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The thermal history of a rock is determined by the examination of its different 
mineral components. The various geothermometers utilized have various sensitivites to 
cooling rates. Therefore, it is not surprising that each mineral thermometer wil l reveal 
the lowest temperature to which it has undergone reequilibration. These characteristic 
temperatures (Te) will be different, not so much as a function of initial temperature of 
formation, as a function of the diffusion kinetics. Such was determined to be the case 
for three mare basalts. 

Two pyroxene crystals from phenocrysts of lunar olivine-normative basalt 15555 
have been investigated by X-ray single crystal diffraction and transmission electron 
microscopy techniques. Interpretation of the diffraction patterns of the crystals are 
complicated by rotation of reciprocal lattices up to 20 approximately about the b-axis, 
as a result of epitaxial Ca-zoning on (100). There are two exsolution phases with a 
common (100) in these crystals. Unit cell parameters of the exsolution phases were 
determined as the following: baug = b+ig .= 8.90 8; fjaug 106.5O; fj pig = 108.30. Based 
on Papike's nomogram (I), the compos~t~ons of coex~st~ng phases were found to be 
WoloEn62Fs 8 and Wo37En46Fsl7; A Wo = Woaug - Wopig = 27%. Using clinopyroxene 
solvus data ? 2,3), a temperature of l IOOOC was estimated, as equilibrium temperature 
for these two coexisting phases (Table 1, Fig. I). Annealing of these crystals at I 100°C 
for up 10 days did not significantly change the compositions of the coexisting phases. 
The scale of exsolution (A in the crystals both before and after annealing was i' determined to be about 800 (Fig. 2). This supports the equilibrium temperature value 
a t  I I OOOC. These results are in good agreement with the data on exsolution in pyroxenes 
from 15555 ~reviouslv determined (4.5). 
Thermal   is tor^ of '15555. ~st im-ai ibns of cooling rates of 15555 have been based on 
dynamic crystallization studies (7) 0.5-I°C/hr and on Fe-Mg zonation in olivine (8) 
5OC/day (i.e., O.Z°C/hr). The data derived from the present study indicate that 15555 
clinopyroxenes have an equilibration (i.e., closure) temperature of about I 1 OO°C. Bianco 
and Taylor (7) determined the pyroxene appearance temperature as 1240°C. 

FIG. 1 
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Table 1. 

Te e Te Te 
Sample# A ,  8 (px exsoln) (Zr i in/usp) (Ti t r / i  lm) ( F e / ~ g  K, MlM2 Pig) 

Y 

15555 800 1 1 OOOC - - - 

Thus, it is apparent that I IOOOC is probably a temperature where the elemental diffusion 
was arrested and reequilibration ceased, an obvious effect of the prevailing cooling rate 
of the rock. 

12021 versus 12052. These two basalts have bulk compositions which are virtually 
identical and suggest that they may have originated within the same lava flow. Several 
studies (9- 16) have demonstrated that 12052 cooled more rapidly than 1202 1. Pyroxenes 
from these rocks (9-1 1) are characterized by different closure temperatures (Te) and A 's 
for the exsolution lamellae (Table I, Fig. I). It would appear, therefore, that these 
samples, i f  from the same flow, are representative of distinctly different positions 
within the flow. 1202 1 was situated more interior relative to 12052, which was nearer a 
boundary surface of the flow. 

15555 versus 12052. A comparison of the pyroxene closure temperature (i.e., Te) of 
these two samples reveals that they are identical, at about I 100°C, However, the X Is of 
the exsolution lamellae are considerably different (150 & for 12052 versus 800 8). 
Although Grove (6) has pointed out that similar morphologies can occur from slightly 
different cooling rates, we feel that this X difference reflects distinct differences in 
cooling histories of the respective pyroxenes. In addition, a comparison of the mineral 
textures and grain sizes of these two rocks emphasizes that 15555 obviously cooled at a 
significantly slower rate than 1202 1. However, inspite of the textural and X data, the 
pyroxene closure temperatures would seem to indicate similar cooling histories (i.e., 
identical Tefs). 

Discussion. A 
73).cao. 
composi t ionai 

lthough the 4 ' s  of 15555 and 12052 are not greatly dissimilar (68 versus 
A12O3, and Si02 contents differ by several percent each. This general 
variance is reflected in the phase equilibria for these two rocks. The 

liquidus of 15555 is about 1 2600C; pyroxene first appears at 1243OC (7). The liquidus of 
12052 is only 1 1500C; pyroxene first appears at 1 140°C (1 7). Thus from these data, it 
can be stated that pyroxene begins to crystallize in I5555 at a temperature over IOOOC 
above that of 12052. 

I t  is obvious from the above discussion that although the closure temperatures of 
the pyroxenes of these two rocks are the same, 15555 pyroxene has undergone 
reequilibration well over IOOOC (i.e., 1240C to 1 100°C). This is to be compared to a 
maximum of 300C ( I  1400C to I IOOOC) for 12052. Therefore, the cooling rate of 15555 
was significantly slower than that of 12052, as evidenced from other 
considerations.Consideration of the pyroxene closure temperatures alone without 
evaluation of other petrologic factors can lead to erroneous conclusions. 
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