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Introduction: Both the chemical and isotopic compo-
sitions of Types A and B refractory inclusions in CV3
chondrites suggest that they may be evaporation resi-
dues of high-temperature condensate assemblages [1].
The MgO and SIO, contents of these objects are gener-
ally consistent with evaporative loss of the amounts of
these oxides indicated by their Fy g and Fg, butitisrare
when bulk chemical and Mg and Si isotopic data exist
for the same inclusion. We report on our efforts to
solve this problem by obtaining accurate bulk chemical
and Mg and Si isotopic data on each of a suite of inclu-
sions from various CV 3s.

Sampling: As discussed previously [1], accurate de-
termination of bulk chemical compositions of refrac-
tory inclusions is fraught with difficulties primarily
related to sample heterogeneity and the small sample
sizes typically used for this purpose. For example, a 1
cm-diameter inclusion weighs 1.75 g, so a bulk chemi-
cal composition obtained by modal recombination of
an equatorial, 30 um-thick, thin section of it would be
based on only 8 mg, or 0.4 %, of the sample. Similarly,
a bulk composition obtained by instrumental neutron
activation analysis (INAA) of arelatively large, 30 mg
fraction of it would be based on only 1.7 % of the sam-
ple. The inclusions employed in this study were large
enough that multiple thin sections were prepared from
each and relatively large quantities of material were
excavated from each. In some cases, material was re-
moved from inclusions that had been sampled and stud-
ied previously. The excavated material from each in-
clusion was ground into a homogeneous powder (5-200
mg but most ~40 mg) which was divided into separate
aliquots for INAA determination of major elements;
Mg isotopic analysis, O and Si isotopic analysis; and,
in some cases, U-Ph geochronologic investigation [2].
INAA: Na, Mg, Al, Ca, Ti, V and Mn abundances
were determined in a rabbit irradiation, and Fe in a
long irradiation, at the University of Missouri Research
Reactor, and SiO, was obtained by difference, in each
of 6 inclusions from Efremovka, 5 from Allende and
one from Leoville. Uncertainites due to counting statis-
tics and standardization were aways <0.9% of the
amounts present for CaO and MgO, and <0.6% for
Al,Os. It was postulated in [1] that each Type A or B
inclusion has a chondritic CaO/Al,O; weight ratio of
0.792, and that deviation of the measured ratio from
this value in any sample is a measure of the non-
representativeness of the sample. Despite the relatively
large sample sizes, however, none of the samples in
this study appears to be representative according to this
criterion, with the ratios obtained ranging from 0.52-
1.06. When the data obtained here are commingled

with the INAA data reported for 15 other inclusionsin
[1] and unpublished data for two other Allende inclu-
sions, the mean CaO/Al,O; ratio is 0.88+0.21 (10).
After removal from consideration of very small sam-
ples (<2mg), leaving only one inclusion from [1], the
mean ratio of the remaining 15 samples closely ap-
proaches the chondritic value and has a smaller stan-
dard deviation, 0.80+0.18. This includes 7 Type As
with a mean ratio of 0.86+0.17 and 8 Type Bs with a
mean ratio of 0.75+0.20.

Modal Recombination: Using an electron micro-
probe, wavelength-dispersive point analyses were ob-
tained at spacings ranging from 10-25 yum aong auto-
mated traverses across the polished surfaces of multiple
thin sections of samples from three of the Allende in-
clusions and the one from Leoville studied by INAA.
All are of Type B. From the analyses of all points with
analytical sums between 97 and 102%, the volume
proportions of each pure phase and phase mixture were
determined in each section. For Type B1 inclusions,
characterized by a core and a mantle of distinct miner-
alogy, the volume proportions of phases within each of
the units were determined separately, and the aread
proportions of core and mantle in thin section were
converted to volume proportions assuming an inner
sphere is surrounded by a spherical shell in three di-
mensions. The weight proportions were calculated
using the densities of the pure phases and a mean den-
sity of 3.3 g/cc for all mixtures. The bulk composition
of each section was computed from the mean composi-
tion of each phase and phase mixture, and their weight
proportions. Golfball isa Type B inclusion with a fas-
saite-rich mantle and a melilite-rich core. Results for
two, 6 mm-diameter, equatorial thin sections, L1 and
L2, of thisinclusion are shown on a CaO vs Al,O; plot
in Fig. 1. The point analyses (1280 for L1 and 1422
for L2) cluster at the compositions of the pure phases,
and the triangle joining the mean compositions of fas-
saite, melilite and spinel encloses the analyses of al-
most al of the spots containing phase mixtures. Inter-
secting the triangle is a line whose slope is the chon-
dritic CaO/Al,O; ratio. The mean compositions of L1
and L2 have CaO/Al,O; ratios of 0.69 and 0.65, resp.,
and are plotted on Fig. 1. Also shown is the INAA
measurement of 15 mg of Golfball which yields a
CaO/Al,O; ratio of 0.70. It was suggested in [1] that
analysis of a non-representative sample could be cor-
rected for sample heterogeneity by addition or subtrac-
tion of sufficient spinel to obtain the chondritic
CaO/Al,O; ratio. If each inclusion actually possesses
this ratio, this method works very well for Type A in-
clusions, which are almost completely composed of
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only two phases, melilite and spinel. Because Type B
inclusions also contain major amounts of fassaite and
minor anorthite, there are additional ways by which any
particular sample of a Type B may be non-
representative. For each sample of every Type B in-
clusion, three different corrected compositions were
calculated by adding or subtracting sufficient amounts
of each of spinel, melilite or fassaite to obtain the
chondritic CaO/Al,O; ratio. Some of the corrected
compositions for the three samples of Golfball are visi-
ble along the chondritic linein Fig. 1. Because thetrue
bulk composition of each subsample probably lies be-
tween its three corrected compositions, the best esti-
mate of the true bulk composition of each subsampleis
their mean and standard deviation, unless one or two of
the estimates lead to unreasonable bulk mineralogical
compositions. The best estimate of the bulk chemical
composition of an inclusion is the average of the mean
corrected compositions of its different subsamples.
These are given in the Table for each of the inclusions
of this study, along with previously obtained Mg and Si
isotopic data for two of them [3].

Discussion: In the Table, the data for F12 are based
on a complete, 5 mm-diameter, semicircular section
(CaO/Al,O5 =0.81); the fassaite-rich core was totally
absent from another, 2x2 mm, polar section. For F7,
the data are based on two, nearly complete, circular
sections, 7x9 and 6x8 mm in size (CaO/Al,O; =0.73
and 0.81, resp.). INAA of a5 mg sample removed
from one end of each of these inclusions gave virtually
the same composition as the mantle portion for F12
and of a spinel-mélilite mixture for F7, asinferred from
analyses of thin sections of theinclusions. The datafor
Leoville 3537-2 are based on the nearly complete, 7
mm-diameter, circular section seenin [4], INAA of al
mg sample studied previously [5], and INAA of 25 mg
of a 90 mg, homogenized powder in the present study.
The CaO/Al,O; ratios of these three samples are 0.87,
0.72, and 0.52, resp. Corrections to the INAA data on
the larger sample for each of spinel and fassaite yielded
fassaite contents >75 wt %, which were deemed unrea-
sonable, and were thus disregarded. Subtraction of
fassaite from the thin section-based analysis to yield a
chondritic CaO/Al,O; ratio gave a bulk composition
outside the three-phase triangle; this correction was
disregarded. Modal recombination of three additional,
2x2 mm chips of 3537-2 yielded CaO/Al,O; ratios of
0.57, 0.43 and 0.27. Comparison of their mineralogi-
cal compositions to that of the large section showed
that they were al fragments of the core, and were thus
disregarded as being too non-representative for bulk

composition purposes.

The data given in the Table are thought to be the
best estimates of the bulk compositions of Type Bs
obtained to date. Although the data base for superior
analyses of Type B inclusions is still limited, none of
the data presented here fall on the low-SiO,, high-MgO
side of the condensation curve, or in the region with
Si0,>30% and MgO<12%, unlike the Type B data
plotted in [1, Fig. 9]. This is an improvement, as nei-
ther of these regions can be reached by evaporation of
reasonable condensate precursors.

Measured major element compositions of refractory

inclusions may not be representative, even if obtained
from powders weighing as much as 90 mg by INAA, or
from thin sections of chips as large as 2x2 mm by mo-
dal recombination, if such samples are excavated in the
normal way from an exposed surface of one side of an
inclusion. To increase the probability of obtaining ac-
curate results, either a powder approaching half the
mass of an inclusion should be analysed, or an equato-
rial thin section containing the entire outline of an in-
clusion should be obtained.
References: [1] Grossman L. et al. (2000) GCA 64,
2879. [2] Amdlin Y. et al. (2002) Thisval. [3] Clayton,
R.N. et al. (1988) Phil. Trans. R. Soc. Lond. A325,
483. [4] Caillet C. et al. (1993) GCA 57, 4725. [5]
Sylvester P. J. et al. al. (1992) GCA 56, 134.
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Inclusion Type CaO Al,O3 MgO

SO, TiO, Fumg (%o/amu) | Fg(%o/amu)

Golfball Bl 24.3+t0.5 | 30.7+0.6 | 13.0+0.3

29.4+0.5 | 2.6x0.4

Leo 3537-2 | B1 26.5+0.7 | 33.5+09 | 11.4+14

26.8+2.2 | 1.8+0.5

Allende F12 | B1 28.8+0.3 | 36.3+04 | 11.2+0.1

22.3+t0.2 | 1.4+04 | 10.9+0.3 24+0.1

AllendeF7 | B2 25.0+0.4 | 31.6+0.5 | 11.7+0.1

29.6+0.6 | 2.1+0.2 | 4.9+0.6 1.5+0.1
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