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High-Mg (Mg#>45) andesites (HMA) within cratons attract great attention from geologists. Their origin remains strongly de-
bated. In order to examine and provide direct evidence for previous assumptions about HMA’s genesis inferred from petrolog-
ical and geochemical investigations, we performed reaction experiments between tonalitic melt and mantle olivine on a 
six-anvil apparatus at high-temperature of 1250–1400°C and high-pressure of 2.0–5.0 GPa. Our experiments in this work sim-
ulated the interaction between the tonalitic melt derived from partial melting of eclogitized lower crust foundering into the 
Earth’s mantle and mantle peridotite. The experimental results show that the reacted melts have very similar variations in 
chemical compositions to the HMAs within the North China Craton. Therefore, this interaction is probably an important pro-
cess to generate the HMAs within crations. 
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Andesite, a type of calc-alkaline lava with SiO2 content of 
52 wt%–65 wt%, is widely found in active continental mar-
gins. Andesite has derived its name from its typical occur-
rence in the Andes. One type of andesites with high-Mg 
content is called high-Mg andesite, HMA for short. This 
type of andesites can be found both in convergent plate 
margins and within plates. The HMAs occurring in conver-
gent plate margins such as island arc and active continental 
margin are characterized by relatively low MgO content and 
Mg# (less than 10 wt% and >30, respectively) (Kelemen, 
1995). Previous geochemical (Shimoda et al., 1998; Pearce 
et al., 1992) and experimental (Johnston et al., 1989; Rapp 
et al., 1999) investigations have shown that the interaction 

between hydrous melts and mantle wedge could account for 
their generation. However, the HMAs occurring within 
plates, such as those within the North China Craton (Gao et 
al., 2004; Huang et al., 2007; Wu et al., 2003; Xu et al., 
2006; Yuan et al., 2005; Xu et al., 2008; Wang et al., 2005; 
Zhang et al., 2003; Xiong et al., 2011), have relatively high 
MgO content and Mg# (>45). Detailed petrological and 
geochemical studies have suggested that the original magma 
forming these HMAs is that formed by partial melting of 
eclogitized lower crust foundering into the Earth’s mantle, 
and contaminated by mantle rocks (Gao et al., 2004; Huang 
et al., 2007; Xu et al., 2008); or that formed by partial melt-
ing of lithospheric mantle that has been previously metaso-
matized by adakitic melt derived from subducted crust (Wu 
et al., 2003). 
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In contrast with the plate margin rich in water, the litho-
spheric mantle beneath craton has much lower water content 
(Xie et al., 2005). As water content directly affects and con-
strains the order and P-T ranges of mineral crystallization, 
the results from previous experiments pertaining to the 
origin of HMAs at the conditions corresponding to plate 
margins are not fully applicable to the HMAs within cratons. 
Previous experimental researches on the genesis of HMAs 
within cratons were only reported in Yu et al. (2009) and 
Wang et al. (2010). Yu et al. (2009) performed experiments 
using a basaltic starting melt. Wang et al. (2010) carried out 
reaction experiments between a peridotite and variable an-
desitic melts at a constant pressure (2.0 GPa) and different 
temperatures. However, in the mantle beneath craton, the 
melt derived from partial melting of the delaminating eclo-
gite is generally determinate, and during its upwelling, the 
melt will react with mantle peridotites under varying tem-
perature and pressure conditions. Therefore, it is difficult 
for these researches to provide appropriate solutions for the 
following two issues: (1) How does magma with relatively 
fixed composition evolve into HMA under different tem-
perature and pressure conditions; (2) How do temperatures 
and pressures affect the composition of magma forming 
HMA. In order to completely explore the interaction of an 
andesitic melt with mantle olivine/peridotite at variable 
temperatures and pressures, and to examine previous as-
sumptions about HMA’s genesis inferred from petrological 
and geochemical investigations, we performed reaction ex-
periments between tonalitic melt and mantle olivine under 
high-temperature and high-pressure conditions. 

1  Experimental and analytical methods 

1.1  Starting materials 

Based on the suggestions from Gao et al. (2008, 2009) that 
the magma generated by partial melting of the eclogitized 
lower crust foundering in the Earth’s mantle is tonalitic to 
trondhjemitic or adakitic, a tonalite was chosen as the start-
ing material to prepare melt glass, which was collected from 
Sandouping of Huangling, Hubei, China and kindly pro-
vided by Prof. Zhou Hanwen at China University of Geo-
sciences. Its composition is given in Table 1. The mantle 
olivine was separated from a mantle lherzolite xenolith oc-
curring in the Hannuoba Cenozoic basalt and kindly sup- 

plied by Prof. Xie Hongsen. Its composition is also listed in 
Table 1. The homogeneous tonalitic glass was prepared by 
crushing chips of the tonalite, ultrasonic washing with dis-
tilled water and ethanol, grinding manually in an agate 
mortar to a ~200 mesh powder, melting three times in a 
Fe-saturated Pt crucible at 1500°C and 1atm for an hour, 
and quenching. As shown in Table 1, the tonalitic glass has 
the same chemical composition as the tonalite. The pure 
olivine grains were prepared by crushing of the lherzolite 
xenolith to ~20 mesh separates, handpicking under a binoc-
ular microscope, and ultrasonic washing with deionzied 
water and ethanol. 

1.2  Temperature and pressure conditions 

The temperatures for the reaction experiments in this study 
have been designed at 1250–1400°C by taking into account 
the following aspects: (1) During the Mesozoic, the erup-
tion-time of the HMAs within the North China Craton, the 
temperature at depth of 100 km (corresponding to about 3.0 
GPa) was approximate to 1300–1350°C (Xu, 2001), and the 
temperature fluctuation was about 100°C (Anderson, 2000). 
(2) The upper thermal stability of lherzolite is 1450°C at 3.0 
GPa (Anderson, 2005), which implies that olivine is stable 
as solid below this temperature at 3.0 GPa. (3) The phase 
diagram in Sekine et al. (1982) and the result calculated by 
using the software from the website of Melts at (http:// 
melts.ofm-research.org/Applet/applet_download. html) sug- 
gest that the tonalite we used will be completely melted 
when temperature exceeds 1250°C at 3.0 GPa. By consid-
ering that the melt probably interacts with mantle peridotite 
in a range of depth during its movement, hence we have 
designed the pressures at 2.0–5.0 GPa. The detailed exper-
imental P-T conditions in this paper are shown in Table 2. 

1.3  Experimental procedure 

All the reaction experiments in this paper were performed 
using the JL-3600 six-anvil apparatus equipped at the La-
boratory for High Temperature & High Pressure Study of 
the Earth’s Interior, Institute of Geochemistry, Chinese 
Academy of Sciences. The starting materials, tonalitic glass 
powder and olivine, were loaded in a Pt capsule with 6 mm 
in inner diameter and 6 mm long using an interbedded man- 

Table 1  Chemical compositions (wt%) of the starting materialsa) 

 SiO2 TiO2 Al2O3 FeO MnO MgO CaO Na2O K2O P2O5 Total Mg# 

Tonalite 64.09 0.46 17.54 4.61 0.11 2.83 4.62 4.14 1.40 0.18 100.00 52 

Tonalitic glass 64.76 0.46 17.29 4.70 0.12 2.79 4.39 3.88 1.44 0.17 100.00 51 

Olivine 42.24 0.02 0.28 8.64 0.19 48.71 0.00 0.00 0.00 0.00 100.08 91 

a) The data of the tonalite and tonalitic glass are recalculated to 100 wt% anhydrous from primary XRF results. The losses on ignition for the tonalite and 
tonalitic glass are 2.05 wt% and 1.75 wt%, respectively; and the total iron was expressed as FeO. The data of the mantle olivine are from Gong et al. (2011). 
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Table 2  Experimental conditions and phase assemblages of the run productsa) 

Run No. Temperature (°C) Pressure (GPa) Duration (h) Phase assemblage 

DD-03 1250 3.0 72 Ol+Gl+Opx+Grt+Cpx 

DD-02 1300 3.0 72 Ol+Gl+Opx+Grt 

DD-04 1350 3.0 72 Ol+Gl+Opx 

DD-05 1400 3.0 72 Ol+Gl+Opx 

DD-06 1350 2.0 58 Ol+Gl+Opx 

DD-04 1350 3.0 72 Ol+Gl+Opx 

DD-07 1350 4.0 46 Ol+Gl+Opx 

DD-08 1350 5.0 72 Ol+Gl+Opx+Grt 

a) Phase abbreviation: Ol=olivine, Gl=melt, Opx=orthopyroxene, Grt=garnet Cpx=clinopyxene. Note that the first two phases are the reacted starting 
materials, and the last three are the newly formed and constituent minerals in reaction rims. 

 

Figure 1  Sketch map showing the sample assemblage for the experi-
ments in this study. 

ner, which was constructed by three glass layers and two 
olivine ones. The loaded capsule was filled in a thin-walled 
(1 mm) Al2O3 sleeve, and these two parts then were placed 
in a graphite heater, which was plugged by calcined pyro-
phyllite cylinder at both ends. The detailed sample assem-
blage for the experiments is shown in Figure 1. Based on 
the weights of the starting materials loaded in the capsule, 
the proportion of melt relative to olivine in each run was 
determined and controlled in the range of 0.8:1 to 1:1, 
suggesting that the starting composition was approximately 
consistent in each run. The above-mentioned proportions 
resulted in the experiments oversaturated with olivine, and 
the reaction rims preserved facilely and observed clearly. 
The temperature was measured and controlled using 
PtRh6-PtRh30 thermocouples, and accurate to 5°C. Ac-
cording to the long-term monitoring results from Zhu 
Chengming on the six-anvil apparatus (Fu et al., 1985), the 
temperature gradient in the sample chamber of this study is 
about 6°C. The pressure was accurate to 0.3 GPa. In a 
single run, the pressure was first raised to the desired value, 
and then the temperature was increased to the desired value 
by three steps. Finally, the experiment was held at the de-
sired temperature and pressure conditions. After the de-
signed duration, the experimental charge was quenched by 
turning power off, and then the run product was removed 
carefully from the capsule and mounted in epoxy, which 
was polished for observation and electron microprobe anal-
ysis. 

1.4  Sample analysis 

The chemical compositions of the tonalite and its glass were 
analyzed on an Axios (PW4400) X-ray fluorescence (XRF) 
spectrometer at the State Key Laboratory of Ore Deposit 
Geochemistry, Institute of Geochemistry, Chinese Academy 
of Sciences. The results are listed in Table 1. The chemical 
compositions of the run products were determined on a 
JOEL JXA-8100 electron microprobe at the State Key La-
boratory for Mineral Deposits Research, Nanjing University. 
The accelerating potential was 15 kV. The standard samples 
used were from the U.S. National Bureau of Standards, and 
the relative error does not exceed 3%. The detailed proce-
dure can be referred to Zhang et al. (2011), The results are 
listed in Table 3. 

2  Experimental results 

The phase assemblages of the run products are listed in Ta-
ble 2, and the representative backscattered electron (BSE) 
images are shown in Figure 2. The results display that or-
thopyroxene (Opx) is the primary mineral newly formed 
and occurring around olivine in all reaction experiments in 
this study (Figure 2). Garnet (Grt) is favorably developed at 
relatively lower temperature and higher pressure conditions, 
and it occurs close to Opx (Figure 2(a), (b) and (d)). Clino-
pyroxene (Cpx) is formed only at 3.0 GPa and 1250°C, and 
occurs at the outmost side of the reaction rim and close to 
the melt (Figure 2(a)). Together with formation of the new 
minerals, the chemical compositions of the starting materi-
als have also been changed to some extent. 

2.1  Compositional variation in starting materials 

The chemical composition of the starting melt has been 
modified after the reaction. With increasing temperatures, 
MgO contents of the reacted melts are increased and have a 
positively linear relationship with temperature (Figure 3(g)), 
whereas SiO2, Al2O3, and K2O contents in the reacted melt 
are linearly decreased (Figure 3(e), (f), and (h)). The influ-
ence of pressure on the chemical composition of the reacted 
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Table 3  Chemical compositions (wt%) of the run productsa) 

Reacted melt 

Pressure (GPa) 2.0 3.0 4.0 5.0 3.0 3.0 3.0 3.0 

Temperature (°C) 1350 1350 1350 1350 1250 1300 1350 1400 

Analysis spot 5 7 8 5 7 6 7 5 

SiO2 60.34(0.26) 65.76(1.99) 66.30(1.27) 66.21(0.88) 71.02(0.89) 69.60(0.93) 65.76(1.99) 62.13(1.77) 

TiO2 0.38(0.02) 0.40(0.05) 0.38(0.04) 0.39(0.04) 0.48(0.02) 0.43(0.03) 0.40(0.05) 0.39(0.02) 

Al2O3 15.95(0.19) 17.00(0.41) 16.55(0.67) 17.12(0.26) 18.53(0.21) 17.86(0.48) 17.00(0.41) 15.54(0.37) 

FeO 5.92(0.08) 0.17(0.03) 0.20(0.04) 0.17(0.05) 0.83(0.1) 0.33(0.08) 0.17(0.03) 2.67(0.13) 

MnO 0.14(0.02) 0.08(0.02) 0.05(0.02) 0.08(0.02) 0.06(0.03) 0.05(0.02) 0.08(0.02) 0.12(0.03) 

MgO 9.75(0.29) 8.71(1.47) 8.83(0.45) 7.92(0.81) 1.66(0.07) 3.93(0.77) 8.71(1.47) 11.94(0.71) 

CaO 4.28(0.07) 4.39(0.43) 4.52(0.08) 4.56(0.08) 4.08(0.06) 4.71(0.08) 4.39(0.43) 4.52(0.09) 

Na2O 2.32(0.17) 1.53(0.56) 2.18(0.37) 2.04(0.05) 1.61(0.16) 1.72(0.16) 1.53(0.56) 1.44(0.65) 

K2O 1.10(0.03) 1.03(0.19) 1.10(0.22) 0.94(0.22) 1.67(0.05) 1.35(0.07) 1.03(0.19) 0.91(0.06) 

P2O5 0.15(0.02) 0.18(0.02) 0.17 (0.02) 0.18(0.02) 0.22(0.03) 0.20(0.02) 0.18(0.02) 0.17(0.01) 

Total 100.39(0.29) 99.28(0.61) 100.28(0.98) 99.64(0.36) 100.17(0.81) 100.19(0.70) 99.28(0.61) 99.90(1.04) 

Reacted olivine 

Pressure (GPa) 2.0 3.0 4.0 5.0 3.0 3.0 3.0 3.0 

Temperature (°C) 1350 1350 1350 1350 1250 1300 1350 1400 

Analysis number 5 7 10 7 5 3 7 5 

SiO2 40.88(0.34) 40.52(0.47) 41.06(1.22) 39.90(1.87) 40.17(0.18) 40.49(0.61) 40.52(0.47) 39.91(1.46) 

FeO 9.48(0.23) 10.39(0.72) 10.35(0.36) 10.46(0.53) 11.16(0.12) 10.87(0.35) 10.39(0.72) 9.55(0.17) 

MnO 0.13(0.02) 0.15(0.04) 0.13(0.02) 0.12(0.03) 0.13(0.02) 0.14(0.02) 0.15(0.04) 0.12(0.03) 

MgO 48.41(1.03) 48.33(0.68) 48.13(1.42) 48.82(0.68) 47.69(1.11) 48.40(0.73) 48.33(0.68) 49.63(0.69) 

CaO 0.04(0.01) 0.03(0.02) 0.05(0.01) 0.01(0.02) 0.02(0.01) 0.02(0.01) 0.03(0.02) 0.02(0.01) 

NiO 0.41(0.03) 0.38(0.02) 0.34(0.05) 0.40(0.06) 0.37(0.02) 0.40 (0.02) 0.38(0.02) 0.49(0.03) 

Total 99.36(0.08) 99.80(0.62) 100.05(0.48) 99.71(1.27) 99.54(1.11) 100.31(0.92) 99.80(0.62) 99.72(0.82) 

Mg# 90(0) 89(0) 89(1) 89(0) 88(0) 89(0) 89(0) 90(1) 

Orthopyroxene 

Pressure (GPa) 2.0 3.0 4.0 5.0 3.0 3.0 3.0 3.0 

Temperature (°C) 1350 1350 1350 1350 1250 1300 1350 1400 

Analysis spot 5 4 4 4 2 3 4 4 

SiO2 55.11(1.17) 57.60(0.43) 57.92(0.58) 58.02(0.45) 55.42(0.14) 56.74(0.79) 57.60(0.43) 56.69(1.44) 
TiO2 0.06(0.03) 0.06(0.03) 0.04(0.04) 0.05(0.05) 0.23(0.04) 0.08(0.08) 0.06(0.03) 0.03(0.02) 
Al2O3 3.84(0.34) 3.73(0.71) 5.36(0.92) 2.09(0.29) 2.70(0.93) 3.54(1.60) 3.73(0.71) 2.81(0.28) 
FeO 6.20(0.80) 1.65(2.01) 0.97(0.53) 4.48(1.34) 7.86(0.66) 3.24(1.96) 1.65(2.01) 4.90(0.36) 
MnO 0.15(0.03) 0.15(0.02) 0.11(0.02) 0.12(0.03) 0.15(0.04) 0.12(0.06) 0.15(0.02) 0.10(0.03) 
MgO 33.71(0.73) 35.23(0.36) 33.83(0.36) 34.07(0.03) 31.87(1.00) 34.38(1.61) 35.23(0.36) 34.23(0.94) 
CaO 0.52(0.11) 0.61(0.26) 0.91(0.10) 0.25(0.54) 0.63(0.04) 0.64(0.21) 0.61(0.26) 0.39(0.28) 
Na2O 0.10(0.05) 0.21(0.09) 0.41(0.03) 0.11(0.20) 0.08(0.05) 0.12(0.06) 0.21(0.09) 0.15(0.09) 
NiO 0.17(0.02) 0.06(0.06) 0.04(0.04) 0.16 (0.01) 0.17(0.04) 0.11(0.03) 0.06(0.06) 0.13(0.03) 

Cr2O3 0.12(0.08) 0.16(0.06) 0.07(0.03) 0.04(0.02) 0.02(0.02) 0.06(0.04) 0.16(0.06) 0.13(0.10) 
Total 99.97(0.59) 99.45(0.68) 99.67(0.59) 99.37(0.84) 99.11(1.43) 99.03(1.29) 99.45(0.68) 99.54(0.29) 
En 91 97 98 93 88 95 97 93 

 Clinopyxene   Garnet   
Pressure (GPa) 3.0   5.0 3.0 3.0    

Temperature (°C) 1250   1350 1250 1300    
Analysis spot 4   7 7 3    

SiO2 51.86(0.37)  40.59(0.71) 40.83(1.15) 40.71(0.07)    
TiO2 0.54(0.05)  0.12(0.03) 0.39(0.05) 0.25(0.07)    
Al2O3 17.72(0.16)  25.98(0.55) 24.48(0.44) 25.23(0.07)    
FeO 4.41(1.64)  3.55(0.62) 8.98(2.25) 6.27(0.10)    
MnO 0.15(0.03)  0.33(0.06) 0.49(0.05) 0.41(0.02)    
MgO 8.28(0.59)  25.04(2.17) 18.50(2.50) 21.77(1.00)    
CaO 13.22(1.31)  2.89(0.53) 6.27(1.46) 4.58(0.11)    
Na2O 3.84 (0.24)  0.04 (0.02) 0.07(0.02) 0.06(0.02)    
Cr2O3 0.12(0.07)  0.41(0.10) 0.20(0.09) 0.31(0.04)    
Total 100.23(0.39)  99.00(0.68) 100.34(0.67) 99.66(1.04)    

Component Wo47En41Fs12 Pyr 85 65 76    

a) Listed here are the averages of analysis spots, and the numbers in brackets refer to standard deviation: Mg#=molar 100×Mg/(Mg+Fe); En represents 
the percentage of enstatite component in orthopyroxene, and Pyr the percentage of pyrope component in garnet. 
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Figure 2  Representative BSE images of run products. The images display three types of reaction rim at the outside margin of the reacted olivine. From the 
order that newly formed minerals occur off the olivine, the reaction rims can be defined (Opx+Grt+Cpx)-type, (Opx+Grt)-type, and Opx-type. The first one 
only occurs at (1250°C, 3.0 GPa), the second one at (1300°C, 3.0 GPa) and (1350°C, 5.0 GPa), and the last one at any other conditions. 

melt is not clear, and the compositional variations resulted 
from change in pressure are generally far less than from that 
in temperature. In all experiments, the reacted melts have 
higher Mg# (=molar 100Mg/(Mg+Fe)) than that of the 
starting tonalite, and their CaO contents are in the range of 
4.08 wt%–4.71 wt% (Table 3) and with an average of   
4.44 wt% very close to those of the starting tonalite and its 
glass (Table 1). Compared with the reacted melts, which 
have relatively complicated variations in chemical composi-
tion, the reacted olivines have almost the same chemical 
compositions (Table 3) as the starting one (Table 1). 

2.2  Chemical compositions of newly formed minerals 

The orthopyroxenes occurring in all run products are 
Mg-rich enstatites defined by their compositions (Table 3). 
Their FeO contents, less than 10 wt%, and Mg# values are 
slightly different among runs. The garnets consist predomi-
nantly of pyrope component (Table 3). Their chemical 
compositions are not apparently affected by pressure, but 
primarily constrained by temperature. With increasing tem-
perature, the FeO and CaO contents in the garnets decreased 
but MgO content increased. The clinopyroxene occurring 
only at 1250°C and 3.0 GPa is diopside as shown in Table 
3. 

3  Discussion 

3.1  Reaction mechanism and equilibrium 

In general, mechanisms of reactions between melt and solid 
mineral are involved principally in two processes: diffusion 
and dissolution-crystallization. Diffusion is element migra-
tion driven by chemical potential gradient due to concentra-
tion differences of elements between melt and mineral 
(Liang, 2010). Dissolution-crystallization is a sequential 
process. At first, solid mineral partially melts due to erosion 
by hot magma. The resulting melt then mixes with the hot 
magma and locally forms a mixed melt in which some 
components become oversaturated. Finally the mixing melt 
crystallizes new mineral(s) corresponding to the oversatu-
rated components. 

Diffusion has certainly occurred in our reaction experi-
ments. The reacted melt with homogeneous composition in 
each experiment is attributed mainly to this process. How-
ever, diffusion is not the only and primary mechanism con-
trolling the whole reaction process. As shown in Table 3, 
with temperature increased from 1250°C to 1400°C, the 
MgO contents in the reacted melts increased from 1.66 wt% 
to 11.94 wt%. When the starting melt is chosen as a refer-
ence, from the principle of diffusion, the increasing MgO 
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Figure 3  Compositional variations of the reacted melts. Shown in (a)–(d) are those at 1350°C with increasing pressures, and in (e) to (h) at 3.0 GPa with 
increasing temperatures. The starting tonalitic melt is shown as square. 

contents in the reacted melt with increasing temperature 
suggest that more Mg from the olivine should have migrat-
ed into the melt correspondingly with decreasing MgO con-
tents in the reacted olivines. However, the reacted olivines 
have almost no apparently compositional variation (Table 3). 
The diffusion is therefore not the primary mechanism in our 
reaction experiments. Then the other mechanism, dissolu-
tion-crystallization, is the crucial one. With temperature 
increased, more dissolved olivine contributes to the melt, 
resulting in that the melt has higher MgO content, and that 
the total mass of the melt is increased. Consequently, the 
SiO2, Al2O3, and K2O contents in the melts are relatively 
decreased due to dilution. As Al2O3 and K2O are only rich 
in the starting melt in our experiments (Table 1), these two 
oxides in the reacted melts can be used to monitor the mass 
variations in the melts. With a continuous contribution from 
the dissolved olivine, the melts are continually modified. 
Once some components in the melt are oversaturated, new 
minerals corresponding to these components crystallize 
around olivine. In our experiments, the first crystallizing 
mineral is Opx. Its crystallization has prevented olivine 
from further dissolution. Other minerals such as Grt and 
Cpx likely crystallize after Opx when related components to 
these two minerals are oversaturated. (Opx+Grt+Cpx)-type 

(Figure 2(a)) or (Opx+Grt)-type (Figure 2(b) and (d)) reac-
tion rims are therefore developed. If no other minerals 
formed after Opx, then the reaction rim is Opx-type (Figure 
2(c)). From the above discussion, although both diffusion 
and dissolution-crystallization have contributed to the ex-
perimental results in this study, the latter has mainly con-
trolled the chemical compositions in the reacted melts and 
olivines, and the mineral assemblages in the reaction rims 
and the chemical compositions of the newly formed miner-
als. Dissolution-crystallization should thus be the dominate 
mechanism for the reaction experiments studied. 

In regard to equilibrium in our experiments, we consider 
that local equilibriums have achieved between the reaction 
rims and the melts or the olivines. According to the clino-
pyroxene thermometer in Xu (1993), we can estimate the 
temperature of the experiment with Cpx. The estimated re-
sult is 1254°C, quite in agreement with the desired temper-
ature of 1250°C within error, suggesting that the equilibri-
um in this experiment has achieved. It is well known that 
reaction rate is positively dependent of temperature, and 
reaction equilibrium approaches facilely at higher tempera-
ture than lower one. As 1250°C is the lowest temperature 
desired in our experiments, then other experiments should 
also have approached equilibrium. The homogeneous re-
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acted melt and olivine in each experiment also indicate that 
equilibrium has been achieved. 

3.2  Comparison with previous experiments 

In our experiments as shown in Table 2, the assemblages of 
the newly formed minerals in the reaction rims are orderly 
developed as follows: (1) Opx+Grt+Cpx (1250°C), 
Opx+Grt (1300°C), and Opx (1350°C and 1400°C) with 
temperature increased at 3.0 GPa, and (2) Opx (2.0; 3.0; 4.0 
GPa) and Opx+Grt (5.0 GPa) with pressure increased at 
1350°C. These results are similar to the mineral assemblage 
variations reported by Sekine et al. (1982) in a perido-
tite-dominate system, which the peridotite mass is more 
than 80% of the total. The difference between our results 
and those in Sekine et al. (1982) is that there is phlogopite 
in the low temperature field due to lower temperature and 
the water-bearing starting material in their experiments. 
Compared with the experimental results in Wang et al. 
(2010), the similarity is that orthopyroxenes have developed 
as the primary mineral around olivines in all experiments. 
The difference is that there is a large amount of clinopy-
roxenes in their experiments, but only has developed at 
1250°C and 3.0 GPa (run DD-03) among ours. This differ-
ence is probably attributed to CaO contents in the starting 
melts. The CaO contents in the starting materials used by 
Wang et al. (2010) are 8 wt%–12 wt%, but it is only 4.59 
wt% in our experiments. High CaO content in the starting 
material is beneficial to forming Ca-rich clinopyroxene 
(Wang et al., 2010). In addition, the compositional varia-
tions of the reacted melts in our run products compared with 
the starting melt we used are mainly obvious increases in 
MgO contents and Mg# values, which is consistent with 
those in previous peridotite- or olivine-bearing experiments 
(Johnston et al., 1989; Rapp et al., 1999; Yu et al., 2009; 
Wang et al., 2010; Sekine et al., 1982). 

There is a possible Fe loss due to direct contact of the 
starting melts with Pt-capsules in our experiments. From the 
study of Grove (1981) and our unpublished results of the 
experiments between the tonalitic melt and mantle perido-
tite under the same conditions but no direct contact of the 
starting melt with Pt-capsules, the estimated Mg# values in 
the reacted melts in this study are likely around 80, and the 
Mg# values of the newly formed Opx are about 90–92. 
However, the Mg# values in the olivines are independent of 
the possible Fe loss. 

3.3  Genesis of HMAs within cratons 

The major-element compositions of the typical HMAs oc-
curring in several places within the North China Craton 
(Gao et al., 2004; Huang et al., 2007; Wu et al., 2003; Xu et 
al., 2006; Yuan et al., 2005) display that their MgO and 
SiO2 contents are negatively correlated (Figure 4). Com-
pared to the starting melt, the reacted melts reported in this 

 

Figure 4  Comparison of MgO versus SiO2 plots between the HMAs 
within the North China Craton. Data from references (Gao et al., 2004; 
Huang et al., 2007; Wu et al., 2003; Xu et al., 2006; Yuan et al., 2005) and 
the reacted melts in this study (data listed in Table 3). The plots of MgO 
versus SiO2 for the reacted melts define a negative variation trend in 
agreement with that for the HMAs. 

paper have increasing MgO contents and similarly negative 
MgO versus SiO2 correlation (Figure 4). This similarity 
implies that the HMAs may have also experienced reactions 
between andesitic melt and olivine during their formation. 
The reacted melts with garnets in some experiments are 
possibly depleted in heavy rare earth elements and Y, which 
is applicable to explaining the origin of the high-Mg ada-
kites within the North China Craton reported by Zhang et al. 
(2001) and Gao et al. (2004). Furthermore, the experimental 
results in this paper are in agreement with those reported by 
Liu et al. (2005) from case study, which is that orthopyrox-
ene contents increase with olivine decreasing during the 
reactions between melts and mantle peridotites. In summary, 
from cross confirmation by experimental results and geo-
logical facts, we suggest that the reaction between andesitic 
melts and mantle olivines/perdotites is probably an im-
portant process to generate the HMAs within cratons. 

4  Conclusions 

(1) The mechanisms of the reaction between the tonalitic 
melt and mantle olivine are element diffusion and dissolu-
tion of the olivine followed by crystallization of new miner-
als, and the dissolution-crystallization process is the domi-
nant mechanism during the reaction studied. 

(2) After the reaction between the tonalitic melt and 
mantle olivine, the reacted melt has increased MgO content 
and Mg# value, whereas the reacted olivine has nearly the 
same composition as that of the starting one. 

(3) The magma forming the HMAs within cratons can be 
generated through the reaction between the melt derived 
from partial melting of foundering lower crust into the 
Earth’s mantle and mantle olivine. 
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