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Introduction:

Primitive carbonaceous chondrites contain a wide
variety of organic material, ranging from soluble dis-
crete molecules to insoluble nanoglobules of macro-
molecular carbon [1-3]. The relationship between the
soluble organic molecules, macromolecular organic
material, and host minerals are poorly understood.
Large H, C and N isotopic anomalies suggest some
organic components formed in low-T interstellar or
outer Solar System environments [4-5]. The highest
isotopeanomalies occur in um-scale inclusions in the
most primitive materials, such as cometary dust and
the least altered carbonaceous chondrites [6]. Often,
the hosts ofthese isotopically anomalous ‘hotspots’ are
discrete organic nanoglobules that probably formed in
the outermost reaches of the protosolar disk or cold
molecular cloud [7].

Molecularand isotopic studies of meteoritic organ-
ic matterare aimed at identifying the chemical proper-
ties and formation processes of interstellar organic
materials and the subsequent chemical evolutionary
pathways in various Solar Systemenvironments. The
combination of soluble and insoluble analyses with in
situ and bulk studies provides powerful constraints on
the origin and evolution of organic matter in the Solar
System. Using macroscale extraction and analysis
techniques as well as microscale in situ observations
we have beenstudyingboth insoluble and soluble or-
ganic material in primitive astomaterial samples. Here,
we present results of bulk C and N isotopic measure-
ments and coordinated in situ C and N isotopic imag-
ing and mineragical and textural studies of carbona-
ceous materials in a CR2 carbonaceous chondrite. In
accompanying abstracts we discuss the morphology
and distribution of carbonaceous components [8] and
soluble organic species of this meteorite [9].
Samples and Analysis Methods: The CR2 carbona-
ceous chondrite Miller Range (MIL) 090657 was se-
lected forthis study. This chondrite has not been ex-
tensively characterized, butbased onprevious isotopic
and petrographic descriptions, it appears to have expe-
rienced minimal aqueous alteration [10]. This meteor-
ite also has a relatively high presolar silicate abun-
dance (~112ppm) and bulk 8D (814 %o ) indicating that
this meteorite is highly primitive [11]. To prepare
samples for coordinated TEM-isotopic study, fine
grained dark fragments (50 — 100 pm) were carefully
selected fromthe matrix and embedded in pure S. Thin

sections of 70-100 nm-thickness were prepared using
ultramicrotomy and deposited on TEM grids. Bright-
field and dark-field images were obtained using a
JEOL 2500SE field-emission scanning TEM at John-
son Space Center (JSC). This instrument is equipped
with an energy-dispersive X-ray detector (EDX) analy-
sis system, capable of nanometer-scale compositional
mapping. Carbon and N isotopic imaging studies were
carried out with the JSC NanoSIMS 50L ion micro-
probe. Isotopic images of *2C, 3C, 160, *C*N, ?C"N
and Si were acquired in multidetection mode with
electron multipliers (EMs). Images were obtained by
rasteringa~1pA, ~100 nm Cs* beamover 10 — 20 um
fields of view. Imaging runs consisted of repeated (20
—100) scans overthesame area. Electrostatic charging
was mitigated with an e flood gun. Carbon and N iso-
topic images froma terrestrial kerogenwere used as an
isotopic standard. Images were corrected for EM dead-
time, QSA, and instrumental mass fractionation with
custom software.

Bulk Cand N abundances and isotopic ratios of
MIL were measured at Goddard Space Flight Center.
Measurements were acquired using a Costech ECS
4010 combustion elemental analyzer (EA) connected
by a Thermo Conflo Il interface to a Thermo MAT
253 isotope ratio mass spectrometer (IRMS). Three
aliquots of powdered sample (~10 — 22 mg each) were
weighed in tin cups, folded into sealed packets, and
loaded into the Costech zero-blank autosampler of the
EA, which was purged with ultra-pure He for 5 min.
The tin cups were flash combusted in the EA at
1000°C and subsequently oxidized and reducedto CO>
and N,. These gases were separated on a GC column
and passed into the IRMS for isotopic measurement.
An L-alanine standard was used to calibrate the bulk
isotopic measurements. Errors for abundances and
isotopic values are standard deviations for triplicate
measurements.

Results: The MILmatrix samples show three distinct
silicate lithologies: 1) submicron polycrystalline, 2)
amorphous and 3) hydrated silicates. The dominant
lithology (#1) is composed of sub-umeuhedral poly-
crystalline olivine and pyroxene grains. Neworks of
spongy to granular carbonaceous material occur be-
tween grains. In the amorphous silicate lithology, the
carbonaceous material appears to be larger and
smootherthan the that found in lithology 1. The vol-
ume ratio of carbonaceous matter to mineral grains is
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1:1 in lithologies 1 and 2. Isotopic images were ob-
tained fromMIL sections that were essentially free of
hydrated silicates.

Bulk composition measurements yielded results of
0.8 £ 0.2wt% Cand 0.067 £ 0.006% N. Bulk isotopic
analysis by EA-IRMS gave a §C value of -0.5+ 0.8
%o that was indistinguishable from that determined by
NanoSIMS isotopic imaging (8°C = 1 + 2%o). Howev-
er, the bulk 8°N determined by EA-IRMS of +186.0 +
0.4 %o, was significantly higherthanthat measured by
isotopic imaging (8"°N = 57 £ 7 %o) and a previous
bulk measurement (8°N = 132 %o; [11]).

Isotopic imaging of MIL showed significant pum-
scale variability in 8°N, with anomalies similar in
magnitude to that observed in other carbonaceous
chondritesand cometary dust particles (Fig. 1, 6,7,12).
The §°N anomalies in these pm-scale hotspots were
typically 400 — 600 %o, reaching a maximum of 1,100
%o. Subdivision of the images into equivalent 500 nm
diameter bins showedthat ~5 % of the matrixin these
samples was isotopically anomalous (Fig. 2). By con-
trast, no regions in these images showed significant C
isotopic anomalies.

Discussion: The bulk 8N value of 186 %o is relative-
ly high among carbonaceous chondrites, suggestive of
an abundant primordial (cometary orinterstellar) com-
ponent. This is borne out by isotopic imaging studies
that revealed numerous um-scale areas with signifi-
cantly greater anomalies. The lower bulk §°N meas-
ured by isotopic imaging, relative to EA-IRMS, sug-
gests that other areas of MIL have still higher abun-
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Fig. 1: 8N image of a microtome secontion of the Mil
090657 CR2 chondrite. The image has been smoothed
by a spatially variable n x n binning procedure that re-
sults in <5% lo counting statistical error in each pixel.
Avreas lacking sample have been masked out (dark blue).
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Fig. 2. Histogram of &!°N values in anomalous
(&droi/oror >3) ~500 nm-diameter regions of MIL
meteorite matrix determined by isotopic imaging. The
regions were automatically defined by integrating over
equivalently-sized areas around local maxima in the

12C14N images.

dances of *N-rich carriers. Such spatial heterogeneity
in isotopic compositions (Fig 1 & 2) providesa quanti-
tative measure of how well primordial organic matter
has been preserved in various parentbodies. This pre-
liminary study suggests that MIL possesses a high
concentration of preserved isotopically anomalous
organic grains, in accord with previous studies of very
primitive meteorites [6]. Even a single parent body
may possess significantly different chemical environ-
ments and histories of thermaland aqueous processing.
Forthcoming organic chemical measurements by two-
step laser mass spectrometry (L?MS) of MIL are
planned to investigate its micro-scale chemical hetero-
geneity to constrain pre-accretional, interstellar proper-
ties and/or imprints of secondary chemical processes.
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