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While most refractory inclusions from the Allende CV3 meteorite are composed mainly of 
melilite, spinel, and pyroxene, HAL is unusual in that it consists predominantly of hibonite (1). 
Moreover, the hibonite in HAL is itself unusual. While meteoritic hibonites can have up to 9 wgt 
% Ti02 and 4.5 wgt % MgO, HAL hibonite has only minor substitution of Ti ( e l  wgt % Ti02) 
and less than 100 ppm Mg (2). Refractory trace-elements are enriched in meteoritic hibonites 
relative to CI chondrites, but HAL is characterized by a large depletion in Ce (2). Meteoritic 
hibonites can have large isotopic anomalies in 48Ca and 50Ti, the heaviest isotopes of Ca and Ti, 
ranging from -5 to +10 % and -7 to +27 % relative to terrestrial Ca and Ti respectively (3,4,5), 
but isotopic mass-fractionation of Ca and Ti is generally not large (6). However, HAL has 
isotopic systematics characteristic of the FUN group of Allende inclusions, i.e. nuclear anomalies 

mass fractionation effects (e.g. 7). In this abstract we examine the chemical and isotopic 
chacteristics of three other hibonite inclusions with marked similarities to HAL in an attempt to 
elucidate aspects of their origin. 

The three HAL-type inclusions are DH-H1 from the Dhajala H3 chondrite, whose similarity to 
HAL has been noted by Hinton and coworkers (8,9), and hibonite-crystal fragments 7-404 and 7- 
971 from the Murchison CM2 meteorite. Trace-element abundances of hibonite from HAL and 
these three inclusions have been reported previously (2,9,10,11). HAL and DH-H1 hibonite 
samples are characterised by LREE-enriched patterns with large depletions of Ce, and smaller 
depletions of Pr. The complementary HREE-enriched pattern has been measured from perovskite 
in rim material surrounding HAL, but no phase with complementary HREE is associated with DH- 
Hl.  Grains 7-404 and 7-97 1 have relatively flat Group-111-type REE patterns (depleted in Eu and 
Yb), with superimposed depletions of Ce and to a lesser extent Pr. Ce and Pr depletions have been 
interpreted as the signature of high-temperature processing in an oxidizing environment whereby 
relatively volatile Ce4+ (and probably W+) are stabilised (12). 

Ca, Ti, and Mg isotopic measurements reported here were made with the Cameca IMS-3f ion 
microprobe at Washington University under standard operating conditions (10,13). Ca isotopic 
compositions (Table 1) show significant intrinsic Ca isotopic mass fractionation, Fc,, with 
enrichments in the heavy isotopes ranging from +2 to +13 % d m .  48Ca appears to be depleted in 
all samples by approximately 4%, while effects at the other isotopes are marginal. The Ca isotopic 
composition of HAL determined by ion microprobe (Table 1) is in good agreement with 
conventional analyses (7). The Ti isotopic composition of HAL has been presented previously, 
however, the lower Ti02 concentrations in the other three hibonites resulted in very low Ti+ count 
rates and large Ca isobaric interferences on 46Ti+ and 48Ti+. The intrinsic Ti-isotopic mass- 
fractionation, FTi, for these hibonites was determined from the 47Ti149Ti ratio and ranges from +4 
Y ~ A M U  in HAL to +I90 Y ~ A M U  in 7-404 and is anti-correlated with the Ti02 concentration in the 
four hibonite samples. S0Ti was also measured from 7-97 1, giving a 650Ti of 4 . 4  f 6.5 Ym after 
correction for mass fractionation with 47Ti/49Ti. 

Mg isotopic systematics of HAL, DH-H1 and 7-971 have been presented previously 
(7,8,10,14). HAL and DH-H1 have 26Mg excesses that correlate with AlMg yielding 
(26A1/27Al)o ratios of 5.2 x 10-8 and 8.6 x 10-6 respectively. No intrinsic Mg isotopic mass 
fractionation, FM , was detected for HAL but FM in DH-H1 was reported to be +~~Yoc)/AMu 
regardless of A d g .  The isotopic composition of hg in 7-971 is heterogeneous with the most 
anomalous Mg preserved in the core having 26Mg excesses up to 4000 Ym and F M ~  up to +90 
Yodw. 

Analysis of 7-404 was complicated by the small size of the grain (80x30 pm) and presence of 
an Fe-silicate rim along one side. The hibonite in contact with the rim appears to have been 
metasomatized with a significant enrichment of Mg relative to unaltered hibonite. On examination 
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of the ion microprobe sputter area in the SEM, it was found that the analysis has a significant 
contribution from this altered zone. The average n w M g  for the analysis is 1280 f 170 (1 s.e.), 
the mean S6Mg is +14 f 6 (2um), while the mean F M ~  is -4.3 f 5.3 %dm. Projected through 
the normal Mg intercept, the slope of the correlation yields a (26AL/27Al)o of 1.4 f 0.6 xlO-6 (20,). 
A replicate analysis was also made of DH-HI. Excesses of 26Mg up to 800 Ym were measured at 
2'AlPMg ratios up to 14,000 and yielded a (26Ap7Al)o of 8.1kO.3 x and a (26Mg/26Mg)o 
intercept of 0.146kO.002. These values are in good agreement with those previously determined 
(8), however, the mean F M ~  for our analysis is only +6.6 f 4.8 Q o d m  ( 2 0 ~ )  which does not 
agree with the F M ~  value of +19 Y i m  previously reported. 

The similaribes in the chemistry and isotopic systematics indicate a common history for these 
four inclusions. Allen and coworkers (1) proposed a condensation origin for HAL from a 
reservoir characterized by high oxygen fugacity, low 26Al abundance, and mass fractionated Ca 
isotopes. However in this model, Ti in the formation region of 7-404 would then have to be 
enriched in the heavy isotopes by +I90 Y d m .  We prefer a model similar to that proposed by Lee 
and coworkers (7) in which distillation in a relatively oxidising environment results in the removal 
of Ce and causes isotopic mass-fractionation of Ca, Ti, Mg and 0 in individual inclusions. Despite 
the presence of isotopically mass-fractionated Ca and/or Ti in all inclusions, detectably mass 
fractionated Mg is present only in 7-97 1. This is probably the result of the removal of virtually all 
initial Mg from the other inclusions during distillation. Any remaining mass-fractionated Mg has 
been swamped by the introduction of normal Mg either by reaction with the ambient nebula gas or 
during meteorite metamorphism. For example, 7-971 has lost radiogenic Mg and has gained 
normal Mg in the rim relative to the core, and the large variations in the A 4 M g  of HAL and DH- 
H1 relative to 7-404 and 7-971 are probably a result of the higher degree of meteorite 
metamorphism in Allende and Dhajala relative to Murchison (14). With the removal of Mg, Ti" 
is no longer compatible with the hibonite structure and the extreme Ti isotopic mass-fractionation 
of 7-404 is a result of the almost complete removal of Ti from the hibonite. Ca is an essential 
element of the hibonite structure and so we might not expect a direct correlation between FT~  and 
FCa. The excess 26Mg in these grains and the correlation of excess 26Mg with AVMg can be 
accomodated either by the in situ decay of SAl, or by mixing of exotic Mg produced h m  the prior 
decay of 26Al with normal Mg. Given the high Al/Mg of the hibonites, it is likely that in situ decay 
of 26A1 is responsible for the excess SMg although the correlation lines are probably the result of 
reintroduction of noxmal Mg. 
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Table 1. Ca and Ti isotopic compositions. 

HAL +6.7+1.4 -4.4f2.8 -0.8f3.1 -3.6f3.8 0.80 +4.4f 2.2 
DH-H1 +12.9f0.5 -0.9f1.6 0.2f 1.7 -4.1f1.8 0.16 + 1 1.W2.2 
7-404 +11.2+0.6 -1.Of2.6. -0.2k2.9 -3.4f2.6 0.035 +189.1+3.9 
7-97 1 +2.2+1.1 -0.8f2.4 3.7f2.4 -4.4f3.0 0.23 +16.2+5.6 
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