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MOLYBDENUM ISOTOPE EVIDENCE FOR DIVERSE GENETICS AMONG IAB IRON METEORITE
COMPLEX SUBGROUPS. E.A. Worsham®and R.J. Walker*, 'Dept. of Geology, University of Maryland, College

Park, MD 20742 USA (eworshal@umd.edu).

Introduction: The IAB complex is a silicate-
bearing iron meteorite group consisting of a chemical
main group (MG) and several subgroups (e.g., sLL,
sHL) [1]. Based on trace element relationships, previ-
ous studies of the IAB complex concluded that relative
and absolute trace element abundances of the IAB
subgroups differ significantly from one another. This
suggests that the subgroups cannot be related to one
another by crystal-liquid fractionation, indicating that
each group had a distinct initial chemical composition
[1, 2]. Generally, iron meteorites from the same group
are assumed to have originated on the same parent
body (e.g., IVB). Trace elements show that this is not
necessarily the case for the 1AB complex. Proposed
origins of the IAB complex include crystallization of a
S-rich core in a partially differentiated body [3], crystal
segregation in impact-generated melt pools in a chon-
dritic body [1], and core formation in a partially differ-
entiated body, followed by an impact(s) which disrupt-
ed the body and generated near-surface melt pools [4-
6]. Any of these scenarios may have occurred on mul-
tiple parent bodies to generate the 1AB complex.

To better understand how the constituent 1AB sub-
groups may be related, we have undertaken a study to
examine the genetic relations of the IAB complex us-
ing Mo isotopic compositions of MG, sLL, sLM, sHL,
and sHH irons. As most planetary bodies show distinct
Mo isotopic compositions, due to nucleosynthetic het-
erogeneities, it is possible to reject genetic linkages
among meteoritic material if isotopic differences can
be resolved [7, 8]. When Mo isotopic compositions are
applied as genetic fingerprints to individual subgroups
within the IAB complex, the question of whether they
originated on the same parent body, or if they formed
via similar processes on distinct parent bodies, can be
addressed. If it can be shown that the IAB complex
represents multiple parent bodies, then it might ulti-
mately be concluded that the processes that created the
chemically and texturally similar subgroups were tem-
porally and/or spatially widespread.

Experimental Methods: The digestion and chro-
matography methods for Mo analyses were adapted
from [8-10]. Some samples included in the MG and
sLL means were processed and analyzed under differ-
ent conditions than later samples, but have *Mo/*Mo
ratios that are in agreement with MG and sLL samples
that were processed in the same way as irons from the
other subgroups. For most samples, Mo was collected
from the same irons used for W isotopic analysis [2].
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Fig. 1. u**Mo for IAB complex iron meteorites, with the IVB
iron meteorite group for reference. The grey bar indicates the
external reproducibility (20) of repeated analyses of a terres-
trial standard. The dotted lines represent the external repro-
ducibility of standards which were corrected without the line
by line O correction, and incidentally, the external reproduc-
ibility of [8]. Excluding means, each data point represents
one analysis, and uncertainties are the 2¢ external reproduci-
bility or the internal 2SE of the analysis, whichever is larger.
The uncertainties reported for means are 2¢ of the analyses.

Molybdenum isotope compositions were deter-
mined using a Thermo-Fisher Triton Plus TIMS, oper-
ated in negative mode. All Mo isotopes were measured
as MoOs’, which requires an O correction to account
for interferences caused by 'O and **0. To make this
correction, MoOs;" beams were collected concurrently
with 070 (measured as *’Mo™0*0,) using Fara-
day cup detectors that were tied to amplifiers equipped
with a mixed array of 10" and 10" Q resistors [11].
The **0/*0 ratios were used for an in situ O correc-
tion. This correction was applied to each collection
cycle to account for changing **0/*°0 during an analy-
sis. For each cycle, data was collected for ~ 2 minutes
to improve the statistics of the **0/*°0 measurements,
with a total of 150-250 cycles. The external reproduci-
bility (20) of repeated analyses of terrestrial standards
without the line by line O correction, using the O iso-
topic composition of [12], is + 26 ppm for **Mo. With
the line by line O correction, the external reproducibil-
ity is + 7.7 ppm for **Mo. Some of the data included in
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the MG, sLL, and Sombrerete means were obtained
with and without the in situ O isotope measurements.
The Mo isotopic compositions are reported in u nota-
tion (parts in 1,000,000 deviation from terrestrial
standards), which ranges in iron meteorites from 0 to

~ +100 p*Mo [7, 8]. The data are normalized to
*®Mo/®Mo = 1.453171, as in [8].

Results: Most IAB complex iron meteorites re-
ported here have Mo isotopic compositions that are
within uncertainty of the terrestrial Mo isotopic com-
position (Fig. 1). u**Mo obtained from three iron me-
teorites from the MG; three from sLL; a representative
sample from sLM, sHL, and sHH; and Caddo County,
a IAB iron meteorite that does not belong to any of the
subgroups, are reported here (Fig. 1). The MG, sLL,
and Persimmon Creek (sLM) samples have indistin-
guishable Mo isotopic compositions (u**Mo= -0.04 +
7.8,-9.3 £5.0, and -1.5 + 7.7), in agreement with [8,
13]. Sombrerete (sHL) and ALHA80104 (sHH) are not
within uncertainty of each other, terrestrial Mo, or the
other IAB subgroups (u**Mo= 105 + 6.2 and 36 + 7.7).
Caddo County has a Mo isotopic composition that is
within uncertainty of the sLL subgroup, but not the
MG, sLM, or terrestrial Mo (u**Mo= -20 + 7.7).

Discussion: The Mo isotope evidence is permissi-
ble of most 1AB subgroups having their origin on the
same parent body. However, Sombrerete and
ALHAB80104, having well resolved differences in
n®Mo, likely originated on different parent bodies
from other subgroups. If these irons are representative
of sHL and sHH, then neither of the two high-Au sub-
groups of the IAB complex are related to the IAB-MG.
This conclusion is in agreement with that of [7], in
which the authors reported that the Mo isotopic com-
position of Magnesia (sHL) does not overlap with that
of Canyon Diablo (MG). Further, Sombrerete has a
lower AYO than most IAB complex irons [1], and
ALHAB80104 has an older Hf-W metal segregation
model age [2, oral presentation]. These additional lines
of evidence also support the conclusion drawn from
Mo isotopes that these samples are unrelated to the
IAB-MG. Moreover, because nebular heterogeneity is
the source of the Mo isotopic anomalies, these irons,
which originated on separate parent bodies, likely orig-
inated in isotopically distinct nebular environments.

Evidence from the Hf-W system suggests that Per-
simmon Creek, which has an indistinguishable p**Mo
from the MG, records a later metal segregation event
than the MG [2, oral presentation]. This observation
suggests that this sample, and the sLM subgroup, ei-
ther formed on the same parent body as the MG at dif-
ferent times, or on distinct parent bodies in similar
nebular environments. If Persimmon Creek formed on
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the same parent body, it suggests that the 1AB parent
body had a protracted history, and it supports the idea
that at least some of these subgroups formed via im-
pact melting. The implication of the latter is that solar
system objects formed at different times are, due to the
nature of early solar system evolution, formed in dif-
ferent locations. To first order, objects closer to the
proto-Sun have been suggested to have formed earlier,
and vice versa. Therefore, the Mo isotopic homogenei-
ty of the MG, sLL, and sLM subgroups, which formed
at different times (and likely different locations), sug-
gests some degree of nebular homogenization of Mo
isotopic compositions.

Caddo County is classified as an ungrouped mem-
ber of the IAB complex. Wasson and Kallemeyn
(2002) assigned it to the Udei Station grouplet, but
because this grouplet only has 3 members, it was not
considered a subgroup. Caddo County shows a narrow-
ly resolved negative u**Mo, which is the first example
of a negative Mo isotopic deviation when the data are
normalized to ®*Mo/**Mo [8]. The Caddo County data
of [8] are in agreement with those presented here, but
were not sufficiently precise to resolve from terrestrial.
The nucleosynthetic anomalies in Mo isotopic compo-
sitions of solar system materials are typically attributed
to a deficit of Mo isotopes that are produced by s-
process nucleosynthesis of asymptotic giant branch
stars. These data suggest that Caddo County may have
sampled a previously ambiguous s-process excess.
Therefore, Caddo County may not only be unrelated to
the 1AB-MG, but also unlike most other iron meteor-
ites analyzed thus far for Mo isotopic anomalies. Addi-
tional data will be required to corroborate this finding.

The IAB complex likely does not represent a single
parent body. Therefore, chemical similarities within
the complex suggest that the processes that created
these meteorites were widespread in time and space.
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