
1. Select sample loca�on 2. Collect spectra and build intensity map 3. Select pixel with suitable raw spectrum

4. Fit 2 Lorentzian bands to raw spectrum5. Extract fit spectrum6. Plot individual and average map pixel spectral 
parameters

US Antarctic meteorite samples are recovered by the Antarctic Search for Meteorites (ANSMET) program, which has been funded by 
NSF and NASA, and characterized and curated by the Department of Mineral Science of the Smithsonian institution and Astromaterials 
Acquisition and Curation O�ce at NASA Johnson Space Center. This work was supported by the RISE2 node (T. D. Glotch, PI) of NASA’s 
Solar System Exploration Research Virtual Institute. All data presented here will be archived at the Stony Brook University Academic 
Commons repository (https://commons.library.stonybrook.edu/geodata/).
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Background
Assess the conditions of carbonaceous chondrite 
parent body alteration processes.

Examine the alteration history of carbonaceous chon-
drites and their parent body.

Develop a methodology for understanding parent 
body processes via the study of returned samples 
from Bennu and Ryugu.

Aqueous alteration of carbonaceous chondrites is 
one of the earliest geologic processes.

Carbonaceous chondrites contain organic carbon 
and carbonate minerals precipitated from alter-
ation �uids.

The structural properties of organic carbon and 
the isotopic composition of carbonates can help 
us better understand the thermal conditions of 
alteration.

Figure 1.  Work�ow for Raman spectroscopic analysis.

Figure 3. Chondrite peak metamorphic temperature plot.  Tem-
peratures gathered via Raman spectroscopic analyses. Sample 
data points colored by fall/�nd status: Yellow - Falls, Green - 
Finds with weathering grade A, and Blue - Finds with weather-
ing grade C.

Figure 3. Δ47 vs 1/T 2 plot. Data points shown are for the CM2 
chondrite Murray; The Red square show the reported value of 
Guo and Eiler (2007) using the calibrated thermomter of Ghosh 
et al (2006). The red circle show the reported value of this work 
in tandem with the universal calibration of Bonifacie et al. 
(2017)

Figure 1.  Work�ow for Carbonate Clumped Isotope Analysis. (left-inset) Sample is digested in phosphoric acid at 90 °C. Generated  CO2 is puri�ed via a series of cryo 
traps and funneled to a MAT 253 plus  GS-IRMS (center-inset) Sample gas generates a mass spectrum for analysis (right-inset) Temperture  of carbonate formation can 
be determined via Δ47 , which is de�ned as the di�erence per mil between the measured R47 value and that of the stochastic distriubtion (Bonifacie et al 2017)

1. Produce CO2 and funnel to mass spec 2. Generate mass spectrum 3. Determine formation temperature 

Peak metamorphic temperatures 
estimated by Raman spectroscopic  
measurements are mainly in the  
range of 223-267 °C .

One outlier to this temperature esti-
mate range is MET 01077, which 
shows a PMT of 355 °C. This is possibly 
a product of MET 01077’s status as a 
highly weathered meteorite �nd.

Peak metamorphic temperature esti-
mates calculated using the spectral 
curvature thermometer of Young et 
al. (in-review)

Initial carbonate clumped isotope 
analysis for the CM2 chondrite Murray 
suggests a carbonate formation tem-
perature of 10 °C

This reported temperature greatly 
contrasts with the reported value of 
30°C for Murray by Eiler and Guo 
(2007)

Disparity between carbonate formation 
temperature and Raman PMT 
may suggest that bulk carbonate
formation occurred after the chondrite 
parent body had undergone signi�cant 
cooling from its thermalmaximum.
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