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Abstract

Compared to a large-scale lake basin, the small faulted lacustrine basin is characterized by a small area, shallow water, multi-and-near sources,
oxidative sedimentary environment and high sedimentation rate. To recognize the origin of source rocks in a small faulted lacustrine basin, four
basins (Aer, Wuli, Saihan, Naoer) in the Erlian Basin Group, one of the most petroliferous basins in northern China, have been analyzed to
characterize source rock potential, to reveal environmental and ecological changes and construct source rocks depositional models. These
basins have dissimilar boundary fault activities and sedimentation rates, which are consistent with changes in clastic influx input, productivity
and redox conditions. With more active boundary faults and higher sedimentation rates, the terrigenous organic matter inputs to Aer and Wuli
basins are higher than Naoer and Saihan basins, which can be confirmed by relative steranes abundances. The carbon isotopic composition of
carbonates suggests that the productivity of Aer and Wauli basins is higher than that of Naoer and Saihan basins. Total reduced sulfur and Pr/Ph
ratios show an oxidizing environment in Aer and Wuli basins, while a reducing environment was present in Naoer and Saihan basins.

Different tectonic conditions lead to variations in ecological communities and enable us to construct source rock deposition models. During
source rock deposition in the small basin with active boundary faults and high sedimentation rates, the high influx of clastic sediments carrying
high terrigenous organic matter and dissolved inorganic carbon and nitrate into the lake, might have sustained high productivity and oxidizing
conditions. Due to high influx of clastic sediments and unstable water column stratification, the depositional environment is oxidizing. In the
high productivity lake, there is still significant organic matter accumulation in the oxidized environment after oxidative degradation. High
productivity is the dominant factor controlling the formation of organic-rich sediments and deposition of source rocks. During source rock
deposition in the small basin with inactive boundary faults and low sedimentation rates, the depositional environment is reducing due to low
influx of clastic sediments with low productivity. In the low productivity lake, a reducing sedimentary environment substitutes for productivity
and becomes the predominant factor controlling the formation of source rocks.
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(1.Geologic setting

\

2.Characteristics of small faulted lacustrine basin

Erlian Basin is an Early Cretaceous rift basin group developed on Compared to large-scale lake basin, small faulted lacustrine basin is
Hercynian folded basement and comprises more than 40 characterized by small area, shallow water, multi-and-near sources,
north-northeast trending small fault basins, with an area smaller oxidative sedimentary environment and high sedimentary rate.
than 5000 km2 (Fig. 1, Fig. 2).
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(4.Depositiona| environment

According to reduced sulphur/organic carbon ratio, biomarker
characteristics and trace elements distribution, a fresh to brackish
water conditions and a relatively oxic, suboxic and anoxic depositional 1]
environment of small fault basin are indicated.
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(S.Controlling factors on organic matter accumulation\

The carbon isotopic composition of carbonate is a key indicator of
productivity in ancient lacustrine sediments (Isozaki et al., 2007).
In Aer and Wuli Basins, productivity is the dominant factor controlling
the formation of organic rich sediments. In Naoer and Saihan Basins,
the respective R* is 0.31 and 0.27, which indicates no such control
on the TOC of sediments.The correlation between TRS and TOC
suggests that reducing conditions exerted a control on source rock
development in Naoer and Saihan but not in Aer and Wuli Basins.
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Fig. 13 Cross-plots of the carbon isotopic composition of carbonate (8"°Ccarb)
vs. total organic carbon content (TOC) of Aer, Wuli, Naoer and Saihan Basins in
the Erlian Basin. 8'°Ccarb shows a significant correlation with %TOC in Aer and
Wuli BasinS, indicating the productivity control on organic matter deposition.
The lack of significant correlation in Naoer and Saihan Basins samples indicates
no such control on organic matter accumulation.
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Fig. 14 Cross-plots of the total reduced sulfur (TRS) vs. total organic carbon
content (TOC) for Aer, Wuli, Naoer and Saihan Basins in the Erlian Basin Group.
TRS shows a significant correlation with % TOC in Naoer and Saihan sub-basin,
indicating the control of anoxic conditions on organic matter deposition. The
lack of significant correlation in Aer and Wuli sub-basins samples indicates
no such control on organic matter deposition.

6.Models for source rock deposition \

The differences in tectonic settings among these sub-basins caused
variations in sedimentation rate, terrigenous organic matter inputs,
productivity and redox conditions. The synergetic evolution of
environments and organisms in the lake systems accounted for the
deposition of the source rocks with distinct characteristics.
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Fig. 15 The average values of sedimentation rate (SR, cm/ka), 8" °Ccarb (%), total
reduced sulfate (TRS, %), Pr/Ph, C,,/C,, steranes of Aer, Wuli, Naoer and Saihan
Basins in the Erlian Basin Group.

During source rock deposition in Aer and Wuli Basins, the high influx
of clastic sediments, which carried high terrigenous organic matter
and dissolved inorganic carbon and nitrate, might have sustained
high productivity. With high influx of clastic sediments and unstable
water column stratification, the depositional environment was
oxidizing. In a high productivity lake, there is significant organic
matter accumulation in oxidized environment after oxidative
degradation. The high productivity is the dominant factor controlling
the formation of organic rich sediments and accounts for the formation
of source rocks. During source rock deposition in Naoer and Saihan
Basins, with low influx of clastic sediments, the depositional
environment was reducing. Therefore, redox condition is the
controlling factor of origin of source rock in Naoer and Saihan Basins.
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Fig. 16 Depositional models for lacustrine source rocks in the Erlian Basin, showing
the productivity and redox condition of depositional environments induced by
changes in tectonic settings and their controls on source rock formation. A: Aer and
Wuli Basins; B: Naoer and Saihan Basins.




