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A review on the application of volatiles in melt inclusions
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Abstract: Volatiles such as H,0, CO,, F, Cl and S are important components of the mantle. They play vital roles
in the seismic characteristics and conductivity of the mantle, mantle inhomogeneity, mantle rheology, mantle melt-
ing and melt evolution despite their low content in the mantle. Research on volatiles of melt inclusions in minerals
and glass has become a hotspot. Furthermore, the melt inclusion is the best medium to study the composition of the
mantle and magma volatiles by virtue of their unique advantages. The melt inclusion directly captures the compo-
nents in the magma during the formation of the mineral. Due to the presence of the host mineral, the melt inclu-
sions can maintain independent evolution without being affected by the external environment, so that the volatile in-
formation on the magma can be well preserved. At the same time, investigating the volatiles of melt inclusions is the
direct way to obtain the volatile content of magma prior to the magma eruption, so lots of studies of melt inclusions

have been conducted to restore the volatile content before magma eruption. If the modern analytical methods,
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such as scanning electron microscopy, electron microprobes and ion probes, are used to perform detailed petro-

graphic observations on melt inclusions combined with experimental studies to determine the changes after the cap-

ture of the melt inclusions, the melt inclusions would play an important role in the study of the volatile content of

the magma system and source processes. Thus, this paper systematically introduces several important problems on

studying the volatiles in melt inclusions, including the analytical methods, solubility of volatiles in magma, the reli-

ability of volatiles data and the application of volatiles.

Key words: melt inclusions; solubility of volatiles in magma; modern analytical methods; application of volatiles

in melt inclusions
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Fig. 1 Melt inclusions hosted in volcanic phenocrysts Cafter Cannatelli et al. , 2016)
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Fig. 2 The common mechanisms for trapping silicate melt inclusions( after Roedder, 1979)
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Fig. 3 Examples of melt inclusions for different mechanisms Cafter Anderson e al. , 2000; Rapien et al. , 2003; Faure and

Schiano, 2005)
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Fig. 4 Melt inclusions assemblage Cafter Esposito et al. , 2014)
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Table 1 The analytical methods for the volatile compositions of melt inclusions
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2008 ) , {FZ dy - HAE I A, A i, [ Y SIMS X 2%
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AR IE B3 Keppler, 2013); 5341, 2 3 A1 CaO 5 & ( Moore,
il A TR gy N oge 2008 RSN W R IEIN CO, MV MR (K 5a) .
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Fig. 5 CO,(a) and H,0 (b) solubility in different melts at typical magmatic temperatures ( after Wallace et al. , 2015)

3.2 (S JE SR R R (5w o Jr AR B, R AR
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SR IR MR Z I T 2R R, . Ko 25 Fe 4% 4 10 ¥ A 76 iE 18 5 44 7k
J 7 VETR S RO A, i e h B 25 % (Carroll and Webster, 1994). iR E M S, S 1Y
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Fig. 6 The correlation diagram between solubility of sulfur

and oxygen fugacity Cafter Jugo, 2009)
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0%, PR AT RE A AN TR VA B i S A A s b 0 A7
fE(Webster et al. , 1999) . HERR Eh 44544 5 43 7T LA
FHRM CL VIR IR B o A6 Si B, CL ViR
BB FeO ™ S RAYBGINMIBG L wIfEth+ C1 5 Fe
{152 2% 2% 4 ( Pirajno, 2008) 1, {H = %2 52 5 F 45 14
Al/Si F1(Na + K) /Al [f] B /K L ( Metrich and Ruther-
ford, 1992) . BRE2HEAK BT 52 W41, C1 AE 1 1R 6 M
AR TR 55 9 R 1) P 0 S UL BE R K 5 AR OGS

AHEC AR R J F 75 1 R 0 06 4 o (9 96 fft
MAFAETE R AH ST S b B A BF 943 50, F
AR R R A A T 0V e P8 K, i L T 1) 9 i
FEw Al/CAL + SO RERR S 48 b, Xl T F 55 Al
TEREEE W), BN T F [P % B2 ( Carroll and Web-
ster, 1994; Mysen et al. , 2004; Mysen, 2015) .

4 PRI R ARIE o B () Sk

ARYZRGS NP ol ST A A R U R AN TS
FEA A R C 2 A s 0 AN RE AR ) 45 o I Jo) B 1 0
LGy BRI, CO, 5 H,O fEA S b i od e, It
FoE H,0 M BOR BUR K, DRI B A AN 22 32 21030 5

E B3 ( Lowenstern, 1995; Baker, 2008) .

B FA SRR G K L5 A AR T T
A AE 2 RS W5 R 16 B ik, DAL UG A R 25l 2 i 75
TN ) EH EAT PPAL SR A & AR X B AR AR R
ERMEMEAE B RS- E TR A (Co, M
Ba/Nb.H,0 1 Ce.S Al Dy.Cl F1 K) 7£ Z 5 F 4 44 o
AR 43 T 22 280, DRI L 45 R 3 AN T R0 A7 1 &5
EFE et A AR BL 9 Hb 3K A6 2% 4T A ( Michael, 1995
Danyushevsky et al. » 2000; Dixon and Clague, 2001 ;
Saal et al. , 2002) , R iZ 4l & v B k57 J5 #i1E H
%M. CO, 5 Ba/Nb 3 ZUIEAH G H T45 71 CO,
KSR (Hartley et al. , 2014), CO,/Nb 5%
FBALFRARC U MgO 75 18D 2 8] AR DS PR B T iR
AR FEN R RAER . 1T SAN R A
T LN I BT AE J LA 2 LIS 58 B Gaet-
ani et al. , 2012; Bucholz et al. , 2013), & 540 AP~
B F a2 LR R A, U H,0 5 Ce 2 A7 AE A
SIEAH S . A0, AT ROR I ZE R, KA 4
N AR AR TR S R A H Y HIPE( Chen et al.
2013), WA H* 95U SEAELE, WG AR B B AR A8 K
NSIEH,0 ()7 & N AR AE IE A S PE (Chen et al.
2013; Cabral et al. , 2015) o 111 #h 58I G HI X 44
(OF UNEE ANV BUR N TR RN ISPy S
A2 RSy SR AR Cln Sey Nd A 47 %5 K Nb/U L
B, 3 8 4 A0 28 4K i 4 CI/K, 0. H,0/K,0 &
H, 0/ Ce {E A5l B 40 W7, BT 24 b 570 T G 2% B S 389
H,0/K,0 Hl H,0/Ce {f, 1fi %F Cl/K,O {H 5% Wi £ /N
(Cabral et al. , 2015).
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AR A A 3244 ( Metrich and Wallace, 2008), H 4%
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75 <27% ), 1 CO, A1 S W H A H KA 5 .

Esposito 55 (2014 ) 28 3k K 5t 9 X £ 4l 11 4 v 43
st H,OF A1 C1 1) 3 B A e P50 01 R 11%
9% F1 12% , 15 SIMS B #7431 22 — B 17 S
CO, 153 At AN € 1 53 50 4 24 % A1 69% , W]t KT
IUCERI D HTIRZE o DR, ZERIF S0 AR L ZE R A 40 1
IR Sy AT B (R T S . O T A S AR AL K
I3 PR — SO A 90 5 T S 1 — ANk BRAR )
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5.1 ERAERLEAIRE

R CO, H,0 745 e oA M 2k I,y 4 A
T FE . Lowenstern ( 1994 ) 75 fiff 57 47 4 65 44
BEEARE I, E CO, M1 H,O0 B2 K AL H,0
T ERFFEAAN, H CO, FEBWk . H IR
O e A A0, AR AR R 5 A2 2R BT R v R AR DU
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AR LTI R B B il 1k 1

R AT S IS CO, Ml H,0 —Ff
i AUy s0K i U S R (B RN PR N S WSt B S
SRR S & & 5 IR A E W] A, J Ol
50 x 10 ° ~ 150 x 10 °( Luhr, 2001; Métrich et al. ,
2001; Cervantes and Wallace, 2003). KL, 5% I
T LA e e S & &AM ok
N
5.2 MERKERAEERNENES

CO, F1 H,0 7555 5 v (v fift 2 W Sl 2 T g 4%
i, BTz 20 AT EAAH CO, A1 H,0 7R R CE 7O A
S A A S R Bl 3R N R J) ( Erdmann et al.
2016; Venugopal et al. , 2016, 11 #E 545 44 (. 2
AR BRI R BE o Hs Rl 0 3 4 (1) 4l 3K s g m] A
H VolatileCalc & :( Newman and Lowenstern, 2002) 1
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R B fi# B (Wallace et al. , 2015)
Fig. 7 CO, and H, 0 solubility in basaltic melts at 1 200°C

and 100 ~300 MPa ( after Wallace et al. , 2015)

(Botcharnikov et al. , 2005; Moore, 2008) , Kl It Ad &
8 1. 7T BE 2 i o
5.3 WNEREAELZDREHE

K ARATAEAFAEA R T8 3L 53 A AN [) 401
UCRE il TP A L 2 AR ) % 4y % B ( 2 €O,
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P TR IR O3 IR PR B S M BE S

Wallace 55 (1999) 731 T IAAR Je WH e % 3
AN CHIT R0 3 W58 5 1R 4 A 2 J45 A A0 ZE A
by 1 A PR B P 2 0 2T Al 5 AR T 4 A T A
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TR MRVE S R R L R AR 5 18
PR R WS . PRI, ERR PR 5 0 ) 1) J4%
AR, CO, BT, H,0 & A M. M Al
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SYIE ) s HEHE H,0 290 5 SI0, 2 IR 6 2
CE8), v BAZR B 2 b b i R v ¥ s 0 AR Ak I 25
AL o

Blundy and Cashman (2005) 73 #1 T 346 K 11
VA CT 1980 4E5 210 AR A FRBERT Y
HIE AR AL ZE AR 43 . ] VolatileCale %44 ( Newman
and Lowenstern, 2002) 15 T A[F H,0 & 5 Hrxf i

7
~, S
6 F X
5F — FEH
. At
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<
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= Iy
5
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(Blundy and Cashman, 2005)
Fig. 8 Schematic H,0-Si0, plot showing trends anticipated
for different crystallization mechanisms (after Blundy and

Cashman, 2005)



906 A

a vowm

2L, Juy =
[\

E iz oy %38%

IS ), 55 25 0P R s 0 4N AE 6 K
W R FE T, W B AR KT DAE LA H A
T TR T B BRI, %07 9 n] DA T4 7R o
FAOL R IR B ) 4 it
5.5 BRZRERERXKEERREBKBEIR

JK S Mg e v R A K ), B A ML e
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Fig. 9 Water content of source in different tectonic settings Cafter Kelley and Elizabeth, 2009)
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G LA <500 ~3 000
KRG Z 600 ~8 000

Hauri, 2002; Nichols et al. ,

2000; Dixon, 2002; Jacqueline et al. , 2002; Saal et al. , 2002
2002; Wallace et al. , 2002
Kelley et al. , 2010
Kelley et al. , 2006
Liu et al. , 2017
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Hrp, CLEAN—ABEEW AT TR, AR
S8 R R 25 HL A Hb BRAS ] 1) i 2 v 5 & 22 e BE K,
DA 3 & s SR O i 3 AR (1) K U5 ( Barnes et al.
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