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Microbially induced carbonate precipitation: a review

WANG Hong-Mei~ WU Xiao-Ping QIU Xuan LIU Deng

(State Key Laboratory of Biogeology and Environmental Geology, China University of
Geosciences, Wuhan, Hubei 430074, China)

Abstract: Microbially induced carbonate formation has attracted much attention in the field of
geomicrobiology. Microorganisms have been demonstrated to be effective agents to produce
polymorphy carbonate minerals by enhancing pH and CO3*" concentration, both of which are
the essential factors controlling the saturation index of carbonate minerals. Furthermore, mi-
croorganisms themselves and the secreted extracellular polymeric substances can also facilitate
carbonate precipitation via serving as nucleation sites for mineral growth. Compared with
abiotic carbonate minerals, microbially induced carbonate exhibits special properties on min-
eral morphology, trace elements content and carbon isotope composition. Understanding of
microbially induced carbonate and their special signatures is of unequivocal significance to
probe the microbial activities throughout the earth history and provide application to geologic
CO, sequestration. Here we reviewed the latest progress on microbially induced carbonate
precipitation, the related microbe metabolism processes and, the differences between biogenic
and chemogenic carbonate, possible application of microbially induced carbonate on microbi-
alite and CO, sequestration were discussed finally.

Keywords: Microorganisms, Carbonate precipitation, Extracellular polymeric substances, Micro-
bialite, CO, sequestration

AW 58 Y AR B AE H (Microbe-mineral in-
teractions) 2 b Jit fol A= 4 24 A5G JL 47k 3% 3
S SR iy F By i) 22—, 3 G 2 U ke
Y10 il 0 A R AR ) B 3 A % ™ W O 1 8 42
PEFM, REE B Ak, R, %
A= e A P A MRS s A, s
A I AR F AR AR S5 e R AR oL 2R (U Fe
Mn. S. As %), FEW P BRI —g E
SRR A 5 AR R A B e 1R
TG A S A s e
FIE . AT A0 WX oA 9 i A= BT sl 2
AEEMEH, WaE BT WA YA 2

AT SRR = o R W2 R DU 2R 40
WAL CHUS T — RYVEZIE R Rk
40 P 1 B0 S EL L PN /IR B T 5 L R
AN R A i e e A A B IR R
B R R A JE T AL R 0 K DN O B B = 41
AR LT U A R 8 1 AT TR A 1 2 A I R Y
N 43 B Tk 90 % (Microbialite) 5 %) 5 21 B
TEBRE S5 0F T RE 057 40 B P9 355 B BTG 22 TE ik PR
UM TS T A 05 S0 W R A, X 5
M 1 1 e BB T AT B P TR 1 1 B A 2
R EAA DGR, Sl e R A Y K
B E YT e s R

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



182 A=) 24 384 Microbiol. China

2013, Vol.40, No.1

HETE A IRRER D Y ELE 100 Fl, RIRER
Y REENIESET YRR, TR Fe.
Mg. Mn. Zn. Ca %4 /@ fdE4 8 o 5 M
JCE Th, U Fifi + R i E2a Y lssokl, BA
FERNZTTE X, RIREET YA 32 T as)
SERRIRAR, HIHE PHES o AR, wlR Rk b
Y15y IR 2R . BN 54545 & W T I8 AL
JifAn . SO R 55— Fh R B AR AR 1) 25
B BRULZAb, A —Fh o T sl & 5T ik
i 55 (ACC) LA K JLFR 7K A 1 (T 2K (B K T A
FIPSTKEREG A7) o BRERAR 5545 | 6 LA IR] LL 145
MR A = A, sE R ) e & i Ik
MR o R BT A AR EE DT A 55 . A
AT SR LA S AL,

WEIRA . SCH MRS AA S 3 MFEREZS
AR IRERES W W) i R DU . 54 IR
RS UUR SO AR B 1 ARy, 2 H AR
ForAit) Y2 — . SRR ESTE S AR Y
TR WV P — L2 b T A 2 ) E LS Y
%%, A 1911 4 Drew gh& B . #i i  fifi ik
AN AR R EG ULTE TP B (0 iR
A ST UL UE W R R B E R Ok A
Thompson K Ferris®li s ARS8, (1454
BT EET. BE IR AL A AR SR T IS AN
Synechococcus sp.i75 T il A1 A1 B MEEEED ULTE
WA VERTT R WS, Aot gt
R R R SR R S A W, B A R A
V8 N AR gy T A R UL T AR A S i 2
WILERR RS T 3E ke % B R AR . Boquet 2511
WA JLF- B A 1 200 T 5 L4 0 0 ke PR 45 1) i
Jio FHILESNS, A X6 MY KRR 5
B PO E ) S F o TAE R % o

1 AT SHRERERY WUl
TBBRAR ™ R T WA T FL i A0

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

A (1) KRR RER A B, RPERIRER 1Y
WA AZEIRT 0; (2) A LW HNA AN
AR08 B AR AT 228 SI (Saturation index) iz
KR DLTE SO i Py i a3, A iy
Sl=lg (IAP/Kgp), H:H IAP MBS FIG T, Kep
NE TR LT A 0], 1APywa=a_.. -
Boop + Bgp TG TR, I B TR AR 5 1%
J&; Ksppranny=3.36x10"° (25 °C), SI>0 H}/kiAi#a T
DUFED Wy, SI=0 I, &My DU MR A 35 511
SI<0 I, KA TH )

Y bR R R 20 W I8 B i) 26 L 55 4 m] A,
JURESE = 0 My A AN 46 BOT HLRE S S Az 45 4
A7 S BT P ER S T F AR 2 ik IR 5 DTUE 1B
B IX ST MR T IR ER T W) DTVE AL AT ]
iRA: 1) 7= DIC (Dissolved inorganic carbon)
KR, BRI pH (i, BIKIR[COS T,
2) 1Rk DIC S &AKIAEH, 7242 CO, fmEA~
KRR DIC, #EMifE[COs™ ], 3) A RUINES
¥y (Extracellular Polymeric Substances, fij#x EPS),
HET B Ca?* 45 PHES 7 I REAE WA RLZs i i
1.1 RERIEHE XS KL F SR T
1.1.1  BESIKARED pH E: AP Sh%T KR pH
{E YRR 245 TR AR R . — ok IF, 16
AESMT, JGBERRS pH H, 1A FATR
YERWIREAS pH E; TERASMT, LIEAESH
BoAL B, IR R 2K, DR AR TCHL
YIVE Ry v LAY S 23 B 1 pH (B (TR RE F 3R 1
A=), T A HLAE S A i U] 2 LA
TEOLE (TRRE R TR, £ 1), flln, mifRsh
W i R S SR R ER A F LA, 254
= pH fH, LA SR ER K O BEAEAE A B A A
WU 25 R pH (B

T etg e, MEEREUE ol B35 1)
MR IO pH (E, SRR AR w1
PP, WAL GG AE WA A 1 b s T Ik R



TLTHMFAE: AW BB TRER A T 5 0E 183

&1 5kik pH EHEXHEMRIEE

Table 1 Microbial metabolic processes associated with environmental pH variation
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Fig. 1 CO, concentrating mechanism in cyanobacteria
coupling with the precipitation of calcium carbonate
(after Riding, 20064 with modification)
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2 WEYIREREESS RIS
Fig. 2 The morphology of microbially induced carbonate
A MR B BRIK; C EARE Spadafora[55]); D 44k (#l NASA i, https://astrobiology.nasa.gov).
Note: A: dumbbell; B: Spherical; C: Laminar (altered from Spadafora®); D: Conical (from NASA website,

http://astrobiology.nasa.gov).
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