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Compression of Garnet to 100 Kilobars 

Department of the Geophysical Sciences, University of Chicago 
Chicago, Illinois 60637 

BART OLINGER2 

Los Alamos Scientific Laboratory, University of California 
Los Alamos, New Mexico 87544 

The compression of a natural Mg-rich garnet to pressures greater than 100 kb was studied 
by a high-pressure in situ X-ray powder-diffraction method. A quadratic least-squares fit to 
the data yields a rough value for the bulk modulus of 1750 kb. The results are in agreement 
with the compression data found by Takahashi and Liu (1970), who used a different high
pressure X-ray diffraction technique. and with the results of Soga (1967) , who used an 
ultrasonic technique. 

This study of the compression of an Mg-rich 
garnet is the second in a series of reports on 
the compression of minerals thought to be major 
constituents of the earth's upper mantle. The 
first was a study of the compression of Mg
rich olivine [Olinger and Duba, 1971]. Past 
investigations conducted on the members of the 
almandite-pyrope garnet series (Fe, Mg),Al. 
(SiO.). are listed by Birch [1966, p. 132J and 
by Takahashi and Liu [1970J. Attention will 
be given here to two recent works, Saga's [1967J 
investigation of the elastic constants and their 
pressure derivatives in an Fe-rich member of 
the series and Takahashi and Liu's [1970J 
compression study of four members of the series 
using a high-pressure in situ X-ray powder
diffraction technique. 

SPECIMEN AND EXPERIMENTAL METHOD 

The specimen studied was a garnet crystal 
extracted from a serpentinized peridotite from 
Z6blitz, Czechoslovakia. The crystal was ground 
to a fine powder, its cell parameter (11 .554 ± 
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0.009A) was determined from X-ray powder
diffraction film by using a 114.6-mm Debye
Scherrer camera and CuKa radiation, and its 
chemical composition (Table 1) was deter
mined by using a microprobe. 

The high-pressure in situ X-ray diffraction 
technique used was described by Jamieson 
[1964, 1965]. Briefly, the powdered garnet 
sample was mixed with powdered NaF (2: 1 
by volume), pressed into a pellet 0.40 mm in 
diameter and 0.25 mm high, set into a powdered 
amorphous boron annulus, and this assembly 
was then pressed between two tungsten-carbide 
pistons by a small-tonnage hydraulic ram. A 
collimated, filtered MoKa X-ray beam was 
passed through the sample perpendicular to 
the axis of the pistons, and the subsequent dif-
fracted rays were recorded on a film mounted 
concentrically 114.6 mm from the sample. Pres
sures in the sample region were deduced from 
the compression of the NaF by referring to 
Olinger and Jamieson [1970]. Errors to be ex
pected in correlating the N aF compression to 
pressure are within ±6 kb at ' 100 kb. 

EXPERIMENTAL RESULTS 

Two series of high-pressure runs yielded 34 
diffraction patterns of the garnet. and NaF. 
One series was made with a previously uncom
pressed boron annulus to achieve in situ diffrac
tion patterns in the higher-pressure region (50-
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120 kb), and one series was made with a pre
compressed annulus so that patterns of the 
specimen could be obtained in the lower-pres
sure region (30-70 kb). From 19 of the patterns 
3 garnet diffraction lines were measured (400, 
420, 642), and from the remaining 15 patterns 
4 or more lines were measured (400, 420, 642 
and one or more of the following: 332, 611, 
640, 842.). From 12 of the patterns 2 N aF dif
fraction lines (200, 220) were measured, and 
from the remaining 22 patterns these 2 lines 
and an additional line (222) could be measured. 
The accuracy to which the compression (V.IV.) 
of garnet could be determined from each of the 
34 patterns was .--±0.6%. (This percentage 
includes the accuracy to which the standard 
ambient garnet volume could be determined.) 
The accuracy to which the compression of NaF 
could be determined from each pattern was 
.--±0.4%. 

The simultaneous volume compressions of 
pyrope and NaF observed here are listed in 
Table 2 with the pressures associated with the 
NaF compression [Olinger and Jamieson, 1970]. 
The compression data of pyrope are plotted in 
Figure 1; bars representative of the uncertainty 
of the data are shown for one data point. The 
curve shown in Figure 1 is the quadratic least
squares fit of the data with the V IV. pyrope as 
the dependent variable; the ba~s on the curve 
indicate the standard deviation. Compression 
data for four ferromagnesian garnets [Ta
kahashi and Liu, 1970J found in the pressure 
region studied here are included in Figure 1. 

DISCUSSION 

The compression of ferromagnesian garnets 
has been studied by a different high-pressure in 
situ X-ray diffraction technique [Takahashi 
and Liu, 1970] . Their method involves passing 
a. thin pencil of X rays through the high-pres
sure anvil axis instead of perpendicular to the 
a.xis as with the present technique. As can be 
seen from Figure 1, Takahashi and Liu's [1970J 
compression data fall well within the standard 
deviation of the quadratic fit to the data. That 
fit is 

VIVo 1.002 - (5.72 X 10-') X P 

+ (1.38 X 10-6
) X p2 ± 6.2 X 10-3 

where P is measured kilobars. 

TABLE 1. Chemical Analysis of Garnet Specimen 

Compound 

Si02 
A1203 
MgO 
FeO 
CaO 
Ti02 

Wt % 

41.4 
22 .4 
18 . 2 

9.1 
4.8 
2.1 

Index of refraction is 1 . 73 (+). 

The value calculated for the isothermal bulk 
modulus of pyrope from this least-squares fit 
is K. = 1750 kb. Because the scatter is large 
and few low-pressure (0-20 kb) data were col
lected, this modulus has a large uncertainty . 
But this value is in agreement with the results 

TABLE 2. ' Compression of Pyrope Sample at 23°C 

Film VI VO 
. ~~~~ Pressure. § 

No. Pyrope* kb 

587-1 1.007 0.998 
~ .l 

1.0 
587-3 0.991 0.989 5.0 
587-4 0.999 0.984 8.0 
587-5 0.982 0.935 37.5 
587-6 0 . 977 0.925 44.5 
587-7 0.983 0.899 65.0 
587-8 0.969 0.868 94.5 
587-9 0.958 0.871 91.5 
587-12 0.988 0.937 36.0 
587-13 1.003 1.005 -2.5 
587-14 0.999 0.993 3.5 
587-15 0.993 0 .959 22.0 
587-16 0.980 0.934 38 . p 
587-17 0.980 0.922 46.5 
587-18 0 . 996 0.901 63.5 
587-19 0.954 0.882 80 . 5 
587-20 0.966 0.884 78.5 
587-21 0.954 0.881 81.5 
587-22 0.969 0.929 41 . 5 
587-23 0.998 1.004 -2.0 
588-1 1.000 1.000 0 . 0 
588-2 0.979 0.895 68 .5 
588-3 0 . 970 0.888 75.0 ' 
588-4 0.960 0.881 81.5 
588-5 0.952 0.861 102 . 0 
588-6 0.962 0.848 116 .0 "-
588-7 0.958 0.852 , 111.5 
588-9 0.947 0 .854 109.0 
588-10 . 0 . 964 0 .863 99.5 
588-11 0.960 0.872 90 .0 
588-12 0.961 0.873 89.0 
588-13 0.960 , 0.879 83.5 
588-14 0.998 , 0.954 25.0 
588-15 1.002 1.000 0.0 

'Standard devi.ati.on of VIVO pyrope is '"",0 .006. 
t Standard deviation of VIVo NaF 19 "'±0.004. 
§The unce~tainty of the pressure is '\d:6 kb at ...... 

10Q kb. The convers±on of VIVo -NaF to pressu-re ""! 

ia from Olinger and Jamieson [1970]. 
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Fig. 1. Volume compression (V.IVo) data of Mg-rich garnet (a = 11.554 ± 0.OO9A) found 
by using the present high-pressure in situ X-ray diffraction technique (dots). Volume com
pression data of various members of the ferromagnesian garnet series found by using a different 
high-pressure in situ X-ray diffraction technique [Takahashi and Liu, 1970] (crosses) and a 
quadratic least-squares fit to the present data are also shown. Representative uncertainty of 
the data is shown as bars on one data point. Th~ standard deviation of the fit is shown as 
bars on the curve. 

of Takahashi and Liu [1970J, who report 1770 
± 60 kb for the bulk modulus of natural pyrope 
and values ranging from 1900 to 1700 kb for 
the entire ferromagnesian garnet seri~ These 
values were calculated from their data b(' using 
a Birch-Murnaghan least-squares fit 3tnd as
suming dKo/dP = 5.45 [Saga, 1967J. The scat
ter in the present data is larger than that of the 
Takahashi and Liu [1970J data because their 
X-ray beam, being thinner than the one used 
here, yields more highly defined diffraction pat
terns and their beam diffracts from a small 
volume in the high-pressure region whereas our 
beam diffracts from the whole sample. Our sam
ple, although held totally in a high-pressure re
gion, may have larger pressure gradients in the 
beam region than does the volume frOII\ which 
Takahashi and Liu [1970J diffract. Also in the 
present work many more data were collected 
in the pressure region under discussion than 
were collected by Takahashi and Liu. These 
data reveal effects observed by Jam.ieson and 
Olinger [1971J in a study of the simultaneous 

compressions of Nb and NaC!. Despite the ex
cellent quality of the patterns in that study, 
plots of the simultaneous compressions showed 
that successive data 'wandered about.' Ambient 
patterns showed that the sample remained cen
tered in the present study and in the study by 
Jamieson and Olinger. 

Saga [1967J found by using the ultrasonic 
pulse-superposition method that the bulk modu
lus of natural almandite (Fe end member of 
the natural ferromagnesian garnet series) is 
1757 kb. The results of the present compression 
study agree with this value since Takahashi and 
Liu [1970J showed that the difference in the 
bulk moduli of natural pyrope and almandite is 
only about 40 kb. Thus the results obtained 
here agree within the resolving power of the 
technique with the compressibility of Fe-Mg 
natural garnets determined by a different X
ray technique and inferred from elastic constant 
data. 

Acknowledgments. We wish to thank Professor 
John C. Jamieson for his comments and critical 

.~ 



f 

COMPRESSION OF GARNET 2499 

review of our paper, as well as for his inspiration . 
Professor Paul B. Moore kindly supplied the 
garnet sample used in this study, and Dr. J. Drake 
assisted in operating the microprobe. We also wish 
to thank Gary Rodenz for allowing us to use his 
regression analysis programs. 

This work was supported by NSF grant 
GA16875, Advanced Research Projects Agency 
grant SD-89-Research, and Petroleum Research 
Fund of the American Chemical Society grant 12 
PRF-1408-06. The donors of that fund are grate
fully acknowledged . Support was also given by the 
U.S. Atomic Energy Commission. 

REFERENCES 

Birch, F., Compressibility; Elastic constants, in 
Handbook of Physical Constants, M em . 97, 
edi ted by S. P. Clark. Jr., pp. 97-173, Geological 
Society of America, Boulder, Colo., 1966. 

Jamieson, J . C., The crystal structures of high 
pressure modifications of elements and certain 
compounds, A progress report, in M etallurgy at 
High Pressures and High Temperatures, edi ted 
by K. A. Gschneidner, Jr., M. T . Hepworth, and 
N. A. D . Parlee, pp. 201-228, Gordon and 
Breach, New York, 1964. 

Jamieson, J. C., Structural transitions in solids at 
high pressures, in Physics of Solids at High 
Pressures, edited by C. T. Tomizuka and R. M. 
Emrick , pp. 444-458. Academic, New York, 1965. 

Jamieson, J. C., and B. Olinger, Pressure inhomo
geneity: A possible s::mrce of error in using in
ternal standards for pressure gages, in A'ccurate 
Characterization of the High-Pressure Environ
ment, Spec. Publ. 326, edited by E. C. Lloyd, 
pp . 321-323, Nat. Bur. Stand., Washington, D.C., 
1971. 

Olinger, B., and A. Duba, Compression of olivine 
to 100 kilobars, J. Geophys. Res., 76, 2610-2616, 
1971. 

Olinger, B., and J. C. Jamieson, The relative com
'pre!:sion of NaF and NaCI to 130 kilobars, High 
Temp. High Pressures, 2, 513-520, 1970. 

Soga, N., Elastic constants of garnet under pres
sure and temperature, J. Geophys. R es., 72, 
4227-4234, 1967. 

Takahashi, T., and L. Liu, Compression of ferro
magnesian garnets and the effect of solid solu
tions on the bulk modulus, J. Geophys. Res., 75, 
5757-5766, 1970. 

(Received April 26, 1971; 
revised January 10, 1972.) 


	(Dr Til, W.) (Dr, Ysdale, D.J.) (Duba, Al)-5410_OCR
	(Dr Til, W.) (Dr, Ysdale, D.J.) (Duba, Al)-5411_OCR
	(Dr Til, W.) (Dr, Ysdale, D.J.) (Duba, Al)-5412_OCR

