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Abstract: Experimental geochemistry involves the simulation of the physical and chemical conditions of the Earth’ s interior. By
this, the behavior, nature and effects of elements and isotopes are studied experimentally, so as to constrain processes such as
petrogenesis and mineralization, magma evolution, fluid metasomatism, and differentiation. The field of experimental
geochemistry emerged as a tool to offer forward modeling for challenging issues that are difficult to address by studies with
traditional geochemistry and petrology. The rapid development of the field is attributed to the improvement of facilities for
generating high-pressure and high-temperature conditions and the availability of modern analytical techniques. In the past about half
century, the growing research in the field of experimental geochemistry has greatly promoted the development of traditional
geochemistry and even the entire earth science related fields. In the next one or two decades, experimental geochemistry is

expected to further strengthen important scientific achievements in the following aspects: (1) deep Earth and early Earth; (2)
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volatiles and habitability of the Earth; (3) experimental simulations and planetary science.

Key words: experimental geochemistry; high pressure and high temperature; research history; research perspectives.
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FUAE 3 2R B2 v B R 78 50 PR BT b Bk RE 2 1 Ry
— I TR GRS (ML ER R GEREE) IR A5 . 5050 b Bk
b2 B VAR LR R 55 4% G M Bk Ak 27 T 2 S Bk
Bl ke B BAH G, 5 SC 5 AR 1 A% 1 Kk R R
A3 BT DN B R (9 58 5 m BE A A R (A ek,
2015). SE 5 Hu BR Ak 2= R F T 1% e Bk fL % T B
A M BR B 2 0 K R AR X AT IR 20 A TR S
B L b R R 2K b AR ) b R A 2 b AT AR R R
)T H B B . AR SOk S 50 b BR b 2 1 K R
[y s FAE 5% AR 2 A7 fR7 22 [l i 5 e B

1 S50 bR AL~ (0 T A 5

20 42 /Y 40 2 60 4R AR, 215 48 H BR AL 24 WF 5
Pl & e 1) i 3 (Holland and Turekian, 2014). fi%
o0 2 AR AL F BT AN T DL BT 0 7 ER AR &R
L A SR A Y T BOH 2 2. K
o 15T I G 1 UL N R R Ak S B T R R BOK
PR T b EK A 22 R A 0 2E R R R E ] B A
AT — FR B I R 5T T B DL 2 35 i e i) HE

R LU G I A AL 356 9 40 1 PR T R R 5 5 A A
HAE LA B 3 A7 A 8] Y 00 R 43 B A IR AL 3R A i A
LR FEREH T RAMBEEMWEERED TERE
Wk B s (BT B AR B A R S A AT E R
TREA T FLd A AL B B 1) — S 4 B A5 2, X 3 26 b
JOT R i v TR] ek AR Y S e SR M BR Ak S B 9T A — ROHE
R IR AR R R SE R O AR AR A
AEH 300, P Ry i JL -T2 0F 7 sl 52 D b 5T A i e AL
AR IR ME AL R AT N A ME— B AR

JUF 2 AE W] — B, 8 e SRR A b o
JEAL 5 ZE 5 f8) AL L 22 10 Al He AL 04 WA 6F T fil
A5 e IR e R T A B R BB & B R & i 5 3% (Darken
and Gurry, 1945; Hall, 1958; Jamieson et al.,
1959; Osborn, 1959; Weir e al., 1959; Boyd and
England, 1960; Dickson et al., 1963). SZ 5§ R F
BO B £ 5 R S B0 5 A s fif
FRAE 60 Z A7 1 5K 52 I T DA 30 1l 5¢ 2] v 0 b i A%
PR 2 MBI . X — B R B R B
PR F0 5T 3 2 AR 20 B R vy 3R R Y B B T
AR B T B AR T B, A e I R TR S
H NSRRI N BT B A AE B R AR SR AL T AL . IE
SR TE R R TR, — 262 3 s T R S
L, P T — 26 550 F R [R]A 28 A OC 1 Hb 3k £k 27 T
(TR 75500 B (B YN i 2 S T D B S v B 8 e
Sk 2 7E X R 3R 5 1 a T A O 15 B 0 R e
(Holloway and Wood, 1988).
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WA, W90 0T G 3 R i T R M A 6 3R 7R ik
AE KRl A2 AR AR BT R SR T A D AR b B AR
FH o b 0% M R AT A DA R 0 A I/ R v )
i e 77, FH LG X A G A b BT 30 52 R Mt sk b = B4 44
S ESEST T

S0 M BK b 2E A AR 2 28 ML T A R AE X S B
WZEE R, WV Y5 AR K &% (Wasserburg,
1958; Burnham and Jahns, 1962; Anderson and
Burnham, 1965) &3k — il 28 — 5 Rl A I 0 3R
1 M (Boettcher, 1970; Cullers e al., 1973; Shi-
mizu, 1974 ; Bischoff and Dickson, 1975; Drake and
Weill, 1975) % [d] i & 53 18 (O’ Neil and Taylor,
1969; Clayton ez al., 1972) & [F {1 £ 431 ( Suzuo-
ki and Epstein, 1976) Lk K i F1 f [7] 2 & 4 18
(Mook et al., 1974; Smith ez al., 1977; Ohmoto
and Rye, 1979) %5 45 . 33 26 52 55 55408 i 0 22 |, oA fl o
TG 2 M BR b 2= R IR A7 28 M Bk b 2 A T A B
W LA, AR K Ml A HE T3 8 R OC 2 By P R R
JUF- S 7E [a] — I 3], — 2 2 35 o) A7 1) o0 2% 1Y
BRAL S BOME T W AT TR AT, R T
b B R B, ORI T AL R A R
(e AN O S (N B U = B R T ]
H) W (Ellis and Green, 1979; Graham and Powell,
1984 ; Harley, 1984; Brey and Kohler, 1990) , iX %
(] 4 b R 2 1) e et AT R A 2 A

I S R S0 B R 2 A X — i A 2] )
MR . HEN BRI R T — 2w
JE S5 00 26 B, O R X Se 5 2 IR J T — S 5 i Rk
22 A S W WF ST TAE . 1959 4% Fh B B b 5 AF 5% BT 75 [
PR 28 500 5 e U e TR S O R A B A LA
5%, i J5 7O AR AC b Y B B b 2R Ak 2 BF 5 BT T
il 7 YT-3000t %1 7N T HL (S 2R R AR
1992). ZJ& 1 80 4FAX, AR K FNSE (1981) i HH 4 Wil 41
XF TBUAk XoF b 5T 3 AR JF e T — SE B 5T, Zeng et al.
(1989) FI| H &5 I £ W58 T 0 W) A6 I I A4 h 1 %5
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Fig. 1 Experimental conditions and planetary interior
EBC A Bass(2004)
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B 22 FEAL A7 0 2 3 DX R TROR AL A AT R
F AN W8T 53 R 58 3, A S b BRI S B R R TEAT
BB S vl e T S R A — RN R R
JE T 25677 ) RO AR AR Ok 2= 22 ok RUE (Mangh-
nani and Yagi, 1998; Miletich, 2005; Tyagi and Ba-
nerjee, 2017) , % iX $E 4 /INE it (19 4 B SR AE AR &
BEOH T RER B TR AT S SO A3 A B R Y ek
HE 53 BESR (1 32 5 (Shimizu and Hart, 1982; Reed,
2005; Goldstein, 2012) Lk B B £z Wi 4% Fl £ 4 Wi 4%
JoT i A5 Ui IR B 43 BT 2R 19 Bl i (Vanhaecke et
al., 2009; Magyar et al., 2016) , A #E B I 7 5 56 7=
LR A==y R W e I S 1 I U A I A= ¢
SRP G A5 i 2 R 1 T AL A DN E S 0 5 ) Y 2 A
G5 SR AL T BB, X S 2 R S i s
JE 45 A I, B S B T A R A T A (B4
TR R 0T A ) /Y LI L [R] 2D AR SO IR A
HSE B RE 0 L R R ) D
TR il o RS g 25, o — D iRk T 92 50 K
e T B

BT, S G R A 2 ST R A — I R
Bt 89 s AL W I (Shen and Keppler, 1997; Bureau
and Keppler, 1999; Le Losq et al., 2017; Romanen-
ko ez al., 2018) T Al M s )y 2= A% & 1 AT AY
A — Bk — A — ik — g5 R LR S 18 (Yang ez al.,
2014a; Dalou et al., 2015; Li et al., 2016b; Ro-
manenko ez al., 2018; Dalou ez al., 2019) J4 & HEH
b M A% (Y JT &R 1 BT R K A 4 (Hart and
Dunn, 1993; Li and Agee, 1996; Corgne and
Wood, 2002; Lin et al., 2007; Polyakov, 2009;
Zhang et al., 2014) %5 B L2620 . L Ah , AATTIE X
A Bk RUEE 1 Y — 6 Y by 5T S5 R 2 AL A 2 A
S5 W HEAT T H AT, A6 RO R R R (M-
erdel et al., 2007; Green et al., 2010) . #% 3% 4= Fl
B8 5> 5 (Wood et al., 2006) b ER b 3% % 43 (1 i
P (Lietal., 2016a; Yang et al., 2016) A% 71 511

K — & Wi (Yagi, 20165 Hu et al., 2017; Liu et
al., 2017) 5. 1) 3K 19 #4355 {1k (Watson and Harri-
son, 2005; Trail et al., 2011) Lk B kB 41 %% 9 A 5
(Fei and Bertka, 2005). 15 1 T3 # £ AR 5 A W &
JE& NGB , S5 36 by 35K Ak 27 WIF 58 700G 40 B2 5 Tl A T AR
R, 45 51 o ) — 2 s P BF 5 i S B T o
A . 33X (A — s LA AR X R AR ) A5E AR 3 kG A Ak
[F] Ff — 2 1 kA B9 ABE A0 A BT 1 D 5 B IR, X T
PR D TE b K 1Y 20 B S N A R R T AR

S50 Hby kA 2 BT OC U M R ) B ) Ak A 21 L
FPE BT, o A% 42 b 3R Ak 27 BF 9 38 4k 25 48 4K 98 iR
% AHAL 30 43k, S 06 b Bk Ak 2 4 Sy — ] Ak S 2 R
) A o B ] L5l ERORE = A 2= B A 28 X
PEAS B3 52, R ) T 8 N 22 22 R A B 25 F 5 Bk
PR AE I BIL I A ds A7 B AR . AN oT 3R KA fidt 1t Ay
Bl SR b, SE g s B 2 5 IR A R
A2 U BR W) B A ) A R I AR 2 A A R TR Y B R
HE— 2L Jisi , AH E () B RR o A8 A S AR . S b
30 Z4F 7, Holloway and Wood (1988) 7F 52 6 1 £k
1k 2% 2 i % 2% (Simulating the Earth: Experimental
Geochemistry ) H , 5t B 28 #1248 i 77 1 & v 18] 4k — [
AT [ A — L A ) 618 B B O A 1 P- VT 8030 J
Yy BRAL2EPE BT KA R R T R — i R AR —
UL S 1) F) AH 25 1 T8 3R R A AT 3R 23 BE DA B A 4 b
HiEBE TR YL b A AR ORI R R BT A E DY
KA J5T ) PR B A A S M R AL AW Y L AT 30
AR, S M 3K AL Rl T R AT A
LA A v T 3R IR 3R A e IR R R AT R
PERT (T3 =AW AE 5 3K AT 55 Lier al.,
2020) , X b BRI A 2 A B s IR 2L R AR Bl )
AT W IT R RGNS . R RE AR ISR K 4 Bl
T2 FI ) 67 2% 55 1 S 96 KA, %k /s 31 40 ok RUEE AR
BAT BN T 2 3 o 1R 2 AT PR 29 3 (Rubie
et al., 2004; Dasgupta and Hirschmann, 2006; Mi-
erdel ez al., 2007; Green et al., 2010; Trail et al.,
2011; Armstrong ez al., 2019). 55— Jy [ , 3£ 56 2
A9 Ak 2 o3 B R BRI PURE G Y 5 f 1
L 72 51k BE 2507 ) ) B R b R ) B I ST AR AL T
AR 5 X A7 AR 8] 8] A7 2R 418 DO R TR
Z0) B fige SR AR My JBTA: o YA R A PR A A )
Ei b
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Fig. 2 Planetary origin, volatiles and Earth’s evolution
&2 A Gaillard and Scaillet(2004)
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A Ak Sy EAR L KA — T 2 Rk, LA 5 0 B R
BTG T N2 46 4241 A9 b BRIEE A= 22 470 21 24 /i A b
FF M H 29 6 370 km TR B Y M0 L K2 DA L Bk 3 ]
BROAUC A S i B . Mk (A Z R R s AT AR
W B L) 28 A 5 T 46 42 4F 1 18 K Hb B 1k 1k
R, — B B R 200 e IR e A R BT R
(FE2). TR 10~20 4 P, L5 M BR 1k 24 5 S 7E
PLR J7 10 R #E T R 53 AR
4.1 FEDHb Bk 0B HA 0 3K

T3 1) i) T4 0 M Bk 2l e 3 A 21 T2 ) B T
BN FAR . ATTHE T BORE Y R 9 TR — i
SRy BRTF 200 ke P, R AERA I B 2% R A B —
L0 TGRS TR A K IR Ml SO A . SE B ML ER T A T A
B 45 5 R TR BR OF T L B R 5
TSP AT 5 A Hh 7 3t 7 M M g 2 B P TR AN TR
AT 30 4Fof 52 56 2R AL 7 2 W4t HDOG a1 IR B 4
5 A A% . 53 A — AN AR A ST 0T 1A A
B, B Sg M Bk i B A S o B R AR A, 32
PR AR A0 AT B B ASAZAE T L M T IE S T H
R A 27 21 R AT A A LS00 el JBORE B G Bk = DA T S
A5 o) b S0 R 2 T R R A
M ZE YT TAR LA , G0 BRI S A

B2 i ol ATV o T W SR VA 0 R U L R E DTV
A (RLHE L 428 ) FN) i 30 ek i 2On R (4
FEE B A ) R AR | — SIS AR XX Sy
AT TR R 46 i O0 % 19 40 e (Hart and
Dunn, 1993; Liand Agee, 1996; Corgne and Wood,
2002; Corgne ez al., 2005) .Si/Fe/N 2% %€ [ i 2 A
348 (Georg et al., 2007 ; Polyakov, 2009; Shahar et
al., 2009; Lietal., 2016b; Dalou ez al., 2019) ,ff i
AR 1T AR R AR 2R (Keppler, 19965
Manning, 2004 ; Kessel ez al., 2005) P J—$850 % 1y
R 1 R b 3R U k) AR 55 (Wood et al., 20065 Li ez
al., 2016a; Yang et al., 2016; Armstrong et al., 2019;
Keppler and Golabek, 2019). {HAI G TARIRA R GE AL
AN RF T B AN — B AR R a3 — S Bk ROk
W K, 33X A S ] R K Ml BT A o R A B
BTN (L G v 47 38 B8 I8 vh oC 2% 3 7% 4 T L < I
TERRAE, 2021). F5 40, Ml G H6 i 7K — 5 RN A1)
J 4t b (AL A5 RAUR BT P X, B LLSVP ) 2 2# AR 5t
AN TE IR, W Jo 1873 7 A R O 1 Ak 2 S ml R
SENPEME A A EEE AR (Trifune ez al., 2010; Zhang
etal., 2014; Mao and Mao, 2020).
42 #ERSMUMIKEEMG

Bk VEBL KR E M AUAR SR R TEH
Bk A= i B TR R b DL S b 3R R MR R A 4 AR AR T
T4 8 1 A AR L X SR R 43R AT fig 3 EAE
T b 3Rk S, o VRS b BR Y ) B Ak S R B ) 2
PR A 5 5 R g M BRI B B TR R 1
J5T, B ATTAE M 3K A AN [R) it 22 ) DA i 35k P 3 5
EIEE N T2\ B A B S B2 ST N T )
T MR B ) A AR Al AR A B A v R
A SRR S R EAE ] R T R T
520, AR T R K E
A Wy B 19 Y i 5 T A6 (Huppert and Woods, 20025
Saal et al., 2002; Keppler, 2013; Holland and Tu-
rekian, 2014; Wallace ez al., 2015). i@ 1 /= & & &
SEI AR 43 A H BR ) B rh i W AE i A LR
RN, AR PR T FEAE 5T, J2 2 1 SE e M BR Ak A G B R
A [T by R 27 1) T 94 450 48

C A TAERI 4% K 0 16 Hu Bk o &8 /9 fif & ] fig
T8 b 2 R, KT K R b ER P AR A TR % A
] 2 25 A2 4 0 72 W . TR PR A 3 A A A b i
MR Yy HAE 2 52 R B TR R SRR I
17 FH 45 I 1) 52 ) (Kohlstedt ez al., 1996; Yang,
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2012, 2015, 2016; Yang et al., 2014b, 2016; Liu
and Yang, 2020; Jiang et al., 2022; Zhang et al.,
2022) s A T BAKAFTE 008 kR EL 04 b AR 2
A 3% B 52 AR K (Li and Keppler, 20145 Li et al.,
2014; Yoshioka ez al., 2018) ; i F1 & 76 Hb 1 #f: 132 45
W1 B A A7 B8 LT AT DL LA b v g T
fEIE A FERmIREE WA A 5 F A 55
A7 #8 (Keppler ez al., 2003; Shcheka ez al., 2006) ;
K25 I PR AR AR b R T v ) i o AR
A A] W (Beyer ez al., 2012; Shcheka and Keppler,
2012; Roberge et al., 2015). ff vh ¥ 72 & F o £ 4%
o2 X B2 B A R YO R S NI (SR S =B =
JESEB: A0 o 5 R A 5 o3 B DL R b 3k ) 3L R,
R B R A 58 & B, IRF b 7 1) TR 35 1K b P
WK ae 1] e R A R (Liu ez al., 2021). (HE A
AR BR A E— 20 i 4 ) R A A 43 A b sk R Y
TEB A 5 B IR I Al e P10 2R 09 18 7 DA ST P A Y
Yy HAY 22 RN 55 5 T8 .
4.3 TERBUENZHREN

B F A2 60 4 A A BT I 46 %k oK BH AR H Al
BEARFEATIRI LR AT BB 51 T S35 B e R
PR RERHREA IS A AR IREAENZ
A B ZERE 7 BRI KR BRI 1) B St A B R AR
AT —A = & Rk (Taylor, 1982; Shirley and
Fairbridge, 1997; Board and Council, 2012). 17 &
Yy J5T 1 b 3K A 27 28 DA KA OC B AR A T AR, R AT A
B A — D 1 . T AT AR
st AR HROME B2 B K HLAE 9 4 3, S0 06 sk Ak 2 IR R
oAty B2 AR S5 48 20 R AL DL S AT B R A i e A
#7454 H (Syono, 19925 Smith, 1997; Fei and
Bertka, 2005; Mao and Hemley, 2007). 5% 4 #h 3R
b2 F5 i fE T A 2 il B A L R R R
YA AR CRLR 9 440 55 ) o AR 247 R A
J5z (Lb G ot R 43 Be AR AL 26 401 45 ) I8 T e AT A &
A, JF AN T 552 50 A4 Rk 9 S T8 A7 b, . K]
I, TC R A AL ARE i 0 AT DL S S g A 40 T e
5.

PG AT T, 36 28 TR F 2445« (1) et 47
B ) BRGE AR RN A 2 20 A, A 85 R 58 R X K A
AT ) Jo R L R R R AR A 0 118 S 5 ] 2
(Feietal., 2000; Fei and Bertka, 2005);(2) & Jc
T 53 e SR A% 08 4y Sl BRI 29, A Rl R
B X BR L 4 B RO AR B AR TR AR A R Y A

5% (Gaetani and Grove, 1997; Walter ez al., 2000;
Draper et al., 2003; Agee and Draper, 2004; Mc-
Canta et al., 2004; Dygert ez al., 2020) ; (3) 4% % 43
(A0 35 95 & VR 2k o0 2 1Y TR AR A7 AL 7E ) BR K 2
AT A B AR R, AL A5 8 T O 1Y J9r B 6] A% A A
LK H L C .S 1 R A5 Ko 18 A Bk K
S A R B RAT AR I 29 5 (Rubie e al., 2004;
Tsuno and Dasgupta, 2015; Li et al., 2016a;
Yang, 2016; Yang et al., 2016; Keppler and Gola-
bek, 2019; Righter, 2019; Liu and Yang, 2020). &
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