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Abstract: The largest carbonate condensate field in China has been found in the central Tarim Basin.
Ordovician carbonate reservoirs are generally attributed to reef-shoal microfacies along a platform
margin. However, recent production success has been achieved along the NE-trending strike-slip fault
zones that intersect at the platform margin. For this contribution, we analyzed the strike-slip fault
effects on the reef-shoal reservoirs by using new geological, geophysical, and production data. Seismic
data shows that some NE-trending strike-slip faults intersected the NW-trending platform margin
in multiple segments. The research indicated that the development of strike-slip faults has affected
prepositional landforms and the subsequent segmentation of varied microfacies along the platform
margin. In addition, the strike-slip fault compartmentalized the reef-shoal reservoirs into multiple
segments along the extent of the platform margin. We show that fractured reef-shoal complexes
are favorable for the development of dissolution porosity along strike-slip fault damage zones. In
the tight matrix reservoirs (porosity < 6%, permeability < 0.5 mD), the porosity and permeability
could be increased by more than 2–5 times and to 1–2 orders of magnitude in the fault damage zone,
respectively. This suggests that high production wells are correlated with “sweet spots” of fractured
reservoirs along the strike-slip fault damage zones, and that the fractured reservoirs in the proximity
of strike-slip fault activity might be a major target for commercial exploitation of the deep Ordovician
tight carbonates.

Keywords: Tarim; reef-shoal reservoir; fractured reservoir; strike-slip fault; “sweet spot” exploitation

1. Introduction

Carbonate is a prolific hydrocarbon reservoir found globally [1–3]. With the produc-
tion decline of shallow oil/gas resources, deep (>4500 m) pre-Mesozoic carbonate reservoirs
have become an important exploitation frontier [3,4]. This is in contrast to the porosity
and permeability of carbonate reservoirs, which decrease with depth during burial [5]. In
deep, tight carbonates, fracture activity plays an important role in enhancing permeability
and porosity along fault damage zones [6–8]. Furthermore, pre- and syn-sedimentary fault
activity could lead to segmentation and diversity of the carbonate sedimentary facies [9–11],
and subsequently lead to varied reservoirs [12,13]. Generally, fractured reservoirs are de-
scribed by seismic methods in the deep subsurface [14,15]. However, methods for imaging
deep reservoirs are limited, making the identification of localized fractured reservoirs chal-
lenging. Therefore, the method of incorporating geological and geophysical technologies
has been widely used in the description of deep fractured reservoirs [14–17].

Energies 2023, 16, 2575. https://doi.org/10.3390/en16062575 https://www.mdpi.com/journal/energies

https://doi.org/10.3390/en16062575
https://doi.org/10.3390/en16062575
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/energies
https://www.mdpi.com
https://orcid.org/0000-0003-1621-6941
https://orcid.org/0000-0002-3725-5336
https://doi.org/10.3390/en16062575
https://www.mdpi.com/journal/energies
https://www.mdpi.com/article/10.3390/en16062575?type=check_update&version=1


Energies 2023, 16, 2575 2 of 14

In the Tarim Basin (Northwest China), substantial hydrocarbon reserves have been
found in deep Ordovician limestone [14,18]. The reef-shoal reservoirs of the Upper Or-
dovician developed along the platform margin in the central Tarim Basin [18–22]. Despite
some success in the exploration of these reef-shoal reservoirs, low production from low
poro-perm (<6%; <1 mD) rocks has often inhibited commercial exploitation of these deep
reservoirs. As most reef-shoal reservoirs cannot be exploited economically by conventional
technologies, they are commonly indicated to be unconventional tight reservoirs [13,23,24].
Horizontal well drilling and large acid fracturing technologies have been carried out to
enhance production [13]. Although production can be enhanced (1–2 orders of magnitude),
there are still many low production wells targeting these reef-shoal reservoirs [13].

Recent studies have suggested that most high production wells were correlated to
highly fractured and karstified carbonate reservoirs known as “fracture-cave reservoirs”
in a thrust fault zone along the eastern platform margin [12,13]. Fracture (joint) activities
have a significant effect on the permeability and porosity of fracture-cave reservoirs [25–29].
The porosity of fracture-cave reservoirs is generally attributed to the presence of penecon-
temporaneous dissolution and/or transitional karstification [19,22,30]. It has also been
shown that thrust faults enhance karstification and lead to the creation of large karstic
caves with high production characteristics [12,28]. Furthermore, fracture-cave reservoirs
are known to have developed at the top of the Lower-Middle Ordovician unconformity
along strike-slip fault zones [28,31,32]. In this context, the Ordovician reef-shoal reservoir
might have complex poro-perm characteristics, meaning that the strike-slip fault effects on
the reef-shoal reservoirs in the Upper Ordovician require reevaluation.

In this study, we assess Ordovician carbonate reservoirs by differentiating tight matrix
and fractured reservoirs using static and dynamic reservoir data. We elucidate the charac-
teristics of fractured reservoirs along the strike-slip fault damage zones. Finally, we discuss
the fault effects on reef-shoal reservoirs and the challenges regarding reservoir exploitation
in the deep subsurface.

2. Geological Setting

The Tarim Basin covers an area of 56 × 104 km2 in NW China (Figure 1a). This intracratonic
basin has undergone multiple tectonic phases and is infilled with 15,000 m thick Cryogenian–
Quaternary strata [28]. A large carbonate platform formed in the western basin during the
Cambrian–Ordovician period, covering an area of 24 × 104 km2 with a thickness of 3000 m [28].
From the end of the middle Ordovician, the Central (Tazhong) Uplift was initiated during the
closure of the Proto-Tethys Ocean [28,33] (Figure 1c). Multiple unconformities and faults were
reactivated from the late Ordovician to the middle Devonian period. Since the late Devonian
era, the Central Uplift has had episodic subsidence in its peripheral areas [28].

The reef-shoal reservoirs in the Upper Ordovician and the karstic reservoirs at the
top of the Middle Ordovician unconformity are major oil/gas exploitation targets in the
Central Uplift [13]. The largest condensate field in China has been found along the northern
platform margin. An isolated carbonate platform of the Upper Ordovician Lianglitage
Formation has overlain in an unconformable contact on the Middle Ordovician Yingshan
Formation (Figure 1b,c). The Lianglitage Formation is composed of 300–600 m thick
limestones with burial depths of 4500–7500 m. Multicyclic reef-shoal complexes developed
along the northern rimmed platform margin with a length of 220 km, extending over an
area of 1200 km2 [13,19–22,28]. Three major stages of oil/gas accumulation occurred in
the late Ordovician-Silurian, Permian, and Cenozoic periods [28]. This led to resource
enrichment along the northern marginal reef-shoal reservoirs and unconformity in the
northern slope of the Central Uplift [28]. During the middle-late Ordovician period, NW-
trending reverse faults and subsequent NE-trending strike-slip faults occurred across the
Central Uplift [28]. It has shown that thrust fault activities along the platform margin
control fractured reservoirs in the Upper Ordovician reef-shoal complex, and the strike-slip
faults affect the Middle Ordovician karstified reservoirs [13,25–32]. However, few studies
have shown the strike-slip fault effects on the reef-shoal reservoirs.
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Figure 1. A tectonic sketch of the Ordovician carbonate top (a), the Middle-Upper Ordovician strata
column (b) and the reservoir model of the Upper Ordovician (c) in the Central Uplift (revised after
References [13,28]).

3. Data and Methods

Static and dynamic data of more than 40 wells in the Upper Ordovician carbonates
were collected. Cores and thin sections were used to describe the fractured reservoirs and
matrix reservoirs (after references [12,13]). Furthermore, FMI (Formation MicroScanner
Image) data are helpful for the description of the fractured reservoirs. The statistical
fracture characteristics (fracture frequency, occurrence, and opening) were defined from
core measurement and FMI data. The porosity-permeability values were determined by
core plug measurement and logging processing (after references [12,13]).



Energies 2023, 16, 2575 4 of 14

Finally, 12,000 km2 of 3D seismic data were obtained on the northern slope of the Central
Uplift. Pre-stack time and depth migration datasets were used for fault mapping and the
identification of large fracture-cave reservoirs [14,34,35]. Enhanced coherent and maximum-
likelihood attributes were used to map the small fault [14]. Seismic amplitude and structure
tensor attributes were used to describe the large fracture-cave reservoir [13,14].

4. Results
4.1. The Faults in the Reef-Shoal Complex

Through the 3D seismic interpretation, sixteen large strike-slip faults were identified
from the seismic data, with lengths of 20–50 km (Figure 2). The major faults FI5, FI17 and
FI21 are in excess of 200 km long. Horizontal displacements along the strike-slip faults are
less than 600 m at the Ordovician level. In the seismic section, the strike-slip faults show
simple vertical fault planes and positive- and negative-flower structures (Figure 3). Vertical
throws are generally in the 30–150 m range, but can be seen to be up to 400 m in the cases
of the trans-tensional grabens. Transpressional faults formed in the Cambrian-Ordovician
carbonates show a positive-flower structure, but trans-tensional structure in the overlying
strata. Most strike-slip fault zones spread upward into the Devonian, only a few fault zones
extending into the Permian. The inherited strike-slip faults in the Silurian-Permian are
short trans-tensional in echelon faults, with vertical displacements of 200 m at the Silurian
level, and of less than 100 m at the Carboniferous-Permian level.
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Figure 2. The microfacies of the Lianglitage Formation overlapping with strike-slip fault system in
the northern Central Uplift (The microfacies data are from references of [19,22,28], the thrust faults
are modified after reference [28], the strike-slip faults are from recent seismic interpretation data).

The short faults (~4 km) form mostly isolated segments. With fault growing and
overlapping, there are more incidences of fault linkage and interaction. There are secondary
faults and complicated deformation in the overlap zones, although it is difficult to map
small secondary faults using seismic data. The unmatured strike-slip fault zones show
distinct segmentation in en echelon and soft linked segments, but no distinct segmentation
boundary in hard-linked fault zones. The strike-slip faults are composed of multiple
segments in different fault patterns. Generally, the strike-slip fault zones have several
segments, including a linear segment with small displacement and weak linkage, an
overlapping segment with hard-linkage and interaction, resulting in strong deformation,
and a horsetail/linear segment at the fault tip from south to north.

In the eastern and western platform margin (Figure 2), a NE-thrusting fault belt
separated the platform and the northern depression. Generally, the strata are relatively
continuous in the depression, but are absent from the Yijianfang and Tumuxiuke formations
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on the hanging wall along the paleouplift edge. The faults generally expand upward and
terminate in the Upper Ordovician Sangtamu Formation in the western margin, but at the
base of the Upper Devonian in the eastern area.
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Figure 3. The seismic coherence cube at the top of the Ordovician carbonate (a) and the seismic
section showing the strike-slip faults across the platform margin (b) (see Figure 1a or Figure 3a for
the locations) in Block BIII.

In the platform margin, the seismic data suggested that NE-trending strike-slip faults
cut across the reef-shoal complex of the Upper Ordovician (Figures 2 and 4). Faults FI19 and
FI21 separate the northern slope, showing a series of blocks from west to east. Strike-slip
faults developed in the western blocks BIII and BII areas, but decreased in the eastern block
BI. Conversely, intense thrust faulting activity occurred in eastern block BI.
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Figure 4. The palaeogeomorphic map of the reef–shoal complex of Lianglitage Formation along the
northern platform margin (modified after reference [13,14]). The map and seismic profiles showing
the reef–shoal segmentation and variation by the strike-slip faults (O1+2y: Yingshan Formation;
O3l: Lianglitage Formation; O3s: Sangtamu Formation; TWT: two-way traveltime).

Separated by the strike-slip faults FI21 and FI19, the reef-shoal complex is divided into
three segments along the platform margin (Figure 2). In the eastern segment, a rimmed
platform margin has developed along the thrust fault belt [12,19]. A relatively narrow
(<2 km width) but thicker (more than 500 m) group of shoal bodies has formed in the
eastern T24 block, and has progressively turned into wide high-energic reef-shoal bodies
in the western T62 block (Figure 4). The two blocks are separated by a small NE-trending
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strike-slip fault zone. It may be noted that there are signs of intense thrust fault activities
rather than a weaker strike-slip faulting after the carbonate deposition (Figure 4). In the
central segment, it became a weak rimmed or non-rimmed platform margin. The broad
high-energic facies is mainly composed of shoal bodies, but shows a lack of reefs. The
central segment is also divided into two areas by FI21. The eastern part is wider with higher
energic shoal bodies than the western area. In the western segment, there are progressively
wider but lower energic shoals along the platform margin. Additionally, more strike-slip
faults have intersected the platform margin of the Upper Ordovician.

4.2. Matrix Carbonate Reservoirs

The Ordovician reefs include porifera, stromatoporoid and coral framestones [19–22].
The porosity in these relatively small reefs is generally filled with lime-mud and fine
bioclastic (Figure 5a). Furthermore, the framework porosity has been almost lost due to
cementation. Sparse dissolution porosity developed along the framework pores, and some
intragranular dissolution pores were observed in the reef fragments in the eastern segment
(Figure 5c). Generally, the connectivity of the intragranular porosity is too weak to allow
the development of favorable dissolution reservoirs. In contrast, we found that further
intergranular dissolution porosity developed along the bioclastic and calcarenite around the
reefs (Figure 5b,d). The intergranular dissolution vug (diameter between 2–100 mm) and
pore (diameter < 2 mm) occur mainly in grain stones. It has developed well in the reef-shoal
limestones along the platform margin, particularly in the eastern segment. Although most
of the primary porosity has been lost by intense cementation during the long burial history,
most dissolution porosity seems to have occurred alongside the primary porosity in these
reservoirs. Dissolution pore-vugs in cores are generally paralleled along strata bedding
with layers tens of cm thick (Figure 5b). The multiple dissolution intervals can be composed
of layers several meters thick in the reservoir that is the major drilling target in the matrix
reservoir along the reef-shoal complex. It was shown that the high-porosity reservoirs
generally occurred along the eastern thrust fault belt and the strike-slip fault zones.
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Figure 5. Photographs of the carbonate matrix reservoirs. (a) stromatoporoid reef limestone, T243,
4473.93 m, core; (b) dissolution vugs in the bioclastic limestone, T62, 4755.5 m, core; (c) intragranular
dissolution pores in bryozoa fragment, T54, 5757.83 m, casting thin section; (d) intergranular dissolu-
tion pores in bioclastic rock, T62, 4751.2 m, casting thin section (pink-dye resin showing porosity).

An analysis of core plugs indicated that matrix porosity (0.1–10.1%) is generally
lower than 5%, with most of the samples showing a permeability lower than 0.2 mD
(Figure 6a). Log data indicate that the reservoir porosity ranged from 2% to 6%, and
permeability generally varied from 0.4 mD to 4 mD in the matrix reservoirs (Figure 6b). It
is noteworthy that there are generally micro-throats (most radius <0.1 µm) in the matrix
reservoirs. Except for those in fractured zones, matrix reef-shoal reservoirs have very low
porosity-permeability, which makes them tight reservoirs along the platform margin.
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Generally, conventional production from these tight reservoirs is not economical. Hor-
izontal drilling and acid-fracturing technologies have been utilized in reef-shoal reservoirs,
and although this has increased gas production, low production has been observed for a
number of wells targeting these deep and tight reservoirs. Even in better matrix reservoirs,
there is generally low oil/gas production (Figure 7a) that cannot be economically exploited
in the deep subsurface.
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4.3. Fractured Reservoirs

Alongside the reef-shoal complex of the platform margin, fracture networks developed
along fault damage zones (Figure 8). Generally, fractures have high angles and narrow
apertures (Figure 8a). Multiple sets of fractures form a complex fracture network, especially
in inner fault zones. Fracture frequency varied widely from 1 to 17 m in cores and FMI
images. Few wells intersecting inner fault damage zone penetrated breccias. Although
most fracture porosity has been filled with calcite cements and argillaceous material, many
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fractures are still opened and show porosity (Figure 8a–e). Dissolution porosity occurred
along fractures, which led to increased fracture opening width (Figure 8b,d). Importantly,
increased dissolution porosity and vugs developed along fractures (Figure 8a,e).
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Figure 8. Photographs of Ordovician carbonate reservoirs. (a) open vertical fractures and dissolution
pore-vug, T242, 4501 m, core; (b) dissolution pores and vugs along fractures, T62−1, 4894.5 m, core;
(c) open fracture network, T24, 4687.75 m, casting thin section; (d) dissolution pores along fractures,
T82, 5375.5 m, casting thin section; (e) dissolved pores along fractures, T82, 5364.74 m, casting thin
section; (f) logging image of a fracture-cave reservoir, T58 (after reference [13]; (g) The seismic spectral
decomposition section of the fracture-cave reservoirs (The “bead-shape” reflection showing large
fracture-cave reservoir, see reference [13]).

Recently, many more caves (diameter > 100 mm, large cave diameter > 1000 mm)
have been found in these tight carbonate reservoirs along the fault zones [13]. According
to the seismic data, connected caves and the fracture network form prolific fracture-cave
reservoirs with strong “bead-shaped” reflections (Figure 8g). According to the log data,



Energies 2023, 16, 2575 9 of 14

large fracture-cave reservoirs generally possess an enlarged borehole diameter, raised
natural gamma, and reduced resistivity log responses (Figure 8f). Although cores are
hardly ever obtained from large fracture-cave reservoirs, drilling breaks, mud loss, and
overflow indicated that the wells encountered large fracture-cave reservoirs during the
drilling period. For example, mud loss reached 799.2.5 m3 and two intervals of drilling
break with thicknesses of 0.2 and 0.5 m in well T62-1 [13]. Through identification by
seismic data, the fracture-cave reservoirs developed well along the strike-slip fault damage
zones (Figure 9).
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western area (the NW-trending bands showing the reef-shoal reservoirs, and the spots showing the
fracture-cave reservoirs which are distributed along the NE-trending strike-slip fault zone).

In core plugs data (Figure 6a), samples with fractures generally show slightly higher
porosity than the matrix reservoirs. The porosity of the fractured samples increases by 5%
to 20%, whereas the permeability values (0.01–516 mD) of these samples could increase
by 1–3 orders of magnitude more than the samples without fractures. It was noted that
the high permeability of more than 1 mD is mainly derived from the fractured samples.
According to the log data, fracture porosity is generally less than 0.5%. The porosity
of the fracture reservoirs is generally consistent with the matrix reservoirs. However,
the porosity of fracture-cave reservoirs along fault zones can increase from 5% to 30% if
dissolution porosity occurs (Figure 6b). Furthermore, permeability can increase by more
than 1–2 orders of magnitude in fractured reservoirs. In addition, most high production
wells have targeted fracture-cave reservoirs along the fault zones. The statistics presented
in the log data of the reservoir intervals show that large-scale fracture-cave reservoirs are
generally distributed at a distance less than 1500 m from fault damage zones (Figure 6b) and
have a porosity 2–5 times higher than the tight matrix carbonate reservoirs in the reef-shoal
complex. Generally, fractured reservoirs can yield high production, particularly for large
fracture-cave reservoirs (Figure 7b). Initial production in the fractured reservoirs can be
ten times higher than in the matrix reservoirs. By contrast, many wells show irregular and
suddenly declining production. Additionally, many fractured reservoirs were susceptible
to fast water flooding during the production.
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5. Discussion
5.1. Fault Effect on the Variation of the Reef-Shoal Bodies Distribution

It has been shown that the carbonate platform margin can be divided into three
segments with the use of different thrust fault geometry and evolution [12]. In addition,
the higher energic reef-shoal complex developed in the eastern intense thrust fault zone.
It was seen by contrast, however, that the NW-trending platform had been intersected by
the NE-trending strike-slip fault zones (Figure 2). These suggest that there are complicated
relationships between the fault activity and the varied reef-shoal microfacies along the
platform margin.

Recent studies suggest that the NE-trending strike-slip faults have been initiated
contemporaneously with the NW-trending thrust faults [28,36]. During the uplifting
of the Central Uplift in the end of the middle Ordovician period, the strike-slip faults
accommodated the NE-SW contraction and subsequently divided the platform margin into
a serial of blocks along its strike. In this way the fault activity could affect the geomorphic
features before the deposition of the Lianglitage Formation, and the subsequent width and
thickness of the reef-shoal complex along the platform margin (Figure 9). In the eastern
T62 block, reefs including porifera, stromatoporoid, and coral framestones developed in
the rimmed platform margin. This was in contrast to the wider weak-rimmed shoals
which developed in the central and western segments [19–22]. During the burial period,
the platform margin could have been offset by more than 500 m by later strike-slip fault
reactivation. Subsequently, the reef-shoal microfacies have been segmented by the strike-
slip faults (Figure 2). On the other hand, the thrust faults developed in the eastern and
western segments have been seen to control the landform of the platform margin before
Lianglitage Formation deposition.

Generally, the syn-sedimentary normal fault is largely displaced, demonstrating a
distinct effect on the distribution of carbonate sedimentary facies belts in the extensional
basin [9,10]. This is in contrast to the weak strike-slip fault activity in the Tarim intracratonic
basin that had effects on the microfacies variation along the platform strike (Figures 2 and 4).
This is consistent with the fault effects on the differentiation in the Ediacaran sedimentary
facies along a platform margin in the Sichuan Basin [11]. Although geomorphic pre- and
syn-sedimentary descriptions require further study, this study suggests that the strike-
slip fault activities had an important effect in the sedimentary facies’ segmentation and
differentiation in the intracratonic basin.

5.2. Fault Effects on the Carbonate Reservoir

Generally, reef-shoal reservoirs have been attributed to microfacies or the presence
of penecontemporaneous dissolution [19,20,22]. Although the better reservoirs generally
developed in the reef-shoal microfacies, most “sweet spots” for high oil/gas production
occurred in localized parts of fractured reservoirs (Figures 8g and 9) [13]. Recent arguments
have suggested that the thrust faults and related karstification had an important role in the
formation of the cave reservoirs in the eastern segment of the platform margin [12,13].

However, there are still more segments of the microfacies and reservoirs along the
platform margin that could correlate with the strike-slip faults (Figures 4, 9 and 10). There
is a large number of distinct large fracture-cave reservoirs in the reef-shoal complex, as
shown by the seismic description (Figure 7g) in the T62 block [13], but sparse fracture-cave
reservoirs in the eastern area. It has shown that the strike-slip faults have separated Block
T62 from its adjacent blocks (Figure 4). Importantly, the fractured reservoirs generally
occurred along strike-slip fault damage zones in the central and western segments (Figure 9).
The blocked reef-shoal bodies and reservoirs could be correlated with the strike-slip faults
rather than with the thrust faults. This is consistent with the fact that recent high production
wells have generally occurred in the strike-slip fault zones (Figure 10), whereas most matrix
reservoirs and fractured reservoirs along the thrust fault zones could not obtain high
oil/gas production.
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Figure 10. The oil production of the carbonate rocks vs. distance to strike-slip fault in the
western area.

Together with the reactivation of the thrust fault and strike-slip fault after the depo-
sition of the Lianglitage Formation, the fault-related uplift resulted in the appearance of
karstic fracture-cave reservoirs in the faulted blocks in the eastern area [12]. In the western
segment, there was much stronger strike-slip faults activity, more than the thrust fault
activity in the Ordovician carbonates. The fracture-cave reservoirs developed well along the
strike-slip fault damage zones (Figure 9) that supported most high production wells in the
Ordovician carbonate rocks. In the central segment, fractured reservoirs mainly occurred
along the strike-slip fault damage zones. For example, well T82 has been assumed to be
a reef-shoal reservoir [19], whereas the high production was from the fractured reservoir
rather than the low production from the upper good matrix reservoir. The seismic data
suggested that T82 is located along strike-slip fault FI23 (Figure 4). The well T82 had a
much greater but less stable production quota compared to that shown in the fractured
reservoir. The seismic and production data indicate that the “sweet spots” of fractured
reservoirs generally occurred along the strike-slip fault zones (Figure 9). Particularly, the
reef-shoal complex had more and wider fractured reservoirs along the strike-slip fault
damage zone.

The reef-shoal reservoirs developed well alongside the carbonate platform margin
in the central Tarim Basin (Figure 2). However, the matrix reservoir with its low poros-
ity (less than <4%) and permeability (less than 0.5 mD) could not support commercial
oil/gas production in the deep subsurface [13]. This is comparable to the global deep
tight reservoir [6,37]. It has been suggested that the Ordovician carbonate reservoirs have
experienced a long diagenetic history, and most primary porosity has been excluded to
show secondary porosity in the central Tarim Basin [28–30]. The high production wells
suggested that the fracture enhanced the secondary porosity, particularly of the “sweet
spots” of the deep fractured reservoirs along the strike-slip fault zones.

The seismic reservoir data suggested that fracture networks could have developed
along the fault zone, which is more than 1000 m wide [14,15]. The fracture porosity is
generally lower than 0.1%, while the dissolution porosities along the fracture network
could be increased by more than two times along the fault zone. Furthermore, the fracture
network controls the permeability of the tight carbonate reservoirs. The permeability of the
tight carbonates is often less than 1 mD. In contrast, the permeability in fractured reservoirs
varies considerably in the range of 0.1–1000 mD, which could be increased by 1–3 orders of
magnitude (Figure 6). The fracture-vug and fracture-cave reservoirs in the carbonate fault
damage zones have a much higher porosity (>6%) and permeability (>5 mD). Therefore, the
fractured reservoirs are a favorable “sweet spot” for high gas production. Unfortunately,
the uniform pattern of the development wells by conventional methods could not meet the
localized “sweet spot” development in the deep reef-shoal reservoirs.

The fractured reservoirs also show a distinct power-law with the distance to the
fault zones (Figures 7 and 10), which is in agreement with the poro-perm pattern of the
Ordovician carbonate rocks of the Tarim Basin [13,38] and other places [39]. As the reef-
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shoal reservoirs have been impacted by strike-slip fault activities, fractured reservoirs have
developed alongside the strike-slip fault zone due to fault-related dissolution [12,13]. The
three major elements: microfacies, faulting, and dissolution, control the development and
distribution of “sweet spot” reservoirs along the platform margin. The tight reef-shoal
reservoirs occurred widely alongside the platform margin in the central Tarim Basin, but
the “sweet spots” of fractured reservoirs developed well only in localized fault damage
zones. Furthermore, the distribution of “sweet spots” in the fractured reservoirs is varied
along the strike-slip fault zones (Figure 9). In this context, the localized fractured reservoirs
along the strike-slip fault damage zones are the major drilling targets for high oil/gas
production in the reef-shoal reservoirs.

6. Conclusions

In spite of the complicated characteristics of the Ordovician reef-shoal reservoirs in
the central Tarim Basin, we propose the following major conclusions.

1. The NE-trending strike-slip faults intersected the NW-trending platform margin, form-
ing multiple segments. The development of strike-slip faults affects prepositional
landforms and the subsequent segmentation of varied microfacies and reservoirs along
the extent of the platform margin.

2. Using the strike-slip fracturing and dissolution processes, the porosity and permeabil-
ity in the tight reef-shoal reservoirs could be increased more than 2–5 times and by
1–2 orders of magnitude. These processes play a significant role in the development of
the “sweet spots” in fractured reservoirs along strike-slip fault damage zones.

3. High-production wells are correlated with the “sweet spots” of fractured reservoirs
alongside the strike-slip fault damage zones. The “sweet spots” of fractured reservoirs
in tight reef-shoal bodies could be major targets for commercial exploitation in deep,
tight reef-shoal reservoirs. New reservoir description and exploitation technologies
are urgently needed for the extraction of fractured reservoirs in the deep subsurface.
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