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Within parent body fluid, 
 
H2O → HOOH 
Fe2+ƿHOOH → Fe(OH)2+ƿ•OH  

hν 

ĭÜ²]��ŰqÜƹµ×��ÏŬL��¯ÇŰ)bí��

L�Ŀ13C NMR 
µ
ď
Y
�
Ű
ė
þ
!

ƽ
	
ů
ğ
0
)
ć
ƾ
�



ĭÜ²]��ŰqÜƹµ×��ÏŬL��¯ÇŰ)bí��

0.2 0.4 0.6 0.8

0.2

0.3

Alkylthiophenes (%) 

Aromatic 
ketones (%) 

ALH83100 

Kivesvaara 

Bells 

Mighei 

Murray 
MET01070 

Murchison 

CH3O

S

%!

%!

Cold Bokkeveld 

ĤÇdÓŮCMƑƸƟƴƇƞŰ 
µďY�yĵŬŵŶčFÓ 
Murray < Mighei < Murchison 
< Cold Bokkeveld < Bells 

L��¯ÇƃÅ)ćšŪÎ�šŧ)bŰ.>Ű´Ĕ�



ĭÜ²]��ŰqÜƹµ×��ÏůŽƀƆƯƢğÁyŰY/�
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(Ehrenfreund et al. 2001; Glavin and Bada, 2001; Botta et al. 2002; Shimoyama and Ogasawara, 2002; 
Pizzarello et al 2006; Martins et al. 2007)  
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(Glavin and Dworkin 2009) 
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(Glavin and Dworkin 2009) 
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(Pizzarello, Zolensky and Turk 2003) 
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ĭÜ²]��ŰqÜƹµ×��ÏůŽƀƆƯƢğD/L´ŰY/�

error in the Antarctic CR meteorites EET 92042 and
QUE 99177 and a sample of the CM2 Murchison
meteorite using the same extraction and analytical
technique (Glavin et al. 2010).

The d13C values for d- and l-alanine in the Tagish
Lake meteorite were measured to be +6 ± 3& and
+16 ± 4&, respectively, for sample 11h and +67 ± 7&

and +55 ± 3&, respectively, for sample 5b (Table 3).
The d ⁄ l alanine ratio of sample 11h was also measured
independently by GC-MS and found to be nearly racemic
(d ⁄ l ! 0.9). On the basis of observation that alanine is
racemic in both meteorite samples with carbon isotope
values that indicate an extraterrestrial origin, we would
have expected the d13C values of d- and l-alanine in each
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Fig. 5. Gas chromatography separation and mass spectrometry analysis of d- and l-aspartic acid (A) and d- and l-alanine (B) of the
TFAA ⁄ IPA-derivatized combined 6 M HCl-hydrolyzed and nonhydrolyzed extracts of the Tagish Lake 11h meteorite and the
procedural blank, and a racemic standard. The traces on the left show the m ⁄ z 44 (12CO2) peak produced and measured from
GC-IRMS for the peaks assigned to d- and l-aspartic acid. The traces on the right show the simultaneously collected mass spectral
fragmentation pattern for these peaks in the Tagish Lake meteorite and standard. GC separation used a 5 m base-deactivated fused
silica guard column (Restek) coupled with four 25 m Chirasil l-Val columns (Restek) and the following temperature program:
initial oven temperature 50 !C, ramped at 10 !C min)1 to 85 !C, ramped at 2 !C min)1 to 120 !C, ramped at 4 !C min)1 to 200 !C,
and held for 10 min. Peaks were identified by comparison of retention time and mass spectral fragmentation with the amino acid
standard run on the same day. The asterisk marks a derivatization artifact with parent mass m ⁄ z 97 that could not be identified.

L-amino acid excesses in the Tagish Lake meteorite 1357

(Glavin et al. 2012) 
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OD (optical density) = lnƽI0/Iƾ 
 

ŐI: ċ�ĖĘ�ŰX ñzy 
ŐI0: ċ�ŰŮŕĜ)ƃĖĘšŧ�Ű 
ŐŐX ñŰzy�

(Kilcoyne et al. 2003) 
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•  Energy resolution: < 0.1 eV 
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