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Serpentinization and the Traces of Origin and Evolution of Life in the Earth

WANG Xian-bin
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Abstract: The origin and evolution of life is the most important and disputable scientific question. Important information a-
bout pre-life and life organic compounds in early Earth history could be deduced through the study on the microbial com-
munities in serpentinized ultramafic rocks. This paper has comprehensively reviewed the questions and arguments on evi-
dences for exploring origin and evolution of ancient life of Mars and sedimentary rocks on earth, and the related analytical
methods and technological applications, discussed basic theories on the generation of molecular hydrogen through the ser-
pentinization of ultramafic rocks and the generation of alkane through the Fischer-Tropsch Type polymerization of the mo-
lecular hydrogen and their relationship to the life’s origin and evolution, and briefly discribed the compositions and distri-
bution patterns of carbon and hydrogen isotopes of alkane for identifying source of the organic matters in the serpentinized
ultramafic rocks, as well as the isotopic and molecular biological characteristics of the organic matters. The abiogenic hy-
drocarbons and other organic compounds formed through the serpentinization of ultramafic rocks could provide necessary
energy and raw materials for supporting chemosynthetic microbial communities, which probably was the most important hy-
dration reaction for the origin and early evolution of life. Serpentinization generally occurs in slow expanding mid-ocean rid-
ges and continental ophiolites tectonic environment, etc. The overprint of biological and abiological processes will create a
big challenge to identify the biogenic organic materials in serpentinite-hosted ecosystem.

Key words: serpentinization; abiogenic; biogenic; organic compounds; origin and evolution of life
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FEAHLET . i, o 22 P Ak A i 5 58 09 n] e P i
Az iy SCPE RS0 AT MR B 8% , R ) & A Bl o 1 1Y
TRAFME o DR A # /0 1 L300 A= i il sk b SR B R
it 2 (D 0 0] OR A7 A W 2 A5 SR B JE] RN =S () 3
JIT ;s W52 AT Fe R R BE DR A7 T A AL 1Y) 2 A 28 Y
B IR Wy 41 G5 @ B 1k A0 % 50 N Sy R AR A ) T
(975 G s @ % 5| 52 2 A WL ok ¥ 19 R A W/ 504 0
PURRE , SRR H R AR A 251

HBR R 2 UUR A IR PR R 48 e a0 1k
T RE R DL R b A B A SR 2 R B G T 1 2 B AR
T AR R 2 B 7 i W T, S AL T 5 Bk
T B 5 Ak B ) DA K O b A A i E A B 3R OC
HE R T, 0 T 00 A R 4 0 R AR 4
AT TR AR /AL R 5 B (Wang er al., 2014)
6 B =2 B TG 37 ACAF LW A 4 A& (Ohtomo er al.,
2014) KPG8 34. 8 AC ARV & b 1Y ol A ) 1
fb 47 (Noffke et al., 2013 ) 42 {1t 1 b 3K 4= iy ke I/ 15
PRAESE o 3t BRI 2R A 45 B i U AR A i 5t AT A
i E) ~ 35 {24 (Awramik, 1992) , {2z 4 frid 5%
~38. 3 {24 ( Mojzsis et al., 1996; McKeegan et al.,
2007) . EeHiBFSE R, M Bk B A 2= DR IE T
41 AZEEAT, BRI A WT ST SR HT T 300 T3 4E (Bell e
al., 2015) ., Morrill 4 (2013) WF58 T BAC e B0 A
A AE Y b 35K A 2 F0 AR ) 4 5 2 R AE o b A0 2R
iR I D) 4 H R X KR B AT (Martel et al., 2012) Fi
SR T I HR A 1 5
1 FRKERE A& a5k FANFUK L

W
L1 “FES"LHRN

2004 4 ffAr - 7RI ORI H AR - B 5 AL
K S BRI A: fir (TR W) B AT J 1 5 400 2 A5 10
F TR AT A2 oy (COH N O (P S) Fll/E
AL -IE SR BE T W) AR o R O U
AR LR, 40 AL BE B 3R AR W5 R0 A LBk Y Ok
JEFI LR R AE . 2014 4E 1 J] (SCIENCE) & & ¥
WO A TAHSCHE SR . S T R E s T
T KR S R B AR AL L 3 AR W A s 0 AT fE
Moo “UFa S TR R A B T T A A A L
G R R AR, B on T 3 AL A W) 5T R I
(] A R AR B
1.2 =XF ALH 84001 [ A it

H 1996 4 8 H 7 H & fi 7 X 2B ALH
84001 £F7E 1 & T A= fim 1 5 26 LA, K B8 i [1)
UL Ry B KO 4 e B B i (MeKay et al.,

F M I B A S R AR i U A R IR S

1996) . B Ak B KR, & A KM T BRI 49
BRIREL W) . 22 B 05 K2 RGN AL IR Ak
1 (McKay et al., 1996; Becker et al., 1999) . {H X}
XUEIE 4, 1 2 R T 2RO R 8RR
Martel % (2012) & T 5 kB A7 ALH84001 i %
Az A A O R IR S R R T i A i R
B R 408 7 SRR AT A A A Y A, LA 2R
J5 06 HERRAT iU R IR R /DN BRI R 2 AL T Bk AR
i T 3 94 K 40 T 25 ) (A2 2 3 Ak 0 1 A ik A
) o %T AR LAY B2 2 3, & B ANIE 52 K R AR
i i B R IR . AR 2 Y AT R A AR X
851 38 A i # #8 Z ( Ehlmann et al., 2011; Lineweaver
and Chopra, 2012; Smith et al., 2014; Hausrath and
Tschauner, 2013 ; Chatzitheodoridis et al., 2014) , &
AF BTN Bl KR BRAS B e A S FE ) ISR

2 HWEARMBEEENR S £ 8IK/E

1t 89 3 &

2.1 FHIFAVREEY R E SR EE

M9 1 AL P (biogenicity ) R AR IRATAE A A1 )
23 (A RUBE N, 3k 25 F0 B A= W 4k oA e /), L i
FRAE RS A BL AL 2 o8 R/ AL 3R RO 35 R AE 15 R .
XS5 B AT RE 2 P BE AR W R 2R K B R AR Y
FACR OB GEm I M) IR R Y
Ry b, PP AG 3K 553 S0 R i v 5k A7 A AL
JoT 14 A 0 S PR 0[] 2 R AR R A ke T R G
AR RE 2 1 A 25 N B B o A A
PEW I A v AR i IR S HIL R B W G R TR R
— R A LS B W 0 2R 2R LT AR TR A HLAR B W,
BAWZ R 1 A= 0 i A I 35 AL/ 550 3R A o7 4
fiE, I B o] BE 2 AW LA TS S C R AR AR AR
MRS o O T A i ¥ S AR W SR P T O R
SRR T EME RN AR T ES
A0 ) A2 ) 2 R AL, B HLAR I A 45 A R AE . &
SETR LD 8 AR 5 A B S A B S 2 ) Y
WUV ZR A b 3R S5 B A i 22 A W 0 A A OC B
[ & ( Carter Jr and Wolfenden, 2015; Wolfenden et
al., 2015) . X BERH SCHK Y 52560 H A, K 42 3 0 A7 AL
B AE W)V BT R YR 45 R ) Jo 26 R 45 ) A B
fift o [A] A= P (syngenicity ) & 5 47 LG B ¥ 5 H WA
AT A R R AR AR AE . — B AT HL AR B W A 2R
BN 5 A F A A A R R AR R, A O R A
o [ A PR DA A= W R B — A B
Az ) G R 3 3R Al 2 5 LA I AT 3 S ), I o] E
1Al R I R R B s AR 2 A A B E SOAR T
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(Oehler and Cady, 2014)
2.2 FREETAHEAL

S VEAR B A7 AT LT A4 A 0 s DR A A ) A
HAT T 1 RE 7 U ) BT 52 BRAIE 5T AT 25 08 2 Fh
PR BEMBEAL . LR T 32 {24 iy Rty ARV E
B OKREREAFITUEE ILEREAENT
B ZU Y plt AR (van Zuilen et al., 2007 ; Summons and
Hallmann, 2014) , 7£ %+ 42 4 3 5t g # b, 2 00
TR 2ok 2 K5 I At I doc ¢ S8COR DR 9 0 A AL Joi ke 7
Yo PRI, BT DR A7 19 A PLSS A T2 5, 7T B Gk = BE
SESCHFE W AR R B TR AN AR B (A, 20 B AR AR R A S
1) o @B A B T oE Al A Y B M .
175 W AJOK ROBE 25 18] 73 B 238 30 2 e A AH 52 1Bk 119
JEAL5r FAC a0 . B JLARA LB AT BB L A7, 45 4b
T A RS R AR b A 5 R A R KU 52 T
A HLE AT AR AL S AR LR Hh (Oehler er al., 2009;
Lepot et al., 2013) . @k A ity &4 Y 15 A HL T W] fg
HAREY R BT RE AR R A ML AR . o, 2R Bk
1753 5 1 b B 5 B2 072 4% (van Zuilen et al., 2003) , L)
L BRFC N ) (McCollom , 1999 ) Bk 5T Bt A7 77 A
A4 b R B39 AF A= W 5 K 4 5 ( Pizzarello and Shock
2010) &y 1 B XX 26 5T BE , 1 T AN W T & 8T 1 g3
Fraek
2.3 SWAEMEGEARNEA

1f 210 4 PP DR UE TR A A LT AR P s P
MEEVER SR B E K . &M HOR 1B,
A BT 92 IS ALA P A7, PO RE 2 T AR
Al AT HLP o o Bk i T AR AR R A DL
SIMT T AT R T AE I L O HT R B 8 1Y TR AR 2R )
Fras ¥, R WF 5T 00 b 3K 2 i 1 B AR 3 R A O
F PRI WA . R8Ok P O6g g S
FROLH I BB T WRE /RO GBS T
AT CT RIS E TR &V & NS P
SIMS [l {7 2 | L*MS [ AR A1 A | [ 25 Jin i 4 4 -3
S5 XA 2 AU T IR O3 BT S Y R JEE R O 1 5
BR w8 FAT BE I A B o B B A 3R AL T A AEOR
SCHE WO TSR BRI B B AR W o AL R 0
AN AR S B T B E T A,

3 BAEERAENERS ek
R/EA
L SR (R U T A ke 5 A A
BULAC A, R 1 9% 340 4 B 7 B 486 T 75 22 10
fl ok I 0 R, 2 i U B T B 1 8 K A S
BEo X EESCTT S A 2 2 0 I B 5, A 3R
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R bt 2 T R 9 AR A/ A i A AL SRR R A
HAL M EEAE R

it 2 20 48 2R SO B S i 80a 1 E Y
Pl o 8 . HOCHE R I 2 — 2 i a1 1k
18] 7= A 4 1 2UFT CH,, BT LA 2 Bl 28 BLINUAE W)
HEVE PEACG RE 5t o 3 28 A W0l 3 1k 27 BE L T A 2
K FHRE R 2 7 2 A 10 A= 0 B 9% 19 & J& (McCollom
and Seewald, 2013) o XKW AV RETE AT REAFLE T
TR , A R REAF AR TR BH & b A K A (i
KERMAT ) o £ 5 =R A R 1A Hlk
B WA AT A e S0 1k R G B
S M R A= i D R Y IR B, AR AT YR PH R AL
YTl IR EE AR —
3.1 gAKERASH-RRARMK

U SCAT AR O K AR AR T T e A b i R
PR T DS o B X S0 S MO 4 R A )
A AT AR TR (<150°C) e Y pH {E (>10) 2514
FLREK—E R, 5 SO A R A R Fe™
WAL R Fe'™ , TE BURE BB (Fe, 0, ) il I Ath 5 477,
[ RE oy 14 (H,) o FR 7R 8 5 46140 7 L H,
1 CO, i3 B 4L A SO (FTT) A itk 42 5 HoAth
H WAL & W) ( Proskurowski et al., 2008 ; McCollom et
al., 2010; McCollom and Seewald, 2013) . Jz i J5 &
.

Mg, ,Fe,,Si0,+1.37H,0—0. 5Mg,Si,0,(OH) ,+
e ] K

EBCA

0.3Mg( OH),+0. 067Fe, 0, +0. 067H,
KeEt Ty HTE
(2n+1)H,+nCO—C H,,,,,, +nH,0
CO,+4H,—CH,+2H,0
FTT S5 REBIA Oy e 4 3R 28 8 RS 6 2 v i DL
AITCHLA 2 SN, 2 A2 W 2 i o0 - HT R, AR 2R
Y WAE FA BT 5% 1) £ 55 (Holm and Andersson, 1998 ;
Charlou et al., 1998, 2002) . Bk 1 J7 & Br BX 9
I S04 A6 AR AT BE T B4R Ak TR R AL, g
S Ay A A A BILBT AL S A B E T AR,
HWEW A S R R U RE B R . e S0 A A
2 K PR AR dp i DL AR e A o A R
3.2 BHMizkEEMENRSANKER

T BRAE A7 B8 0 S T R R e R T
fiE FL BUAE B3 3k (Sleep et al., 2004) o AN K
o7 Al RE LE BRI 7 A7 A 2 i M, B AT g
K s A e E R (Arndt, 1983 ; Nisbet and Fowler,
1983 ; Nna-Mvondo and Martinez-Frias, 2007) , P4 #%
Bz 2 Isua LG MBS LA R (~3.8 Ga) 5
e 20 A6 AE B AH 9¢ (Friend et al., 2002;Sleep et al.,
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2011) o 252 Kuhmo Xy 4 &% 4l i BF S48 55 (>
2.5 Ga)WH] B i &4 1 i 804 AL E T (Blais and
Auvray,1990) ,
3.3 HREGEBRNEZHA

WE W eI aUa S8t 1 oA Y ie v A A 1)
A FIFREE (Morita, 1999) o A= fir i I A4 ¢ B 37 BT ¢
HA Zrh Z e s P& . e 15 ROR 16
Bl FIR A AE BT 77 A2 1 b T L W 3L Ak 2 B R A
5% Bt ( Baross and Hoffman, 1985; Martin et al.,
2008) . i A FE e SUE RR SR R A
WD Bk AL LB LA pH A 4R AR AR B, X R
Az i AR A i A BRI B R AL I
IR WK O 2 B0 AR 2 08 I A9 1T 9K 47 ( Russell and
Hall, 1997) 1™ A By BT 5 (H) A2 Bb B, 42
HE T HE AR AR 20 B0 [ B 7 D (Lane et al., 2010)
SR AL 2 B DA O R Y B AR E (Sleep et
al., 2011)
3.4 BEAKREESRES

WSS R GE, BARAUH £ TR K
ZRETE R R W RE 7, SR T X 26 A S IR B 1 5 R AR
Yy LR B 1 B A oG o R R M e a0 AU
INT 10% 1 PR E PR A OC, AR AL TR R m ik
75% i) 3E A= ¥ i I CH, ( Cannat et al., 2010; Keir,
2010) o fEAFRUER R, AEE W A SO v A L CH,
A e e ke , i DURR A HIL o AR T A O ] AR
CH, FlE ik $ ke /2 ( Hosgormez et al., 2008) . Ui faf
SO A W R/ AR A W 3o R R AR A ) R R O AR
I MR A 1 22 PR B B N, K e WF ST AF i 80U R
5 R G5 i W MERS ( Bradley et al., 2009)
3.5 MiIEKRIRINERIEW AR

Mo BR R i PR R M BE R R BT, A SR Y RE
EAREAATE T 2 R FOE S v m K VA R, X
BeRRIE R, SRR YRR AT SR BRI A ok A R
B4k 24 BE T A2 £ ( McCollom and Seewald, 2007 ; Oze
and Sharma et al., 2007 ; Amend et al., 2011 ; Edwards
et al., 2011;Lang et al., 2012) . 2440 Hh BR F v 35 5
A5 1T 3 R A 2 2R 8 A KRR A B Y 5 SR R fi
Z 8RR B 5 A= i 15 R A Y T 23

4 waapEEMEEFAIMNESS X
v
reSCA AT AR R T ARSI AT e
Z M RUE : O 80 T A 5 3 72 7= AR 0 HE A i
40 55 1% ( Proskurowski et al., 2008) ; @R FEAE A8 K1
Ui A A 2 ORI R 3 5 Y i JE Bk ( Kelley and

F M I B A S R AR i U A R IR S

Frith-Green, 1999) ; @[] #% 80 A1 1k i MR & 19 K B
AR TTRR (4 0% & AE AT A2 A Pk (Abrajano et al.,
1990) ; @ 7P i 1 IS R K Bl .~ 8 9% 30A 9 o0 mk 1Y
AW s FIAE 7 W R B AT LB o e A R 2 1)
TR LA A P 0 R U8 AR AE | 2 B 52 e 80 L
FEPES Z A ML & Wl A — S B R B
4.1 CH, Wi . SR RARK

AL CH, ARk [ £ 3 8 C A AU 7 K 8D fi
R B Sk V8 R A% N 4 fE ( McCollom and Seewald
2006) . AT B — Y £ [A) f R G, 7T RE 25 77 2k
WA AR E M, FTT & mdE A K CH, &
TR FHY BE CH, #4318 & %% ( Sherwood Lollar
et al., 2006) . It Ak, K 2 Lk 8047 10 3 85 P Y
CH,, B F 32 B U5 Ak 45 B, 8 °C{H I ¥ A o e i 5
4 W18 2 8 ( Proskurowski et al., 2008) . X} T Hb
LT REIR AN (/NTF 50000 45) A 9 18 A BL, G
B BV/E AT LS S R sk 95 A ) R PR AR AE ( Lang
et al., 2012) ,
4.2 REMBK . ERMCEARMSHREX

i O i o S RS IR VA % N
BRF, AT HAT R0 5 5 N AT L3 R Ok U R
fiE o Bt , AR AW A CH, B[R] 2 ) e ) 2 3R 4
JEFA3 AR AE - 87, {H >-30%0 , bt 45 Bk 7] 17 3% 43 11
M 8"C, >8"C, >8"C, >8" nC,, 41 B K CH,
85C, fH < -55% , Ko Kt 7t 2 4046 B 5y 57, <
$"C,<8"C, <8" nC, ( Sherwood Lollar et al., 2006;
Wang et al., 2009) ,
4.3 EeLUA LR XA E (LR H T

Lost City $GR T 3) [X, IR & BR FHV M A BLAK
5 80 A6 AR B AH DG R ek [a] 67 2 21, o T
AE4E Wy B I 45 AE (Lang et al., 2010). =5 P4 &f
Socorro [ F A A= 1 1 IR e 0 Y 4K 45 e S0 A AR T
FHOG, Hm H, A CH, i A A 0 A R] 67 3R 2H 8RR
fit 5 MORB L AARAML . Hodk 22 R A7 3% LU H A 5
533N :87Co, ~ =5%0, He/*He = 7. 6Ra, CO,/ He =
(2-3)x10”, BT C,/C,, = ~1000,8"Cy, = ~15%0
~=20%o0, 3D = —80%0 ~ —120%o , H 4% Ktk . & [F o &
8" °CHI 8D {1 H S 43 Aii 45 4F ( Taran et al., 2010)
44 WEVMEKRFEINRNRBULERMNS FEYF

FF1E

ICA 1 AN T FE AT I AT L B W R R A BT
CH, #Y 4= BUAE /8O FEAE . BE XS R G b Ay
BILIE B [ 57 28 AR AIE AURCAE W0 19 0 5 AR W0 2 R AIE , B
VPR CR R . 0 TAEW R R, VF 2 5



W PE R LA 4R 2016,35(2)

S AR CH, WA WIS, €145 Del Puerto g g
& Ml Lost City #ORIE SN X o F— D 0F 58 A Wy A i
FEFIEATA A FRALRE , AT DL GIE 3% o 72 A7 78 19 3 52
(Kelley et al., 2005; Blank et al., 2009) ., A= %) 5 Al
A YIRS Y B R 2R R AL, AT 4R IR R i 80 PR
FRAE b U RN AERE A AR K R AE AL R iR R AR
(Bradley and Summons, 2010) ,

VEZALG W al B8 [ I B AT A= W 8 PR A AR A )
PR RSAE , P b TR BIL A A o 4y B SR
A4 (5 75 3 ol e e B Ay 52 2% AL M ( Hosgormez et al.,
2008 ; Bradley et al., 2009; Szponar et al., 2013),
ZHCHOUT , 5 00 0 | B8 PR A A 5 R Y 7 )
SRR P HY

5 % %

S M Bk Dy S B B 4 e S0 A e A AT RE S B
A RS U R U Al o R R R i S e A R
AP A e e 5 Al A ML & 9, D A B R Bk
Yotk P2 46 1 Pl 2L A0 RE R IR SR BT, e AU f
ISR b A B & W) T BB 2 FhoR TR
e v B b 4 3 1 26 HLAG & W B R TR AR AL, 2
BIF S B S04 A S P e & AT BLAL & W i il ) —
ANE R R UR AL ER AT 4 5 CH, FIE Be ke 1Y
PSR IS S (R Qe SR 7K NS W i A s
T A AR AL AT SRR A T A KRR

BB AL A ZAARL LML T T X
7 E A, EHOR A AL
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