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The recycling process of subducted carbonate and its effects: A review
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Abstract: Carbonates play a crucial role in transporting surface carbon-bearing materials into the Earth’s deep man-
tle through subduction. The recycling process of subducted carbonates is considered a pivotal process in the deep
carbon cycle within subduction zones. During subduction, carbonates undergo decarbonation reactions to varying
extents, releasing carbon-bearing fluids or melts into the mantle, thereby significantly impacting its composition and
redox state. Today our comprehension of the carbonate recycling process in subduction zones largely stems from re-
stricted investigations of (ultra) high-pressure metamorphic rocks, mantle xenoliths of different depths, experimen-
tal petrology and molecular dynamics conducted under conditions of high temperature and high pressure. A thorough
understanding of the processes involved in subducting carbonate recycling is crucial for deciphering the geochemical
and dynamic behavior of carbon in the deep Earth. This paper provides a comprehensive review of the subducting
carbonate recycling process. It examines various decarbonization mechanisms, including metamorphic decarbon-
ation, dissolution decarbonation, melting decarbonation, and redox decarbonation. By integrating these mecha-
nisms with the thermal structure of global subduction zones, the paper investigates the distribution of carbon states
and its migration patterns. Furthermore, it explores the impacts of these processes on the oxidation processes within

both shallow and deep Earth environments.
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The major carbon( organic and inorganic ) transformation pathways in subduction zones( modified after Galvez and
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Fig. 2 Relationship between Fe**/2Fe and depth in oceanic crust profiles (a, data for altered oceanic crust is from Bach and Ed-

wards, 2003 ; data for mid-ocean ridge basalt glasses is from Bézos and Humler, 2005; Cottrell and Kelley, 2011; Berry et al. ,

2018) and carbonate content in oceanic sediments from different oceanic trenches worldwide (b, data sourced from Plank, 2014)
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Fig. 3 Comparison of the CO, flux released from 33 active subducting slabs and the measured emitted CO, flux from their arc
volcanoes ( modified after Li et al. , 2024)
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(<800°C, <5 GPa), LR EHH~A S AR
A AL 2R IR i B KT = 4 A
SCE (L 4) 38 1 RS L ER R K ( DEW) #5150 £
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Fig. 4 Solubility diagram of carbonates at 0~5 GPa and 300~800°C obtained from thermodynamic calculations ( modified after
Lan et al. , 2023)
ab.c BRI RA/ S AT A/ SCA SEE TR R R COY WREE; d.e MBI AT/ 300 H = A RISEEED I BRIE At FE

a, b, c represent the CO? concentration in fluids at equilibrium with calcite/aragonite, dolomite/aragonite and magnesite, respectively;

1°C

#°C

d, e, f represent the carbon solubility of calcite/aragonite, dolomite/aragonite and magnesite, respectively

S HIRWUL (pH 1B ) N ERFRELT Y (BR IR ER VA A AH )
TEGAR P MR ATy TR AS R JE 42 il
T A LA R R R 1 A 2 5 BUR s A pH
{ELAY 72 Ak, 3E T A 52 Wi B ik R Eh 5 i AH 1Y A2 1k
(Galvez et al. , 2016) . FAMEALT FMQ (BRI A1
TG — A e SR G v ) BB R AR A IRl
i YRR R AR FT RE BRI e B A A S
BRRALE YR B (T CH,+C) (Tao et al. , 2018;
Guo et al. , 2024) , JEIEATREEANE X TREBIR 1T
AT AT B FE o i 2R R, A AR kR R
WA by h RS E PEARAAE , RS RGETF R 1,
S TiARA R T AR BRIREL ™ W) 12 2 Fh S8 AL AL 5 k1
A R R R A AR SL B ST ( Farsang et al. , 2021)
2.3 WRERERRIIAREIT A

s bl LA L VR A0 ek 0 1T S8 AR 1) 0L BE ( Goes
et al. , 2017) , Syracuse %5 (2010) #RAUZE LR | K
PR RF AR TOURR A BE A T 3~ 10 °C/km , X ARG
HOFABR T, A BRYE R BT Wt B =2 3 A4
BB IR s Ve vl X s, Al THER & A 28 7 T il

TEE o B2, AR A TS R B R # AR i 500°C
(<3 GPa), TEPFBIXIE A B2 A FIRF R A2
SN I M0 114 532 0, AR bR R 2 T 2 32 21 LSS
FESNH, A FHIE 2 700 ~ 900°C. , 5 30 Hs HBS B T
e JE PR X3, R b A R 2 1 AT FE R 32,
JEFEA T 2~5C/km,, ARYEIR ol b A6 B (14 455400
SEOL TE e VR T, 22 10 52 4 K A AR A IR e
IR R AL UL AR | Tl 7 P 76 Al SO AR A 24 A
SRA R, RATER R R AR T R
R AR I B B AR TS, 76 90T VR BE A AT Rk & A K
Ak 15 il 72 A2 45 4K ( Wang et al. , 2024), Chen 4
(2023) BT B R B, 7R R 45 3T 5 GPa I
950°C Hif, {1 v 5 576 F A ik 1Rk e K A B 8 B 2 A
1 HIEARARFAETINFIRE (K S), mREgd
T BIRTE 2.5~4 GPa JE ) T4/ R RERRER IR,
{H7E 5~6 GPa (YR JI T, F /KB R ER I55 1A BH I8 & 3=
SHLA TR L) 4 GPa (RS R, K BIAFAE R K
REARS T 60 ok R 6 1) R ik, R FE AR 2244 850 ~
900°C AY IR BE T A 1E 75 7K Bk R k445 7 A9 2 o (% i
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Fig. 5 [Illustrates the formation conditions of carbonate melts

constrained by experimental petrology ( modified after Chen

et al. , 2023)

150~ 180 km ¥R ; Poli, 2015) . K. 9 F Ak iz &k
ST 7 2 L A 1 T | X TR 22 M0 ey
M, Wi AR A e Jm FR T 200 km DLR (9 3 B2
(Chen et al. , 2023)

B o B R R A A AT b i A v iR B T
L Z A AL I B AT IR B Al TEEGR LA
ERR A RERR AR AR SR - M Ay = T A M 3K
G (I Pt Bz LA IR BE ) 7T BE 23 I U IR #h 44 14k
55 il Ha g [z B (Ni and Keppler, 2013; Thomson et
al. , 2016) , 8 LUE AR TE XS 5 Ho g XTI (Sun and
Dasgupta, 2023) , 5 H,0 555, ¥ &K Y B AL, CO,
2% (. 25 oAV b Ay %) AR 2 0 B, AT AR 4 7
TR 25 T AT O RR Rl X —id RE vl B
SR ERTET A R & CO, AYRERR £ 1% 14 ( Dasgup-
ta and Hirschmann, 2006; Foley and Pintér, 2018;
Stagno et al. , 2019) . 2RI, 20 TIF TR EE AR b
W R UURRWITEAETE CO, W ZET , AT RESs K A 841
SRl DT T IG5 Ttk 1) 0 B 8 58 B A 1 B4 14k
a2 AR A PR 1R 45 K ( Tsuno and Dasgupta, 2012;
Schmidt, 2015) . FAS=E T F I, i J5 i 1A o Ay e
RABGF UL — S AT AFAE . AH I b, 7E 5 i 1A

AFRYRERRER I R v, i B £ LAy 1 €O, B8
BRIRER AL (COT ) B AT X R TR EE )
FEARA G, SR, 16 538 i 267K, CH, F1 CO
ATRELE Hu Mg C-O-H AR 5 3 5 {7 ( Manning,
2004 ; Zhang and Duan, 2009) ., Newman 5% ( 2002)
T ALE T (<0.5 GPa) H,0-CO, 7ER SRS X
RBUARAR R PR AL, 050 Sio, 1
YR BE S BIR R-ER AV i B 2 MR SR, TG HL O A9 fif
ESIEL /N AN, CO, B REREHE CO, I/
BEHAE g B G . SR, H T AR
THRAR YR J7 458, PROMCASTE 106 i 388 53
AR OL . BRARAE U, & Bk A0 2R 1 8 R 52 9 T LA
i 3 1 2 - (B R BOR AR TR LA T- B i i, HRZ
BN Tl S 36 2 SR AR AT VR, SRR X R K R
7= B AT IS A B, X 0] BE I AN BE AR R R I
HEF , BIVEE 57 He g I BE A5 P T 9 BRIE S . PRI
TELge B PR AR, R R B T S N LB
0 4T 30 1B (molecular dynamics, MD) H
BT A B HRG B8 T CO, FERE R ER A2 1A b () 1 i
JE GEIETE 1 473~2 273 K IREJLHEIFN 0. 1~15 GPa
FEJE R X G A CO, FARTE i 8Ui % 35 A
AR BRI h HEAT T HUE T A AL, R B CO,
R E SR Z A SR AR R, FE R TIY
B, CO, TErkERRERL VA i BB A, I Ah, BEE Tl
BERY TR, CO, B M B 23 98/ ( Guillot and Sator,
2011) . R4 CO, TEAH P B L H,0 fk—4
g, R, T Co, TEa K BT B RATR
AER R B B2 i 22 1 H,0 R, 4313
JIE RGBT i — i CO, TERERRFLMEIR
HRAT R, I 48 7 R N T A A R A i A 4 A
T HE 2% (Bajgain and Mookherjee, 2021) ,

B TR R i 1A 2 15 | R b g S A P Rt 2 2t 3K A
PR PR E AT, BRI IR EEOR A T
i TR 1 b AORSS TR R R A il | el PR R 4
RS B IR L M AR AR T AR S AR S R, B0
CO, P RE R 45 1R 19 73 85 45 i /E A ( Wallace and
Green, 1988; Lee and Wyllie, 1998; Martin et al. ,
2013) , Walter % (2008 ) i@ i XJ [ 7Y Juina 43 Wi £7
ARE R SR 0T ) AL AR B B S 4 i b R 5 0 itk 1R
FEAR B T i e 7E b A R - b e i A FY
RFREERS /s Al A2 . 3F — 20 Ml Walter %5 (2011)
SR IRV AR A e faT 0 4 I B 2 1R ik
R0 3E 8" C HFFAE (—24%0 ~ — 1%0) , 1X 7 M 25 ik 7] L
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BEIRT b 7 E T M ) R A i PG R A AR L %)
TR SR AL VG T 20 1R 5 1 S 6 F 9 1.2 B R U AR
(R R R BE A% BE AR R OfF otk A I b 8 257 i,
T ISk AR AS T R %)l T A A, I T B kg BERLAEL 1YY
Hiu g AN ) — P (1 28 A S BT ( Grassi and Schmidt,
2011; Chen et al. , 2022), Thomson % (2016 ) i i
R R R SE X MORB( PR A Ll ) +CO, IR &
AR & TR, 76 K2 300 ~ 700 km HYIRIE kR 1k
Tl 0 [ RH 4R 3 B AR, BELAS: T ik 1R 5 P00 20
ATRES L 33X AT e 5 SR AR B &8 404 il T2 1 s
PEBRIR LA R, I 1T BB 5 340 SR PR 5% v 1) b kA=
KR, 845 W 47, Dasgupta %5 (2004 ) B 4 FH £
MORB +CO, £ 55 & & v B AT B & 09 ik IR 5k & 1
(~11.4%) , S250 v ik 8 3 A0 AR RE A [ A 2 72 K T
300 km PRI R W] i AT X R R A R 7R 2 i
A it Bt s B RV B UM LA 7 A T R R e A B
e & AR B R sl MR LR iR 51k
VAR VEFE R AT R AR FR A3 Al OT IR iU B2 AR Jer 1A o
AT BRI 0 oy (0 A0 BE RN e I A R A
A+ CO, RZE T, T Co, B A H,0 BiGH:
BEAR, DT BOZ AR R P iR — e TR
TR K [ A 26, (BG4 A+ B A 2k (Wei and
Zheng, 2020) . B2 R 1o VR B 2 I K ZEAR vl
N B A R A TR OF 2 ARSI E T, 2R
TR ER ) (1) o o [T AH 2R o, AT B oy - 2 LA
o B AR AR P B ) Al P R Y A8 A TR X ( Dong et
al. , 2024) , BT, & T i IR £5 2 75 B i IR
ISR A 4, Bell 25 (2010) HEA A N Jim ik
5T B AR OC, (B J2 Xu 45 (2014) FI Ying 45
(2004 ) 38 328 [F17 ZEBIFTE N Ry JOBURR IR 75 14 T k500
PSR R AH 0GB, TEART AR 1 6
R IR 2T AR EIR Z R Z Ak,
TV P 5 — o AR T S e B LS 6 AR A
FHE S KA T AR AR M BR B AS [ AR R 7
SRt A R B R 2 A il 5 22 ARAT S s, S b
FEV R B R 5 7 1 5 BB R 25 v 1) T ik ol
H B8R 6= A8 FB
2.4 BEENEFRIE

AR T IR B TR e AR R E B R AR AR
T DR N i S [ A A 4 e ) Al e R e 38 9 A e B
% RN EALIE IR (Tao et al. , 2020) , ALk
JE 2 JE A T AR Ay AR Bk 114 A8 S e il B, e S
— PR I3 s AN [R) 22 A 7 TR Bl 2 AR A i

T FEOK I A LA A, TR s b AR Y
R EERB A +4 A0 M (Anfa S5 MR |, O
T SR LRI R AE /K B CO, 43T FIRR R AR 5
T (KR N +4 ), DL CH, 70 F (kR H
~4 1) . Zhang 55 (2023 ) 76 P4 i K L1 g R ARV
5 CH, AL AR RO H K BA WA +UAH
+ [ AT b AR, b 1§ ) B RIRER
Y5 s, B TLRALBEIARER AR ) 224 P LB R b
WA B B WA ZR i B AR s v, AR oty 5
AR IIE S FE B U T p-t 5548 iR B T AR
B[54 R ESCART i T b P Y R R 2
(Debret et al. , 2017; Evans et al. , 2017) ., Guo 5§
(2024 ) 38 123 X 7Y B 7R B3 AR ot v & CH, e
A S B T CH, A At BB AR 1)
p-tfo, WRATAAFBIBE ST U b TUR P B9 0 4 SR A
B JFARAS (redox budget, RB) FE #5754 = RB BT
FRBR IR ER A RB AT LK & 2 045, X0 7EA
[ 0F i 8 P ) A T e R b b 5 G BEVE T,
AIE RB W& B TR A A1) T AR 4 ot 7 v
FIB RS, A AT CH, AR, BRERERAE M A A
AR ) T2 B E ) 5, 23 Bl AR PAEAR rh i 72 rp 4R
AR JFORZS B BRI T e A 5 72 S e v R g 0
KK RE(>2 GPa) HERIE A FA1 Fe™ /3Fe {HHY
R, X AT RE S T e 67 Fe LB & BT IR
AR sl AR IR R I AT T B AR A G, AR A SR TR LA Y
SURIE (f, ) BN BEVRIETTHAN , ELS f, WA M
VAR K A A0 R M S AR 78 BT 5 F (~ 80 km IR JiE)
(Debret et al. , 2014, 2016, 2017, 2020), 7E K%
BT EERR A A P, T Fe J2 i F 5 T 2240 JT
RZ—, 51 1 mol Y+4 WPl id )i k-4 Mk,
TR 8 mol 1Y Fe™ LA Fe' | IXFf Fe™ -Fe™ 1Y
S T - A 2 v AT R AR T RO B AR TR
A IHBAREDE T AR A AR S A W T ik i AETEIE
7 ( Tumiati and Malaspina, 2019) ., B T Z M L&
Fe Rt A8 Brd e Mn A +4 3] +2 #5928 16t
P T 2 ol 5 b 2 S R A i A P P ) R 1) i
HZ (Song et al., 2022) , I M A8 M F 19 S AL i Ji
R

VAR ST R W], & e i AR AE — & AL IR 5 4%
PR AT AGTVE H A 58 50 ik R £8 1717 [ 47 78 Al e v
(Galvez et al., 2013; Vitale et al., 2017; Wang
et al. , 2022) . WRIRERAEIE S 26 A5 R L 48
MY AT Re s et A 52 19k B AF e R e 3
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SEy AR A] D) 2 e A NI A S A
M BRI R 38 I R B AEAR AR 1 ke 7 5
1 FeO/CO, {H ( Bach and Edwards, 2003; Wang
et al. , 2022) , Wang %5 (2022) #F— 4R | 7274
s b AR Bl AR VR e 48 i AR e A2 A T
RE B Pk PR ER 138 i, S AR AR Wik J5ivE CH, 1)
TR A A T A R & F, SR Eberhard 55
(2023) AYSLEG 45 R o | BB R 8 I3k £ 52 i
ity IR AEUR BE AR & AR 2 5, kiR 1
I T AT 2 1 3 A T RE S AR v AR v, R A i A
AR 55 S K A SO, S 30 TR e 20 Ak I
A IR SR TR fe e R D 7 38 SO A IR
A4 CH,, [8) s G S i A4 v B e 8 B AR AR 2 o 23
UUHEH A1 28 (Vitale et al. , 2017), M4, B KB
FER B, E B AR TEIR il 3 A% o 7 rp Rk R AR
SR AT D EE B ULUE A B2 3 ( Piceoli et al. , 2018;
Peng et al. , 2020; Zhu et al. , 2020; Oyanagi and
Okamoto, 2024 ), I, 7631 B AR vl Bk (4 e 18
Tt I FE 525 8 [ iAo R X R AT B A 5200

A R R Rk P 1 e [ 2 A 1 b BR PR T A
2R ORI AR il R 8 SR IR SRR S oL T T A AR B
Rl B o BRIV ER A B AR E (LR S R g, XA 22 55
FEVR TR 7047 2R G0 Ak 1) J5 A AU T 1
DA K Ji) il e %) e 4 3 52 W0 R vtk PR 5 ) 4R
R IFAT R (L 6) o Al 5 M A ST & A 5e i A
AR MR AR R TR AR 2 A e A RS
(Tumiati and Malaspina, 2019) , B A A B9 %8
A JFUIR 25 32 J4) R b 42 ), B =z, D 32 Al e A
WA A RG] (Guo et al. |, 2024) , THAEIR
IS b 0 R R EE T ] b 5 00 b bR 22 ] —
R RAEAE RS HAR S . 7E 3 GPa 700°C Y,
Jr - g T ) B R R 7 ] L b 0 4RI R R e T
FTRETE AHM>=3 (EERA" ~ AR Bk AL 3d J5 22 i X )
S REAT LLOR JE A 0 H i A SR sl WA, 78
4 GPa.1 000°C B}, % A2 30 J 1) ok B2 25474 AHM -4,
T FE I Ji %) 1 8 BRI vy A i i i iR 2 5 L 2 ]
REFR LA JE M CH, AYIRAA (Song et al. , 2009) .

3 B AR EL AR PR AR X s Bk S Al
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Fig. 6 lg/‘;)2 —p diagram illustrating the control of mantle oxy-

gen fugacity on carbonate-graphite conversion ( calculations
were performed using Perple_X 7. 1.0; Connolly, 2005; 700
indicates calculations at 700°C ; 850 indicates calculations at

850°C ; 1 000 indicates calculations at 1 000°C )

TEAS [A] B W A5 (Kelley and Cottrell, 2009; Debret
et al. , 2014; Tollan and Hermann, 2019) , ¥ #iH E.
B R PRI —— OB R A RV 4 1
PRI BT A A B R kA A= TR P01 A6 2o 2 7T BB S 3
TR 18 ACAEHT BRIRERA AR - 2k T b IR B2
275°C/GPa HYMRF o AT (Xu et al. , 2018) . #R Ak
PR LA CO, o F 1Y AL AR, LA KW 7E A7 76 1Y
CO; \HCO; m% SO ( Frezzotti et al., 2011; Ague
et al. , 2022 ; Padron-Navarta et al. , 2023) , 7F i 4%
ROy R e IR BTSN M, Tl e |
MR A 8 & 418 7 ( Malaspina et al. , 2009, 2017
Gerrits et al. , 2019; Debret et al. , 2020) , Zid TR
SR AL RS T2 22 A [ U O T RN S L
Az, 52 M B AN TR B AH 22 [] 1) S8 Ak 30 J5E 5 iz,
MR PRI R h AL Ay 38 Z [ 5% 4k, (Fe™ + Mn*")
T +IRIRERT )+ H,0 <1 B+(Fe™ + Mn™ ) §Y)
+0 ( Galvez et al. , 2013; Frezzotti et al. , 2014 ; Tao
et al. , 2018; Song et al. , 2022; Guo et al. , 2024) ,
AR IR e B FRER ™ I AN s CO, It Ay AR Hh
e, 7ESE AR B AR R O R vl i S AR i 52 B
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R fef ot 0 A 2 A AL (AN . KOV 22 B - A -
EWIAT EMOD ; WK MEAT ~ H = A1 ~ BRI A0 -3
fi-4Nf, EDOD; Stagno et al. , 2015) , 7l fE[H]
$ 52 W S 1Y 96 35 4 2 ( Duncan and Dasgupta,
2017 ) At 53 Iy 52 B3 K 44K S 2 (Lyons et al.
2014) .

ST AR WY, b I 2R AR o3 vh i AR AR A ik
PRER ASARAR O i 1 2 i I % 1 A Y SR T
(FMQ+1.6) , 3% & W] v [ 2 F8 O by i 452 TR ¥ A7 7
B AN 1 — i R SRR X B T RE S 1P K
P AR b S AR IR P B B I DG ( Erdmann
et al. , 2019) , He %5 (2019) 1 XF bt oy [ 4R 364 4
LR IR [ 3 A = AN A e R AR
P RUR T IEANGIT VS i1 - E =R W e = X [ NG
S84, Anzolini 55 (2020 ) 752K H I HR 1 ) T 4
Wi g B TS am gk E R Z ALY, W)
i, Huang 55 (2020) 7% H T Hi e 505 (9 8 % 4 W1
AR T8 & Fe IS A M A A, Jf it

T TC 3R F3 BT M A 3K 6 4 M A B A4 B A R o ) o 52
A HIMU HBRAESARAAE . 33X 2B R b ) 5 A
AT BB DR M 0 A A 1) FE 2R 2 — IR T
TR M e £ 28 A 300 AL ) S I B 5 mT i AT A
A — 1 W] REAZ BN sk R v S AP 5T (A
BRIRER AR ) B SAALIE U IS

i RO A A ) T SR S | B A R BE M 60 km
3 250 ke A3 T, b0 ) 30 RE S T R R
M AFMQ 0 FEAK 2] AFMQ -4 ([l 7a; Woodland and
Koch, 2003; Frost and McCammon, 2008) ., &K b
8 1 ST A B PR B T B A 4R T R 4 R AR
JERTREAR T IW (& Jm Bk - E AR Z2 4P %) ;. Rohrbach
et al. , 2007) , LA, FERK F LS GRAEE B 1
SRIAA R ER T &S Fe’ B A 81 A 1Ak (0.08<
Fe’* /3Fe<0.30) ,Hic 5% T M AIW+0. 26 F] AIW +3
A SRR B A 45 B TR BE 34 i 1 A8 4k (Kiseeva et al.
2018) o AL v LI JC R IR 7 b e MO AR
R T Fe™ BB EE A A1 (Fe™ /3Fe 2

MR (va"
Y PR AU
lgfo,/AFMQ sy dl W 20
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Fig. 7 Potential oxygen fugacity ranges at different locations within the subduction zone (a, the short dashed line represents the
undisturbed normal mantle oxygen fugacity curve varying with depth; the long dashed line and the black solid line represent the
oxygen fugacity curves at which carbonate in mantle peridotite is reduced to graphite/diamond) and stability fields of different

carbon-bearing phases (b, modified after Frost and McCammon, 2008 ; Stagno et al. , 2013; Cannad and Malaspina, 2018)
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0.8; Xu et al., 2017) , FRHERHLIE A A AL IL JFUR 85
W i 52 S A8 38 PR RTAL A 20 43 (B LB BTS2 L
IR AR B 2 Wy g I A R AT R 2 iR
Hiugsk R 7S b 0 1) 4804 38 5B B8 R AR 72 4K (Wood
et al. , 1990) o 53— 77 THI , TRET Hiu M (19 88 0 b b2 A
G shhden 7R BRI ER A] RRAKZh 1 b3k 1Y)
TRIEAALHLR . dsdl ORI 0T ok B RS b 0 1Y) 3 e
HERRCA A AR IEAT T 0 b, 45 2R 7R X ok
LR L 0 7% b 0 A I R S R Y Fe™/SFe
ELA B & & 1 1 H,0, CO, F1 SO, # & 1 W 43
(Brounce et al. , 2017; Hartley et al. , 2017; Mazza
et al. , 2019; Moussallam et al. , 2019) , [f]5iX4EE
A ZEACAFIGT 7 170 0 A 2 o A A e L A ik
SEERE X R RIS TR i I i I 4 & A R AT
RERE T MR AL AR B E K b Fe™ /SFe (HIRE
i, Tao 55 (2021 ) 8 i v Uik iy 15 52 B AT 5 K I
CaCO, AJLLK b8 Fe™ RERRER A AL HUE Ca AN
Fe™ AT, IRl P BR IR R 23 1 08 I mid A 2 75 45 M)
1, WAM, Eguchi %5 (2020) 1 5 i = FE S5 B Bl 5% 42
T AR AR R BRAE P B AR OGS A 5 R R
FALF M Lomagundi FH4EZ B EX R, 576, 1
iT Lin 55(2021) 1952 5 BT 7 | e 0% 2 3R
B Gy BRI S A W R R, 258 BT,
A o4y o 7 L HP 0 A RN A AR AR T AT RE B S 1 R
TR A S IR AE AR R A S R A
4 ZEif

A Bl TR R AR Ay b e B A by R RS ) i 4
B A, FE PG BR 2k A A B 50T T 3 A B4 G b Bk v
YRR IR Ak B 3K 0 T Ak A B B SRR
B ARG I S AT R IR ER TR AR e B A
2N itk 1R 5P A0 B ot A R T b 3ok A8 5 1 1Y
o A . O FEICTRIREE LA b AN i R Btk 7 =X
LI VA Vs ik Ot ke 5583 Y 2 Jo B e ol 32, AR IR IR
FELUR , st K-S 300 X A TS 09805 1 72
A REZE T RN B iR AR ZURE I, @ FEIRT
TR DI R A B TR 6 ) S T i TR R e AR LA B 7 i
Tk v ol 7 A ) 5 ik 14 K e A AR [ A s R B
A RE x5 A FEL b g AR SR A T A2 1 3t g
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