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Abstract Based on the applications of thin section, cath-

ode luminescence, scanning electron microscope and X-ray

diffraction, this paper studies the reservoir characteristics,

diagenesis features and their influences on the development

of reservoir pores for the Chang 8 oil group of Yanchang

Formation in southwestern Ordos Basin. Results show that

the reservoir is characterized by low composition maturity,

low structure maturity, low porosity/ultra-low porosity and

ultra-low permeability which belong to tight reservoir. The

reservoirs develop medium intensity of compaction, mod-

erate to strong cementation, relatively strong dissolution,

suggesting that it is in stage B of the middle diagenetic

evolution. The main diagenetic types include mechanical

compaction, cementation by carbonates, quartz and clay

minerals, and dissolution which have directly influenced

the reservoir quality. In the early diagenetic period, the

rapid compaction and cementation of carbonate had rapidly

destroyed the reservoir quality, while the particles lining of

chlorites had protected the reservoir space. In the middle

diagenetic stage A, secondary dissolution pores were

formed as soluble clastic grains were dissolved by the

acidic fluid with organic matters maturation. The dissolu-

tion has played a constructive role for the pore generation

and preservation. In the middle diagenetic stage B, the later

compaction and cementation further reduced the reservoir

quality. The analysis of pore evolution demonstrates that

the initial reservoir porosity is about 30.59%. 16.925%

overall porosity is lost through compaction, 11.65%

porosity loss is due to cementation, and 6.36% porosity

was created by dissolution. Finally, the reservoir is holding

8.375% porosity in present.

Keywords Ordos basin � Yanchang Formation � Tight
sandstone � Diagenesis � Porosity evolution

Introduction

Low-permeability reservoir is one of the most important

types of oil and gas reservoirs throughout the world;

wherein China, low-permeability reservoir is mainly

developed in the Songliao basin, Bohai Bay basin, Ordos

basin and Junggar basin (Spencer 1989; Shanley et al.

2004; Dai et al. 2012). Oil reserves of low-permeability

reservoir account for about 36% of the total proven

reserves in China (Zhao et al. 2007). Recently, a series of

large-scale low-permeability hydrocarbon reservoirs of

Yanchang formation was discovered in Ordos basin. Its

complex diagenetic process and oil accumulation mecha-

nism have been the hotspot of oil exploration and devel-

opment in China (Zou et al. 2013; Yang et al. 2013). The

upper Triassic Yanchang formation develops a typical

continental tight sandstone reservoir. The Chang 8 oil

group of Yanchang formation is the major oil-producing

layer in the southwest of the basin which mainly develops
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distributary channel sand bodies. It is characterized by

ultra-low permeability and low permeability (Zhang and

Ding 2010; Deng et al. 2011). The Chang 8 oil reservoir is

mainly composed of fine sandstone with strong hetero-

geneity. During the burial process, the reservoirs experi-

enced multiple diagenetic-induced superimposed

transformations which directly influence on the develop-

ment and preservation of primary and secondary pore space

of the reservoir and hence determine the quality of the

present reservoir (Luo et al. 2002; Morad et al. 2010;

Awilsa and Luiz 2015; Baig et al. 2016). Therefore, the

study of the diagenetic processes and its controlling factors

is of great significance to predict high-quality and favor-

able reservoir of low-permeable Chang 8 tight sandstone.

Previous are mainly focused on reservoir characteristics,

diagenesis, oil accumulation model and mechanism of the

Chang 8 oil group in study area (Zeng and Li 2009; Yao

et al. 2013). However, the diagenetic modification to the

reservoir physical property and the reservoir evolution

pattern are not as well known. Hence, based on the analysis

of thin section, scanning electron microscope and physical

property testing, this study focuses on the diagenesis

characteristics and diagenetic evolution process of Chang 8

tight sandstone in southwestern Ordos basin. Combining

with the evolution of reservoir pore, this paper also

attempts to reveal the development pattern between dia-

genetic influence and reservoir pore evolution so as to carry

out comprehensive reservoir evaluation and prediction of

favorable area in study area.

Geological setting

The study area is located in the southwest of the Ordos

basin. The structural division stretches across the Tianhuan

depression, Yishan slope and Weibei uplift of current basin

(Fig. 1). During the late Triassic period, Ordos basin

developed a set of lacustrine and delta sedimentary fillings

under the background of a stable inland Craton. The

lithology is primarily composed of a set of gray green or

gray medium or thick-bedded blocky fine sandstones or

siltstones and dark gray or dark mudstones (Luo et al.

2008). On the whole, the filling of Yanchang Formation

records the processes of formation, expansion, contraction

and extinction of a large freshwater lake. The basin is large

in scale with gentle slope, and the depositional environ-

ment is shallow water (Zou et al. 2012). After the previous

regional flooding of Chang 9 period, Chang 8 oil group

developed a set of progradational or aggradational delta

filling sequences which is mainly influenced by the mate-

rial source system and paleocurrent from the southwestern

margin of the basin. The strata display lateral stability.

After Chang 8 period, study area developed the Chang 7

deep lake oil shale which is the principal source rock of

Yanchang Formation. Due to the good matching relation-

ship between the upper and lower strata, the Chang 8 oil

group constitutes the most important oil production layer in

study area (Zhang et al. 2006).

Results

Reservoir characteristics

Based on the thin section observation, the main types of

reservoir rocks of Chang 8 oil group are feldspathic

litharenite and lithic arkose according to Folk (Fig. 2)

(Folk 1968). Lithology is mostly dominated by fine sand-

stones. Quartz, feldspar, lithic fragments and black mica

are the major components of the detrital grains. The

average content of the above mineral is 40, 27.3, 28.7 and

4%, respectively. The reservoir contains high lithic frag-

ments, high feldspar and low compositional maturity. The

cements mainly compose carbonate, clay minerals and

silicon, ranging from 0 to 20% with average content up to

16% (Fig. 3). The carbonate cements constitute about

44.7% of the total cements with low matrix content, gen-

erally less than 4%. Quartz is mostly composed of single

crystal quartz. Feldspar is composed of a large number of

K-feldspar and scarce plagioclases. The rock fragments are

dominated by volcanic rock and also contain a small

amount of metamorphic rock and sedimentary rock.

Detrital grains are poorly sorted, sub-angular or sub-roun-

ded, clasts supported. Grains are in contact as point-to-long

or long (Fig. 5a). Cementation type is generally pore

cementation. Debris locally distribute in orientation. The

preceding analysis shows that the reservoir generally

develops the characteristics of low compositional maturity

and low textural maturity.

The analysis of thin section and scanning electron

microscope suggests that intergranular pore, intergranular

dissolution pore and feldspar or debris dissolution pore are

the main pore types of Chang 8 sandstone in study area,

and the average rate of face porosity is about 4.69%. The

porosity ranges from 0.3% to 19.2%, with an average of

9.06%. The permeability ranges from 0.009 9 10-3lm2 to

7.51 9 10-3lm2, with an average of 0.2308 9 10-3lm2

(Fig. 4). Overall, the reservoir demonstrates strong

heterogeneity, low porosity or ultra-low porosity and ultra-

low permeability, suggesting it belongs to the category of

tight sandstone reservoir (Jia et al. 2012).

Diagenesis types and characteristics

Through the comprehensive analysis of Chang 8 tight

sandstone under electron microscopic in study area, the
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Fig. 1 Location, tectonic units of Ordos basin and sedimentary sequence of Chang 8 oil group of Yanchang Formation in study area

Fig. 2 Detrital composition of Chang 8 oil group reservoir of

Yanchang Formation in southwestern Ordos basin (after Folk 1968)

Fig. 3 Cement types and its relative amount of Chang 8 oil group

sandstone of Yanchang Formation in southwestern Ordos basin
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reservoir properties are mainly influenced by diagenesis

after the deposition of the reservoir. The diagenesis con-

trols the development, preservation and transformation of

primary pores and secondary pores in various degrees

(Surdam et al. 1989; He et al. 2010). Based on the obser-

vations under microscope, it reveals that compaction,

cementation, dissolution and replacement are the major

diagenetic types in the study area. And the former two are

relatively intense and common that significantly influence

pore evolution, and the latter two are relatively weak and

show great variance across the reservoir.

Compaction

The mechanical compaction is predominant in Chang 8

tight sandstone of the study area, and local development of

pressure dissolutions was seen. Deformations of ductile

debris grains under thin slices can be observed which

mostly appeared as bending, elongation and embedding of

mudstone, volcanic rock and black mica (Fig. 5a). They

could also form intergranular false matrices filling when

they entered the pore space. The development of the

pressure dissolutions are chiefly existed as the contact

dissolutions on the surface of the cuttings. With locally

quartz overgrowths caused by pressure dissolutions, it

leads to the decrease of the reservoir properties (Wolela

2010). The development degrees of internal grain texture

and external chlorite content have a great influence on the

compaction effect. The compression of rock solid ability

improves while the grain size is lager, the sorting becomes

better, and higher content of chlorite is higher. In general,

Chang 8 tight sandstone is showing moderate compaction.

Cementation

The primary cemented material of Chang 8 tight sandstone

are carbonate, a relatively small amount of siliceous

mineral and clay mineral cement. On the whole, the

development intensity of the cementation is moderate to

strong. The development of cementation can cause pore

and throat blockage, which has an important influence on

the reservoir properties.

The carbonate cements are widespread in study area and

mainly composed of authigenic calcite; ferrocalcite and

dolomite are rare. Carbonate cement percentage is between

1% and 20%, and the average ups to 7.18% (Fig. 5b and

5d). According to the output appearance of carbonate

cements, it can be divided into 2 stages (early and late)

which is primarily composed of the late stage. The early

carbonate cements are characterized by intergranular pore

filling in the styles of microcrystalline and powder. The

contact relationship between the early carbonate cements

and detrital grains is not obvious, which indicates that the

cementation took place before the major compaction. The

late-stage cementation of carbonate is occurred as the form

of continuous crystal particles filling in the intergranular

pores or dissolution pores, hence reducing the reservoir

properties (Figs. 5b, c, 6f).

The major performances of the silica cements are quartz

overgrowth and in situ quartz crystal. The quartz overgrowth

shows the characteristics of multi-period with wide variation

of size ranging from 150 lm to 300 lm under the micro-

scope. And the quartz overgrowth is more developed in the

reservoir that has relatively higher content of quartz grains in

the reservoir. In the study area, the early stage of quartz

overgrowth is relatively narrow and weak, while the late-

stage siliceous cements performance as the characteristics of

filling euhedral intergranular and more lager (Figs. 5e, 6a,

f). The siliceous cements are relatively more developed in

the place where coating chlorite is relatively less developed

and black mica is relatively rich. The euhedral microcrys-

talline quartz aggregates are observed in the intergranular

pore and the surface of detrital grains in the style of crystal

cluster under microscope (Fig. 5f). The percentage of silica

content is general low ranging from 1 to 5% in study area.

Due to the relatively high feldspar and quartz content in the

reservoirs, which suggests that silicon might derived from

the dissolution of quartz grains or through the transforma-

tion of feldspar to kaolinite (Kim et al. 2007).

The clay mineral cements are abundant in the Chang 8

tight sandstone, including chlorite, mixed-layer illite–

smectite, kaolinite and illite. Among them, chlorite is the

most widespread with absolute average percentage up to

6.3%, followed by the others 1.5, 1.46 and 1.28%,

respectively. The chlorite generally exists as leaf shaped

lining chlorite coating detrital grains and euhedral leaf like

on grain surface or filling in pores between grains (Figs. 5e,

f, 6c). The former is generally formed in early diagenetic

stage of the dissolution of feldspar grains, which plays a

dominate role in inhibiting the overgrowth and enrichment

Fig. 4 A plot of porosity versus permeability for Chang 8 oil group

reservoir of Yanchang Formation in southwestern Ordos basin
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of grains in later period so as to protect the primary

intergranular pores (El-ghali et al. 2006). The formation

time of latter is relatively late with low content in study

area. Generally, the chlorite mainly plays a constructive

role for the pore evolution, which performs as inhibiting

the growth of the grain and resisting the development of

compaction. The mixed-layer illite–smectite mineral

mainly fills the intergranular pore with the shape of cel-

lular, curly or filiform under scanning electron microscope.

It often originates from the combination of montmoril-

lonite, and K? and Al3? released from the dissolution of

feldspars, micas and other minerals in alkaline or weak

alkaline environment. Thus, its appearance suggests that

the diagenetic environment tends to alkaline or week

alkaline environment. The kaolinite chiefly occurs in the

primary residual intergranular pores and secondary disso-

lution pores with the shape of pseudo-hexagonal plates,

book-like or vermicular in study area (Figs. 5c, 6d). It

generally forms in the alteration and transformation of

feldspar grains in acidic fluid environment, indicating the

development of acidic diagenetic environment in the pro-

cess of diagenesis evolution (Worden and Burley 2003;

Hammer et al. 2010). The illite mainly exists on the surface

of detrital grains with the shape of curly or silk thread

under scanning electron microscope. There are also pore

bridging of illites so as to cause the reservoir pore throat

blockage and the reduction of reservoir property (Fig. 6e).

The illite generally originates from the transformation of

other clay minerals in K-rich, alkaline and weak alkaline

environment. The relatively high content of illite indicates

that the reservoir is in relatively late diagenetic stage which

is in alkaline or alkaline environment.

Dissolution

Based on the observation of common slice, casting thin

section, cathode luminescence and scanning electron

microscope of Chang 8 tight sandstone, it shows that the

Fig. 5 Compaction and

cementation characteristics of

Chang 8 oil group of Yanchang

Formation in southwestern

Ordos basin. a The grains are in

point-to-long or long contacting

with each other. There are

deformations of plastic debris in

the figure; b the calcite cements

occupy the intergranular pores

in the form of crystal stock;

c the feldspar grains are

dissolved in the edge, and the

intergranular pores are widely

filled by kaolinite. Well-

developed ankerite cements

occur in the right lower part of

the figure; d a lot of lighting

orange calcite cements develop

in intergranular space under

cathode luminescence

microscope. Blue lighting

K-feldspar is replaced by calcite

in locally. The quartz is lighting

the brown color; e quartz

overgrowth occupies the

intergranular pore. The grains

surface is coated by leaf shaped

chlorites; f authigenic quartz

and kaolinite fill pores. The

grains surface is coated by leaf

shaped chlorites. (Q quartz,

F feldspar, R rock fragments,

Cal calcite, Qo quartz

overgrowth, Ank ankerite, KI

kaolinite, Ch chlorite)
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dissolution is more developed. The pore primarily com-

poses intergranular dissolved pore and intragranular dis-

solved pore which derives from the dissolution of

unstable grains, such as volcanic debris, feldspar and car-

bonate cements. The intergranular dissolved pores are

mainly occurred as irregular dissolution of the ductile grains

edge with precipitations of kaolinite surrounding the pore

(Fig. 5c). The intragranular dissolved pores are mainly

manifested by the partly intra dissolution of the debris and

feldspar grains with the shape of irregular mottling, banded

and cellular. And when the grains are completely dissolved,

it forms a moldic pore (Fig. 6a, b). To conclude, the rela-

tively high debris and feldspar content in study area is the

material basis for the extensive development of dissolution.

Replacement

The replacement is primarily featured by the carbonate

minerals replacing the volcanic rock debris and feldspar

grains so as to form the irregular edge of detrital grains in

study area, usually showing that the grain edge of feldspar

is replaced by carbonate with the shape of semi-arch or

harbor, and the outer edge of quartz grains is with the

pronounced shape of dentate (Fig. 6f). Overall, the

replacement of carbonate minerals is relatively limited in

the samples and has little effect on the physical properties

of the reservoir.

Division of diagenetic stage

The diagenetic stage of the tight sandstone is divided

according to the association of clay minerals, transfor-

mation degree of mixed layer illite–smectite mineral,

organic matter maturity, homogenization temperature of

fluid inclusions and rock textural characteristics in study

area (Hakimi et al. 2012; Qi et al. 2012; Henares et al.

2014). At present, the average of middle layer ratio

(%S) of mixed layer illite–smectite minerals for Chang

Fig. 6 Dissolution,

cementation and metasomatism

characteristics of Chang 8 oil

group of Yanchang Formation

in southwestern Ordos basin.

a There are intragranular

dissolved pores in feldspar

grains. Also, intergranular

dissolved pore and residual

primary pore (right 2 white

arrows) occur in the Chang 8

tight sandstone; b the

intergranular dissolved pores

form in rock fragment grain;

c grains surface is coated by leaf

shaped chlorites and few

euhedral authigenic quartz;

d authigenic kaolinite with the

shape of pseudo-hexagonal

plates, book-like or vermicular

fills the intergranular pores;

e curly or silk thread like illite is
bridging in intergranular pores;

f quartz overgrowth fills pore.

There is calcite replacing

feldspar in locally. (Q quartz,

F feldspar, R rock fragments,

Cal calcite, Qo quartz

overgrowth, KI kaolinite, Ch

chlorite, DP dissolved pore)
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8 sandstone is 14%, generally less than 15%. It is

believed that mixed layer illite–smectite minerals are in

the third transformation zone, and the organic matter is

highly mature. This indicates that the reservoir is in the

middle diagenetic stage B. The maximum pyrolysis

peak of organic matter is between 440 and 461 �C, and
average is 448 �C, which indicates that it is in the

middle diagenetic stage A. The homogenization tem-

perature of fluid inclusions is mainly distributed

between 85–100 �C and 105–120 �C, which indicates

that the reservoir is in the middle diagenetic stage B.

Combining the development of illite, Fe-carbonates and

multi-stage quartz overgrowth, the grains contact with

each other in the forms of point-long or long due to

intense compaction which also indicates the reservoir is

in the middle diagenetic stage B. Based on the above

indicators, we consider that the Chang 8 tight sandstone

reservoir is in the middle diagenetic stage B and have

experienced 4 diagenetic stages (early diagenetic stage

A and B, middle diagenetic stage A and B). The

developing diagenetic sequence is: mechanical com-

paction ? the development of lining chlorite ? quartz

overgrowth ? early pore filling of micritic calcite

cements ? organic acid fluid entry under hydrocarbon

generation ? the dissolution of feldspar, rock fragments

and early calcite cements ? the forming of authigenic

kaolinite, siliceous cements ? the development of illi-

te ? the cementation of late carbonate and replacement

(Fig. 7).

Discussion

Influence of diagenesis on reservoir pore evolution

During the burial process, the reservoir has experienced

multiple diagenetic transformations which have an impor-

tant influence on the physical properties of the reservoir.

Among them, the influences of compaction, cementation

and dissolution are the most significant. The main con-

structive diagenesises are the dissolution of detrital grain,

and the preservation of pore space caused by the grain

lining of clay mineral. The destructive diagenesises are the

increasing compaction and the decrease of cementation.

Effect of diagenesis on reservoir porosity and permeability

Due to the low compositional maturity and texture matu-

rity, the primary pores are losing rapidly with the

enhancement of compaction further reducing the physical

property of the reservoir. Under the intense compaction,

the ductile rock fragments and micas were deformed as

being squeezed into the pore space forming pseudomatrix

and blocking pores, which lead to the poorer pore con-

nectivity, poorer liquidity and poorer permeability. Fig-

ure 8 shows the porosity quickly becomes poor with the

depth increasing. As the permeability develops a positive

correlation between porosity (Fig. 4), it indicates that the

physical properties develop a negative relationship with the

increasing in compaction. Besides compaction, the

Fig. 7 Schematic diagram of diagenesis and porosity evolution in study area. (Q quartz, F feldspar, R rock fragments, Cal calcite, Qo quartz

overgrowth, KI kaolinite, Ch chlorite, DP dissolved pore)
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development of cementation and dissolution in the late

stage is side factors suppressing the compaction effects.

Refers to the map of the importance of compaction and

cementation, it is believed that the rate of porosity loss

caused by compaction is on an average of 58%, and the

average amount of porosity loss caused by cementation is

42% (Fig. 9). The porosity loss resulting from the com-

paction is dominant.

The cements of the Chang 8 tight sandstone have dif-

ferent degree effect on pore evolution. The carbonate

cements are the most developed, which have the most

obvious influence on the physical properties of the reser-

voir. According to the curve of carbonate content and

reservoir physical properties, the reservoir porosity and

permeability decrease sharply to about 6% and

0.1 9 10-3lm2 when the carbonate content is less than

5%, and the properties changes slightly when it is over 5%

(Fig. 10). This indicates that the carbonate cementation is

mainly present as occupying the pore space so as to weaken

the liquidity and decrease the reservoir physical property

which is most significant in the early diagenetic period. In

the late diagenetic stage, the decreasing is further enhanced

by the late carbonate cementation, which leads to the

improvement effect of dissolution not obvious.

Clay mineral cements in the early diagenetic stage are

mainly developed as lining chlorites coating of detrital

grains, and it helped to restrain the grains overgrowth and

resist the development of compaction. Figure 11b, shows

that the chlorite is good for the preservation of the pore

space. In the later diagenetic stage, kaolinite was precipi-

tated from the dissolution of feldspar and debris, while the

formation of illite was transformed from early period clay

minerals. Clay mineral cements have played a negative role

in the pore preservation which is primarily present as

occupying the pore space and leads to the poorer porosity.

But there is an unobvious influence on permeability

(Fig. 11a). With the transformation of illite from early

period clay minerals, the bridging of illite destroyed the

pore connectivity that further reduces the porosity of the

reservoir. However, it is with unobvious influence on the

reservoir physical property as its relatively low content.

Overall, the cementation of clay minerals was being both

constructive and destructive roles for the pore evolution of

the study area. As the authigenic precipitations of quartz

and feldspar have occupied the pore space, they have a

destructive effect on the reservoir physical properties

evolution.

In middle diagenetic stage A, a large amount of intra-

granular dissolved pores and intergranular dissolved pores

Fig. 8 Relationship between porosity and diagenesis with depth in

Chang 8 oil group of Yanchang Formation in southwestern Ordos

basin

Fig. 9 Influence of compaction and cementation on porosity reduc-

tion of reservoirs in Chang 8 oil group of Yanchang Formation in

southwestern Ordos basin (after Hancock 1978; Ehrenberg 1990)
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are developed due to the dissolution of feldspar and vol-

canic rock fragments caused by the erosion of organic acid

and inorganic acid fluid originated from the maturation of

organic matter. They constitute the main pore types of the

Chang 8 tight sandstone reservoir. Thus, the dissolution

acts as a constructive role for the improvement of reservoir

physical properties (Fig. 12).

Recovery of reservoir porosity

The initial porosity of sandstones (U0) mainly depends

on grain size and sorting. The initial porosity of

unconsolidated sandstone can be determined by the

relationship between the sorting coefficient and porosity

of the wet sand at open conditions on the earth surface

(Beard and Weyl 1973; Scherer 1987; Zhang et al.

2014a, b).

U0 ¼ 20:91þ 22:90=S0; S0 ¼ ðQ1=Q2Þ1=2

S0 is the sorting coefficient of Trask. It can be obtained

from the experimental data of sieve method. Q1, Q2 are,

respectively, for the grain size on cumulative relative curve

corresponding to the content of 25% and 75%. According

to the large number of grain size analysis results, it shows

that the Chang 8 tight sandstone is poor sorted, and the

sorting coefficient is ranging from 1.71 to 4.5. The initial

porosity of reservoir is between 26% and 34.3%, with

30.59% in average. The experiment result matches the

result (30.7%) deriving from the Beard and Weyl

laboratory statistical methods for the study of poorly

sorted sandstone (Zhang et al. 2014a, b). This proves that

the estimated value is reliable.

Fig. 10 A plot of calcite content versus porosity (a) and permeability (b) for Chang 8 oil group reservoir of Yanchang Formation in study area

Fig. 11 A plot of kaolinite content (a) and chlorite content (b) versus porosity for Chang 8 oil group reservoir of Yanchang Formation in study

area

Fig. 12 A plot of dissolution rate versus porosity for Chang 8 oil

group reservoir of Yanchang Formation in southwestern Ordos basin
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Mechanical compaction lasted through the entire dia-

genetic history. The amount of porosity reduction should

be estimated in different stages of diagenesis evolution.

Theoretically, the pore space is continuously decreasing

along the development of compaction; they are inversely

correlated (Athy 1930). The residual porosity can be

expressed as the list.

Uc ¼ U0 � e�C�Z

C is the compaction coefficient. The reservoir is mainly

composed of fine sand and very fine sand, and the C is

noted as 0.00034 (Hegarty et al. 1988). Z is the depth of

buried. Combined with the burial history curve of the study

area, the maximum burial depth of each diagenetic stage is

at 1330 m (early diagenetic stage A), 1570 m (early dia-

genetic stage B), 2080 m (middle diagenetic stage A),

2370 m (middle diagenetic stage B). The corresponding

porosities at the end of each stage are 19.462, 17.937,

15.082 and 13.665%. Because the content of the cements in

study area is greater than 5% and the development of

cementation has a certain degree of inhibition to the

development of compaction, the actual value of porosity

reduction caused by compaction is less than the above

calculated value.

The porosity reduction of cementation mainly caused by

pore filling of carbonate, silica and clay minerals is roughly

equal to their content, which is about 11.65%.

The dissolution of detrital grains and interstitial matter

has improved the reservoir property by forming secondary

pores. The increase of the porosity (U4) can be estimated

by the rate of face dissolved pore (g), total rate of face

porosity (Tg) and testing porosity (U).

U4 ¼ g=Tg� U

The statistics data of the thin slice show that the average

increased porosity caused by dissolution in the study area is

6.36%.

Analysis of reservoir pore evolution

The initial porosity of reservoir is mainly controlled by the

characteristics of initial sediments and deposition condi-

tions, and the pore evolution in late stage mainly depends

on the intensity of late diagenesis. Based on the above

analysis, it is believed that the pore evolution of the Chang

8 tight sandstone reservoirs in study area takes the fol-

lowing features.

During the early diagenetic stage A, the reservoir

experienced rapid subsidence and uplifting. The maximum

burial depth was shallow and was about 1330 m (Fig. 13).

The compaction was dominant in the reservoir, where the

cementation effect was relatively minor in this stage. The

pore water was discharged with the porosity decreasing

sharply which is about 11.128% under intense compaction.

The early weak quartz overgrowth and grain lining chlo-

rites composed the main cementations at this stage. The

debris grains were in point contact. The pores were dom-

inated by residual intergranular pores.

During the early diagenetic stage B, the buried depth

continued to increase to 1570 m (Fig. 13). The cementa-

tion effect became dominating in this stage, and carbonate

cements and quartz overgrowth were mainly attributed to

the poor physical properties. The debris grains were in

point-long contact. The pores were chiefly composed of

residual intergranular pores and a small amount of sec-

ondary dissolved pores. Early precipitated clay minerals

gradually transformed to mixed layer illite–smectite min-

eral. According to the above estimates, the porosity loss

due to compaction was 1.525% in this stage. The porosity

loss caused by the pore filling of chlorite, early carbonate

cements and early quartz overgrowth was approximately

equal to their volume fraction of 3.8%.

During the middle diagenetic stage A, the maximum

buried depth of the reservoir reached 2080 m, and the

diagenetic temperature was between 85 and 110 �C
(Fig. 13). Large amount of acid fluid was brought into the

reservoir due to the hydrocarbon generation of the mature

of organic matters which had dissolved the soluble com-

ponents. Among them, the impact of compaction was

increasing, so as to cause the porosity loss of 2.855%.

Intergranular dissolved pores and intergranular dissolved

pores were well developed which made the porosity

increasing about 6.36%. The newly formed mixed-layers of

illite–smectite were primarily transformed from early clay

minerals, which have little effect on the porosity. However,

the kaolinite derived from the dissolution was mainly

formed in this stage, which constituted the main reason for

the pore filling. It had caused porosity loss about 2.5%

which was similar to its volume fraction.

During the middle diagenetic stage B, the strata buried

depth continued to increase and then slowly uplifted. The

highest diagenetic temperature tended to be 120 �C
(Fig. 13). As the organic matter was over mature, the

hydrocarbons charging was significantly weakened. The

diagenetic environment gradually transformed to weak

alkaline. The Fe-carbonate cements began to form.

Chlorite content was reduced corresponding to the inter-

granular precipitations of illite. The debris grains were in

point-long or long contact. The residual intergranular

pores, intergranular dissolved pores and intergranular

dissolved pores are the main pore types of the reservoir.

The porosity loss due to compaction was estimated to be

1.417%. And the porosity loss caused by cementation was

close to the late cements volume fraction which was

about 5.35%. The reservoir became densification at this

stage.
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In summary, the Chang 8 tight sandstone develops rel-

atively intense compaction and cementation, as well as the

typical feldspar and rock fragments dissolution during the

diagenetic evolution. The sediments experienced burial

series of compaction, early cementation, dissolution and

late cementation during burial. The initial porosity of the

reservoir is about 30.59%. The compaction has run through

the entire process of pore evolution and has caused the

Fig. 13 Schematic diagram of diagenetic stage division and pore evolution for Chang 8 oil group reservoir of Yanchang Formation in study area

J Petrol Explor Prod Technol (2017) 7:947–959 957

123



porosity loss of about 16.925% which is most obvious in

the early diagenetic stage. The porosity loss caused by the

cementation of carbonate, silicon and clay mineral is about

11.65%. The porosity improvement caused by the disso-

lution is about 6.36%. The final remaining porosity is about

8.375% at the end of the diagenesis B, and it is close to the

average testing result 9.06% of a large numbers of samples.

The error may occur as statistical errors of pores, dissolu-

tion face rate, cementation content and the coverage of the

selected testing samples.

Conclusions

The main types of reservoir rocks of Chang 8 oil group are

feldspathic litharenite and lithic arkose in southern Ordos

basin. The reservoir generally develops the characteristics

of low compositional maturity and textural maturity. The

reservoir is characterized by low porosity or ultra-low

porosity and ultra-low permeability, which belongs to tight

sandstone reservoir. Currently, the reservoir is in the middle

diagenetic stage B. The compaction was the key factor for

the rapid deterioration of reservoir physical property in the

early diagenetic stage A. The carbonate cements are the

most significant damaging effect to the pore space in all

cementation. The pore filling of siliceous cements and

authigenic clay mineral cements destroyed the reservoir

physical properties to a certain extent. The early grain lining

chlorite and the late dissolution constitute the constructive

role for the reservoir physical property evolution. In the

middle diagenetic stage A, the acidic fluid was discharged

from mature hydrocarbon favouring the development of

secondary dissolved pores and hence substantially

improving physical properties of the reservoir. During the

middle diagenetic stage B, the development of late-stage

cementation and compaction further reduce the reservoir

quality. In the process of diagenetic evolution, the initial

porosity of reservoir is about 30.59% and the porosity loss

caused by compaction and cementation is approximately

16.925% and 11.65%, respectively, while the porosity

increase by dissolution is about 6.36%. Under the combi-

nation of the above multi-stage diagenesises, the charac-

teristics of tight reservoir are formed at last.
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