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High-temperature and high-pressure experiments reveal the melting behavior of serpentinites in subduction zone
and the genesis of high-Mg magmas
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Abstract: Recent studies have identified serpentinite components in arc magmas, suggesting that subducted serpentinites contribute not only
fluids to the mantle wedge but also participate in arc magma formation through partial melting. However, the melting behavior of serpentinites
in the mantle wedge and their role in the material cycle of subduction zones remain underexplored. We selected three types of serpentinites:
natural serpentinites altered from harzburgite (SE2) and lherzolite (SE3), and synthetic serpentinite (SEQ) containing talc. Experiments were
conducted under 700~ 1300°C and 4 GPa, to constrain the melting temperature of serpentinites and analyze the composition of the melts.
Results show that the solidi among different serpentinite types vary greatly from each other. The solidi of SE3, SEQ, and SE2 are between
900~960°C, 960~ 1100°C, and 1150~ 1200°C, respectively. These solidi are higher than the surface temperatures of subducting slab, thus
requiring serpentinites diapir into the mantle wedge to melt. Therefore, SE2 and SEQ serpentinites can melt at the bottom of the mantle wedge
under relatively lower temperature conditions (960~ 1100°C), producing komatiitic magmas, whereas in the overlying mantle wedge, SE2
serpentinite undergo more extensive and higher degrees of partial melting at higher temperature conditions (> 1200°C), generating boninitic
magmas.
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Table 1 The initial components of serpentinite %
ES o SE2 SE3 SEQ
SiO, 39.92 39.05 42.00
TiO, <<0.01 <0.01 <<0.01
Al,O4 0.61 3.40 3.24
FeO" 9.05 9.02 8.59
MnO 0.12 0.17 0.16
MgO 33.62 33.00 31.43
CaO 0.40 2.38 2.27
Na,O 0.35 0.16 0.15
K,0 0.03 0.02 0.02
LOI 15.20 12.60 12.00
Bt 99.44 99.92 100.12
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Fig.1 Backscatter electron images of the natural serpentinite
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Fig.2 Backscatter electron images of representative experimental run products

The red dashed line represents the boundary between the residual minerals and the melt pool, the green dashed line encircles the melt phase; Figure 2b and 2c,

as well as 2h and 2i, each respectively display the results of the same experiment.
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Table 2 Experiment conditions and mass balance calculation
AHEE /%
B R/ J£1/GPa It /b z
(e)] Opx Cpx Sp Grt Chl Melt

SE2-1 700 4 48 57.6 41.9 * 0.5 0.30
SE2-2 960 4 50 48.0 513 0.1 0.21
SE2-3 1100 4 14 50.7 49.1 0.2 0.31
SE2-4 1150 4 15 45.7 54.2 0.1 0.25
SE2-5 1200 4 17 nd nd nd nd
SE2-6 1300 4 23 55.6 44.4 0.63
SE3-1 700 4 67 59.6 18.4 3.7 18.3 * 0.08
SE3-2 900 4 57 57.9 17.7 7.1 17.4 0.10
SE3-3 960 4 47 55.2 23.6 8.7 12.5 0.04
SE3-4 1100 4 15 54.5 17.3 3.8 24.4 0.07
SE3-5 1150 4 14 48.6 239 27.5 0.06
SE3-6 1200 4 14 54.0 16.8 * 29.1 0.05
SEQ-1 960 4 50 33.0 45.4 5.6 16.0 0.04
SEQ-2 1100 4 17 335 43.4 54 17.7 0.03
SEQ-3 1150 4 38 nd nd nd nd nd
SEQ-4 1200 4 17 31.2 38.5 30.3 0.03

e IPRETIRENP A R T REPHE U E LSRR KA ndfOR T TiEEEAT BB HH S Ol A, Opx-RTHEH, Cpx-H4t
WA, Sp-Reénfi, Grt-FAiflTH, Chl-ZRJefi, Melt-JFik.
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Fig.3 Variation in mineral phase proportion with temperature for SE3 (a) and SEQ (b) experiments
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1300°C, #514K Si0, (49.37%~56.74%) . MgO (27.30%~

Gro

¢ SE3

05 o3SEQ

0.3

0.3

960 °C
1100 °C

1150 °C
1100 °C

129 Il 10%, 7B HHELET 69 LL BN 68% I % 78%. ey o
24 BIER 4 K4 FRTA R =K
Gro-iG 4/ A, Alm-ER B A, Pyr-BEFRM A
TE AE 5 60 HORE =T A L 2R 43 S8 5 Fig4 Ternary composition diagram of garnet
He PO, 203t B B ORI IE LY — A 19 ek (o Grossular; Alm: Almandine; Pyr: Pyzape,
R3I IBEER
Table 3 Melt compositions %
FETR SE3-3 SE3-4 SE3-5 SE3-6 SEQ-2 SEQ-4 SE2-5 SE2-6
Si0, 49.26(2.06) 46.83(1.00) 45.90(1.58) 47.10(1.01) 50.48(1.56) 43.32(1.76) 49.51(0.43) 57.05(0.52)
TiO, 0.29(0.14) 0.25(0.11) 0.19(0.14) 0.23(0.13) 0.40(0.13) 0.25(0.16) 0.14(0.08) 0.02(0.00)
AlLO; 15.95(2.11) 11.79(1.19) 13.04(2.14) 12.33(1.85) 12.43(0.60) 10.10(0.97) 8.68(0.32) 3.39(0.23)
FeO 9.64(0.69) 12.57(0.55) 12.95(0.71) 12.43(0.61) 9.05(0.89) 13.57(1.36) 10.24(0.65) 7.77(0.34)
MnO 0.18(0.11) 0.30(0.16) 0.21(0.12) 0.24(0.15) 0.09(0.09) 0.28(0.20) 0.36(0.16) 0.10(0.05)
MgO 19.65(1.71) 20.71(0.93) 22.76(1.80) 20.63(1.80) 25.29(1.23) 24.19(1.26) 28.02(1.05) 29.34(0.54)
Ca0 4.16(2.29) 7.00(0.99) 4.18(1.50) 6.50(1.78) 1.88(1.38) 7.79(1.79) 1.71(0.14) 0.87(0.15)
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Fig.5 The Pearce major element classification diagram

Data presented here are cited from the references [49-51].
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Fig.6 Phase assemblage diagram (a) and high temperature and high pressure experimental phase diagram (b) under subduction zone

conditions

In (b), the solid symbols represent dehydrate experiments, while the hollow symbols represent experiments where melt is present. The solid lines represent the

complete decomposition curve of antigorite (Atg) and chlorite (Chl). The black thick solid lines represent the solidus of Iherzolite peridotite from previous

experiments. T12 data from reference [50], G73 data from reference [58], K68 data from reference [62]. The red dashed line and blue dashed line represent the

slab temperature of hot and warm subduction, respectively, based on data from reference [63]. The grey thick solid line represent the temperature-pressure path

of diapir at subarc, data form reference [51].
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Fig.7 Diagram of melting degree vs temperature (a) and isobaric melt production rate vs temperature (b)
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reference[51].

GO S I WA, AR AN UL R il 14 25 P 0 A £ 7
Iyt 5 308 114 T 3 11 T 5 (0.05~0.15%/°C), HAR KT
Bl 5 A BF 5T (0.07~0.12%/°C) AR AL, 4K 1M 41 A H
S AR B H X R TE W) IR W S A R K
BRI BT, R ot 7 A R B X ) LA B ey ) 5 T M
AR Az 7 8, DT 4 A BE o R 18 B O3 J5 il

3.4 BRI A
HFRIE YA 22 4 25 57, i sUA HA A A

T P A Bda s =, Forf, SE2 ie 8UH B
WA CaO. ALO; & i, /KIS MR A0 4 Ry B
L RO KRGO . I, YEE B Al
A5 30 SE2 U 8 B AT e e 1) [ AE 2R B, {UAE
1200°C B LA 1 B S 56 v UL B A4, 2R & A7 AH 78 1
PRI BLETH R o Bl TR A T, AR Si0, % Tt
, AR A At — S 5. ARG Rl
N5 W AH B oy A AR Ak, T M A
1200°C B 19 52 = (R =X 1), ol £ . &5 A



166 YRR M J5 5 56 D0 20 b TR

2024 4F 4 A

IR it A1 VE R B 2R UREAAR , 2 il A 5 il S o
e

Ol + Opx + Sp = Melt (1)

SE3 M40 1Y CaO. ALO, & B, /K1
FEFRRT Y M R A SRR A A
WF Ao BEE R TR, ERTE 960°C B B, B
R A FIA R A A 53 37 960°C AT 1150°C B3
o MR TR, R B 900°C TR 2 960°C,
PR A FE IS, WIS A RN AR A EBR A A T L
BV /NN, A7 W A RV U B LB, & A I
M (R 2); U BE FE 960°C FFE5 2 1100°C B, 45 4
B A B MO L AR A R AR T B S [
il Rz = 3):

0.201 + 0.6Cpx + 0.7Grt = 0.50px + IMelt ~ (2)

0.101 + 0.50px + 0.4Grt = 1 Melt 3)

SEQ Z 41| SZH7E 1100°C i H B0 IH i Ay s 4 21
53, FRRDVEA R R A AH 4 BIHE 1100°C i 1200°C
B2 . A HF SE3 S5, SEQ S 56 HL A B Ry i) [
ML, PR A MAam o A EmmaeiRE.
MR ot 1 o A7 55, REE B 960°C TR & 1200°C
i, SEQ 2H 4 il 5z i AL F S g =X 2 im e B =X 3, i
Wi BT MEA L RN A R R T A VR RN
Y, K5 VA AH S E— 1 2B 1 -
0.101 + 0.20px + 0.2Cpx + 0.5Grt = IMelt  (4)

3.5 HIHAYE B FNIR B XS B 53 B R 0

HR 4 Pearce 45 1K 1 43 53 25 B i (18] 5), 45 6 Tl
B SR & I, 1E 3~6 GPa BYJE J1 5140 F, #b
3 225 8 0 7 A T 9 AR 380 A s e R R 42 I
BB 50, I BAE AR5y Z BIRTIG WAL . 85345
R i 45 R 2R I Sk R s

W46 W) 0T 1) 2H B B e E TSR LAY o TE
ASLEH, SE2 Mg AUA B fe il Ca. AL i, H
J 2k 7 WEAONE 4, TT SE3 i 805 1Y Ji kg — WA
Wi, SCEb 4R oK, SE2 b SE3 SR i 4y BA T
1 1Y Si0, I AIG Y CaO. ALO; i, MRIEE 51
Gy AL, SE2 SIS R Ol B 2 5, T SE3 S5 4K
R EZCARI DR . L, S0 R[5S B J
MR R I EEE N R 2 — . SEQ ME8UA H
FHIMY S0, I, BRAH W Hh Rk 7 #E A 1 L A7)
B 0 184 o, A A TR 23 s il R B T, L0 R B o3 A
B SE3 HA H S 1Y Sio, & i .

T B L A2 5 M 8 0 R R B A A L 4 B A

FREE R A AR AR b, X PP AL S5 R A &
B AL, SE3 FI SEQ 2H e 50 4 B A — By ik
RO WA, 7 A e A o B AR B AR b
B B A AR BEHS I0, JA4K  Si0,. ALO;. TiO,
F it FEAR, FeO. CaO & it Th (i, M6 14032 i 1) 23 £k 1Y
JymE L. PHILTE SE3 o SEQ LK H, AR HR 4
P25 TR B ) AR 6 0 18] Sa vP A B 22 o I, T s 7
SR TR BE I R VR AR D4R X . SE2 15050
Bl 5 175 R B 0 10, AR T R A S A o e A
4%, KR Si0,. MgO 7 & It 5, ALO5. FeO, CaO
PR, 5 SE3 Al SEQ 414 # A i, A 1) H i
(4 7 1) 386 Ak o

3.6 MgESHMEFSEERME

W 0 A L S 38 AE SF- B 9 TR BE 0 R T A
T (4 GPa) iz 17, J= 4 T A F B 55 48 Jit A Bk 42 o
4 1R B J 1A (MgO>18%), AH % T 80 1 I %
DX, R AT BB AR B A3 vT REAR R T ph s o
e LT 04 DR A A 2 4 B 3 e X LA AR BIE AR 1)
SLZE | Grove 451 TN Sy 1 452 vp 7= A 1) 4% Bl A IR B
A —AHIXE E 1Y FeO'/MgO H.1H (0.5~0.8), 2R i,
A S 7 A I HEAR FeO'/MgO HE (B A A #5641 (0.36~
0.61). —J7 HIJ2& i T 52 50 ik B b A7 76 AS W] okt A 1)
BRERIG, I —J7 1B 1 R FOK B v] g
S B AR Y MgO s N . TR 2 R A
R W BB 2R, TR ) T 2 5 B0 Al 1 5 1)
AL Si0, A1 MgO ., FeO 41438 8", Kawamoto
LB NN AE KT 100 ke R IF, 47 B8 AT R AOS
R A3 L A R AR R A T L R B R T
TR R BN s MO, AN, 76 A 8 A s A 1k &
K I S 08 7 AR I AR T N 2T Si0,. ALOs,
& CaO, MgO*, X i, If ool s e a8 7K A P 5
A FIF 85 K 0 IE B

LA IR I Ml B s BE R A R —,
Ee oY R OIS S NS S 0 A R R U S A DO R A
H R824 (1~2 GPa, 1250~ 1450°C), il # 5 ff
MR IR A OGN Sl Y — TR 5 R I, T 0 b e A
A BB i A7 B 2 T AR B U8 Y, SR T 8% g
PRI T B AT BEAS R B 07 ke 1 1 R 2 2% 14 . Wang
AEUS LI, AE 3 GPa, 1000~ 1150°C #9144 F 7=
AT B TG AR, AT R A TR S RGO8 A BT R
A 1 BEIE R T 1

MRYEAMFFT () SL B0 25 9, SE3 Al SEQ M 804 fir
T B0 Tl UL FBE IR (960~ 1100°C), AR B 38 4 425 i
PR T 8 S0, B it Y E B A, AR B Sa Pk AE



5445 5 2

T YRR X RMAEXFEO T, AT AlER
BT, 2 S BURRA S T MER LR, A
A B4 B U BIRR + o0 R FL 4B =X, B e = A 1
WRIAARR T2 R . SE2 g ar s 7= A8 i M 1A 2
A B SI0, % 1 AR AR AY TiO, & &, 7E &1 5
iR A S v - G e n )R G 7/ BT R 1 R (£
ALO; F i, SE2 RN LI I AL AT T A, If
HISCERIRY) 5 3% A BA AR U B
F IR BB, K, SE2 i 80 1 AN b
JE 8 K B 250 T 5 0 il mT L A B O A T
o B A Rl FE B (> 1200°C)

BF I P25 T ReAE A SR IR A HOE BTN vhaly, B
HIATS A7 AEAR 2 4 BT MR Al 3 i 25 2R & K
B A A I R 2= DR 3% K, Jf H— 2
HHEER T AR S IR A AR A A
PR I AR — B 1 X R IR T 4R R 2 R
H BRGS0, W 7R T R Eh 4 A T R AR ot 1) IR 85
IR, TEABESE H, SE3 il SEQ i 80 (5B 43 1
Al S 6 R o 7 R B R I R T 1A, H ALO;
S e, £ ERIn R AN 2 F Munro I L
A . Munro BB} S 5380 5 BN N K B BA TR
X, HLAT B 3 e s AR (30%~ 50%), I EHLIE Ji
AR XS AR B8, U035 44 B9 iy 3 22 Gorgona & B 5 1
o BT NBIWFFEIN A, Munro 2Rl T 45 5 78 k75 AfF
T Y SRR TR Y, SR AR AIF 9 1Y) S 36 45 SR S R
I B 5 J A 0T DUAE AR ol v e s K AR
H e 40 A B 0 s A i, OB RO BE A X 3R
(<1200°C).

25 b, ARG AR vl o R K 0 A R R T
AN T) 0 025 5 43 05 Rl ™ A T 3 O AR B 4 T
o Z5A TT NIRRT, AT 76 0 SO TR Y i
R, JEE S IO S 0 e BUE TR 5 R AR A
A5 R, AE M S B2 B 960°C~ 1100°C 1 I B S 6l 1Y,
ZRWSCE AR SRS, MHELZ R, AT
ML 25 B e S0 T T IR B (> 1200°C)
L A 5 0 W i, P B 1) B4 b g R B 4 A ),
AR BUA T B — 5 IR 2 T A g AR L R
AT A3 il A % 2 RS AR (1] 8)

(1) A ] 288 R s 50 2 1) [ 4 48 08 B EL A 1A g 22
5o 4 GPa W I 4T, B 7 MEHIONE 5 1ok 2% 1
el SE2 A B B m W FE AR ZR IR B, [BIARE A T
1150~ 1200°C =[] 5 H - REAIORYS 25 ok 28 1 ok 174 g ¢

BAERR, 5K R R« ol 1 S 0 48 7 AR we el g e R Ay s B e R A 167
0 I "
25
50F __-800°C————_______
g — _,_—_—_:::\ ~
SE20ELCH
o ‘K%}Zh;m?
Cobmmmms | HATER
R AR 3
1251 SE3. SEQUEZCH
P FETE R T B A A
150

8 WESUH S5 S BA il R R = A
Fig.8 Schematic diagram of serpentinite participating in the

mantle wedge melting process
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