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ABSTRACT

The origin of formation water salinity variation in Chang 9 stratum, Jiyuan oilfield, Ordos basin is studied here. 91
Sformation water samples show that water salinity is characterized by a wide range and a complex plane distribution.
In order to find out the main cause of such distribution complexity and reveal the relationship between formation water
and evolution of reservoir traps, core data, chemical analysis result of formation water and log data are analyzed from
perspectives of diagenesis and tectonism. And then, their characteristics are presented as the followings. In high salinity
area, tuffaceous mudstone interlayer is found growing. Besides, the condition of Na*+K* is opposite to that of Ca**, for
its rate of concentration increase slows down with total salinity accumulating. In low salinity area, while, with fracture
and faults developing, some formation water of CaCl, type turns into MgCl,, NaHCO, or Na,SO, type. The cause is
thus proposed to be composed of two aspects. One covers tuff alteration and later diagenesis for the high salinity. To be
specific, montmorillonite, developed from tuff alteration, absorbs cation selectively and then ions migrate, during which
more Na*+K* get lost, while more Ca** reserved. Afterwards, those reserved Ca’* get released with montmorillonite
transforming to illite, which results in a loss of Na*+K* and accumulation of Ca’*. Lots of ions are released into formation
water during that process and later diagenetic process, which leads to the high water salinity. The other aspect is the
development of faults and fractures, through which, the upper low salinity formation water gets connected. And that is
the main cause of low salinity. At last, geological significance is discussed from two angles. Firstly, tuff alteration and
later diagenesis are pivotal to reservoir reconstruction; and secondly, faults and fractures play an important role in oil
transportation and storage.

Keywords: Chang 9 stratum; fault and fracture; formation water salinity; geological significance; Jiyuan oilfield; origin;
tuff alteration

ABSTRAK

Asal usul variasi kemasinan formasi air di Chang 9 Stratum, lapangan minyak Jiyuan di basin Ordos dikaji. 91 sampel
formasi air menunjukkan bahawa kemasinan air dicirikan melalui julat yang besar dan satah yang kompleks. Untuk
mengetahui punca utama yang menyebabkan taburan kekompleksan dan menunjukkan hubungan antara formasi air dan
evolusi perangkap empangan, data teras, keputusan analisis kimia daripada formasi air dan data log dianalisis daripada
perspektif diagnesis dan tektonisme. Seterusnya, ciri berikut diberikan: Dalam kawasan kemasinan tinggi, tuf antara
lapisan batu lumpur dilihat berkembang. Di samping itu, keadaan Na*+K* adalah bertentangan dengan Ca** kerana
tahap kenaikan kepekatan menurun dengan pengumpulan jumlah kemasinan. Di kawasan kemasinan yang rendah dengan
retak dan sesar berkembang, sebahagian formasi air jenis CaCl,bertukar menjadi jenis MgCl,, NaHCO, atau Na,SO,
Punca utama yang dicadangkan mengambil kira dua aspek. Pertama ialah perubahan tuf dan diagnesis untuk kemasinan
tinggi. Untuk lebih tepat lagi, montmorilonit yang dibangunkan daripada perubahan tuf memilih menyerap kation dan
selepas itu migrasi ion yang menunjukkan kehilangan Na*+K* yang banyak manakala lebih banyak Ca** disimpan.
Selepas itu, Ca** yang disimpan dibebaskan dengan montmorilonit berubah menjadi batuan ilit dan mengakibatkan
kehilangan Na*+K* dan Ca** terkumpul. Proses ini telah menyebabkan banyak ion dibebaskan dalam formasi air dan
kemudian sewaktu proses diagenetik yang membawa kepada tahap kemasinan air yang tinggi. Aspek yang kedua ialah
perkembangan sesar dan retak yang menyebabkan bahagian atas formasi air kemasinan rendah berhubung. Ini adalah
punca utama kemasinan yang rendah. Akhirnya, kepentingan geologi dibincangkan daripada dua sudut. Pertama,
perubahan tuf dan kemudian diagenesis adalah penting untuk pembinaan semula takungan dan kedua sesar dan retak
yang memainkan peranan penting dalam pengangkutan dan penyimpanan minyak.

Kata kunci: Chang 9 stratum; formasi kemasinan air, kepentingan geologi; lapangan minyak Jiyuan,; perubahan tuf;
punca, sesar dan retak
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INTRODUCTION

Formation water, a kind of basin fluids, is so important
that it deserves attention during the whole process of
hydrocarbon generation, transportation and storage.
Underground, existing among the rock pores, it takes
on different types. Sun (2001) regards its physical and
chemical properties as a mirror of various geological
processes during basin evolution (Ashraf et al. 2013).

Consequently, the study on formation water has
attracted scholars both locally and abroad. Abroad,
researches on its origin have already been carried out
for quite some time. Clayton et al. (1966) collected 95
formation water samples from Illinois, Michigan, Alberta
basins and the Gulf Coast. He then proposed that the water
was predominantly of local meteoric origin. Billings et al.
(1969) and Hitchon et al. (1971) on the basis of research
in Alberta, believe that diagenesis and cation exchange
on clay surface can also influence the nature of formation
water. By means of isotopes of hydrogen and oxygen,
Collins (1975) insisted on a close relation between
formation water and freshwater injection. Also, he
pointed out that formation water salinity mainly depend
on factors as hydraulic gradient, depth, distance from
outcrop, activity of soluble chemical elements, soluble
substances in formation, ion exchange reaction and clay
membrane filtration. Knauth and Beeunas (1986) regard
evaporated seawater as the origin of formation water,
based on studies of Palo Duro Basin samples. According
to materials on formation water and geology, Connolly et
al. (1990), Hitchon and Friedman (1969) and Kharaka et
al. (1986) point out that formation water is the mixture of
freshwater and concentrated seawater after evaporation.
In recent years, the discussion on the present topic was
around the isotope composition analysis. Liiders et al.
(2010) proposed that seawater evaporation is the first
cause of formation water salinity in Rotliegend and upper
Carboniferous of northern German basin). However, Pinti
etal.(2011) believed halite dissolution is the main source
after the study of isotopic composition in St-Lawrence
lowlands, Québec, Canada. In 2013, by means of Ca/
Mg versus Ca/Sr diagrams, a strong dolomintization
in Messinian Ca-Cl brines was discovered by Tiziano
Boschetti group (Batool et al. 2015; Boschetti et al. 2013).

In China, many scholars also try to solve the problem
by analyzing the data from different areas. Generally,
opinions on origin of formation water focus on factors
like evaporation-concentration, meteoric water leaching,
organic matter hydrocarbon generation and complex
water-rock interaction (Chen et al. 2013; Li et al. 2012,
2010, 2001; Liu et al. 2013; Ma et al. 2013; Shen et al.
2012; Wang et al. 1998; Xie et al. 2006; Zhang et al.
2003). Furthermore, Gao (1994) mentioned a relation
between high formation water salinity and volcanogenic
tuffs, without any further explanation, however.

In the present study, the study area was narrowed
down to Jiyuan oilfield (Figure 1), which, located in

the northeastern part of Ordos basin, spans northern
Shanxi and Tianhuan depression. The group was divided
into 10 layers and the 10 layers were reclassified into
9 ones named as Chang 1, Chang 2, ... Chang 4+5, ...
and Chang 10 from the top to the bottom. Among them,
Chang 7 stratum exists between 1900 to 2800 m below
the wellhead in different wells. The material composition
of it is mostly source rock and the generated oil and water
in Chang 7 flow downward under an extremely high
pressure (Liu et al. 2011). Meng et al. (2012) pointed out
that Chang 9 reservoir is of a typical kind with both low
porosity and permeability. It was made up of feldspar
lithic sandstone and lithic arkose mainly and chlorite,
laumontite, siliceous and calcareous cements form
its major interstitial materials. In addition, delta plain
intrafacies were developed in Chang 9 stratum as well.

Here, 91 formation water samples were collected and
analyzed. The data showed that their water salinity ranges
widely, from 5 to 95 g/L with an average of 29.24 g/L.
Meanwhile, plane distribution contour map of formation
water salinity in Chang 9 stratum was drawn (Figure 1)
by Geomap software. Judging by the colour distribution,
the complexity of its plane distribution becomes apparent.
Areas with high salinity (in dark), mainly assembling at the
northern part of Jiyuan Oilfield, present a discontinuous
distribution. Their salinity is generally higher than 45 g/L.
Contrary to the former, those with salinity lower than 15
g/L (in light) spread in the East and West.
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FIGURE 1. Plane distribution contour map of formation water
salinity in Chang 9 stratum (Depth of samples:
2100 ~3000 m in different wells)



In order to clarify the main cause of such complex
variation, the research was carried out by two steps. First,
statistics were studied in combination with diagenesis and
tectonism, to name the three of them all, characteristics
and regularity of core data, chemical analysis result of
formation water and log data. Second, the causes were
deduced from aspects of high salinity and low salinity,
respectively. For the former, tuff alteration and later
diagenesis were proposed as the main caused from
perspectives of water-rock interaction, cation exchange
and ion migration. For the latter, the presence of faults and
fractures turns to be the main caused for it to connect the
upper low salinity formation water to surface water. Thus
the relationship between formation water and evolution of
the reservoir traps was further shown.

SAMPLES AND METHODS

In this study, 91 formation water samples were collected
from Chang 9 stratum, Yanchang group, Triassic by
method of wellhead sampling, a common operation in oil
industry (Collins 1975). All of them mainly come from
2100 to 3000 m in prospecting wells and development
wells located at the northern part of study area (Figure 1).

All of these formation water samples were sent to
test laboratory for normal chemical ion (Na*+K*, Ca?*,
Mg*,CI',SO,*,HCO, and CO,*) concentration analysis
in time. As shown in Appendix, the experimental data
were displayed. According to SY/T 5523-2006 national
standard, the concentration of both cations and anions
were basically measured by solution titration (National
Development and Reform Commission 2006). The
corresponding analytical precisions for Ca*, Cl and
SOf' were less than 1.9, 1.7 and 5%, respectively, while
the rest were relevant to ion concentration. Based on
the measurements, total dissolved solids (TDS) were
calculated by the sum of cations and anions. Its analytical
precision was generally less than 5% (Ibrahim et al.
2014).
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CAUSES OF FORMATION WATER IN HIGH SALINITY AREA

CHEMICAL CHARACTERISTICS OF FORMATION WATER

A positive correlation was found between salinity and
concentration of Na*+K* and Ca’* after the analysis of
formation water chemical data. To be specific, with
water formation salinity increasing, their concentration
accordingly rises (Qureshi et al. 2015). When the salinity
was lower than 40 g/L, the concentration of Na*+K*
and Ca* have a linear relation with salinity, which can
be seen from the trending lines in Figure 2(a) and 2(b).
Such phenomenon of Na* loss and Ca** accumulation was
common in Yanchang group, Jiyuan oilfield, which was
brought by albitization of plagioclase during diagenetic
process (White 1965; Yang & Qiu 2002). Taking anorthite
as an example, its specific chemical equation can be
expressed as:

2CaAlSi,0, + 2Na* + 4H,0 + 6Si0, = 2NaAlSi.,0,
+ CaALSi,0,, x 4H,0 + Ca™,
(D

where CaAl,Si, O, stands for anorthite; NaAlSi, O, albite;
and CaAl,Si,0,, x 4H,0 laumontite.

When the salinity was higher than 40 g/L, however,
the difference happened. As opposed to the condition
of Ca?*, the rate that the concentration of Na*+K* rises
with salinity decreases obviously. Consequently, the
concentration value of Na*+K* approaches to or even
drops below that of Ca?*, as was shown by the red points
in Figure 2(a) and 2(b). It indicates that in addition to
albitization of plagioclase, some other factors might
contribute to such specialty that Ca®* appears opposite to
Na*+K* in quantity increase. Such unusual phenomenon
only happened in high salinity area. The aforementioned
unknown factors were thus inferred as the principal causes
of high formation water salinity.
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FIGURE 2. (a) Cross plot of Na*+K"* concentration and formation water salinity and
(b) Cross plot of Ca** concentration and formation water salinity
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DEVELOPMENT OF TUFFACEOUS MUDSTONE INTERLAYERS

Qiu (2008) analysed the core scanning electron
microscope (SEM) data of non-reservoir interval in Chang
9 stratum of Well Feng 4, located near the northern part
of the study area and found tuff existing there mainly
in the forms of flaky illite, illite/smectite formation
and fragmented feldspar (Figure 3). The shaded parts
in Figure 4(a) show a great change in conventional log
response characters of mudstone after being mixed with
tuff in Chang 9 of Well Feng 4. The change covers an
obvious expansion in borehole diameter, high natural
gamma ray values, slightly lower resistivity compared
with adjacent mudstones, high acoustic travel time, high
neutron porosity and low density.

FIGURE 3. A SEM photomicrograph of non-reservoir interval in
Chang 9 stratum of Well Feng 4 (Qiu 2008)

After analysis of conventional log data in Chang 9
stratum, the above mentioned mudstone interlayer of a
special kind was found developed in most high salinity
wells. As shown in Figure 4(b), the shaded part was just
the special interlayer discussed before and the salinity of
Chang 9 stratum, well An 87 (Figure 1) reaches 79.45 g/L.

Therefore, it can be inferred that in high salinity area,
the tuffaceous mudstone interlayers develop in Chang 9
stratum of most wells.

CAUSES OF HIGH FORMATION WATER SALINITY

Based on the aforementioned anomalous variation of cation
and the existence of tuffaceous mudstone interlayer, it was
thus proposed that tuff alteration and later diagenesis was
the main cause of anomalous cation variation and high
formation water salinity. Their influence on ion migration
and salinity falls into the following phases:

The first was the formation of montmorillonite
from tuff alteration in early diagenetic stage. Qiu (2008)
points out that in this area, damouritization forms the
dominant part of tuff alteration and its major products were
montmorillonite and illite/smectite formation. Hence, it

was inferred that fallen ashes form into tuff after deposition
(Surhio et al. 2014). Immersed in the water for a long time,
shard contained in the tuff transforms into montmorillonite
after devitrification, hydration and recrystallization. Take
how plagioclase transforms into montmorillonite as an
example. The process can be written as the following
chemical equation:

0.5Na, Ca, Al, Si, O, +42AP* +0.15Mg*

14772678

+0.15Fe* +5.78i0, + 8.60H + nH,0...

e = [Nao.s’ Cao.z] [Al3.9’ MgO.lS’ Feo.ls] [Si7’Al]020(0H)4
x nH,0 + 4.6H",
2
where [Na,,.Ca, l[AL,, Mg, ., Fe, JISi., AllO, (OH), x

nH, O represents montmorillonite; and Na, Ca, Al Si, O,
plagioclase (Schlumberger 1988).

The second is Montmorillonite’s selective absorption
on cations and ion migration. Montmorillonite, produced
from tuff alteration, possesses adsorptive capacity to
cations. The force between adsorbed cations and the
structural unit layer turns out to be relatively weak, which
resulted in interchangeability of cations between different
layers. The particle adsorption capacity of common cations
in Chang 9 stratum was listed in ascending order:

Na*<K*<Mg*<Ca?* (Lai & Mortland 1961).

The relation showed that lower valent cations like
Na* and K* are easy to be replaced by those higher ones
like Ca?* and Mg** to form more stable montmorillonite
compounds. For example, chemical equation of Ca*
exchanging with Na* in montmorillonite can be expressed
as:

Na,-R + Ca* = Ca - R + 2Na*,

where —R?>" represents the montmorillonite.

Equation (3) shows that more Na* and K* were
accumulated in the solution. Along with the formation
water movement and ion migration, more Na* and K* were
taken away while more Ca* reserved.

The third was later diagenesis process from period
B of early diagenetic stage. With burial depth increasing,
montmorillonite, from tuff alteration, constantly transforms
into illite in period B of early diagenetic stage. At last, illite
or illite/smectite formation was generated. The chemical
equation of this process can be written as:

[Na0.3’ CaO.Z] [Al3.9’ MgO.IS’ FeO.lS] [Si7, Al]OZO(OH)4 X
nH,0 + 1.5K* = 0.3Na* +0.2Ca* + ...
. +K,_[Al Mg, Fe, ISi ,Al|O, (OH),+0.1AF*
+Mg* +0.12Fe** + nH,0,
“4)

where [Na ., Ca, )AL, Mg, ., Fe, ][Si,,AllO,(OH), x
nH, O refers to montmorillonite; and K| [AL, ., Mg, . Fe
[Si,, Al]O,,(OH), [illite (Schlumberger 1988).

0.03]
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FIGURE 4. (a) Log interpretation plot of Chang 9 stratum in well Feng 4 and
(b) Log interpretation plot of Chang 9 stratum in well An 87

It shows that during that process, Ca?*, Mg** and
Fe?* get extracted, among which, Mg?* and Fe?* form into
chlorite precipitation with silicate while Ca?* , combined
with silicate, becomes laumontite filling the pores at the
same period.

The process of Chlorite precipitation formation reads
as the following:

2Mg'* + 2Fe'™ + 8AI™ + 6SiO, + 320H =
[Mg,, Fe,, AL][Si,, AL]O, (OH),, + 8H,0,
(&)

where [Mg,, Fe,, Al ][Si , AL]O, (OH), represents Chlorite
(Schlumberger 1988).

The chemical equation which describes the process
of Laumontite formation can be expressed as:

Ca* + 2AP* + 48i0, + 80H = Ca(ALSi,0,,)
x 4H,0, (©6)

where Ca(Al,Si,0,,) x 4H,0 stands for Laumontite
(Schlumberger 1988).

Equations (5) and (6) reflect the consumption of Ca*,
Mg? and Fe?* in diagenesis process. During period A of late
diagenetic stage, the effect of laumonite corrosion becomes
obvious for a large amount of secondary pores were

generated with Ca** released. Meanwhile, the connectivity
of pore fluid drops and the chances of ion migration
become smaller. Therefore, more Ca** get conserved in
the formation water and an obvious variation of cation
thus happens as shown previously. During all the above
mentioned processes, ions in great numbers get released
into water, which makes the formation water salinity even
higher.

Hence, tuff alteration and later diagenesis were the
main causes of high formation water salinity in Chang 9
stratum.

CAUSE OF LOW FORMATION WATER SALINITY

Low salinity area mainly located at the Eastern and Western
part of Jiyuan oilfield, the western section of which spans
Tianhuan Depression. Mostly, Chang 9 Reservoirs develop
around three areas as Gu Fengzhaung, Hong Jingzi and Wu
Jiamaozi (Figure 1). The formation water salinity there is
generally lower than 15 g/L.

Among the 91 samples, 80 were CaCl, type isolated
water. The rest belong to MgCl,, NaHCO, or Na,SO,
type and they all come from low salinity area (Table 1).
According to CynuH’s formation water classification
definition (Collins 1975), these water type changes were
relevant to upper low salinity water. The difference of water
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TABLE 1. Statistics of wells with unusual formation water types in Chang 9 stratum

Well name Located Area Salinity (g/L) Water type
Hu 148 Wu Jiamaozi 4.83 Na,SO,
Hu 152 Wu Jiamaozi 5.55 Na,SO,
Hu 199 Wu Jiamaozi 6.90 Na,SO,
Xin 46 Wu Jiamaozi 15.38 MgCl,
Feng 14 Gu Fengzhuang 8.53 Na,SO,
Feng 7 Gu Fengzhuang 8.73 MgCl,
Feng 5 Gu Fengzhuang 8.80 Na,SO,

Huang 208 Hong Jingzi 10.67 MgCl,

Huang 184 Hong Jingzi 14.09 MgCl,

Huang 230 Hong Jingzi 19.51 NaHCO,

Yuan 188 Qiao Chuan 13.38 MgCl,

type between the adjacent wells with each other was due
to the existence of faults and lithologic pinchout (Ma et
al. 2013; Zulkifley et al. 2014a).

Adjacent to and above Chang 9 stratum, Chang 8
develops structural fractures diagenetic facies (Shi et al.
2011). Mainly, the fractures are perpendicular and appear
in groups. Furthermore, Zheng (2006, unpublished) found
6 faults crossing Chang 7 and Chang 9 stratums in Gu
Fengzhuang area (Duan et al. 2009). Besides, Cheng et
al. (2012) discovered 21 normal faults in Chang 9, along
Hong Jingzi area. These showed that fractures and faults
exist between Chang 7 to Chang 9 in low salinity area.

From the above, it was raised that the development
of fractures and faults in low salinity area made the
hydrodynamic force get stronger, which resulted from the
connection between formation water in Chang 9 stratum
and upper low salinity water and that is the main cause of
low formation water salinity.

GEOLOGICAL SIGNIFICANCE OF FORMATION WATER
SALINITY COMPLEX VARIATION

Tuff alteration and later diagenesis bring Ca** to an unusually
high level in formation water of high salinity area. Abundant
Ca? was necessary for laumonite formation. By comparing
the core slices from different areas in Chang 9 stratum, the
laumonite cement content was found generally higher in
high salinity area than that in other sections. Laumonite has
an apparent effect on reservoir reconstruction. On the one
hand, the formation and filling of laumonite cement prevent
reservoirs from being further compacted. On the other
hand, newly developed secondary pores from corrosion
efficiently improve the storage capacity of low porosity and
low permeability sandstone reservoir.

Due to poor physical property of Chang 8 reservoir, it
was difficult for oil to directly flow from Chang 7 source
rock to Chang 9 stratum through the connecting pores.
However, the development of fractures and faults in low
salinity area provided the transportation for the process.
The test showed that most of the pay zones of Chang 9
stratum were located in or adjacent to low salinity areas,
which corresponds to the viewpoints above (Zulkifley et al.
2014b).

Hence, Tuff alteration and later diagenesis were
critical to reservoir reconstruction. Newly developed faults
and fractures become an important role in oil transportation
and storage.

CONCLUSION

Based on what has been studied in Chang 9 statum, Jiyuan
oilfield, the following conclusions can be drawn:

In high salinity area, the rate of Na*+K* concentration
increase slows down with total salinity accumulating,
which is opposed to that of Ca?*. Tuffaceous mudstone
interlayers grow in most mudstone sections. In low
salinity area, water types of some wells change from
CaCl, to MgCl,, NaHCO, or Na SO, type. In addition,
fractures and faults develop here. Montmorillonite comes
from tuff alteration. Its selective absorption on cation
and ion migration result in a relative loss of Na*+K*
and accumulation of Ca**, mainly. In the meantime,
tuff alteration and later diagenetic process produce a
large number of ions into formation water and those
are the main causes of high formation water salinity.
The development of fractures and faults in low salinity
area enables formation water in Chang 9 connected with
upper low salinity formation water and the hydrodynamic
conditions gets improved accordingly, which leads to the
low formation water salinity. Tuff alteration and later
diagenesis have significance for reservoir reconstruction.
The developed faults and fractures serve as both shipper
and container during oil transportation and storage.

ACKNOWLEDGMENTS

This study was supported by the Major National Oil & Gas
Specific Project of China (No. 2011ZX05044).

REFERENCES
Ashraf, M.A., Ullah, S., Ahmad, 1., Qureshi, A.K., Balkhair,
K.S. & Rehman, M.A. 2013. Green biocides, a promising
technology: Current and future applications. Journal of the
Science of Food and Agriculture 94(3): 388-403.



Batool, S., Khalid, A., Chowdury, A.J K., Sarfraz, M., Balkhair,
K.S. & Ashraf, M.A.2015. Impacts of azo dye on ammonium
oxidation process and ammonia oxidizing soil bacteria. RSC
Advances 5: 34812-34820.

Billings, G K., Hitchon, B. & Shaw, D.R. 1969. Geochemistry
and origin of formation waters in the Western Canada
Sedimentary Basin, 2. alkali metals. Chemical Geology
4(1): 211-223.

Boschetti, T., Manzi, V. & Toscani, L. 2013. Messinian Ca-Cl
brines from Mediterranean Basins: Tracing diagenetic effects
by Ca/Mg versus Ca/Sr diagram. Aquatic Geochemistry
19(3): 195-208.

Chen,J.,Liu,D.,Peng,P.,Yu,C.,Zhang,B. & Xiao,Z.2013.The
sources and formation processes of brines from the Lunnan
Ordovician paleokarst reservoir, Tarim Basin, northwest
China. Geofluids 13(3): 381-394.

Cheng, L.B., Qu, C.X., Gou, YJ., He, Y.A., Wang, J. & Wang,
F. 2012. Fault characteristics of Chang 9 Reservoir and its
impact on Reservoir in Jiyuan Oilfield. Lithologic Reservoirs
24(5): 50-53.

Clayton, R.N., Friedman, I., Graf, D.L., Mayeda, T.K., Meents,
W.E. & Shimp, N.F. 1966. The origin of saline formation
waters: 1. isotopic composition. Journal of Geophysical
Research 71(16): 3869-3882.

Collins, A.G. 1975. Geochemistry of Oilfield Waters. Translated
by Lin, W.Z. & Wang, B.C. Beijing: Petroleum Industry
Press, (in Chinese).

Connolly, C.A., Walter, L.M., Baadsgaard, H. & Longstaffe,
F.J.1990. Origin and evolution of formation waters, Alberta
Basin, Western Canada Sedimentary Basin. I. chemistry.
Applied Geochemistry 5(4): 375-395.

Duan, Y., Yu, W.X., Liu, X.Y., Guo, Z.Q., Wu, B.X., Sun, T.
& Wang, C.Y. 2009. Oil migration and accumulation rules
of Chang-9 oil-bearing formation in the Ordos Basin. Acta
Geologica Sinica 2009-06.

Gao, X.X. 1994. Oil Field Water in Oil-gas-bearing Basin, China.
Beijing: Petroleum Industry Press.

Hitchon, B. & Friedman, I. 1969. Geochemistry and origin of
formation waters in the Western Canada Sedimentary Basin-I.
Stable isotopes of hydrogen and oxygen. Geochimica et
Cosmochimica Acta 33(11): 1321-1349.

Hitchon, B., Billings, G K. & Klovan, J .E. 1971. Geochemistry
and origin of formation waters in the Western Canada
Sedimentary Basin-III. Factors controlling chemical
composition. Geochimica et Cosmochimica Acta 35(6):
567-598.

Ibrahim, A., Mukhlisin, M. & Jaafar, O.2014. Rainfall infiltration
through unsaturated layered soil column. Sains Malaysiana
43(10): 1477-1484.

Kharaka, YK., Law, L.M., Carothers, W.W. & Goerlitz, D.F.
1986. Role of organic species dissolved in formation waters
from sedimentary basins in mineral diagenesis. In Roles of
Organic Matter in Sediment Diagenesis, edited by Gautier,
D.L.SEPM Society for Sedimentary Geology. SEPM Special
Publication Vol 38. pp. 111-122.

Knauth, L.P. & Beeunas, M.A. 1986. Isotope geochemistry of
fluid inclusions in Permian Halite with implications for
the isotopic history of ocean water and the origin of saline
formation waters. Geochimica et Cosmochimica Acta 50(3):
419-433.

Lai, TM. & Mortland, M.M. 1961. Diffusion of ions in bentonite
and vermiculite. Soil Science Society of America Journal
25(5): 353-357.

15

Li, J., Liang, X. & Mao, X.M. 2012. Hydro-geochemistry
implications of evolution of pore water in low-penetrability
aquifer and significance of paleoclimate. Earth Science-
Journal of China University of Geoscience 37(3): 612-620.

Li, M., Jin, AM., Lou, Z.H., Shang, C.J. & Guan, C. 2010.
Hydrochemical properties of formation water and its
relationship with oil and gas migration and accumulation
in Zhenwu area of Southern Gaoyou Sag. Journal of China
University of Petroleum 34(5): 50-56.

Li, X.Q., Hou, DJ. & Zhang, A.Y. 2001. Advancement of the
geochemical study of oilfield water. Geological Science and
Technology Information 20(2): 51-54.

Liu, X.Y.,Deng, X.Q.,Zhao, Y.D.,Zhang, X .F. & Han, T.Y. 2011.
Hydrocarbon migration law and model of Chang 9 reservoir in
Jiyuan area, Ordos Basin. Lithologic Reservoirs 23(5): 9-15.

Liu, Y.Q.,Zeng,J.H., Zhou, L. & Zhai, S.J. 2013. Geochemical
characteristics and origin of Shahejie formation water in
Huimin Sag. Geoscience 27(5): 1110-1119.

Liiders, V., Plessen, B., Romer, R.L., Weise, S.M., Banks, D.A.,
Hoth, P., Dulski, P. & Schettler, G. 2010. Chemistry and
isotopic composition of Rotliegend and Upper Carboniferous
formation waters from the North German Basin. Chemical
Geology 276(3): 198-208.

Ma, H.Y., Zhou, L .F., Deng, X.Q., Li, J.H. & Yang, L.P. 2013.
The chemical characteristics and geological significance
of formation water of Chang 8 subsection in Jiyuan area
of Ordos Basin. Journal of Northwest University (Natural
Science Edition) 43(2): 253-257.

Meng, FX., Xiang, F., Li, FJ., Wu, C.X. & Yang, D. 2012.
Diagenesis and pore evolution of Chang 9 Reservoir in Jiyuan
oilfield. Journal of Xi’an Shiyou University (Natural Science
Edition) 27(4): 7-12.

National Development and Reform Commission, 2006. SYT
5523-2006 Practice for analysis of oilfield waters. China
Standard Press.

Pinti, D.L., Béland-Otis, C., Tremblay, A., Castro, M.C., Hall,
C.M., Marcil, J., Lavoie, J. & Lapointe, R. 2011. Fossil
brines preserved in the St-Lawrence Lowlands, Québec,
Canada as revealed by their chemistry and noble gas isotopes.
Geochimica et Cosmochimica Acta 75(15): 4228-4243.

Qiu, X.W. 2008. Characteristics and forming environments of
tuffs in Yanchang formation in Ordos Basin. Northwest
University Master’s Dissertation (Unpublished).

Qureshi, T., Memon, N., Memon, S.Q. & Ashraf, M.A.
2015. Decontamination of ofloxacin: optimization of
removal process onto sawdust using response surface
methodology. Desalination and Water Treatment. DOI:
10.1080/19443994 .2015.1006825.

Schlumberger, 1988. Common Rock Minerals Manual in Log
Interpretation. Translated by Wu, Q.Y. & Zhang,A J. Beijing:
Petroleum Industry Press. (in Chinese).

Shen, Z.L., Wang, Y.X. & Guo, HM. 2012. Opportunities and
challenges of water-rock interaction studies. Earth Science-
Journal of China University of Geosciences 37(2): 207-219.

Shi, YJ., Xiao,L.,Mao0,Z.Q. & Guo,H.P.2011. An identification
method for diagenetic facies with well logs and its geological
significance in low-permeability sandstones: A case study on
Chang 8 reservoirs in the Jiyuan Region, Ordos Basin. Acta
Petrolei Sinica 32(5): 821.

Sun, X.Y. 2001. Geochemical characteristics of formation water
in sedimentary basin and its geological significance. Natural
Gas Exploration and Development 24(4): 47-53.



16

Surhio, M.A., Talpur, F.N., Nizamani, S.M., Amin, F., Bong,
C.W,, Lee, C.W., Ashraf, M.A. & Shahid, M.R. 2014.
Complete degradation of dimethyl phthalate by biochemical
cooperation of the Bacillus thuringiensis strain isolated from
cotton field soil. RSC Advances 4: 55960-55966.

Wang, Y.P.,Lin,J.X. & Wang, C.X. 1998. Chemical evolution of
groundwater in the tertiary sedimentary system of the Xuhu
oil_gas bearing depression. Earth Science-Journal of China
University of Geosciences 23(3): 294-298.

White, D.E. 1965. Saline waters of sedimentary rocks. Am. Assoc.
Petr. Geol. Mem. 4: 342-366.

Xie, X.N.,Jiang, T. & Wang, H. 2006. Expulsion of overpressured
fluid revealed by geochemistry of formation water in the
dirpiric structures of Yinggehai basin. Acta Petrologica Sinica
22(8): 2243-2248.

Yang, X.P. & Qiu, Y.N.2002. Formation process and distribution
of Laumontite in Yanchang formation (upper triassic) of
Ordos Basin. Acta Sedimentological Sinica 20(4): 628-632.

Zhang, H.D., Wang, S. & Guo, G.P. 2003. Tertiary deep water
genesis in Huanghua rift basin. Earth Science-Journal of
China University of Geoscience 28(4): 455-470.

Zulkifley, M.T.M., Ng, N.T., Abdullah, W.H., Raj, J K., Ghani,
A.A., Shuib, M.K. & Ashraf, M.A. 2014a. Geochemical
characteristics of a tropical lowland peat dome in the
Kota Samarahan-Asajaya area, West Sarawak, Malaysia,
Environmental Earth Sciences 73(4): 1443-1458.

Zulkifley, M.T.M., Fatt, N.T., Raj, J K., Hashim, R. & Ashraf,
M.A. 2014b. The effects of lateral variation in vegetation
and basin dome shape on a tropical lowland stabilization in
the Kota Samarahan-Asajaya area, West Sarawak, Malaysia.
Acta Geologica Sinica 88(3): 894-914.

Cheng Feng* & Zhiqiang Mao

Key Laboratory of Earth Prospection and Information
Technology (Beijing)

College of Geophysics and Information Engineering
China University of Petroleum

102249 Beijing

China

Hua Yang, Jinhua Fu, Yujiang Shi & Haitao Zhang
National Engineering Laboratory for Exploration and
Development of Low-Permeability Oil and Gas Field &
PetroChina Changqing Oilfield Company

710018 Xi’ an

China

Yumei Cheng

Exploration Department

PetroChina Changqing Oilfield Company
710018 Xi’ an

China

Linlin Niu

Changqing Division

PetroChina Logging Limited Company
710201 Xi’ an

China

Muhammad Ageel Ashraf

Department of Geology, Faculty of Science
University of Malaya, 50603 Kuala Lumpur
Malaysia

Muhammad Ageel Ashraf

Water Research Unit

Faculty of Science and Natural Resources
University Malaysia Sabah

88400 Kota Kinabalu, Sabah

Malaysia

*Corresponding author; email: fcvip0808@126.com

Received: 13 July 2014
Accepted: 6 November 2014



APPENDIX

Statistics of wells with normal chemical analysis in Chang 9 stratum

Well name K*+Na* Ca? Mg* Cr SO* CO> HCO; Salinity
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (g/L)
Hu 148 1436 147 52 1970 740 0 486 483
Hu 152 1288 453 75 1000 2666 9 54 555
Yuan 152 1800 491 5 3290 23 0 590 6.20
Yuan 153 2004 460 62 3799 122 0 333 6.78
Hu 199 2307 224 40 3482 582 0 268 6.90
Hu 157 2068 587 61 3713 611 0 414 745
Feng 10 2328 675 32 4738 124 0 76 797
An 65 16 2930 31 5133 0 0 283 8.39
Feng 14 2608 533 5 3926 1311 0 143 8.53
Feng 7 2747 453 37 4242 1111 0 139 8.73
Feng 5 2687 574 0 4138 1310 0 90 8.80
Huang 162 2495 840 57 5016 560 0 117 9.09
Huang 50 2645 824 85 5208 711 0 85 9.56
Huang 153 2997 930 66 4980 1573 0 107 10.65
Huang 208 2974 956 0 5062 1527 0 146 10.67
Xin 36 2967 1040 60 6270 119 0 394 10.85
Huang 149 3033 1149 166 6061 1442 0 115 11.97
Huang 138 1524 1028 958 8543 205 0 105 12.36
Geng 73 3401 1412 122 7752 300 0 212 13.20
An 67 4389 671 5 7480 178 101 404 13.23
Yuan 188 4026 865 30 6242 1873 0 341 13.38
Huang 184 4857 1121 0 7542 448 0 122 14.09
Xin 15 2935 2362 6 8597 16 0 193 14.11
Yuan 108 2613 1170 67 10781 22 0 485 15.14
Xin 46 4679 632 256 7300 2021 0 491 15.38
Chi 40 4234 1424 35 6645 2968 226 0 15.54
Feng 6 4129 1891 31 9297 613 0 87 16.05
Luo 29 3896 1988 143 9854 0 0 179 16.06
Chi 64 4791 1238 90 9265 356 0 532 1627
Gao 13 3554 2475 90 9605 594 0 131 16.45
Feng 2 5002 1202 61 9225 733 0 428 16.65
An 205 4126 985 99 11702 404 0 153 17.47
Geng 80 4572 1927 24 9991 644 0 106 17.26
An 83 4575 1927 24 9991 644 0 106 17.27
Zheng 18 4945 1583 24 9479 841 0 214 17.09
An 98 4945 1583 24 9749 841 0 214 17.36
Huang 129 5141 1411 19 9068 1849 0 73 17.56
Luo 8 117 6608 31 11891 2 0 113 18.76
Chi 13 4522 2556 62 11385 95 0 375 19.00
Huang 230 7281 1023 426 8354 2301 0 120 19.51
Luo 225 4166 3064 133 11555 787 0 160 19.87
Chi 39 4789 3137 24 12820 0 0 314 21.08
Huang 157 5389 2826 99 12561 1156 0 307 22.34
An 25 6760 1713 67 12400 1369 0 406 2272
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An 26
Huang 142
Huang 223
Huang 167
An 40
Feng 11
Luo 6
Zheng 23
An 75
Feng 12
Huang 255
Huang 41
Luo 34
Chi 38
Huang 156
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Luo 51
Feng 3
Huang 114
Chi 24
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Chi 232
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