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บทคัดย่อ 

 

ปัจจัยหลักของการบดอัดตัวของหินดินดานตามธรรมชาติคือการบดอัดทางกลศาสตร์ 
กล่าวคือ การบดอัดด้วยน้้าหนักกดทับหรืออีกนัยหนึ่งคือความลึกท่ีเพิ่มขึ้นจากการกดทับ 
อย่างไรก็ดีกราฟแสดงการบดอัดตัวของหินดินดานแสดงถึงแนวโน้มของข้อมูลท่ีกระจัดกระจาย
และยังไม่สามารถก้าหนดกราฟตัวแทนของการบดอัดตัวของหินดินดานได้ในปัจจุบัน นอกจากนี้
การกระจายตัวของข้อมูลการบดอัดตัวของหินดินดานยังไม่มีค้าอธิบายและหาข้อสรุปถึงปัจจัย
ของการกระจายตัวของข้อมูล งานวิจัยนี้มีวัตถุประสงค์เพื่อแสดงถึงความส้าคัญของปัจจัยทาง
ชั้นกาลเวลาทางธรณีและก้าหนดสมการทางคณิตศาสตร์ส้าหรับการบดอัดตัวของหินดินดานท่ี
แสดงความสัมพันธ์ของค่าความพรุนของหินดินดาน ความลึกจากการกดทับ และชั้นกาลเวลา
ทางธรณีของหินดินดาน ผลการวิจัยพบว่าชั้นกาลเวลาทางธรณีสามารถใช้อธิบายการกระจาย
ตัวของข้อมูลการบดอัดของหินดินดาน เส้นกราฟท่ีถูกวาดขึ้นจากสมการทางคณิตศาสตร์ท่ีถูก
คิดขึ้นในงานวิจัยนี้สามารถเป็นตัวแทนของข้อมูลการบดอัดของหินดินดานตามชั้นกาลเวลาทาง
ธรณี ด้วยเหตุนี้จึงสามารถกล่าวได้ว่าปัจจัยการบดอัดทางกลศาสตร์ (ค้านึงถึงเพียงความสัมพันธ์
แค่ค่าความพรุนของหินดินดานและความลึกจากการกดทับ) ไม่ใช่ปัจจัยหลักของการบดอัดตัว
ของหินดินดานแต่เพียงปัจจัยเดียว ชั้นกาลเวลาทางธรณีเป็นอีกหนึ่งปัจจัยท่ีส้าคัญท่ีจะต้อง
ค้านึงถึงส้าหรับการศึกษาเรื่องการบดอัดตัวของหินดินดาน 

 

 

 

 

 

 

 

 

  

 

 



 

ABSTRACT 

 
 Assembled compaction curves of mudrocks, including shales, (Skemption, 

1944; Engelhardt and Gaida, 1963; Miyazaki, 1966; Meade, 1966; Baldwin and 
Butler, 1985; Dzevanshir et al., 1986; Mondol et al., 2007) have revealed that only 
mechanical compaction (compaction processes as a function of effective stress 
or burial depth) cannot explain variations of compaction curves. Time or geologic 
age has been studied to be an important factor to influence on shale compactions 
(Terzaghi, 1925, 1943; Versluys, 1927; McCoy and Keyte, 1934; Weatherby and 
Faust, 1935; Van Olphen, 1963; Burst, 1969, Dzevanshir et al., 1986), especially at 
shallow part of compaction processes. Consequently, this study shows an effect 
of time on shale compaction curves and we set up mathematic equation that can 
draw shale compaction curves with consideration of time. Finally, the study can 
help us to understand the mechanism of shale compactions, especially at the 
shallow part which is dominated by the mechanical compaction. 
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Abstract 
 

Assembled compaction curves of mudrocks, including shales, (Skemption, 1944; 
Engelhardt and Gaida, 1963; Miyazaki, 1966; Meade, 1966; Baldwin and Butler, 1985; 
Dzevanshir et al., 1986; Mondol et al., 2007) have revealed that only mechanical 
compaction (compaction processes as a function of effective stress or burial depth) 
cannot explain variations of compaction curves. Time or geologic age has been 
studied to be an important factor to influence on shale compactions (Terzaghi, 1925, 
1943; Versluys, 1927; McCoy and Keyte, 1934; Weatherby and Faust, 1935; Van 
Olphen, 1963; Burst, 1969, Dzevanshir et al., 1986), especially at shallow part of 
compaction processes. Consequently, this study shows an effect of time on shale 
compaction curves and we set up mathematic equation that can draw shale 
compaction curves with consideration of time. Finally, the study can help us to 
understand the mechanism of shale compactions, especially at the shallow part 
which is dominated by the mechanical compaction. 
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1. Introduction 
 

Effect of time or geologic age has been studied to be an important factor to 
influence on shale compactions for a very long time (Terzaghi, 1925, 1943; Versluys, 
1927; McCoy and Keyte, 1934; Weatherby and Faust, 1935; Van Olphen, 1963; Burst, 
1969, Dzevanshir et al., 1986). Terzaghi (1925) discussed the primitive expression of 
his compaction equation. He considered compaction in term of excess pore pressure 
of soils and relaxation of the excess pressure in time. Versluys (1927) discussed 
effective processes in compaction of clay, calculated compaction pressure, and he 
stated that time factor relates to the escape of water, which was also considered by 
Terzaghi. McCoy and Keyte (1934) studied on the expulsion of enormous quantities 
of water from compacting muds and raise doubts to the existence of a definite 
relation between overburden and density of shales. They confirmed that geological 
age may also be an important factor in controlling density. An evidence of 
seismograph work, it is known that, in argillaceous sediments, the velocity of seismic 
waves in general increases with rock density. Increasing water content, on the other 
hands, tends to diminish velocity. Both of these factors are usually dependent on 
degree of compaction. Weatherby and Faust (1935) have supplied data on the 
increase of seismic velocities with geologic age. However, they ignored effects of 
uplift and erosions. Van Olphen (1963) studied on clay mineral dehydration and 
concluded that many clay lattices in Paleozoic and older Tertiary sediments appear 
to have been dehydrated completely under normal compaction. In contrast, partial 
dehydration has also been observed in relatively young sediments. Because of the 
paucity of fully swelling clay material in Paleozoic and older Tertiary rocks and its 
abundance in young sediments, clay hydration state is a function of geologic age. 

Burst (1969) is a pioneer to study effect of time on compaction processes 
quantitatively. He demonstrated his plots between porosity and geologic time based 
on Manger (1963)’s data of mudrocks (Manger reported only data without physical 
discussion). Burst (1969) suggested that the porosity of mudrocks tend to decline as 
a function of increasing time (Fig. 1.1). However, his plot was not clear because he 
only plotted ranges of porosities with times, and depths (or age range of sample) 
were not specified. Consequently, this research would propose a mathematic 
equation of shale campaction would be proposed based on geological time 
sequences and would reveal an effect of the time on shale compactions.  
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Fig. 1.1 Porosity-Geological time plots of shale compactioin data re-contrucuted from Burst (1969) 
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2. Objective 
 

To research sequences of geological time on shale compaction curves and set 
up mathematic equation that can draw shale compaction curves with consideration 
of geological time. Finally, the research can help to understand the mechanism of 
shale compactions, especially at the shallow part which is dominated by the 
mechanical compaction. 
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3. Literature Review 
 

Geological time is an important factor to influence the compaction as well as 
overburden. Time after deposition of mud promotes its compaction. Effect of 
geological time on the compaction is far more difficult for us to analyze than 
overburden. It is because an experiment is impossible for geological time. Normally, 
the processes of compaction of sediments are very slow, therefore a differential 
equation of excess pore pressure considering with time and depth proposed by 
Terzaghi (1925, 1943) and slow compaction model of  Folwer and Yang (1998)’s 
differential equation can be analysed and solved. A mathematical expression of 
compaction of shales can be set up with consideration of time and depth, and the 
shale compaction curves can be drawn. The scatters of porosity-depth plots in term 
of different time sequences were revealed and the variations on compilation curves, 
e.g. Mondol, et al. (2007) in Fig. 3.1, can be classified by geological time sequences. 

The meaning of the shale compaction can be simply described as the process 
which is compressed from mud into a clay and finally into a shale. The compaction 
is a burial diagenetic process to reduce porosity of shale partly or wholly caused by 
the gravitational loading. Generally, the compactions of shales have been known 
that mechanical compaction dominates in the shallow parts of the basin and 
chemical compaction dominates in the deeper parts of the basin. 

The compilations of the shale compaction curves (Skemption, 1944; Engelhardt 
and Gaida, 1963; Miyazaki, 1966; Meade, 1966; Baldwin and Butler, 1985; Dzevanshir 
et al., 1986; Mondol et al., 2007) from several basins demonstrate variations and 
scattered data, especially at the shallow part of the basin in which mechanical 
compaction is dominance. For an example, Fig. 3.1 shows variations of shale 
compaction curves created by Mondol et al. (2007). The authors did not explain 
doubts of variation curves, and they did not show, however, a mathematical 
relationship between time (geological time) and porosity of shales. Hence, the 
variations of compaction curves on porosity-depth plots show that only mechanical 
compaction cannot explain the scattered data and variations of shale 
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compaction curves. 
Mechanical compaction is a type of the diagenetic processes in the compaction.  

The mechanical compaction can be described as a function of porosity, and 
controlled by overburden (i.e., burial depths), effective stress and pore pressure.  
The function has been proposed in term of porosity and burial depth based on both 
field observations and experimental studies. An empirical equation of compaction is 
practically expressed as an exponential function with a negative coefficient (Athy, 
1930), and has been widely used for exploring the relationship of compaction of 
shale sediments (including shales). The porosity () is expressed as a function of 
burial depth (z) as shown in Eq. (1).  This model was derived from viewpoints of 
statistical physics by Korvin (1984). 

 
Fig. 3.1 Compilation curves of shale compactions (Mondol et al., 2007) 
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𝜙 =  𝜙0𝑒−𝑎𝑧 (1) 
Where 𝑎 is the constant representing localism environments of basins, and 𝜙0 

is the initial porosity at a datum depth. 
Nevertheless, porosity of shales at a depth is also determined by effective stress 

(𝜎𝑒). The same relationships of porosity and effective stress (Dutta, 2002; Flemings 
et al., 2002; Peng and Zhang, 2007, Zhang, 2011) can be established: 

𝜙 =  𝜙0𝑒−𝑎𝜎𝑒 (2) 
The effective stress can be determined by total stress (𝜎𝑣) and pore pressure 

(𝑃𝑝) that satisfy a famous equation as called Terzaghi’s model. Following relationship 
(Terzaghi, 1925; Rubey and Hubbert, 1959): 

𝑃𝑝 =  𝜎𝑣 − 𝜎𝑒 (3) 
where Biot coefficient (𝛼) is normally assumed to be 1 (i.e., rock framework-grains 
are incompressible) and 𝜎𝑣 is normally known the overburden stress (total stress; 
here horizontal stress, normally of tectonic origin, is neglected). 

Compaction of soils and clays has been described by Terzaghi’s equation 
(Terzaghi, 1925, 1943). Terzaghi’s equation includes time as one of variable 
parameters. This directly indicates effect of time on sediment compaction. To reveal 
the effect of time on shale compaction, it was assumed that conditions of 
compaction, i.e. permeability of sediments are much smaller, and changes of water 
saturation and relaxation of excess pressures due to changes of stress state take 
place much slower than in aquifer sediments. Water cannot migrate rapidly from 
one part to another (or adjacent more permeable layers that promote expulsion of 
excess water). This phenomenon produces a time lag between a change of forces 
that cause compaction and corresponding change of water saturation in sediments. 
The excess pressure (𝑢 ), the pressure difference between the static and pore 
pressure, in the water contained in compacting beds of clay is a function of the time 
(𝑡) and depth (𝑧) as shown in Eq. (4), where 𝑐𝑣𝑐 is called that the coefficient of 
compaction. 

𝜕𝑢

𝜕𝑡
=  𝑐𝑣𝑐

𝜕2𝑢

𝜕𝑧2  (4) 

Following Terzaghi’s assumptions for Eq. (4), i.e. 1) the process of consolidation 
proceeds very slowly, 2) the voids are completely filled with water, 3) the rocks are 
homogeneous and 4) only water moves in the framework, it can be rewriten the Eq. 
(4) using the porosity instead of the excess pressure as a function of time and depth 
of slow compaction following Fowler and Yang (1998)’s equation: 

𝜕𝜙

𝜕𝑡
=  𝜆′ 𝜕2𝜙

𝜕𝑧2 ,     𝜆′ = 𝜆
(1−𝜙0)2

𝜙0
 (5) 
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𝜆 =  
𝑘0

𝑀
,   𝑘0 =  

𝐾0𝛾𝑤

𝜇
 (6) 

where 𝜆  is the compaction number, 𝜙0  is the initial porosity, 𝑀  is the 
sedimentation rate, μ is the fluid viscosity, 𝛾𝑤 is the unit weight of water, 𝐾0 is the 
initial permeability, and 𝑘0 is the initial permeability coefficient. 
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4. Methodology 
 
4.1 Re-construction porosity-time plots of Burst (1969) 

 Based on effect of time was re-studied and analyzed as shown in previous 
sections, the data plots on porosity-time modified from Burst (1969), as shown in Fig. 
1.1, can be reproduced. Although Burst (1969)’s plots showed that the porosity of 
mudrocks tend to decline as a function of increasing time. However, his plot was not 
clear because he only plotted ranges of porosities with times, and depths (or age 
range of sample) were not specified, i.e. effect of time did not only influence on the 
decline of the porosity because mechanical compaction (burial depth) was still 
dominant.  

Consequently, this section selected specific depths at 3000, 4000 and 5000 ft. 
(Meaning effective stress does not affect compaction processes at each depth) to 
reveal an effect of time, as shown in Fig. 4.1, and eventually found that porosity 
declines as a function of geologic time as same as Burst (1969). 

 
4.2 Data Collection 

Shale compaction data used in this study came from several sedimentary 
basins. The porosity and density are theoretically related and known as the 
indicators of the compaction of sediments. All data have no information on major 
erosions and unconformities. The data used in this study are listed in Table 4.1 along 
with basin location, bottom depth, porosity measurement, amount of data, and 
reference.  

Fig. 4.2 represents varieties of basins of data that were used in this study. The 
geographic map shows that the data were taken by both onshore (Data No. 1, 3.7, 
3.8, 4, 5, and 6) and offshore (Data No. 2, 3.1, 3.2, 3.3, 3.4, 3.5, and 3.6) basins, 
including Japan (No. 1 and 3.7), Gulf of Oman (No. 2), U.S.A. (No. 4), Venezuela (No. 
5), Barbados (No. 3.2), Italy (No. 3.8), Antarctic Ocean (No. 3.3), Indian Ocean (No. 3.5), 
Pacific Ocean (No. 3.1), Philippines (No. 3.4), Atlantic Ocean (No. 3.6), and 
Northeastern Thailand (No. 6). The obtained data can be represented shale 
compaction data of around world. All amounts of data used are more than 850 data. 
The numbers on the geographic map are correlated the No. in the Table 4.1, which 
identify locations of basins. 
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4.2.1 Data Acquisition 

The porosity data No. 1 were from the core samples obtained at 16 wells in 
Akita oil field, Japan. The natural densities of the samples were measured within a 
few hours, just after taken from wells, and then were converted to porosity data by 
that assuming specific gravity of the present sea water as 1.025, thus the average 
specific gravity of the grain is 2.65, as followed: 

 

Fig. 4.1 Re-construction of porosity-geologic time plots from Fig. 1.1 (Burst, 1969)  
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Table 4.1 Shale compaction data description 

No. Basin location 
Bottom  

depth (km) 
Porosity  

Measurement 
Amount of 

data 
Reference 

1 Akita  3.00 Direct measurement 143 Aoyagi et al. (1979; p.41) 

2 Makran 5.00 Wireline measurement 25 Fowler et al. (1985; p.429-430) 

3.1 N Pacific 0.05 

Direct measurement 138 Velde (1996; p.196) 

3.2 Barbados 0.46 

3.3 Antarctic 0.30 

3.4 Sulu Sea 1.00 

3.5 Indian Ocean 1.30 

3.6 E Atlantic 0.30 

3.7 Niigata 4.50 

3.8 Po Valley 2.50 

4 Oklahoma 2.00 Direct measurement 368 Athy (1930; p.12) 

5 Maracaibo 2.00 Direct measurement 37 Hedberg (1936; p.254) 

6 Northeastern Thailand 3.51 Wireline measurement 153 Department of Mineral Fuels, Thailand 

 

 

 

 

 

 

 

 
Fig. 4.2 Geographic map of data locations 
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 𝜙 =
𝜌𝑔−𝜌

𝜌𝑔−𝜌𝑙
                              (7) 

where ρ is the natural density, 𝜌𝑔 is the grain density, 𝜌𝑙 is the density of pore water,  
and ϕ is the porosity. 

For No. 2, porosity data were estimated by seismic velocity data using an 
empirical relationship derived by Hamilton (1978). First the seismic velocity was 
converted to bulk density (𝜌𝑠), and then the bulk density was converted to porosity 
(ϕ) by using following equation: 

  𝜌𝑠 = 𝜙𝜌𝑤 + (1 − 𝜙)𝜌𝑔               (8) 
a grain density (𝜌𝑔) of 2.762 g/cm3 and a pore water density (𝜌𝑤) of 1.050 g/cm3 are 
assumed from measurements on Deep Sea Drilling Project (DSDP) site 222. 

For group of data No. 3 (i.e. 3.1, 3.2, 3.3, 3.4, 3.5, 3.6, 3.7 and 3.8) the porosity 
data were obtained from several basins. Almost all data were taken from Ocean 
Drilling (ODP) and DSDP. The porosity data were acquired from consolidation test in 
laboratory. The laboratory test is for porosity measurements as a void ratio and the 
compacting force as pressure exerted by the solids.  The porosity (ϕ) is related to 
void ratio (e) by Eq. (9). 

 𝑒 =
𝜙

(1−𝜙)
                            (9) 

In cases of data No. 4 and 5, porosities were estimated from density data as 
followed: 

 𝜙 =  [1 − (
𝐵𝑢𝑙𝑘 𝑑𝑒𝑛𝑠𝑖𝑡𝑦

𝐴𝑏𝑠𝑜𝑙𝑢𝑡𝑒 𝑑𝑒𝑛𝑠𝑖𝑡𝑦
)] · 100         (10) 

where bulk density is the density of thoroughly dried rock, i.e. pore space free of 
liquids, and absolute density (or the so-called grain density) is the density of 
constituent particles of a rock, i.e. rock substance free from pore space (Hedburg, 
1936). However, they are different way to obtain the density data. The bulk density 
of data No. 4 was acquired by weighing a sample in mercury with a Jolly balance 
and a sufficient mass being suspended to submerge the sample. While, the data No. 
5 used Melcher method and pycnometer method in order to measure bulk density 
and absolute density, respectively. In addition, this study assumed the absolute 
density of data No. 4 remains constant and equal 2.762 g/cm3 (Fowler et al., 1985) 
for calculating in Eq. (10).  

Data No. 6 are the combination of shale data from several basins in the 
northeastern part of Thailand. The data were taken by density logging, sonic logging, 
and neutron logging. The porosity data were calculated by using Eq. (8) for density 
logging and Eq. (11) for sonic logging. The equation for calculating porosity from sonic 
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logging is shown as follows: 
 𝜙 =

∆𝑡−∆𝑡𝑚𝑎

(∆𝑡𝑓−∆𝑡𝑚𝑎)
       (11) 

where ∆𝑡 is an acoustic transit time (µsec/ft), an acoustic transit time of water  (∆𝑡𝑓) 
is of 218 µsec/ft and an acoustic transit time of shale (∆𝑡𝑚𝑎) is assumend to be 62.5 
µsec/ft. 

  
4.2.2 Basin Information 

The geologic information of data No. 1 referred to Miyazaki (1966). The samples 
were taken from Akita oil field and range from the shale of the Sasaoka formation 
to the black shale of the Funakawa formation. In fact, the density distribution on 
each well seems to be pretty normal. Each well is situated near the crest of gentle 
anticline, where can be recognized no structural disturbances in sediments. 

While, the data No. 2 were taken from abyssal plain sediments in the Makran 
accretionary prism of northwest Indian Ocean. The oceanic Arabian plate is 
subducting shallowly northwards beneath the continental Eurasian plate. The 
abyssal plain sediments were stated that they are undeformed sediments and very 
little erosion takes place. According to they do not exhibit major internal 
deformation, thus they do not undergo tectonic consolidation.  

Basin histories of group of data No. 3 stated that the samples were not affected 
by diagenesis and were critical to any interpretation of general sedimentary 
compaction phenomenon in ocean basins as it was the beginning stages of particle 
re-arrangement which must necessarily condition later stages of volume reduction 
which are only due to pressure.  

The basin information of the Oklahoma basin in data No. 4 stated that all the 
samples studied were taken from areas of structural deformation and some of 
compaction may have resulted from vertical and lateral pressures in the earth’s 
crust. The samples were acquired from wells in the Mervine, South Ponca, Thomas, 
Garber, and Blackwell fields. The sediments range from Permian age to base of 
Pennsylvanian age with no intervening unconformity. 

Data No. 5 was obtained from the Geological Laboratory of Venezuela Gulf Oil 
Company. These data came from the study of core samples of Tertiary shales from 
wells drilled in the large geosynclinal basins of Venezuela. The samples were taken 
from a deep test in undisturbed and essentially horizontal Tertiary strata far removed 
from areas of major tectonic disturbance and the strata consisted in large part of 
shales which were free from appreciable sand impurity. In addition, absence of major 
unconformities in the section makes it possible to assume that the existing 
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overburdens are maximum overburdens. 
Finally, the data No. 6 is shales in the northeastern part of Thailand. The shales 

are locally thick, organic-rich, dry gas prone, deeply buried, and overpressured. They 
was initiated during the Middle Paleozoic, with widespread deposition of clastic and 
carbonate sedimentary rocks. Tectonic extension during the Early Permian broke the 
basin apart into numerous horst and graben blocks separated by high-angle normal 
faults. 

 
4.3 Data Analysis 

Assembled data were plotted on porosity-depth relationship as shown in Fig. 
4.3, and then the specific depths (500 and 1,500 m) were mentioned to show that 
mechanical compaction (burial depth or effective stress is kept constant in order to 
ignore depth effect) is certainly one of the main controlling factors of compaction 
of shales, but porosity still declines even mechanical compaction (burial depth or 
effective stress is kept constant as the depth at 500 and 1,500 m) does not influence 
on compactions. 

Furthermore, the factors that influence on shale compaction are shown in Table 
4.2. Those factors are basin type, lithology, thickness of strata, age of stratum and 
compaction factors. The compaction factors, i.e. porosity of shaee at datum depth 
(𝜙0) and constant value of exponential function (𝑎), were determined by fitting 
curves of Eq. (1).  

Table 4.2 revealed that the variations of compaction curves of shales can be 
due to several factors and the compaction is affected by several factors which 
control compaction under localized environments. Time (or geologic age) is likely to 
be a major factor that influences variations of compaction processes of shales. It is 
because the coefficients of compactions show an increasing tendency with increasing 
time in the summary table.  
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4.4 Construction of Mathematic Equation on Time Effect of Shale Compaction 

Based on Terzaghi’s equation and assumptions (Terzaghi, 1925, 1943) as shown 
in Eq. (4) and Fowler and Yang (1998)’s equation in Eq. (5) and (6). To reveal the 
effect of time on shale compactions, a mathematical expression of compaction of 
shales considering both time and depth was established (Eq. (12)), and it also shows 

Table 4.2 Shale compaction data analysis 

No. Basin location Basin type Lithology 
Thickness of 
strata (km) 

Age of stratum 
Compaction factor 

𝜙0 (%) 𝑎 (km-1) 

1 Akita and Hokkaido Back-arc Black shale 0.2 - 3 Mio-Cretaceous 72 0.656 

2 Makran Abyssal 
Silt and Clay 

sediment 
0 - 5 Paleo-Neogene 54 0.476 

3.1 N Pacific 

Deep-water 

Clay-rich sediment 0.05 - 4 

Pleistocene 

56 0.486 

3.2 Barbados Eo-Holocene 

3.3 Antarctic Plio-Pleistocene 

3.4 Sulu Sea Mio-Pleistocene 

3.5 Indian Ocean Paleo-Neogene 

3.6 E Atlantic Plio-Holocene 

3.7 Niigata Back-arc and 
Convergent 

Mio-Holocene 

3.8 Po Valley Plio-Holocene 

4 Oklahoma Convergent Red shale 0.5 - 2 Perm-Penn 36 1.006 

5 Maracaibo Back-arc Greenish gray mud 0.08 - 2 Paleo-Neogene 41 0.698 

6 Northeastern Thailand 
Fluvial and 
Lacustrine 

Organic-rich shale 0.2-3.5 Carbo-Triassic 8.75 0.071 

 

 

 

 

 

 
Fig. 4.3 Data plots of different times on porosity-depth relationship a) Scattered data on shale 

compactions b) Depth specifications (at depth 500 and 1,500 m) revealing effect of time  
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that if time factor is omitted, Eq. (12) will be reduced to Athy’s model as shown in 
an Eq. (1) (This study ignored mutual dependence of 𝑧 and 𝑡 in a geological process). 
An actual set of data from a well represents geological processes and histories of 
the stratigraphic succession pass through. Hence, as long as this study stick to the 
actual data, the ignorance of mutual dependence of 𝑧  and 𝑡  can be implicitly 
expressed in analysis of the actual data based on Eq. (12) is cancelled in an 
evaluation of constants 𝜙0 and 𝑎, etc. 

𝜙(𝑧, 𝑡) =  𝜙0𝑒−(𝑎𝑧+𝑎2𝜆′𝑡) (12) 
where 𝜆 is the compaction number, 𝜙0 is the initial porosity. 
 

4.5 Shale Compaction Curves Considering with Time Effect 
 The theoretical parameters of the shale compaction are listed in Table 4.3; 

they are initial porosity (𝜙0) which was reported that the surface porosity of shales 
range around 60 – 65 %, initial permeability (K0), fluid viscosity (μ), and unit weight 
of water (𝛾𝑤) were used by the standard numbers of mudstones and water, the 
sedimentation rate (M) was assumed for slow compaction model of shale 
compaction, and constant value of exponential function (𝑎) which was obtained by 
an average of constant values of exponential function from several published 
compaction curves. By using those parameters based on geological consideration for 
various basins used in Eq. (12). Shale compaction curves varying with times from 0 
to 550 Ma (Cenozoic to early Paleozoic age) can be drawn as shown in Fig. 4.4.  
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Fig. 4.4 Shale compaction curves considering with time effect 

Table 4.3 Assuemed parameters for mudstone compaction curves varying with time 
Parameters Value Unit 

Constant value of exponential function (𝑎) 0.48 Km-1 

Initial porosity (𝜙0) 65 % 

Unit weight of water (𝛾𝑤) 1x104 N/m3 

Initial permeability (K0) 0.38 μD 

Fluid viscosity (μ) 0.8x10-3 Pa·s 

Sedimentation rate (M) 1 mm/yr 
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5. Result and Discussion 
 

5.1 Shale Compaction Curves Considering with Time Effect on Data Plots 
 The shale compaction curves considering with time effect plots with actual 

data are shown in Fig. 5.1. The graph shows an acceptable match between 
compaction curves and actual data based on time variations. The scattering of actual 
data from Cenozoic age to middle time of Paleozoic age can also be explained as 
effect of time on shale compactions, but this study used assumed parameters to 
constrain only time factor influences on shale compactions. The order of 100 million 
years is necessary for us to recognize clearly the effect of time on shale compaction.  

 

 

5.2 Time Effect Model Verification by 3D Plots 
In this section, the data of porosity, depth and time were plotted on 3D graph, 

as shown in Fig. 5.2, in order to determine matching between shale compaction 

 
Fig. 5.1 Shale compaction curves considering with time effect on observed data  
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modle considering with time effects (Eq. (12)) and actual data on 3D-plots. The 
porosity data were transformed by natural logarithm, while the time data were 
plotted in ranges of geologic times. The plane fitting of the data is in accord with 
mathematic model of time effect (Eq. (12)) in natural logarithm function as shown 
in Eq. (13). 

𝑙𝑛 𝜙 =  𝑙𝑛 𝜙0 − 𝑎𝑧 − 𝑎2𝜆′𝑡 (13) 
Fig. 5.2 shows that the data could be fitted by plane fitting (R2 = 0.7) of Eq. (13). 

This can explain the mathematic model that has been setup in this chapter can use 
and represent compaction data considering with time effect, and it can confirm that 
the mathematic model which has been setup in exponential function corresponding 
with function among porosity, depth, and time. 

  

Fig. 5.2 Data plots and plan fitting on 3D graph of relationship among porosity-depth-time 



26 
 

 

The parameters were determined by least square method of 3D plots, so the 
calculated parameters of compaction, i.e. initial porosity (𝜙0), initial permeability (𝐾0), 
constant value of exponential function (𝑎) and 𝜆′ , were calculated to verify with 
theoretical parameters (used for setting up mathematic model of shale compaction 
considering with time effect) as shown in Table 5.1.  

The comparisons show that the calculated parameters from 3D plots are 
consistent with assumed (or theoritical) parameters; it means that the property and 
condition, which were assumed in order to calculate and draw shale compaction 
curves considering with time effects, were satisfactorily reasonable and can be 
represented to demonstrate effect of time on shale compactions.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 5.1 Comparison between assumed and calculated parameters  
Parameters Theoretical value Calculated value Unit 

Constant value of exponential function (𝒂) 0.48 0.40 Km-1 

Initial porosity (𝝓𝟎) 65 51.5 % 

Initial permeability (K0) 0.38 0.13 μD 

𝝀′ 0.029 0.024 - 
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6. Conclusion 
 

Compaction of shales is defined as a function of porosity, and has been 
described in a burial diagenetic process to reduce porosity of shales.  Mechanical 
process is the main among factors controlling the compaction, and is controlled 
mainly by overburden (i.e., burial depths), effective stress and pore pressure.  This 
study revealed that mechanical compaction (or burial depths) is certainly one of the 
main controlling factors of compaction of shales, but it cannot be a single factor to 
explain the relationship between porosity of shales and burial depths in a form of a 
compaction curve.  The time effect can be observed clearly in scale of 100 million 
years.  This work analyzed and classified effects of several factors, i.e. basin type, 
lithology, geologic age or time, thickness, etc (as shown in Table 4.2). Such 
compaction factors, influencing scatters of data points from a normal trend, cause 
variations of shale compaction curves. 

Time is an important factor to influence the compaction as well as overburden. 
Time after deposition of mud promotes its compaction. Effect of geological time on 
the compaction is far more difficult for us to analyze than overburden.  It is because 
an experiment is impossible for geological time. Results of analysis of Table 3.3 and 
Fig. 4.3 show that time (or age) is likely to be an effective factor influencing variations 
of compaction processes of shales. In addition, this study re-evaluated on time effect 
of mudrock compactions based on theory of consolidation (Terzaghi equation) 
proposed by Terzaghi (1925, 1943). Assuming the processes of compactions are very 
slow (compaction number, 𝜆 < 1), shales have low permeability, and the rock model 
is a homogeneous following Terzaghi’s assumptions, and thus a differential equation 
of excess pore pressure considering with time and depth proposed by Terzaghi (1925, 
1943) can be replaced by slow compaction model of  Folwer and Yang (1998)’s 
differential equation.  

A mathematical expression of compaction of shales can be set up with 
consideration of time and depth, and the shale compaction curves can be drawn. 
The scatters of porosity-depth plots in term of time effect were revealed and the 
variations on compilation curves of Mondol et al. (2007) can be classified by time 
effect. Finally, this study furnished results of Dzevanshir et al. (1986) and supported 
that time factor should be paid more attention on mechanism of mudstone 
compaction. Furthermore, this study can also help us to understand the mechanism 
of shale compaction, especially at the shallow part that is dominated by the 
mechanical compaction. 
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