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THE STRUCTURE AND ROLE OF FAULTING AND FRACTURING
SYSTEM IN SPATIAL OIL SATURATION OF ROCKS AND

IN OCCURRENCE OF OIL RESERVOIRS WITHIN CHEZHEN SAG

OF JIYANG DEPRESSION IN THE BOHAI BAY BASIN IN EAST CHINA

Introduction

The Chezhen hydrogen block of the Shenli
field, which is China’s second largest oil and
gas reservoir [1], spatially coincides with the
Chezhen sag (2nd order structure) of the Jiyang
depression (1st order structure) in the Bohai
Bay Basin (Fig. 1). Tectonically, this is one of
the largest rift basins (its length is around 2600
km and the width is around 1200 km [2, 3])
within the East China Cenozoic Rift Zone in the
northeast of the ancient North China.

The relevance of this research topic is
defined by the need to support geological
exploration in the Chezhen sag which pos-
sesses a high oil and gas potential but is yet
underexplored [4, 5]. Oil occurs in the compli-
cated geological conditions in the Chezhen sag:
there are many productive strata with numerous
and diverse faults, and ore reservoirs spatially
gravitate to the systems of faults [1, 6-14].

This research aims to reveal tectonic con-
ditions of such spatial selectivity of oil occur-
rences within the Chezhen sag boundaries.

According to [1, 10, 11, 15-20], geological history of the
East China Rift Zone territory underwent a number of tectonic
reconstructions under the influence of large-scale and differ-
ently directed horizontal tectonic movements (Fuping, Taishan,
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The article reports the integrated analysis of the history, geodynamics, modern fault-
ing system, internal structure and spatial occurrence of Paleozoic and Paleogene (Eocene)
accumulations of oil in the promising Chezhen block of the Chezhen sag of the Jiyang depres-
sion in the Bohai Bay Basin in East China. After review of the new geological, geophysical
and field studies, the authors find out that in this structurally complex system of faults and
fractures of different age, orientation and types, the present-day spatial occurrence of oil
reservoirs is governed by the neofaults which blanket the whole geological section, including
the Paleozoic period.

The studies (analysis of polished sections) into internal structure (micro fracturing) and
oil saturation of rocks produce some new data of interest for the theory and practice. The
studies of samples from the reservoir and non-reservoir rocks in exploration drilling in the
Shahejie pay horizon show that oil saturation is connected with the presence of the younger
age system of micro fractures (permeable) of horizontal and vertical (faults) orientation.

The further exploration in the promising Chezhen block of the Shenli oil field is recom-
mended to continue in the zones of the Cenozoic faults as any rocks (irrespective of their
lithology, including low-porosity rocks) can be saturated with oil in these zones which con-
tain the best-type reservoirs (fractured) and feature active fluid neodynamics.
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Caledonian, Hercynian, Indosinian, Yanshan, Himalayan).
After multiple changes in geodynamic conditions, the modern
geology of this territory, including the Bohai Rift, is complex
(structures induced by compression, shearing and tension)
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[20-22]. The tectonic evolution of the Chezhen sag has four
distinct periods [23]: Indosinian (Triassic, compression), early
Yanshan (early and middle Jurassic, left-path shearing of the
Tan-Lu fault, which is the main fault in the rift system), late Yan-
shan (late Jurassic and Cretaceous, compression), Himalayan
(Paleocene—early Eocene, tension). Up to date, the sag, and
the whole territory of the Bohai Basin, develops under condi-
tions of active tectonic tension and is the zone of neodynamic
sagging [16, 17, 22, 24-29].

The modern geological structure of the whole China ter-
ritory formed in the Miocene-late Pleistocene or Holocene
[16]. All pre-Mesozoic rift systems in the region, composed of
marine sediments, are overlaid with a thick cover of the con-
tinental Mesozoic and Cenozoic deposits. The continental
deposits within the limits of the Bohai rift accumulated their
maximum thickness (10—-12 km) in the Eocene and Oligocene
periods. For the comparison, the other rifts are 3 to 6.5 km
thick. The total thickness of the sedimentary cover reaches
32-34 km [1].

The all-aged system of faulting in the Chezhen sag features
various orientations (horizontal, vertical and steep dipping),
various types (normal and reverse, strike-slips, shift faults,
overthrusts) and ranks (from small-amplitude to regional-
scale faults rooted in the basement) [1, 9, 13, 14]. The differ-
ences in the characteristics and activity of the faults are con-
nected with their geological age and location [23].

Figure 2 presents two geological-geophysical profiles
across the center of the Chezhen sag (3rd order structure
of Davanbei sag [30, 31]). The structure of this sag includes
many Mesozoic and Cenozoic faults. The Mesozoic faults
developed till the end of the Paleogene and then became inac-
tive. The amplitude of the displacement over the plane of these
faults is the first tens to hundreds meters. The Cenozoic faults
(with the displacement amplitude up to 500-100 m and more)
dissect the whole section, including the Paleozoic, and some
of them have their roots in the basement [13, 14].

The most oil reservoirs in the Chezhen sag, as in the whole
Bohai Bay Basin, have either tectonic screening (such reser-
voirs dominate) or stratigraphic screening, and their spatial
location is connected with the geodynamic history of the ter-
ritory [1, 2, 4-14, 21, 31-33]. At the same time, there are rare
stacked reservoirs bounded by nothing. Such reservoirs are
detected in the Paleogene strata in the Eocene deposit of the
Shahejie formation (Fig. 2).
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Fig. 2. Geological-geophysical profiles across the center of
Chezhen sag (the best explored area of Davanbei)

Drillhole D63.

Siltstone, sampling depth
2544.30 m.

Stratum SH-2.

Drillhole DG674.
Mudstone, sampling depth
2363.90 m.

Stratum SH -2.

Drillhole D107.

Marl, sampling depth
3010.10m

Stratum SH-4.

Fig. 3. Core samples from various strata in the Shahejie pay
horizon (Eocene) in the Chezhen block of the Shenli oil field

Thus, this research focuses on the detailed examination of
the tectonic conditions of petroleum generation in the Eocene
deposits within the boundaries of the Chezhen sag. The scope
of the studies encompasses the internal structure of the
Eocene age rocks (jointing), deformation characteristics of
small-amplitude faults (micro fractures) and their contribution
to the local oil saturation.

Laboratory research procedure and equipment
Alongside with the accomplished analysis of the new geolog-
ical-geophysical information, the framework for this research is
also the analysis of transparent petrographic polished sections
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Fig. 4. Polished sections of siltstone
samples from non-reservoir. Augmenta-
tion x10, nicols // (left), nicols +(right):
a, b—polished section no. 1, section along
strata (renewed ancient system of vertical
micro fractures: open (a, b), partially oil-
saturated (b), with mineral fill (a, b)); c,
d—polished section no. 2, section across
strata (c—system of ancient (with mineral
fill) horizontal and steeply dipping faults
of two generations (change in identical

incline of separation planes in case of faults of both orientations)); d—young (oil-saturated) inclined system of micro fractures

manufactured from cores sampled in all reservoirs (strata SH-1,
SH-2, SH-3 and SH-4) and non-reservoirs (caps, by GIS data)
in the Shahejie pay horizon (Eocene). The polished sections are
examined using the scanning electron microscopy. All in all, the
studies included 26 samples of rocks from 11 exploration holes
drilled within the limits of the Chezhen sag. For the analysis of
the spatial features of the internal structure and oil saturation of
rocks, 52 polished sections were manufactured (section: along
and across the strata).

Results and discussion

Internal structure (fracturing) of the Shahejie pay hori-
zon rocks (Eocene). The internal structure analysis (macro
and micro fracturing) of rocks sampled from all strata (SH-1,
SH-2, SH-3 and SH-4) of the Shahejie pay horizon in the Che-
zhen block of the Shenli field reveals tectonic faults in all sam-
ples. Depending on the location of drillholes, small-amplitude
faults are common in rocks (macro fractures, Fig. 3; micro
fractures, Figs. 4—6). The faults belong to different systems
of faulting and fracturing: in terms of orientation (horizontal,
vertical and steep dipping), type (normal and reverse, strike-
slips, shift faults, overthrusts) and age (ancient—closed, with
a mineral fill, and young—permeable, saturated with oil).

Figure 4 illustrates micro fractures of different age and
from different fault systems in the same sample. In particu-
lar, within the limits of drillhole D103 site, multiple gradient

changes of the tectonic stresses took place, and each change
was accompanied by rock fracture. For instance, the silt-
stone sample taken in drillhole D103 at the depth of 2076.20
m (Shahejie pay horizon, stratum SH-1) contains a system of
micro fractures of different orientations (horizontal, vertical
and steep dipping) and different ages (ancient—closed, with
a mineral fill, and young—permeable, saturated with oil). The
ancient fracture system underwent some refreshment, with
some change in the orientation (azimuth, incline), in the frac-
ture opening and its fill (partially open/partially closed, partially
open/partially oil-saturated, partially oil-saturated/partially
healed).

Figure 5 presents a rare example of the strike-slip micro
fractures in the same sample. This is a dense limestone sam-
ple taken in drillhole D107 at the depth of 3016.50 m. The hade
faults are oil-saturated, and the hade slips are young (the sys-
tem of faults is block-wise displaced in them).

In the zones of the vertical faults, at great depths, fractur-
ing embraces all rocks irrespective of their lithology, including
rocks of low porosity (mudstone, marl, dense limestone, hea-
vily clayey siltstone etc.) (see Figs. 3-5).

Spatial oil saturation of Eocene rocks

In the Chezhen block of the Shenli field, the most oil occur-
rences are connected with the faulting (see Fig. 2) as in the
whole Bohai Bay Basin. The system of faults controls the
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spatial (horizontally and vertically) oil saturation of rocks and,
accordingly, the location of oil accumulations.

For example, the selective oil saturation of the Paleogene
section rocks (only the Eocene-age Shahejie horizon is a
pay zone) as well as the layered alternation of reservoir and
non-reservoir rocks inside a single pay horizon (strata SH-1,
SH-2, SH-3 and SH-4, Shahejie horizon) is conditioned by the
presence of the horizontal oil-saturated fracture system in the
Eocene formation. In terms of drillhole D63, the selective oil
saturation of rocks inside a reservoir (SH-2), which is condi-
tioned by the horizontal oil-saturation micro fracturing, is illus-
trated in Fig. 6.

The studies show that rare reservoir oil (bounded by noth-
ing as seismics shows, Fig. 2), detected in drilling, is actually
connected with the zones of tectonic faulting as well, namely,
with the zones of horizontal oil-saturated stack micro fractures
in Eocene age formation. These fractures have small ampli-
tudes (without visible displacement of rocks), which com-
plicates their detection using the conventional geophysical
methods.

The drillholes in the younger zones in the neighborhood
of faulting reveal the actual oil-saturated micro fractures in
rocks of low porosity, less than (2-5% (mudstone, marl, dense
limestone, heavily clayey and compact siltstone), as is demon-
strated in Figs. 4 and 5. The same research made abroad
arrived at the analogous conclusions regarding the other oil-
and-gas-bearing and geodynamically unstable territories
(Caspian Depression) [34].

Conclusions

The Chezhen sag under discussion repeatedly experienced
drastic and vigorous changes in the stress—strain behavior in the
crust at different geological ages, connected with the change in
the geodynamic regime (compression, tension, shearing).

Seismics and drilling discover numerous different-rank
(from small-amplitude to regional-scale faults) discontinuities
belonging to fracture systems of different orientation (nearly
horizontal, nearly vertical, with the dominant northwest-
ward and northeastward azimuth), of different age (ancient

Fig. 5. Polished sections of dense limestone. Shahejie pay horizon (Eocene).
Stratum SH-4. Non-reservoir rocks (GIS data):

a—polished section no. 1, section across strata, augmentation x2.5, nicols //; different
generation faults; b, d—polished section no. 2, section along strata: b—augmentation
x2.5, nicols //; systems of vertical discontinuities of different types; shears are younger;
c—vertical oil-saturated micro fracture (fragment of fault, augmentation x10, nicols //;
d—uvertical oil-saturated micro fracture (fragment of fault, augmentation x20, nicols //

Fig. 6. Polished section of siltstone sample at depth of
2544.30 m, Shahejie horizon, stratum SH-2, reservoir rocks,
section across stratum. Augmentation x5, nicols //

Mesozoic—Paleozoic and younger Cenozoic) and of different
type (normal and reverse, strike-slips, shift faults, overthrusts).

The location of oil and oil-saturated rocks within the bound-
aries of the Chezhen sag is governed by the younger age sys-
tem of fractures and faults (Cenozoic age).

The section-selective (layered) oil saturation of rocks inside
a pay horizon (Eocene-age Shahejie horizon) is connected
with the presence of horizontal small-amplitude younger age
micro fractures (permeable, differently saturated with oil).

The proved presence of oil-saturated micro fractures in the
rock strata of low porosity (mudstone, dense limestone, hea-
vily clayey siltstone, etc.) totally converts understanding of the
poroperm properties of rocks and turns them from non-reser-
voirs (caps) to the best-type fractured reservoirs.

Itis recommended to take into account these new data in oil
exploration in the promising Chezhen block in Shenli oil field. In
the authors’ opinion, the top-priority objects for exploration are
the Cenozoic faulting zones within which any rocks are fractured
and saturated with oil, irrespective of the lithology and porosity.
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