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Mg,Fe)3- high pressure have an important implica- 
ium-rich tion for our understanding of the earth's 
il in the transition zone and the lower mantle. 
,ly, stud- Clark et al. (1) and Boyd (2) have sug- 
rope gar- gested that pyrope garnet might trans- 
A10:3) at form to an ilmenite-type structure at high 

pressures. This parallels the suggestion 
by Ringwood (3) that the ilmenite-type 

n temper- phase of MgSiO3 would probably display 
nite-type extensive solid solution with A1203 (co- 

d from a rundum, a disordered ilmenite structure 
and tem- 
pe-garnet in which the cations are identical). 
obs, ob- Ringwood and Major (4) investigated 

the system Mg3Al2Ge3012-Mg3Al2Si3O02 
to 170 kbar at 1000?C in attempting to es- 
tablish the garnet-ilmenite transition. 

003 They observed a series of ilmenite-type 
012 solid solutions containing up to 20 mole 

t percent Mg3Al2Si3012. Extrapolation of 
104 phase boundaries suggests that pressures 

of 200 to 300 kbar would be required to 
110 transform pyrope to an ilmenite struc- 
113 ture (5). 
$ I have previously reported that pyrope 
024 garnet disproportionates into a mixture 

of the orthorhombic perovskite phase of 
116 MgSiO3 plus A1203 (corundum) at load- 
018 ing pressures greater than 300 kbar and 
211 at about 800? to 1200?C (6). Since the ze- 

214 ro-pressure density for the assemblage 
$ MgSiO3 (perovskite) plus A1203 is great- 

030 er than the estimated density for the il- 
1, 0, 10 menite modification with the pyrope 

220 composition, it is expected that the py- 
312 rope garnet-ilmenite transition, if one ex- 

0, 2, 10 ists, should take place before the pyrope 
134 garnet breaks down to the assemblage 
315 perovskite plus corundum. 

042 Kawai et al. (7) synthesized a hexago- 
2, 1, 10 nal form of MgSiO3, which was later con- 
1, 1, 12 firmed as the ilmenite-type structure by 
1, 2, 11 me (8). Success in synthesizing the ilmen- 

318 
ite-type phase of MgSiO3 would lend con- 

tCail, siderable support to the possibility of py- 
a0 = 4.755 rope garnet transforming to the ilmenite 
ion. structure, representing a solid solution 
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First Occurrence of the Garnet-Ilmenite Transition in Silicates 

Abstract. Pyrope garnet (Mg3A12Si302) has been found to transform to an ilmen- 
ite-type phase at a loading pressure between 240 and 250 kilobars and at about 1000? 
to 1400?C in a diamond-anvil press coupled with laser heating. The lattice parame- 
ters for the ilmenite-type phase of (Mg.75Al25 )(Si.75Al.25 )O0 are ao = 4.755 + 0.002 
and co -13.360 + 0.005 angstroms. The zero-pressure volume change associated 
with the garnet-ilmenite transition is calculated to be -7.1 percent. This result veri- 

fies the prediction that pyrope garnet would transform to the ilmenite structure at 
high pressure first suggested in 1962 by Clark et al. and Ringwood. 
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between MgSiO3 (ilmenite) and Al2O:3 
(corundum) at high pressure. 

In the present work, I have made eight 
experimental studies of pyrope glass in 
the loading pressure region between 100 
and 300 kbar and temperature of about 
1000? to 1400?C. Very fine powder of the 
glass form of 3MgSiO3 A1203, which 
was provided by A. Major (Australian 
National University), was intimately 
mixed with a few percent of graphite as 
the starting material. The graphite serves 
to absorb the laser irradiation and thus 
heats the sample while under compres- 
sion. The sample so prepared was com- 
pressed in a diamond-anvil press fitted 
with a lever-and-spring type assembly 
and heated by a continuous YAG laser 
while the sample was maintained at pres- 
sure. The recovered samples were stud- 
ied by a powder x-ray diffraction tech- 
nique with a modified 57.3-mm Debye- 
Scherrer camera. Details of the experi- 
mental procedure have been described 
elsewhere (9). 

In the pressure region between 100 
and 240 kbar (inclusive), the glass crys- 
tallized completely to pyrope garnet. 
However, at 250 kbar, the x-ray diffrac- 
tion film showed the presence of about 
30 percent of a new phase possessing the 
ilmenite-type structure, the remaining 70 
percent consisting of pyrope. At 290 
kbar, a nearly pure ilmenite-type phase 
of MgSiO3 . ?3Al2O3 or (Mg.75Al.25) 
(Si.75A1.25)03 has been observed. The 
aluminum is probably distributed be- 
tween the magnesium and the silicon 
sites equally, unless there is magnesium 
silicon disorder, which seems unlikely. 
The x-ray diffraction data for the ilmen- 
ite phase of MgSiO3 1/Ali203 obtained 
at about 300 kbar are listed in Table 1. A 
least-squares fit of d-spacings yields lat- 
tice parameters of a0 = 4.755 ? 0.002 
and c0 = 13.360 ? 0.005 A for the hexag- 
onal cell of the ilmenite structure. The 
relative intensities listed in Table I are 
very similar to those of the ilmenite-type 
phase of MgSiO3 and A1203, and the char- 
acteristics of reflection extinctions are 
consistent with the space group (R3) of 
the ilmenite structure. The molar volume 
for the ilmenite phase is thus calculated 
to be 26.26 ? 0.03 cm3/mole. It is in- 
ferred that the garnet-ilmenite transition 
of Mg3Al2Si3O,2 occurs at loading pres- 
sures between 240 and 250 kbar and at 
1000? to 1400?C. The zero-pressure vol- 
ume change associated with the garnet- 
ilmenite transition of 3MgSiO3 Al203 is 
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of Mg3Al2Si3O,2 occurs at loading pres- 
sures between 240 and 250 kbar and at 
1000? to 1400?C. The zero-pressure vol- 
ume change associated with the garnet- 
ilmenite transition of 3MgSiO3 Al203 is 
-8.08 cm3/mole, or -7.1 percent. 

It would be of great interest to com- 
pare the observed lattice parameters and 
the molar volume of the ilmenite-type 
phase of MgSiO3 /3Al203 with those 
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of the ilmenite-type phase of MgSiO3 and 
A1203. The a-axis for the ilmenite-type 
phase in this work is 0.47 percent greater 
than the value for an ideal solid solution 
between MgSiO3 (ilmenite) and A1203 
(corundum), the c-axis is 0.45 percent 
smaller than ideal, and the volume is 0.48 
percent greater than ideal. 

From Table 1, it is also seen that the 
orthorhombic perovskite modification of 
pyrope-garnet starts to appear at a load- 
ing pressure of about 300 kbar. In an ear- 
lier study (6), I have reported that py- 
rope-garnet disproportionates into a mix- 
ture of MgSiO3 (perovskite modifica- 
tion) plus A1203 (corundum) at pressures 
greater than 300 kbar. In view of the 
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patterns of Al03 (corundum) and 
MgSiO3 /3Al203 (ilmenite), the pre- 
viously observed A1203 (corundum) in 
pyrope-garnet might be residual ilmenite 
(MgSiO3 1 3A1203) reported in this 
work. The evidence that the d-spacings 
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A1203, if not all of that of the pyrope com- 
position, is accommodated in the ortho- 
rhombic perovskite lattice. The syn- 
thesis of the orthorhombic perovskite 
phase of ScAlO3 at high pressure (11) al- 
so lends considerable support to the 
above conclusion. Thus, the ilmenite 
phase of MgSiO3 * 1Al203 may trans- 
form directly to a single phase possess- 
ing the orthorhombic perovskite struc- 
ture, instead of a mixture of MgSiO3 
(perovskite modification) plus A1203 (co- 
rundum). 

Recovered samples from shock-wave 
studies on iron-rich garnets have been re- 
ported to be an orthorhombic modifica- 
tion of the ilmenite structure (12). How- 
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ever, the x-ray diffraction pattern of that 
work was interpreted by me (13) as a mix- 
ture of several intermediate high-pres- 
sure phases of iron-rich garnets on the 
basis of static high-pressure studies. Fur- 
thermore, the ilmenite-like phase for 
iron-rich silicates has not yet been ob- 
served in any of the static high-pressure 
experiments (14). 

Results of this study indicate that py- 
rope garnet in the upper mantle would 
persist through the transition zone (400 
to 650 km), and then transform to the il- 
menite structure in the upper part of the 
lower mantle, and ultimately transform 
to the orthorhombic perovskite phase. In 
conjunction with the orthorhombic pe- 
rovskite phases developed by olivine and 
pyroxene (10, 15) these results strongly 
suggest that the earth's lower mantle 
comprises mainly perovskite phases of 
ferromagnesian silicates. 
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vealed that environmental factors con- 
tribute surprisingly little to the mainte- 
nance of these large variations between 
individuals that range in magnitude from 
3- to 30-fold, depending on the drug and 
the population. However, basal rates of 
drug disposition are readily altered by nu- 
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Reduced Warfarin Binding of Albumin Variants 

Abstract. Binding studies of albumins A/A and A/Me from human plasma and iso- 
lated albumin revealed small, but statistically significant, reductions in warfarin 
binding of albumin A/Me compared to albumin A/A. Such differences in binding in 
vitro could result in altered pharmacological responses to warfarin administered to 
individuals possessing albumin A/Me. To determine if clinically significant differ- 
ences in warfarin distribution exist, observations should be made in vivo on patients 
of different albumin phenotype who are receiving warfarin therapeutically. 
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