribution of minor elements within coal seam has been recognized by spectro-analysis.
According to these results, the germanium concentration has seemed to be related to some
elements such as Cr, V, Ti, Fe, As, Pb, Zn, Cu, ete., at the top and bottom of the coal seam.

On the occurrence of germanium in coal, it is considered that the coal absorbs the germanium

existed as germanium salts in circulating water.
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6 EERBERE o B 1.2 Ki @ dow # aL N E 0.0

17 ” KK 170 Ke | 43% " N 0.0
18 CE KR N T 2.9 443% " B 14
19 7 A 1.6 EEDE - B S 0.0

1 2.7 463 MO8 B B Eil g 0.6

21 S 3.9 Koo 4T M B H | B AR | 02
22 ; = 3.5 Ke o 48 Z LM | 0.0
233%¢ W La@m 16 o B W OE # T w16
243% Z WO od 0.0 50X W OH OE & w7 0.0
253%, o kw13 51| H B W 4.2

263 7 2 0.8 52N T 0.7

£

{}‘”sz)‘%;‘ﬂf?i WD e, SREIZ D K sk

DHHDIEAD xif\f Wy BAL K Fe = T Lk o5 # e

LD T e =L

A FE EGEER = N b fify 7 o aa e . ) .
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JQ%&F@ : Ga%’c/?,imi:%:?%ﬁ"éci, R EH : PLEL e :

D e = 7 L D Lo RS 8.0
2 7 4.2
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JEick oy ’fﬂ/ﬁ ENv ) %
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D b} ¢ VAR, 6 1z 4.0 ) PAmex JJ E23N
7 " 15.0 |

8 | #EAEL ] 5.2

9 7 7.5

NG R N

10 1 7.0
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N B4 6.8 | PYER f’uw
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i bR RO YA =29 620 T

B5 b 0BT AW Goldschmidt & D%y & i
'J”%J’J\M“ﬁ O e L HBE O D EPENMEL, B
COHERE S AN L X 5 BRI B A,
Goldschmide 23§88 L7z & 5127 A= = 7 2058k /an
BEERBIRGEO IR <A L O D B0 S EREIEIAR
IR B S, L L, MREEEOEAL, i

ENDHET %ZMW?:)‘—MK B, MERE, TR
o T &"L*/M\J w/)" "‘ét»%,b n':, fc@i%%lb:jo‘v
Pt

JAT/ I

VO HRAL ISR 0 e =7 2O B FE e DR L s
LB, R 2~18 ppm D EIGHT O EUENT bl X
BN, T@"f’?i”i’“ (D Fe, 711, Ph, Cu, S D5

g darfir L Gyl 56 #, T ,
% SRR, Ji@& Iz lm’:éﬁ HCRED S 'Mﬂ R EFET A

BTEO L3S, ABEOS w2y LOFILE
5% c 07 A= A0S LE g
BERELIZHEORETCLLAAZQRFEIMEICE
6, 8,11 O X 5

S8

CEE]

WMEHBH L2 L, FHZ No. 4,

LS E X RLY St I FE R AW A RPN Y
BB DS, RIS - BB B AT
w6 E W A ﬁfr H &

45h Fe Cu Pb zfn s
N (% <%> (%) %) <%>

1 20.84 | 0.67 — 12.56 PYRTY

2 2.90  0.30 — 5.13  21.05

3 3.73 0 1.44 — 2433 13.38

4 10.04 2.6 —  14.04 957

5 | 3049  0.09 — | 2.89 33.34

6 814 0.09 4.33  6.10  3.75

7 6.47  2.31 — 9731 15.7

8 2.57 | 2.00 — 269 6.42

9 6.14  38.02 — 1 13.09 | 25.87

10 16.96 1 9.72 0 6.27 | 2.81 22.00

11 3,00 3.64 — 1213 3.57

12 3.57  9.32 — | 80.57 | 20.63

13 2,68 6.30 — 1440 | 11.97

14 8.59 | 10.91 — | 2946 26.64

Sits KIE B EEBEAE - AR B

BaeE=

(P EE SR - m&tﬁ&, W EAE

g7 F 2 BB SR

kL FeSy FeCuS: PbS | ZnS - Ge
No. = (%) ) | %) O : (ppm)
1 44.09  1.68 — 118,72 1 64.49 | 12.4
23410 0 0.86 — 1 7.64 4260 1 9.8
3 —  4.16 — | 36,26 | 40.42 |- 25.7
4 — 7.0 — 120.92 28.02 | 21.4
5 59.55 0.26 — | 4.30 6411 11.3
6 —  0.26 5.00 9.09 14.35 27.8
70— 667 — 1 40.70 | 47.37 | 31.6
g8 . —  6.02 — | 4.01 10.03 | 51.8
CuS
9 ~—  57.65 — 1951 77.06 @ 9.1
10 27.74 | 28.07 | 7.24 | 4.18 67.23 | 10.4
11 — | 6.24 — 3.7 9.4l 21.2
12 7.66  4.57 — | 45.56 57.79 | 31.6
13 —  a.81 — 2146 30.27 @ 92.5
14 18.45, 6.92  — 4262 67.99 21.9
Te B L 7o o T, TAL B OB b T,
ik, PUEESREL 3 pliar R = ;.—A\b'(:é’ﬁ;:

HOEDbE
PA L FERL B A D 42 JE Y
(RS OB T, 10~30ppm FREEFEZ BRI
A, WAL OBRE A5 &, PIREER
PNE R BRSO PR L s & i
5 I, F i h b EERI B
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Bl J o AT

e Lﬂ%ﬁ fr{:.s DN = 5T Ly

° {'\3 it
IEWTHE &

LELHRE LT

: < L D R

SLEL D

AT F S - SO Slkdh B G Ne =
G LNEL AL TWAH L LSRN T DThD
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BV TIRRICBEERAD DL U Th b,

S

®
2
FeSs #CuleS

43 22

SIS

98 87 ] 2.9 22
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f,«%x DRl s T BT ?"fiﬂ(_&‘ﬂ?\“fzvbi, L
B, HREEASK D S BRI ST T A e = AT
LT, 0L 3 e
{CREET L TRz,

5.1 F 4 ER

pH 1, 2, e V10 OB H V- TS AT 2T L
iz, e 57/ceGe & L Fme RIZ 20~60
mesh (2 S 5g Bl TC?}M REIOWE R ia
DID A0ce TOMAMELIEY 47
Ltk W
=Ry VNp]

R AT T A L BT

BL, WEo—%
IEIE O L7

EEAY
b =7 LR *;mo Joe E *5 S N 3
g o pH BRI A = AT
KRB SN EERL T D, TOR
S5g W 2007 CThHHMH 1g ¥ 407 T, T/xbht 40
ppm (ZAEHY T A,
WD N = AOWE A 207 /cc &L 11
HEf R, 8 RE RO TCE S i
-“”@%*;82@ BdboRiv it 5:@7:0
8T F g LSO T pH D L B3NS
Wa BT a2 H7< D7 L7 UPEITER) 8
bbb D NIEE D ST E O
bR 90% BLLEOUL IR LT pH 7< D ho T
G2 A Y 100% FEIZEEL T do Z OUWEE IR
150~ 200 ppm (ZHRY T B,
5.2 WIEHEDERE:
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€

16 %

=) :)51

T

ERIN P

Z DI

oL a

o
53

JE A ¥ 7 HpH

ZQ‘)Q
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k

lg OMEIZ L -

(1) oL H R &t
log a-:k)g ktnlogeer e 2
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e
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T
oL 7ok

e

LTIt Freundlich ®a7idh %
qE=feTte e T (1 )

Cldiow

T RIS &

R S
7/ec [ro B TR E VIR
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HMEhbbL f\z\fao L T kB D

WRIZ X BTN

BERT R ST
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F

SEd DT T -
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Al
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Gy
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. Tk bEE
VT OE RO TR

b lg iz

FHTTCD
ES BHe ' TD
<R

i o 1w W% 5 WMo 8w oM %
pH - Ge BBy W% R o Ge| W # K D Ge| W # F
(rfee) f~ Rt (r/e0) %) HEE (r/ee) (%) (7/ee) (%)
1.0 20 7.0 65.0 5.7 71.5 .3 93.5
18w 7.7 61.5 6.6 67.0 1 8.5
3.0 | 7.2 64.0 5.3 73.5 4 93.0
4.0 " 6.8 66.0 4.6 77.0 .3 93.5
5.0 | w 6.8 66.0 5.0 75.0 9 9.5
6.0 | u 5.0 75.0 3.3 8.5 6 97.0
7.0 " 2.3 88.5 0.8 96.0 0.2 99.0
8.0 1" 1.8 91.0 ‘ 0.7 96.5 0.1 99.5
9.0 /" ) 4.3 80.0 2.4 83.0 0.5 97.5
wo w23 88.5 1.5 92.5 0.4 98.0
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WOEEEF R W GE16% W 128

W oH e O Mo BB B R R

10

HO g , | |
5 ("}i ,i; ! ¢ (r/ee) a  (r/g) log ¢ | log a & n
5 1.8 40.0 0.25 1.60
N 10 4.1 73.7 0.61 1.87 06 3 0.7
20 9.1 136.8 0.96 2.18
30 14.8 190.0 1.17 2.28
5 2.0 37.5 0.30 157
5 S 10 4.0 75.0 0.60 1.88 94.0 0.76
20 9.0 | 187.5 0.95 2.14
30 B0 187.5 1.18 2.20
5 2.0 37.5 0.3 | 1.57
5 10 4.8 65.0 0.68 1.81 0.0 088
20 8.5 143.8 0.93 2.16
30 14.5 193.8 1.6 2.29
5 1.5 43.8 0.18 1.64
A 10 3.5 81.3 0.54 1.91 3.2 0.80
20 7.3 158.8 0.86 2.20
30 12.0 295.0 1.08 2.35
5 15 43.8 0.18 1.64
. 10 3.0 87.5 0.50 1.94 . 0.68
20 8.6 142.5 0.94 2.15
30 4.5  193.8 1.16 2.29
5 ; 2.0 375 0.30 1.57
6 10 . 4.8 65.0 0.68 1.81 91 9 0.75
20 9.5 131.3 0.98 2.12
30 15.8 177.5 1.26 2.95
5 1.2 47.0 0.09 - 1.67
- 10 3.2 85.0 0.51 1.93 s | 0.0
20 7.5 156.3 0.88 2.19 ]
30 11.0 237.5 1.04 2.38
5 1.3 46.3 § 0.11 1.67
5 10 3.3 83.8 | 0.52 1.92 8.1 0.72
20 8.0 150.0 0.90 2.18
30 11.5 231.3 1.06 2.36
5 1.5 43.3 0.19 1.64
9 10 4.1 73.8 0.61 1.87 ' 917 0.60
20 10.5 118.8 1.02 2.07
30 15.5 181.3 1.19 2.26
5 1.5 43.8 0.18 1.64
10 10 3.7 78.8 0.57 1.90 1.7 0.65
20 7.0 162.5 0.85 2.91
30 12.0 295.0 1.08 2.35
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e LIRS 30T 5 R B

O R | ) ;
No. ! :zh,(t‘; Fe ¢ Ul a (v/e ! log ¢ ! log a | k n

: 5 < 0.9 51.3 0.10 1.71
" 10 { 3.0 B7.5 0.48 1.94
20 f 7.0 162.5 | 0.70 .21
30 L 1Ls 281.1 1.06 .36

43.7 1 0.66

V]

)

12 ) S S U : 30 0.67

30 ‘ 26.3 8.5 142 1.27

19 10 7.9 10.5 0.90 | 1.02 3.6 0.50

d 5. 0.78
5 3.6 7.0 0.85
n 7R A & tyd
15 10 7.6 12.0 L.08 3.3 ! 0.57
20 16.5 1.24 |
20 26.7 21.5 141 1.33
3 3.0 ; 10.0 0.47 1
i s i 1n & 1 QC 1Y
16 10 6.7 | 16.5 0.89 1.22 5.5 0.54
20 15.5 ! 22.5 1.19 1.35
30 24.0 30.0 1.38 1.48
5 3.5 18.7 (.54 1.27
i > : £ 19 S S
17 10 8.0 25.0 L.40 6.6 0,58
20 16.0 50.0 1.70
30 24.0 75.0 1.88
o 3.5 15.0 L.18
18 10 7.0 30.0 (1,858 1.48 5.3 ‘ 0.86
20 4.5 55.0 L.16 1.74
30 22.5 A 1.35 1.88
5 1.7 34.0 0.43 L.h3
. 10 1.8 62.0 0.58 1.79 994 | 072
20 9.0 110.0 0.95 2.04
W 14.5 155.0 1.16 2.19
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PR

7 (pprﬂ). )
20.0° 2.5 0.5> 0.5> 0.5> 0.5>
7.5 2.5 0.5> 0.5> 0.5> 0.5>

(ppm)

15.0 2.5 0.5> 1.0 3.0 1.0
12.5 2.5 1.0 1.0 4.0 2.5
10.0 2.5 2.0 2.0 7.0 3.5
7.5 2.5 2.8 2.5 15.0 9.5
5.0 2.5 28.5 35.2 32.5 44.0

2.5 2.5 120.0 ! 96.8 ! 148.0 115.0
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(m, Q‘sn, As,

, Mg, Ca,

Co
Cu
Ga
Ge

Hg

3382.89
3280.68
2427 .95
2675.95
234984
2780.20
4565404
3131.07
3067.71
3261.06

4254.35

3039.06

2536.52

2909.06
285307
3406.58
2659.45
2839.99
3175 .01

2383 .2

2956.13
3387.83
3185.39
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W SN AHE O H 5D 2 EIRANT RS, WO & OBGELEfHIE 0 No. IX oao & 5 Cr, V,

Bl No. IX Tdh 0, HEOPN No. IIL Th b,
F4 No. IX (BIEDOD) O HATDNTHD &,

BB DTS I e b IR0 A8, b

TIPS TR B b,

Cr, V CRRCTARED,

Ti, Fe)BE® (R BB Tn & o BAETGH#E ) B

W=y AL HMERL, ForhuE Wk
L7\ 28, As, Pb, Zn 75 ¥ OBEHTLHE D X hid Th 1
TR B R RL T & 31 5 hibivd, $708A
JEFED 5B Sr, Ba, Ca, Mg 7o X074 ) HHCHEL
T = A B ETEEC R WTE L WA R

LB, SAEEEKs LA s hme

ERTINTHD I,
Yk No. TIT (359 M0 o) OHETHBA, =iud
No. IX OHEz I L C TR0 i avis 0 FHE T

bV, IX OBE LIk Rigo tRETOBELRI T

bHH5Z ENEHTBEIND, L, LTRES &
HAHD ETORZOCTHN CEET S L IX Thbh

AR EEA | bf?;{{ﬁﬂ, Tinirt, Cr, V, Ti, Fe, As, Pb, |
Tn 75 ¥ OBTEN 5T 2T 6 b ENTAREERL
TWB X 3EBDOND, LisL—HREOHMHTY
== AEROBAMEERT & AT, Cr, V, Tifs

EOBEITGER LS AR AR EIT, HAMOBH

JG3 As, Pb, Zn (¥ ~272% b0+ hdb 0), Ga, $n)
WMEE ) P HEEZ RL WA 2R ROBR

ZDD
b

B

I DRERENS KOZERE 2B S, Tinb
s RTFRRERI A0 B MG No. IX o84 & DB
Tl b0 Th D, REOREEY T AL
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BT o D SiTbhieboTthsdH &,
SO RNl & 3 2 o HUE O BRI pll
DIEFIZ R boRNBOBNLZE, L TE R
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W& Pb, Zn, Cu 72 0 BERATLH BECHIISha D
ehb¥B B, YT T AL
BEOMBEICHE L e LB L 2w SRS
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2) el RS HE

LR 04 (RS U fe M s e < b = 2

MBI LT EEL e ARITH - T, KX
O No. I O & 5 75Plid bl m o720 No. X (89
Mo b) TR L T AT Hh B, Hoknk

9 Fe Bk BUOTETH B 0 AR b
WA RT, BT ook dkEer () e
Lfﬁ)%’fbbﬂ:o

Ti 75 ¥ DEATHE L0 As, PbZn (Zn OH&I5 D
FTRTD) 70¥ DHGEATER L b inie i DI R R L
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TR S L = 7 SR L <DL, Sh
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CC TR Tk AR ITE IR R BB O TR
DERLIET B L, KFCRWTH L X 5L R
LCWBT Eibndss, HHI R TR 3\ 05
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CRBOTFICT G RED ETRE TS L= 4
DL B OAEER D 51 b B2 LN ATETHDHE

EANEH SRS,
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B EREC BT ARERD Y L <=y 20w T (s

s TR il

%14 #

Bi Ge Ag Cu Pb Zn T s

- — 3w 203 1 &, w2 11

try 20— 5 1 tr 30401 T v 4 ot

13 w5 1YL 3T 4 2w w2t 5 | 2f
me4 2 — w2 41— 1 —tw — 2 1 2% 4 3 1t w34 2
ZETE 3 B e Bt B B B 4 — !t ot 1Y 703 4 40 20 2 3Y6 2
=61 4 — 1, 65— 5 M= 1 tw, — 1 407 2 4 6 2 3 1 6
w-7 2" — 1 1" w — 6 1 w6 1w 1 1 2 1 294 5 2 293 5 o+
-8 — ot tr— 5 1w trow 1w L1 4 4 6 2f 23 4 2
v G 1T 14— 5 v — ot T2 w3 3 4 8t 4 17w 1t2 3*
n-10 0w — rl— | 2 fr = = — — 3 | 3 3 3 17w 3 1 4
n1l 1 — w8 — 5 1 —lw o w 2w 3 4 4 4 4 @ 1793 2"
ne12 0 1l — e 3 — 40 2 — 1f w2 20 2 4, 4] 5 1 2
=13 1t =~ 3 = 6 2w it 1= — 1% 1 3060 060 1 2
n=14 . 2 — 17 3 — 401 w1 ety - 171 40 80 6 1 ot
-5 2 — 173 51 1%~ 1wyt~ 12, 6 50 1* Y
v-16] 20— 17 3" — | 6, 2 — | 1w 17 17 5 1 2% 6 6 o Lot
=170 1h— e 2% w5 20 1 & vt ot 2 12 6 6 2F 2
n-18 1 1Y — 17 2 61 2w 1° Lio— 1 2 1. 4 6 41 3
=191 10— — 1 3/ —| 6| 3 — 1 — 1t 4% 14 5 5 3 L4
=200ty — - tr 31 tr - - — 2 —1 2 34 3 3
n-21 1 2?02 — 60 1T 1w 1w o420 3% 45 w2 4 3
o2 o1n — = 61—~ 2% 1. 31 2, 3 — 1w 23 3
H=23  tr | —  — i — 3, 1 7 & - -4 173 3 2 Y w32 3
IX-1 | ot e — 2| & — - oy 32 1w 21103
B AN I R 40 20 1 1w -2 5 4. 1 tr 2 5 103
=3 1f — - 1 — 40 2w L ol - 2f e 5 2t 1136 89t
-4 1 1 = 3 8 e 1 — 3 6 5 4 2.4 4 108
-5 1 — = 41 1 3 6 5 3] 1734 92
M G 1T o R R e e A e AR 6 5 830 134 92
-7 1 1 — 32 — 1 w 1 — 2 6, 65 2 172 4 103
n-g o — | — —l = 3 - — - gt f3 28 10w 3 1710 4
-9 T 408w 1Y 1 2w ; 6 5 17 173 3 1038
n-10 o7 502 — o ow 28— 1* 3, 4,6, 6 2. 1 34 103"
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