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Most, but not all, researchers believe that the unmetamorphosed parental 
material of types 4-6 ordinary chondrites resembled type 3 chondrites. 
Slightly lower total iron and trace siderophiles in H3's [ 1-31 imply, however, 
that known type 3's are not identical to the parental material. Here we review 
the properties of type 3's to evaluate which properties are characteristic of 
type 4-6 parents, and to learn more about the conversion process. 

Chondrules. Some researchers claim that equilibrated chondrules did not form 
from unequilibrated chondrules bu t ,  instead, the two kinds formed under 
different crystallization conditions [4-61. Our studies of type IA porphyritic 
chondrules (FeO-poor and olivine-rich [ 7 ] )  in type 3.0-4 chondrites show that 
this is  incorrect. We can trace a sequence of IA chondrules with Fa 1-3 and 
Fs 1-3 in LL3.0fs to I A  chondrules with Fa 28 and Fs 24  in LL4's, for 
example. We know that this is  a metamorphic sequence, because intermediate 
types have mineral compositions consistent with metamorphic equilibration, but 
not with cry tallization: e.  g . ,  Fa 10-25 and Fs 1-5. (Fe-Mg diffusion in f olivine is ~ 1 0  x faster than in pyroxene.) These studies show that type 4-6 
parental material contained many chondrules identical to those in type 3.0 
chondrites. Conceivably this material also contained some very minor 
chondrule variety that is not present in type 3's, and vice versa, but such 
chondrules have not been identified. 

Matrix. Studies by Huss et al. [8] show that type 4's contain fine-grained 
matrix material that probably resembled the opaque matrix of type 3.0 
chondrites prior to metamorphism. However, there are appreciable variations 
in the matrix mineralogy of types 3.0-3.5 chondrites which cannot be explained 
by metamorphism [ 8 ,  91, e .g . ,  the presence of white matrix in Tieschitz, and 
two-fold higher Na and A1 concentrations in the matrix of Semarkona relative 
to the matrix of Krymka (both LL3.0fs). We do not know which of these 
primitive matrices were most like the matrix in type 4-6 parent material, and 
we do not know if the proportions and compositions varied as they do in type 
3 chondrites. 

Oxygen isotopic composition. Type 3's tend to have bulk 0 comqpitions which 
are isotopically heavier than those of types 4-6 [ l o ] ,  and 8 0 correlates 
inversely with thermoluminescence sensitivity in L and LL groups [ I l l .  Loss 
of heavy oxygen in the form of CO during metamorphism has been proposed to 
account for this [ l o ] ,  but very restrictive physical conditions and a complex 
history seem to be required [ l l ] .  If  C was not lost during metamorphism 
[12],  then the heavier oxygen in most type 3's must be a result of nebular 
processes, which are known to produce big variations in 0 isotopic composition 
of chondrules. Sharps (H3.4) has identical bulk 0 composition to that of H4-6 
chondrites [I31 even though i t  is  rich in C and volatiles. Thus perhaps very 
few type 3 chondrites have the 0 isotopic compositions of type 4-6 parental 
material. 

Bulk chemistry. Type 3's are probably much richer in C and planetary gases 
and possibly volatiles like Bi, In and T1 than the parent material of types 4-6 
[12,14]. H3's are depleted in total iron and siderophiles by 10% relative to 
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H4-6 [I-31, so i t  is likely but not certain that no type 3 is identical in 
composition to the type 4-6 parental material. 

Metamorphism. Metamorphic equilibration of chondrules occurred after and not 
before their accretion, as nebular equili ration of pyroxenes in FeO-rich and 5' FeO-poor chondrules would require >10 years at 1000°C. Preservation of 
fractionated nebular gas, necessary for stability of FeO-bearing silicates [16],  
for this length of time seems implausible. Metamorphism in planetesimals or 
fully formed H ,  L and LL parent bodies is then required. However, evidence 
that preservation of inverted protopyroxene in type 4's requires (1 week at 
800°C [I71 cannot easily be reconciled with either model. 

In the Larimer-Anders model, chondritic material accretes onto H-L-LL 
parent bodies while nebular temperatures are falling, thus producing a 
volatile-poor core and volatile-rich surface. (We interpret 'volatile-rich' to 
mean rich in f6 and planetary Xe, possibly rich in Bi, In ,  etc. ) Subsequent 
heating by A1 of the fully formed parent bodies insures that no 
unmetamorphosed , volatile-poor material is preserved, and no volatile-rich 
material is metamorphosed. Metamorphism in planetesimals would tend to 
preserve these materials unless the following conditions are met: a) 
metamorphosed planetesimals accrete before they are cool so that volatile-poor 
type 3 material on the planetesimal surfaces is heated above type 4 
temperatures; b) little mixing of volatile-rich and volatile-poor planetesimals; 
and c) no metamorphism of late-accreting, volatile-rich planetesimals. These 
conditions would also produce a volatile-rich surface and volatile-poor core on 
the parent bodies. 

The existence of anomalous chondrites such as Winona that are rich in C 
and planetary gases [19], in spite of being heavily metamorphosed, suggests 
that unmetamorphosed chondrites that are depleted in C and planetary gases 
could exist. It is possible that the extensive mixing of type 3 materials on 
ordinary chondrite parent bodies after metamorphism [15] ensured that even if 
such ordinary chondrite material were produced, little was preserved. 
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