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Abstract: A better understanding of the controls on reservoir quality has become essential in the 
petroleum exploration in recent years. Determining the original composition of the sediment framework 
is important not only for paleogeographic reconstructions, but it is also vital for predicting the nature 
of physical and chemical diagenesis of the potential reservoirs. Depositional setting and diagenesis are 
important factors in controlling the type and quality of most siliciclastic reservoirs. We studied the Upper 
Triassic Chang 8 and 6 members, where the relationship between sediment provenance and diagenesis 
was examined. The study attempts to clarify sediment provenance and post-depositional diagenetic 

microscopic analysis of grain and heavy mineral types, and measurements of the palaeocurrent direction 
of the Yanchang Formation sediments in the outcrops in order to determine the provenance of the studied 
sediments. Furthermore, the relationship between framework grains, pore types and diagenesis of the 
sediments was analyzed by thin section petrographic characterization using a polarizing microscope. 

system was used to investigate the habits and textural relationships of diagenetic minerals. On the basis of 

of diagenesis which may be expected in sandstones. In the Chang 8 and 6 members, the formation of 
chlorite rims and laumontite cement was observed where volcanic rock fragments constitute a large part 
of the framework grains. Furthermore, high biotite content provides abundant iron and magnesium and 
enables the formation of chlorite rims due to biotite hydrolysis. In addition, ductile deformation of biotite 
leads to strong mechanical compaction of the sediments. Conversely, high feldspar content diminishes 
the degree of mechanical compaction, however the dissolution of feldspar minerals in sandstones is 
commonly observed. Apart from feldspars, quartz and other rigid framework grains highly control the 
degree of mechanical compaction during the initial stage of burial (0-2 km).
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al, 2010).
It is commonly believed that reservoir quality is 

determined by sedimentary facies type and distribution, 
diagenesis processes and also, to some extent by fracturing, 
such as in case of siliciclastic reservoirs.

Bloch et al, 2002). The detrital composition of sandstones 
is controlled by the geological evolution of the provenance, 
including rock types and tectonics, palaeoclimatic conditions 

2000). 
The degree of primary porosity is controlled by grain 

size, sorting, roundness and composition as well as by 
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1 Introduction 
The key properties of hydrocarbon reservoirs are porosity 

and permeability. These properties control not only the 
amount of gas or oil in place but also rate of petroleum 
extraction. The success of many hydrocarbon exploration 
efforts depends to a large extent on accurate prediction of 
sandstone reservoir properties. Additionally, an accurate risk 
assessment is a critical stage in exploration, where reservoirs 
have been buried to depths greater than 3,000 m and have 
been exposed to temperatures greater than 100 ºC (Taylor et 
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matrix content. All of the mentioned characteristics are 
controlled by depositional conditions and they further 
govern the type and degree of diagenesis, which is the key 
dynamic affecting reservoir quality. The extrinsic parameters 
controlling diagenesis processes include the geothermal 
gradient, fluid chemistry and current subsurface depth. The 
intrinsic parameters are the composition, sorting and surface 
textures of the framework grains. The grain composition of 
siliciclastic sediments is strongly influenced by sediment 
source and depositional conditions present within the tectonic 
regime at the time of deposition. Recognition of changes in 
composition resulting from variations in provenance type 
has profound potential for improving accurate prediction of 
reservoir quality. 

Anomalously high porosity and permeability in deeply 
buried reservoirs can have a significant impact on the 
production rate. Anomalously high porosity and permeability 
in siliciclastic reservoirs can be preserved or developed 
due to weak compaction, a low degree of cementation and/
or enhanced dissolution. Compaction of the sediments is 
greatly controlled by grain composition and burial. Sandstone 
reservoirs with high content of ductile grains, such as shale 
clasts, biotite or lithic fragments experience more extensive 

such as chlorite rims and microquartz, may act as inhibitors 
of later quartz overgrowth and compaction (Ehrenberg, 

Bonnell, 2010). A degree of dissolution which may lead 
to the enhancement of porosity is also controlled by the 
composition of the sediment. For instance, feldspars, volcanic 
and carbonate rock fragments are more likely to be dissolved 
during weathering and diagenesis processes than quartz, 
metamorphic rock fragments and other sedimentary rock 
fragments. Nevertheless, during an early stage of diagenesis 
only dissolution of plagioclase takes place since it is unstable 
in low temperatures, whereas K-feldspars are unstable in 
high temperatures therefore are dissolved in the later stage of 
diagenesis (Lander and Bonnell, 2010). 

stable and have potential to form good reservoirs at depths 

2001). Conversely, at depths greater than 3 km reservoir 
porosity and permeability may be lost substantially because 
of mesogenetic pressure dissolution and quartz cementation. 
Sandstones which are rich in rock fragments are commonly 
mechanically and chemically unstable. Volcanic rock 
fragments are chemically unstable and tend to dissolve or 
alter into smectite and chlorite, zeolites and silica during 

feldspar-rich sandstones are mechanically stable however 
chemically unstable. For instance, under prolonged 
interaction with meteoric water, feldspar grains undergo 
dissolution and kaolinization. Carbonate rock fragments, such 
as limestone and dolostone fragments promote nucleation and 
growth of carbonate cements and thus contribute to porosity 
and permeability deterioration. Carbonate rock fragments 
also contribute to porosity reduction because of the chemical 

2 Geological settings
The Ordos Basin is situated in the middle part of mainland 

China (Fig. 1) and it covers an area of 250,000 km2 with a 
sediment thickness of 4,000-6,000 m. It is a typical polycyclic 
sedimentary basin, including Lower Paleozoic, Upper 

Yanchang Formation consists of deltaic and lacustrine 

provenances exist along the margin of the basin: the Yinshan 
Uplift to the north, Alxa Uplift to the northwest, Qinling 
Uplift to the south and Longxi Uplift to the southwest. 
The Yanchang Formation is subdivided into ten individual 
members (Fig. 2).

are the source rocks in the Ordos Basin, supported by the 
recent oil-source rock correlation studies. All discovered 
Triassic oil fields are distributed within the range of the 

from the source rocks was expelled upward and downward 
into adjacent reservoirs. Therefore, Chang 6 and Chang 8 
members which are adjacent source rocks are also favourable 
for hydrocarbon accumulations.

The Chang 8 and 6 members of the Upper Triassic are 
the main targets in petroleum exploration and development 

petroleum provinces. The reservoirs of the Chang 8 and 6 
members are dominated by tight sandstones with an average 
porosity of 10% and permeability of 0.4×1-3 2. The basin 
dips gently to the west with an angle of less than 1°. Faults 
and anticlines were not developed in the most parts of the 
basin therefore stratigraphic traps are the dominant trap style 
in this petroleum system. 

Three typical hydrocarbon fields from the Ordos Basin 

and has producing oil in the Chang 8 and 6 members. The 
sediment provenance was the Longxi Uplift situated in Gansu 

is not economically prospective. The sediment provenance 

north.

in Ningxia province to the northwest.

3 Sampling and analytical methods
300 samples were obtained from 15 cores from the three 

slab face. The samples were then impregnated with blue 
epoxy resin to highlight pore spaces when viewed under 
the microscope. 200-300 counts per section were made 
for composition analysis, and 100 counts per section were 
made for grain size and sorting examination. 32 samples 
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Fig. 1 Outcrops on the basin margin and location map of the area of interest

Fig. 2 Subdivision and stratigraphic nomenclature of the Yanchang 
Formation in the Ordos Basin
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were studied using a scanning electron microscope equipped 

samples were analyzed for heavy minerals content.

4 Results 

4.1 Petrology 
Petrology of the Chang 8 and 6 members sandstones in 

characteristics of the sandstones are described below (Table 
1).
JY Field

The depositional environment of the Chang 8 and 6 

setting, hence reservoirs exist within distributary channel 
sandstones. The sandstones have been classified as lithic 
arkose and feldspathic litharenite. The grain size of the 
sandstones is fine to medium (0.26-0.46 mm) and they are 
composed primarily of quartz (dominantly monocrystalline 
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quartz), feldspars (dominantly plagioclase with some 
K-feldspars), rock fragments such as phyllite, quartzite and 
volcanic rock fragments (average 7%) and traces of biotite. 
Calcite and ferroan calcite are the main types of carbonate 
cements (average 8%, up to 31%), but trace ankerites also 
exist. Authigenic clay minerals (average 7%) include chlorite, 
kaolinite and illite that occur as pore-lining rims and pore-
filling cement. Chlorite commonly occurs as interlocked 
pseudohexagonal crystals in the delta front sediments and as 
thin and discontinuous rims. Kaolinite occurs as booklet and 
vermicular aggregates in delta plain and delta front sediments. 
Illite occurs as pore-lining rims and pore-filling cements 
and as replacement of mud matrix and detrital feldspar. The 
volume of quartz overgrowths is very low and laumontite is 
rare. 
ZJ Field

were also deposited in delta front setting environments. 

within distributary channels, but also in delta front mouth 
bars. The grain sorting is good and the grain size ranges 
from 0.21 mm to 0.33 mm. The sandstones have been 
classified as lithic arkose and feldspathic litharenite. The 

where the monocrystalline quartz concentration is 31% and 
the polycrystalline quartz level is 12%. Other grains are 
mainly feldspars (plagioclase and K-feldspars, 18% and 15% 
respectively), and rock fragments such as phyllite, slate, 

quartzite and plutonic rock fragments and traces of mica (2%). 
Calcite and ferroan calcite are the main carbonates (average 
5%, up to 33%). The kaolinite (average 2%) and illite (average 

are the main authigenic clay minerals. The chlorite content is 
relatively low. The volume of quartz overgrowths is still very 
low and laumontite is also rarely observed.
FX Field

deposited in delta front and lacustrine setting. Therefore the 
reservoirs are formed mainly within distributary channel 
sandstones, mouth bar sandstones, sheet sandstones and distal 
bar sandstones. Grain sorting is good and the maximum grain 
size is 0.28 mm with an average of 0.13 mm. The sandstones 
are mainly fine and very fine arkose and lithic arkose. 
Sandstones have relatively low quartz content (average 36%, 
up to 52%). Detrital plagioclase (average 34%) dominates 
over K-feldspar (average 15%). The main types of rock 

commonly observed with an average content of 6%, and a 
maximum of 18%. The average content of calcite and ferroan 
calcite is 6%, whereas the content of ankerite is very low. 
Chlorite (average 6%) and illite (average 6%) occur as pore-

clay minerals. The kaolinite content is very low, less than 1%. 
Quartz overgrowths are not frequently observed, whereas 

the Chang 7 and 6 member deposits. 

Table 1 Statistical summary of the petrographic parameters of Chang 8 and 6 members sandstones

Components
and texture

n=83) n=155) n=92)

Aver, % Aver, % Aver, %

Detrital
fragments
(100%)

Quartz monocrystalline 34 20 27 43 28 31 40 22 28

Quartz polycrystalline 14 6 8 15 6 12 12 6 8

Plagioclase 25 13 20 18 10 18 41 25 34

K-feldspar 12 7 10 19 10 15 22 12 15

Volcanic rock 13 3 7 16 6 9 2 0 1

30 8 21 18 4 10 10 3 5

Sedimentary rock 8 1 4 5 0 2 2 0 1

Heavy minerals 5 1 2 4 1 1 4 1 2

12 0 2 8 1 2 18 2 6

Cements

Calcite 31 0 6 33 0 5 30 1 6

Ankerite 5 0 1 6 0 1 3 0 1

Chlorite 5 0 3 2 0 1 8 2 6

Kaolinite 9 0 2 7 0 2 2 0 1

Illite 5 1 2 7 2 4 15 3 6

Quartz overgrowth 6 0 2 5 0 2 1 3 2

Texture
Sorting 1.40 0.30 0.80 0.80 0.30 0.45 0.60 0.20 0.40

Grain size, mm 0.46 0.26 0.33 0.21 0.28 0.13

Notes: n is the total number of samples 
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4.2 Provenance 

JY Field
Examination of the heavy mineral suite from Chang 

8 and 6 members demonstrated high garnet and zircon 
content (43.6% and 50.2% respectively) (Table 2). Quartz 
cathodoluminescence color is mainly brown, however blue 
and bluish violet quartz is also observed. Sandstones are 
commonly texturally submature and relatively mineralogically 

in outcrops and seismic sections indicate a NW direction of 

Framework grain characteristics and palaeocurrent data 

and sediments were transported over relatively short 
distances. The dominant sediment sources were metamorphic 
rocks, however volcanic rocks also provided material for the 
Chang 8 and 6 member deposits.

Based on the characteristics of the ancient land of the 
basin margin, it can be concluded that sediment sources 

Group in the Ningxia province, which contains a set of 
gneiss, granulite, migmatites and a relatively small volume of 
volcanic rocks. Common rock-forming minerals are quartz, 
feldspar, pyroxene, hornblende and small quantities of biotite 
and garnet. 
ZJ Field

garnet and leucoxene (average 41.9%, 21.9% and 32.4% 
respectively). Quartz grains occur dominantly in a form of 
monocrystalline quartz, polycrystalline quartz and recycled 
quartz. Polycrystalline quartz consists of elongated original 
crystals characterized by sutured boundaries and brown 
cathodoluminescence color. Recycled quartz is characterized 
by overgrowths which exhibit abrasive rounding. Feldspars 
include primarily plagioclase however K-feldspars are also 
present. The plagioclase contains much higher amounts of 

Table 2 Characters of heavy minerals, Chang 8 and 6 members in the Ordos Basin

Field Sample Garnet, % Titanite, % Tourmaline, % Rutile, % Epidote, % Leucoxene, %

1 Chang6 47 48 2 1 0 1 1 0

2 Chang6 32 63 3 0 0 2 0 0

3 Chang6 55 34 2 1 0 5 3 0

4 Chang8 46 49 2 2 0 0 1 0

5 Chang8 38 57 2 1 0 0 2 0

Av. 43.6 50.2 2.2 1 0 1.6 1.4 0

6 Chang6 43 18 0 4 1 0 34 0

7 Chang6 55 22 0 4 1 0 18 0

8 Chang6 38 32 0 2 1 0 27 0

9 Chang8 34 21 0 2 1 0 42 0

10 Chang8 43 19 0 3 0 0 35 0

11 Chang8 42 17 0 5 1 0 35 0

12 Chang8 38 24 0 1 1 0 36 0

Av. 41.9 21.9 0 3 0.9 0 32.4 0

13 Chang6 32 46 0 3 1 0 0 18

14 Chang6 25 34 0 5 0 0 0 36

15 Chang6 34 38 0 4 0 0 0 24

16 Chang6 22 43 0 1 0 0 0 34

17 Chang6 26 47 0 4 0 0 0 23

18 Chang6 34 31 0 5 2 0 0 28

19 Chang6 18 29 0 0 1 0 0 52

20 Chang8 20 44 0 0 1 0 0 35

21 Chang8 17 45 0 6 0 0 0 32

22 Chang8 25 48 0 5 3 0 0 19

Av. 25.3 40.5 0 3.3 0.8 0 0 30.1
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Na2O than CaO. Rock fragments are composed dominantly of 
schist, phyllite, plutonic igneous rocks and small fragments of 
carbonate rocks. 

The sandstones of the Rui River outcrop located 

feldspar and rock fragments (in average 20%, 38% and 42% 
respectively). The average grain size of sandstones is 0.29 

and feldspar and rock fragments contents decrease to 33% and 
24%. Furthermore, the grain size decreases to 0.21 mm. Grain 

of quartz increases to 48% and feldspar and rock fragments 
decrease to 28% and 24%.  

Therefore it can be concluded that compositional maturity 
increases and grain-size of the sediments decreases eastward. 
Palaeocurrent direction measurements of the sediments in the 
Rui River outcrop section are an average of about 65º, which 

Framework grain characteristics and palaeocurrent data 

dominated by metamorphic rocks, middle to upper Ordovician 
igneous rocks and Silurian, granite rocks from Hercynian and 
Indosinian periods and small amounts of sedimentary rocks. 
The sediment provenance was located along the margins of 
the south-western Ordos Basin.
FX Field

Heavy minerals of the Chang 8 and 6 members of the 

magnetite (in average 40.5%, 25.3% and 30.1% respectively) 
and trace amounts of rutile and tourmaline (average 0.8% 
and 3.3%). Under the microscope many quartz grains display 
undulatory extinction, a pattern of sweeping extinction as 
the stage is rotated. Some quartz grains contain inclusions of 
either garnet or zircon. Quartz grains display blue to bluish 
violet cathodoluminescence color. Feldspars occur in form of 
plagioclase and K-feldspar minerals in a proportion of 2 to 
3. Rock fragments dominantly consist of phyllite, slate and 

Framework grain characteristics and palaeocurrent data 

was metamorphic rocks located in the northern part of the 
Ordos Basin. The rocks are characterized by high proportions 

of feldspar, garnet, epidote, sphene, biotite and relatively low 
quartz content.

5 Diagenesis 

5.1 Mechanical compaction

porosity destruction in sandstones of the Chang 8 and 6 
members which is linked to the amount of ductile grains. 
The proportion of ductile grains in sandstones has a profound 
effect on reservoir quality. 

Ductile grains are composed dominantly of biotite, slate 
and schist fragments. Fig. 4(a) illustrates compaction effects 
in terms of volume loss due to ductile and flexible grain 
deformation. In the centre of the thin section, intergranular 
pores can be observed and they have been preserved due to 
insignificant deformation of rigid grains. Whereas tightly 
packed grains seen in the peripheral parts of the thin section 
are due to ductile deformation. Cements formed as a result 
of eodiagenetic processes, such as chlorite rims, calcite and 
laumontite, may impede mechanical compaction during burial 
(Fig. 4(b)).

5.2 Cementation
Carbonate cementation

Reservoir quality is controlled primarily by formation 
of carbonate cements in the Chang 8 and 6 members. They 
are mainly composed of calcite, ferroan calcite and ankerite. 
Poikilitic calcite cement encloses fragments of grains and 

Petrographic evidence supports the hypothesis that the 
formation of chlorite rims precedes the formation of ferroan 
calcite (Fig. 4(d)). Analysis of the samples from the Chang 
8 and 6 members suggests that carbonate cement dissolution 
was not extensive.

Carbonate cements were commonly observed in the 

because a significant quantity of carbonate grains in the 
sandstones decreases the chemical and kinetic barriers to 
cement precipitation (Taylor et al, 2004).
Chlorite cementation

The authigenic growth of chlorite rims is commonly 
observed in the sandstones of the Chang 8 and 6 members. 
However chlorite rims are typically absent along contacts 
between framework grains. The thicknesses of chlorite 
rims are constant which suggests that the chlorite rims were 
formed during an early stage of the burial history after 
framework grains came into contact with each other. However 
the chlorite rims clearly developed at two different stages: the 
early stage chlorite is poorly crystallized, and the later stage is 
better crystallized. During the early stage chlorite crystallized 
replacing Fe-rich clay precursors, whereas during the later 
stage radially oriented authigenic chlorites crystallized upon 

the initial phase of the mechanical compaction when rocks 
were not thoroughly consolidated. The second stage would 
occur at greater burial depth and resulted in the growth of 

NN

Fig. 3 Palaeocurrent rose diagrams based on measurements from the 
outcrops of large dunes, current ripples and groove casts of the Chang 6 and 

8 members listed in Fig. 1

(a): Baitugang outcrop (b): Rujigou outcrop 
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authigenic coarse grained euhedral chlorites. 
Chlorite rims change progressively in arrangement and 

texture of the particles from the contact with the substrate 
to the centre of the pore. The Fe content in the centre of the 
pores is the same as that at the contact with the substrate, 
which suggests that Fe ions are conserved during the 
precipitation of chlorite rims, however at the same time, Fe 
ions are formed by hydration of Fe-rich precursor. Therefore 
it can be concluded that the chlorite rims formed in a partially 
closed diagenetic system (Ding et al, 2010). 

rims. 
Kaolinite cementation

Kaolinite cement is commonly observed in the sediments 

sediments (Table 3). Authigenic kaolinite is formed by 
dissolving feldspar and mica and its formation is usually 

result in in situ crystallization of kaolinite with little or 
no increase in porosity, however leading to a decrease in 

(a)
bio

laum

ca

ca
chl

ca ill

fesp

chl

(b)

(c) (d)

(e) (f)

Fig. 4 Thin-section photomicrographs (a, b, c) and scanning electron microscope photographs (d, e, f) of reservoir sediments 
from the Yanchang Formation, Ordos Basin. (a) Different mechanical compaction owing to different contents of ductile and 

laumontite (laum) cement lead to minor mechanical compaction, PPL. (c) Poikilitic calcite (ca) cement encloses fragment 
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permeability. The pore spaces between the kaolinite crystals 

water saturation is increased. On the other hand, porosity of 
sandstones could be increased by migration of kaolinite by 
pore waters in shallow depths. In thin section, illite has been 
observed to grow and partially replace kaolinite by filling 
the intracrystalline pore system and leading to the kaolinite 

Laumontite cementation
The content of laumontite ranges in average from 6% 

to 12% (maximum 20%) and it is present in the Chang 3, 

It is believed that the sweet spots form due to dissolution 
of laumontite cement in the tight sandstones (Bai et al, 2009). 

middle-grained sandstones with low matrix content. 

and origin into two categories: poikilotopic laumontite 
cement and replaced laumontite. Due to dissolution along 
cleavage of poikilotopic laumontite, secondary porosity is 
formed. Commonly plagioclase is replaced along cleavage 
by laumontite. Another observation is the type of feldspars in 
arkoses with laumontite cement, which are usually albite and 
K-feldspars but not anorthite. 

5.3 Dissolution 
Secondary solution porosity is very common in the Chang 

8 and 6 members and it is caused by dissolution of metastable 
framework grains (Fig. 4(f)) and laumontite cement. However 
the amount of solution porosity differs among sediments 
encountered within the three study fields (Fig. 5). The 

to 2.5% by volume and was developed due to dissolution 
of feldspars and volcanic rock fragments in the amount 

solution porosity amounts to 3%, however, in addition 
to the dissolution of feldspars (1.5%) and volcanic rock 
fragments (1%), it was also developed due to the dissolution 

of carbonate rock fragments (0.5%). The highest solution 

dissolution of feldspars and laumontite cement took place (3% 
and 1.5% respectively).

JY f ield ZJ f ield FX f ield

Solution pores of feldspars
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Solution pores of laumontite cement 

0

1

2

3

4

S
ol

ut
io

n 
po

ro
si

ty
, %

Fig. 5 

Table 3 The relative contents of clay minerals in the sandstones of Chang 8 and 6 members

Field Sample
(n)

Content of clay mineral, %

Illite Kaolinite Chlorite Illite/Smectite

Aver Aver Aver Aver

Chang 6 5 13 3 8 6 0 3 100 62 79 27 7 15

Chang 8 6 35 16 24 5 0 2 56 25 44 18 40 31

Chang 6 3 29 16 25 64 35 52 9 7 8 38 10 15

Chang 8 10 9 5 7 40 16 26 44 21 35 37 18 32

Chang 6 12 27 14 20 39 17 28 52 20 32 29 12 20

Chang 8 3 30 15 25 47 22 34 56 23 30 32 10 11

Notes: n is the number of samples 

6 Discussion

6.1 Relationship between the sediment provenance 
and mechanical compaction

Three main factors can control mechanical compaction 
in sandstones: 1) vertical effective stress, 2) the content and 
quantity of ductile grains and 3) cements of eodiagenetic 
origin (Bloch et al, 2002). 

It is believed that porosity decreases about 26% at 
2 km depth, initially due to the mechanical compaction 
under increasing effective stress. Below this point (2 km), 
compaction in rigid-grained sands stabilizes to very low 

Ajdukiewicz and Lander, 2010). Based on burial history 
studies (Li et al, 2006), the maximum burial depth of the 
Chang 8 and 6 members exceeded 2 km at the end of early 
Cretaceous.

The rate of mechanical compaction in sandstones is 
mainly controlled by content of ductile and flexible grains. 

Pet.Sci.(2013)10:149-160
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Sandstones with ductile grains experience more extensive 
compaction than rigid-grained counterparts under the same 
burial conditions. The effect of ductile grains on mechanical 
compaction is a function of the mechanical properties of the 
rock and the volume of ductile grains, as well as effective 
stress (Pittman and Larese, 1991). The relationship between 
ductile grains and burial compaction can be studied by 
intergranular volume (IGV). IGV is a good index of the 
compaction state of sandstones and provides an indication 
of the maximum porosity that can be expected (IGV = 

expressed in the percentage of bulk-rock volume).
The initial porosity of sandstones is believed to be 40%. 

Samples of sediments with low calcite and laumontite 
cements were chosen for analysis. A plot of intergranular 
volume versus cement volume indicates that compaction 
is greater when the content of ductile grains in sandstones 
exceeds 20%. Consequently, over 75% of the porosity may 
be destroyed. In general, porosity of sandstones with a ductile 
grains content of over 20% is less than 8%. Nevertheless, 
compaction is still significant when ductile grains content 
is between 10% and 20%. The porosity of those sandstones 
typically amounts to up to 10%. However, when the content 
of ductile grains is less than 10% and the volume of calcite 
and laumontite cements is low, the porosity of sandstones 
often exceeds 10% (Fig. 6). 

Thus it can be shown that the content of ductile and 
flexible grains controls the mechanical compaction and 
consequently it has an effect on the overall reservoir quality. 

The sediment source of the Chang 8 and 6 members in 

a small volume of volcanic rocks. The content of quartz and 
feldspars is relatively high, whereas ductile grains content 
is minor. Despite the deepest burial of the sediments, the 
mechanical compaction which affected the sediments of the 

The sediment source of the Chang 8 and 6 members 

sandstones, such as slate and phyllite. 
The sediment source of the Chang 8 and 6 members in 

form large quantity of biotite. Additionally, the grain size of 

severe degradation of porosity due to mechanical compaction 

6.2 Relationship between the sediment provenance 
and formation of chlorite rims 

Chlorite is the most important diagenetic clay mineral in 
sandstones. The occurrence and amount of chlorite rims in 

The importance of chlorite rims in preserving porosity 
in sandstones has been recognized in numerous studies. 
Firstly, chlorite rims can impede mechanical compaction 
and secondly, they can prevent the formation of quartz 

chlorite rims are commonly iron-rich, but magnesium-rich 

chlorite rims cements is iron. Generally, the concentration of 

environment is found to contain high concentration of this 
element. 

Three sources of iron for chlorite cement formation have 

and magnesium-rich unstable components such as biotite, 
amphibole and volcanic rock fragments in the eogenetic realm 
can offer large quantities of iron and magnesium for forming 

other hand, chlorite cements can be formed continuously in 
open and semi-closed diagenetic systems due to abundant 
sources of iron and magnesium. Secondly, chlorite cements 

eogenetic authigenic smectites and kaolinite into environments 
rich in iron and magnesium. Lastly, chlorite cements can be 
formed by alteration of non-clay minerals such as biotite, 
amphibole and volcanic rock fragments when they come into 
contact with iron-rich pore waters. 

Dissolution of iron- and magnesium-rich unstable 
minerals is the main mechanism which leads to the formation 
of chlorite cements. Therefore a close relationship exists 
between the formation of chlorite cements and sediment 
source, which can supply biotite, amphibole and volcanic 
rock fragments into the environment of deposition.

The sediment source of the Chang 8 and 6 members in 

supply iron and magnesium to form chlorite cements. In the 
north, the Chang 8 and 6 members were deposited in delta 
plain environments whereas the southern sediments were 

Fig. 6 Plot of intergranular volume (IGV) versus cement volume of 
sandstone samples from the Chang 8 and 6 members 
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deposited in delta front settings due to the proximity of the 
Alxa Uplift in the north. Apart from the fact that both of them 
are supplied with the dissolved iron as discussed before, the 
southern sediments had additional supply from amorphous 
iron hydroxides carried in the river and flocculated by lake 
water at the river mouth, so the content of chlorite cements 

gneiss which can supply large quantity of biotite, and the 
Yanchang Formation deposits are interbedded with tuff. 
Biotite and tuff can supply significant amount of iron and 
magnesium. Furthermore, the Chang 8 and 6 members were 
deposited in delta front and prodelta settings, which also 
provided favourable conditions for the formation of chlorite 

metamorphic rocks and granite leading to relatively low 
biotite, amphibole and volcanic rock fragments content. 
Consequently, chlorite cements are rarely observed because 
of limited supply of iron and magnesium. 

6.3 Relationship between the sediment provenance 
and kaolinite cement formation

dissolution of feldspars and mica. Transport of dissolved ions 
and suspended solids (like Ca2+, Na+ and SiO2) by diffusion 

in controlling the mechanism of kaolinite formation. Decaying 
organic matter near the surface produces CO2, which is 

water dissolves unstable minerals like feldspars, mica and 
carbonate rocks. It has been confirmed that plagioclase has 
a minimum Gibbs free energy at low temperature compared 
with K-feldspar and albite (Huang et al, 2009). Therefore, 
plagioclase is unstable in low temperature settings. 

At the same time, in open low temperature systems, 
transport of K+

decreases the overall concentration of the K+ in place and 
consequently prevents the formation of illite (Chuhan et al, 

of the silica is precipitated in the form of kaolinite, which in 
overall leads to a minor increase in porosity but a reduction in 
permeability.

Because of the large quantity of plagioclase in the 
sandstones, kaolinite is a common clay mineral in the Chang 8 
and 6 members in the Ordos Basin. The formation of kaolinite 
is related to both the sediment source and depositional setting. 
Dissolution and kaolinization of detrital feldspars and micas 
occur in the landward extension of the deltaic deposits in 
association with more extensive meteoric water percolation 
(  et al, 1996).

deposited as delta-plain and delta-front facies. Abundant 
kaolinite observed in these sediments was formed due to 
dissolution of plagioclase minerals by meteoric water. The 

delta-front facies, and similarly, dissolution of plagioclase 
by meteoric water led to a high concentration of kaolinite. 

absence of kaolinite because of prodelta and delta front facies 
which resulted in weak meteoric water dissolution.

6.4 Relationship between the sediment provenance 
and formation of laumontite cements 

The formation of laumontite requires a high concentration 
of SiO2 and alkaline ions. Laumontite cement may be formed 
by hydration of volcanic rocks or albitization of plagioclase 

The distribution of laumontite-rich sandstones in the 
study area is controlled by the sediment source from the 
Yinshan Uplift in the northern Ordos Basin. Intense magmatic 
intrusions and volcanic eruptions took place in the Yinshan 
Uplift area during the late Permian till Triassic times. 
Therefore tuff and volcanic rock fragments are commonly 
found in the Yanchang Formation in the northern part of the 

rock fragments can form cations such as Ca2+ 2+, Na+ 
and Fe3+ 2+ and Fe3+ ions can form chlorite (Anjos et al, 
2003), and Ca2+ and Na+ form phillipsite. Finally, phillipsite 
can dehydrate to form stable laumontite in later stages of 
diagenesis at higher temperatures during burial. 

Laumontite can be formed by albitization of plagioclase. 
The following equation illustrates a reaction with anorthite:

2CaAl2Si2O8+2Na+·4H2O + 6SiO2

=2NaAlSi3O8 + CaAl2Si4O12·4H2O+ Ca2+   

As previously indicated, the formation of laumontite 
is related to volcanic rocks, plagioclase and sodium-rich 
pore waters in sandstones. The provenance of the Yinshan 
Uplift deposits consisted of metamorphic rocks, tuff and few 
volcanic rock fragments, which can offer large quantity of 
plagioclase and glassy fragments. 

In summary, laumontite-rich sandstones are very common 

6.5 Relationship between the sediment provenance 
and dissolution processes

Secondary porosity created by the dissolution of 
framework grains and pore-filling cements is often related 

the dissolution is the type of dissolved framework grains and 
cements. Common dissolved framework grains and cements 
are feldspars, volcanic rock fragments, carbonate rock 
fragments and laumontite cement. 

Plagioclase is unstable in low temperatures therefore 
meteoric waters which percolate the sediments, dissolve 
plagioclase to form kaolinite in the early diagenetic process. 
The dissolved components can be transported out of the low 
temperature open reaction system, leading to a net increase 
in porosity without a reduction of permeability (Taylor et al, 
2010). However, K-feldspar and kaolinite are no longer stable 
together with increasing K+/H+ ratio and higher temperature 
during later diagenesis. K-feldspars can be dissolved, and 
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kaolinite is replaced by illite. K-feldspar dissolution has a 
detrimental effect on reservoir quality, because the dissolved 
components cannot be transported out of the reaction system 

Volcanic rock fragments are unstable, therefore can be 
dissolved to form secondary porosity during diagenesis. 
Carbonate rock fragments are also unstable in the early 
diagenesis process, and can be easily dissolved to form mould 
pores. Laumontite cement is also easily dissolved to form 
intraparticle pores. 

The dissolution of feldspars is common in the Chang 8 
and 6 members in the Ordos Basin because of the type of 
sediment source and depositional setting. Furthermore, the 

due to percolation of meteoric water through the sediments. 
The dissolution of carbonate rock fragments is only observed 

type. The dissolution of laumontite cement is only found in 

7 Conclusions
As previously indicated, the type of framework grains is 

highly controlled by the sediment provenance and it controls 
diagenetic modifications which are likely to affect the 
reservoir. Furthermore, different composition of siliciclastic 
reservoirs governs the nature and degree of diverse diagenetic 
processes within the same geothermal gradient conditions or 
depositional setting. 

1) The sediment provenance of the Chang 8 and 6 

migmatites and a small volume of volcanic rocks. As a 

of quartz but the amount of feldspars and rock fragments is 
still high. Typical processes affecting the sandstones in the 

dissolution of feldspars and rock fragments. Finally, the 
content of kaolinite is high but the content of chlorite is low 

2) The sediment provenance of the Chang 8 and 6 

rocks. Due to a high proportion of ductile and flexible 
rock fragments, the deposits are significantly compacted 
mechanically. Within clay minerals, the content of kaolinite is 

porosity was developed due to dissolution of feldspars, 
volcanic and carbonate rock fragments. 

3) The sediment provenance of the Chang 8 and 6 

are feldspars and biotite. As a result of high biotite content, 
considerable mechanical compaction affected the sandstones. 
Chlorite is a commonly observed clay mineral, whereas the 

of kaolinite in high temperatures. Another important cement 

developed due to the dissolution of feldspars and laumontite 
cement is commonly observed.
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