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Dolomite precipitation mediated by Lysinibacillus sphaericus and
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Abstract: [Objective] Dolomite [CaMg(CO;),], a carbonate mineral composed of calcium and
magnesium carbonate is widely distributed both in terrestrial as well as in marine environments in-
cluding petroleum reservoirs. It has been more than three centuries since dolomite was discovered for
the first time. However the origin of dolomite remains unclear, which was referred to as “dolomite
problem”. In 1990’s Vasconcelos C. from Swiss Institute of Technology proposed a model for “mi-
crobial dolomite formation”, which provided a new perspective on the origin of dolomite. However,
this model is not yet optimized to fully clarify the relationship between dolomite formation, bacterial
physiology and environmental parameters. The available published data on the dolomite formation
mediated by microorganisms were performed at ambient temperature and pressure, which is different
from the natural niche of dolomization. In this study, we introduced hydrostatic pressure as an addi-
tional environmental parameter in combination with the physiological status of bacteria in order to
investigate the dolomite formation under multiple conditions. [Methods] Two strains, Lysinibacillus
sphaericus and Sporosarcina psychrophila, which express urea hydrolysis activity, were used as
biomass to mediate dolomite precipitation under different environmental conditions like temperature
(15 °C and 30 °C), pressures (ambient and 20 MPa) and oxygen concentrations (aerobic and mi-
cro-aerobic). To determinate the morphology and component of carbonate precipitation, SEM (scan-
ning electron microscope) combined with EDS (Energy Dispersive X-ray Spectrometry) analysis was
performed. To determinate the mineralogy of carbonate precipitation, XRD (X-ray diffraction) analy-
sis was performed. [Results] Both L. sphaericus and S. psychrophila were able to induce carbonate
precipitation under all of the given experimental conditions. Both SEM and XRD results confirmed
the irregular rhombohedral and spherical dolomite formation mediated by L. sphaericus at 30 °C un-
der 20 MPa pressure and micro-aerobic condition. In addition to dolomite, other minerals (e.g. cal-
cite, nesquehonite, huntite) were also detected to be present in precipitation. [Conclusion] This study
has demonstrated that both L. sphaericus and S. psychrophila are able to mediate carbonate precipita-
tion. Especially L. sphaericus is proven to induce dolomite formation under certain conditions. Do-
lomite formation is significantly influenced by urea hydrolysis activity, temperature and pressure.
Our results provide evidence to explain the origin of dolomite from deep sphere and help to optimize
the model of “microbial dolomite formation”.

Keywords: Lysinibacillus sphaericus, Sporosarcina psychrophila, Urea hydrolysis activity, High hy-
drostatic pressure, Rombohedral dolomite precipitation
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Figure 1 Growth and pH curve of L. sphaericus and S. psychrophila
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Note: Incubation at ambient condition and 30 °C with 1% inoculation amount.
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Figure 2 Bar graph of urea hydrolysis activity of L. sphaericus and S. psychrophila (calculated by ammonia change per
hour) incolated at different ratios

. L. sphaericus 2% OD=1.312 pH&.2 20% OD=1.387
pH 8.27 50% OD=1.416 pH 8.45 60% OD=1.605 pH8.5 80% OD=1.875 pH&8.55
S. psychrophila 10%  OD=1.167 pH 8.45 20%  OD=1.939 pH 9.05 50%  OD=2.401

pH 9.25.

Note: The two strains with different incubation amounts corresponds to different physiological statuses. L. sphaericus: For 2%,
OD=1.312, pH 8.2; For 20%, OD=1.387, pH 8.27; For 50%, OD=1.416, pH 8.45; For 60%, OD=1.605, pH 8.5; For 80%, OD=1.875, pH
8.55. S. psychrophila: For 10%, OD=1.167, pH 8.45; For 20%, OD=1.939, pH 9.05; For 50%, OD=2.401, pH 9.25.
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Table 1 The XRD result of carbonate precipitation with L. sphaericus and S. psychrophila

Incubation condition Strain Nesquehonite Huntite Monhydrocalciteo  Cacite  Dolomite Espomite

15 °C ambient pressure Aerobic L. sphaericus

) 4 4 = + - -
(with urea)
15 °C ambient pressure Micro- L. sphaericus N o _ _ _ _
aerobic (with urea)
15 °C high hydraulic pressure L.sphaericus n o _ _ _ _
20 MPa (with urea)
30.°C ambient pressure Aerobic L. sphaericus o _ i i + _
(with urea)
30 °C ambient pressure Micro- L. sphaericus _ o _ 4 _ _
aerobic (with urea)
30 °C high hydraulic pressure L.sphaericus o _ _ _ T _
20 MPa (with urea)
15 °C ambient pressure S. psychrophila N _ _ _ _ +
Aerobic (with urea)
15 °C ambient pressure Micro- S. psychrophila _ . _ _ _ +
aerobic (with urea)
15 °C high hydraulic pressure S. psychrophila N _ _ _ _ +
20 MPa (with urea)
30 °C ambient pressure Aerobic S. psychrophila n . _ _ _ +
(with urea)
30 °C ambient pressure Micro- S. psychrophila _ . _ _ _ +
aerobic (with urea)
30 °C high hydraulic pressure S. psychrophila N _ _ _ _ +
20 MPa (with urea)
30 °C ambient pressure Aerobic L. sphaericus n _ _ 4 _ _
(without urea)
30 °C high hydraulic pressure L. sphaericus " _ _ _ _ _
20 MPa (without urea)

MgCO;-5H,0 Mg;Ca(CO;)4 CaCO;5-H,O CaCOs3 CaMg(COs)»
MgSO4'7H20. + -
1%.

Note: Nesquehonite: MgCO;-5H,0; Huntite: Mg;Ca(COs3)4; Monohydrocalcite: CaCO;-H,0; Calcite: CaCOs; Dolomite: CaMg(COs)a;
Espomite: MgSO4-7H,0. +: The presence of the mineral crystal in the incubation condition; —: The absence ofthe mineral crystal in the
incubation condition, the detection limit is 1%.

2.3 L. sphaericus M SFARMAIREEET Y 24 MEYEEREIEMENE N SR BRER LR

HFSETE N EA
SEM EDS
30°C
L. sphaericus 30 °C 30°C
(34 (
3B) 4d
XRD
L. sphaericus XRD (D
SEM
( 30 « 4

http://journals.im.ac.cn/wswxtbcn



(Lysinibacillus sphaericus) 2161

it 314cts 6HR: 0.000

AccV Spot Magn Det WD um

. 20y
500kV 30 2500x . SE 56 IACofSJTU{FEI Sirion 200

AccV " Spot Maqﬁ e 20 pm ¥ ‘. Y
.3.00kV 8.0.52000x = SE 5.1 |AC of SITU LFEI Q*ﬁion; 200
B3 HREHERERFMAEMAREZRTE 30 °C 120 MPa &4 T A5 2 MBER T M BUTE ¥/ SEM-EDS
Figure 3 The SEM-EDS analysis of the carbonate precipitation mediated by L. sphaericus under the condition of
30 °C and 20 MPa in presence of urea
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Figure 4 The precipitation mediated by L. sphaericus after four days in the absence of urea under anaerobic
conditions at 20 MPa
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