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Fig.1 Global cold seep occurrences during the Phanerozoic (modified from reference[26])
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Fig.3 Different morphological forms of cold-seep carbonates
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Fig.4 Typical microscopic mineral phases and structures in cold-seep carbonates
2.2 A RERERENE YR FHIE
221 #%., ARz F LT

o IR BRIR A TR A ROVBC M (— MK T-25%01445152D), R4k A T A R+ 3=
BRRRAAED) CFEE) BB FIALZR 2 BURFE o R DT b (0 R e 8 08 i — o J 51
R, BIAEIRIR e (613C=-110%0~-50%0) 153, — RAERHEIASE T, AN/
KRR GV ZIEETE S, BRI FEE (61°C=-50%0~-30%0) 4. FRHLESL, AR



XA RORBRKIRER T HIFR R SRR X

AR TIE T REE S A E R, HoPC EIEH N T-30%0~-25% . T H AEBRIR £67E FL TP B
AR, A RS A B K ALK ERN FIRR AR A, SR R A 1 v 52 e
YEF RIS maEel, YA SR BRIR 2h'e — AR S IRFEALRE S . REIREGE S EEE K
VEIETCHLBR . (6'3C=-2%0~+2%0)~ H I BCE B A IR (613C=-15%0~-35%0) AlIj™
HHGEAE P 5% B 1 COa (013C=+5%0~+24%0) 1445157591, Campbell ez al N % T 14 MRS 5
BFSET 1 A B TR 26 OB R AL, (T BB DR-61%0 25 +9%0) 5 013C A W K TV R TCHLBR I (1
R, RS2 3 F A PR AR (R i (61621,

IR BRIR Hh A A AL R AH— A T-14%0~+8%0 (VPDB) 16364, RARS K &4 fhit 2=
KAFFRNLZR S, SYIHFLEKAHEL, KE P& T BIZK AR XS & 4 180 (680 {Hff IE 2%o0 ~
3%0), BRIBL, AKEWIIIRIE TR IVA SRR IR £h i AU R A 308 ¥ B S B 196180 {1650, bah,
Lwy (EBA. FRAED BBKE WA S EELBUK R E 4 150, XFhFLIEK IR EE 2
BRIRRGE, WAF=AE 30 1 AEKREAECD, BTFRIEKHZTH B0, TREA R
MR Eh A 5 5 H R AR RN R A He, FE0A SR BRKIR #1545 106180 {E 2 i 71394, Tfj613C (58
WiimiE, ik, % RIS II01BC 50180 (HilH BA 535 e R 26T,

222 HBMLE HIRLF

AR BRI L) DU R G S B AR B F AR SO i A U707, AT AR
[ 7 2 20 R 5 0 1 ek 0 T PR 2 AR DR U1 T I 3 3 S PR % OB IR O 2% 0 T - 2 A
HURFEREAL  HR R IR h ik R 32) . B LR AR IR ERE SR (1B 2) 7= s gk Al
B IR #h FE [R] 1Y 55 K M U 9~45%0, B8R M43 1T R 5 BT LRI TSR M A 3 (K A v
B A 34k e LA SR073761, [RItl, BRI 0%4S AR T-45%0 (CDT) K}, FREHHJETH LR
BRR AR IR SRR FH o TIvA SRR IR 2 vh A BRI 0SB, LI BT B R AR iR A
MRV EL . A, XK H AR R, TNT & GHEFEIRET, £
Bk [R) A7 2 18408 o3 & 2 P B, IR AR R 3 AMRRERIALER (32S. B3S. #S) IRV LA
BRAL 20 B2 R 2 B[R 2 - T B3], Masterson et al. 7Vl Pellerin et al. SOV it %o JinFil 48 &
TW—H PR IA%% (Alfonso i) JIBUA RILBUKERER BE 2 R F AL KA R, ARG
FR 68 AR T B TR R 2 B 2 BN 0™S-0%S IEMIEHE, (8 il S80I B ) 38
Bt IR 3 B B0 1) FR e DR T BB R DL ARIRE o 245, HL0%4S-0%3S il A8 S A7 A O%
KA. Gong et al. xF 5 P6EHE T4 SR RO USCEE (1 28 s A R S EAT AR RIAL R 7L, R
5 F G IRAEEA AR B RO TR R 2630 SRR T B B A, HL0%4S-0%3S 0 52 B S 19 frAR DGk
223 WraFExRLF



AIRBRIR A IR Lt R (REE) MBI TUA bR/ B — e o), @
THOLS, T RCE EURE 0 BCE T2 B BRIR £ 1) REE S8 (IR Bk IR Eh>HUIR = F IR 45
W1)s HEFIITY B BRIR SR 10, AU L RZ WA K Bl B BE R 14 REE & my (i
TR IR Eh>H &R SO S5 B8, TR e R /MRS, IEF IS LK
TE BRI BRIR #h 5 AL AR R I B AR L 5RO, TRIVA SLBRIR S T R, Bk SREL L R
TERRBKE L e R BALBUK T, FEOAIRBRIR A R DU i L 4R 887,

ML eEF M (Ce). # (Bud) i, AT WA SRR Eh o T I 58 2 1 2 s 1
J 1458388901 FE S ME K, CeX HRIE AL N Cett, Ce* /KBTI B EANA ) Ce(OH)s, M
M7 4 Ce 157 % o Ce(OH)s FEREANBREIAT G, SCHIE SR BT 1Y Ced™ BFT E N KA,
B Ce IER % . W& Ce IEFH W T B HFACEE . ISR AR 35772 <5 4 [X 0 v SR B R 6
B, FRRETB T BREEFA RO, H2, BT A RIIE a2 KB R A, —n
SRR A R ILA Ce HR TS A, WS AR mT OB BT AL 2 R AL PR 88

FEAKCE SRR, Bud Ol R Y EEFIVE ) Eu?t, T2 Bu IR R4, HHE R e B /5 22

WP SCR (5200 °C) Y. W SBRER #h 4 B Bu IE 53 W] BEA7 75 WS Tl A e -

RRER KA E Eu iy (nRHCAD RAEER, BBCKE B BR RIREEE R
Gt; LT RAEBIREE SRR RPRE T, A KRG IR AL &1 i oy 1 B SRR A T 7
J&, FECLBRIK ] B s R 52,
2.3 R REREREL A BV YI4E AFAE

FA o6 S5 e 2R B D VE R AN T SRR TV, B0 R 1 R Ml R K= R A A 00 T A
AR, HAERE . RS . Fe R AR IR #1018 J5 88 & 1 T B 8 AR BRI Bh
I R T I o FLISK mh i BE OB AL P RN FR ey 1l A AN SR AR IO A B AR L T A=Ak
RNFEF, HE5FEREYRIE CEYED MIREORERLE (HAEmRRIES), KRR

=N
=8
H—

TARRAESRERIERE. Bk, WRESRG, Rl A2 fs s A vk,
W& T4 IRBRIR £ L) B2 B 47
WLRE H R YR HE A RS RGN TR, HAAEE R, 7R R RMEE—K

oy S R4, DUEIRIG 3L T DUANEG o I, A I B e AW TS i L
BOIRFAR B SRAHRERSES), XS A 5 W e S AL TR AT/ B A W R 36 A, B e
AN/EER A FA S SO H SR A A AR HE B I 76 2 BE DY, BRILZ A, WIRRGEHETR T
—HE Al DA A B At AL BE B SR AV B RS0, e R, TR L BRAE . AL
WEEE. mIZM. B2 BEWER.



XA RORBRKIRER T HIFR R SRR X

BT IRV SR IF S T i R R BB R 304, (B I AR AE T-VF 2 7 AR AR rh AR ARV Sk
PR &L TP, MG WEINN, ARATZ)E, MRBCHERBLRARRES R T &R
L EYO. (HE R BEVE B S B G AR B G100 A e L b = 01102 3 f
ENYIE AXGE RN LI R BRI R I, NATR PR A 564 58 R IR LR AR B0
WAL, VIR SN FTRe R IR, EE U RMHERANUR CnEiEa)
fr, TR RAES RGP R R M H R A FREY, SIS TE % ) 3400,
24 SRGHMEE T HARRKXS

KA G REATY AL CO FENGEK, TH I TCHUBRIE . 15 VA AR
PLBR £ BARK A E RS T BRIREMRABRER . HWKERZ (10~100 m) AR 54
BB VE I RIS, EATE I EE Kt — g B CO Fe R A HLER, TE A
RIGRAEF=77,  [RI R AR R Eh Ui e A AL IR T4, TSR AR 7 73 A PR ASURE A BB B3 45 7
WNIFREA, RESIEERK DMV, FACRR CO RIS TR A HLBK, 1UF 20%
I IBURE A HLBRUT e BT IEC05). YT e R AORE A AL B 2t — A5 R IRV 5 A2 ) R PR Bt v A )
Fift . FTLABL, MGmBRmREh T CRUIERIERRIR #h L) FURMIBRER L)) B A s
FEEF TR RG PRV LR, A IRBRERh LT M BRIE I 3 29l
DU R e S R R B, AR LB T AR BRI E e (Bl 5D BRUE Y ZE R E T
R FEVIRRAFAE . LA AN A Pt R AL 22 R S5 5 T AP ZE AR [ EI Ik, AABR U A 2
Ko VRBRIREL T SEGWMIREE T FAEARMXA, AT — ML) (& 6).

w4 ]

3 S S
A ) o7 Ui 3

2K 2 i A J
fi b
L ©is
L3 )
co. cove O
— i o e
e QO ‘\“e"' R
NS - / %U —_— =
e
e A==
HHAT IR — > = : ‘7% :
S VR A7 L = . m —
;;Sy‘, it #14 et ~— ol A g sty

45 AR LR
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Fig.8 Typical geochemical characteristics of early Permian cold-seep carbonates from the Xainza area (after

reference[35])
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Proposal of Cold-seep Carbonate Factory and Its

Paleoclimatic Significance

LIU Chao, LI Xin, LIANG Tian, LIU XiaoXiao, CHEN Hao, AN Haihua

Institute of Resources and Environment, Henan Polytechnic University, Jiaozuo, Henan 454003, China

Abstract: [Significance] The proposal of a carbonate factory and its classification study are of great significance
for promoting the development of carbonate sedimentology. However, the current classification scheme is not
sufficient to cover all carbonate sediments, so it is urgent to clarify different carbonate factories at the level of
mechanism and process. [Progress] The carbon used by traditional carbonate factories mainly comes from
atmospheric and oceanic inorganic carbon pools, whereas certain marine and continental carbonate factories
mainly fix carbon from exogenous carbon pools, so the two are fundamentally different. The latter is often highly
significant for tracing deep water environments and climate events. [Conclusions and prospects] As an example,
this study takes hydrocarbon seep carbonate, and formally puts forward the concept of a “Cold-seep Carbonate
Factory”. In addition, its sedimentary characteristics, biological composition and biogeochemical processes are
summarized, and an example is discussed to address its geological significance. The type of carbonate factory based
on an exogenous carbon pool deserves much attention.

Key words: carbonate factory; cold seep; exogenous carbon pools; biogeochemical processes; climate events
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