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A Novel Biomarker for Deep-Time
Methanogenesis-Perspectives from Nickel Isotope
Fractionation in Modern Stromatolites

Simon V. Hohl""

1. [A¥ K% State Key Laboratory of Marine Geology, Shanghai 200090

Stromatolitic carbonates are key archives of ancient
microbial environments, preserving chemical signatures
of the fluids in which they formed. In particular, during
the transition from an anoxic to an oxic atmosphere
during the early Proterozoic era, stromatolites were
proposed to have formed under increased methanogenic
activity. In modern stromatolites, methanogenesis is
directly observed by the presence of methane, and
methanogenic archaea are typically identified via
biomarkers or DNA analyses, but the absence of methane
and organic matter in ancient stromatolites limits these
approaches. Methanogens rely on nickel (Ni) as a
co-factor for CH, production, and Ni isotopes (0°’Ni)
fractionate in methanogenic biomass to lower values ',
This process may leave a unique Ni isotope signature in
fluids within microbial habitats, the chemistry of which
is directly trapped in stromatolite carbonates, and Ni
isotopes offer a unique method to trace methanogenesis
in deep-time environments. However, this concept remains
speculative without support from modern systems.

To explore this idea, we present Ni isotope analyses
of microbial carbonates from Lagoa Salgada, a Holocene

[1] Cameron et al., PNAS (2009)
[2] Birgel et al., Geobiology (2015)

coastal ephemeral lake in Brazil, where methanogenic
stromatolites are abundant. These carbonates display
strong positive 0"°C carb values (up to 20%o) typically
derived from '*C methanogen uptake . 6°Ni values
(-=1.36%0) are significantly negative relative to ambient
benthic gastropod shells and authigenic, unlithified
carbonate sediments, forming in the water column, that
show higher ¢*'Ni values (+1.72%o and +1.1 to +1.58%o,
respectively). Our results indicate that negative Ni
isotope values, linked to methanotrophic metabolism,
can be preserved in stromatolite carbonate and serve as a
proxy for methanogenesis in the deep-time geological
record.

This study lays the groundwork for future
investigations into  microbial  diversity = within
stromatolitic carbonates and the development of
essential  metabolic  processes in  microbial
environments. Its findings hold significance for
comprehending Earth's historical biosphere and have
applications in astrobiology.

KB B2 BEAMER; RRSEL
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1. PEBEEB BRI BRI FIRT, V% 710061

W BT A AR DOR BRI IE RS, TR T 244 A
S I RIS S5 o AEM BN ) RO B, KA
MR I AL 2 AL IR P IR CO, il (4K
N A Y 37 B ) AU AR A TP 21 T G BEAR
F o R, Kl KU 3 3 1 JEG B2 ] Aol DR B4 ol — L
HERBF AR TR AT AT A R, A 20 20T 2Bk
BARR TR R R 12k 20 Ak, BEA R
FHARK A, IAZRE R (LD FALER T
Ak B 5 VR AR IR B S T BOR D, L AEA

AL ST FE AR el T SR A AERE R R R K
SRR RSB, WA — SR K 7 4R 5] UK i
AT A I o AR R R Li R 3R ER K
Bl ALHIETT R 0« iy Bl SRR N AT VR
TRV, Ay 804 RO Kl AR I & T R T S A1 AT 4
2R, B bRz s 1A e .
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IBHA S XA P FEREIET Fe-Mg [EiZ
B R E XA IR IZ AN BRI HI£Y

JhEE", B A", Samuele Boschi', Wz ', Z{hiE

1. BRUR%:, Fat 210023

W4 JUFE (9 TR 35 3 AR A 7 SR AL o R 1R /R
A EEAE BRSNS R
PEYHOE R, I E A R AR 2 . AT
N IX — T 1L N Tl ik 5 R I RE b, DU T H Bk
ZaE S E I Fe M1 Mg [RIA R4 R, LAoREE
BTk T 2 o IR A SR A T S o ER R 0 HT
Pb-Pb & 4= AV [F A7 22 4L AT (19 38l b, ANBF 50T
Wik 5 X s A H#CESC0000YTY X048 #E47 1 4
Bk BRI BT oSBT A JE R  CRONE
£ A KAFRED D #1708, 8. 75
P45 K MC-ICP-MS #4707, X FHEFh 4
A4S T ZAFESN) Fe Ml Mg A7 Z4 . XL )
FOUH B35 Fe Al Mg R 2 08, 0°°Fe 284k
H—0.05%0~+0.25%0 , *°Mg A% 1k 78 [ K —0.53%0~
+0.31%0. B WU 0 Mg Fl °Fe LI MM KRR, £
B Fe £ Mg [FI7 2 70 1K UE T4 ) h ¥ Fe-Mg B~
HOd . & Mg 9 2os H B 1) Fe Fl Mg [FA7 %

XU, E Fe 79 W ORI Mg [ 25 73 1R A
BRI Fe A7 2018, FFE9 #HUCT 80N RN 3 018
(RIREAE o AR 9T — 2D R O R R 3 R 3% 43 1R Ak
NAT T RGP, 38 T ARFVIGE Y B HE %
R ) RF R 16 % 5 R 22 20 o 3 Iok Db A sz 4
PR B EE R, B T AR B Begh far ) A 1)
HE, GRER, B Mg YLL 10~300 C/R I E
PRIEA M H Fe B HILL 3~10 C/RIHERA M.
Pt DA b g SnT DU 5 i 15 A A H D s,
Mg W )] BEAE A J % & i ml s e 31 [R) 45, A
RWITHAH], s Fe i Y)n] BEAEWE KR JG 45 WoJF(E
A USRI R A BT . ARIFFE 4 IR W,
R 25 B0 5 9 BSOS 2R 1) 45 45 ) LU 4 2R A 0 g s
RERFEIL R,

KW Wk ARZEUE; Fe [FALE;
Mg FIf7 3% sy il

WEE T IhRE, WS, WP 47 AE%. Email: shuaikang@nju.edu.cn



824 ) A R A 7 2 225 19 T RAR I SCI B4R

B/ 29: ERIRERMEMIKILE: K. RESNA -

NN

HL R, AR, FHRlE

L P EBLEERE) T MBS TIFORT R I R s B e [ T S, ) 5106405
2. MR TOR AR AR BRI IR R SR &, )TN 510075

TR LR B EE R (iR R 1000
Z %) (Kato et al., 2011; A12#75 4., 2021b). %
B The USn B md. maED-EM o250
R MO CICRL G W, it S oG
o BRI BN AN, W L n R G IR AL
F Bk 22 7R 5], HRC A, B ER L5 5
S U RN R 2l Sm-"PNd AR R D)
FH T 0 07 R s - (%) 40 o Sk 05 R O L R A 1 Rl
WHLH] (RS SCA%%E., 2018; Dengetal., 2021, 2022;
Renetal., 2021, 2022; #A%E., 2021; f24155%,
2021a, 2021b; Liao et al., 2022, 2024; {522,
2024), ELCA WA HBER AL 2% AN AT BB ) TR B
AN, i ton g R R FE R A 3R, X
A 2R I PR SR IE A 2 R M BRI 24 R B i
N (W R R 5 R AL At e B ) R AL
SAE I AH H AT T X 5 I M AR A HRIE « AHiR
Ao — s MR P TR KR 5714 m ) B R DT

FERBE S TFJE T 42 XRD WA 30T 45 ok
A CRERRERAN . BRARE AL RS RERR SR A =
TR TC AT LA+ Ce-Nd [RIA7 25 2H 1 (19 5
ZE R, IR AT RN A A A R 1 TSR ok R
Nd A7 Z# A2, HshA K, B ok
TR TR BB R A K I IRAR AL - RS £ 0T
TR IR Eh 414> & 4R FE UL YN, Fe-Mn L%
FUBRERR ER A 4y 581 1°Nd, #H7m TR Nd Ry 2
Y RRAE R Hh—Fe-Mn ALY — 0 R R 5k —Fh 2 22
W A7 A4 2 TR B3RS A B ML, UE S T s = KPR
T s = SRR T-HE K B AS 3 S 5 FE R E Ce-Nd
[Fi) (57 2% 1) A R 0 T v SR Ak IR DU RR R B3 4 R TR Ui
T b B o 3X TR0 B T A LR I U A [
1R 2R A AT A » A S A JER i R U 1 AL
i, PLE WA AR AR A

KRR URIEM T Nd AL E: Ce [FF7E

FeWH: BHEESTARIIUE (2023YFF0803901). E &K HARRM =G H (U2244222, 41803026, F1 42403001) FIfH#iv1-%I (BX20240377)

ST H e BT .
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ESHMERE-TIEER Zn TEZ TR Zn
) 3L = 5 1B I A 3
KRR BAHY, RER, A5 p

1. o 5 O e A b B U A 0 SZERIIR A,  HT 610095;
2. bR, AR E 071002

AT G NS T 44 1 A ey b DX 2L 5 R A 3 P A i
T B LS B A SR S AT T RGRAEE b, )
RN NACAE R PRI AR HIRE S
R IR DA A At BRA 2 A PR A5 A AN, b
PPty PR A FH R DX 388 P 355 5 o (1) 56 3 (i T R 254K
Wi o AWFFCIRAR 32 PRIE A AR N XAk 1 84
ity FEVAT b TR 27 T 648 s P DB AT J T A
S0 5 5 O Y. R TG E T X Zn R 250 HT
e TFe 05 F AR A 0.38%~6.15%, ALO; &5
A4 10.11%~17.83%, CaO & EAZN 0.46%~
2.98%, Xf AL 2E XA TR EL (CIAD AR E Y 53.34~
65.59. Zn FHEARMEN, M 0.55 ug/g ) 80.0 pg/g.
Th/U EAEARA IR, M 1.7 3] 20.57. ASHF5T 1245
W T AR A B 33 Zn A7 252 28 4k 1) D DR B IG5 K
WIS TR KR . WL RN, KA1 Zn [FAfL %
IR B 0.26%0~0.47%0, 45K ZH0m T4 Fk
KVEZ A M (0.28%010.05%0) o 8 i 20 #7 ]
M Zn RS Zn AR 2NN, JFH Zo RS
La/Yb. Th/U JoHHCPE, DRIUCHERR T3kl 5%

AR S B S Zn R AR AT g
Mo e AFEMI Zn RN B41%S Zn F . Si0,
TrELLK TFe,O; Fr &l AT — A, H Uk
W 3 oy S, JUHIE Fe-Ti ALK 43 B 45 5 2 A i
2 Zn [AA7 Z AR EEE R . AT 39855 1 (1)
Zn [ 2 ARG FEL R 0.25%0~0.38%0, AHEZIL
RES Zn A FE . £ R RS, Zn R 255018
FEZ AR, Zn BEN Fe BALWE T, 1%
Gif G e AR Zn T, AT X ALK S Zn
FIN FZ AN TFe,0; & A, 1Ak, TERE
Zn L2855 A TR0 (CIAD B3 X
(R2=0.57), #t—bRPXMSFES FECA AL 1%
Z I Zn [RINT 255008 . KR4 IR SUR L, 4Lk
RESHE E R Zn R ZA K, HFHIL Zn R RS
YIRAL I AR (0 1Zn {52 AAEAE— S A b,
HE— AR S AL & S BRI L3 S RS Zn [H
PR

s
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R R 2 % ] & LA-MC-ICP-MS £ /&
P BCARERD R——LL5R 73 151

Bl A%, WHITED, BB, K, BEC, mEAY

1. PERBEBHERABI G 3 R A E A=, 2 710061;
2. VIR KRS R AR dr A [ TSR s, VR 710069

FOEF ol (LA-) 2 Bl il BORh 75 55 3 1 1R i
W (MC-ICP-MS) & —Fh sl R AT A,
2T HE W ) R AL HE [FAL 26 38T, s A
RS S, SO B0 LR R .
SR FEAR RN 45 B 2 52 LA-MC-ICP-MS Jilf. Hf
G4, 28 50 BT RO HE R I, DT I 200 P 5 5 DU B )
HED) T LA SEIURE B X o e H AT AT 20 KRR
HE 094 I AE HE AL ARAED T, — Bk 30 R AR
FruE A B, HOHE &8 2 AR, A DL
ZREALTE R o BEANUT I A X 2 BT R B, 3843 R
SRARVEY) (1) HE [ AL 28 4L RATAE RAR AN — 1k,
] 411 Phalaborwa #} #5 47 () "°Hf/'THE H AE A
0.281193+14 % 0.281262+9 Z [alysh. Hul, i
% S 5 PR OO ES A1 ) T B AR EY R (RLIT
Hf & e HAEN 76 2, (HZ BORRE HEY Yl
BT @404 1 HE SRR, HERUE A JE R
EhriE. B LA-MC-ICP-MS 5256 %8 (1) 305 1 i,

TFRE R w52 SR AT HE R E s ey i) 7 sk H
a8l AR ERA L AL PR AR HEY T, AR
PR B4 (FHP) HiR A Bk HE [FA7 3 20 01 FH A
HEW It FHP e gl vl 70507 B s IURE i B0 4k,
T AR E R R E P, (IR RS HEY) T
A B IR N AT 6 DL 4R . A S0 I FHP %R
PELE MR UE I (B RN G20 40D, 56 UF L ek dh|
AR LI ARVED) LIRS 01 S5 RN, RS TR
B R GL0 40 B AT — 1) 1 R 28 40 e i 3R
KBRS, UESE FHP B &6 A7 1 [/ 47 5
IR bR ER) I AT 5. IBAh, FHP H R
W& s 10 SERE S, SRS T 1A
b, FHP AR HAG P AREA WA, Tt
FEBUR G R IR HED T, G 2 PRI # R AR
B B FR AE) LA A TR

KEEIR: bHEDSG LA B HE AR

HEH: EXARBSEESINE (2203035, 42130102, 41825007, 42173033)
B EER A B (19915, BIWFSEDL, WH5EUim: 3 Hrih R4 %, Email: 563303494@qq.com
SEEEA T A Uk (19740, #d%, W5 RN HERAE 2. Email: yhlskled@126.com



