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Reservoir-forming age and its exploration significance 
to stratigraphic reservoirs in southern Songliao Basin 

ZOU CaiNeng†, TAO ShiZhen & ZHANG YouYu 

PetroChina Research Institute of Petroleum Exploration & Development, Beijing 100083, China 

Despite many studies concerning the forming age, evolution characteristics and the age of petroleum 
charging in the Fuxin upheaval of southern Songliao Basin, no consensus has been reached so far. 
This paper presents the first K-Ar dating of autogenetic illite from stratigraphic petroleum reservoirs in 
the Fuyu oil layer of the Fuxin upheaval belt. Isotopic test and age calculation were carried out based 
on the separation and purification of illite mineral, X-diffraction analysis and the detection of scanning 
electron microscopy. The evolution characteristics of structure, sedimentation, reservoir-forming about 
the Fuxin upheaval belt were interpreted in terms of the synthetical analysis of “six-type geological 
history” evolution in southern Songliao Basin. The geologic background of petroleum evolution and 
reservoir formation are similar in the entire central depression region of southern Songliao Basin. The 
Changling sag and the Fuxin upheaval belt brought about obvious upheaval-sag separation after the 
hydrocarbon-generation peak of K2qn1 and the main reservoir-forming period of the Fuyu oil layer, 
namely reservoir-forming happened before the Fuxin upheaval belt extensively raised. The reservoirs 
have three characteristics: the hydrocarbon source rock above the reservoir, the oil source in the lo-
cality, and the vertical migration. The geological cognition is corrected, that is, oil source came from 
the Changling sag and migrated from the side direction. The bulk process of petroleum charging in the 
stratigraphic hydrocarbon reservoirs in the Fuxin upheaval belt of southern Songliao Basin is deter-
mined according to the isotopic age of autogenetic illite in combination with the method of fluid inclu-
sions. The cognition is helpful to exactly evaluate the resource potential and exploration direction in 
the Fuxin upheaval belt, Changling sag and their peripheral areas. The present results indicate that the 
combination of the two methods (the K-Ar dating of autogenetic illite and fluid inclusions) is an effec-
tive way to lay bare petroleum charging history and ascertain reservoir age. 

illite, K-Ar dating, fluid inclusion, reservoir age, stratigraphic reservoir, Songliao Basin 

Reservoir age is one of the key data in examining the 
origin of a reservoir. Except for buried hills, the Fuyang 
oil layer is one of the few oil layers that have upper 
sources and lower reservoirs onshore China, but the 
opinions on its age are diverse [1,2]. The main reason for 
this is that different researchers have taken different 
methods, samples and testing objectives in their studies. 
The evolution history, hydrocarbon migration and ac-
cumulation mechanism, and reservoir age of the oil layer 
are still in suspension. At present, the accumulation 
mechanisms are relatively clear in inner source reser-
voirs (Sa’ertu, Putaogpu and Gaotaizi oil layers) and in 

above source reservoirs (Heidimiao oil layer), whereas 
those in below source reservoirs (Fuyu and Yang-
dachengzi oil layers) are complicated and remain unclear. 
Most opinions hold that the Fuxin upheaval uplifted be-
fore the oil and gas charge, and that oils from the Qing 1 
Member source rock of the Changling sag migrated ver-
tically into the carrier bed of Quan 4 sandbody and then 
into the Fuxin upheaval laterally[3―5]. According to the 
K-Ar isotopic age of autogenetic illite, together with 
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fluid inclusions, the present paper examines the reser-
voir age of the Fuyu oil layer in the southern Songliao 
Basin and analyzes the oil source and the mechanisms of 
migration and accumulation.  

Autogenetic illite K-Ar dating is a new technique de-
veloped in the mid and late 1980’s. Hamilton et al.[6] 
have systematically described it. Zhang et al.[7―9] have 
studied it systematically and established a set of 
self-contained methods. Lee et al.[10] studied the auto-
genetic illite in the Groningen gas field, North Sea and 
Permian Rotliegendes sandstone reservoir in the Broad 
Fourteens Basin, using potassium-argon age dating and 
the history of gas-charging. Thereafter, especially in re-
cent years, the technique has become one of the most 
intensively studied issues in the field of oil and gas ex-
ploration abroad[11―13]. Since 1995, the technique has 
drawn wide attention from Chinese experts and begun to 
be applied to the study of oil and gas accumulation[14,15]. 
In recent years, autogenetic illite K-Ar dating has been 
widely used in China[16―25]. Overseas, the technique is 
becoming more mature and being applied to wider fields, 
such as reservoir diagenesis and evolutionary age dat-
ing[26], metamorphic temperature and age dating[27], 
timing of hydrocarbon fluid migration[28,29], age dating 
of multi-stage charging of ancient fluids in fractures of 
different periods, etc.[30] 

1  Geological setting 

The Songliao Basin is a superimposition continental 
petroliferous basin of Middle-Late Jurassic-Early Creta-
ceous rift and Middle-Late Cretaceous depression, 
which is developed on the Hercynian folding basement. 
Since the discovery of the Fuyu oil field in 1965, a large 
number of below-source oil and gas fields, including 
structural, fault, stratigraphic, lithologic, combination 
hydrocarbon reservoirs, etc., have been successively 
found in the Lower Cretaceous Quan 3 and 4 Members 
of the Fuxin upheaval belt south of the Songliao Basin. 
Currently, the discovered oil fields include Fuyu, Xin-
min, Xinli, Mutou, Xinbei, Liangjing, etc., of which the 
proved reserves of the Fuyu oil layer in the Quan 4 
Member accounts for more than 50% in the southern 
Songliao Basin[1]. 

The Fuyang oil layer is a below-source layer in the 
southern Songliao Basin and is a typical one of the few 
reservoirs that have Upper Cretaceous Quan 3 and 4 

Member sandstone deposited in river and delta envi-
ronments. Oil and gas are mainly from the first member 
source rock of the overlying Qingshankou Formation, 
which also works as cap rock, and the source reservoir 
seal assemblage is upper source and lower reservoir. 
According to the analysis of the type, accumulation 
condition and distribution of the oil and gas reservoirs 
discovered in the south of the basin, the oil and gas ac-
cumulation and distribution of the Fuyang oil layer are 
controlled by delta front sandbody, effective source rock, 
source fault, favorable regional cap rock abnormal pres-
sure, etc.[31―34]. 

The Upper Cretaceous Quantou Formation south of 
the basin, which is fine sandstone deposited in delta 
front submerged distributary channels and widely dis-
tributed in the Fuxin upheaval, is the principal producing 
formation of Mesozoic oil. Clastic constituents are 
mainly feldspar, quartz, and to a lesser extent debris, and 
some contain slight bioclasts (mostly Ostracoda, with 
few complete individuals). The clastic constituents are 
dominantly in linear contact. Calcite and ferro-calcite 
fill in the inter-granular pores and substitute for feldspar 
and other grains, but are distributed unevenly. Some 
quartz and feldspar have enlarged peripheries. Clasts are 
even in size and carbonate minerals experienced a strong 
substitution. Rock denudation is strong, the corrosion of 
feldspar and debris is obvious, and some grains are cor-
roded with slight remnants left. The rock pore is pre-
dominantly feldspar, debris intra-granular corrosion 
pores and granular corrosion pores, and secondarily in-
ter-granular corrosion pores. The inter-granular pores 
are distributed unevenly and pores are poorly developed 
in the area of high shale content.  

In this study, the illites detected by SEM are domi-
nantly filamentary autogenetic illites. The frequently 
observed are granular surface and inter-granular fila-
mentary illites, filamentary illites in granular surface 
corrosion pits, authigenic quartz crystals and filamentary 
illites in intergranular pores, as well as slight laminated 
illites in secondary pores and in granular surface disso-
lution pores (Figure 1). The universal existence of auto-
genetic minerals provides the material base and 
preconditions for the isotopic age dating.  

The reservoir-forming characteristics and timing of 
the Fuyang oil layer have drawn wide attention from 
petroleum geologists. Although some research has been 
done on the accumulation timing, no unanimous result  
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Figure 1  SEM characteristics of Quan 4 Member illite, Fuxin upheaval, south of Songliao Basin. a. Platy-flocculent mixed I/S and filamentous illites in 
intergranular pores, b. quartz overgrowth (3rd grade), authigenic quartz crystals and illites in intergranular pore, c. platy mixed I/S and filamentous illites 
on the surface of grains, d. platy mixed I/S and filamentous illites on the surface of grains, e. filamentous illites on the surface of grains, f. filamentous 
illites and ankerites in solution voids on the surface of grains. 

 
is achieved. So, to study the accumulation timing and its 
spatial and temporal association with other accumulation 
conditions is the important base of establishing the oil 
and gas accumulation model. The study in this aspect 
can enable the understanding of the forming history of 
hydrocarbon reservoirs in the petroliferous basin, and 
reveal the forming conditions and distribution of the 
reservoirs in combination with structural, reservoir, mi-
gration, accumulation and other conditions, therefore 
predicting favorable exploration prospects in the basin. 
According to illite age dating and inclusion parameters, 
the present paper collates and stipulates the periods and 

timing of shallow and middle-depth hydrocarbon reser-
voirs south of the Songliao Basin, analyzes the oil and 
gas distribution in combination with the association of 
hydrocarbon generation and expulsion, and puts forward 
the potential areas to explore. 

2  Experiments and results  

2.1  Methodology  

Autogenetic illite is a cementing mineral formed before 
oil and gas charging. The oil and gas replace formation 
water and lead to the stopping of silicate diagenesis, so 
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the K-Ar age of late autogenetic illite records approxi-
mately the earliest occurrence time of the oil and gas 
charging event[6,12]. Oil and gas charging replaces for-
mation water, thus causing the stop of illite diagenesis. 
This is the theoretical basis of using autogenetic illite 
K-Ar age dating to investigate oil and gas charging 
events. The diagenetic development of illite and its 
causal and effective relationship to the oil and gas 
charging are the theoretical precondition of successful 
dating[6,12]. The research extracts illites with smaller 
grain sizes (0.3―0.15 μm and <0.15 μm) particularly in 
order to get late formed autogenetic illites and abandon 
early formed ones. The main reasons are: (1) Early 
formed illites are big in size and later formed ones are 
smaller; (2) late formed ones are largely distributed on 
grain edges and liable to fall off; and (3) in terms of 
quantity, late formed ones are dominant and earlier 
formed ones are less[6,12]. In addition, due to the stop of 
the autogenetic illite growth at the time of charging, the 
late fine-grained autogenetic illites usually do not con-
tain (or extremely less amount of) hydrocarbon inclu-
sions, thus avoiding the influence of organic fragment 
peak that can cause the K-Ar age to become younger.  

With the going on of exploration, the difficulties of 
exploration are progressively getting bigger. The study 
of hydrocarbon accumulation age is of great signifi-
cance to revealing the regularity of accumulation and 
guiding oil and gas exploration. The Research Institute 
of Petroleum Exploration and Development, Petro-
China has carried out a series of work relating to auto-
genetic illite isotopic age dating, such as clay mineral 
separation, X-ray, SEM analysis and K-Ar isotopic 
testing[7]. Yang et al.[35] studied illite alkyl amine 
cations in sedimentary rocks and K-Ar dating, and the 
results show that the K-Ar age of the part with small 
grain size is young and that with bigger grain size older. 
Wang[36,37] experimentally studied autogenetic illite 
40Ar/39Ar dating of the gas reservoirs of the Sulige gas 
field, north of the Ordos Basin. Qiu et al.[38―41] studied 
in detail the theory, experiment and application of Ar-Ar 
age dating, pointing out that making extraction and puri-
fication systems small and automatizing experimental 
procedures are the inevitable developing trend of Ar-Ar 
labs, and also presented, with the Ar-Ar dating of the 
Lingling biotite granites west of the Yunnan Province as 
an example, the high-quality experimental data produced 
from a modern Ar-Ar lab. Other scholars studied the 

separation and purification procedures and other tech-
niques of autogenetic illite K-Ar age dating from differ-
ent aspects[42,43]. 

Autogenetic illite K-Ar age dating of reservoirs is ac-
tually the specific application of the K-Ar dating to de-
termining the illite age. In theory, their methodologies 
are the same, however, due to the testing subjects and 
problems to solve being different, the autogenetic illite 
K-Ar dating has its own characteristics. Hamilton et 
al.[12] stated that due to the stop of silicate diagenesis 
caused by the substitution of hydrocarbon for formation 
water, the authigenic illite K-Ar age records the occur-
rence time of hydrocarbon charging events and repre-
sents the oldest forming age of traps, and illite clay min-
erals are often the latest (or one of the latest) cementing 
minerals formed before the hydrocarbon charging. From 
this, two preconditions have to be available if we want 
to determine the hydrocarbon charging time by autoge-
netic illite K-Ar age dating, one is that well-developed 
illite diagensis exists in studied sandstone reservoirs, i.e. 
it is necessary for sandstone samples to contain enough 
amount of illites and/or ordered illite/smectite in-
ter-stratification and it must be the diagenetic autoge-
netic illite and/or diagenetic I/S inter-stratification; the 
second is that there should be a genetic relationship be-
tween the illite diagenesis and the hydrocarbon charging 
events in the studied sandstone reservoirs. These are the 
preconditions and guarantee of the successful dating by 
the method[9]. 

2.2  Analysis procedures and results   

The main purpose of separation and purification is to the 
largest extent to enrich late autogenetic illites and to get 
rid of clastic potassic fielspars, clastic illites and other 
potassium-bearing minerals. The theoretical basis is that 
autogenetic illite crystals are smaller in sandstone res-
ervoirs and clastic potassic feldspars and clatic illites 
(including clastic micagroup mineral) are larger. Han-
miton et al.[12] believed that only illites with the smallest 
grain size are most possibly the late developed autoge-
netic illites, and their age can most possibly represent 
the ending age of the autogenetic illite growth.  

(i) Current situation of technological development at 
home and abroad.  The separation and purification of 
autogenetic illite clay constituents of less than 2 μm 
grain size are usually carried out using the highspeed or 
ultrahigh speed centifugalization technique at home and 
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abroad. Hamilton et al.[12] for example, first separated 
constituents of less than 2 μm by using settling method 
and then further separated grain constituents of 2―1 μm, 
1―0.5 μm, 0.5―0.1 μm and <0.1 μm by ultra-high 
speed method. The former Geological Analysis and 
Testing Research Center of Beijing Geological Research 
Institute, Nuclear Industry Ministry of China, also ac-
quired good results of separation and purification by the 
vacuum swabbing and filtering technique. 

(ii) Technical procedures.  The separation, purifica-
tion, and K-Ar age dating of autogenetic illites are 
analysis techniques that contain many contents. The 
systematic analysis procedures designed in the present 
study are shown in Figure 2. The designed process con-
sists of 6 parts including oil removing, identifying illite 
origin type and its development degree through studying 
the characteristics of sample clay mineral by SEM and 
SRD (X-ray diffraction), autogenetic illite separation and 
purification, K content testing, isotopic ratio analysis and 
purity degree of XRD, and finally calculating the K-Ar 
age. Each and every step is extremely important, and any 
improper treatment may lead to errors of the final testing 
results of autogenetic illite ages. The procedure is shown 
in Figure 2, and the results are listed in Table 1.  

Based on the relevant literatures, the autogenetic illite 
separation and purification technique in the present 
study took the vacuum pumping and filtering as the 
main method, together with the settling separation 
method and the centrifugalization method. The tech-
nique can extract grain constituents of 2―l μm, l―0.45 
μm, 0.45―0.3 μm, 0.3―0.15 μm and less than 0.15 μm. 
In practice, the flow can be adjusted according to con-
stituent grain sizes that need to be extracted, laboratorial 
equipment condition, and specific samples. The present 
study mainly extracted constituents of 0.3―0.15 μm and 
less than 0.15 μm grain size.  

The autogenetic illite separation and purification 
vacuum pumping and filtering system  designed and 
assembled by ourselves in the study is composed of 6 
parts: vacuum pump; buffer bottle; electromagnetic  

valve; double-hole filling vacuum bottle; pumping and 
filtering filler; mixed cellulose ester Millipore filter (ϕ = 
150 mm, pore diameter = 0.45 μm, 0.3 μm, 0.15 μm). 
The system can selectively extract autogenetic illites of 
different grain sizes.  

(iii) XRD purity degree testing.  The quality of the 
separation and purification of autogenetic illite clay 
samples determines whether its K-Ar dating is accurate. 
The ideal samples are composed largely of the latest 
autogenetic illite, with extremely less clastic potassic 
feldspar and clastic illite. The XRD testing results of 
illite in modern sediment and metamorphic rock show 
that clastic illite has obvious X-ray diffraction charac-
teristics: one is that peak position is 10.05×10−1 nm and 
almost doesn’t change; the other is that the half height 
width is less than 0.42°(2θ ), and the peak-separated 
technique can be used to analyze the two quantitatively. 

XRD shows that as grain sizes decrease, the contents 
of all impurities decrease, and quartz, potassic feldspar, 
albite, calcite, dolomite and other impurities can not be 
detected when grain sizes are less than 0.2 μm. Taking 
account of both grain size and the purity of autogenetic 
illite, the products of 0.1―0.2 μm grain size are gener-
ally applicable to Ar-Ar age dating and K-Ar age dating. 
However, in actual analysis of age, the XRD and TEM 
(transmission electron microscope) analyses should be 
done ahead of time. Ar-Ar and K-Ar age dating cannot 
be used until the diagenetic mixed I/S content is about 
100% (at lest above 95%) and the S content is less than 
25%[42]. The XRD purity testing of the studied samples 
shows that they can hardly contain any clastic potassic 
feldspar and clastic illite, whose contents are within 
reasonable ranges and negligible (Figure 1). 

(iv) Result analysis.  The experiment is carried out 
strictly according to the industrial standard. The per-
formance and state of equipment are tested according to 
the standard before the experiment. The experimental 
pollution has been deducted from the Ar isotopic meas-
urements. The measured data of the studied area by 
autogenetic illite K-Ar age dating are shown in Table 1. 

 

 
Figure 2  Flow diagram of autogenetic illite K-Ar age anaylysis. 

 



 
 
 
 
 

Table 1  Results of illite K-Ar dating south of Songliao Basin 
Clay mineral composition (%) 

Set-
ting Sample Lithology Depth

(m) 
Size frac-
tion (μm)

Potas-
sium 
(%)

Smec-
tite
(%)

I/S
(%)

Illte
(%)

Kaolin-
ite 
(%)

Chlo-
rite
(%)

C/S 
(%) 

I/S 
(%) 

C/S
(%)

K-feld
spar 

(XRD)

(40ArR/g)
(mol/g)

40K (40K/g)
(mol/g)

40ArR/ 
40ArT(%)

40ArR/40K Age 
(Ma, 1σ) 

Qian 193 Oil-bearing 
sandstone 2145 0.3―0.15 4.72  84 2  14  25  trace 5.363E-10 1.409E-07 89.69 0.0038068 64.4±1.6 

Qian 193 Oil-bearing 
sandstone 2145 <0.15 4.72  83 2  15  25  trace 5.677E-10 1.409E-07 93.79 0.0040301 68.1±0.6 

Cha 25-3 Oil-bearing 
sandstone 2385 0.3―0.15 5.94  100     10  − 7.185E-10 1.773E-07 85.30 0.0040527 68.4±0.7 

Cha 25-3 Oil-bearing 
sandstone 2385 <0.15 6.13  100     10  − 7.408E-10 1.830E-07 93.08 0.0040491 68.4±0.5 

Jian 23-2 Oil-bearing 
sandstone 506 0.3―0.15 3.90  88 2 4 6  25  trace 5.553E-10 1.164E-07 87.20 0.0047706 80.3±1.1 

JIan 23-2 Oil-bearing 
sandstone 506 <0.15 3.78  89 2 3 6  25  trace 5.191E-10 1.128E-07 65.50 0.0046009 77.5±0.8 

Jian 23-3 Oil-bearing 
sandstone 310.1 0.3―0.15 4.66  88 5 7   25  trace 7.375E-10 1.391E-07 93.11 0.0053022 89.0±0.7 

Chang-
ling 
sag 

Jian 23-3 Oil-bearing 
sandstone 310.1 <0.15 4.58  88 4 8   25  trace 7.402E-10 1.367E-07 91.92 0.0054147 90.9±0.7 

Xin 211-1 Oil-bearing 
sandstone 1147 0.3―0.15 4.68  90 5 5   25  trace 6.864E-10 1.397E-07 85.60 0.0049139 82.7±2.0 

Xin 211-1 Oil-bearing 
sandstone 1147 <0.15 4.70  89 5 6   25  trace 6.617E-10 1.403E-07 83.34 0.0047172 79.4±2.4 

Rang 46-2 Oil-bearing 
sandstone 1514.1 0.3―0.15 4.31  68 3  29  20  − 5.585E-10 1.286E-07 90.32 0.0043420 73.2±0.6 

Rang 46-2 Oil-bearing 
sandstone 1514.1 <0.15 4.32  66 3  31  20  − 5.720E-10 1.289E-07 83.45 0.0044365 74.8±0.6 

Mu125-3-5-B Oil-bearing 
sandstone 531.2 0.3―0.15 3.84  75 4 21   20  − 5.539E-10 1.146E-07 86.00 0.0048330 81.3±0.7 

Mu 125-3-5-B Oil-bearing 
sandstone 531.2 <0.15 3.85  75 5 20   20  − 5.697E-10 1.149E-07 80.66 0.0049577 83.4±0.6 

Qian 48A-44 Oil-bearing 
sandstone 1138.7 0.3―0.15 3.94  66 4  30  20  − 6.075E-10 1.176E-07 91.57 0.0051663 86.8±0.8 

Fuxin
Up-
heaval 

Qian 48A-44 Oil-bearing 
sandstone 1138.7 <0.15 4.18  66 4  30  20  − 6.878E-10 1.248E-07 97.58 0.0055134 92.5±1.1 
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3  Analysis and discussion 

3.1  Hydrocarbon charging periods and time  
As shown in Table 1, the age data of the autogenetic 
illites range from 64.4 to 92.5 Ma, and the correspond-
ing geological ages are from the late period of the 
Qingshankou Formation to that of the Mingshui Forma-
tion in Late Cretaceous. According to the hydrocarbon 
charging ages in different positions, the data change 
from the Changling sag to the Fuxin upheaval does not 
show a regular pattern, the mean age and the distribu-
tions are similar, and the age change from the sag to the 
upheaval is not from old to young. So, it can be inferred 
that the oil of the Changling sag and Fuxin upheaval was 
migrated vertically and charged from the in-situ overly-
ing Qing 1 Member source rock. Although the Chan-
gling sag is deeply buried currently, the oil charging 
didn’t take place very early. The Fuxin upheaval burial 
depth is shallow now, but its oil charging was not later 
than that of the Changling sag. In the tested samples, for 
example, two obviously older samples are not confined 
to the Changling sag. The Jian 23-3 (Changling) sample 
and the Qian 48A-44 sample are older (86―92 Ma) and 
it may be caused by the samples themselves, or it may  

be the case that some well areas were charged earlier. 
Likewise, two clearly younger samples are not confined 
to the Fuxin upheaval. The reservoir-forming ages of 
Wells Qian 193 and Cha 25(64―68 Ma), which are ad-
jacent to the Changling sag, are young suggesting a later 
charging. The Charging time of other wells is similar. 
According to the study results of autogenetic illite dating, 
thermal history and hydrocarbon-generating history 
(Figure 3), the Upper Cretaceous Qingshankou 1 source 
rock entered into the hydrocarbon generating threshold 
at 85 Ma (Ro = 0.7%, the corresponding formation tem-
perature 90℃). 

Therefore, ages older than 85 Ma are possibly caused 
by illite samples themselves. It is, of course, possible 
that slight amount of crude oil or low-mature oil gener-
ated by the source rock at early maturity charges at these 
ages, but the amount of the generated crude oil and its 
charging range are limited (only the ages of two samples, 
Qian48A-44 and Jian 23-3, are older than 85 Ma in the 
table). In the area, the source rock maturity and its 
oil-generating peak (paleo-temperatures range from 90° 
to 140°, Ro = 0.7%―1.4%) corresponded to the geo-
logical time of 85―65 Ma (Figure 3), i.e. Late Creta-
ceous Nenjiang age to Mingshui age, and most age data 

 

 
Figure 3  “Six history” comprehensive evolution of Fuxin upheaval south of Songliao Basin. 
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in the table are within this range, reflecting the ages of 
source rock maturity and oil charging in its peak genera-
tion period. The majority of the samples in the table 
range from 15 to 85 Ma in age and they should be 
treated as oil and gas charged in the same period. The 
gap of 20 Ma doesn’t mean that charging time must be 
different in different well areas. There are two possibili-
ties here, one is the identical charging time and it was 
the samples in different well areas that caused the gap 
between the autogenetic illite ages, the other could be 
that the hydrocarbon generation time was the same but 
the expulsion time was different, that is, there was a 
natural difference in the crude oil charging time, which 
is reasonable because the hydrocarbon generation, ex-
pulsion, migration and charging of source rocks are a 
process like the growth of minerals, and trap sandstones 
that were in different wells areas or vertically different 
positions had different opportunities to entrap oil and 
gas. In addition, the different charging time was possibly 
caused by the change of charging conditions, that is, the 
charging conditions such as smooth transport system and 
effective reservoirs were not available in some well    
areas until in a late period.  

The autogenetic illite K-Ar dating data can be used to 
rectify the initial charging time of oil and gas, but can 
not be used to deal with the later continuous charging, 
the charging of the secondary hydrocarbon generation, 
or the secondary finalization of original reservoirs after 
adjustment. Fluid inclusions which record the various 
stages of geological history, however, can be used to 
restore the subsequent charging history and multi-stages 
of accumulation[44]. 

Based on the analysis of fluid inclusion features, 
host minerals and diagenetic sequences, this paper 
measures the homogenization temperature of the brine 
solution inclusions associated with hydrocarbon fluid 
inclusions. And the inclusion burial depth and the cor-
responding geological times were then determined in 
combination with paleo-geothermal gradient and sedi-
mentary burial history. The brine solution inclusions of 
the reservoirs in the Fuyu oil layer are well developed, 
including gaseous liquid inclusion and pure fluid phase 
inclusion. The inclusions are mainly distributed in the 
enlarged edges of quartz, quartz cracks, calcite and other 
cementing minerals. The testing results show that the 
homogenization temperatures of the fluid inclusions of 
the Fuyu oil layer are mainly within 90―120℃. Some  

specific samples have inclusions of abnormally high 
homogenization temperatures owing to unusual factors, 
for example, the reservoir-experienced highest tempera-
ture restored according to thermal history and hydro-
carbon generation history is lower than 140℃, but the 
homogenization temperature of specific inclusions is up 
to 160℃. This situation was frequently met in the testing 
of inclusions. There usually are two reasons for the ab-
normally high temperatures of inclusions: one is that the 
inclusions were captured in a non-homogeneous phase 
when they were formed, the other is that they were in-
fluenced by deep thermal fluid activity. The former is 
more resonable because the structure of the Songliao 
Basin was stable in the depression stage of late rifting. 

As shown in Table 2, there is no regularity among the 
homogenization temperature changes of different well 
areas, that is, there is not the changing trend of high to 
low geotemperature from sag to upheaval. It indicates 
that the paleotemperature field and the entrapment depth 
were close when the inclusions were entrapped, thus 
indicating that the inclusions were captured before the 
uplifting of the Fuxin upheaval. Therefore, the oil of the 
Changling sag and the Fuxin upheaval was migrated 
downwards vertically and charged from the in-situ 
overlying Qing 1 Member source rock. Table 2 shows 
that the homogenization temperature and formation time 
of the brine solutions in different wells of Fuyu do not 
clearly correspond to the uplift and sag pattern of the 
present Changling sag and Fuxin upheaval, that is, the 
temperature and formation age of the inclusions in the 
Changling sag are not necessarily greater than those in 
the Fuxin upheaval. For example, the inclusion tem-
perature and entrapment burial of the samples of wells 
Hong 75-1, Cha 25, Qian 193 near the Changling sag are 
smaller than those of the Fuxin upheaval, suggesting that 
the reservoirs were formed before the large-scale uplift-
ing of the Fuxin upheaval. The buried history analysis 
shows that the hydrocarbon charging of the reservoirs in 
the Fuyu oil layer took place largely between the Creta-
ceous Nenjiang Age and the Cretaceous Mingshui Age. 

The forming ages of the fluid inclusions (Table 2) are 
determined based on the homogenization temperature 
and the map of thermal history and hydrocarbon-gen-    
eration (Figure 3). The area experienced a process from 
subsiding to uplifting in the geological evolution (Figure 
3), i.e. the area experienced firstly subsidence, sedimen-
tation and increasing temperature, and then uplifting, 
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Table 2  Inclusion testing results of central depression south of Songliao Basin 

Setting Sample Type Host-mineral 
Homogeneous 

temperature 
(℃) 

Generated 
time before 
the uplift 

(Ma) 

Generated 
time after 
the uplift 

(Ma) 
Hong75-1 brine Quartz fracture and upgrading  92―134 84―66 62―25 

hydrocarbon Quartz fracture and upgrading, calcite, 
gypsum 58―105 95―82 37―23 

Hong 90 
brine Quartz fracture and upgrading, calcite 

fracture 92―125 84―71 56―24 

hydrocarbon Quartz fracture and upgrading, calcite, 
gypsum  80―98 88―83 33―23 

Da50 
brine Quartz fracture, calcite fracture  90―120 85―73 51―23 

Jian 23-0 brine  Quartz fracture and upgrading, calcite  95―128 83―70 59―26 
hydrocarbon Quartz fracture and upgrading, gypsum 65―142 92―65 65―23 

Jian 23B 
brine Quartz fracture and upgrading 95―108 84―81 39―23 

Jian 23-2 hydrocarbon Quartz fracture and upgrading 60―125 94―71 57―23 
Qian 193 hydrocarbon Quartz fracture and upgrading 60―70 94―91  
Qian 193 brine Quartz fracture and upgrading 82―108 88―81 39―23 

hydrocarbon Quartz fracture and upgrading, gypsum 70―85 91―87  

Changling 
sag 

Cha 25-2 
brine Quartz fracture and upgrading 84―98 87―83 33―23 

hydrocarbon Quartz fracture and upgrading, calcite, 
gypsum 74―145 89―65 65―23 

Xin 211-2 
brine Quartz fracture and upgrading, calcite 

fracture 105―118 82―74 50―37 

hydrocarbon Quartz fracture and upgrading, gypsum 54―116 96―75 48―23 
Xin 211-2 

brine Quartz fracture and upgrading, gypsum 92―162 85―65 65―23 
hydrocarbon Quartz fracture and upgrading 50―90 96―85  

Rang 46-2 
brine Quartz fracture 85―105 87―82 37―23 
hydrocarbon Quartz fracture and upgrading 65―95 92―84 29―23 

Qian 48A-44 
brine Quartz fracture and upgrading 105―138 82―66 64―37 

Funxin 
Upheaval 

Min 62 brine Calcite fracture and upgrading 92―115 84―76 47―24 

 
erosion and decreasing temperature. So the forming ages 
derived from the homogenization temperature can be 
explained in two ways, that is, the same geo-temperature 
may appear in the period of subsidence and sedimenta-
tion or appear in the period of uplifting and erosion. The 
hydrocarbon inclusions in the former period stand for 
those charged in the peak of hydrocarbon generation and 
the formed reservoirs are primary reservoirs, while those 
in the latter period stand for the inclusions charged in 
later structural adjustment period and the formed reser-
voirs are secondary reservoirs (or local adjustment of 
reservoirs). In view of the above, the fluid inclusions 
and their corresponding oil charging can be classified 
into two periods. In the first period, inclusions were 
formed in the phase of forming primary reservoirs when 
source rocks generated and expelled hydrocarbons in a 
great amount, and the corresponding geological time is 
within 65―85 Ma, which is in line with most of the 
autogenetic illite dating data. The geological ages of the 
inclusions formed even earlier (more than 85 Ma) were 
restored mainly according to the homogenization tem-
perature of the hydrocarbon inclusions. The inclusions  

are usually 10―20℃ lower than their associated brine 
solution inclusions, and the older ages are caused by the 
different types of inclusions. As shown in the table, the 
forming ages of brine solution inclusions are mostly 
within 85―65 Ma. In the second period, inclusions were 
formed when the hydrocarbon generation was nearly 
over, the primary reservoirs were finalized and small 
primary reservoirs in local areas were adjusted owing to 
the structure adjustment. The inclusion amount in the 
second period is of course less than that in the first pe-
riod because the formation of the primary reservoirs in-
hibited to a great extent the formation of diagenetic 
autogenetic minerals and inclusions in this period. The 
corresponding geological ages of the inclusions in this 
period range from 50 to 25 Ma. The calculation of this 
period is the advantage of the inclusion dating method. 

The isotopic ages of autogenetic illite reflect the ini-
tial charging ages of oil and gas, i.e. 65―85 Ma, while 
the ages of oil and gas charged in the later structural 
adjustment period (formation uplifting and erosion) are 
determined by inclusion data (50―25 Ma). Autogenetic 
illite isotope dating and inclusion dating can comple-
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ment each other, the former dates the charging time in 
hydrocarbon generation peak of source rocks, and the 
latter can be used to determine the local hydrocarbon 
charging time in the later uplifting and adjustment pe-
riod. Thus, the whole process of hydrocarbon charging 
and accumulation can be determined.  
3.2  Hydrocarbon evolution and accumulation fea-
tures  
The “Six history” comprehensive evolution map is es-
tablished based on the structure-sedimentation-accu-    
mulation study of the Fuxin upheaval, illite age dating 
and inclusion age dating (Figure 3). The analysis shows 
that the Fuxin upheaval didn’t uplift on a large scale 
until Paleogene and this is also proved by the sedimen-
tary evolution and corrosion features revealed by practi-
cal drilling data (Figure 4). The geochemical study of 
the source rock indicates that the source rock in the up-
lifting part is mature[31]. The Qing 1 Member source 
rock in Well Xin 333, for example, has a vitrinite re-
flectance of 0.94 and can provide hydrocarbon down-
wards effectively. The study of biomarkers and isotopic 
compositions shows no change in the upper Fuxin oil 
layer in the whole Fuxin upheaval and no lateral migra-
tion, suggesting that the oil and gas of the Fuxin up-
heaval were mainly from the in-situ overlying source  

rock, and not migrated laterally from the Changling sag 
(Figure 5). 

The calculation of oil-forming temperatures by light 
hydrocarbon gas chromatogram showss that the tem-
peratures of oil are different and increase from SE to 
NW, but the difference is not great suggesting that the 
hydrocarbon kitchens are close and the maturity differ-
ence is not great. It further proves that the maturity de-
grees of source rock and oil were identical when oil and 
gas were formed in the Fuxin upheaval and the Chan-
gling sag. It also shows that the thermal burial settings 
were identical or similar, and that oil and gas had been 
formed and charged before the Fuxin upheaval uplifted 
on a large scale. 

Carbon isotopic data and biomarkers of oil also indi-
cate that the oil of the Fuyu oil layer in the Fuxin up-
heaval was from the in-situ overlying Qiang 1 Member 
source rock[31]. The oil carbon isotopic compositions in 
the sag slope and upheaval areas are very close 
(−30.3‰―−31.6‰), suggesting that there was no iso-
topic fractionation of lateral migration and the oil was 
generated above and stored below by vertical migration. 
The comparison of oil and source rock terpanes between 
Fuxin and Changling shows that the terpane characteris-
tics of their oil and rock are all clearly different. The 

 

 
Figure 4  NE-SW trending well-tie geological section, Changling sag-Fuxin upheaval. 
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Figure 5  Carbon isotopic correlation of oil and components in central 
sag of southern Songliao Basin. 

 

Fuxin oil is well correlated to the local source rock and 
badly to the Changling source rock. The Changling oil is 
well correlated to its local source rock. These further 
prove that the Fuyu oil is from the overlying Qing 1 
Member rock by vertical migration. Besides, the oil and 
gas charging in the area took place before the uplifting 
of the Fuxin upheaval, the relief is gentle, and the sedi-
mentary sandbody is a channel sandbody with poor 
horizontal connection. These facts rule out the possibil-
ity of predominantly lateral migration. 
3.3  Exploration significance  
The result of the illite age dating shows that the oil and 
gas charging time in the whole Fuxin upheaval and the 
central depression area is 85―65 Ma, i.e. from Nenjiang 
age to Mingshui age in Upper Cretaceous. The fluid in-
clusions record two periods of oil and gas events. The 
first period is in the forming stage of primary oil reser-
voirs in the peak generation and expulsion period of the 
source rock, and the corresponding geological age 
ranges mainly from 65 to 85 Ma, being in line with most 
autogenetic illite dating data. The second period is the 
later adjustment stage of the hydrocarbon reservoirs 
during formation uplifting. The corresponding geologic 
age is 50―25 Ma. The amount of inclusions generated 
in the second period is much less than that in the first 
period.  

As mentioned above, the results from both autoge-
netic illite K-Ar age dating and fluid inclusion age dat-
ing indicate that the charging time in the Fuxin upheaval 
and that in the Changling sag are approximately the 
same, revealing the relationship between the time of oil 
and gas accumulation and that of the “uplift-sag” 
differentiation. The oil and gas had been formed before 
Fuxin uplifted on a large scale. The relationship of the 

two reflects different accumulation mechanisms and 
driving powers. That the oil and gas formation is earlier 
than the formation of the Fuxin upheaval shows that 
when the source rock was mature and even when the oil 
and gas were charged and accumulated, Changling and 
Fuxin were in approximately the same altitude, there 
was no differentiation of uplift and sag, and the landform 
of the whole central depression area was nearly flat. In 
this situation, it is not possible that the oil and gas mi-
grated laterally on a large scale. The oil of the Fuyang 
layer was from the overlying source rock which mi-
grated downwards vertically into the layer. The driving 
power of the oil was abnormally high pressure differ-
ence between the source rock and the reservoirs. The 
migration path was faults and fractures and the main 
controlling factor of the oil and gas accumulation was 
the good association of “fault-sandstone-abnormal pres-
sure”. If the oil and gas accumulation had taken place 
after the “uplift-sag” differentiation of the Changling sag 
and the Fuxin upheaval, i.e. the Fuxin upheaval uplifted 
on a large scale, the situation would have been greatly 
different. Due to the difference of potentials, the oil and 
gas of the Changling sag would have been migrated lat-
erally, expelled into the higher position of the Fuxin up-
heaval, and then, under different pressures, charged into 
the underlying Fuyang oil layer. The accumulation dy-
namics and mechanisms are different in the two situa-
tions and the oil and gas potential distribution and ex-
ploration are also different.  

The charge and accumulation of oil and gas took 
place before the uplifting of the Fuxin upheaval, so their 
distribution wasn’t strictly controlled by the source rock 
in the Changling sag. If mature effective source rock 
existed in the Qing 1 Member and the transport channels 
and sandbody association was available, the abnormal 
pressure produced by hydrocarbon generation would 
expel the oil and gas downwards into the Fuyang layer. 
So, the “sweet spots” controlled by “source rock 
/overpressure+fault+sandbody” should be the targets for 
plays. Statistics shows that the currently discovered 
stratigraphic reservoirs are largely distributed horizon-
tally in the Qing 1 Member and Quan 4 Member with 
the pressure difference of source and reservoir ranging 
from 8 to 12 MPa (Figure 6). According to the formulae 
of pressure sealing oil column, in theory, oil and gas can 
be expelled downwards 270―340 m under the pressure 
of 8―12 MPa. Therefore, in the central depression, the 
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effective migration and accumulation area of oil and gas 
is a 3-dimentional space of 8―12 MPa source reservoir 
pressure difference horizontally and 270―340 m below 
the corresponding Qing 1 Member vertically. This area 
lies in the transfer zone of uplift and sag in the central 
depression, in which faults and fractures are developed 
and source rocks are widely developed. The areas hav-
ing abnormal high pressure difference of source and 
reservoir, well developed sandbody and good trap con-
ditions are potential play targets of the Fuyang oil layer.  

 

 
Figure 6  Source reservoir pressure difference of K1qn1-K1q4 and distri-
bution of below source oil pools of Fuxin upheaveal. 

4  Conclusions  

According to the interpretation of the autogenetic illite 
K-Ar ages and fluid inclusions, together with the com-
prehensive geological consideration of the target area, 
the conclusions are drawn as follows:  

(1) The result of the illite K-Ar dating shows that the 
oil and gas charging time in the whole Fuxin upheaval 
and the central depression area is 85―65 Ma, i.e. from 
Nenjiang age to Mingshui age in Upper Cretaceous. The 
fluid inclusions record two periods of oil and gas events. 
The first period is in the forming stage of primary oil 
reservoirs in the peak generation and expulsion period of 
the source rock, and the corresponding geological age 
ranges mainly from 65 to 85 Ma, which is in line with 
most autogenetic illite dating data. The second period is 
the later adjustment stage of the hydrocarbon reservoirs 

during formation uplifting. The corresponding geologic 
age is 50―25 Ma. The amount of inclusions generated 
in the second period is much less than that in the first 
period.  

(2) Based on the comprehensive study of the “Six 
history” evolution of the southern Songliao Basin, this 
paper analyzes the characteristics of the structure, de-
pression and accumulation of the Fuxin upheaval. It is 
considered that the geological settings of the hydrocar-
bon reservoir formation are simlar in the whole central 
depression in the southern Songliao Basin, and the “up-
lift-sag” differentiation of the Changling sag and Fuxin 
upheaval takes place after the hydrocarbon generation 
peak of the Qing 1 Member and the main accumulation 
stage of the Fuyang oil layer. That is, the charge and 
accumulation happen before the large-scale uplifting of 
the Fuxin upheaval.  

(3) The autogenetic illte K-Ar dating and fluid inclu-
sion analysis reveal that the oil reservoirs are character-
ized by above source and below reservoirs, local source, 
and vertical migration. This corrects the past under-
standing that oil source was laterally migrated from the 
Changling sag.   

(4)The study of reservoir-forming age is beneficial to 
accurate evaluation of the resource potential and explo-
ration direction in the Fuxin upheaval, the Changling sag 
and their peripheral areas. The accumulation character-
istics of the Fuyu oil layer display poor lateral connec-
tion of transport beds, well-developed lithological and 
combination traps, and great exploration potential. Ac-
cording to the dating and the analysis, there is a great 
potential of exploration from the peripheral areas of the 
Fuxin upheaval to the Fuyang oil layer that underlies the 
mature source rock of the Changling sag. From this, the 
suggestion for exploration is to find the “sweet-spots” 
associating K1q3 and K1q4 traps with faults in the 
K1q4-K1qn1 source fault-developed areas. The “sweet- 
spot”-distributed area controlled by “sourc rock/over-    
pressure + fault + sandbody” in the 8―12 MPa area in 
the Fuyang oil layer, southern Songliao, is the important 
target for future reserve growth and production increase.  

(5)The theoretical study and its practical application 
indicate that the combination of autogenetic illite K-Ar 
dating and fluid inclusion analysis is a feasible and ef-
fective method to evaluate the charge history, reservoir 
age, and accumulation characteristics.  
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