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The effects of mineral surface properties on bacteria-mediated dissolution
of basalt

ZHOU Yue-fei, WANG Ru-cheng and [.U Xian-cai
(State Key Laboratory for Mineral Deposits Research, Department of Earth Sciences, Nanjing University, Nanjing 210093, China)

Abstract: Bacteria-related decomposition of minerals and rocks is an important geological process. In the same
environment, different minerals usually weather in different ways, and the weathering characteristics of the
same kind of mineral can also be different due to diverse surface properties. Based on experiments of the dissolu-
tion of bacteria-related basalt, this paper deals with the effects of surface properties of diagenetic minerals on
their dissolution. The result shows that Paenibacillus polymyxra and its metabolites can remarkably promote the
dissolution of basalt. Under the bacterial condition, olivine is the most dissolvable mineral, followed by augite,
and feldspar is most stable. The dissolution of olivine is controlled mainly by chemical properties at the initial
stage, and by the ratio of surface area to weight at subsequent stages.
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ICP-AES
1m 0.005 nm 0.2
L min 12 L min 0.3 L min
Wilson and Jones 1983 Santelli et a/. 2001 0.3 MPa
Hutchens er a/. 2003 Benzerara et al. 2004 JEOL JXA-8800M 15
kV 10 nA 1 pm
ICP-AES
1 7~12 CIPW
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Table 1 Electron microprobe analyses of major minerals in basalt
SiO;, TiO, ALO; FeO MnO MgO CaO Na,O K,O Total
37.62 0.03 0.04 24.81 0.33 36.44 0.32 0.01 0.004 99.60
068 0.00  ~ 0.01 4.24 0.10 3.66 0.08 0.004 0.001
45.73 3.04 6.96 8.16 0.11 11.64 22.97 0.31 0.01 98.93
1.22 0.50 1.09 0.38 0.04 0.87 0.48 0.05 0.002
52.29 0.20 29.64 1.02 0.02 0.79 10.43 2.76 1.61 98.76
4.31 0.10 3.00 0.68 0.02 0.04 4.55 0.75 0.31
44.66 2.48 14.04 12.45” 0.17 11.23 8.91 2.45 1.81 98.56
* TFe,O;
1:1:2.23 0.3% 1% NaCl
100 ~ 200 0.075~0.15 0.5%
mm 1.2
0.8emXx0.8 cmX*X0.3 cm
5 10 min pH=4.0
2h )
pH 7.0 S5glL NH; ,SO;1¢g L
Paenibacillus polymyxa 0.15g L
121C 20 min @
CGMCC 100
mL 3 3
Mankad 2g 1 ®)
and Nauman 1992 Santhiya et a/. 2002 3mL
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Variations in ion concentration of the experimental solution
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2
Fig. 2 SEM images of rock after abiotic and biotic dissolutions
Ol— Aug— Pl— a b— 6 cde— 6 f— 6
a— 6 h— 6

Ol—olivine Aug—augite Pl—plagioclase a b—basalt after six times of water dissolution ¢ d e—basalt after six times of bacterial
dissolution f—olivine after six times of bacterial dissolution g—augite after six times of bacterial dissolution

h—feldspar after six times of bacterial dissolution
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Fig. 3 SEM images and element spectrum analytic results of olivine and augite after bacterial dissolution
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olivine surface after bacterial dissolution b—augite surface after bacterial dissolution c¢—olivine surface composition after bacterial dissolution

d—augite surface composition after bacterial dissolution
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AEAVEAN LA LA LAt atlalLallallal ¥l allallal al Val Lallat falal ol fallalfalfalfalfal Lal alfatfalal Lalfalfal al Lal al Yal al Lol alYal al ol Yal

1 2.649 2279 0.59
2 2.326 1651 0.81
3 2.212 1287 0.77
4 D 2.062 2760 0.94
5 1.906 548 0.60
6 1.576 658 0.69
7 1.495 1512 0.92
8 1.487 1434 0.84
9 1.447 1993 0.91
10 1.398 1400 0.77
11 1.388 672 0.93
12 1.213 992 0.84
13 1.191 845 0.92
14 1.142 1615 0.71
15 1.105 1718 0.84

16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

1.023 1351 0.95
0.867 600 0.91
0.782 446 0.78
0.776 934 0.90
0.758 448 0.87
0.681 330 0.71
0.676 269 0.87
0.667 636 0.78
0.603 474 0.85
0.500 611 0.71
0.433 562 0.88
0.421 547 0.88
0.404 247 0.91
0.403 621 0.90
0.235 289 0.81
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