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Abstract: The dolomite formation problem has been puzzling geologists for a long time. Recently, microbial mediation is be-
coming one leading theory for dolomite formation, though many details still remain poorly understood. The exclusive occur-
rence of modern dolomite in saline environments leads to the investigation of the role of halophiles in dolomite formation. In this
study, we focus on the effect of salinity and cell concentrations on dolomite mineralization with three halophilic archaea,
Natrinema sp.J7-1, Natrinema sp.]J7-3 and Natrinema sp.1.]J7. These halophilic archaea were collected and subject to the min-
eral phase identification, morphology observation and element analysis via X-ray Diffraction (XRD) and Scanning Electronic
Microscopy equipped with Energy Dispersive Spectrum (EDS). Results confirm that all the strains used are capable of facilita-
ting the dolomite formation under higher salinity conditions, and the yields of dolomite increase with cell concentration. Mor-
phologically, dolomite is of the shape of sphere, dumb-bell, cauliflower and conglobulation. It is proposed that high salinity and
high cell density will result in the more carboxyl groups on cell surface which can serve as nucleation sites for dolomite forma-
tion, which is favorable for dolomite formation. The results offer more details about microbial role in dolomite formation and
enhance our understanding about the mechanism.
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BT EMR A A HE S R AR M H = A W
“BF H = A (ordered dolomite)”. £ Hs 57 7 52 B
LUBEES I P S (IS A =) BP0 o T E B & 2/
R DG RN A, FEHRIRE ST
(25 °C AR RS S2 590 28 N 3 3 K & 1) To LT e
HFEPINGRIE A T H = A (Land, 1998) 33X F o LA
fEREM I E PR R A = A Z k™ (A, 2012) . B
THRMEEL B A BHEF B AR HENE
T A oG (EENSAH B A MRREHE) 2
B AR R N AE U1 2 Ol A AR A
2008) BB /R 2 7 4 M (R R #F A% 28 12, 2001) 45 Ml
IH R I HAFAE.
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AR B T 2 TR S, e g B E
(Adams and Rhodes,1960),“%% & Z W ” (Hsii and
Siegenthaler,1969) 4545 2 , {H #f 5 BEAR 47 b fife 1y
RE=ARRAE. B 20 40 90 4548, Vasconcelos
I I 2 8 3 R B P UL VE Hh s A I i A A
HL BT (SEND WL % B, Bl A 0 1 P9 B4 1 2 A R R
Z 2K H R ERA! (Vasconcelos et al.,1995) , H Ik
PR A = A" (Vasconcelos and McK-
enzie, 1997). i 5, 7= W %& 14 (Kenward et al.,
2009) iR 8 1A JF B (Deng et al.,2010;Bontognali
et al.,2012) ., %tk 4 & (Sdnchez-Romadn et al.,
2008) S PAEREE M RIBE XM T IESA A
TUVE , I & I3k S8 5l A W) 5 3 0 0 ) T 285 34y 35k A4l
(Bontognali et al.,2008; Bontognali et al.,2012) .
WE 4% 74 AL BESE A (VanLith ez al.,2003) , s BER KR
B 1k LT T 3R WY 0 R 3R 340 D TR T AR A 1R AR O R
BB IR RS TR G WEE T 2 KBS A A0l
VE ) KB T 78 (Vasconcelos et al..1995) 5 {H T 473k
{18 BEF A1 8 A R S 0 = AU S 0 ) R B 1 = A T LAAE
1o B TR 6 vk B A 8% rh TR (Sanchez-Roman et al.,
2009). Hy AT UL, i R R ok B A 2 BRI = A B A
F18y I — DR 2R Gl A= 0 3 e I W A T O R R LB AR
AR B i K AR A Dy AR B s A B
B0 ] BEHLHE (Sdnchez-Romadn et al.,2009).

WAL A DA K 20 M 53 0 64 i AR 3R S 0 (EPS)
FIE I BH 1T 5 2 405 g 1 AN B L O R R 1Y
KA HET A S 6 B2 45 BE UL UE (Bontognali et al.,

2014) A WEFE R BT AL R 1w DL XN RGP R 2
WEF LR TR K &8 7Y £ K G, Bl
R (8% B9 7 5 45 B 1 55 L E A0 9 it A s DA
T I W% 12 45 55 UL 3E (Wang et al., 2009 ; Roberts
et al.,2013;Zhang et al.,2015) KM, LW 5
F 2= A TUUE B9 T AL AT R B .
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(i F1) (Vasconcelos and McKenzie, 1997) .t [H
T (ERE 2 15%0) CT RN 45, 2007) 45 s R PR 58
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B LA K E8 43 B R £ G )5 R 7 Y & T (Oren,
2013). M\ F R R vh o B A5 B A9 20 18 Bk 45 Des-
ul fovibrio brasiliensis ( Vasconcelos and McKenz-
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FRUL K2 40 3 T A7 OC B BE H A9 250 hE L J7E T 52 i) 5 B
R R A A 3R T — K TR =2 TB] A 3 T G 4k
K2 & A AT RERZ 0 1 = A 18 . B H Ay Ik R
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(Zhang et al.,2012) , B £ BE R 200%0 F 280%, Y
PR R8s IR L 5% R g 3l B B THER O 200900 1 15 7
FEBY B4y s MgCl, » 6H, O 18.00 g, MgSO, -
7H,0 21.00 g.KCI 4.20 g, 8 i 5.00 g, BERE 4L HL
#) 3.00 g,CaCl, 0.56 g, NaCl 156.14 g.2h JF 5 280%,
R FR 3L, T8 NaCl 236,14 g, Hifth 55 200%0 15 35 %
B AH TR 28 7K ERZE 1000 mL, Z 5 H
1.00 mol/L B NaOH # W ¥ 55 57 £ 09 pH W =
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NaCl 94.10 g.280%, £k & 19 Y& W F NaCl 134.10 g,
HoAh B4 5 20090 #h BE VR AR [, FH 2588 1K 2 2
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rpm 25 T 4R 5 45 9% S EUE .5 000 X g B 10
min, 2 B F 6 W, 45 2040 Ut vE. 4 SR E N
200 %0280 %0 14 Yk ¥4 XoF 17 26 BE R B 4l B T » 2
J& 5000X g B.0 10 min, 2B G, EE B
T2 3 YR FH X I R B 104 TR VRS R 40 L 5 3] A4 i vk
JE (ODgoo) 43 ) 1.0,1.5.2.0.2.5 BB K 45 30 mL, BL
10.00 mL B % H.

RIG, ¥t =2 1 B (1 = A U0vE R R,
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JEGE M, 3 N2 4% 355 AR DT Ve IR 3R i 2 — 1.

A KA — DUTE R AR R B T 45 CHEIK
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L2 min 5000 X g&4.L>5min. 7 bW WG . 10 U0 3E

x1 BEAYANEAZATIRERMNEAN
Table 1 The componentsof dolomite precipitation experi-

ments with halophilic archaea

453 200 %, UL VE K 280 %, WL IE 4
20 it B 10.00 mL 10.00 mL
1.00 mol/L MgCl, 2.00 mL 2.00 mL
0.10 mol/L CaCl, 2.00 mL 2.00 mL
0.20 mol/L NayCOj 2.00 mL 2.00 mL
NaCl 1.75 g 2.55¢g
[EZ VI M2 20.00 mL 2 20.00 mL

YA 20.00 mL A8 4l K P DUIE » 5 52 455 B0
JEFE B ARG PR R — IR R BRI S
DUVEW W O T B F T b & .

1.4 ¥HESH

fii | Bruker AXS D8-Focus X H £k #if 8 1%
(XRD) W& & 9 A0, M 2% 44 CuKe 34k, Ni 38
W40 kV,40 mA ., LynxEyel 92 v [ 5 £2 M 5 , 474
B 20 K o001, B E NP 0.05 5,4 =
1.540 598A.

I 49 4 H 45/ 8 B AT 5 1% 4 BT (SEM/EDS;
Hitachi SU8010) M8 WL A8 LA K 43 B oo 2 4
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1 30~40 pACE LI M5 ,2015).

2 AR

2.1 REHREEMEKME

SRR R TR AR i AR b ks e i (] D).
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2009055 Fe KL 3s TR, 41 Lk 2 (ODgoo ) N 2.5 Y A
WiEFIE A = A MK G T fga (B 20 a, %
2) s M BE CODyo0) M 2.0 BT W5 S8 LB K &
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Fig.2 XRD spectra of the precipitates induced by three halophilic archaeal strains
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Table 2 The“d valve” and 20 of dolomite diffraction peaks

in experiments with halophilic archaea

POVE IR % dio A 20HC)  disfHA) 20 )
J7-1-200-2.5" 2.88717 30.941
J7-1-280-2.5 2.8911 30.905 2.1915 41.156
J7-3-200-2.5 2.9116 30.681
J7-3-280-1.5 2.893 4 30.879 2.1910 41.167
J7-3-280-2.0 2.908 0 30.720 2.1910 41.167
J7-3-280-2.5 2.893 4 30.879 2.1930 41.130
1LJ7-200-2.5 2.908 5 30.715 2.1010 40.971
1LJ7-280-1.5 2.897 8 30.831 2.199 0 41.009
1.J7-280-2.0 2.902 0 30.785 2.2010 40.971
1L.J7-280-2.5 2.897 8 30.831 2.200 9 40.972

e ox O J7-1-200-2.5: J7-1 N B R A FR 200 R UTTE M R (1 16 &
(%0) 2.5 AL E (ODgo0) K 2.5.

es) s ML E (ODgoo ) M 1.0 B B A 578 i 2 K
LI R 20 o). L7 TEERE Jg 280%, 1 75 He 1
TR 4R BE (ODgoo) R 2.5 MR TR R A =
A (K 20 11,38 2) s ML EE (ODgoo ) 24 2.0 1Y T8 7K
B A A (E 20 f,, 3% 2); 400 (ODgo)
F 15 MBI R A oA (B 20 §,,3% 2) 4
LV BE (ODgoo ) 24 1.0 Y TR R 5 3 T8 WL K & 7 f
(- 20 1),

2.3 HzAWMESHSI

Ve ¥R BE (ODgoo ) N 2.5 B Ig &R W% &
A B UL TE Y HE AT SEM 43, I H = A I IE S
FROE. 25 0 Wow , g3 i R TS 3 1 = 2 o W 4%
R 3a)  BRESCE] 3b) , A6 A6 22 7 (] 3c) R AR 1A
AP 3.3 3 fE T A i T R e R ALK, K
M Mg/Ca BRI 1 ¢ 1.

TCEE W 0 L T % PR B L IR R S B RE AL AE
T H PR B B KA X SRR AT AL T Bk
AR I WL B BE L5 B A R G R B A A O R
5 R - K L B o R R R B LA R T
R 5 JIA S Y A . A L B 5 e B AT S T R ik
J3E 52 4 M 2 1T T B B 7 L 4 v B LA R K AR B B
5 e ) 52 el A IE 9 R Y, R S Rl TR R WA T B
BB R AR O E RE AT G R R R B A B T Y e
T8 W [ 8% B F 1Y B 58 (Beveridge and Murray,
1980). ol A5 4y 240 i e B 26 L 4% 5 1 S5, K I WP Y
BE S BT I BEAH O )N 5 20 B A R S e B LA B
T AE K AR 248 2% 1T 2 T 4 43 TR . DA T S5 D) sk PR 5

5 um

Bl 3w AT R RN B = A TS SRR & T R A
Fig.3 Morphology and elemental composition of dolomite induced by halophilic archaea
a.]7-1-200-2.5 & & P HEAS Y ) 2 475 b.) 7-1-280-2.5 {A R R A A 5475 ¢ L] 7-200-2.5 K R AE BB B A = 41 5. J7-1-200-2.5 K R Rk

HHZ A



394 HERBLY:  http://www.earth-science.net

A2 4

BW YR DITE.

AWFFERY J7-1,]7-3 F LJ7 X = HRE R
TE 200908 BE 26 PF N 75 4 ML We S (ODgoo ) N 2.5 119
0 MLV B2 T Y REIS T s A DUTE S T 7R IR Mk JC i
P H = A TUVE 2 U A0 M ok B2 5 = A 1Y)
TUVE 5 8 9 240 M Wk B X 1 = A D UE 7T RE A P 7 T
SR s (D) SR 0T 22 50 & BB 1 VB B T I AL
(2) 38 25 I8 45 B L 45 85— 78 7K R 40 i AR 22 ] 1 43
TC {5 200 B 2 T PACER B R B B B T LA RO TR =
A7 P R S B i A L 2 HE DN 5 N A F 5 2 L
(Fortin er al.,1997; Garcia-Del-Cura et al.,2014),
AT 3 — 20150 BH 452 v 1 200 J e B %k 1 2 4 0 A A2
HEVE SR, 20 i ok B X B 2= A DO TE B9 BARAILERAT)
SR B R S  TAE 7 DL IR

MAHE 28000 6 BE A5 00 T TEBAR 19 40 M vk B
BV A = ARy B (& 2@ . ©) L, ELL LI7
AR, 75 40 MR B (ODgoo) K 1.5 WA = 1 Y
AE g (K 2@ ). B E AR REBIE T HE
DI = A X AT RE 5 W R TR T R B T REE A
B2 R B RE HA 2 D AH OC. AR AN R R AR
T Sh PR BT v g R TR s TR AN M R T A OE 2
R A ALBT 18 i R T T AN i AR R Y
M & 5 B B9 38 n 3% i ( Voegerl, 20145 O 4T,
2014) , AT A7 2 M A HE B 8 1 S A5 B TR 1.1 B ke
3 A R 3 di A% A2 i 1 = A 8 1. JI N B A 58
WRM . BEAHES A ATTER T MMEY , KR
s A R FE (Kenward et al.,2013) 5 41
i 2% TH A9 PR R R A s A DO VE A AR 2R AL
HE®REAVEA M T H = A 8% (Roberts
et al.,2013) , 4 i 3 M A FR 3 XF 1 = A1 UL VE W] BE A
PR A« — 7 T80, 9 ik o W BRE 6 L 55 8 1 1 A 8L
R — L. RES 5K EBEE T HBK SRR
TR T AT A i R A R T I K O R R AR BE S
ARV B R 23 1 55 AK W B IR 85 73 1 JE i 2 v Y
KA 2l AR LA 1 1 R I O AR R
W #% (Kenward et al.,2013). [ I 48 3 #E 00 20 i
REEREZWEDEESEETERSFESFAS
AR R EPE R Z —.

4 g5
ARSI S L ST L TR T AR R DL R [ 4

i e JBE X g R TR S s A DUVE B2 L 25 R R
SHRIEEE N R R AR S H s A RETT . B B H

ZATEAS BRI WS A G SR R L R BR R R AE A
o R B (280%00) A R T v Eh il B UTVE B = A, IE SRR
S P 20 L R B S L N (ODyo 1.0~ 2.5) ¥4 I = A1
FRTE I s TR B ER B R (200%0) » FUA s 20 i e i R
(ODyoy 2.5 A M= A B IE 5. = 26 BE T 08 16 oy 7 B
T 4 0 2 T B 1 22 1 B R R 1 A LT A % s 40
W R RIS g BB RSSO
A1 I I S e i A AR T 58 X TR R A 0 B TR
oA WAL EA B2 S A R AR A b i e T A
Fl oA EE SRR AL,

Bl AR XRD 447 £ F B 3 K F (K0
A G A F F R 2R SEM 547 £ F B 3R K F (X,
POAMMTE R AEB L EELE T TR, &M
TG E RAR B ey U & L s — S5 5
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