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HATREEE BT HREWHEEMERNTEREERL. AR TEREKS L. SR
HHAEEEERE LU LRSREREE T MEARERE L. RENGESH LR ZB TR
HRE, XS ARBRR/D, EAERLE I
12 XBFHE
121 BEKEE BAEBTAERREGN ITREESERT. EH. 2 0.25mm . £XFFKIR
1 24 /N, 10%Na, CO, T AT pH Z 4% 50 B, 8 75 340 8. 33 0.045mm 9, /A U3 5 4, 5 LR
K* ek,
122 NH,0H*+ HCl (HAHC)4bZ™T 4 - 3 4 45 B ) B 4 B 38 VB EE 11000 A 0.1mol / L
HAHC(pH3.0), #&%; 2 /N, B0, REE L, W RS B. ABEEHRAWE TH .
123 +RBEAERMGWE" FHEOM) AEERFARESMNNRE; AR FXHE (CEOA
BaCl,-H,SO, B W2 3 KRl & Bt FA U e skl 2 .
124 THBERSETTROLRSN  #2 0.25mm Fii R4 S8R KA, MEE 4. 9.
A SMESTROSTE. &8 SMERRTREOLHEE: ASIEFMLEE; # 8 BRI
% RS E TR SOLEE.
125 X-STERMST 8T HAIATE AR AR AR IR A FUE 1 3 AT XSRS, WEk
{4 FeK,fB 41, B E 40KV, Bl 20mA, EF WM EKE X 0.02(°) / 58, BERERLSTUHAMEE
#0.02(°) /0.5 %,

F1 H#itNKELEBER I WOELER
Table 1 Basic properties of the used iron—manganese nodules and soils
RS Rew hgxmd Bl +EHEE + = B
Sample Parent Depths Soils Fe-Mn nodules
No. Locality Soil types materials (cm) pH® O. M CEC Clay #BK/A  pH
(g/kg) cmol/kg (g/kg) Size(mm)

A UHEEE EREBEES&L BDEE 24~86 462 10.5 9.8 521 <5 5.11
B JHARERTEHES L Q~Q 67~87 535 8.5 11.2 450 73 5.53
1-1 HEEE ZRBHERL BRE  20~100 453 12.9 10.1 573 <5 7.43
2-1 BHLRT WEREMHE L Q 11~26 5.95 3.8 19.3 405 5~7 7.83
4-1 BIHCHEMH &R EKE L Q 15~34 7.82 5.2 248 491 <5 7.33

5-1 WRGYF SHEBEES MRPRY 15~42 816 34 40.0 410 <5 7.96

5-4 AT SHERESE L THEEY 15~42 816 34 40.0 410 9~12 8.25

6-1 IWAMR BaREKEL EXE  22~41 714 13.9 8.7 134 <5 6.51
1) TR TETBREF L (BEFR)HTHE. 2) KR 25,
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21 #tilERPRETRESRE HAHC ABEYR
MEF2UEH, FREEFHE & 0.6 SHENSRIL T HNE. 554, 1.
HRSRETHENE 26~ 146.6~14.6~ 196 f5; HEBP RSB LA 1/ 3~4/ 5.
AR L BEEEENTEIBREEEN. -1 SHEPHSEREL RN 55~218 4%, M
SEREUERTHERSBRBSHI):SASHEBHNEEN 4299/ ke, LHEHME
11~2545: & &4 0.04~0.09g/ kg, FIRAK.
2 HRgRRRLTRsR

Table 2 The contents of some elements in samples tested

i BEEY +* =
Sample Iron—manganese nodules Soils
No. Fe Mn Ba Pb K Ca Li Fe Mn Ba Pb K Ca Li
g/kg g/kg

A 670 1428 468 051 257 196 004 658 151 034 004 6950 120 004
B 1496 342 1.02 055 423 101 005 702 130 018 003 59 125 0.04
-1 733 1763 268 372 326 179 009 675 128 025 019 770 140 005
2-1 845 629 385 068 425 359 005 332 101 028 002 766 157 0.03
41 759 626 312 045 594 379 008 480 043 037 002 924 444 0.3
5-1 1898 666 7.10 021 408 1066 004 355 184 050 003 472 806 0.03
5-4  163.1 862 698 0.17 323 4299 007 355 184 050 003 472 806 0.03
6-1 1486 540 458 046 345 173 007 326 197 027 003 714 266 001

0.lmol/ L HAHC N\ T BB BRI MWER /DT 3%, B E /& 79%~
85% (X3, REFA LR GERIHTVEHESKEVNEXRXBE BRI R, BEHNEH

£3 HAHCASREBKHABIARNBESRERSEKDERNESH

Table 3 Fe and Mn content extracted by HAHC and accounting for the percentage of
total Fe and Mn in clay fractions of nodules

B 5 & %
Iron Manganese

(g/ke) % (2/kg) %
1-1 1.6 2 110.6 81
2-1 1.5 1.3 90.0 85
4-1 22 3 62.2 81
5-1 1.1 . 0.7 67.1 79
6-1 24 1.5 634 83

HAHC 5 i) i BV B3R . £ HAHC 23 J5 4 M B9 17 8 e 0 535 s 2%, LA S P IR
Y8 HAHCH#R. oL, HAHC i #E R X-ST XM ML L E TGRS BNE
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4T R B MnO,/\ T A (AL, Li) (OH) J\ T {308 E R B R ¥, K Li
HHET A1/ 3800, T REEESFLERNESOATRBAREAEERY ISR
ML, HiIABESEET Mn S LABEREEMHX(r=082,n=64, P<0.01),&H
EMTREREEREY .
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Fig.l X-ray diffraction patterns of Lithiophorite in samples tested before and after HAHC treatment

MEFHEEBREEL. XEREHAEERY # HAHC%%%I@H@ Tt B i i O P A
By i, KTeAMHEES (B 1) Wmal BB 0.942~0.955. 0.47om fiT 5§ 7E HAHC
MBEERBRMEE, ZRENEFSEEEEY. MARLASHHEEE L (-45H)



196 + 5 ¥ ® 37 &

S, REHSNEEET MSERE R, B NF, SR EERE.
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Fig.2 X-ray diffraction patterns of Birnessite in samples tested before and after HAHC treatment

(2-158) A BEIRA 0.717nm 77 51 1% GR 5P 7 5 04 3975 17 §T %) , HAHC b3 J5 , i
BEEAAK, T 1.01nm ¥ (= B FFEK) WIREMA R, BT HAHC &= B REE,
R BIRVE A, BT, 7138 HAHC £b3 )5 1.01nm W A93858 13 T &7 W BEE. BR
HERETYSRMAMENGIEN. WRA 1.01nm Z 347§ &R EES R, b HAHC 43
B JE B £ B9 0.717nm RTSTIESRE (UBRE R, TR 5 1.01nm 77 5 958 5 19 LU AE (1, /
1) ETHEHET Y7 HAHC A3 i B4k, ROV BHEMKE LEEEZN 1,/
I, eIE A HAHC 2B HT# 0.87, BN LB S 0.70, BB XS HET Y B THEI DS
B A TE 0.245nm W E AW, 7 B IR A RE K 0.256nm 17 §F 1§ 4F S B, HAHC 4032 B
0.245nm 7 5 4 38 B W1 {2 1 0.2 56nm A7 5T 0% (1 ,,./ 1, = 1.05), L35 0.245nm 7 51 %
585 L 0.256nm K (1, ./ 1L, = 0.54), HTX R BET WHTSIER. HAHCLHEFE
A1 0.36Inm HIHK, TR, 0.717.0.361 1 0.245nm FT 5k 8460 Y, ZH MRS E
AHKET .

HEK BB EMNE T RES -158) 8 0.717.0.358nm 7 §f %2 HAHC 2455,
B B85 , 0.245nm A7 53 04 9 38 BEAR X35 (1, ./ 1, . 1 R BERY 0.52 B HAHC 23 )5 89
0.41). W 41 SREFHEHKET .
24 5T

BT A TG, n)BEME, H XRD RFEMSTER 0.968. 0.48nm™>'>2, I RKERY
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BAAH L BRES & (S-45H) BEE+ (B 1) 53R 0.965.0.955. 0.48nm fiT §f %, £ HAHC
MBERFHBREEHEK. K9 0.955nm B FEBEET WAFERTST%, 0.965nm 1§ K B4 7
B FRAE AT 5 U, T 0.48nm VT BE R SSHERT M 5T 1%, LT E R = KB A fT g e, HEMEZ
DCB 23 5, X5 A7 51 Bl 3% L 0.48nm £7 57 0 1 Kk (L E#E ), 8 0.48nm fF A £ =
KiEa, MEASRYT . SROEEE LRSS A BRE K. 5HHRE 0.965. 0.48nm 7 5 1%,
RHESHERBERSNEEY .
25 BKERY

BAKERY B RN EREELY. F 0.495.0.24nm FFERT§T >0, BRI
BEMKE LHERRE K (4-15F)F RN 0.5 0.24nm 17 5T 4% (B 3), HAHC & f5,

0473

0.245

B3 ke PR KR B X5 AT 5 i

Fig.3 X-ray diffraction patterns of Vernadite in samples tested before and after HAHC treatment

0.5nm 777 5 14 08 55, 0.24nm #E5 K; MIUKS B BIEME T P& E S (2-15 ) A7 5 B 3%
(9 0.495 A1 0.24nm 7 51 W AT R AR 4045 . A g —RohEZTPsIE. R
EALVETYPERY. RET . §E0. 8587 . BKET %) H 0.24nm 17 5t i, €
0.5nm 5T A B KEY MMEY IifFd. §57 E—MHEANEY YD, HESENE L
R TYFEST AR 2UTEH, FEEHESTHESEFY T AN LR
&, AT RALAER 0.5nm R E/KET MAREED . XBEREH 2-1.4- ISP EAHE
KED .

BAKEY EMAKEYT RERAEENER, FS580KET BB Em AR, X F 4R
2-1.4- 1 SHEHKET HA.
2.6 MR MBEKRY

NEHT HET HETHATQ OREABEHNEMRR (-MnO,), ZEMNEE
ENETHREFHHEEFAR, 25 AL 4. @0 E; EANHA 0.696. 0.24nm 1 51 4, 41
BEHY . SEI EH 0.347nm W, FET EHEA 0.347nm 278, RIUK B EMEE 8
%% (2-158) 8 XRD B+ (B 4), HHFH 0.696.0.347. 0.24nm 1 §1 4%, HAHC &b
BEHE: -1 ASHMBELOM T, XBERRARBERFHNBET . ST
FEHAHC B b g 548, MR 2 BB TR, BEM2-1.5-1L. AT S B H L 385~
7.10g/kg, B F BN 021~0.68g/ kg. U EERNS —WEIEL T A.2-1. 5-158F
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EHEUNEET A ENONEET NSRS
v.

EE S, HEEREEREE&LH
BREE % (-1 58 A B & 0.714,
0.356nm & I8 A7 5114, SET Y 0.692.
0.347Tnm i1 5t #& & /o | &, {H 0.443.
0.333nm i &2 FI N HW¥ A, =8 (BA
R), A5E7 YW iEESE, HAHC A2 AT
Fa X, /L., 2 54069, 0.68, Bl
HAHC 4 # 5+ EMEXE W, HAHC L4/

o, Lo/ L s/ L4y EETEST 524 3.26.2.05,

| "\IN\N N | HAHC b3 /5 FE % 1.28.0.92, %8 0.714 1
| 21 _AJN\‘”"“J’\_\V\. 0.356nm ) 7 5} 17 4 14 B 45 7 90 7 s
HaHc ro i HAHC 4 BG4 5. PUEELE D19 0.312.

14 R B C 9 0.24nm ST AWKTY, KA 1158
B4 BHREES P OBET WX-HRAHEE B IR R 37.02 1 2.68g/ kg, FTE
Fig.4 X-ray diffraction patterns of Hollandite in samples Eﬁ%iﬁﬁﬁﬁﬁﬁ%ﬁnﬂﬁ%i*%ﬁ%%

tested before and after HAHC treatment EEHEY . 0ET, FUSET b E.

Original

A5 k-1 SRR T X5 2617 5t B

Fig.5 X-ray diffraction patterns of Coronadite in samples tested before and after HAHC treatment
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ERBHKAELEEEZNETOUEEEY v E, SLVBRKET . BKEY, IEEH
LEMOBEEY. LASREEEE LUSEY SRE. 2 - ENWEREY MNE
MEED .

3.1 SWERTEANTEES

MENEEEEEEA L. AEFEREE L HE2REKAE L. EAREKE L AEH
MR IR AFEEET, AEABEENTEAR. UENHIRIAVERSEY EB2GFT
MUEZFHMTERE. L LEAEEF, EHERBTESREEYE AL (B HE KA,
BEAFRT, i EEEERRET pH45~82 M 13, B2 M pH EEHE 5~8.3
2B, RHERET T ZHEETEE ZMBEN RSB .

MR B REAS AP EARERE LGRS ETHET YR AL —HEEE
FMET IREEER T EASHET Y, XE5AR LEE MY RAEMAEEZEHAR
A X, WEEEEKS A R, RIEHEERMRRE, EEFFHREABR, 5. 8.
B MEETFIERD, TRBBFHEFRER BEEAR TRV YUY EEG, RiE
R —EBEEY. ERRRARETRAET TREBRFGIEKS, WEEHHEZE, K
BEEEFHERERT 19om ENEAR, 1B E. &£ 9. SR EHFEERS. B
Mt AR A - EEEY. SRR LR R BEER L LR H 55, il T
SRR AR, AETERSKET . SET . JHEET SEHET U &L,

32 SEEN ARG

WAR KU SR A £ B R A KRR o B, e R KB R EF A%, B
BERNSETE BERTRENDZE: HEAKNSESE R 8g/ kg, pHE 8.15, 4% pH
B 825, ERMET WL EHEY vE., SHMHEN40K2BNESBERE L, HKE
ERRR. BB (U EEBIBEN L 1/4~1/3), REAEETH (L BE5EE%N
pHA 514 7.14.6.51), BREXBERY . HHSEY WEAFTESSES. B slms
R R,

ETFHRLIBEEEETHEETYRENEENER, 5EMNOR 55, 1%
pH{E . 4 F /KA R T R MR F RS ERGE X, MARFTH SR,
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MINERALOGY OF MANGANESE IN IRON-MANGANESE
NODULES OF SEVERAL SOILS IN CHINA

Tan Wen—feng Liu Fan Li Yong—hua He Ji—zheng Li Xue—yuan
(Key Laboratory of Subtropical Soil Resources & Environment, Ministry of Agriculture. Huazhong Agricultural
University. Wuhan 430070)

Summary

X-ray diffraction and selective chemical extracion methods were used to
investigate the types of manganese minerals in iron—manganese nodules of several soils
in China. The changes of relative intensity of X-ray diffraction patterns were studied
before and after chemically selective extraction. It was found that lithiophorite was a
common manganese mineral in all tested iron—manganese nodules with high degree of
crystallinity.  Todorokite, however, was predominant manganese mineral of iron-
manganese nodules in cal-aquic Vertisols of Shandong province (No.5-4). The
iron—manganese nodules of arp—udic Luvisols (No.2-1, No.4-1) in Hubei province
contained bimessite and vernadite. Moreover, hollandite was found in iron—manganese
nodules of alt-udic Ferrisols in Yizhang, Hunan province (No.A), arp—udic Luvisols
(No.4-1) in Zaoyang, Hubei province and cal-aquic Vertisols (No.5—1) in Shangdong
province. There were a few of coronadite in iron—manganese nodules of alt-udic
Ferrisol in Guiyang, Hunan province (No.1-1). The types and amounts of manganese
minerals in soil iron—manganese nodules were related to conditions of soil materials
and environments.

Key words Soil, Iron—manganese nodule, Manganese minerals, X-ray diffraction



