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Table 1. The characteristics of the main manganates in polymetallic nodules
Inm Na Ca Mn K Mg Mn®* - a=0.975 nm
Inm MinsO,3 3H,0 5b=0.285nm  0.95~ 0.97 nm 0.48 ~ 0.485 nm
¢=0.959 nm 0.24 nm  0.14 nm
0.7nm Ca Na Mg Mn** Mng Oy a=0.287 nm
3H,0 ¢=0.705 nm
0.70 ~
0.72 nm 0.35~0.36 nm 0.24 nm
0.14 nm
3 = MnO, Ca Na Mg MnOs xH,0 a=0.287 nm
¢=0.470 nm 0.240 ~ 0.245 nm 0.140 ~
0.143 nm
> 1 om 0.97 0.48 0.24 0.14
nm
Todorokite
1934 1 nm
Todoroki b ¢
CayMn;Si;00,3 OH > 5H,0 0.28 nm 0.96 nm 1 nm
a 2.44 nm a
10 MnOg T 3x
Mn n n=10 1 nm
Mn**  Mn** Mn**/Mn** = 0.15 ~
0.23 Mg Ca Na Ba Ag Zn
Ca Na K Ba Ag Mg
Mn?* Zn Mni* 0,y 3H,0 1 nm
X
0.97 0.48 0.24 0.14 nm
b
a =0.975 nm
a MnOg d =0.244 nm
Tumer  Buseck * 1981 21
HRTEM
0.975 nm x 0.959 nm
3 MnOg 3
4~5 7 MnOg 24 h
T 105 C 5h X
T 3xn n 3~7
n 0.97 nm 0.7 nm
n—> o 24 h 0.7 nm
1 nm 105 C 5h 1 nm
X 0.7 nm 1
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Fig.1.The X ray diffraction results for the polymetallic nod- Cu Co Ni

ule M2 in wet a  dry for 24 h at room temperature b Inm

and heat for 5 h at 105 °C in oven.
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Fig. 2. The schematic diagram of phase change for the
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Buser =Ni** > Ca** > Mg** 1 nm
Buserite Cu>Co=Ni>Mn>Ca Ni
I nm 2 >7n> Ca > Mg P
I nm 100 C
I nm 0.7 nm
I nm Synthetic 1nm man- 412
ganate Slnm 12
2 1 nm
1 nm
X
1 nm X
412 14
Inm 1nm
X

Cu®*t > Co*t > Zn*

2 1 nm

Table 2. The difference and similarity of the characteristics for the Todorokite Buserite and marine 1nm manganates

X
I nm 300 °C Zn>Mg > Co~Ni '* T 3x 3~5
3 3 MnOy
1 nm Cu>Co>Zn=Ni> Ca MnOg
0.7nm 4 > Mg ®
I nm 1 nm Cu> Co= Ni > Mn > MnOg
0.7 nm 412 Ca Ni=Z7Zn > Ca >
Mg '

0.244 nm 0.142 nm
5 1nm d-MnO,

Vernadite 0.7 nm
0-MnO, 1 nm
0.244 nm 0.142 nm
X 0.244 nm 1 nm
0.142 nm X X
2-line form 1 nm
0.244 nm  0.142 nm
1 nm 0.7 nm @D 1 nm
1 nm 0.7 nm
0.244 nm 3 © X

0.142 nm
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1 nm 1 nm = 0.244 nm - 1/5 x
0.244 nm 5 1 nm
8 11
3 1 nm g1
Table 3. The identification feature of the marine 1nm manganate and Vernadite under the reflect light microscope
Inm
11
1 nm
1 nm 6
1 1 nm
1 nm
35% ~ 86% X
63 % 12 ~61%
34 % I nm I nm
1 nm
9% ~T0% 43 % 2
26% ~ 91 % 52% 1 nm X
1 nm 1
1 nm
Mn Mn**
0o/M 1.99 3 1 nm
1 nm Mn MnOg
Mn** Mn® * 0/
m 1.74 ~1.87 100 C
1 nm
0.7 nm
0.7 nm
1 nm
4 1 nm
20
Eh  Fe'* /Fe’* Eh 475 0.24 nm  0.142 nm
mV Fe'*/Fe’*  20.36 Eh 455 mV

Fe** /Fe**  13.90
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THE MAIN MANGANATES IN THE POLYMETALLIC NODULES
AND THEIR CORRELATIONS
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Abstract The crystal structure of the marine 1nm manganate is quite different with that of the land base todorokite and it
has more similarities with the synthetic 1 nm manganate of buserite instead therefore the marine 1 nm manganate and todor-
okite are the distinct manganates. The 1nm manganate can be transformed into 0.7 nm manganate by losing some water
caused by drying and the 0.7 nm manganate might not be the original manganate phase in polymetallic nodules but is
more likely to be the phase transformation product of 1 nm manganate. Vernadite and 1 nm manganate are the two main
manganates in the polymetallic nodules they both have the characteristic X ray diffraction pattern in 0.24 nm and 0. 14
nm therefore much attention should be paid in order to distinguish these two manganates during mineral analysis.

Key words manganates correlation polymetallic nodule



