Origin and migration of oil in the Qionghai uplift of Pearl River Mouth Basin: Geochemical and geological approach
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Abstract
The Qionghai uplift of the Pearl River Mouth Basin is rich in oils and gas, several are commercial, including the WC8, WC13, and QH18 well areas which are respectively distributed in the northeast, middle and southwest of the northern part of the Qionghai Uplift. However, the fault in Zhu Ⅲ depression is developed, resulting in oil and gas sources with multi-source and multi-stage in Qionghai uplift. There were many studies on the source of oils and gas in the Qionghai uplift, mainly summarized three explorations: firstly, it is from A sag through fluid inclusion; Secondly, it is form B sag, evidenced by biomarker compounds and nitrogen compounds; Thirdly, the oil/gas is mixture of two sags, combined various methods. The source of oil and gas was basically clear in the Qionghai uplift but did not systematically elaborate the causes of oil accumulation and abnormal phenomena. So in the paper, the different appearances of oil enrichment are explained by source of oil and migration, according to organic geochemistry, oil physical characters and fluid inclusions et al., then the path of oil is clarified by numerical simulation. Defining migration pathways and reasons of oil enrichment diversity plays an important role in fine oil exploration.
The migration and charging processes as well as the oil-source relationship were investigated in Zhujiang Formation strata of the Qionghai uplift using numerical simulation and geochemical analyses including biomarker assemblages of saturated hydrocarbons and pyrrolic nitrogen compounds. The Paleocene mudstone beds from the Wenchang formation and Enping formation are the main source rocks for oil accumulated in the oil fields of the Qionghai uplift. The oil source of WC13 oil pools, which could be divided into WC13-1/2 and WC13-6 sub-oil fields, is complicated, and the co-sourcing of oils in the QH18 and WC13-1/2 pools by delta and shallow lake facies beds in the Wenchang B sag, but deep lacustrine facies mudstone is the oil source of 13-6 area. The oil migration pathway was performed based on the thermal maturity, oil generation histories and physical characteristics, and results showed that the oil of QH18 migrated from WC13, which oil was from source rocks directly, calibrated by pyrrolic nitrogen compounds. There is an unusual charging phenomenon in the WC13 oil reservoirs that high thermal maturity and low-density oil accumulated in the ZJ1U strata, but in the reservoirs of Zj1L is low thermal maturity oil demonstrated by isoheptane. The weird characteristic was caused by the permeability difference of reservoirs in the ZJ1U and ZJ1L and multiple-stage accumulation proved by oil-bearing fluid inclusion analysis including homogenization temperature and petrography. Inclusion petrography shows that petroleum inclusions dominantly display yellow fluorescence, while intergranular free oils mostly display strong blue-green fluorescence. This implies that the reservoirs seem to have experienced at least two stages of hydrocarbon charge from different maturities. Combing the differences in oil origins, migration conduits, and charging modes, we finally established the migration pathway and oil accumulation by numerical simulation.
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