1

2

In Situ Coordinated Analysis of Carbonaceous Chondrite Organic Matter

3

N. D. Nevill1, S. J. Clemett2, S. Messenger3, K. L. Thomas-Keprta⁴, P. A. Bland1, N. E. Timms1 & L.V. Forman1

1

4

Introduction

6

Methodology
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Redefining Organic Molecular Study

➢➢ Carbonaceous Chondrite (CC) matrices retain a vast
array of isotopic, chemically and texturally distinct organic
components.
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➢➢ These components form in the interstellar medium, the
solar nebula and within asteroids.
➢➢ The nature and abundance of these molecules hold clues
to their their origins and subsequent evolutionary journey
[1-4].
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Fig 4. (Left): Comparison
of Nanoglobule rich and
poor matrix.
Fig 5. (Above): spectral
comparison of MET01070
(CM1) and ALH77307
(CO3)

Organic
Organic Globules
Globules (Nanoglobules)

➢➢ µL2MS measures whole intact molecules at 2µm scale.

➢➢ Submicron sized organic assemblages
Figure 2: QUE99177 (CR3) analysis maps showing the correlation
between optical and UV imaging, a mass inte-grated µL2MS spectral
map (17-250 m/z), NanoSIMS 12C and δ15N isotopic images and SEM.

➢➢ Often isotopically distinct.
➢➢ Isotopic signatures are consistent
with ion-molecule reactions within
cold molecular clouds and/or the outer
protoplanetary disk.

Figure 1: TEM image of
Nanoglobule.

Objective: Understand the origin and chemical evolution
of organic globules.
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Closing the Evolutionary Gap

➢➢ Analysis was conducted on ~120 < 350 µm of matrix per
meteorite, randomly selected from whole rock (No chemical
treatments were utilized during the prep process).
➢➢ The CC focused in this study were: ALH77307 (CO3.0),
MET00429 (CR3), QUE99177 (CR3), Tagish Lake (C2 Ung),
Murchison (CM2) and MET 01070 (CM1).
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➢➢ Nanoglobules were associated with carbonyl containing
species i.e. formaldehyde (H2C=O) and acetaldehyde
(CH3C=OH).
➢➢ Nanoglobular chemistry varied between CC type.
➢➢

Nanoglobules =
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N and O Rich Species

NanoSIMS

➢➢ CR CC exhibit a plethora of primitive isotopic signatures
indicative of interstellar regions

Fluorescence

Traditionally organic molecules in Carbonaceous Chondrites
are studied one of two ways:

➢➢ Organic molecular speciation varies in abundance and
type both between and within CC on the micron scale.

Figure 3: UV fluorescence images
showing 20-40
µm of each CC in
order of petrographic grade.

➢➢ Nanoglobules formed external to meteorite
Figure 6: δ15N
isotopic images showing 2040 µm of three
CC in order of
petrographic grade. Represents Nanoglobule isotopic
signatures.

This technique
provides preliminary, non-destructive observations of insoluble organic
assemblages.

➢➢ Spatial Distribtuion relationships vary on micron scale
➢➢ Clusters of species with aromatic and/or conjugated bonds.
➢➢ Preliminary identification of Nanoglobules and/or organic
clusters.
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Conclusion

➢➢ Recorded Spatial distribution relationships indicative of
avarying formation histories.
➢➢ Nanoglobules:
➢➢ Vary in chemistry between CC.
➢➢ Exhibit relationships with but are not 			
aaa dependant on petrographic grade.
➢➢ Formed/rearranged through carbonyl 			
condensation reactions.
➢➢ Classification may need refining??
Future Work: Refine Nanoglobule classifications and models
for geochemical and isotopic organic molecular evolution.
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