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Stable C and O isotope analysis is one of the most important methods used for identification and 
characterization of methane-derived carbonates. These analyses are performed routinely on pow-
dered carbonate samples with the use of isotope ratio mass spectrometry (IRMS). Seep carbonates 
are typically composed of a mixture of different carbonate grain types, so the results are in fact av-
erage values. The main component is fine carbonate cement, which precipitates continuously over 
some time and gradually fills the available pore space. Many processes may significantly modify 
C and O isotopic composition of pore fluid and the precipitating cements during this period. The 
average values obtained for the powdered samples may, therefore, lead to erroneous conclusions.
Results of a pioneer experiment to perform stable C and O isotope measurements using an ion 
microprobe on seep carbonates is herein presented. Seep carbonates forming a carbonate buildup 
embedded in the Oligocene Krosno shales (Outer Carpathians) were investigated. Stable C and O 
isotope composition was measured in calcite cements using NanoSIMS ion microprobe and IRMS. 
Results of IRMS analysis on powdered bulk samples produced ambiguous results and did not indi-
cate a clear relation to anaerobic oxidation of methane. NanoSIMS measurements were performed 
in situ within small spots (5 × 5 µm) in calcite crystals, which revealed a huge spread of 13C (from 
-54 to 7‰) and high 18O values up to 6‰. These results unequivocally confirmed that the rocks 
formed as a result of methane hydrate dissociation, which liberated heavy oxygen-containing water 
and light carbon-containing methane. They prove that other methods of measuring isotopic com-
position would not reveal the true origin of these rocks, because they would show average values 
due to a lower spatial resolution. This work provides a basis for the application of NanoSIMS to 
tracing diagenetic pathways from various, even complexly formed seep carbonates, clathrites in 
particular. It revealed the limitations of the currently used methodology and demonstrated that ion 
microprobe may become a valuable tool for the examination of methane-derived carbonates. 


