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Abstract

The resource distribution and exploration prospects of natural hydrogen and helium have attracted extensive attention. However, the unclear
understanding of their genesis mechanisms and enrichment and accumulation laws has greatly restricted their efficient exploration,
development, and utilization. In this study, we conducted a systematic analysis on the contents of Hz, He, alkane gases, and COz, as well as the
hydrogen and helium isotopes in ultra - deep natural gas samples from the Cambrian - Ordovician system at a depth of 6,200 - 7,500 m in the
eastern Tarim Basin. The results indicate that the deep natural gas in the eastern Tarim Basin can be enriched with both hydrogen and helium
simultaneously. Moreover, analyses of natural gas samples from the same well and the same stratum reveal that the ultra - deep carbonate gas
reservoirs in the Cambrian - Ordovician system in the eastern Tarim Basin are dry gas reservoirs formed by crude oil cracking, with the Hz
content reaching up to 5.2%, the helium content up to 0.8%, the 8D of H2 ranging from -620%o to -600%o, and the helium isotope being 0.01Ra.
Based on the analysis of the geological conditions, hydrogen production mechanisms, and isotope fractionation characteristics in the study area,
it is confirmed that hydrogen production by microorganisms and in - situ cracking of organic matter is not an effective generation pathway for
deep H2. Combining the analysis of He content and isotopes in natural gas, it is inferred that the basement granite from the Columbia
Supercontinent period in the eastern Tarim Basin is the potential source rock for natural H2 and He in the Cambrian - Ordovician system.
Specifically, Hz is derived from the radiolytic decomposition of water and the hydrothermal reaction of Fe(ll) in the basement granite, while
helium mainly comes from the basement granite, with a portion contributed by high - U black shales.



