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Calorimetric data on heats of fusion of rocks have been very limited. In our investiga-

tion, high-temperature drop calorimetry was performed to measure heats of fusion of mantle
rocks in the system CaO-MgO-Al,03-SiO,. Heats of fusion of natural mantle rocks under high
pressure were estimated by correcting effects of FeO and Na,O components, pressure and tem-
perature on melting enthalpies to the observed heats of fusion. It is suggested that mixing en-
thalpy of silicate melt in the system CaO-MgO-AL03-SiO; is nearly zero by comparing the heats
of fusion determined calorimetrically with those calculated by summing melting enthalpies of

CaAl;SiZOS, CaMgSizos, MgSiO3 and MngiO4.
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Fig.1 Primary melt compositions of mantle rocks in
the system CaO-MgO-Al;0;-SiO; by high-pres-
sure melting experiments. (a) A projection of

melt compositions from diopside ( Di :

CaMgSi20s) apex into anorthite ( An !

CaAl,Si,0s) (Fo . Mg2SiOs) -

quartz (Qz . SiO,) plane in the Di-An-Fo-Qz

tetrahedron, (b) a projection of melt composi-

- forsterite

tions from anorthite apex into Di-Fo-Qz plane.

Netsu Sokutei 23 (4) 1996



Table 1 Compositions of primary melts in the system

Ca0-MgO-AlL,0;-Si0,

=}
%um

1.1GPa*  3GPa® 4GPa®
PMC PMC PMC
Oxide (Wt%)
SiO, 49.1 48.4 49.0
ALO; 19.7 14.7 12.1
MgO 15.7 245 27.8
CaO 15.5 124 11.1
Normative mineralogy (wt%)
An (CaAl,Si,05) 53.7 40.2 33.1
Di (CaMgSi,06) 18.0 16.5 16.9
En (MgSiOs) 22.7 19.9 232
Fo (Mg,SiOy) 5.6 234 26.8

PMC refers to primary melt composition.
a: Data from high-pressure melting experiment'"”.
b : Calculated by using equations '?'.
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The high-temperature calorimeter. Samples and
corundums were dropped from outside of the
calorimeter at room temperature into the sam-
ple chamber at a constant high temperature.
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The drop-type calorimetric detector. The ther-
mopile consists of 28 pairs of thermocouples
connected in series. Junctions of thermocouples
which are represented as solid circles are
arranged symmetrically and are placed alter-
nately between the sample chamber and refer-
ence. The thermocouple placed in the left side
of alumina crucible is used for measurement of
the sample chamber temperature.
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Fig.4 A heat flow change for one sample drop. A heat
flow level after drop of a sample or a corun-
dum was usually slightly lower than that before
drop. Heat contents were obtained by integrat-
ing with time the differences in heat flow be-
tween the peak and base line after the sample
drop.
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Fig.5 Heat flow vs. time during a series of drop runs.

C and S under peaks show the signals of corun-
dums and samples, respectively. Samples and
corundums were dropped alternately. Calibration
factors of corundums just before and after a
sample were averaged and used for a calibra-
tion factor of the sample.
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Fig.6 Measured heat contents of the 1.1GPa primary

melt composition sample. Solid circles with er-
ror bars show the mean values of data at the
temperatures with one standard deviation. The
upper and lower solid lines were fitted to data
above 1580K and below 1530K, respectively,
by least squares method. The broken line rep-
resents heat content of solid phases calculated
using Cp values of An, Di, En and Fo.
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Fig.7 Measured heat contents of the 3GPa primary melt

composition sample. The upper and lower sol-
id lines were fitted to data above 1710K and
below 1510K, respectively, by least squares
method. Solid circles with error bars and the

broken line are the same as those of Fig. 6.
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Fig.8 Measured heat contents of the 4GPa primary melt
composition sample. The upper and lower sol-
id lines were fitted to data above 1760K and
below 1510K, respectively, by least squares
method. Solid circles with error bars and the

broken line are the same as those of Fig. 6.

AGPa#4 AV MEEEENT, 1 ZE T THI250K DT
BURT A7%, 1) F 5 AR 1753K TOIREN 7 AR % {FUE
T5 L CRRBDPSERIT 572 1.1GPa. 3GPa#I4E X

MBS & R L C, BREEMEER S 2 L TR
F=FDTA T4 T4 EEHRMANCHEL, 1753K
TOWMHT—I DT A 9T A TITAEDETRAI L
XY, 150E,1753K 2B % 4GPa ¥4 A )V M HBLEE
DRUAE 646 £21 J.g' %1372,

5. ¥ MUAROEETICE T SREHONETE

5.1 FeO, Na,O B3 &EMA F-FSDHEX IV b Db

Ca0-MgO-Al,0;-Si0; (CMAS) R AL MBOFH
BHIoWTE S N A RO~ v MVERIGEAT
%7:0121F, Ca0, Mg0, ALO;3, SiO BT DI~ 7~
DIFFAEEHTE FeO %2 NayO 43 % Hl 2. 72 CaO-Na,0-MgO-
FeO-Al,0;-Si0; (CNMFAS) A TOMMMEER HLE
b, FITMgO & CaO B D — & FNENEE)L
MDFeO & Na,O 5 CEH L, CMASH D AV MK ZE
CNMFAS D A )V MBUIEWR L 72, 41017 % FeO, Na,0O
B ORI ESERMMERER Y D IS ERE LT
LD AV MR Table 2 1R,

CMAS ZOME AV FHAIZFeO, Na,O B 2L
7o & XOBFHEANORF (AHeon) 13,

AHcorr =2 AHf,i (T)'AXi
FHWTCEIE L, 22T, i I3WESEY NaAlSiO,

(Ne) , CaAlSi,0s (An) , Mg,SiOs (Fo) , FeaSiO4
(Fa) , CaMgSi,0s (Di) , CaFeSi,O¢ (Hd) , MgSiOs

Netsu Sokutei 23 (4) 1996



SimEERlE

Table 2 Calculated compositions of primary melts in
the system CaO-Na;0-MgO-FeO-Al,0;-Si0,.

1.1GPa 3GPa 4GPa
PMC PMC PMC
Oxide (wt%)
SiO, 474 45.5 45.6
ALO; 19.0 13.2 10.7
FeO 11.0 11.1 12.5
MgO 73 19.1 21.4
CaO 12.5 10.3 9.8
Na,O 2.7 0.8 —
Normative mineralogy (wt%)
Di (CaMgSi,0¢) 12.6 11.0 11.4
Hd (CaFeSi,0¢) 54 4.1 43
En (MgSiO;) 15.9 12.6 13.9
Fs (FeSiOs) 7.8 5.4 6.0
Fo (Mg,SiO4) 4.0 20.9 239
Fa (Fe,Si04) 22 9.9 11.3
An (CaAl,Si,05) 39.7 324 29.2
Ne (NaAlSiO,) 12.4 3.7 —

TR
Temperature
Fig.9 The relationship between melting enthalpy of a

(Tr) and
1) .

mineral at the melting temperature

that estimated at a certain temperature

(En) , FeSiO; (Fs) %#7R¥ o AH i (T) 1%, Fig.9 TR
D L IAGHREEZ T

AHg ; (T)= AHg ; (T;)

T
+Cp (T-T;) - jTr CpdT

DAL YRSz, 2T, Ty, AHr i (T 3RESHEW O
RUARIRTE & Z DIREE TORMAS, Cp) Cpe | I3FNEFR AN
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O, Kt @) OIS (5) OFEBOO01 (Ks @) @
DO EXFIFH7201201 L £T) 2Mx 5 &,

An+ Ne+ Ol+ Cpx+ Opx+ Ol * — liquid+ Ol*: AH,

O]

ER BN, BMBHRIIIEDSECRIE @) ERLTH5,
RIZ, RIG (6) DEBOGHHEAEDLEERIE (5) D

WOFHAE DI 2 EAERE

An+ Ne+ Ol+ Cpx+ Opx+ Ol* — Sp+ Cpx+ Opx : AH,



REZ D, TORLIME) Ty VE-BIbAR IR, X 7)
DD EFALDFNENOHEHMAE DT 5 ERT
VENE—DENSEESND, Lo T, Kt @) DAH,
PORIE (7) DAHEZELFICZ &L ST, e (6) 12
9 B AH, A RDBZEDTE B,

3GPa B L 4GPaDE T TiX, 1.1IGPa THETH S
Sp DAL YIZH—F v b (Gt) PERELEY, &S

Gt+Ol+Opx — liquid+Opx : AHy  ...............
& o THEAN PR ENB EEZ LN TS0 . 20,
L7zd»T, K @) OfFEsh (AH) 250G 8) ([
D BUEE (AH;) ~OZIUE, 1.1GPafE A hOgE L
FHOFEILY , ROFLRERHWSZETRDAHI L
WTEb,

An+ Ne+ Ol+ Cpx+ Opx+ Opx * — Gt+ Ol+ Cpx : AH,

22T, Opx* i3k 8) ®Opx %/”T, 1.1GPa, 3GPa b
L U 4GPafIE A )V MO AH S, 1gD AN 2 ERT
AU L TENREFNR—22.3], 1.4], —16.6] LETH SN
2o TNHDAHGE, ZNEFNROCMAS R ANV MR E
DRBRDOBERZE LY b/hE VDS, FRHDIER FeO,
Na,O A HIEZORMEAIIINZ , SERMBASITIIED 1R
ETORGLY ¥V —%iE LT,
5.3 EHREHRIE

BURBADENREMIEIILTO X ) 14T o7, EHIP,
BETICBITARMBRIEDI ¥ VE—AH, (P, T) (3, Eife
REAZOENREICES L,

AH (P, T)=H(P,TY* —H (P, T) oeoeee.
Ik hEFEND. H (P, T) ¢, H (P, T) eidEhEhE
BB L ORI OAERT Yy 7 VE—Th b, FEHIRESR |
SUE (latm) , BET L LGS, RO VE-DFE
RS & iR sy

OH
oP

(

FEHVWAEIEICEY, A (10) 13

) =V-aVT
T
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Table 3 Estimation of melting enthalpies of the pri-

mary melt compositions under high pressure.

1.1GPa 3GPa 4GPa
PMC PMC PMC

To (K) 1583 1703 1753
AH; (1atm, To) J.g™1)? 531+39 604+21 646121
AHeor J.g71° —-334  —317 351
—AH, (1)¢¢ 22.3 —14 16.6
T (K) 1523 1773 1923
Temperature
correction (J) -3 12 64
from Ty to T¢
Pressure
correction (J) 73 109 115
from 1 atm to P¢
AH; (P, T) 0)° 590 692 807

PMC refers to primary melt composition.

a : Measured by drop calorimetry in this study.

b : Effect of FeO and Na,O components on melting
enthalpy.

: Corrections on enthalpy for converting melting reactions

at 1 atm to those at high pressures. See text.

Values for reaction to generate melt of 1g.

C

d:

AH; (P, T) = AH; (latm, Ty) + jTT ACpdT
0

+[AvaP-T [ A(av)dp
latm latm - (13)

ELERENS, ZITCp BEERAR, V, aldzhEhik
fEEMBIERTH B, LI2> T, 1RJE, To TRohT:
AHAZ, R (13) AW CERIFERICENHIE & mERIE
EMRABIEIZEY, HAHENP, RETTDAH; (P, T)
RETETAZENTE S,

IoT, WIEDSB SN CMAS RFAE A IV b DORLEH
I, FeO, NaO A %ML 72 & & O#)FR &L ETHREERE
EIMAAIEIZEY, RROT Y FPVERD AL Mgtk
B AR BUT I xT A MRS IE, 1.1GPa,1523K 2B
T590J, 3GPa,1773K 2B\ T692), 4GPa,1923K |25\
T807J LHEE S N7z, Table 312, 1 RETOETHREA
BHEIC L BAH E, MR EH B L ONREOHIESE,
FLTHESNEETTOAH R T LD,

6. CaO-MgO-Al,0;-SiO, Fex )L hDIFEMM

1.1GPa, 3GPa, 4GPa#)t )V MK OZhENIC
SnT, BELVES BB L KD 8L DI
(CaMgSi,06) , Fo (Mg:SiO4) , An (CaAl:SiOs) , En
(MgSi0;) DREMFAZOF 2 HETHE SN2 AR & & BT
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Table 4 Comparison between observed AH; of the primary melt composition samples at latm and those calculated

by summing AH: of An, Di, En and Fo.

COmpOSiﬁOn AH"ObS AHrca]c* 1 AH{ObS —_ AHl_calc =1 Achalc -2 AH(OI)X —_ Achalc -2
Jg™ degh Jg™ dgh deg™h
1.IGPa-PMC  531+39 504 27 515 16
3GPa-PMC 60421 - 555 49 602 2
4GPa-PMC 646%21 589 57 642 4

AH#* " and AH#* "2 were calculated using AH; (Fo)=114kJ - mol ™' *? and 142kJ - mol~'*), respectively.

5T LT, CMAS R AL FOJEHEHOKE S 2 BiEDL 5
ZLHHHEETH A, 1.1GPa, 3GPa, 4GPa ¥4 A )L MK
DEMFEIL, FHEN1583K, 1703K, 1753K TIFHN T
Who —F, LE4 OO FIETICBITAFN
FRORRBE CRIRT 2, S D70, WSS ORM
RELNOBE CORMMML, R 3) LEHOFETEKD
720 BONIMESHY ORMHRIL, IRET 7L E—%
torl, FhENORBOHBIZEHLETHE L 572,
FFZ, FollB L TIHREO BVEBAIE LN Tui v
&, 114 £20kJ.mol- 22 3 X U142 * 14kJ.mol-! 23 D2
DOBEIZOWTEHE R To 720

Table 4 |[ZImBL5 L) DRUFEZADOFI N & 51 S W7 RifF
BEEIC L DR E LB L OR L 72, IS & B AR
L AH; (Fo) =142kJ.mol' 29 % iV CTEHE L 7Rl sL
B L7256, I L DRERAIIETEC & AR &
BIZFELOPLREVEL 22705, MIESEPEZB TS
EENSOMEIZHE LV EWZ D, LIzt T, 3 005K
BUZDOWTIE AN FORETZ Z LY=L, 12IZ¥OTH
LEHEING, —F, BIEIC L HRER L AH; (Fo) =
114kJ.mol-! 22 ZFHWTEIE L /- gfifsh & g L 72854,
Fo DEHEN BN 5\ 1.1GPa W AV M AN
BT, BMERAANTERASIET-HLTWEENnZ A,
L2 L7%D55, Fo % 25wt %FEEE & 3GPa, 4GPa #)E X )L
FMEBEAEHIDOWTIE, BIEIC X SRR ESRE S %
BLTHAEICL 2RI L D RELCRY, ) KER
EDORET VSV E— (#710kJ.mol") ZRIET HEERE
%5, ZOREAMOMIZ, MEKH D Fo By 0B H AN
FTRILLZZD > TREL RAEMIH Y, EDOREGZ VS
NVE—IE, LA RERYNS % AH: (Fo) =114kJ.mol! 22
WCEDRPTEAELEEZONE, &5 TAH: (Fo)
142kJ.mol! ) ZHWEHEEE OB A EHT 2 L, #l
E L 7=3E O MR & JIEIRE OB BT AL hDJE
BAEMIIZEA LW EERITITONS,

P&, AH: (Fo) =142kJ.mol"' 23 I EDEIZE L,
Ca0-MgO-AlL;,0;-Si0, (An-Di-En-Fo) %AV FDIRET
YEINE=DRIZEOTH L E LIS, STETREE
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D An+Di+En+Fo iRAWII3T 5 & A 1RE TORBEHN
IRICORIEEE | WS ORISR O KD 5
ZENUREE LD, COMBETHVD L, 4GPall LD
Ca0-MgO-AlL0;-SiO, A7 Y MVERDWAEX L bR, &
51ZAn-Di-En-Fo R TEHTEL ST ST 2 A ML
T, AL VB 218D Z LA TE B,

7. HYIC

ARETHENL-ETERREEAEDS, ALS A7
DEFEFTEZDSC & LTEA L, HIEEN/HI0K DR T v
TTEDORNIORERYRERSTHAIZLIZLVAER
%3RO DL (step-scanning ) bfTbhTwa, L2l
Bh, AN, ERIIRERE, SR T EThRk YK
ERIRERAFD, T2 ORMBXEICHT 5B RIF
RIED728, step-scanning TR 5 N A RBRERIZII AR Y
DTHEEIIME) 2L 12% b, LA ->T, BTSSR
wHEL, BIEOL ZAZOMEBREIITIERE TS
FEILHBEOFBIIZ N T2000, BEEFEE KD
LIENTEDLEVIFIEDLNS, BADRMBEOIEICIZ
BROEMHETHLEEZOND, T2, v PVER
DWMHEA N+ ORBIL, HBEHIHE L 2% 513 EFo
BB LI RD I EDD, 4GPalEDEEICBIT S
Ca0-MgO-AL03-Si0: /2~ v FVERDWEAL PO LY
ERE RIS Y T 5 7202, Ca0-MgO-Al05-Si0, &
HRRIE AV b OFEFBM L IEHEICIRET A 70011, HE
DEVFo DRABRT — 9 HhLIENBL L ZATH 5,

BHIL, RREOMELED TV LT, £ 0HE%E
S LTT S o RFALERFRFROBER—IE, T
72 EPMA AT CBHMEEIZ 7% - 72 B KF B AT OHAR
sAEA, ARBURICIE BB L T,
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