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Introduction: Carbonaceous chondrites exhibit a wide range of alteration characteristics, while some are known 

to demonstrate mineralogical and petrologic evidence of having been thermally metamorphosed after aqueous altera-
tion. This group of dehydrated meteorites are commonly referred to as thermally metamorphosed carbonaceous chon-
drites (TMCCs), and their relatively flat visible near-infrared reflectance spectra resemble that of C-, G-, B-, and F-
type asteroids that typically have low albedos [1, 2]. The Hayabusa2 (HYB2) mission is now under way with an aim 
to bring back samples from the near-Earth C-type asteroid 162173 Ryugu at the end of 2020 [3]. Visible and near 
infrared spectra of asteroid 162173 Ryugu obtained by the Near-InfraRed Spectrometer and Optical Navigation Cam-
era onboard the HYB2 Spacecraft are relatively flat with no apparent absorption features but the presence of a small 
2.72-µm absorption feature [4], which could be explained by short-duration local heating of hydrated carbonaceous 
like material [5]. In an attempt to understand the effects of short-term heating on chondritic organic matter (OM), we 
investigated the change in the OM contents of the experimentally heated Tagish Lake meteorite samples. 

Samples and Analytical Techniques:  The carbonate-poor lithology of the Tagish Lake meteorite was used in 
this study. This lithology was located by mineral identification via X-ray computed tomography (XRCT) at the High-
Resolution XRCT Facility at The University of Texas, and scanning electron microscopy (SEM) and energy-disper-
sive spectrometry (EDS) at NASA JSC. Subsamples (~100 mg each) were subjected to heating experiments at 600 
and 900 °C for 1 and 96 h at JAXA. The samples were then studied with Raman spectroscopy at NASA JSC using a 
Jobin-Yvon Horiba LabRam HR (800 mm) Raman microprobe with a 514 nm (green) laser. Focused ion beam (FIB) 
thin sections of the samples were prepared with a FIB (Hitachi, FB2200) at ISAS/JAXA for three STXM-XANES 
analyses using the compact-STXM installed at BL-13A beamline of the Photon Factory (PF), KEK, and the STXM 
installed at beamline 5.3.2.2 of the Advanced Light Source, Lawrence Berkeley National Laboratory. 

Results and Discussion:  Heating experiments have led to a notable reduction in the fluorescence background 
intensity of the Raman spectra of the heated Tagish Lake meteorite samples, the widening of the width of the Raman 
graphite (G) band at ~1580–1590 cm–1, and the narrowing of the defect (D) band at ~1350–1380 cm–1. The results 
indicate a development in the sizes of crystalline domains but significant graphitic ordering did not take place, which 
would otherwise have reduced the G band width [6]. A 1s–σ* exciton peak (~291.6 eV) in C-XANES spectrum that 
corresponds to a graphene structure is expected if highly conjugated sp2 bonded C domains were present, as in the 
long-term thermally metamorphosed chondrites [7]. However, the peak at 291.6 eV is absent in the C-XANES spectra 
of all the experimentally heated Tagish Lake samples. Our experiment suggests that graphitization of OM did not take 
place in the Tagish Lake meteorite even though the samples were heated to 900°C for 96 h, as the OM maturity trend 
was influenced by the heating conditions, confining pressure, kinetics, and the nature of the OM precursor, e.g., heat-
ing of the Tagish Lake meteorite leads to the dehydration of phyllosilicates [8], which enhances the formation of OM 
with oxygenated moieties, inhibiting further transform into graphene-like material. In contrast, during prolonged par-
ent body metamorphism, the loss of the aliphatic components and their conversion into aromatics far exceeds the 
formation of carbonyl [9]. This would have induced the ordering of the aromatic moieties, leading to the development 
of the 1s–σ* exciton peak. Our coordinated organic analyses account for the changes in the structure of TMCC organ-
ics in response to short-term heating, and offer insights for interpreting the nature of the OM of Ryugu – a hydrated 
carbonaceous chondrite-like material that experienced heating and partial dehydration [5]. 
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