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A mineralogical study and genetic analysis of phosphate in Co-rich
crusts from the Central Pacific WX seamount
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Abstract: Phosphatisation has widely occurred in oceanic Co-rich crusts and exerted a remarkable effect on the
properties of Co-rich crusts. However, no agreement has so far been reached with regard to the genesis of phos-
phate. In this study, the upper and lower layers in the older portion of a crust from the Central Pacific WX
seamount were systemically observed and tested by such means as reflecting microscope, scanning electron mi-
croscope, electron microprobe and X-ray diffraction, and their possible geneses and characteristics of formation
were discussed. The upper layer, with homogeneous composition, is mainly composed of intact phosphatic
foraminifer fossils and nannofossils as well as abiotic carbonate fluorapatites (CFA), representing the biologic
and autogenic origin. However, the lower layer, with visible metasomatic texture and relatively high Si, Al, K
and Fe, is notably different from the upper one, and seems to have been formed mainly by replacement of car-

bonates. Therefore, different phosphate layers in crusts have different geneses.
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Fig. 1 Reflecting micrograph of phosphate of the upper layer
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Fig. 2 BSE micrographs of phosphate of the upper layer and the lower layer
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Fig. 3 SEM micrographs of phosphatic foraminifera and nannofossil in the upper layer phosphate of the old crust
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Table 1 EPMA results of the upper layer and the lower layer phosphate in the old crust
CaO P,Os NaO K,O0 ALO; FeO MnO La0O; Ce,05 Nd,O; SO BaO  PbO  CoO  CuO  NiO  TiO, CaO P,Os
1 50.13 31.04 1.36 0.11 0.65 0.30 0.19 - < — - - - - - - 0.03 1.62
2 47.28 29.46 1.75 0.64 0.27 0.58 0.76 S = - 0.32 - - - - - - 1.61
3 49.85 31.04 1.89 0.04 0.73 0.29 0.41 0.63 - 0.20 - - - - - - - 1.61
4 53.47 32.26 < 0.82 0.70 0.58 0.39 - - - 0.05 - - - - - - 1.66
5 50.90 31.79 . — 0.52 0.43 0.71 0.47 - - - 0.24 - 0.87 - - - - 1.60
6 55.66 34.90 1.29 - 0.44 0.71 0.23 - - - - - 0.56 0.47 - - - 1.60
7 52.36 32.36 1.03 0.23 0.53 0.35 - 0.28 0.30 - - 0.66 0.51 0.32 - - - 1.62
8 54.51 32.65 1.06 0.30 0.32 0.34 - 0.31 - - - - 0.48 - - 0.51 - 1.67
9 53.47 36.37 0.89 0.21 0.26 0.24 - - - - - - - 0.14 - - - 1.47
10 54.28 36.73 — 0.39 0.61 0.05 - 0.81 0.50 - 0.37 - 0.77 - - - 0.26 1.48
11 52.23 38.64 2.03 0.40 0.24 0.08 0.21 - - 0.28 - - - 0.07 1.10 - - - 1.35
12 51.99 37.92 2.09 0.21 0.33 0.10 - 0.12 - - - 0.14 0.45 - - - - 1.37
13 54.12 27.90 — 0.01 0.56 0.33 0.02 0.58 0.24 - - - 0.49 - - 0.21 0.24 1.94
14 51.23 37.23 - - 0.07 0.35 - 0.80 - 0.64 - - 0.27 - - 0.15 1.38
15 51.21 32.32 2.01 0.50 0.28 0.42 0.11 0.19 0.13 - - 0.32 1.10 - - 0.31 - 1.58
16 47.40 27.23 1.51 0.80 0.17 0.03 0.66 0.48 - - - - 0.70 0.15 - 0.32 - 1.74
17 47.96 35.63 1.98 0.12 0.65 - 0.12 1.10 - 0.91 - 0.60 0.49 1.52 - - 1.35
18 51.51 32.30 2.32 0.21 0.26 0.11 0.20 - - 0.58 - - - 0.40 1.04 - - 1.60
19 51.20 33.30 1.60 - 0.34 0.11 - 0.58 - 0.45 - 0.50 1.35 - - - - 1.54
20 52.87 34.18 1.46 0.21 0.26 0.22 - - - 0.06 - - 0.45 0.17 - - - 1.55
21 53.08 26.66 — 0.42 0.48 0.33 0.32 0.88 0.51 - - - 0.75 - - 0.20 0.44 1.99
CaO onj Nazo Kzo A1203 Si02 eO MnO L3203 08203 Nd203 BaO PbO CoO CuO NiO Ti02 CaO 1’205
1 46.98 30.64 2.05 0.82 2.97 7.17 1.02 0.13 0.15 - - - 0.75 - 2.30 - - 1.53
2 47.72 30.24 1.66 0.39 2.25 5.80 1.34 - - - - 0.12 0.52 - 1.69 - - 1.58
3 46.20 29.26 1.11 0.95 2.61 7.30 1.37 - 0.65 - 0.44 - 0.37 0.30 - - 0.14 1.58
4 46.35 29.02 0.96 0.90 2.70 7.32 1.54 - - 0.16 0.08 - 0.11 - - 0.11 0.24 1.60
5 46.94 29.10 0.99 0.38 1.27 3.50 0.82 - - - - - 0.73 - - 0.54 - 1.61
6 46.24 33.58 2.22 0.07 0.69 -  0.37 - 1.3 - 0.65 - 0.87 0.19 3.49 - 0.39 1.38
7 48.09 30.95 1.16 0.56 1.80 4.39 0.8 0.17 0.60 - 0.55 0.8 1.05 - - 0.62 - 1.55
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Fig. 4 BSE graphs of Ca and P distribution of the upper layer phosphate
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Fig. 5 Comparison of some elements’ average content between the upper layer and the lower layer
1 and Lehr 1969  ag=a+bCO; +e CO; 2 a
2 3 =9.3842 b=-0.0737 ¢=0.0214 a=
3 0.0027 b=0.0089 e=0.0062 r=0.91 ag
6 a COg CO;
3 CO,
CO; CO; =
PCPDFWIN ICDD 0.79 CO4 =0.62 CO; =0.51
310267 CAF carbonate fluorap-  CO, CO, =44X0.79 1012.5%
atites Cap POy sCO3F1 5 OH o5 a = 100% = 3.43% CO, =44 X0.62 1 012.5 X
9.346 A ¢=6.887 A v=520.969 A’ chek-  100% =2.69% CO; =44 % 0.51 1012.5 %
cell 1 a=9.3393A ¢ 100% =2.22% CO, 2.78%
=6.8878 A ©v=520.283 A3 2 a=9.3467 A aq CO;
c=6.8872 A v =521.066A° 3 a=9.3524 PO, CO?
A c=6.8798 A ©v=521.135 A} 2 65A PO}
3.00A CO%
@0 1989

McClellan




WX

447

B3
2
HEl
T T T 1 T 2 9
2 10 20 30 40 50
6
Fig. 6 Diffraction curves of phosphorite in upper layer
phosphate
Si Al Fe K

2005

Si

Si Al Fe K

3
27~21 Ma
39~34 Ma
2.78% ag
PO}~
3
27~21 Ma
39~34 Ma



448

26

References

Benmore R A Coleman M L and McArthur J] M. 1983. Origin of sedi-

mentary francolite from its sulphur and carbon isotope composition
J .Nature 302 5908 516~518.

Cronan D S and Tooms J S. 1969. The geochemistry of manganese nod-
ules and associated pelagic deposits from the Pacific and Indian
Oceans ] . Deep Sea Research and Oceanographic Abstracts 16
335~359.

Glasby G P Gwozdz R Kunzendorf H ez al. 1987. Distribution of rare
earth and minor elements in manganese nodules and sediments from
the equatorial and SW Pacific ] . Lithos 20 97~113.

Halbach P and Puteanus D. 1984. The influence of the carbonate disso-
lution rate on the growth and composition of Co-rich ferroman-
ganese crusts from the Central Pacific seamount areas ] . Earth
and Planetary Science Letters 68 1 73~87.

Hamilton E L and Rex R W. 1959. Lower Eocene phosphatized Globige-
rina ooze from Sylvania guyot ] .U. S. Geological Survey Profes-
sional Paper 785~798.

Hein] R Yeh HW Gunn S H et al. 1993. Two major Cenozoic
episodes of phosphogenesis recorded in equatorial Pacific seamount
deposits ] . Paleoceanography 8 2 293~311.

Hein J R and Morgan C L. 1999. Influence of substrate rocks on Fe-Mn

.Deep-Sea Research 46 5  855~875.

Jeong K'S Jung H S Kang J K ez al.2000. Formation of ferroman-

crust composition |

ganese crusts on northwest intertropical Pacific seamounts electron
photomicrography and microprobe chemistry J . Marine Geology
162 2~4  541~549.

Koschinsky A Stascheit A Bau M et al. 1997. Effects of phosphatiza-
tion on the geochemical and mineralogical composition of marine
ferromanganese crusts J . Geochimica et Cosmochimica Acta 61

19 4079~4094.
McArthur ] M. 1985. Francolite geochemistry compositional controls

during formation diagenesis metamorphism and weathering ] .

Geochimica et Cosmochimica Acta 49 1 23~35.
McClellan G H and Lehr J R. 1969. Crystal chemical investigation of nat-
ural apatites ] . American Mineralogist 54 9~ 10 1 374 ~

1391.
Pan ] De Carlo E H and Liu S. 2003. Effect of phosphatization on ele-
ment concentration of Cobalt-rich ferromanganese crusts J . Pro-

ceedings of the ISOPE Ocean Mining Symposium 20~ 26.

Pan Jiahua and Liu Shugin. 1999. Distribution composition and element
geochemistry of Co-rich crusts in the Western Pacific J . Acta
Geosicientia Sinica 20 1 47 ~54 in Chinese with English ab-
stract .

Pan Jiahua Liu Shuqin and Eric DeCarlo. 2002a. The effects of marine
phospharization on element concentration of Cobalt-rich crusts J .
Acta Geosicientia Sinica 23 5 403~408 in Chinese with English
abstract .

Pan Jiahua Liu Shugin Yang Yi et al.2002b. Sr isotopic compositions
and age dating of marine phosphates from Pacific seamounts ] .
Mineral Deposits 21 4 350 ~ 355 in Chinese with English ab-
stract .

Pan Jiahua Liu Shuqin Yang Yi et al.2004. The origin and formation
environment of phosphates on submarine guyots of the Pacific O-
cean J . Acta Geosicientia Sinica 25 4 453 ~ 458 in Chinese
with English abstract .

Wu Guanghai Zhou Huaiyang and Chen Hanlin. 2001. Progress in the re-
search of Cobalt-rich crusts J .Geological Journal of China Univer-
sitiy 7 4 379~389 in Chinese with English abstract .

Wu Guanghai Zhou Huaiyang Ling Hongfei ez al.2005. Phosphorites in
Co-Rich crusts and their palaeooceanographic singificance J . Acta
Mineralogica Sinica 25 1 39 ~44 in Chinese with English ab-
stract .

Ye Lianjun Chen Qiying Zhao Dongxu et al.1989. The Phosphorites of
China M . Beijing Sciene Press 1~339 in Chinese .

.1999.
J. 20 1 47~54.
Eric DeCarlo. 2002a.
J. 23 5 403~408.
.2002b.
J . 21 4 350~355.
. 2004.
J. 25 4 453~458.
.2001. J .
7 4 379~389.
. 2005.
J. 251 39~44.
. 1989. M .

1~339.



