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Abstract    An understanding to the chemistry of formation waters in sedimentary basins is im-
portant for many geological processes, such as the fluid-rock interaction, the migrating paths of 
fluid and the entrapment mechanisms of hydrocarbon. This paper deals with the salinity variation 
of formation water and diagenesis reaction in the abnormally pressured system. The Shiwu de-
pression of the Songliao basin and the Yinggehai basin are selected for case studies. The studies 
indicate that there is a distinct difference in the chemistry of subsurface water between hydro-
pressured and abnormally pressured systems. The Shiwu depression of the Songliao basin is 
composed of terrigeneous clastics in fluvial-lacustrine environments, which contain brackish water 
with salinity ranging from less than 1000 mg/L to 12000 mg/L. Water composition varies with depth 
and hydrochemical regions. In the underpressured strata deposited during the rifting period, the 
formation water is characterized by CaCl2 type water with high salinity. NaHCO3-dominanted water 
with lower salinity occurs at the hydropressured strata deposited during the post-rifting period. In 
this halite-free basin, brackish water may be attributed to the condensation of meteoric water and 
water-rock interaction. In the deeply buried underpressured water, a predominated diagenesis re-
action resulting in enrichment of Ca and Cl and reduction of Na may be related to the albitization of 
plagioclase following the basinal fluid line (BFL). The Yinggehai basin constitutes clastic deposits 
in nearshore, neritic, shelf environments and contains brackish and saline water with salinity rang-
ing from less than 15000 mg/L to 50000 mg/L. Pore water in these marine deposits must have 
orig inated from seawater. In the overpressured system, however, the formation water has much 
lower salinity and ion concentrations (except bicarbonate and carbonate) than normal seawater. 
The low salinity indicates that interstitial connate seawater is diluted by the water released from the 
transformation of smectite to illite. High bicarbonate and carbonate concentrations may contribute 
to mineral dehydration and kerogen-cracking reactions. Furthermore, low salinity water also occurs 
near and above the top of the geopressured zone in the diapiric structures, which may indicate that 
pore water with normal seawater salinity has been mixed by fresher saline water from deeper por-
tions of the overpressured stratigraphic section. 

This study indicates that there are different hydrochemical environments and distinct dia- 
genesis reactions within the abnormally pressured systems. Variation of salinity in different pres-
sured systems may provide information of fluid flow and hydrocarbon accumulation. Recent ex-
ploration has confirmed that the area near or above the top of abnormally pressured compartment 
was a fluid release zone, and also an available hydrocarbon accumulation zone, where plenty of 
commercial hydrocarbon has been discovered. 
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Formation water plays an important role in many geological processes, such as metal miner-
alization[1], hydrocarbon migration and accumulation[2,3]. Understanding the geochemical evolu-
tion in formation water can constrain the realm of basin fluid flow and help to identify important 
rock-fluid interactions[4,5]. Despite the significance of subsurface fluid chemistry, the evolution 
process of formation water, however, is not always clear, especially in abnormally pressured en-
vironments. A number of mechanisms responsible for the origin of saline groundwater have been 
proposed, such as membrane filtration or reverse chemical osmosis [6], halite and potash salt disso-
lution[7,8], evaporatively concentrated seawater [4,9], and evaporation of non-marine fluids or water- 
rock interactions in sediments[10]. Variation of salinity in groundwater results likely from a com-
bination of these processes and will depend on local hydrochemical environments and the degree 
to which water derived from various mechanisms has been mixed[8,10]. In the abnormally pres-
sured system, distinct hydrochemical environments constrain the diagenesis reaction of pore fluid 
and variation of salinity because of the presence of a closed system. It is widely recognized that 
salinity variation of subsurface water may provide a clue to interpreting the processes of its origin 
and evolution.  

Abnormally pressured systems have been observed in a number of hydrocarbon-bearing ba-
sins in the world, such as the North Sea basin [11] and the Gulf of Mexico basin[12]. Recent explora-
tion from hydrocarbon-bearing basins in China has confirmed the presence of overpressured and 
underpressured systems, such as the Yinggehai basin[13,14] and the Shiwu depression of the 
Songliao basin[15,16]. Although much attention has been paid to the mechanisms of the formation 
of abnormal pressures and fluid migration, published studies on geochemical evolution of the 
formation water associated with abnormally pressured sediments are rare.  

The purpose of this paper is to delineate the relationship between diagenesis reaction and 
variation of chemical composition in formation water during the generation of abnormally pres-
sured system. Two areas, the Yinggehai basin and the Shiwu depression of the Songliao basin, are 
chosen for this study. Although these two areas have different geological backgrounds, regional 
trend in geochemistry of pore water is strongly suggestive of the important role in controlling 
diagenesis reaction and hydrocarbon accumulation during the evolution of abnormally pressured 
system.  

1  Geochemical features of the formation water in underpressured system — — case study on 

the Shiwu depression of the Songliao basin 

The Shiwu depression is located in the Southeast Uplift, Songliao basin, and formed as a 
result of rifting and thermal subsiding in the Mesozoic period. The graben is a wedge-shaped 
faulted subbasin with an area of about 1500 km2, which is mainly infilled with Jurassic, Cre-
taceous clastic sediments with a maximum thickness of about 7000 m. The geological history 



 No. 3 FORMATION WATER IN ABNORMAL PRESSURE ENVIRONMENTS 271 

of the graben can be divided into distinct syn-rifting and post-rifting stages. Rifting occurs 
from Late Jurassic to Early Cretaceous. The sediments are characterized by lacustrine-alluvial 
fan and fan-delta depositional systems in the rifting stage. During the post-rifting stage, large 
scales of delta and fluvial systems were developed in the Late Cretaceous age.  

The pressure system in the Shiwu depression can be grouped into three regions, as evi-
denced from drill stem test (DST). The strongest underpressured region commonly occurs in 
the Shahezi and Yingchengzi formations of early Cretaceous age at the central part of the 
Shiwu depression, where pressure coefficients fall in the range of 0.5 — 0.8 with the depth be-
low 1500 m. The normally pressured region occurs at the post-rifting Quantou Formation and 
overlying strata of Late Cretaceous age. The Early Cretaceous Denglouku Formation, the 
topmost stratigraphic unit in the rifting stage, is located in the transition region of underpres-
sured rifting and hydropressured post-rifting sections. Main hydrocarbons have been accumu-
lated in reservoirs at the upper part of underpressured compartments, the lower part of hydro-
pressured zone and the transition zone between them.  

1.1  Geochemical features of formation water 
Geochemistry of formation waters in the Shiwu depression shows a distinct variation in 

vertical section, which can be grouped into three zones based on the pressure regimes, that is, 
normally pressured, underpressured and transitional zones. The geochemistry of the three 
zones has the following characteristics.  

(i) Salinity of subsurface water in the Shiwu depression ranges from 239.8 mg/L to 
10142 mg/L. As shown in fig. 1, all the estimated TDS values are significantly less than 
35000 mg/L, which is the typical content of normal seawater [8]. According to the Carpenter’s 
(1978) classification[9], among the 295 water samples, 273 belong to brackish (TDS = 
1000 — 10000 mg/L), and a few formation waters belong to saline water (TDS = 10000 —  
100000 mg/L). Only 18 samples have salinity less than 1000 mg/L, falling in the realm of 
fresh water. The TDS content of water in the hydropressured zone usually is less than 4000 
mg/L (fig. 1), much less than that in the most significantly subpressured zone which has the 
highest salinity up to 10142 mg/L.  

(ii) Major cations of the Shiwu water are Na+, Ca++.  In all the water samples, except a 
minor portion of samples from underpressured deposits, sodium is the dominant cation, with 
concentration ranging from 240 mg/L to 3246 mg/L. The concentration of Na increases 
clearly with TDS. The concentrations of calcium of the formation water change widely from  
0 mg/L to 1366.5 mg/L. Ca rarely exceeds Na to become the dominant cation. In the water 
samples collected from the deeper depression in the Shahezi and Yingchengzi formations, 
especially at depth below 1500 m, dissolved calcium concentration increases with chloride 
and depth. Magnesium concentration, ranging from 0 mg/L to 85 mg/L, is scattered and much 
less than that of seawater. 
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Fig. 1.  Variation of total dissolution solid content with depth in the Shiwu depression of the Songliao basin. 

 

(iii) Major anions are Cl−, HCO3
- and SO4

2−. Chloride is the dominant anion in all sam-
ples and has its concentration ranging from 14 mg/L to 5117 mg/L. Above the depth of 1500 
m, the concentration of Cl is about 1500 mg/L and does not show much change with depth. 
But below that, it increases clearly with the depth, especially at the Shahezi and Yingchengzi 

strata. Concentrations of HCO3
− and SO4

2− show a sharp increase in two segments at the 
depth of 400—600 m and below 1500 m.  

(iv) High saline formation water occurs in the abnormally low-pressured system in the 
central rifting strata of the depression, which is characterized by CaCl2-type water with the 
highest salinity.  In the hydropressured region, the dominant water types are NaHCO3 and 
NaCl, where calcium and magnesium concentrations are depleted. In the Houwujiahu and 
Siwujiazi gas fields of the central uplift zone, the slightly higher salinity in pore water indi-
cates the intrusion of higher saline water and associated leakage of gas from the deeper strata. 
The transition region between hydropressured and underpressured regions is mainly charac-
terized by NaHCO3-water type.  A few water samples show Na2SO4- and CaCl2-type water. 
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Salinity commonly increases with depth within the Denglouku Formation.  

1.2  Interpretation of brackish formation water 

Many researchers have discussed possible origins of saline formation water [7—9]. Many 
documents focus on the dissolution of halite or the mixture of connate seawater and meteoric 
water. The Shiwu depression is characteristic of continental clastic deposits without evaporite 
and halite. He and others (2000) suggested that the relatively high saline is related to the 
trends of ionic evaporation and condensation of the formation water in the underpressured 
system[16]. As will be discussed in the following sections, chemical analyses from this study 
indicate that salinity of formation water is due to not only evaporation of fluids, but also sig-
nificant modification by water-rock interaction, especially in the Shahezi Formation of un-
derpressured compartment.  
1.2.1  Evaporation of non-marine formation water.  TDS contents in subsurface water in 
hydropressured areas usually are less than 4000 mg/L, which is about 30 — 50 times that of 
meteoric water. Na/Cl ratio shows that most values, which are always much less than those in 
normal seawater, are close to or slightly larger than the seawater evaporation trajectory (SET), 
as demonstrated by He and others (2000)[16]. This close relationship between the SET and the 
Na/Cl ratio of the Shiwu depression water samples suggests evapo-concentration of pore wa-
ter.  
1.2.2  Water-rock interaction.  In the underpressured zone of the Shahezi and Yingchengzi 
formations, there are distinct differences in the chemistry of formation water between the 
margins and central part of the graben. In the margins of graben, the formation water has the 
TDS of less than 3000 mg/L and is dominated by water type of NaHCO3, where pressure 
coefficients range from 0.7 —  0.85, such as wells SN10 and SN92 near the Sanshutai fault to 
the west. However, in the central part of underpressured compartments, which has very 
significant abnormal pressures and pressure coefficient of 0.5 —  0.8, the formation water has 
CaCl-dominated water type and the TDS larger than 3000 mg/L. The plot of cations of Na and 
Ca vs. anion of Cl (fig. 2) in the Shahezi and Yingchengzi waters shows a significant varia-
tion of Na and Ca concentrations. When chloride concentration is less than about 45 meg/L, 
formation water shows excess in Na concentration, and low content in Ca concentration. 
When chloride concentration is larger than 45 meg/L, however, formation water indicates a 
sharply decrease in Na concentration and increase in Ca concentration. Without the dissolu-
tion of halite or evaporite, the enrichment of Ca and reduction of Na must have been attrib-
uted to water-rock interaction. Some diagenesis reactions, such as dissolution of CaCO3 and 
CaSO4 and dolomitization of calcite, only increase Ca concentration without changing Na ion 
content[17]. Albitization of feldspar occurs commonly at deep burial strata. Merino (1975)[18] 
and Boles (1982)[19] invoked the albitization of plagioclase in 1:1 exchange of Na for Ca. An-
other albitization of plagioclase in 2:1 exchange of Na for Ca was proposed by Helgeson 
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(1974)[20], Land and Millikin (1981)[21]. The results of this study show that diagenesis reaction 
in the Shahezi and Yingchengzi waters is followed by 2 Na for 1 Ca exchange ratio. This in-
dicates that albitization of plagioclase acts as a predominating geochemical reaction, which 
produces the ionic balance between Na and Ca concentrations.  

 
Fig. 2.  Relationship between Na, Ca and Cl concentrations showing Na/Cl and Ca/Cl ratios 
in the underpressured zone in the Shiwu depression. 

 

2  Geochemical features of formation water in overpressured system — — case study on the 

Yinggehai basin 

The Yinggehai basin is a Cenozoic basin on the northern margin of the South China Sea, 
which is filled by Neocene and Quaternary clastic deposits with a thickness of up to 17 km. 
The post-rifting subsidence sequence is up to 10 km in thickness and increases from north-
west to southeast. Since Middle Miocene time, deposition of a shale-dominated succession 
took place within littoral, neritic, shelf and slope environments.  

Recent exploration confirmed that the overpressured system was well developed in the cen-
tral part of the Yinggehai basin with the maximum pressure coefficient of 2.1. The burial depth of 
the ceiling of the overpressure compartment in the diapiric zone of the basin is shallow, ranging 
from 1500 m to 2500 m, depending on different diapiric structures. In the central non-diapiric 
zone the burial depth of the overpressure compartment is more than 3200 m. The overpressure in 
non-diapiric area is mainly caused by disequilibrium sediment loading and compaction and in-
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crease in fluid volume due to hydrocarbon generation[14], but overpressure in diapiric area origi-
nates from vertical transfer of thermal fluids from deeper compartments with higher pressure[22]. 
Thermal fluid in these diapiric structures is believed to be expulsed from geopressured com-
partments in deeper sediments along the dense vertical faults[14]. As will be discussed, new 
evidence from variation of salinity in formation water confirms this process.  

2.1  Geochemical features of formation water 
Variation of salinity in pore water (fig. 3) and individual ion concentrations  illustrate 

broad regional difference in hydrochemistry in the Yinggehai basin. The basin is divided into 
three regions: non-diapiric area within normally pressured system, diapiric area within nor-
mally pressured system, and overpressured area. 

 
Fig. 3.  Variation of total dissolution solid content with depth showing three zones in the Yinggehai basin. 

 

Salinity of water in the non-diapiric area with normally pressured system ranges from 
30000 mg/L to 38000 mg/L, which is equal to or slightly greater than that of normal seawater 
(35000 mg/L) [8]. Ion concentrations in the entire area are similar to those of seawater, except 
in the diapiric region where the concentrations of HCO3 and CO3 are greater than those of 
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seawater (fig. 4).  

 
Fig. 4.  Comparison of TDS and ion concentrations of normal seawater (white bar) with those of formation water (black bar) at 
depth of 1287 m of Well DF113 (a), adjacent to the vertical faults connected with the deeper overpressured strata, at depth of 
1395 m (b) and 1450 m (c) of Well DF119, away from the vertical faults, in normally pressured strata of the Yinggehai basin. 

Contents of TDS and individual ion concentrations in overpressured cells are less than 
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those of normal seawater, although all the sediments were formed in marine environments. 
Salinity of pore water in the overpressured strata ranges from 9983 mg/L to 31619 mg/L. 
Most water samples are dominated by NaHCO3-water type. Data presented in well DF1111 
demonstrate a slight decrease in salinity with depth. Concentrations of Na, Ca, Mg, Cl, SO4 
are less than those of seawater, except HCO3 and CO3, which have concentrations clearly 
greater than those of seawater.  

The largest variatio n of salinity ranging from 5336 mg/L to 35939 mg/L occurs at the 
diapiric area with normally pressured system. The magnitude of TDS and HCO3 and CO3 
concentrations depend on the distance from the vertical faults connected with the overpres-
sured compartments. The shorter the distance to the vertical faults, the smaller the TDS con-
tent is, and the greater the HCO3 and CO3 concentrations.  

2.2  Origin of formation water 
Many studies of the Gulf of Mexico basin  concluded that salinity is lower in overpres-

sured sediments than that in normally pressured sediments[23,24]. Morton and Land (1987)[25] 
invoked that salinity in the top part of the overpressured compartment is fresher than at the 
middle and lower parts of the compartment because of buoyancy. In the Yinggehai basin, the 
pore water chemistry shows a more complex pattern which indicates a strong expulsion of 
thermal fluids.  

2.2.1  Origin of formation water in overpressured system.  Post-rifting sediments in the Yin g-
gehai basin deposited in marine environment, the original pore water, therefore, most likely 
consisted of seawater. Salinity freshening of pore water may result from the mixing of fresh 
water expulsed from transformation from smectite to illite. Fig. 5 shows that the fresher saline 
water occurs below the depth of 1500 m in the overpressured segments and that TDS de-
creases slightly with depth. Xie et al. (2001) concluded that the transformation of clay min-
eral begins to appear at the depth of 2400 m in the non-diapiric area, and at the depth of 1500 
m in the diapiric area because of the enhancement of rapid transformation of clay minerals 
induced by hot fluid activity [22]. Fig. 5 indicates the relationship between clay transfer in I/S 
and TDS and ion concentrations in well DF1111. The smaller the amount of smectite in I/S, 
the fresher the pore water in the present overpressured cells. Transformation of clay minerals, 
hence, provides fresh water to dilute pore fluid. The close agreement of fresher salinity and 
transition of clay minerals supports this interpretation. 

2.2.2  Variation of salinity due to fluid expulsion from overpressured system.  It is interesting 
to note that chemical analyses of some water samples indicate the presence of fresher saline 
in the present normally pressured area at the depth ranging from 800 m to about 1600 m (fig. 
3). These samples are taken from the present hydropressured sediments in the diapiric struc- 
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Fig. 5.  Smectite content in mixed layer of illite and smectite in Well DF1111, at a diapiric structure of the Yinggehai basin (a), 
and the comparison of TDS and ion concentrations of normal seawater (white bar) with those of formation water (black bar) at 
depth of 2700 m (b) and of 3422 m (c) in overpressure strata.  

 

tures located in the offshore area, northern South China Sea, where the discharge from mete-
oric water induced by topography is negligible. Data of the chemistry of formation water in 
the margins of the basin shows that TDS is closed to normal seawaters and does not change 
much with depth. The fresher saline in the diapiric zone may indicate that a combination of 
connate seawater in pore space and a fresher water from the overpressured cells could occur 
at the shallow part of normally pressured system when thermal fluids expulse through the ver-
tical conduits. A lot of evidence from plentiful seismic sections and geochemical data of or-
ganic thermal maturation indicate that a significant amount of pore fluid in deep overpres-
sured cells has been expulsed into shallow highly permeable reservoirs. The water type in 
those reservoirs is characterized by NaHCO3, similar to that in overpressured sediments. Bi-
carbonate concentration in pore water usually decreases with distance away from the vertical 
faults. For instance, HCO3 content, which is larger than chloride content, becomes a dominant 
anion in well DF113 adjacent to a vertical fault (fig. 4). However, on the flanks of the diapiric 
structure away from the vertical faults, the content of bicarbonate decreases greatly and be-
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comes less than chloride content (fig. 4), although it is still 10 times or even more than that of 
normal seawater. This indicates that pore fluid may be mixed by fresher saline transported 
from the overpressured interval through these vertical faults.  

2.2.3  Impact of water-rock interaction on salinity.  As shown in fig. 6, the relations of Na/Cl 
and Ca/Cl from chemical analysis results of most water samples taken from the hydropres-
sured system match well with the SET trend, although pore fluid was mixed by episodic ex-
pulsion of fresher saline. In the present overpressured system, however, Na concentrations in 
most of the water samples fall above the SET, and could be interpreted as the result of en-
richment in Na and K.  It is inferred that some diagenetic reactions may release Na or K to 
pore water. The possible source of Na or K includes dissolution of K-feldspar, or transfer of 
smectite to illite. As shown in fig. 5, the transformation from smectite to illite is observed in 
the overpressured deposits. 

Fig. 6 shows that Ca concentrations in overpressured strata are below the SET (fig. 6). 
The depletion of Ca is in good agreement with the decrease in bicarbonate and carbonate 

 
Fig. 6.  Relationship between Na, Ca and Cl concentrations showing Na/Cl and Ca/Cl ratios in the Yinggehai basin. 
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concentrations. Its variation may be attributed to precipitation of Fe-dolomite at relatively 
high temperature.   

3  Discussion 

In the terrigeneous clastic depositional basins, variation of salinity in formation water mainly 
depends on local hydrochemical environments and degree of mixing among fluids derived from 
various sources. In the relatively closed system, such as an overpressured or underpressured com-
partment, there usually is a distinct difference in salinity of formation water between hydropres-
sured and abnormally pressured systems because of the presence of different hydrochemical envi-
ronments. Water-rock interactions commonly occur during the evolution of a basin, especially at 
deep burial strata. In the closed hydrochemical environments, evidence from the chemistry of pore 
water may be taken as a good indicator for diagenesis reaction.  

In order to identify the possible causes of formation water resulting from different water-rock 
interaction, Davisson and Criss (1996) introduced a mathematical transformation of Na, Ca and Cl 
concentrations based on an analysis of more than 800 samples around the world[17]. The excess Ca 
and Na deficit relative to seawater reference are defined as (Davisson and Criss, 1996)[17] 

08.40
2]Cl)Cl/Ca(Ca[Ca measswmeasexcess −=  

and  

99.22
1]NaCl)Cl/Na[(Na measmeasswdeficit −= , 

where the subscripts of sw and meas represent ion concentrations (in mg/L) of seawater and 
measured value in a sample, respectively. The trend lines between Caexcess and Nadeficit values in 
unit of meq/L can be used to predict the mode of water-rock interaction. In Davisson and Criss’ 
plot, a highly correlated regression termed the basinal fluid line (BFL) has been found based on 
the analysis of more than 800 samples from numerous fluid reservoirs. This BFL line indicates 
that an exchange of 2 Na for 1 Ca is attributed to albitization of plagioclase.   

Fig. 7 shows an excess Ca-Na deficit plot on the basis of chemical results from analyzing 
water samples collected in the Shiwu and Yinggehai basins. In the Shiwu depression, the values of 
Caexcess and Nadeficit in most of the water samples show excess in Ca (positive Caexcess). Obviously, 
all the results from the Shahezi and Yingchengzi waters give a good correlation of Caexcess =   
0.83Nadeficit + 19.48 as shown by the broken line in fig. 7. The regression line is parallel to the 
BFL, but the intercept of about 19.48 is different from that of BFL. The intercept of 140.3 for BFL 
is attributed to the dissolution of halite prior to albitization[17]. In the halite and evaporite-free 
Shiwu graben, however, the intercept for the Shahezi and Yingchengzi water may be contributed 
to Ca-rich meteoric water.  Some water samples from the Denglouku Formation and the first 
member of the Quantou Formation show a significant excess in Ca, which are close to the trend 
line shown by the broken line in fig. 7. This trend line is parallel to the BFL and indicates an ex-
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change ratio of 2 Na for 1 Ca, which is believed to be caused by the albitization for plagioclase 
(Davisson and Criss, 1996)[17]. These predominant water-rock interactions occur not only in the 
Shahezi and Yingchengzi deposits, but also in the deep segments of the Denglouku Formation and 
the lower part of the Quantou Formation.  

 
Fig. 7.  Excess-deficit relations of the Shiwu and Yinggehai pore water showing modes and processes of different water-rock 
interactions that may have affected fluid composition. The basinal fluid line (BFL) is referred to Davisson and Criss (1996)[17].  

 

In the Yinggehai water, almost all water samples show excess in Na (negative Nadeficit) and a 
deficit-to-excess in Ca ranging from –20 to 25. In the overpressured water, the Caexcess value stays 
constant around the line of Caexcess =0, and the Nadeficit values increase from –320 to 0, which indi-
cates that ion of Na or K is provided when H2O is generated. The source of Na or K includes dis-
solution of K-feldspar, or transfer of smectite to illite. The latter is more likely to be the possible 
origin, which generates not only additional water, but also ion of K. The transformation of clay 
minerals has been observed in the overpressured strata. In the hydropressued system, variation of 
the Caexcess and Nadeficit values (fig. 7) shows that additional processes must have been involved 
that led to the change of the chemical compositions when hydropressured water was mixed by 



 282 SCIENCE IN CHINA (Series D)  Vol. 46 

fresher water from overpressured strata. According to the data of lithology and cement compos i-
tion, variation of Ca concentration is attributed to the dissolution of dolomite and precipitation of 
Fe-dolomite. In the hydropressured zone near or above the top of the geopressured cell, a sharp 
reduction of bicarbonate and carbonate concentrations and a deficit of Ca concentration (negative 
Caexcess) have been observed. This is probably related to the precipitation of Fe-dolomite due to 
rapid decrease in temperature when hotter fluid with high bicarbonate concentration was expulsed 
from the deeper overpressured deposits entered the shallow reservoirs.  

Fluid flow has been commonly observed because of the breach of the pressured seal in the 
abnormally pressured environments. Obviously, chemical features of formation water in hydro-
pressured zone will be modified because of intrusion of deeper abnormally pressured water. For 
example, in the Shiwu depression, the relatively high salinity at the depth of 400 —  600 m in the 
Houwujiahu and Siwujiazi gas fields than other gas fields is related to the intrusion of deeper high 
saline water from the underlying subpressured strata. The discovery of gas reservoirs at the same 
depth has confirmed that fluid flow occurred and was associated with hydrocarbon migrated 
through the pressured seal from underlying compartments. Similarly, the mixture of formation 
water from different pressured systems is also encountered at the Yinggehai basin. It is interesting 
to note that the intrusion of fluid flow from the deeper strata is usually associated with the migra-
tion of hydrocarbon because source rocks in most of the abnormally pressured sediments are in the 
matured stage[26]. In both areas, plentiful hydrocarbon accumulation has been observed near or 
above the top of abnormally pressured systems. Therefore, the results on analysis of formation 
water may be helpful for the identification of the flow pathway and hydrocarbon accumulation.  

4  Conclusions 

In relatively closed sys tems involving overpressured and underpressured environments, the 
chemical features of formation water record well the information of its origin and evolution. In the 
Shiwu depression of the Songliao basin, higher salinity at underpressured sediments than at hy-
dropressured strata indicates that the condensation of pore water and strong water-rock interaction 
may occur in deep burial sediments. The CaCl2-dominated water with the enrichment of Ca and Cl 
and reduction of Na suggest that albitization of plagioclase is a predominant diagenesis reaction. 
In the Yinggehai basin, NaHCO3-dominated water with lower salinity at overpressured strata than 
at normally pressured strata reveals that the connate seawater in pore space has been diluted by 
new-born water from clay transformation, such as the illitation of smectite. Additional diagenesis 
actions, such as dissolution of carbonate, may also modify the formation water in ion concentra-
tions.  

The mixture of formation water from different pressured systems has been observed in both 
the Shiwu depression and Yinggehai basin. Variations of salinity and ion concentrations in pore 
water provides a clue to infer the flow pathway and possible diagenetic reactions. The intrusion of 
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deeper fluids from the underlying compartments in the hydropressured zone near or above the top 
of the abnormally pressured zone usually transports plentiful hydrocarbon. Therefore, a better un-
derstanding of geochemistry in formation water plays an important role in the exploration of hy-
drocarbon.  
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