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ABSTRACT　　 Little is know n about the geochemistry o f pea t and so ft-brow n coal . The ana ly tical chemical da ta

of fo r ty eight samples have been obtained fo r th e peat and so ft-br ow n coal in the Zhenan ba sin, western Yunnan.

Injection of continenta l detritus into th e sw amp is fav ourable fo r the deg r ada tion of plant r emains and the fo r-

mation o f humic acid. The ox ide compositions of the a sh of the peat and so ft-br ow n coa l and their distribution-types

have indicated that the continenta l detritus come from tw o kinds of par ent rocks.

The Al2O3 and SiO2 have a po sitiv e co rr ela tion with humic acid ( Hmz) , showing that the or ganic mat ter is ad-

vantageous to th e formation o f aluminosilicate mine ral ( mainly kao linite, authig enic or ganic cla y miner als).

The TiO2 enrichment is mainly r ela ted to miner al ma terials. Th e Ge content in the pea t and so ft-br ow n coal

ranges from 0. 2～ 2. 6× 10- 6 , and it is mainly bound to those miner als with Al2O3 and o rg anic mat ters. The Ga

content is from 2. 3～ 19. 1× 10- 6 , a nd it is associa ted with mine rals that are MgO-bea ring aluminosilica te miner als.

The uranium ( 0. 3～ 4. 9× 10- 6) is mainly bound in the Ca-and Mg-bea ring minera ls. They are no t enriched and

not rela ted to o rganic matter.
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1　 Introduction

More recently, research on pea t and so f t-

brow n coal has been on the increase ( Dickinson

and Pugh , 1974; Van Geel , 1978; Teichmuller and

Durand, 1983; Styon and Bustin, 1983; Jin and Qin,

1989; Cohen and Raymond et al. , 1989; Rollins and

Cohen et al. , 1990. )
〔1～ 7〕

, nev ertheless, an ade-

quate study has no t been done on pea t and so f t-

brow n coal geochemist ry so fo r ( Shotyk and Nes-

bi t t et al. , 1990; Kumari , 1990; Sho tyk and

Wayne, 1992. )
〔 8～ 10〕

, and existing geochemical da ta

o f peat and sof t-brow n coal is poor; hence a fai r

deg ree of geochemical uncertainty exists. Know ing

the geochemical characteristics of peat and so f t-

brow n coal is impo rtant , no t only fo r it s utili za tion

but also for understanding the th eo ry of coal g eo lo-

gy.

2　Geological setting and samples

2. 1　 Zhenan Basin and sediments

　　 The Zhenan basinis a small intermountain fault

收稿日期: 1996- 04- 02

basin. It formed in the Ceno zoic era and i ts fo rma-

tion resul ted f rom the col li sion o f the India plate

w ith the Sino-Ko rean plate. The Zhenan basin ex-

tents NNW-SSE ( Fig. 1) , and i ts leng th is about

9km and the width is f rom 0. 9 to 2. 5km ( Zhong ,

1991)〔 11〕 .

Fig. 1　 Simplified geo lo gic map o f the Zhenan ba sin

show ing the lo cation o f the study drill ho les
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Fig . 2　 Litho logical log s of the studied drill ho les

and the positio n o f co llected samples

The basement of the Zhenan basin consists

mainly of M eso zoic g rani te and Palaeo zoic schist ,

o n w hich w ere deposi ted the lo ose and semi-consol-

ida-tion sediments o f the Quaternary and La te Ter-

tiary period. The sediment in thickenss is f rom 200

to 300 meters. The composi tions o f the sediments

a re mainly g ravel, sand, mud, pea t and sof t-brow n

coal ( Fig. 2) . The g ravels can o f ten be seen in out-

crops and drill holes, amounting to more than 25%

o f to tal sediments.

2. 2　 Peat and soft-brown coal

Most widespread in the Zhenan basin are pea t

and so f t-brow n coal that a re fo rmed mainly f rom

herbs and w oody plants. The peat is lo ose o r poo rly

consolidated. The co lor of f reshly exposed peat is

y el lowish brow n to reddish brow n. The peat has

rela tiv ely abundant plant remains. The sof t-brow n

coal, pet rologically and chemically distinguishable

f rom the peat , has become consolidated in a certain

deg ree, having a dark o range colo r w hen freshly

expo sed and g reyish black upon w eathering ( oxida-

tion ) . Rarely are plant remains preserved in the

sof t-brow n coal. All the techno logical and elemen-

tal analysis data are summarized in Table 1.

3　 Analytical methods and results

The 46 samples used in this study w ere col-

lected f rom 2306, 2703, 2705 and 3105 drill holes

( fig ure 2) and the other two samples w ere collect-

ed from a pea t outcrop. The analysis o f the samples

w as accomplished by the labo ratory o f coal-explo-

ra tion company of Yunnan Province. The major el-

ements w ere analysed w ith the w et chemical tech-

nique. Ge, Ga , and U were determined by x-ray

f luorescence . The results a re giv en in Table 2.

Table 1　 Technological and elemental analysis results from the peat

and sof t-brown coal in the Zhenan basin, western Yunnan

Types
Aad

(% )

W t

(% )

Cdaf

(% )

Hdaf

(% )

Odaf

(% )

Nd af

(% )

Sdaf

(% )

Peat
15. 11～ 54. 98

28. 37
65. 59～ 405. 58

93. 35
56. 26～ 65. 00

61. 71
5. 10～ 7. 02

5. 61
27. 75～ 38. 97

32. 21
0. 98～ 1. 76

1. 24
0. 13～ 0. 29

0. 23

Sof t

b row n

coal

8. 92～ 48. 95
27. 91

30. 61～ 65. 00
51. 36

65. 00～ 68. 25
66. 60

5. 12～ 6. 49
5. 61

22. 65～ 33. 37
26. 13

0. 87～ 1. 54
1. 22

0. 18～ 0. 25
0. 21

　　 Aad= ash , water f ree; W t= total w ater; Cdaf= carbon, dry and ash f ree; Hd af= hyd rogen, dry and ash f ree;

Odaf= oxygen, d ry and ash f ree; Ndaf= nit rogen , d ry and ash f ree; Sdaf= sulfur, dry and ash f ree.



Table 2　 Geochemical data for the 48 samples of the peat and

sof t-brown coal in the Zhenan basin, western Yunnan

Sample
Aad

(% )

Hm z

(% )

SiO 2

(% )

Fe2O3

(% )

Al2O3

(% )

CaO

(% )

MgO

(% )

TiO 2

(% )

Ge

(× 10- 6 )

Ga

(× 10- 6 )

U

(× 10- 6 )

2705～ 1 34. 29 76. 04 58. 41 10. 42 20. 59 2. 57 1. 55 1. 39 0. 6 7. 3 0. 9

2705～ 2 26. 71 82. 69 60. 08 8. 46 21. 71 2. 08 1. 46 1. 28 0. 7 9. 1 0. 9

2705～ 3 31. 71 86. 65 58. 03 10. 66 21. 22 2. 81 1. 47 1. 26 0. 9 7. 6 0. 9

2705～ 4 28. 16 82. 00 63. 52 5. 44 21. 65 1. 77 1. 58 1. 26 0. 5 6. 8 1. 2

2705～ 5 25. 56 75. 00 62. 58 5. 01 21. 98 1. 58 1. 26 1. 39 0. 5 5. 8 1. 0

2705～ 6 21. 85 65. 54 66. 75 3. 29 20. 58 1. 36 1. 44 1. 46 0. 6 6. 3 1. 2

2705～ 7 22. 42 63. 13 67. 12 3. 15 21. 96 1. 80 1. 45 1. 44 0. 5 6. 2 1. 2

2705～ 8 21. 34 73. 34 64. 47 3. 94 23. 01 1. 54 1. 44 1. 38 0. 8 6. 9 1. 2

2705～ 9 23. 91 73. 98 64. 36 4. 12 22. 88 1. 72 1. 54 1. 37 0. 7 5. 8 1. 1

2705～ 10 29. 52 71. 95 54. 48 3. 07 23. 52 0. 88 1. 29 1. 42 0. 7 8. 5 1. 0

2705～ 11 23. 99 68. 05 67. 46 4. 65 22. 06 1. 30 1. 41 1. 44 0. 5 6. 7 1. 2

2705～ 12 34. 38 62. 43 64. 85 6. 53 20. 78 1. 39 1. 55 1. 36 0. 6 9. 3 0. 9

3105～ 1 29. 30 71. 34 67. 68 4. 26 20. 84 2. 78 2. 16 1. 48 0. 5 8. 9 2. 9

3105～ 2 35. 33 72. 99 65. 53 2. 98 22. 82 1. 55 1. 94 1. 38 0. 2 11. 9 1. 2

3105～ 3 22. 91 66. 51 66. 50 3. 04 22. 12 1. 77 1. 98 1. 46 0. 6 10. 7 2. 3

3105～ 4 31. 13 80. 18 66. 93 2. 38 22. 46 1. 29 1. 86 1. 51 0. 2 10. 5 1. 6

3105～ 5 22. 94 70. 19 64. 64 2. 11 22. 10 1. 22 1. 56 1. 49 0. 8 10. 9 1. 7

3105～ 6 34. 95 78. 69 65. 95 2. 33 23. 36 1. 11 1. 65 1. 54 0. 6 12. 5 1. 3

3105～ 7 29. 86 80. 67 65. 89 1. 75 22. 22 1. 42 1. 51 1. 48 0. 4 9. 8 2. 1

3105～ 8 30. 54 81. 73 64. 79 2. 12 22. 90 1. 83 1. 93 1. 44 0. 5 10. 80 1. 8

3105～ 9 31. 08 86. 34 58. 34 2. 56 26. 11 2. 73 2. 00 1. 29 0. 7 10. 5 2. 6

3105～ 10 39. 78 50. 85 60. 42 3. 00 23. 66 3. 24 2. 29 1. 04 0. 9 11. 6 1. 4

3105～ 11 21. 35 44. 25 56. 92 4. 56 19. 84 6. 27 2. 28 1. 16 2. 6 5. 8 2. 6

3105～ 12 25. 32 58. 67 70. 69 4. 71 10. 50 6. 04 1. 74 1. 16 0. 5 5. 3 3. 3

3105～ 13 15. 11 47. 27 57. 78 7. 44 15. 52 9. 92 2. 90 1. 30 0. 4 3. 4 4. 9

3105～ 14 19. 04 45. 81 57. 48 6. 03 19. 79 6. 16 2. 06 1. 14 0. 8 6. 1 1. 8

2306～ 1 54. 98 74. 26 59. 06 3. 98 27. 36 0. 43 1. 12 1. 23 1. 7 19. 1 2. 7

2306～ 2 35. 87 69. 92 60. 86 5. 80 24. 30 1. 11 1. 36 1. 39 1. 2 8. 8 4. 2

2306～ 3 45. 52 74. 00 63. 92 5. 60 21. 53 0. 96 1. 40 1. 38 0. 4 11. 5 0. 3

2306～ 4 23. 30 63. 23 63. 28 8. 36 18. 14 1. 88 1. 58 1. 60 0. 3 5. 5 0. 9

2306～ 5 39. 21 68. 62 65. 34 5. 13 20. 19 0. 96 1. 48 1. 44 0. 9 9. 4 1. 9

2306～ 6 39. 73 75. 32 65. 77 5. 00 21. 61 0. 68 1. 34 1. 40 0. 8 10. 0 1. 9

2306～ 7 43. 04 66. 39 67. 72 4. 44 21. 54 0. 45 1. 32 1. 37 0. 4 10. 4 0. 7

2306～ 8 33. 30 61. 90 64. 60 4. 38 18. 52 0. 45 1. 27 1. 16 0. 3 8. 4 1. 5

2306～ 9 33, 95 70. 38 63. 96 5. 23 19. 27 0. 70 1. 08 1. 43 0. 7 8. 9 2. 1

2306～ 10 29. 43 72. 35 60. 58 5. 08 20. 54 0. 77 1. 37 1. 48 0. 5 7. 4 2. 1

2306～ 11 32. 05 69. 41 65. 20 4. 70 25. 91 0. 64 1. 52 1. 11 0. 4 9. 4 4. 6

2306～ 12 30. 97 79. 18 65. 20 4. 90 20. 72 0. 86 1. 30 1. 48 0. 2 7. 1 2. 5

2306～ 13 37. 55 65. 54 62. 58 5. 08 20. 34 0. 84 1. 28 1. 49 0. 8 9. 5 2. 6

2703～ 1 34. 04 49. 46 63. 32 5. 34 20. 42 1. 78 1. 26 1. 49 0. 9 11. 8 2. 4

2703～ 2 31. 57 60. 32 61. 43 4. 07 23. 10 1. 18 1. 23 1. 66 0. 7 12. 0 2. 1

2703～ 3 25. 50 57. 26 59. 87 5. 04 23. 28 1. 73 1. 44 1. 82 0. 9 9. 9 3. 4

2703～ 4 33. 27 77. 01 63. 74 3. 53 24. 98 1. 02 1. 22 1. 30 0. 8 9. 8 1. 1

2703～ 5 35. 26 77. 23 63. 52 6. 37 20. 47 1. 70 1. 70 1. 32 0. 9 10. 8 1. 0

2703～ 6 27. 67 73. 39 61. 26 4. 98 24. 80 1. 54 1. 54 1. 18 0. 9 10. 9 0. 7

2703～ 7 16. 10 73. 00 57. 27 5. 63 26. 44 1. 20 1. 37 1. 48 1. 0 7. 5 0. 9

E～ 1 35. 54 77. 15 67. 98 4. 97 20. 92 0. 99 1. 28 1. 40 0. 9 2. 3 0. 8

E～ 2 20. 72 70. 46 66. 90 4. 07 21. 66 0. 98 1. 52 1. 39 0. 8 6. 1 2. 6

　　　　 Aad- ash , w ater f ree; Hmz- humic acid, dry and ash f ree; Oxides except P2O5、 As2O3 and SO2
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Table 3　 Test results of the Aad, Hmz, Ge , Ga, U and oxides of the peat and soft- brown coal f rom the Zhenan basin

Aad Hm z SiO2 Fe2O3 Al2O3 CaO MgO TiO 2 Ge Ga U

X tes t 1 1 0 0 0 0 0 1 1 1 1

ND K test 1 0 0 0 0 0 0 1 1 1 1

r1 , r2 t es t 1 0 1 0 0 0 1 1 1 1 1

X tes t / / 0 1 0 0 0 / / / 1

LND K test / 0 0 1 0 0 0 / / / 1

r1 , r2 t es t / 0 1 1 0 0 0 / / / 1

　　 1= Obey, 0= Not obey, /= Not tes ted, ND= Normal dis t ribut ions , LND= Lognormal dis t ributions

　　

4　 Discussion

4. 1　 The distribution features and experiment sig-

nif icances of Aad, Hmz, Ge, Ga, U, and oxides

The dist ribution types of Aad, Hmz, Ge, Ga,

U and oxides have been tested wi th 3 testing meth-

ods. The resul ts are in Table 3.

Table 3 indicates tha t the Aad, TiO2 , Ge, Ga,

and U are normally dist ributed, and the Fe2O3 i s

lo gnormal ly dist ributed, and the Al2O3 , Hmz, CaO,

MgO and SiO2 a re neither dist ributed no rmally nor

lo gnormal ly.

Acco rding to our consideration, the Aad nor-

mal distribution suggests that this peat-fo rming

envi ronment w as rela tively stable. From this, w e

can recognize tha t al though the Zhenan basin wa s

lo cated in tectonic-mobil region and inf luenced by

tectonic movements during the peat-fo rming pro-

cess ( g rav el , sand, mud, pea t and sof t-brow n coal

occur al ternately and frequently ) , the overall back-

g round of the basin changed only inf requently.

The lack of a dist ribution fi t fo r the Hmz may be

rela ted to the communi ties and characteristics of

the pea t-fo rming plants and types of depo sitio n. If

the pea t is rich in alloch thonous plant remains, es-

pecially oxidized plant remaines, the amount of

Hmz would be less. The normal dist ributions of

TiO2 , Ge, Ga and U indicate that these elements

and TiO2 in the pa rent ro cks are rela tiv ely uni-

form. The lack of dist ribution fit s fo r SO2 , Al2O3 ,

CaO and M gO may show that these oxides in the

parent rocks ( g rani te and schist ) w ere no t uni-

form. When the di t ri tus comes mainly f rom the

g rani te, the SiO2 content wil l be higher than i f the

di t ri tus comes f rom the schist; this makes the SiO2

dist ribution bimodal. It i s necessary to point out

that some of the SiO2 and Al2O3 is fo rmed in cliage-

nesis. This can be fully proved by observ ing the

thin o r block sections under microscopy. We can

observ e a larg e number of clay minerals of ten fill-

ing in the remained cel l oval.

4. 2　 Factor analysis

In o rder to obtain a clear picture of the rela-

tionship betw een the variables, the analy tical da ta

w ere subjected to facto r analysis. This is a v ery

useful tech nique for sorting variables ( i. e. the indi-

vidual elements) into g roups, the purpose being to

reduce the original 11 components to a smaller

number o f v aribles ( facto rs) , each comprising ele-

ments v ary in a smaller way to one another. The

calculation has show n that when w e select the fi rst

6 major components ( Table 3 ) , the percent of

communal facto rs va riance distribution is ov er

85% , so w e think tha t the fi rst 6 majo r facto rs con-

tain much more o f informa tion than the o ther v ari-

ables. This rela tiv ely small number of new vari-

ables can then be handled and v isualised mo re easi-

ly than the large number o f original v ariables,

thereby make 6 main components to obtain vari-

max rotated factor matrix ( Table 4) .

4. 2. 1　 Factor 1 (Aad, Ga)

Facto r 1 has strong po si tiv e lo ading s fo r Aad

and Ga. This show s that the Ga has some genetic

rela tionship wi th Aad .

Goldschmidt ( 1944) g ave 0. 4% as the maxi-

mum Ga content in coal ash ( the Ga abundance is

18× 10- 6 in ea rth crust ) . It is ev ident tha t the Ga



content in the coal reported by Go ldschmidt is

much higher than the Ga crustal aboundance, and

o ther vesearchers have discovered tha t the Ga is

chief ly enriched in the vi t ric component. The inves-

tigation of the peat and sof t-brow n coal in the

Zhenan basin led to the conclution that the Ga is

obviously bound to mineral components ( in Table

4, the Ga has a st rong posi tiv e loading wi th Aad) ,

and that the mineral components seem to be alumi-

nosilicates. This conclusion suppo rts Bouska′s

( 1981) opinion that the Ga is mainly contained in

the alumino silica te minerals and is opposi te to tha t

o f Ot te ( 1953)〔 12, 13〕 . Of course, f rom Table 1, w e

know tha t the Ga in the peat and sof t-brow n coal

has not been enriched, and i ts content is near to the

crustal abundance. It i s cer tain that , in coalifica-

tion, the o rganic material ( mainly humic and fulsic

acid ) can abso rb ga llium from the groundw ater or

o ther mineral material surrounding the peat , brow n

coal o r coal; if no t, the maximum Ga amount in

some coal w ould no t be so high.

4. 2. 2　 Factor 2 ( TiO2 , SiO2 , Hmz)

Table 4 has show n that Facto r 2 has relativ ely

st rong posi tiv e loadings for TiO2 and SiO2 and a

w eak posi tiv e loading fo r Al2O3 and Hmz . The

above phenomenons tel l us tha t the TiO2 has some

rela tionship wi th SiO2 , Al2O3 and Hmz.

Table 4　 Varimax rotated factor matrix for a 6- factor model explaining 85% of the total variables

Variables Factor 1 Facto r 2 Factor 3 Factor 4 Factor 5 Factor 6

Aad 0. 9730 - 0. 1105 - 0. 1253 - 0. 0505 0. 0107 0. 1447

Hmz 0. 1104 0. 1172 - 0. 0202 0. 1181 - 0. 1962 0. 9598

SiO2 0. 1419 0. 3467 0. 5513 - 0. 6747 - 0. 2404 0. 2066

Fe2O3 - 0. 0476 - 0. 0597 - 0. 9852 - 0. 0599 - 0. 1361 0. 0389

Al2O3 0. 2847 0. 0678 0. 1923 0. 8610 - 0. 1801 0. 3218

CaO - 0. 5432 - 0. 5402 - 0. 0260 - 0. 1658 0. 4803 - 0. 4049

Mg O - 0. 4177 - 0. 6071 0. 2971 - 0. 0260 0. 5828 - 0. 1893

TiO2 - 0. 1077 0. 9727 0. 1179 0. 1652 0. 0332 - 0. 0034

Ge 0. 0177 - 0. 9320 - 0. 0827 0. 3139 0. 0748 - 0. 1419

Ga 0. 8799 - 0. 0582 0. 3613 0. 3026 - 0. 0009 - 0. 0180

U 0. 0689 0. 0051 0. 0596 - 0. 0248 0. 9824 - 0. 1643

　　 Some researchers ( Jones and Miller, 1939)

found that the v it rain f rom No rthumberland Eng-

land contained an ex t raordinary amount ( 7. 0%～
24. 3% ) of TiO2 in coal ash, w hen there w as a

small content of ash mat ter〔 14〕 . Reynolds reported

9. 2%～ 15. 0% TiO2 ( in ash ) wi th 1. 6 to 1. 9%

ash content f rom the Peacock seam. Other re-

searchers also discovered tha t the TiO2 content in

coal w as higher than that of o ther common rocks

( on the average, 1. 39% TiO2 in g rani te and 0. 2%

in shales, wi th the Ti abundance in the crust being

6 400× 10
- 6
) . Table 3 giv es the average TiO2 con-

tent in the peat and sof t-brow n coal is 1. 39% .

There fo r, w e can make the conclusion that the Ti

is evidently enriched in some coals and no t enriched

in the peat and so f t-brow n coal in the Zhenan

basin. The cause of the Ti enrichment seems to be

rela ted to o rg anic mat ter. This tendency has not

been found in the peat and sof t-brow n coal in the

Zhenan basin ( Factor 2 only has w eak lo ading for

TiO2 and Hmz, but a strong posi tiv e loading wi th

SiO2 ) . These phenomena suggest that the enrich-

ment of TiO2 in coal occurs mainly in coali fication

and no t in peati fica tion.

4. 2. 3　 Factor 3 ( SiO2 , MgO, Al2O3 , Ga)

Facto r 3 show s rela tiv ely st rong posi tiv e load-

ings for SiO2 , MgO, Al2O3 and Ga.

The phenomenon above tells us tha t the Ga is

g enetically related to the minerals wi th SiO2 , M gO

and Al2O3 . Goldschmidt thought the Ga
3+

had rel-

ativ ely tight relationship wi th Al
3+

and, the Ga
3+

was mainly bound in Al-bea ring minerals. We

think that the Ga is probably bound in the M gO-

bearing alumosilicates, w hich seems to be montmo-

rillonite. It i s po ssible that the Ga is abso rbed by

the gel of M gO, Al2O3 and SiO2 .
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　　 There a re many repo rts which tell us that Ga

is of ten enriched in coal. Goldschmidt ( 1944) re-

ported 0. 4% as the max imum Ga content in coal

ash. Ot te ( 1953) determined 0. 1% Ga in ash f rom

the coal of the Katharina seam ( Ruhr Basin) . Gen-

erally speaking , the Ga content in coal o r brow n

cool ranges f rom a few tens to a few hundreds×

10
- 6
. Bouska et al. thought that the Ga was asso ci-

ated ra ther w ith the clayey rock than wi th the coal

i tself. Consistent wi th th eir conclusion is our result

o f the present study.

4. 2. 4　 Factor 4 (Al2O3 , Ge)

In Table 4, Facto r 4 has relativ ely posi tive

lo ading s fo r Al2O3 and Ge. The studies o f g ermani-

um in coal started long ago, and in 1930, Go ld-

schmidt discovered that coal ash contains a majo r

amount o f g ermanium. Since then, many re-

searchers have giv en their a ttention to the econom-

ic value of g ernamium in coal. Go ldshmidt ( 1930)

determined the maximum concentration in coal ash

to be 1. 1% and gave 0. 05% Ge in coal ash a s

mean value ( fo r the data avai lable to him at that

time) . Nevertheless, the Ge amount in the crust i s

only 4～ 7× 10- 6 . On comparing the Ge values re-

ported by Goldschmidt wi th the Ge crustal value,

the Ge in coal w as enriched 1 600～ 2 800 times.

Germanium is generally believed to have accumu-

lated in the coal. M ost inv estig ato rs believe that

g ermanium is chief ly bound to o rganic and not in-

o rg anic components and i ts concentration is related

to the absorption capacity of the coal mat ter

( Bouska , 1981) . Nevertheless, opposi te to common

opinion, in the pea t and sof t-brow n coal from the

Zhenan basin, the Ge enrichment is not evident and

is almost alw ays low er than that of the crust. In

Table 4, the Ge has a considerably w eak posi tive

cor relation wi th Hmz, so i t i s diff icult to believe

that the Ge in the peat and so ft-brow n coal has any

rela tionship wi th o rganic mat ter. The fact also re-

veals tha t the enrichment of germanium in coal oc-

curs mainly in the pro cess f rom peat to bi tumin

coal and is related to the absorption by o rganic

mat ter of the germanium by way o f complexing and

/or chela tion.

4. 2. 5　 Factor 5 (U, CaO, MgO)

Facto r 5 has relativ ely st rong po sitiv e lo ading

fo r U, CaO and MgO and weak negativ e loading fo r

U and Hmz. This phenomenon indicates tha t the u-

ranium is chiefly bound to minerals w ith CaO and

MgO, and its genesis is not closely tied to o rganic

mat ters.

Moo re ( 1954) found that coal possesses a high

abso rption capaci ty fo r uranium
〔 15〕 . Hof fmann

( 1943) recorded the U content in peat as 1× 10
- 6
,

as 3. 3× 10- 6 in brow n coal, and as 3. 72× 10- 6 in

bituminous coal, and he proposed a model that the

U content increases w ith increasing coal rank
〔16〕 ,

but many investig ators thought that those values

had been surpa ssed in many cases. Nevertheless,

i t has been w idely accepted that uranium is en-

riched in coal o rg anic ma t ter. M any recent studies

have proved that the genesis of a large number of

uranium o res are, mo re o r less, related to o rganic

material. The abso rption properties of o rg anic ma-

terial ( e. g . , humic acid and fulvic acid ) are

fav ourable fo r the enrichment o f uranium.

In the Zhenan basin, nevertheless, U enrich-

ment is no t so evident , and the U content in the

pea t and sof t-brow n coal va ries f rom 0. 3 to 12. 3

× 10- 6 , and averages 2. 18× 10- 6 ( 1. 7× 10- 6 U

in the crust and 3. 5× 10- 6
U in the g rani te) . From

Table 4, w e see tha t in Facto r 5 there is weak nega-

tiv e loading for U and Hmz, w hich shows that the

o rganic mat ter in the peat and sof t-brow n coa l have

evident ly no t abso rbed uranium , and thei r uranium

content in the Zhenan basin is ev en low er than tha t

o f g rani te ( 2. 13～ 24. 58× 10
- 6
) in the Zhenan

basin. This leads to an opposi te resul t to the com-

mon view . In contrast , the uranium is mainly bound

to the ino rg anic components, especially those wi th

CaO and MgO. These ino rganic components are as-

sumed to be some clay minerals ( e. g . , montmoril-

leni te ) . The studies of the relationship betw een u-

ranium , minerals and o rganic ma tter suggest tha t

the U enrichment in the coal migh t occur during

coalification ( mainly f rom peat to bi tuminous

coal) .

4. 2. 6　 Factor 6 (Hmz, Al2O3 , SiO2 , Aad)

Facto r 6 has posi tiv e loading for Hmz, Al2O3 ,

SiO2 and Aad, and a w eak negativ e loading fo r the

o ther v ariables ( CaO, M gO, etcetera) . This ten-

dency suggests that the Hmz has some connection

w ith Aad, Al2O3 and SiO2 .

As w e know , humic acid is fo rmed by means

o f bacterial deg rada tion of plant remains. The in-

f luencing facto rs to bacterial deg radation a re main-



ly the availabili ty o f f resh wa ter and oxygen, w hich

is capable of reducing sw amp acidi ty and is

fav ourable fo r bacterial activ ity. The amount of

Aad could indirectly reveal the availabili ty of f resh

w ater and oxygen when pea t is fo rming , because

mineral material ( Aad ) is carried into the sw amp

by running w ater. The running wa ter also bring s

o xygen into the swamp. This phenomenon show s

that the mo re mineral material present in the de-

posi t, the more the humic acid. The po si tiv e cor re-

lation between Hmz and SiO2 and Al2O3 is displayed

through the clay minerals, mainly kaolini te. Using

microscopy w e can see tha t th e cell cavi ty remain-

ing is of ten filled wi th clay minerals. This phe-

nomenon also show s tha t th e humic acid is benefi-

cial to the fo rmation of clay mineral , which results

mainly f rom the abso rption of humic acid of the

SiO2 and Al2O3 gels.

5　 Conclusion

The dri lling pro jects and widespread outcrops

in the Zhenan basin of fer the best oppo rtuni ty to

examine the samples o f the peat and sof t-brow n

coal. From our 48 samples we can make conclu-

sions as summarized below:

( 1) The oxide percentages and thei r dist ribu-

tion types suggest that the mineral components in

the peat and sof t-brow n coal in the Zhenan basin

do not come from one kind, but the two kinds of

parent rocks ( g rani te and schist ) ,

( 2) Injection of dit ri tus is fav orable fo r the

deg rada tion o f plant remains and the conversion of

plant remains to humic acid,

( 3) Th e possi tive co rrelation betw een Aad and

humic acid indicates that ino rganic material is ben-

eficial to the forma tion o f“ org anic clay” , a nd this

can be used to interpret w hy there are a g reat num-

ber of small clay particles in the microscope cell

cavi ties remaining in h umini tes,

( 4) The TiO2 in the pea t and so ft-brow n coal

is not evidently enriched, and is bound mainly to

the mineral components. A po si tiv e cor relation be-

tw een TiO2 and o rg anic mat ters ( Hmz) is no t ev i-

dent ,

( 5) The Ge in the pea t and sof t-brow n coal is

contained chief ly in the mineral components wi th

Al2O3 and has a w eak posi tiv e co rrela tion wi th or-

ganic mat ter ( humic acid) ,

( 6) The Ga in th e peat and sof t-brow n coal is

also bound mainly to the mineral components

w here montmo ri lloni te appears to be the main car-

rier, and

( 7) The U is combined mainly in minerals

w ith CaO and MgO.
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