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Abstract

Obijectives Although exploration efforts in the last four decades have greatly enhanced our understanding of the petroleum systems in the
Tarim basin, source rock of the Paleozoic petroleum system is still ambiguous and vigorously debated among Chinese petroleum geologists
and geochemists. The Cambrian-Lower Ordovician and Middle-Upper Ordovician (O2-3) source rocks are well-known as two main candidates
for the Paleozoic petroleum system in the Tarim basin, and the later has generally been recognized as a main source. However, recent oil
discoveries in the Cambrian subsalt structures have provided geological evidence of the Cambrian source. This recalls the attention of
contributions from the Cambrian Yuertus source rocks (€1y). Here, we try to extract molecular and carbon isotopic fingerprints from the
recently discovered deepest oil in the Cambrian subsalt structures (-8200m) and cuttings from the high TOC €1y, and further to discuss source
rocks of Paleozoic petroleum system by integrating the published data. Procedures We first evaluate the potential contamination of drilling
mud on cuttings by sequential extractions. The results show that clay-adsorbed hydrocarbons were less contaminated by drilling mud, and thus
were used throughout the study. GC/MS, GC/MS/MS, and GC/ir/MS were employed to analyze molecular and isotopic compositions in crude
oils and cuttings. For comparison, previously confirmed end-member oil (YM2) from the Middle to Upper source rocks were selected. Results
The YM 2 oil has long been recognized as an O2-3 source end-member and the majority of oils from the Paleozoic petroleum system show
close affinity to this oil, leading to a conclusion of the O2-3 marls as a main source. However, Regardless of thermal maturity effect, sterane
and hopane distributions in the deepest oil are very similar to those in the YM2 oil, and sterane distributions can correlate well with those in the
cuttings. Also, the distributions of aryl isoprenoids in the deepest oil and YM2 oil still can be comparable although the carbon number of aryl
isoprenoids shifts to the lower homologues with diminished concentrations in the deepest oil, indicating that the source rocks were deposited
under euxinic conditions with sulfidic waters, in contrast with the O2-3 dysoxic marls that mark slope facies at the margins of structural uplifts.
As a main components of petroleum, d13C values of C13+ n-alkanes in crude oils share similar pattern with a range from -34%o to -36%o, in
consistent with the estimated d13C values of n-alkanes generated from the €1y source rocks (-34%o — -36%0). While d13C values of n-alkanes
from the O2-3 source rocks are between -30%o and -31%o., significantly enriched in 13C compared to crude oils here and previously published
data from the Paleozoic petroleum system. Conclusions Given the similar distribution of biomarkers, previously proposed O2-3 source end-
member YM2 oil should be mainly originated from the €1y source rocks, rather from the O2-3 source rocks. In other words, the €1y source
rocks are the main source of the Paleozoic petroleum system in the Tarim basin. The way of thinking and methodology in this study have
potential applications in determining the source rocks of deep-ultra deep oil reservoirs in the worldwide petroliferous basins.



