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HN3-1 (TYPE B-1 CAI) FORMED FROM ISOTOPICALLY AND CHEMICALLY 
HETEROGENEOUS INTERSTELLAR MINERALS AND CONDENSATES OF THE SOLAR SYSTEM 
BY INCOMPLETE MELTING; H. Nagahara, H. Nagasawa*, N, Nakamuraw and T. 
Matsui***, Geol. Inst., Univ. Tokyo, Hongo, Tokyo 113, *Dept. Chem., 
Gakushuin Univ., Mejiro, Tokyo 171, **Dept. Earth Sci., Kobe Univ., Nada, 
Kobe 657, ***Geophys. Inst., Univ. Tokyo, Hongo, Tokyo 113, Japan. 

HN3-1 is a coarse-grained Ca-Al-rich inclusion in the Allende 
chondrite which has a typical B-1 structure. I t  is well crystllized and 
degree of alteration is small, which appears to be one of the most clear 
and beautiful Type B-1 CAIs ever known. Combined petrological, chemical 
and isotopic study shows that i t  crystallized from incompletely molten 
liquid and that the precursor material consisted of both interstellar 
material and condensates of the solar system. 

HN3-1 is mare than 1 cm in diameter with melilite (Mel) mantle of 
thickness up to 1 mm. Spinel (Sp) is rarely contained in mantle Mel which 
locates in the altered cracks as a discrete grain if any. Mpl is zoned 
from Ak at the outermost to Ak at mantle/core boundary. The core of 
the ingyusion consists of coarge-grained Ti-rich cl inopyroxene (Tpq), 
Mel, anorthite(An), and numerous small Sp in the decreasing order of 
amount. He1 is euhedral showing the earlier crystallization, which is 
almost devoid of S p  but with rare framboids. Mel grains are normally 
zoned with cores of Ak and rims of Ak Reverse zoning is not 
found in HN3-1, which ?g-$!?ten seen in T Y ~ ~ O E ~ P '  [1,21. Some of core Mel 
grains show kink band due to deformation which is not chemically 
distinguished from those without kink band. Tpx is subhedral and 
intimately interlocking with Ag suggestive of co-crystallization, and 
contains numerous Sp .  Spinel framboids and pallisades, which are not 
common in Type B-1 C31, are often present within Tpx in HN3-1. In 
general, Sp framboids or pallisades are less abundant in Type B-1 than 
Type B-2 131. Type B-1 have various evidence for melting; on the other 
hand, Type B-2 does not show any evidence of melting. Though Type B-1 abd 
Type B-2 are chemically different, precursor of Type B-1 would have been 
texturally similar to Type B-2 where Sp of interstellar origin accreted 
to form framboids or pallisades. Duirng partial melting, that is 
formation of Type B-1 CAI, they were disaggregated. Tpx is strongly zoned 
with core rich in A1 0 and Ti02 (up to 22 wt% and 11 %, respectively) 
and rim poor in them ?l$% and 4%, respective1 y ) ,  Ag is subhedral which 
contains less Sp than 'I'px and is almost pure within the analytical limit 
of EPMA. Textural and compositional evidence show that the 
crystallization sequence in HN3-1 is Sp followed by core and mantle Mel, 
and at last Tpx and An almost simultaneously, which is consistent with 
previous works. Refractory metal nuggets or "fremdlinge" have not been 
found in HN3-1. 

Zonal patterns in Mel and Tpg show that they crystallized during 
cooling and that they did not suffer any thermal interruption after 
crystallization. Presence of kink band only in core Mgl implies that i t  
had suffered deformation before formation of CAI and that i t  remained 
without completely melting during heating. Core Mel is, thus, relict; on 
the contrary, mantle Me1 nucleated on the wall of CAI and grew inward 
from partially molten liquid. During nucleation and growth of mantle Mel, 
core Mel should have overgrown resulted in having similar Ak contents. In 
many Type B-1 CAIs, mantle Mel has higher Ak content than core Mel [1,21: 
i t  would be due to crystallization from partial melting in binary 
complete solid solution system. Though i t  has been explained by inward 
crystallization E31, presence of Yb anomaly in Mgl described below shows 
that mantle and core Mels are different in origin. 

REE patterns of the constituents shown in the companion paper C41 
suggest that Mel, An, and Tpx crystallized from a melt partitioning REE 
almost in equilibrium but that the melting was incomplete. Yb anomaly in 
Mel would be inherited from earlier generation, which still remains in 
the core Mel. Presence of Yb anomaly in An and absence in Tpx show that 
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An preserve relict portion which carries Yb anomaly. I t  is thus suggested 
that primary Me1 and An remain in HN3-1 which can be petrologically 
distinguished in case for Mel but not for An. 

Oxygen isotopic compositions of mineral separatfg C53 show a general 
tendency that Qp and Tpx are much more enriched in 0 than Me1 and An 
and a unique feature that An has different composition from Mel. 1 e0- 
enrichment in Qp would be due to its interstellar origin, which had 
survived from exchange of oxygen with solar system oxygen during and 
after heating of CAI formation. As both Mel and An contain relict and 
crystallized portions, difference of oxygen isotopic composition between 

and An would be due to fractionation at the time of condensation. 
This implies that Mel and An originated in the sol96 system which 
accreted with interstellar Sp to form precursor of CAI. 0-enrichment in 
TEX shows the ihterstellar origin of Tpe; however, i t  contradicts the 
idea from the REE pattern that TEE crystallized from a liquid. If TEX 
crystallized with An from a residual melt, both should have the same 
oxygen isotopic compositions. Explanation for this is : Tpg is also 
relict which originated in the interstellar matter with 0-enrichment 
and the REE pattern of Tpx had been originated in the earlier generation, 
2 )  oxygen isotopic compositions of Tpg are not correct, but are the 
result of contamination with Sp, or 3) REE pattern of minerals have been 
changes by secondary event, such as alteration by nebular gas. 
Possibility (1) seems to be unlikely because the distribution of REE 
among Mel, Tpx, and An agree with those obtained by crystallization from 
a liquid. The possibility ( 2 )  may be the case; though the density of TEX 
and Sp differs considerably (<3.4 and 3.55, respectively), SE in TQX is 
so small, mostly submicron to 10 microns in diameter, and so abundant 
that the clear separation of Sp from Tpg would be very difficult. Oxygen 
isotopic composition of pyroxenes from various type of CAIs so far as 
known distribute widely along Allende "mixing line" on the three-isotope 
diagram; on the contrary, other minerals do not. The reason of this has 
not yet been well explained. 1 6  contamination of Sp with Tpx is the case 
and if Tpx is not enriched in 0, petrological and chemical observations 
above described may be explained. This possibility is now under 
investigation. REE patterns of Mel and Tpg, however, shows that Me1 
crystallized after TQX which is inconsistent with textural observation 
and results of crystallization experiments C6,71.  Possibility (3) seems 
to be unlikely; Type B-1s including HN3-1 always have similar REE 
patterns of minerals, nevertheless degree of alteration varies from one 
to one. 
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