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Specific Heat Capacity Measurements of
Mantle Candidate Minerals by DSC Method

By
Masahiro OSAKO
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Table 1. Samples.
tarting* Syntheti nditions* .
Sample Structure msaterialg > e . ditio \(Yfé%h[
P T Time
a-Fe,SiOy olivine  Fe, Fe,0s, (1 atm) 1150°C 30h sealed in evaculated 11.0
SiO, fused silica tube
a-C0,SiOy olivine  CoO, SiO, 1 atm 1150°C 30h in air 26.9
a-Ni;SiOy olivine 22.8
7-FesSiOy spinel 23.4
7-NisSiOy spinel 25,7
FeSiO; orthopyroxene 19.5
Mg;AlLSi;O;,;  garnet MgSiOs;, 40 kbar  1200°C 45 min in Pt capsule in 20.8
Al(OH); tetrahedral anvil
apparatus
Fe;AlLSi;O;, garnet a-Fe,Si0,,Si0, 30 kbar 1100°C 60 min same as above 13.4
Al(OH);
CrO, rutile 17.6

* starting materials and synthetic conditions are given if the sample was prepared by the author.
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Fig. 1. DSC records of reference Al, O3, 7-Ni,SiO, and a blank capsule between hold tempera-
tures 305 K and 380 K. Heat capacity of the sample is calculated as (v, — y,/y, —yo) C, where
C is the heat capacity of the reference.



24 K o8 E A

¥ 5 JERORLE, R B A 0 TR R O (7 1B L B AR B P A R ] e R C AR AR A T SR &
—F Ut LA AR L SEAC & ot BEIRR, 77 V7R FICANTE LT D 7 A
KCHRT D cpe DEO AFAAETE 5% DT TH%.

R & LT Y7 > A4 7D m, 1L 241mg TH5. ¥ 1070 AR R OfE & LT Furu-
kawa 5 (1956) D4 DA - 7o,

M 2-a 1oh v I vk AR AORNEREY 2-b i 7 = fi, FeSiO;, CrO, DA 5T

B RO A7 A b TR E LT

cp,=a-+b/T?
AR, EH a BXO b N RETROEAMLLE ¢ OfERB. Tk, ZORTT A D
HEEREO XA REORE TR LI XOHMHO2EFF TESIHTHSL. D ¢ DA £2 &
¥ 2-a, b O TR
T I ¥ T T T l T T T T I T T T T l T T T
10F wMeS —— 1 1o B
4 B 1 '« i e, GO w02 1
T_g‘ | # J Fe 5104 ] -—,‘9 i /+/+/('i/+ N ]
mﬂ | oo ’;/'f oeo o( F_ezS|04 i m—) ++ 43t + “e MgsASisOv
gnqu/‘—x x"; = ++ & v VY
vc-) | ’,%‘I'V:‘. oé %-C025i04 | g /+/ ) :Vzﬂ:':‘:v;v/-vv FesAlSisOn |
5 "“«‘«.:M s NSO a oy e T T fesio
© 05+ ﬁ< T 4 i, e Y o5+ PpCIEE L e O
- ARERRRRRED 3 T-NizSiO4 L "a mt®
0 1 | 1 1 1 L | 1 1 0 1 J 1 L L L | L i L
300 400 300 400
T/K T/K
a b

Fig. 2. Specific heat capacities of silicates and oxide versus temperature. Curve for a-Mg,SiQ,
after Kelley (1941) and Orr (1953).
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Table 2. Smoothed values of specific heat capacities (c,) and coefficients
a and b of the empirical equation ¢, =a-+b/T>.

¢p/10°7 kg~ K1

T/K
a-Fe,Si0y  a-Co,Si04 a-Ni;SiO; 7-Fe,SiO, 7-Ni;SiO, FeSiO; Mg;Al,Si;0;, Fe; Al,Si;O,; CrO,
280 0.67 0.61 0.51 0.58 0.42 0.48 0.57 0.51 0.59
300 0.68 0.63 0.51 0.62 0.43 0.48 0.59 0.54 0.65
320 0.69 0.64 0.51 0.66 0.44 0.49 0.61 0.56 0.70
340 0.69 0.65 0.51 0.69 0.45 0.49 0.62 0.59 0.74
360 0.70 0.66 0.51 0.71 0.46 0.50 0.64 0.61 0.77
380 0.70 0.66 0.51 0.73 0.47 0.50 0.65 0.62 0.80
400 0.70 0.67 0.51 0.75 0.47 0.50 0.65 0.63 0.83
420 0.71 0.67 0.52 0.77 0.48 0.51 0.66 0.64 0.85
aﬁdﬁj 0.732 7 0.723 0.517 0.918 0 52; 0.530 0.733 0.754 1 04é
kg_lK_l . . . . . . . . .
b/104)
kg-'K —4.6 —-9.0 —0.47 —-26.6 —8.4 —4.3 —12.7 —19.2 —35.6
Table 3. Specific heat capacity of a-Fe,SiOy.
- - cp/10%) kg’lk‘l -
TK ——
Kelley (1941) and Orr (1953) This work
300 0.65 0.68
350 0.70 0.69

400 0.74 0.70
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Summary

Specific heat capacity measurements were made on silicates of olivine, spinel,
pyroxene and garnet structures, and oxides of rutile structure in the temperature range
290 K to 420 K, using a differential scanning calorimeter (DSC). The heat capacities
of the powdered samples 10 mg or 20 mg in weight were determined by comparing
with synthetic saphire as a standard material. Results of a-Fe,SiO, coincide with
a reported value by an absolute calorimeter within 6 per cent. The following con-
clusions are inferred to the degree of precision or reliability of this experiment (410 7).
(1) the change of specific heat capacity with the olivine-spinel polymorphic phase
transformation is smaller (< 10%) than the variation in the isomorphs of Mg, Fe,
Co and Ni olivines or in those of Fe and Ni spinels. (2) a- and 7-Ni,SiO, have lower
specific heat capacity in comparison with Fe,SiO, and Co.SiO;, nevertheless there is
little difference in the mean atomic weight between Fe,SiO, and Ni,SiO, or between
C0,Si0, and Ni,SiO,. (3) pyrope and almandine have very similar specific heat
capacities. Effect of Fe-Mg exchange on the specific heat capacity in garnet is smaller
than that in olivine structure. This tendency has been observed with other physical
properties, e.g. refractive index, elasticity and thermal conductivity.

By strict control of experimental conditions more precise DSC measurements
can be carried out, and this will enable more complete investigations of phase equilibria
or of the constitution of the earth’s mantle.
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