ISSN 0256-1492 W RS 5 U4 R %3985 5 5
CN 37-1117/P MARINE GEOLOGY & QUATERNARY GEOLOGY Vol.39, No.5

DOI: 10.16562/j.cnki.0256-1492.2019092201

WRERAFF IR A0 IR 1T 32 P Wi B A K 7R B Bk fik e

KE R, B HE

1. op R 2 B U PR AIE T T, U AIF 5T PP 0 &V LT 5 PR R A SR R, 7 B 266071
2. B2 e KA L, 5 266071

3. R EREBE R, L ET 100049

WE: R A TR A4 T IR L K300 88, Wk g A g S AR B BB IR , 2 R 3 AR 24 CO, Bk 12,
A A B A K e MR PR F e, b R H MR F R M R R AR MR A B R MR T R
TR ARZ R A RIER, BRI LAY G EORER, TR ERRR R — T 2F RO RELAETRE
o AR, ARt A AR 6 AR IR T F, B R IR SR BE A R 69 AT S AR B e AR 69 A RIZ IR R R, 3 TR ERIR R 09 F £
IR A AL, A B EHIR N A B EZ R 6 R M, A EARRFB, AT 5 IR L An L o IR AL E L B
RFOBMR B LT ERRBA G Y0, AR SR PRI ARITTEL, 2RAWN, AR EFHE TR EREL XA
#,ERR CO, 2 RARE AL 3 R — My 53 tg A A £ 69 RA N KL E A8 F 5 A 8 369 CO, AR, iRk
T IR R RIAE B E R, WK (410~660km) KEEGE, L Z TETREZ TGRS E, KRE
ARG EL BN ERENLER T, KW BRBREBRIRER TR SRAGEZ B RN T EHAEE; R R TG E
TRIRBLTRALAT R B LAWIERAF PR T ABALR G X A6, WiR i35 R ey s £ LR Uk A2 i i Al
B JRAERR T AEEAL ) CO,, SHHAT AT W IE B AR N K L B B ( LERME KL E) THREAZAETRZNEN, H4ik
, FHOLR NI T RN R TR KB, 122 B AT B Wbt 5 MR b iR R 0B AT A B A
BB LK TR, RRA B4t 8 RTA26 CO, BT H AF T IR P RO AT A AR E E TR .
KEHRIA: & AR AL R BRI B BRI MR AT

FE 5% S:P736.4 XRKFRIRES: A

Carbon cycle and deep carbon storage during subduction and magamatic processes
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Abstract: Most of the Earth’s carbon is stored in the deep interior of the Earth, and CO, plays a key role over the geologic history. Magmatism
is a process, which releases CO, and increases the carbon on the Earth’s surface. Plate subduction is a major process that brings Earth’s surface
carbon back to its interior since its initiation globally. Therefore, plate subduction and magmatic processes constitute a deep carbon cycle
between the Earth’s surface and interior. The cycle will affect the total amount of carbon of the Earth’s surface and makes contributions to the
formation to the livable Earth environment and some important mineral resources. However, in contrast to the carbon cycle in the Earth’s surface
system, the knowledge on deep carbon cycle is lacking. There are still controversies about the enrichment mechanism of the deep carbon, the
location of its occurrence, and the exchanges of carbon among the solid Earth’s spheres. In this study, we made a thorough review on the deep
carbon reservoirs, the carbon composition of magmas and its influences on the genesis of magmas, as well as the geochemical behavior of the
carbon during plate subduction. It is recognized that, for the mid-ocean ridge basalts and the ocean island basalts, the CO, compositions of their

mantle sources are highly heterogeneous. Compared to the mid-ocean ridge basalts, the deeper-sourced ocean island basalts have relatively
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higher concentrations of carbon, indicating that the deep mantle is more enriched in carbon than the shallow upper mantle. The continental
lithosphere mantle, transition zone, and even lower mantle may be important reservoirs of carbon. There is a chemical disequilibrium between
the carbonated melts and the lithospheric peridotites. The continental lithosphere mantle may be an important carbon reservoir because of the
long-term metasomatism of carbonated melts, and the high pressure and strong reducing environment in the mantle transition zone may cause
the carbon from the upwelling mantle or subducted slab to be stored in a form of diamond. Carbon in the mantle transition zone or the even
deeper sources may be converted to CO, by redox melting during mantle upwelling and decompression, which plays a key role in the initiation
of mantle melting and genesis of the intraplate volcanic rocks (especially for alkali volcanic rocks). It is concluded that the long-term plate
subduction in the Earth’s geologic history is most likely the reason that has caused enrichment of carbon in the deep Earth. However, the
geochemical behaviors of carbon and the carbon fluxes estimation related to plate subduction remains a subject of debate. In the future study, it

is required to focus more on the CO, activities in the magmatic processes, and the geochemical behaviors (i.e., decarbonation) of carbon in the

subducting slab.

Key words: magma; mantle; carbon storage; diamond; carbon cycle; plate subduction

TG 0 i T L E R IAEE & S, — ELA5 2 E i 4h
Tz EARIBESE . KLUk, N A8 56 TR A6 28 1)
WF5% FZAE TR KA L KRR 2 R 2, 4R
M7, 132 30 P J2 (R BIRARG B 5 AN 2 e 2 b 3 Ay e s i 0
o F Hb 1 1) 25 S 4R R S 807 7 TR M 1 B B
A i 4 FH AT DL B 32 5 e B b e e B PR, IR
T BRI 21 1T RE 7 5 A b % (A 45 KR B4l il A
T FL M BR Y 2o R P R B OR AT s B 1R .
AR, CO, 75 b A5 il R 7 2% 2o 2 v 6 B Ry ik AN A
5 M RN 2 1 4 43, i 3 o 8 43 R SR AR
FH R B T K& CO,e B IL, 78 b 5 7 o A
1, KOG sl AT RLBH SR e A BR ik B R, A AR
IR, RERJCOLPE R (FEd . 5 IRAR 9k ) 1)
i 2 B A4 B B R 24 2.2%10"2 mol/al, 5 Ab, T
AR — AN E BRI, KA bl 2 B R
Bty A b BR UGB 1 37 1, A8 Hb B D7 sk s, R T
e R RF b Fg BT s 3 R S ER PN S 22 ] B K AR 4
[ AE 4, AR AR I 52 1) 35 b0 ) S5 2 i 4 Bk
BRAG IR, 55 40, BB ol A R A )12 B9 B
FSIR S b 25 S0 21y, 8 53 Bl i 3o ORF i ol e 1 It ke
VA AE B AR o ™ DR, A e 0 it 2 A
T, 3 IR S A AR T B TR i A B B A ) O
FFAE o M ER G (B AT LA 2 5 b 0 45 F R 3 7%
Bll, CO, RAFEBE I Bl 728 T 3 1 iy Ak 2 M o),
FERTLUIE W B e £ 0 R kR fb 75 3K
Xof— e T BT N & I A R

F PR AR R A TR UGRE, BR T RS %
PLAN, Hsk oy 0] BE AR — AN E R IR 6E % . HiBk
PR S (i 2+ A% ) W] BB AR A T R o A A (MK
20%~80%) ¥, & T L BR N AT AE K & ik i IS,
75 3 € T Hb 95 VR 3 Sl VR 7 2 A L BIE 9 R v e A 41
M L /T e 2 S 1] B ([ = A S 5 T
T P 25 s T LA A v T P 3 %8, W] DA R A A

Bl AT+ B g R R R PR A CO, R
1o S 25 2R 7R, CO, X —2EA{I% Si % Y il K ]
B 21 22 5C H B R MR, LR ABRRRER ™4 o0
(0 KL IR e B, ok — 2P ARSI T MR A A AR ik
EARAU . KRR A — D R E SR
i HHA R AR R LA U TR, AR IA
T 1 Jo 4 RS T R T U SR, o R
P89 KRS R e 2 e AR X 42 v 3t 3 A R T i, X £
TR P el DAL B0 LA 2 6 52 A R AR
JRUEH R B ek T L S Bl A9 A A 42
ERBRAGER P A9/ T, (E OC T i BR TR0 1) 7 4R L
il WRAFFRAL, DL K Bl 7 3 35K P 78 4% 181 )22 22 1) 118 52
BHLAE, AP AEAR R Ao, U CO, 78
LA I R, A IR AR A A Pl R T R ALK
Mt iz 3k A v 2 R Y CO, BRI o 3K A1 74 AR X AR
38 I AR HT WY CO, X A R B S e o
TR b SR B B PR L AR — Se B R A R A B
MW A7 A 22 S, JTAR R, AR T i 6 [
f3R (41 Mg, Zn, Ca 55) 7R ERBRAIGERAY S A SE 0,
B CO, IR IX, Rk 7 b g Hh A e £ 307 A
IR — B PRI R . RS0 50 MR AR
K Bk AL S B 5T S, M e B iy (410~
660 km) A] LA /> B 2 A0 Bk B AU AR, AT
WFFEINA, M Tk o B2 (14 T o R Al R AR T o A
(7 M A Bl s ), i AN S TR R b g oY
J 2z ) M SO R A P S S s, 3 D — R ik ]
DA 3 5 R vty R A e R o A R T A Y
IR RE ST R, AR ST ) — R L AR e
Ao e R e A LT B R R R —
S e i g s S R A ) A A, AR e R B R 3
B T AT 3k 8 B ol A M, O B SRR 1
I/ R R TR T B Y AT K A AR AR o i
e H e 1) M Bk AL A A o R A TRt R P R ik 4R



38 T M S5 5 1 20 M S

2019 4F 10 H

FIBRAE R L Y 2D A R

g5 b, RIS AA PRS2 Hh BR R e Bl 2 i oY 1
YA L, AL AP Bk P 30 20l R 9 A Y B 2205
T, AT AF R B 22 80 [ PR AT A e o I 4R Ok IR
TRBR AT PRI TE, TOIBAE S N I R TR SE TR MU Bk
BHOULIN , B2 AR R AR I A AR T 5T 7 T, AR RS
TR BRI ZE R o 3k SE 5T 25 2R 0 T AP M Bk
PR BB A AL A e e R TP Y Bk Al 2 AT D AR
A EEAESNAET .y T AR A R
(EEANBIE =S A I b7 G S T LB TC B LY (BTGB QPN
VRBRAG PR AN W ST HE R, A SO B A5 I 4R % TR
TR AT B 55 AR BT i RS o A Ok R AT, LY
A 200 M 02 A O [ s %, 00 1P e e S B R

A
1 ME IR S0 — E AR 4

CO, 7 Hu M 75 i 3 7 vp HLAT 5 AN HH 250, 5
B ARTEIE AR . b DT S A O Bl AR
AR KRR CO, A MMEETMZ —. HPEZX
RARFE T HIFR 60% MY A I i, )& CO, B
FEORE . VR XA R O B g
JE R 774, CO, 21 AT A s 29 U P 1 ) 261
Mo SR, XA A RKETR ISR R THES R
F CO, BN, DI 7 5 H 8 e i A2 vp & AR S AE
L, A3 iR CO, BRM, A T4k B b g ol 7
R X CO, AR, M H R TR E CO, 78 g
J5 Rl 38 2 v A AH 25 R AR ALY o8 2 AT X L,
W H e CO, 5 Bami Nb i e {E VE 48 b5 . Ba Al
Nb A& K 51, 1255 H b B R 32 B AR FH 32
PRI 2K 1L 3% B8 4 CO,/Ba HE AR AR £k ] LSz e 2 56
SAMEMES KA, 85 75 COy M A3,
Bifi % Ba 1 T1 5 CO, & TH i, PR G 3 AN M A
By BLiY) CO,/Ba HUAE WL T 5 J R X 1Y) CO, 1Y & 4
FRERE . o FE 45 R P9 A A R T RE R 22 7 CO, i
A, AT DA G b S R G K ) CO, AR

TG T ek TP B L RA T CO,
ZH R, 3K S PR ARG AR RO TEVERE L R PR T AIED
FEFEFET A . X4 CO, 1 Ba ) MORB i &, —#%
HA AT M &, 3 Z 1R 0 FE R B e T &
ARG A SRR (B 1) o XSy LA
) CO, & Z 80K 200~ 60 pg/g, CO, & T 400 pg/g
1) % A H CO, Fifi Ba R LR/, XULBHEE B X
HoA CO, iR B THRACE 1) o S T A O e g
B CO, 4 B¥, Cartigny F MR o RPGFEFE B X R

FA5H UM ) CO,/Ba HLAE R 106, T8 45 H
- MR R CO, R 427445 pg/g, IR CO,/
Nb LU fH 534, 15t b Hb i 510 Bl CO, % 1 oy 382+
82 pg/g . fe i Michael Fl Graham "V IA Sy, VEH
Z A Y COy/Ba JEAE 22, 1l CO,/Nb H{f Fifi &5 4
T 3 hnimg BH S 34, DA COy/Ba 1 ki 55 b i
) CO, % & BN & 3F , M #H COy/Ba H(H AR AFVE P
B LI CO, 1K 2 085 pg/g, ot 25 1 i b
U5 () N-MORB 4 1 840 ug/g, 15 35751 N-MORB
Mg CO, M 183 pg/g. Hauri 2538 i3 25 L1 7 B8,
T 5 3K 15 4> Bk MORB # 18 J5 [X i) CO, 182+
59 pg/g®, AW, — Ly s Bl X A s
SHE A COy WET LS RV A I T i )E
TS 4 1 2B, MO A P A R AR A s
JR IR CO, & ml LK E] 3 900 pg/g, H: CO,/Ba
FoAH AT 35 18024, JU B B I 1Y Gakkel VEH % R
[ CO, FE Z A LLIKF] 9 159 pg/gl, X Hbk R 0f,
TE R T B0 B AE CO, 2H A b 2 i R 1 —
., S2Br b, BB N CO, 2H 43 B A 25— 1 S AR
b i R 2 S B — P A ),
BHYIALZ —.

T Ah, ATEG T T A 5 2 R M A
BRI COy A, 48 VK . BRI Ll B . R
IR INEE (8] 1), G55 3R W, KER /- 5 XA 1Y CO,
55 Ba M ALY, 410 B @R (1) Ba 25 4L AN K, T
CO, ZE LT B3R, X 2L BT CO, TR S 1 <
YERF W (1) . Anderson A1 Poland X} & g 38 Z i
FORTFHESE, KB R KR CA IR X L Y CO, Ay
962 pg/g, L T MORB (111 5 [X (£ 400 pg/g) 9,
Miller 55 % & [ vk 5 0 X 35 1 IR IR 5T, &
PRI R A B2 R BB 1R 55 1Y COo/Ba HEAH (396+48) ,
TR A H 18 JE X 1 CO, S > 690 pg/g, 153K
75 5 SR Hb 35 G A9 CO, R 1 3504350 pg/gll, X
AMEHHE LT 5 H MORB 5 $i Hi & 1 10 /% . 2Bk
b, REBIFREIN R, 5 2R AT BA
HEZ R AR COyBa L., —BER TR AR
U5 F O B 22 T B R A M R X, 35 B g L &
K2 191 RS, 3 10 BH A0 T LT ) TR S b 1 A
T P e 2 — A BT Sy A B i

2 BB E AT

2.1 g
[ 44 b BR BF 27 BF 5% A, % b g R FR 250 km



% 39% %5 KD R, R BH R ASCHRART i R SR A e e 0 A B TR e i PR 39
10000- -
iy \9/
10004" N,
) ]
on
L i
s i
o)
o // 7z
1007 &
{1 cma 7 ”
> Balli A
- ’ /// . ///
A /
10 T T v AR | T T LR L LD | T T T rrreey LB
0.1 1 10 100 1000
Ba/(ng/g)
O MORB-JFR E MORB-MAR @ OIB-Hawaii O OIB-Iceland

B MORB-Gakkel

O MORB-Borarhraun

O OIB-Azores

1 R ua O A a2k CO, T Ba &5 HEAH OC
& 2k R CO, 5 Ba i LB . JFR(Juan de Fuca Ridge) #4551 4 3Ci#k [24,27], Gakkel( Gakkel Ridge) #0451 H 3CH#k [28,29], MAR( Mid-Atlantic
Ridge) £4% 51 A 3CHik [20], Borarhraun £04% 5| A SCiik [23], Hawaii Z04% 51 A Sk [30], Azores 304 51 F SCiik [31], Iceland $d 51 A STk [21]

Fig.1 Plot of CO, content vs. Ba abundance for melt inclusions from a basalt olivine

Dashed lines show constant CO,/Ba ratios. The data of JRF(Juan de Fuca Ridge) is from references[24,27], the data of Gakkel(Gakkle Ridge) from

references[28,29], the data of MAR (Mid-Atlantic Ridge) from reference[20],the data of Borarhraun from reference[23],and the data of Azores from

reference[31], the data of Iceland from reference[21]
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