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A B S T R A C T

Diagenesis of clastic rock and hydrocarbon generating capacity are closely related with diagenetic stages. Based
on diagenetic evolution, reservoir diagenetic stages prediction method is proposed through making a contrastive
study of simulation results and test results using core measurement data. The essence of this method is illustrated
and its effectiveness is demonstrated using Ed2 clastic sandstones in the west of Bozhong sag, Bohai Bay Basin,
China. Measurement of paleo temperature (T), vitrinite reflectivity (Ro%) and the proportion of smectite in
illite/smectite interstratified minerals (I/S-S%) indicate that there are there types of diagenetic stages in the
study area, including early diagenetic stage B, middle diagenetic stage A1 and middle diagenetic stage A2. When
only considering T index for diagenetic stages prediction, the simulation results are more conservative than
measured data with some situations, and the simulation result using Ro% for diagenetic prediction is less than
measured data in some wells. When I/S-S% is used, the two situations above both exist. Because depth, tem-
perature, time duration, pressure and some chemical variables can change synchronously or asynchronously, it is
difficult to attribute with certainty the parameters that affect the apparent diagenetic stages evolution series.
Diagenetic stage variations can be significantly different in different parts of one sedimentary basin. A synthetic
indexes method considering T, Ro%, I/S-S% to predict its distribution, and the simulation result has proved that
the reliability of the model has greatly improved.

1. Introduction

Considerable efforts have been made to understand the spatial and
temporal distribution of diagenetic alterations in clastic rocks, maily
due to the realization by oil companies that these alterations exert
profound controls on reservoir quality [1]. It is now evident that di-
agenesis of clastic rock and hydrocarbon generating capacity are closely
related with diagenetic stages, and thus research on diagenetic process
has important significance for petroleum exploration and development
[2,3]. In the sediment burial and diagenesis process, diagenetic fields
and diagenetic materials vary with diagenetic stages and exerts great
effect on the properties of clastic rock. For many years, numerical
modeling has been considered to be a useful way for predicting and
further explaining diagenetic processes. Accurate prediction of re-
servoir quality is needed throughout the entire life cycle of a reservoir,
especially reservoir with high diagenesis [4]. The accurate division of
diagenetic stages brings insight into the diffidence of paleo temperature
(T), vitrinite reflectance (Ro%), the highest pyrolysis peak temperature

(Tmax), thermal alteration index of the proportion of smectite in illite/
smectite interstratified minerals (I/S-S%) and authigenic minerals as-
semblage in both time domain and space domain [5,6].

Many reservoir diagenetic process prediction models have been pro-
posed in the past three decades to solve diagenetic fields, diagenetic ma-
terials variation, diagenesis sequence and pores evolution within sand
bodies in burial history for porosity and permeability prediction. It mainly
consists of burial history reconstruction models to restore basin burial
history [7–11], reservoir thermodynamic prediction models that describing
heat flow, geothermal gradient, paleo temperature and abnormal high
temperature in a basin [11,12], fluid history analysis models including
salinity, ionic composition and organic acid concentration [13], authigenic
quartz mineral models to calculate quartz percentage [3,14–16], vitrinite
reflectivity(Ro%)models to simulate maturity of dispersed organic matter
[9] and smectite to illite transformation models [17].

Most of these prediction models are intended to use diagenetic para-
meters to predict diagenetic stages spatial distribution, while the simulation
result can be used for hydrocarbon exploration. The accurate prediction of
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reservoir quality is, and will continue to be, a key challenge for hydro-
carbon exploration and development. In our study we take temperature
(T), vitrinite reflectivity (Ro%) and the proportion of smectite in illite/
smectite interstratified minerals (I/S-S%) and their relative weight for Ed2
reservoir diagenetic stages prediction, while data in individual wells are
taken as constraint condition for inversion calculation.

2. Geological setting and samples

Located in Bozhong depression, the largest one in Bohai basin,
Bozhong sag is adjacent to Chengbei low uplift and Shaleitian uplift. It
stretches from the north to the east, while the south width of the sag is
about 80 km, and the width of north side is about 20 km, with a total
area of about 8000 km2 (Fig. 1). Basement structures in the study area
develop well, and the large basement faults in EW directions construct
and control the principle frame of the regional geological structure on a
grand scale. The basin is filled with Cenozoic sediments including the
Kongdian (Ek), Shahejie (Es), Dongying(Ed), Guantao (Ng), Min-
ghuazhen (Nm) and Pingyuan (Qp) formations. The Dongying forma-
tion (Ed) can be divided into three members from the base to the top,
which are Ed3, Ed2 and Ed1 respectively (Fig. 2). The tectonic evolution
of the basin consists of a synrift stage (65.0–24.6Ma), a postrift stage
(24.6Ma to the present), and Ed2 reservoir sedimentation period is
from about 29.7Ma to 28.1Ma [18]. There are three main types of
sedimentary facies in the second member of the Dongying Formation
(Ed), including deltaic plain, fan delta and shallow lake. The target
interval (Ed2) is characterized by large thickness deposition, and oil and
gas is widely distributed in the sandstone.

Fourteen exploration wells are sampled for the investigation of diage-
netic stages simulation in the lake sandstones (Fig. 1). Temperature

measurement of inclusions (T), vitrinite reflectivity (Ro%) and the propor-
tion of smectite in illite/smectite interstratified minerals (I/S-S%) indicate
that there are there types diagenetic stages in the study area, including early
diagenetic stage B, middle diagenetic stage A1 and middle diagenetic stage
A2 (Table 1).

3. Methods

3.1. Method for diagenetic stages prediction

Diagenetic stages of clastic strata refer to different evolution phases in
the geologic history, and its accurate examining in research area could help
us find the favorable region [5]. Research on geological indexes and their
combined features, mainly including paleo temperature, pore type and its
contact relationship, organic characteristics and mineral features, diagenetic
stages of clastic strata reservoir for different evolution phases in the geologic
history are developed [19]. It consists of syndiagenetic stage, early diage-
netic stage (stage A and stage B of early diagenesis, ⅠA and ⅠB respectively),
middle diagenetic stage (stage A1, stage A2 and stage B of middle diagen-
esis, ⅡA1, ⅡA2 and ⅡB respectively), late diagenetic stage (Ⅲ) and epidia-
genetic stage (Table 2). Based on the comprehensive analysis of previous
studies, we simulated paleo temperature, vitrinite reflectivity and the pro-
portion of smectite in illite/smectite interstratified minerals to predict di-
agenetic stages distribution for Ed2 reservoir in the west of Bozhong sag
(Fig. 1) (see Table 3).

3.2. Numerical modeling for smectite to illite transformation

With the increase of temperature as well as time duration, smectite
in clay minerals is dehydrated continuously, and begin to convert to

Fig. 1. Tectonic setting of the west of Bozhong sag in Bohai Basin.
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illite gradually, leading to the content of smectite becoming less and
less. The transformation of montmorillonite to illite is mainly influ-
enced by temperature, duration time, pressure, sedimentary

environment and source characteristics, but for a certain area it is
mainly controlled by temperature and time duration. The transforma-
tion process can be quantitatively expressed by formula (1) [17].

Fig. 2. Stratigraphy of the west of Bozhong Sag.

Table 1
Characteristics of the paleo temperature, vitrinite reflectivity and I/S-S (%) in Ed2 reservoir.

Wells Paleo temperature(T/°C) Vitrinite reflectivity(Ro%) I/S-S (%) Diagenetic stages

rang average rang average rang average rang average

ZM1 86–102 118 0.46–0.70 0.62 30 30 ⅡA1-ⅡA2 ⅡA2
ZM2 120–134 127 0.55–0.82 0.66 20–25 25 ⅡA1-ⅡA2 ⅡA2
ZM3 121 121 0.62 0.62 35 34 ⅡA1-ⅡA2 ⅡA1
ZM4 112 112 0.72 0.72 20 19 ⅡA1-ⅡA2 ⅡA2
ZM5 70–95 85 0.39–0.57 0.43 50–70 61 ⅠB ⅠB
ZM6 80–88 83 0.45–0.52 0.48 50–65 54 ⅠB ⅠB
ZM7 81–113 91 0.40–0.77 0.58 40–55 51 ⅡA1 ⅡA1
ZM8 90–98 93 0.42–0.62 0.54 40–65 54 ⅠB-ⅡA1 ⅡA1
ZM9 81–98 94 0.45–0.62 0.49 50 50 ⅠB-ⅡA1 ⅡA1
ZM10 83–102 92 0.46–0.73 0.51 40–55 49 ⅡA1 ⅡA1
ZM11 79–127 109 0.52–0.65 0.66 30–45 40 ⅡA1 ⅡA1
ZM12 72–138 105 0.41–0.65 0.56 45 45 ⅡA1-ⅡA2 ⅡA1
ZM13 90–112 98 0.50–0.64 0.57 40–55 50 ⅠB -ⅡA1 ⅡA1
ZM14 68–124 96 0.38–0.63 0.52 50–60 56 ⅠB-ⅡA2 ⅡA1
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Apparently, the effect of pressure or overpressure is not take into
consideration, and it is revised on the consideration of pressure and
overpressure [20]. Another model is proposed to estimate the change in
expandability of illite/smectite minerals during burial diagenesis,
which uses a classical, first-order kinetic formulation. We have chosen
Elliot's model in our simulation because smectite to illite transformation
reaction has usually been considered to represent adequately complex
reaction in which time duration and temperature is considered to pre-
dominate in reaction advancement, without considering overpressure
for its uncertainties in burial history.

=
+

+kdS
dt

A exp ( E
R( T 273)

) S2
(1)

Where

S is montmorillonite percentage in illite mixed layer;
k+ is mole concentration of potassium ion, mol/L, 0.0026mol/L in
the study area;
A is frequency factor, 8.08×104, S−1;
E is activation energy, 28000 J/mol;
R is 1.986cal/(mol·K);
T is the paleo geotemperature, °C;

3.3. Numerical modeling for vitrinite reflectivity

Many models that consider time alone, temperature alone, or a
combination of temperature and heating duration have been defined for
the thermal maturation of sedimentary organic matter. Relations be-
tween vitrinite reflectance and time is successfully modeled by simple
empirical functions for estimation of the maximum paleo geo-
temperature [21]. But these estimates are imprecise due to problems in
measuring thermal maturity, heating duration, and maximum tem-
perature. This question is addressed by developing a temperature-
heating duration model for vitrinite reflectance calculation. Some

researches tend to ignore some constraints in the process of establishing
model in order to simplify modeling for vitrinite reflectance estimation,
while those models can't describe the complex reaction of temperature
and heating rate. According to buried history and thermal history, the
parameter vitrinite reflectivity (Ro%) at different historical moments
can be calculated with formula (2)-(4) [22]. The model is the most
accurate way to predict vitrinite reflectance.

= + =R Fexp( 1.6 3.7 ) ( k 1, 2......)k0 (2)

Where

Ro is Reflectance of Vitrinite, %;
Fk is ranging from 0～0.85, see formula(3)

=
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Where

fi is stoichiometric factor, i= 1, 2, … …, 20.
Iik formula(4);
tk is the paleo time of the point k, Ma;
Tk is the paleo geotemperature of the point k, °C;
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Where

A is 1× 1013 s−1;
Ei is activation energy, kcal/mol, i= 1, 2, … …
R is 1.986 cal/(mol·K);
a1 is 2.334733;
a2 is 0.250621;
b1 is 3.330657;
b2 is 1.681534;

4. Results and interpretations

4.1. Diagenetic stages types and its effect on reservoir evolution

According to diagenetic parameters, combining division standard,
the diagenetic stages of Ed2 lake sandstones are classified into early
diagenetic stage B, middle diagenetic stage A1 and middle diagenetic
stage A2. The reservoir paleo temperature (68°C-138 °C), vitrinite re-
flectivity (0.38%–0.97%), and the proportion of smectite in illite/
smectite interstratified minerals (I/S-S%) (20%–75%) are summarized
(Table 1).

Buried depth in early diagenetic stage B is less than 2000m, with
paleo temperature less than 100 °C, vitrinite reflectivity (Ro%) less than
0.50% and the proportion of smectite in illite/smectite interstratified
minerals (I/S-S%) more than 50% (Table 1). It has been shown that
when sedimentary deposits are buried to a depth with temperature
around 75°C-90 °C, organic acids are induced with a large amount by
organic matter in the burial process. Therefore, organic matter begins
to mature and releases organic acids during this period, and the main
diagenesis types of sandstones in early diagenetic stage B is mechanical
compaction, while cementation and dissolution are undeveloped.

Buried depth in middle diagenetic stage A1 is around 2200m-
3000m, with paleo temperature ranging at 90 °C–120 °C, vitrinite re-
flectivity (Ro%) being distributed at 0.50%–0.66% and the proportion
of smectite in illite/smectite interstratified minerals (I/S-S%) varying
between 35% and 55% (Table 1). It has been shown that when sedi-
mentary deposits is buried to a depth with temperature 80 °C–120 °C,

Table 2
Division of diagenetic stages in clastic rocks (based on Ying et al., 2003).

Diagenetic stages Paleo temperature
(°C)

Vitrinite reflectivity(Ro
%)

I/S-S (%)

ⅠA >20～65 <0.35 >70
ⅠB >65～85 <0.5～0.35 >50～70
ⅡA1 >85～110 <0.9～0.5 >35～50
ⅡA2 >110～140 <1.3～0.9 >15～35
ⅡB >140～175 <2.0～1.3 >0～15
Ⅲ >175～200 >2.0～4.0 ≈0

Note: ⅠA is early diagenetic stage A; ⅠB is early diagenetic stage B; ⅡA1 is middle
diagenetic stage A1; ⅡA2 is middle diagenetic stage A2; ⅡB is middle diagenetic
stage B; Ⅲ is late diagenetic stage.

Table 3
The value of activation energy used in Sweeney's model (based on Shi et al.,
2005).

i fi Ei(kcal/mol) i fi Ei(kcal/mol)

1 0.03 34 11 0.06 54
2 0.03 36 12 0.06 56
3 0.04 38 13 0.06 58
4 0.04 40 14 0.05 60
5 0.05 42 15 0.05 62
6 0.05 44 16 0.04 64
7 0.06 46 17 0.03 66
8 0.04 48 18 0.02 68
9 0.04 50 19 0.02 70
10 0.07 52 20 0.01 72
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organic acids are very stable and easy to preserve. Organic acids can
thus substantially affect the amounts and ratios of elements going into
solution from minerals, and cause dissolution of feldspar and debirs.
Meanwhile, quartz enlargement and authigenic kaolinite can be com-
monly found. The main diagenesis types of sandstones in middle di-
agenetic stage A1 are mechanical compaction and dissolution.

Buried depth in middle diagenetic stage A2 is around 3000m-
3200m, with paleo temperature ranging at 110 °C–130 °C, vitrinite
reflectivity (Ro%) being distributed at 0.62%–0.72% and the proportion
of smectite in illite/smectite interstratified minerals (I/S-S%) varying
between 20% and 30% (Table 1). When the temperature rises to
120 °C–160 °C, carboxylic anions will change into hydrocarbons and
CO2, leading to the increase of concentration of CO2 in the solution and
decrease of the concentration of organic acids [23]. The formation
water begins to convert to alkaline due to the decarboxylation of or-
ganic acids. The mainly diagenesis is calcite and dolomite cementation.

4.2. Prediction of diagenetic parameters

4.2.1. Paleo temperature
The thermal history in a sedimentary basin is governed by heat flow

from the mantle, radiogenic heat produced in the crust, and regional
water flows. Geothermal field height is a decisive factor for the evo-
lution of diagenesis and the evolution of organic matter, with higher
geothermal field and stronger diageneses and faster organic matter
evolution. Geohistory and thermal history of fourteen wells including
wells ZM1, ZM2, ZM3, ZM4, ZM5, ZM6, ZM7, ZM8, ZM9, ZM10, ZM11,
ZM12, ZM13 and ZM14 are restored quantitatively in the west of
Bozhong sag as a function of both time and space for the sediments
(Fig. 3). The paleo temperature distribution is calculated using the
following parameters: base temperature 1333 °C, mean heat flow
65mW/m2, mean surface temperature 19 °C.

Numerically, the range of current temperature of Ed2 reservoir from
the simulation is 85°C–120 °C (Fig. 4). These results are consistent with
the temperature measurement of the inclusions with errors in a range of
±7%. The simulation output of temperature shows quite good linear
relationship with the depth (Fig. 4), while the older the stratum in
burial history, the higher temperature is. The temperature in the
southeastern part of the study area is around 15°C-20 °C higher than
other regions, with a value of around 115 °C. That is closely associated

with the basement fracture. Thermal energy in the earth, driven by the
temperature difference, can flows to the surface through the medium of
formation and fault, resulting in the geothermal field of the earth [12].

4.2.2. Proportion of smectite in illite/smectite interstratified minerals
The illite/smectite interstratified minerals (I/S) are widely dis-

tributed in both mudstone and sandstone, and the proportion of
smectite in illite/smectite interstratified minerals is an important means
that can be considered to judge clastic diagenetic strength and its
temperature. The smectite to illite transformation process mainly de-
pends on time, temperature and pressure. With the increasing of time,
temperature and pressure, the transformation series is from smectite to
disordered I/S to ordered I/S and to illite. The proportion of smectite in
illite/smectite interstratified minerals (I/S) has been observed to de-
creased during burial diagenesis as well as in geothermal alteration.
The I/S-S% of fourteen wells rangs from 25% to 60% with the absolute
error within 6%, when being compared with the I/S-S% test value. The
simulation output of the I/S-S% shows a logarithmic relationship with
the depth, and the older the stratum in burial history, the lower I/S-S%
is (Fig. 5). The I/S-S% in the southeastern part of the study area is
around 20% lower than other regions, with a value of around 30% and
indicates a relative intense diagenesis. The rate of smectite to illite
transformation is closely related to the geothermal gradient. When the
temperature is high, shallow burial can lead to fast transformation and
vice versa. In addition, reservoir water medium with rich potassium

Fig. 3. Burial and thermal modeling of the well ZM4 in study area.

Fig. 4. Simulation output of paleo temperature (T/°C) in study area.

W. Qian, et al. Petroleum 6 (2020) 23–30

27



conditions, smectite to illite transformation can be also fast [19]. The
high geothermal gradient due to strong basal thermal activity is the
main reason for the low I/S-S%.

4.2.3. Vitrinite reflectivity
The Ro% of fourteen wells rangs from 0.46% to 0.70% with the

relative error within ±5%, when being compared with the Ro% test
value. The simulation output of the Ro% shows an exponential re-
lationship with the depth and the older the stratum in burial history,
the higher Ro% is (Fig. 6). The Ro% in the southeastern part of the
study area is a maximum, with a value of about 0.7% and indicates a
relative intense diagenesis. Vitrinite reflectance is mainly controlled by
temperature, while it is also affected by diagenesis time, tectonic ac-
tivity as well as magmatic activity [22]. The degree of thermal evolu-
tion of organic matter, compared with the southeast, is relatively low in
the northern part of the study area due to shallow burial depth, while
there are large basement faults in the northern part of the study area.

5. Discussions

5.1. Accuracy analysis of different models on diagenetic prediction

Simulation output of paleo temperature (T), vitrinite reflectivity (Ro
%) and the proportion of smectite in illite/smectite interstratified

Fig. 5. Simulation output of montmorillonite percentage in illite mixed layer
(I/S-S%) in study area.

Fig. 6. Simulation output of vitrinite reflectivity (RO %) in study area.

Table 4
Comparison of diagenetic stages simulation results. DS is the measured data;
DS-T is using paleo temperature for diagenetic stages evolution prediction; DS-
I/S-S is using montmorillonite percentage in illite mixed layer for diagenetic
stages evolution prediction; DS-Ro is using vitrinite reflectivity for diagenetic
stages evolution prediction; DS is using all of above parameters for diagenetic
stages evolution prediction.

Wells DS DS-T DS-I/S-S DS-Ro DS-SI

Measured data DS error DS error DS error DS error

ZM1 4 4 R 3 N 3 N 4 R
ZM2 4 4 R 4 R 3 N 4 R
ZM3 3 4 P 4 P 3 R 4 R
ZM4 4 4 R 4 R 3 N 4 R
ZM5 2 2 R 2 R 2 R 2 R
ZM6 2 3 P 3 P 2 R 3 R
ZM7 3 3 R 3 R 3 R 3 R
ZM8 3 3 R 3 R 3 R 3 R
ZM9 3 3 R 3 R 3 R 3 R
ZM10 3 3 R 3 R 3 R 3 R
ZM11 3 4 P 3 R 3 R 3 R
ZM12 3 3 R 3 R 3 R 3 R
ZM13 3 3 R 3 R 3 R 3 R
ZM14 3 3 R 3 R 3 R 3 R

Note: In the table above, early diagenetic stage A (ⅠA) is represented by number
1; early diagenetic stage B (ⅠB) is represented by number 2; middle diagenetic
stage A1 (ⅡA1) is represented by number 3; middle diagenetic stage A2 (ⅡA2) is
represented by number 4; N is for negative results, P is for positive results and R
for right results when comparing the simulated result and measured result.

Fig. 7. Comparison of diagenetic stages using different parameters. DS is
measured data from core; DS-T is diagenetic stages prediction only using
temperature data; DS-I/S-S is diagenetic stages prediction only using the pro-
portion of smectite in illite/smectite interstratified minerals; DS-I/S-Ro is di-
agenetic stages prediction only using vitrinite reflectivity; DS-SI is diagenetic
stages prediction using parameters above.

W. Qian, et al. Petroleum 6 (2020) 23–30

28



minerals (I/S-S%) indicates that there are there types of diagenetic
stages in the study area, including early diagenetic stage B, middle
diagenetic stage A1 and middle diagenetic stage A2 (Table 4). When
only considering T index for diagenetic stages prediction, the simula-
tion results is more conservative than measured data with some situa-
tions (Fig. 7b), and the simulation result using Ro% for diagenetic
prediction is less than measured data in some wells (Fig. 7d). When I/S-
S% is used (Fig. 7c), the two situations above both exist (Table 4). Si-
mulation output of Ro% produces a result smaller than the real value in
wells ZM1, ZM2, ZM4 due to overpressure in the eastern part of the
research area. According to the measured data, the pressure coefficients
of wells ZM1, ZM2 and ZM3 are 1.54, 1.52 and 1.30 respectively, in-
dicating an overpressure environment in the layer. Pressure increasing
does not inhibit the evolution of organic matter, and the inhibitory
effect of pressure on the thermal evolution of organic matter and the
effect of hydrocarbon generation lies in overpressure in the basin [24].
Simulation output of I/S-S% produces a result smaller than the real
value in wells ZM1, but the output agrees with the measured data in
wells ZM2, ZM4. It has been demonstrated that the transformation of
smectite to illite can be decreased by overpressure [25]. According the
simulation outputs of I/S-S% and Ro% in overpressure environment
layer, it can be concluded that the evolution of organic matter are more
sensitive than the transformation of smectite to illite. Therefore, the
prediction accuracy using I/S-S% is higher than Ro%. The simulation
results using T is more conservative than measured data due to the
rapid burial of the stratum in the period of Guantao Formation (10Ma).

Usually, time duration and temperature are considered to predominate
the reaction advancement in diagenesis evolution, and thus rapid se-
dimentation and embed of the layer can slow down diagenesis [17].
Diagenesis can change asynchronously with temperature. The diage-
netic stages at present is a comprehensive product of the whole geo-
logical history. When using different indexes to judge the diagenetic
stage, the prediction results are different in both time and space
(Fig. 7). Because depth, temperature, time duration, pressure and some
chemical variables can change synchronously or asynchronously, it is
difficult to attribute with certainty the parameters that affect the ap-
parent diagenetic stages evolution series [22]. Therefore, various in-
dicators for comprehensive prediction is needed to accurately describe
diagenesis and then to reach the goal of success hydrocarbon explora-
tion (see Fig. 8).

5.2. Prediction of diagenetic stages of Ed2 reservoir

The results demonstrate that the paleo temperature and vitrinite
reflectivity increase with the depths and evolution time, while the
proportion of smectite in illite/smectite interstratified minerals shows
an opposite character (Figs. 4, Fig. 5, Fig. 6). The simulation output of
T%, Ro% and I/S-S% at present match the measured data well, in-
cluding T%, Ro% and I/S-S%. Table 4 and Fig. 7 is the diagenetic stages
simulation results of individual well in Ed2 reservoir based on division
standard of diagenetic stages (Table 2) and simulation outputs of T, Ro
% and I/S-S%. It is worth noting that when the Ed2 reservoir is divided

Fig. 8. Diagenetic stages evolution with time in well ZM4, ZM14 and ZM4 using different parameters. DS-T is using paleo temperature for diagenetic stages evolution
prediction; DS-I/S-S is using the proportion of smectite in illite/smectite interstratified minerals for diagenetic stages evolution prediction; DS-Ro is using vitrinite
reflectivity for diagenetic stages evolution prediction; DS is using all of above parameters for diagenetic stages evolution prediction.
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into different diagenetic stage types by various simulated diagenetic
parameters, there will be some errors in the configuration of the
parameters, which may be caused by diagenetic time and overpressure
factors (Table 4). The diagenesis evolution is a process influenced by
temperature, duration time, pressure, sedimentary environment and
source characteristics, and thus it is hard to describe it accurately with
one indicator. A new model is developed for the division of diagenetic
stages using formula (5) to correct the errors, and the prediction results
match the measure data well. Meanwhile, contour maps of parameters
T, Ro% and I/S-S% in different geological periods is obtained to restore
the evolution laws of diagenesis in the study area and to predict Ed2
reservoir diagenetic stages distribution (Table 4).

= × +
=

DS SI ( D ) k
i 1

n
i i (5)

Where DS-SI is simulation output of diagenetic stages; i is weight
coefficient, 1 =0.35, 2 =1.10, 3 =1.55. iD is diagenetic stages
obtained by a single factor. D1=DS-T, D2=DS-I/S-S, D3=DS-Ro.
early diagenetic stage A (ⅠA) is represented by number 1; early diage-
netic stage B (ⅠB) is represented by number 2; middle diagenetic stage
A1 (ⅡA1) is represented by number 3; middle diagenetic stage A2 (ⅡA2)
is represented by number 4; k is correction factor for overpressure
layer, k=0.5 in this study area; n is the number of the parameters used
for diagenetic prediction.

6. Conclusions

A new method is presented for diagenetic stages prediction of Ed2
reservoir in the west of Bozhong sag. The method is primarily based on
the identification of paleo temperature, vitrinite reflectivity and the
proportion of smectite in illite/smectite interstratified minerals, which
are closely correlated with diagenetic stages. The workflow of the
method is as the following: Firstly, the types of diagenetic stages and its
division standard are established based on previous studies. Secondly,
burial history, paleo temperature, vitrinite reflectivity and the propor-
tion of smectite in illite/smectite interstratified minerals can be de-
termined by numerical modeling using formula (1)-(4) in both one and
two dimensions. Thirdly, due to the measured data in individual well,
the weight coefficient of different models is easily obtained to correct
the errors between simulation output and measured data. Finally, the
diagenetic stages of the reservoirs can be predicted accurately without
using core data. The method is applied to predict the reservoir diage-
netic of the Ed2 lake sandstones in the west of Bozhong sag, Bohai Bay
Basin, in which three types of diagenetic stages are identified. The di-
agenetic stages are predicted only using paleo temperature or the
proportion of smectite in illite/smectite interstratified minerals with
relatively big errors. The method using vitrinite reflectivity can accu-
rately judge diagenetic stages, while the error can be reduced to the
minimum by applying three indexes synthetically. Meanwhile, an
identification model for abnormal overpressure is developed, using si-
mulation output of different parameters.
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