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Introduction:  It is well established that carbon-

rich macromolecules survived the early solar system 

processes and were accreted in primitive carbonaceous 

chondrite parent bodies [1−5]. These molecules can 

contain large isotopic enrichments in D, 
15

N and 
13

C 

[1−3], hypothesized to have formed via ion-molecule 

reactions mediated on grain surfaces of ices coating 

dust grains and initiated by UV irradiation [6, 7].  

To investigate the isotopic and functional group 

chemistry, and origins of domains carrying correlated 

isotopic anomalies in H, C and/or N, we carried out 

isotopic imaging of a serie of meteorites with different 

solar system histories. This information, in addition to 

the knowledge of the conditions in protoplanetary 

disks, can allow us to trace the origins of numerous 

chemical species, and provide insights into delivery of 

organics to the disk and/or terrestrial planets in our 

solar system or other habitable worlds in exoplanetary 

systems. 

Samples and Methodology: Several carbonaceous 

chondrites: four CMs (Murray, Murchison, Cold 

Bokkeveld, and QUE 97990), three ungrouped 

chondrites (Bells, NWA 1152 and NWA 5958), and 

one CV (Allende) were investigated. All investigated 

samples were characterized with a Cameca SX-100 

electron microprobe. Isotopic measurements with the 

NanoSIMS 50L (secondary ion mass spectrometry) 

was performed to measure H, C, and N on the exact 

same areas. Subsequently two isotopically anomalous 

domains were extracted by FIB (focused ion beam) and 

studied using X-ray absorption near edge spectroscopy 

(XANES) for their functional group chemistry. 

Results: The abundance of D anomalies far exceed 

those containing 
15

N-rich anomalies. Carbon isotopic 

anomalies, although present, are rare. The 
14

N/
15

N 

ratios range from 77 to 1070 (terrestrial ratio ~ 272) 

while the 
12

C/
13

C (terrestrial ratio ~89) isotope ratios 

are between 80 and 98. The D/H ratios show anomalies 

of larger magnitude than N, and range from 1.24×10
-4

 

to 1.41×10
-3

 (terrestrial ratio ~1.56×10
-4

). All domains 

are carbon-rich (C/Si ratios up to 5000). In all but few 

occurences, the H, C and N anomalies are spatially 

uncorrelated. In comparison, six domains have 

anomalies in N and C that are spatially correlated. Two 

separate regions have D excesses as well as 
15

N 

excesses, while one area is D-rich, 
13

C rich and 
15

N-

poor. A few observations were made from these data: 

Domains that have correlated N and C isotopic 

anomalies exhibit a narrow range in 
14

N/
15

N ratios 

between 207 and 218. The degree of enrichments in D 

observed in these domains are high (D/H = 6.95×10
-4

 

and 8.71×10
-4

) but 
15

N (
14

N/
15

N = 197−211) 

enrichments are not large. Domains with multiple 

anomalies are highly scarce. One of the C and N 

anomalous domain shows XANES K-edge peaks that 

can be ascribed to aromatic or olefinic, carboxyl and 

carbonate groups. Another 
15

N rich domain shows 

these, in addition to the nitrile functional group.  

Discussion: The reaction pathways that can lead to 

isotopic anomalies in simplest molecules can be 

investigated via this study, and can allow us to pin 

down their origins. The correlated N and H anomalies 

are possibly produced by the same process on N- and 

H-bearing precursor materials including ion molecule 

reactions in the gas phase, ion-grain reactions on grain 

mantles in cold environments and/or UV mediated 

photolysis reactions on ice mantles [6, 7, 8]. In 

comparison, carbon anomalies are produced by two 

opposing processes, namely 
12

C excesses by gas phase 

ion-molecule reactions vs 
13

C excesses  by the UV 

mediated self shielding process, which could erase any 

correlated effects in other elements. In addition, the 

large 
15

N excesses in most areas could be an interstellar 

product, while the small 
15

N excesses observed in the 

correlated isotopic anomalies could reflect the average 

composition of the gas in the outer solar nebula, before 

the collapse of the protosolar nebula. Finally, we show 

that smaller C- and N-bearing species form the first 

chemical species under cold conditions. Nitrile feature 

present in the 
15

N-rich domain but absent in a 

correlated N and C anomaly show that different set of 

reactions can occur on different substrates. To our 

knowledge, this is the first observation of a difference 

in the carrier phase chemistry of materials that carry an  

isotopic anomaly in N versus ones that have correlated 
15

N and 
13

C excesses. 
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