
Porosity Modeling of Huge Thick Carbonates:
A Case Study of Lower Paleozoic Carbonates

in the Tazhong Uplift, Tarim Basin, China
Chengsheng Chen1; Haizu Zhang, Ph.D.2; Yunpeng Wang3; Lingling Liao, Ph.D.4;

Shuyong Shi5; and Rui Deng6

Abstract: This study provides a solution to determine the porosity evolution of huge thick carbonates accurately using PetroMod version
2016.2 software with a cementation tool. The Lower Paleozoic carbonates from the Tazhong Uplift (Tarim Basin) were taken as examples.
Results show that the errors of modeled porosity decreased from 256.3%–468.8% to 6.7%–12.5% for low-porosity carbonates and from
15.0%–22.9% to 2.9%–5.0% for high-porosity carbonates, indicating a better fit to the measured values after considering carbonate cemen-
tation. The calibrated model incorporating cementation exhibits typically low carbonate porosities and burial depths but high thermal con-
ductivities, resulting in much lower formation temperatures, maturities, and hydrocarbon masses than the uncalibrated model. This study
indicated that carbonate cementation plays a very important role in the reduction of carbonate porosity, and it is necessary to calibrate the
thick-carbonate porosity model using the cementation tool. Although this method has certain feasibility and practicability and can be utilized
widely to model huge thick carbonates, it has a limitation in recovering the increase in porosity caused by postdiagenesis. DOI: 10.1061/
(ASCE)EY.1943-7897.0000798. © 2021 American Society of Civil Engineers.
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Introduction

Carbonate diagenesis occurs in four stages: syndeposit, pene-
contemporaneous shallow burial, medium-deep burial, and post-
dolomitization. Unlike in the case of other sediments, carbonate
porosity reduction is attributed not only to mechanical compaction
but also to the chemical cementation that universally occurs in the

medium-deep burial stage (Croizé et al. 2013; Schmoker and
Halley 1982). In basin modeling, porosity is a critical parameter
that directly influences burial depths, rock thermal conductivity,
formation pressure and temperature, and retention and migration
of geological fluids, thereby finally affecting the model reliability
(Hantschel and Kauerauf 2009; Gluyas and Swarbrick 2004;
Sekiguchi 1984; Waples and Tirsgaard 2002). Generally, some
mechanical compaction algorithms have been embedded and used
in basin modeling software for clastic porosity modeling (Walderhaug
2000; Schneider et al. 1996). However, individual mechanical com-
paction algorithms cannot satisfy the demands of carbonate mod-
eling because chemical cementation can reduce carbonate porosity
significantly at specific stages, leading to unacceptable errors in
the porosity results (Hantschel and Kauerauf 2009; Gluyas and
Swarbrick 2004). For modeling carbonate cementation, the com-
monly used commercial basin modeling software PetroMod
version 2016.2 has an embedded cementation tool. This tool ena-
bles users to reconstruct carbonate porosity and its evolution related
to chemical cementation. In shallow and thin carbonate rocks,
small-scale chemical cementations may not need to be considered
because of their weak impact (Hantschel and Kauerauf 2009;
Gluyas and Swarbrick 2004). However, in the case of huge, thick,
and deep carbonate rocks, which have not been reported or ac-
cessed in specific cases, at least in the Tarim Basin, intense chemi-
cal cementations must be considered using the cementation tool
when modeling because their exclusion results in unacceptable
porosity errors.

To meet nergy demands, the focus of the oil and gas exploration
strategies in China has shifted to ultradeep (>6,000 m) strata for
many years, and many breakthroughs have been achieved, especially
in the Tarim Basin. For example, ultradeep light oil, condensate, and
natural gas have been identified in the Kuqa (>6,900–7,500 m) and
Tabei-Tazhong areas (6,000–8,200 m) of the Tarim Basin, further
confirming that this superimposed basin in China has great potential
for ultradeep oil and gas exploration (Zhu et al. 2019, 2020, 2021;
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Yang 2015, 2020). Present explorations have shown that these ultra-
deep oil and gas reservoirs are mainly in the Lower Paleozoic
Ordovician–Cambrian huge thick carbonates (average thickness
greater than 2000 m) widely distributed under the Tarim Basin
(Wang et al. 2014; Song et al. 2016; Yang 2015; Zhu et al.
2019). Because of extremely old age and complex geological con-
ditions, either recovering the burial and thermal history or build-
ing the petroleum system using basin modeling technology is one
of the most important tasks in the comprehensive research of ul-
tradeep reservoirs (Chen et al. 2019; Deng et al. 2019). However,
the accurate simulation of the carbonate porosity for such a huge
thickness in Tarim Basin has not yet been realized for a specific
case, and is the key to building a precise geological model.

This study presents the results of carbonate porosity modeling
using PetroMod version 2016.2 with the cementation tool for Well
ZS1, which is one of the drillings that produce ultradeep oil and
natural gas in the Tazhong carbonate platform (Central Tarim Basin),
which has thick-carbonate strata from the Ordovician to Cambrian
(>2,800 m) (Wang et al. 2014; Song et al. 2016). Furthermore, we
reconstructed the evolution history of carbonate porosity in Well ZS1
after analyzing the carbonate evolutionary stages and burial history
using the basin modeling software. We considered the carbonate
porosity model of Well ZS1 as a case study to clarify the method
of porosity modeling for huge thick carbonates and to explore the
difference between cases considering and not considering cementa-
tion, thus verifying and emphasizing the significance of precise
porosity modeling for thick carbonates.

Geological Setting

Well ZS1 is located in the buried hill zone of the Tazhong Uplift,
bounded by the Bachu Uplift to the west, the Gucheng Low Uplift
to the east, the Tangguzibasi Depression to the south, and the
Manjiar Depression to the north (Fig. 1). The Tazhong Uplift under-
went long-term development as an inherited paleouplift caused by
fault movement in the Early Caledonian (O1–2) and by fold defor-
mation in the Late Caledonian (O3 − S), forming a basic duplex
anticline pattern (Jia 1997; Xiao et al. 2015). The paleouplift refor-
mation period occurred in the Hercynian (D–P), and the local adjust-
ment occurred after the Permian (Su et al. 2011). The evolutionary
process was divided into four main stages: paleouplift formation
stage, paleouplift construction period, paleouplift reformation period
prior to the Carboniferous, and local adjustment in the Late Hercynian
(Zhang et al. 2011). Subsequently, the Tazhong Uplift tilted
eastward and was denuded along the eastern part; subsequently,
it underwent stable settlement to form the present tectonic
framework. The sedimentary framework can be classified roughly
into four intervals based on depositional and environmental
events: the Cambrian to Lower Ordovician strata primarily depos-
ited in carbonate platform environments, the Middle–Upper Ordo-
vician strata deposited in slope environments, the Silurian–Lower
Permian strata deposited as marine carbonate and deltaic–fluvial
siliciclastic sedimentary rocks during marine transgressions
and regressions in foreland-basin environments, and the Upper
Permian–Quaternary strata deposited in terrestrial environments
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Fig. 1. Structural map of the Tazhong Uplift and the location of Well ZS1. (Adapted from Xiao et al. 2015.)
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with fluvial–lacustrine facies (Huang et al. 2016; Wang et al. 2014;
Zhu et al. 2015).

Gas and condensate were discovered in the Lower Cambrian
Xiao’erbulake Formation (Є1x) and Middle Cambrian Awatage
Formation (Є2a) in Well ZS1; this discovery was a breakthrough
for in-depth petroleum exploration in the subsalt layer of the
Cambrian strata. In this well, the cumulative thickness of the Lower
Paleozoic carbonate reaches 2,800 m (Wang et al. 2014; Song et al.
2016). Two sets of high-porosity carbonates each are distributed
in the Xiao’erbulake Formation (Є1x) and Awatage Formation
(Є2a) (Fig. 2). The Xiao’erbulake Formation (Є1x) predominantly
comprises algae and grain dolomites, and algal frameworks and

intergranular early hypergene dissolution formed the primary
pores. The Awatage Formation (Є2a) is composed mainly of gyp-
sodolomite with some fissures and early gypsum-dissolved pores
(Shen et al. 2016; Tian et al. 2015). Pores were relatively devel-
oped in the Xiao’erbulake Formation (Є1x) and Awatage Forma-
tion (Є2a) but were not developed in the other carbonate layers
(Fig. 2). The porosity of the whole Lower Paleozoic carbonate
ranges from 0% to 12.6%. However, the average porosities of
the Xiao’erbulake Formation (Є1x) and the Awatage Formation
(Є2a) are 4.5% and 3.6%, respectively, unlike the carbonates in
other formations, which are considered low-porosity carbonates
(< 2%) (Fig. 2).
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Fig. 2. Simplified stratigraphic column with the porosity characteristics of Well ZS1.
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Two features of the Middle and Lower Cambrian high-porosity
carbonates should be noted: (1) the original pores from the reef–
shoal facies and gypsodolomitic sediments contribute considerably
to reservoir development; and (2) dolomitization occurred during
the penecontemporaneous-shallow period built a solid rock frame-
work, protecting the pores (Shen et al. 2016; Tian et al. 2015).
Changes in porosity related to thermochemical sulfate reduction
(TSR) should be considered which might contribute to improve res-
ervoir quality (Wang et al. 2014; Zhu et al. 2015; Zhao et al. 2014).
For low-porosity carbonates, primary porosity was not developed
as cementation occurred widely at historical stages.

Methodology

Carbonate Evolutionary Patterns

Verification of the carbonate evolutionary pattern is critical for
modeling carbonate porosity. Four patterns were summarized
(Fig. 3): retrograde solubility pattern (RSP), karst action pattern
(KAP), stable tectonics pattern (STP), and tectonic faults pattern
(TFP) (Jiang et al. 2018; Huang et al. 2010; Zhu et al. 2005;
Ma et al. 2008; Wang et al. 2007; Chen 2008).

1. RSP represents deep-to-shallow burial processes. TSR primarily
occurs and generates dissolved H2S and CO2 in deeper areas
and then forms secondary pores in the shallow layer. TSR pri-
marily starts at a temperature of 127°C, and a strong reaction
occurs at temperatures over 180°C [Fig. 3(a)] (Machel 2001;
Zhu et al. 2005; Wang et al. 2007). The uplift processes boosted
the fluid solubility to form secondary pores because the temper-
atures decreased and affluent H2S and CO2 were generated by
intense TSR at the greatest buried depth (Huang et al. 2009,
2010; Ma et al. 2008). Finally, the secondary pores were well
preserved, improving the reservoir quality because of the en-
hanced rock mechanics.

2. KAP represents a regional unconformity caused by a large-scale
uplift. During the shallow burial period, karstification might
have occurred, leading to the formation of secondary pores.
When the basin subsided, the porosity decreased [Fig. 3(b)].
If the present buried depth is the greatest, it indicates that con-
tinuous subsidences after the paleokarst led to a rise in temper-
ature and carbonate precipitation, causing compaction and
severely degrading the reservoir quality because of a heavier
overlying load (Huang et al. 2010; Ye et al. 2000; Hantschel
and Kauerauf 2009). If this depth was not the greatest, the

(a) (b)

(c) (d)

Fig. 3. Carbonate reservoir porosity evolutionary pattern relative to burial history.
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secondary pores formed by karstification would be maintained
and then would form high-quality reservoirs.

3. STP represents a stable tectonic setting in which original pores
are dominant owing to a relatively stable tectonic setting. The
original pores effectively can be formed and maintained in a
penecontemporaneous shallow burial stage before mechanical
compaction or pressure solution occurs [Fig. 3(c)]. Statistics
show that mechanochemical process can control the rate of sedi-
ment compaction at burial depths greater than 1,700 m. In this
case, noncemented sediments lose porosity first by mechanical
compaction and then reach a locked state at a shallow depth.
After mechanical compaction and pressure solution, the dolomite
porosity does not decrease clearly without postdolomitization
at depths greater than 1,700 m, but maintains a slow decrease
with time in the stable condition (Schmoker and Halley 1982;
Schmoker et al. 1985; Croizé et al. 2013).

4. TFP refers to the structure-controlled hydrothermal dolomitiza-
tion by fault systems and includes the processes of compression,
extension, and transtension. The hydrothermal fluids preferen-
tially flow upward along extensional and transtensional fault
systems, and secondary pores can be formed by the differential
dissolution of the original carbonates (mainly limestone). Con-
versely, a compressional fault system can plug the pores (Chen
2008) [Fig. 3(d)].
In this study, two key characteristics of the Middle–Lower Cam-

brian high-quality reservoirs in Well ZS1 were observed: the sedi-
mentary original holes in reef–shoal facies and gypsodolomitic
sediments that contributed to reservoir development, and the dolo-
mitization that occurred during the penecontemporaneous shallow
period and created a solid rock framework to protect the pores
(Shen et al. 2016; Tian et al. 2015). In addition, TSR only slightly
affected the dolomite owing to the stable tectonics of the lower stra-
tum temperature (TЄ1x < 180°C), and hence, the porosity change
related to TSR was ignored (Wang et al. 2014; Zhu et al. 2015;
Zhao et al. 2014). With respect to the other poor reservoirs,
although their primary porosity was not developed, cementation
had occurred widely during different historical stages. This analysis
showed that STP was the carbonate porosity evolutionary pattern in
Well ZS1.

General Procedures

To achieve precise results of carbonate porosity modeling and con-
struct an accurate geologic model, a one-dimensional (1D) basin
modeling of Well ZS1 was built using PetroMod 2016.2 software,
which allowed us to obtain the approximate thermal and burial his-
tories of this well. The simulation involves the following steps:
1. build a model framework based on the understanding of the geo-

logical processes of the basin and region;

2. determine the target layers based on core observation, well
reports, and well-logging data; recognize the reservoir types,
origin, and distribution of the carbonate; and edit lithologies and
initial porosities of the target layer (Table 1);

3. determine the minimum time, depth, and temperature in the
case in which cementation occurs and set the target porosity
reasonably;

4. fill data in the table of the cementation tool, including the mini-
mum time, depth, and temperature conditions for the assigned
layers (only when all required conditions are set can the target
porosity modeling be fulfilled);

5. run the simulation and output depth–porosity and time–porosity
plots; and

6. calibrate the modeled porosity using the measured data; in the
case of bad calibration, return to Step 4 to modify the target
porosity values and run the simulation until the porosity mod-
eling results are calibrated reasonably.

Key Parameter Settings

Parameters are the key for porosity modeling using the cementation
tool to ensure a good fit between the modeled and measured poros-
ities. Table 1 lists the parameters for the cementation process. The
target porosity was derived from the average porosity values. The
age represented the start time and was set to 500 million years (Ma).
Studies have shown that noncemented sediments first lose porosity
via mechanical compaction, reaching a permanent state at a shallow
depth. The mechanical compaction and pressure solution of car-
bonates firmly control the rate of compaction at depths less than
2,000 m. Hence, carbonate porosity, particularly that of dolomite,
does not decrease easily after the burial depth exceeds 2,000 m
(Croizé et al. 2013; Schmoker and Halley 1982; Schmoker et al.
1985). Because the decrease in carbonate porosity occurs at depths
less than 2,000 m, we set this depth as the cementation point in this
study to ensure complete cementation. The geothermal gradient of
the study area was about 3°C=100 m (Wang et al. 2014).

Results

Cementation and Its Relationship with Burial History

To demonstrate the porosity modeling results, a depth–porosity
plot was used. Fig. 4 compares the modeled and measured poros-
ities of the Lower Paleozoic strata for Well ZS1 when the cemen-
tation tool was and was not used. The dotted line represents the
modeled porosity without the cementation tool, whereas the solid
line represents the modeled porosity with the cementation tool. It
is evident that the modeling results of the thick carbonate using
the cementation tool for Well ZS1 were more consistent with the
measured porosity values than were those obtained without using

Table 1. Key parameters of Well ZS1 used in cementation tool

Layer Lithology
Initial

porosity (%)

Cementation tool table

Target porosity (%) Age (Ma) Depth (m) Temperature (°C)

O3l Limestone 23 3.0 500 2,000 60.0
O1y Dolomitic limestone 23 3.0 500 2,000 60.0
O1p Dolomite and limestone 35 3.0 500 2,000 60.0
Є3q Dolomite 27 3.0 500 2,000 60.0
Є2a Dolomite and gypsodolomite 26 8.0 500 2,000 60.0
Є2s Gypsodolomite 24 3.0 500 2,000 60.0
Є1w Dolomite 35 3.0 500 2,000 60.0
Є1x Algae-skeleton dolomite 38 15.0 500 2,000 60.0
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the tool (Fig. 4). After calibrating the porosity close to the real
porosity, the model was calibrated further to the other parameters
that are consistent with the measured parameters, including tem-
perature, maturity, and pressure. All calibration results in Fig. 4
indicate that this model can represent accurately the acutual geo-
logical evolution of this area.

The occurrence of cementation typically follows an inherent
principle of pressure solution creep, which is controlled by burial
depth in geological history (Croizé et al. 2013). Three cementation
events occurred in the Early–Middle Ordovician, Silurian, and
Permian, corresponding to three subsidence events: the Early
Caledonian folding depression (O1–2), the Late Caledonian con-
tinuous deep-deposition (S), and the Late Hercynian overall basin
subsidence (P), respectively (Fig. 5). This implies that cementation
may occur at different ages and to different degrees for different
depositional times and depths, although thick-carbonate porosity
can decrease rapidly under chemical compaction (cementation).
Moreover, the porosity continued to decrease slightly and reached
the current values under simple mechanical compaction after ce-
mentation (Waples and Tirsgaard 2002; Sun 1995) (Fig. 2; Table 2).

Time–Porosity Plots

The porosity evolution processes can be demonstrated using the
time–porosity plot. The results for different strata of Well ZS1
are shown in Fig. 6. These plots clearly illustrate that three cemen-
tation events occurred in different stages and layers. The first ce-
mentation event occurred in the Early–Middle Ordovician (O1–2),
which led to porosity reductions of approximately 8.7%, 77.6%,
and 72.6% for Є1x, Є1w, and Є2s, respectively [Figs. 6(a–c);
Table 2]. The second cementation event occurred in the Silurian (S),
which caused porosity drops of approximately 16.3%, 68.4%,
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76.1%, and 70.4% for Є2a, Є3q, O1p, and O1y, respectively
[Figs. 6(d–g); Table 2]. The final cementation event occurred in
the Permian (P), which led to a porosity reduction of approximately
80.2% for O3l [Fig. 6(h); Table 2).

Change in Error Rate

For comparison, we list the modeled porosity with and without the
cementation tool and the average measured porosity data of each
layer in Well ZS1 in Table 2. The error rate between the modeling
and measured porosity ranged from 237.5% to 468.8% for low-
porosity carbonates and from 15.0% to 19.4% for high-porosity
carbonates. However, when cementation was taken into account,
the error rate decreased sharply to a range of 0%–12.5% for
low-porosity carbonates and 0%–5% for high-porosity carbonates
(Table 2).

Discussion

Difference between Low- and High-Porosity
Carbonates

The reduction percentage between the modeled porosities with and
without the cementation tool for high-porosity carbonates was
16.3% and 8.7% for the Xiao’erbulake Formation (Є1x) and
Awatage Formation (Є2a), respectively (Table 2). Neither had a re-
duction percentage greater than 20%. Obviously, low-porosity
carbonate is significantly different from high-porosity carbonate
because the porosities modeled using the cementation tool for al-
most every layer of low-porosity carbonate had excellent agreement
with the measured data, whereas at least 70% of the modeled results
without the cementation tool were underestimated significantly
(Table 2). In this study, the primary porosity was less developed
in low-porosity carbonates but clearly developed in high-porosity
carbonates. Dolomitization played an important role in protecting
or forming algal frameworks and intergranular and early hypergene
dissolved pores in high-porosity carbonates (i.e., Є1x and Є2a),
which led to a smaller reduction in porosity than in the case of
the low-porosity carbonates. This mainly was because the devel-
oped dolomite skeletons triggered the protection of pore structures
and prevented the porosity from decreasing while ensuring cemen-
tation (Shen et al. 2016). This difference between the low- and
high-porosity carbonates should be noted to distinguish and clas-
sify the processes of model construction.

Effect on Related Parameters

Numerous studies have shown that porosity affects the petrophysical
properties, including density, thickness, and thermal conductivity of

strata (Sekiguchi 1984; Waples and Tirsgaard 2002), thereby influ-
encing formation temperatures and hydrocarbon generation and
preservation. The surface heat flow and thermal conductivity are re-
lated as follows:

q ¼ −K dT
dZ

ð1Þ

where q = surface heat flow; K = rock thermal conductivity; and
dT=dZ = geothermal gradient. If q is the heat flow at any depth
underground, T0 is the surface temperature in corresponding depth
Z, and the formation temperature T is as follows:

T ¼ T0 þ
Z

Z

0

q
K
dZ ð2Þ

where Z and K are functions of T (Wang 2015). According to
Eq. (2), the depth and rock thermal conductivity are affected by
the porosity influence the layer temperature. This supports the fact
that precise porosity is an essential prerequisite for modeling,
particularly for modeling huge thick Paleozoic carbonates in the
Tazhong Uplift.

Therefore, based on the comparison of the results obtained by
considering cementation (calibrated) and not considering cementa-
tion (uncalibrated), we found distinctions based on different param-
eters of burial depth, thermal conductivity, stratigraphic temperature,
and vitrinite reflectance (EASY Ro%) (Fig. 7). For a comparative
analysis, we examined the changes in some parameters

ΔD ¼ Da −Du ð3Þ

Δλ ¼ λa − λu ð4Þ

ΔT ¼
Z

ΔD

0

q
Δλ

dZ ¼ Ta − Tu ð5Þ

ΔVR ¼ VRa − VRu ð6Þ

where Δ represents difference; D = depth; λ = geothermal conduc-
tivity; T = strata temperature; VR = vitrinite reflectance; and sub-
scripts a and u indicate calibrated and uncalibrated parameters,
respectively. Altogether, ΔD changed from 0 to −69 m [Fig. 7(a)];
Δλ changed from 0 to 0.05 W=m=K [Fig. 7(b)]; ΔT changed from
−0.5 to−5.8°C [Fig. 7(c)]; andΔVR changed from 0 to−0.12Ro%
[Fig. 7(d)]. These findings illustrate that the condition of porosity
dramatically affected the entire geologic model, and lower porosity
always led to shallower depths, higher thermal conductivities, lower
temperatures, and lower maturities.

Table 2. Comparison of modeled porosity (with and without cementation tool) with average measured porosity in each layer

Layer

Modeled porosity
without cementation

tool, Φ0 (%)

Modeled porosity
with cementation
tool, Φc (%)

Average measured
porosity, Φa (%)

Reduction,
p (%)

Error rate
without cementation

tool, σ0 (%)

Error rate
with cementation

tool, σc (%) Porosity level

O3l 9.1 1.8 1.6 80.2 468.8 12.5 Low-porosity
O1y 5.4 1.6 1.5 70.3 260.0 6.7
O1p 6.7 1.6 1.5 76.1 346.7 6.7
Є3q 5.7 1.8 1.6 68.4 256.3 12.5
Є2a 4.3 3.6 3.5 16.3 22.9 2.9 High-porosity
Є2s 4.0 1.1 1.0 72.5 300.0 10.0 Low-porosity
Є1w 4.9 1.1 1.0 77.6 390.0 10.0
Є1x 4.6 4.2 4.0 8.7 15.0 5.0 High-porosity

Note: p ¼ ðΦ0 − ΦcÞ=Φ0 × 100%; σ0 ¼ ðΦ0 − ΦaÞ=Φa × 100%; σc ¼ ðΦc − ΦaÞ=Φa × 100%.
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Fig. 6. Porosity evolution of different layers with and without the cementation tool.
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Influence on Hydrocarbon Generation

Assuming that the Xiao’erbulage Formation is the source rock,
the appropriate kinetics were selected as Tang(2011)_SARA_TII
(Tang et al. 1996). By setting total organic carbon (TOC) to 2%
and hydrogen index (HI) to 500 mg HC/g TOC, the difference
in hydrocarbon generation was calculated with (calibrated) and
without (uncalibrated) the cementation tool (Fig. 8). The bulk

generation mass from the cementation-considered model was
always lower than that of the cementation-unconsidered model be-
cause of lower strata temperature. In this case, the early generation
difference in the Caledonian was the largest (approximately
0.14 Mton); the Hercynian generation difference was in the middle
range (approximately 0.03 Mton); and the last-stage generation dif-
ference was the lowest (approximately 0.01 Mton) (Fig. 8), showing
that the influence of temperature change on hydrocarbon mass de-
creased with increasing maturity.

Limitation of Cementation Tool

The aforementioned results indicate that the PetroMod version
2016.2 software outputs reasonable results of carbonate porosity
modeling after considering cementation. However, in some cases,
carbonate occurred not only during cementation but also during
strong postdiagenesis such as in the TSR and karst processes that
promoted an increase in porosity (Jiang et al. 2018; Huang et al.
2010). Hence, the cementation tool is limited for application to lo-
cations in which cementation occurs; that is, the cementation tool is
applicable only to the situation of porosity reduction. However, for
the process of increase in porosity in carbonates with strong postdia-
genesis, other methods should be considered to model the porosity.

Conclusions

1. When performing basin modeling for thick carbonates using the
PetroMod software (version 2016.2), the chemical cementation

Fig. 7. Evolutionary diagrams of related parameters from the models considering and not considering cementation.

Fig. 8. Hydrocarbon generation curves from the models considering
and not considering cementation.
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must be taken into account, and the cementation tool is effective
for dealing with the process of chemical cementation of carbon-
ates. With the use of the cementation tool, the errors in the mod-
eled porosity decreased significantly, demonstrating a good
result for carbonate porosity modeling, which is critical for ba-
sin modeling.

2. The decrease in porosity leads to a shallower burial depth and
higher thermal conductivity, ultimately resulting in a lower for-
mation temperature and maturity. Hydrocarbon generation can
be modeled more reliably after calibration, and the temperature
changes affecting the hydrocarbon mass were weakened with
increased maturity.

3. The carbonate porosity over time decreased rapidly because of
chemical compaction. The chemical compactions occurred at
different ages and to different degrees because of differences
in the depositional burial time. In the case considered in this
study, three major chemical cementations occurred at different
ages and to various degrees in different layers; these cementations
correspond to three depositional events in the Early–Middle
Ordovician (Early Caledonian), Silurian (Late Caledonian), and
Permian (Late Hercynian).
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