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Abstract

The western peri-Bohai bay (WPB) area in this book includes Hebei Province, Beijing City and Tianjin City. It
is located in the east part of the central to northern zones of the North China platform. Tectonically the North China
platform constitutes a part of the Sino-Korea Platform. It has experienced an Archean to Early Proterozoic crystalline
basement stage, and a Middle and New Proterozoic faulting trough stage, an Early and Late Palaeozoic cratonic basin
stage and an Mesozoic and Cenozoic inland rifting basin stage.

The Late Carboniferous and Permian in the WPB area is composed of the Benxi Formation (Late Carboniferous),
Taiyuan Formation (Late Carboniferous to Early Permian), Shanxi Formation (Early Permian), Xiashihezi Formation
(Middle Permian), Shangshihezi Formation (Middle to Late Permian), and Shigianfeng Formation (Late Permian).
The Benxi and Taiyuan Formations are composed of interbedded marine and non-marine coal-bearing strata
dominated by the dark grey bioclastic limestone, mudstone, siltstone, sandstone, and coals. The Shanxi, Xiashihezi
and Shangshihezi Formations are represented by the paralic coal-bearing strata consisting of the light grey to dark grey
and purple sandstones, siltstones, mudstones, and coals. The Shigianfeng Formation is composed of an inland
lacustrine succession which is dominated by the light-grey and red-purple sandstone, siltstone and mudstones.

Sedimentology and sequence stratigraphy of the Permo-Carboniferous in the western peri-Bohai bay (WPB) area
were investigated using data from well logs, cores, and outcrops, with the emphasises on the palaeosols and the
distribution of thick coals in the sequence stratigraphic framework. Four aspects are focused in this book:

1. Lithofacies and depositional systems

1) A total of 18 types of lithofacies are recognised by the characteristics of lithology and depositional structures
described in the outcrop and borehole sections, ranging from conglomerates, sandstones, siltstones, mudstones,
limestones, and coals.

2) Five main depositional systems are identified, including the offshore carbonate shelf system, barrier-lagoonal
systems, deltaic system, fluvial system and lacustrine system. The Late Carboniferous and early Early Permian was
dominated by the offshore carbonate shelf and barrier-lagoonal systems, the late Early Permian to Middle Permian
were dominated by a deltaic system, and the Late Permian was dominated by the fluvial and lacustrine systems.

3) Palaeosols, lithologies, clay mineralogy and geochemistry of the Permo-Carboniferous strata in the vertical
sections reveal that the palaeoclimates had an overall trend from humid to arid in a fluctuating way during the Permo-
Carboniferous in the WPB area. This trend was mainly controlled by transgression, palaeogeography and palaeotectonics,
among which palaeotectonics played the dominated role.

2. High-resolution sequence siratigraphy and the relationship between the thick coal seams and the sequence
stratigraphic framework

1) Totally 7 third-order composite sequences (CS) and 20-25 fourth-order sequences were developed in the
Permo-Carboniferous in the WPB area, with each composite sequence having a division of lowstand sequence set
(LSS), transgressive sequence set (TSS), and highstand sequence set (HSS). CS 1 —CS III were developed with the
TSS and HSS in most area, and the LSS was only locally developed. CS IV and CS V were developed with the LSS,
TSS and HSS in the whole WPB area, in which the LSS is mainly composed of the incised channel fill deposits. CS
V1 was developed with all three sequence sets in the southern Hebei, while in other areas just LSS and lower part of
TSS were preserved. CS VII was partially found in the southern Hebei.
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2) The palaeogeographic maps have been reconstructed based on the contour maps of a variety of palacogeographic
parameters for each composite sequence. These parameters include the thickness and percentages of sandstones,
conglomerates, limestones, coals and carbonaceous mudstones, as well as the thickness ratio of sandstones to
mudstones. During deposition of CS I, the offshore carbonate shelf covered the eastern part of research areas and the
tidal flat and lagoon covered the western part, with a northeasterly marine transgression. During deposition of CS I,
the deltaic plain occurred in the northern part, with the marine transgression from the southeast. During deposition of
CS 111, the northern and southern areas were occupied by a fluvial environment, and in the middle part by an inter-delta
bay, the tidal flat occupied the southeast areas. During deposition of CS 1V, the southeast part was covered by deltaic
plain and the other areas were occupied by fluvial environments. Palacogeographic outline of CS V was similar to CS
IV, but the former showed that the southeastern part was covered by deltaic plain and lacustrine settings.

3) Developing models of the fourth-order sequence and the third-order composite sequence in the fluvial-deltaic
plain and the delta-barrier-lagoon-offshore shelf systems are discussed with the lithological characteristics, deposi-
tional cycles, combination of facies and their vertical variations. In the fluvial — upper deltaic plain environment, the
LSS is composed of stacking braid channel fills or extensively spread sheet-like sandstones, the HSS beneath the
sequence boundary is characterised by the isolated channels sandstones, and the TSS is generally stacked by the fourth-
order sequences composed of the flood basin mudstones and the crevasse splay siltstones. In the inter-fluvial areas
without channels, sequence boundaries were developed with the palacosols and coincided with the transgressive
surface.

4) The thick coals tend to be formed when the peat accumulation rates are well balanced by the accommodation
development rates. In a third-order sequence stratigraphic framework, the rates of the fourth-order sea-level rise are
slower at the transgressive surface than at the maximum flooding surface; accordingly, the rates of accommodation
development at the transgressive surface are slower than those at the maximum flooding surface. The No.8 coal of the
Taiyuan Formation was formed in the barrier-lagoon and offshore shelf settings and was developed at the transgressive
surface of the composite sequence 1I, where the lower peat accumulation rate was balanced by the slower
accommodation creation rate. In contrast, the No.2 coal of the Shanxi Formation was formed in a fluvial-delta setting,
and was developed at the maximum flooding surface of the composite sequence III, where the higher peat accumulation
rate was balanced by the higher accommodation creation rate. The coal in the fourth-order sequence represented by
“seat earth-coal-marine limestone” could be formed during the “lag time” of marine deposits, and during the “lag
time”, development of balanced accommodation creation rates and peat accumulation rates would favor the
accumulation of thick coals.

3. Palaeosols and their implications in palaeoclimatic and sequence stratigraphic analyses

1) Seven types of palaeosols are recognised by the macro-structures, color, micro-morphology, clay mineralogy
and geochemical characteristics at the Shabagou section and in the borehole DP1 section. They are palacoaddendosols,
palacogleysols, palaeohistosols, palaeovertisols, palaeoaridisols, palaeoeldisols and palaeooxisols.

2) Palaeoclimates can be reflected by the palaeosol types. In the PWB area, the Late Carboniferous to the Early
Permian were developed with the palacoaddendosols, palaeogleysols, and palaeohistosols, reflecting a relatively
humid palaeoclimate; The Middle Permian was developed with the palaeogleysols, palaeohistosols, and palaeovertisols,
reflecting a long humid and short arid to semi-arid palaeoclimate; The early Late Permian was developed with the
palaeoaridisols, palaeoeldisols and palaeooxisols, representing an arid palaeoclimate; The late Late Permian was
developed by the palaeoeldisols and palacogleysols, representing a semi-arid palacoclimate. The overall long-term
trend of palaeoclimates from the humid to arid was attributed to the plate tectonics, while the short-term fluctuation
of the palaeoclimates between humid and arid was due to periodical marine transgression.

3) Palaeosols show a distinct distribution in the fourth-order sequence stratigraphic framework of different
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depositional settings. In the transitional setting, the TST was developed with the palacoaddendosols, palaecooxisols
(containing siderites), palaeogleysols and palaeohistosols, while the HST was developed with the palacoaddendosols
and palaeohistosols. In the fluvial environment, the LST was developed with the palaeoaridisols and palaeooxisols;
the TST was developed with the palacohistosols, palaeovertisols, palacooxisols, palacoaridisols and palaeoeldisols;
and the HST was developed with the palacoeldisols and palaeovertisols.

4. Application of the wavelet transformation in the sequence stratigraphy

1) A proper decomposition scale of wavelet can be found by comparing the multi-scaled wavelet decomposition
of the GR logging data with the deposition-cycle analysis. The high-frequency signal with such a decomposition scale
can be used to effectively divide depositional cyclic units.

2) A high-frequency signal can be selected by comparing the analyzing result of sequence stratigraphy with the
multi-level decomposition of GR logging data, which will adjust the division of sequence stratigraphic units based on
the geological data. The curves stacked by different -scale high-frequency signals corresponding to stratigraphic units
can be used to analyse the movement of base level.

Key words: high-resolution sequence stratigraphy; palaeosols; palacoclimate; Permian, Carboniferous; North
China.
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