
currence of a tillite near the top of the 
Table Mountain Series in the Cape 
System of South Africa provides paleo- 
climatic evidence for the timing of the 
transition. A possible Lower Devonian 
age for this tillite is consistent with the 
polar transition taking place within the 
Lower Deyonian. 

The transition that occurs during the 
mid-Carboniferous (13) is represented 
by two poles (5b, Fig. 1, for both 
Africa and Australia) occupying posi- 
tions intermediate between the middle 
and upper Paleozoic positions. How- 
ever, Creer (14) does not seem to 
recognize a Carboniferous transition of 
the same magnitude in the South 
American data, although this would ap- 
pear to be a matter of interpretation. It 
would not be difficult to interpret re- 
sults from the Piaiu formation (15) 
such that South American pole 5b is 
replaced by two poles, one lying to the 
west and one to the east of its position 
shown in Fig. 1. Such an arrangement 
would be consistent with the interpre- 
tation of African and Australian re- 
sults (13). Finally, the upper Paleozoic 
poles are all characterized by reverse 
magnetization, which suggests that they 
all fall within the Kiaman Magnetic 
Interval (16). 

The reconstruction of Fig. 1 is very 
similar to the one originally proposed 
by du Toit (17), but it has been de- 
rived from paleomagnetic results only. 
The data are now sufficient to make it 
almost unambiguous, although one pos- 
sible adjustment might be the narrowing 
of the gap between Antarctica and 
Australia when further lower Paleozoic 
results from Australia become available. 
In Fig. 2 we have compared our recon- 
struction with evidence from geological 
age provinces. The inclusion of Mada- 
gascar in this figure to fill the vacant 
gap between India and Antarctica con- 
stitutes the only departure from a recent 
computer fit of the southern continents 
(18). The paleomagnetic data cannot 
at present distinguish between these al- 
ternatives. The age provinces have been 
drawn according to zones similarly 
shown on a different reconstruction by 
Hurley (19). They comprise two main 

groups: the ancient cratons with an age 
of at least 2000 million years and their 
surrounding younger metamorphic belts 
or geosynclines, whose ages cluster 
around 450 to 650 million years but 
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which affected Ceylon, have also af- 
fected southernmost India and coastal 
Andrah Pradesh (20) (see Fig. 2). 
The fit of these geological age provinces 
across the continental boundaries on 
our reconstruction is equally as good 
as, or better than, the fit proposed by 
Hurley (19). We believe, therefore; 
that these geologic data provide addi- 
tional support for the paleomagnetically 
determined reconstruction. 

M. W. MCELHINNY 
G. R. LucK 

Department of Geophysics and 
Geochemistry, Australian National 
University, Canberra, A.C.T. 
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cause the composition of the garnet 
is actually near that of pyroxene and 
is associated with a spinel of olivine 

teration, probably terrestrial. The re- 

ported discovery of a garnet with oli- 
vine composition must be modified, be- 
cause the composition of the garnet 
is actually near that of pyroxene and 
is associated with a spinel of olivine 

Table 1. Microprobe analyses. All abundances are given in percent by weight. Analysis for Ni 
was very uncertain because extensive net veining of a material rich in Fe and Ni caused a 
secondary fluorescence. 
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Si 
Ti 
Al 
Cr 
Fe 
Mn 
Mg 
Ni 
Ca 
Na 
K 

Si 
Ti 
Al 
Cr 
Fe 
Mn 
Mg 
Ni 
Ca 
Na 
K 

17.8 
0 
0 
0 

18.1-19.9 
0.16-0.28 
21.7-23.2 

0 
0 
0 
0 

17.8 
0 
0 
0 

18.1-19.9 
0.16-0.28 
21.7-23.2 

0 
0 
0 
0 

18-19 
0 
0 
0 

19.4-22.5 
0.2 

18.7-21.5 
0.03 up 
0.03 

0 
0 

18-19 
0 
0 
0 

19.4-22.5 
0.2 

18.7-21.5 
0.03 up 
0.03 

0 
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* Mean of five measurements thought to best 
x-ray powder diffraction. 
* Mean of five measurements thought to best 
x-ray powder diffraction. 

22-26(24.3*) 
0 

0.4-1.6(1.4) 
0.2-0.6(0.45) 
12-14(13.1) 

0 

15-22(16.6) 
0.02-0.05(0.03) 

0 

0.4-0.6(0.5) 
0 

22-26(24.3*) 
0 

0.4-1.6(1.4) 
0.2-0.6(0.45) 
12-14(13.1) 

0 

15-22(16.6) 
0.02-0.05(0.03) 

0 

0.4-0.6(0.5) 
0 

26.7 
0.16 
0.00 
0.11 

10.2-11.3 
0.4 

15.7-17.5 
0.07 
0.06 

0 
0 
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0.4 
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25-26 
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0.4 
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Pyroxene-Garnet Transformation in Coorara Meteorite 

Abstract. Majorite is a new garnet in a veinlet of the Coorara meteorite. Its 
chemical composition is compatible with derivation mostly from original pyrox- 
ene, not from olivine as originally reported. Silicon is partly in sixfold coordina- 
tion. Ringwoodite, a spinel of olivine composition, occurs as purple grains set 
in a matrix of fine-grained garnet. The similar mineralogy and texture of the 
Coorara and Tenham meteorites suggest a common parent body. 
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Table 2. Atomic formula of garnet calculated 
to 12 oxygens. 

Assuming Assuming 
Site Atom divalent trivalent 

Fe Fe 

X Si 3.00 3.00 
Y Si 0.78 0.62 

Al 0.23 2.06 0.22 1.84 
Fe 1.02 0.97 
Cr 0.03 0.03 

Z Mg 2.98 3.08 2.86 
Na 0.10 0.10 f 2.96 
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composition. The name majorite has 
been approved for the garnet by the 
International Mineralogical Association 
Commission on New Minerals. The 
name honors Alan Major, who assisted 
Ringwood (2) in high-pressure synthe- 
sis of garnet from pyroxene composi- 
tion. 

The spinel has an olivine composi- 
tion that overlaps the composition of 
the spinel in the Tenham meteorite (3). 
Binns, Davis, and Reed assigned the 
name ringwoodite to the spinel phase. 
The ringwoodite of the Coorara mete- 
orite has a variable composition, which 
overlaps the composition of the Ten- 
ham ringwoodite (Table 1). The Coo- 
rara specimen contains 0.2 percent by 
weight of Mn, whereas no Mn was 
listed (but might have been overlooked) 
for the Tenham material. The composi- 
tion range of the olivine in the main 
body of the Coorara meteorite over- 
laps that of the ringwoodite. 

The Coorara ringwoodite, like the 
Tenham ringwoodite, has an eye-catch- 
ing purple color in thin section and 
consists of discrete grains, often coarse- 
ly interwoven with a pyroxene. The 
majorite is fine-grained (several mi- 
crometers across) and forms a brown- 
pinkish matrix with goethite and kam- 
acite surrounding the coarse spinel and 
pyroxene crystals. 

A small sliver of the matrix from 
the veinlet yielded a Debye-Scherrer 
pattern (4) whose lines could be in- 
dexed in accordance with the reference 
patterns for pyrope garnet, goethite, 
and a iron in the Powder Diffraction 
File. The extrapolated cell dimension 
for the majorite was 11.524 ? 0.002 A 
consistent with the value 11.515 A ob- 
tained by Mason et al. (1). The line 
intensities are quite similar to those for 
pyrope reference card 15-742 of the 
Powder Diffraction File. 

The majorite of the Coorara mete- 
orite is so fine-grained that microprobe 
analysis was very difficult. The compo- 
sitions (5) reported in Table 1 were 
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obtained from a polished thin section 
by rejecting some data with a high 
Fe and low Si content, which were 
thought to result from overlapped 
goethite and other Fe-rich minerals. 
The oxidation state of the Fe is un- 
known, and the analysis has been 
calculated to 12 oxygen atoms on the 
two extremes of all divalent and all 
trivalent Fe (Table 2). Whatever the 
assumption, some Si must be in non- 
tetrahedral coordination, almost cer- 
tainly in octahedral coordination. The 
major elements Mg, Fe, and Si have 
concentrations similar to those of the 

orthopyroxene that occurs as a major 
constituent of the main body of the 
meteorite, but the minor elements are 
quite different. The garnet is brownish, 
but the color may result from iron 
oxides rather than being inherent. The 
garnet of the Tenham meteorite has 
x-ray and chemical properties (2) sim- 
ilar to the properties reported here. 

Also in the polished thin section of 
the vein are rare crystals of an opti- 
cally isotropic material of orthopyrox- 
ene composition. These crystals are 
probably majorite, but an x-ray valida- 
tion has not yet been obtained. 

The ringwoodite and majorite were 
undoubtedly formed from olivine, py- 
roxene, and other minerals in the 
meteorite as a result of extraterrestrial 
high-pressure transformations. The 
overlap of the composition ranges of 
the ringwoodite and olivine indicates 
an isochemical transformation. The ma- 
jor elements of the majorite and pyrox- 
ene are fairly similar when account is 
taken of substitution of Si by Al (see 
Table 2). However the minor element 
concentrations are quite different. The 
Na and Al of the majorite probably 
come from plagioclase. The Cr prob- 
ably comes in part from chromite. Pre- 
sumably original pyroxene with lesser 
amounts of plagioclase, olivine, and 
chromite were converted into the fine- 
grained mixture of majorite with lesser 
amounts of iron-rich phases. Subse- 
quently, terrestrial weathering caused 
considerable changes in the hydration 
and oxidation states of the iron. 

On the basis of incompatibility of the 
cell dimension of majorite with the cell 
dimension expected theoretically for a 
garnet with an Mg-rich olivine compo- 
sition, McConnell (6) proposed that 
the garnet has the composition of 
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the garnet has the composition of 
khoharite, whereas Geller (7) suggested 
that its composition is a mixture of 
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that its composition is a mixture of 
pyroxene and olivine. The new chemi- 
cal data yield an estimated cell di- 

mension that is consistent with the 
observed cell dimension. 

The great similarity between the 
chemical and textural data for the Ten- 
ham and Coorara meteorites strongly 
suggests a common extraterrestrial ori- 
gin. However, Tenham is an observed 
fall (1879), whereas the weathered 
condition of Coorara (found in 1967) 
indicates that it probably fell hundreds 
or even thousands of years ago. 
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the surface polar molecules pass from 
a disordered orientation state to an 
ordered orientation state, the transition 
size being on the order of 100 mole- 
cules. This transition poses an interest- 
ing model problem in the study of 
order-disorder transitions in the thermo- 
dynamics of small systems. 

Until 1962 the classical nucleation 
theory for water condensation, as given 
by Becker and Dbring (1), had been 
regarded as well founded and substanti- 
ally verified by experiment. In 1962 
Lothe and Pound (2) pointed out that, 
according to this treatment, the em- 
bryonic droplets are considered to be 
at rest in the vapor whereas, in reality, 
they form a macromolecular gas so that 
their translation and rotation must be 
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