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This primary porphyritic picrite crystallized in a period 
of a month or two in a magma body at least several meters thick. 
The cooling rate decreased with time. The magma was generated 
at 250 km, leaving an olivine-orthopyroxene residue. 

COOLING HISTORY Porphyritic picrite 12002 has a two stage cry- 
stallization history: quasi-equilibrium phenocryst growth of 
olivine, Cr spinel, and pyroxene cores followed by an episode of 
ilmenite-plagioclase-pyroxene-silica groundmass crystallization. 
We previously interpreted this two stage crystallization history 
in terms of a two stage cooling model: slow cooling followed by 
eruption and fast cooling (1). In performing linear cooling ex- 
periments in high purity iron to check this interpretation, por- 
phyritic textures were observed at all rates (0.5-2000°C/hr), 
At cooling rates >50°C/hr, the run products consist of skeletal 
phenocrysts of platy olivine, spinel, and elongate high Ca-A1 
pyroxerie surrounded by glass. Textures produced at 500°C/hr 
very closely match those observed in vitrophyre 12009, a picrite 
of similar composition. At slower cooling rates the phenocrysts 
of olivine, spinel, and pyroxene (pigeonite-augite) become more 
euhedral, although maintaining some evidence of skeletal mor- 
phology, and the groundmass consists of sprays of pyroxene, 
plagioclase, and silica which become coarser with decreasing 
cooling rate. Ilmenite laths and ulvospinel mantles on Cr spi- 

I 10 100 1000 nel pnenocrysts 
crystallize before 
the groundmass at 
all cooling rates 
observed. Figure 1 
is a plot of the 
phases present as a 
function of cooling 
rate and tempera- 
ture from which the 
charge was quenched. 
All experiments 
start from 1350+5°C. 
The temperature-at 
which each phase ap- 
pears decreases 
with increasing 
cooling rate. This 
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effect may in part be due to the higher probability of nuclea- 
tion near the equilibrium temperature at the slower cooling 
rates, but is also caused by departure of the composition of the 
residual liquid from the equilibrium composition due to growth 
of zoned phenocrysts. For example, fractionation of augite 
(rather than the equilibrium pigeonite) depletes the melt in Ca 
while surface equilibrium of olivines and pyroxene enriches the 
Fe/Fe+Mg of the residual liquids (to 0.9 vs 0.6 at bulk-equili- 
brium). These departures from bulk equilibrium suppress plagio- 
clase and enhance ilmenite growth potentials. Together with 
delayed plagioclase nucleation, they are responsible for the 
fact that ilmenite and plagioclase have reversed their order of 
crystallization relative to the equilibrium sequence. 

The phenocryst 
and groundmass pyro- 
xenes approximate 
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2 PHENOCRYSTS 
ring bulk equilibri- 
um crystallization 
(see fig, 2). Ti/Al 
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is close to 1/4 but 

can be >1/2 in the groundmass in both nature and experiment. 
Rapid crystallization of plagioclase from supersaturated liquids 
causing discontinuous A1 depletion is responsible for the change 
in Ti/Al in the groundmass pyroxenes. Unlike the pyroxenes, 
olivine rim chemistry conforms to the equilibrium values for 
temperatures between the equilibrium liquidus and solidus. This 
observation is independent of cooling rate. Furthermore olivines 
tend to maintain surface equilibrium in terms of Fe-Mg distribu- 
tion with the residual liquids, regardless of cooling rate, to 
at least 100°C below this interval when they become largely over- 
grown with pyroxene and/or groundmass. Fe-Mg equilibrium is 
maintained at high cooling rates with highly skeletal growth 
forms which are probably induced by constitutional supercooling 
effects. 

In contrast to the olivine chemistry, olivine nucleation 
density is sensitive to cooling rate, allowing fig. 3 to be used 
to estimate the initial cooling rate of 12002 (near 1°c/hr), 
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Solidification of the 
12002 groundmass, however, 
occurred at a cooling rate 
slower than any we obser- 
ved experimentally, since 
the grain size, even at 
the slowest cooling rate 
(0.5'~/hr) n I( 

is finer 1 2 0 0 2  COOLING 
HISTORY 

than that 3 0 0 k ' \ ~  I 
observed 
in 12002. 
This 
yields 
the per- 
verse con 
clusion 
that this 
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porphyry solidified at a decreasin cooling rate rather than a 
discontinuously increasing --? rate see fig. 4). Using the olivine- 
derived cooling rate and heat flow considerations, one may cal- 
culate that 12002 had to be on the order of two meters from the 
nearest surface of heat loss in its magma body. This yields an 
estimate of a few times 2 meters for the minimum dimensions of 
that flow or intrusive. Calculation of crystal settling dyna- 
mics indicates that the interior of such a body could differen- 
tiate to produce the other Apollo 12 olivine basalts in the time 
scale deduced for solidification. 

ORIGIN The equilibrium crystallization behavior of 12002 in high 
purity iron has been investigated as a function of temperature 
and pressure, Experimentally, constant bulk composition is main- 
tained, in accord with the petrography which shows iron through- 
out the natural solidification which begins with olivine (Fo76) 
crystallization. At pressures below 12kb and at all cooling rates 
observed (as high as 2000°C/hr) olivine (~078) is the liquidus 
phase. Since the Fe-Mg distribution between olivine and liquid 
is independent of pressure, temperature and cooling rate at the 
appropriate p02 (iron-saturation and constant bulk composition), 
postulation of changes in these variables (2) cannot alter the 
conclusion that 12002 crystallized from a melt of nearly its own 
composition. !do more than 5% of the olivine can be cumulus. Such 
a melt can be produced at a depth of 250km, leaving an olivine 
(~076)--orthopyroxene (~05,~n74/~1~0~,1.4/~i0~,0.3/Cr 0 , 0 . 6 )  
residue. 2 3 
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