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Detailed knowledge of the effects of temperature on the thermal conductivity (λ) of rocks is essential for investigating the
geothermal regime of basins and their thermal evolution. In this study, the λ of four rock types (carbonate, clastic, intrusive, and
volcanic rocks) were measured at temperatures of 25°C, 50°C, 100°C, 150°C, 200°C, 250°C, and 300°C using the Transient Plane
Source (TPS) approach, which is accurate to ±3%. Experimental results demonstrate that the λ of carbonate and clastic
specimens decrease strongly with increasing temperature. In contrast, the λ of intrusive and volcanic rocks are relatively
insensitive to temperature. The temperature (T) dependence of λ can be classified into three groups in terms of the value of λ at
25°C. The first group is composed of rocks characterized by high λ (>4.5W/m·K) at room temperature, for which the curves of
λ − T exhibit a concave pattern. The second group consists of rocks with a moderate λ (2.5~3.5W/m·K), in which the curves
tend to be a straight line. The last group comprises rocks with a low λ (<2.5W/m·K), exhibiting convex curves. There exists a
close relationship between the λ at 25°C and its rate of decrease (α). The absolute value of α increases with the λ at 25°C rising.
The relationship between the two values can be fitted by the equation y = ax + bð1/xÞ + c to derive the fitting parameters a, b,
and c; by this equation with known fitting parameters, the λ of the deep carbonate rocks of the Tarim Basin have been estimated.

1. Introduction

Thermal conductivity of rocks is an essential parameter in
many fields such as constraining the dynamic evolution of
planets, exploring the thermal state of basins, and utilizing
geothermal resource. A large number of studies have been
conducted on the calculation of heat flow and temperature
in deep strata with demand for the exact data of thermal con-
ductivity in situ, which cannot, however, be directly mea-
sured because of the limitation of current technology.
Moreover, theoretic calculation is also impossible on account
of extreme complicated structure of rocks. To date, experi-
mental measurements in high temperature or pressure are
the sole approach to attain situ thermal conductivity of rocks.
There exist only a few studies focusing on the factors

influencing thermal conductivity for rocks in recent years.
[1–5]. Initially, Birch and Clark [6] measured the λ of several
rocks by adopting the steady method with rising tempera-
ture. The experimental results showed that the λ of all sam-
ples were between 1.67 and 5.86W/m·K, and the λ of
feldspar aggregates and glasses with low-conductivity
increased as temperature rise, whereas those samples having
a high conductivity showed a negative temperature depen-
dence. A simple equation, λ = 1/ðA + B × TÞ, to describe the
relationship between the λ and T was proposed by Seipold
(1998), in which A and B, controlled by the lithology, are
the fitting coefficients. This study seemed to reveal a general-
ized conclusion that rocks with a relatively high thermal con-
ductivity exhibit a stronger decrease in thermal conductivity
with increasing temperature than those with lower λ.
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Vosteen and Schellschmidt [7] obtained the λ of magmatic,
metamorphic, and sedimentary rocks using transient
methods. Their results indicated that the value of λ at 0°C
governs the temperature dependence of λ in rocks, consistent
with Seipold (1998). Abdulagatov et al. [8] employed a steady
method to determinate λ of five rocks (sandstone, limestone,
amphibolite, granulite, and pyroxene-granulite) at tempera-
ture between 0°C and 150°C and high pressure simultaneously.
Their results demonstrated a nearly linear temperature
dependence of the λ. Although the above-mentioned studies
provide useful insights into the temperature dependence of λ
for rocks, the knowledge of temperature effect on λ need to
be improved.

The aims of the present study are (1) to develop a novel
model to predict λ as a function of temperature and (2) to
provide a basis for the correction of λ at high temperature.

2. Samples and Methods

2.1. Sample Information. Twenty-eight rock specimens of
outcrops are collected, including twelve carbonates, five clas-
tic rocks, six intrusive rocks, and five volcanic rocks. To
ensure the universality and impersonality of experimental
results, these opted samples are not restricted in one local
region, but locates in a wide range of sedimentary basins or
structural belts, involving North China Plain, Sichuan Basin,
Tarim Basin, Songliao Basin, etc. To rule out rock structure
effect on thermal conductivity, all samples chosen for the
study were homogeneous and isotropic at hand scale, with
no visible bedding or cracks. All specimens were deposited
in a dry environment at room temperature and atmospheric
pressure. Each sample was prepared as two cuboids of 50mm
length, 50mm width, and 15mm thickness for thermal con-
ductivity measurements (Figure 1). The surfaces of the proc-
essed cuboids must be as flat as possible. Even though there is
a little microirregularity on the sample’s surface, a strong
contact thermal resistance can be produced leading to fluctu-
ating results. To ensure this, each sample surface in contact
with the probe (introduced in the following text) must be
polished. Detailed descriptions and physical parameters of
the analyzed specimens are listed in Table 1.

2.2. Methods. Over the past decades, methods in thermal
analyses have been substantially improved in accuracy and

expanded to dozens of secondary approaches. According to
the status of temperature field inside the measured samples,
these experimental techniques can be classified into two
groups. (1) Steady methods: these ones feature a steady tem-
perature field across the sample throughout the measure-
ment process and were extensively employed in the past.
High accuracy is their most prominent strength. However,
its price is rather time-consuming and expensive. It will take
five to seven hours to wait for the establishment of steady
temperature field. For these disadvantages, steady methods
have been hardly employed in the studies of rocks or min-
erals in recent years. (2) Transient methods: contrary to
steady methods, transient methods have a variable tempera-
ture field in the interior of samples throughout transient
measurements. By contrast, an outstanding upside of tran-
sient methods is time-saving and cheaper. The measurement
process duration typically ranges from a couple of seconds to
a few minutes. In the past, they are less accurate than steady
methods. By decades of improvement and development,
transient methods have been accurate enough for the deter-
mination of rocks now. Most researchers preferred to them,
so the reliability of these approaches have been thus vali-
dated. The major transient methods are as follows: (1) optical
scanning (uncertainty 2%) [9], (2) need-probe (uncertainty
5%) [10], (3) hot wire (uncertainty 4%)[11, 12], and (4) tran-
sient plane source (TPS) (uncertainty 3%) [13]. In this study,
TPS method was employed.

The TPS method is based on the principle of plane tran-
sient heat conduction in an infinite medium, which ensures
that heat flow transporting through the specimen cannot
reach its boundaries. After the measured sample is fixed in
the sample-holder, waiting time of three minutes at least
was required to achieve the thermal equilibrium between
the measured specimen and the probe, before each starting
of measurement. Upon reaching this state, the specimen
was heated by the probe, producing a thermal disturbance
in the temperature field within the specimen. Since the ther-
mal conductivities of materials are diverse, the corresponding
temperature rise varies. Specimens with good thermal con-
ducting properties are characterized by rapid heat transport
inside the specimens, and the probe temperature rise is rela-
tively slow and low. In contrast, for specimens with good
thermal insulation properties, the probe temperature rises
rapidly, and heat is transported slowly.
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Figure 1: Representative specimen prepared for thermal conductivity measurements. (a) Top view. (b) Side view.
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The temperature rise (Δ�T) and the dimensionless time
function (DsðτÞ) can be fitted as a linear function (Equation
(1)). The slope of the straight line obtained is a function of
the value of λ in the measured specimen. The corresponding
temperature rise can be expressed as:

Δ�T τð Þ = Po

π3/2rλ
Ds τð Þ,

τ =
ffiffiffiffiffi

αt
p

r
=

ffiffiffi

t
θ

r

,

θ = r2

α
,

ð1Þ

where Δ�TðτÞ is the mean temperature rise in the probe, P0 is
the total output power of the probe, r is the radius of the
probe, λ is the thermal conductivity of the specimen, τ is a
dimensionless function, depending on time, α is the thermal
diffusivity of the specimen, t is the measurement time from
the start of the transient recording, and θ is the characteristic

time. According to Equation (1), λ can be calculated as the
following:

λ = Po

π3/2rk
, ð2Þ

where k, which is known, represents the slope of the line.

2.3. Equipment and Measurements. In this work, a Hot Disk
TPS2500S (Figure 2(a)) was adopted to measure the λ value
of the analyzed specimens. The apparatus measures thermal
conductivity of materials ranging from 0.005 to 500W/m·K
in accuracy and reproducibility better than 3% and 1%,
respectively. The core component of the apparatus is a thin
double spiral probe, etched out of a thin nickel foil
(Figure 2(b)), which is sandwiched between two sheets of
polyimide electrical insulator. A constant direct current is
applied to the probe, causing its surface temperature to rise
and the electric resistance of the nickel wire inside the probe
increases simultaneously. The temperature of the surface of
the specimen is associated with the resistance of nickel wire
based on the known equation constraining temperature and

Table 1: Description and physical parameters of the analyzed specimens.

No. Petrology Description Density (g/cm3) Effective porosity (%)

Ca-01 Dolomite Gray, micrite 2.840 0.6

Ca-02 Dolomite Gray, micrite 2.785 0.4

Ca-03 Dolomite Black gray, micrite 2.841 0.4

Ca-04 Dolomite Gray, micrite 2.847 0.6

Ca-05 Dolomite Gray, micrite 2.850 0.5

Ca-06 Dolomite Gray, micrite 2.834 0.3

Ca-07 Limestone Black gray, micrite 2.706 0.2

Ca-08 Limestone Gray, micrite 2.795 0.7

Ca-09 Lime-dolomite Gray, micrite 2.858 0.1

Ca-10 Lime-dolomite Gray, micrite 2.836 0.2

Ca-11 Lime-dolomite Gray, micrite 2.820 0.3

Ca-12 Marble White, coarse grain 2.834 0.1

Cl-01 Sandstone Gray, middle grain 2.562 3.4

Cl-02 Sandstone Gray, middle grain 2.623 4.2

Cl-03 Mudstone Red, fine grain 2.838 1.7

Cl-04 Mudstone Light red, fine grain 2.610 2.3

Cl-05 Conglomerate Dark yellow, coarse grain 2.616 3.5

In-01 Fraidornite Dark gray, fine grain 2.803 0.2

In-02 Lamprophyre Dark gray, fine grain 2.677 0.1

In-03 Diabase Dark gray, fine grain 3.051 0.6

In-04 Granite Light yellow, coarse grain 2.653 0.4

In-05 Diorite Gray, fine grain 3.077 0.3

In-06 Gabbro Gray, fine grain 2.829 0.2

Vo-01 Perlite Black, aphanitic 2.319 4.7

Vo-02 Andesite-basalt Dark gray, fine grain 2.808 0.3

Vo-03 Pitch stone Magenta, fine grain 2.277 6.1

Vo-04 Felsite Light yellow, fine grain 2.558 3.9

Vo-05 Spilite Light gray, fine grain 2.869 5.2
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resistance. The probe acts as both the heat source and a tem-
perature recorder.

Prior to thermal conductivity measurements, the speci-
mens were soaked in an acetone solution for 3 h in order to
remove oil at the surface, cleaned using an ultrasonic cleaner,
and placed in an oven at 50°C for 48 h to dry. Subsequently,
the specimens were baked at 100°C for 5 h to remove
adsorbed water. Thermal conductivity measurements were
conducted at 25°C, 50°C, 100°C, 150°C, 200°C, 250°C, and
300°C. The temperature was controlled by the PF Oven
(Figure 2(c)), which is capable of controlling temperature
within a range of just ±0.5°C for 30min. Herein, we set the
interval time between two adjacent measurements as ten
minutes, which is more than three minutes of official recom-
mendations. Two specimens were tightly clamped together to
ensure the inexistence of an air gap between the specimens
and the probe (Figure 2(d)). Three repeated measurements
are conducted at each temperature to check the reproducibil-
ity, and their averages are regarded as the final result. Gener-
ally, one temperature sequence measurement required at
least twelve hours.

3. Results

Experimental results are listed in Table 2 and shown in
Figure 3. At room temperature (25°C), the average thermal
conductivity is 5:03 ± 1:20W/m · K and 3:43 ± 1:48W/m · K

for carbonate and clastic samples, which is obviously greater
than that of the intrusive and volcanic rocks, 2:09 ± 0:29W/
m · K and 1:57 ± 0:41W/m · K, respectively. Standard devi-
ation shows a more concentrated distribution of thermal
conductivity for intrusive and volcanic rocks at room tem-
perature, as confirmed by Figure 3. Thermal conductivity of
most samples decreases as temperature rises except for a
few intrusive and volcanic samples. Although majority of
samples exhibit a decrease in thermal conductivity with tem-
perature increase, there are considerable discrepancy in the
slope dλ/dT and the extent of decrease from 25°C to 300°C
among these samples. As shown in Figure 3, the intrusive
and volcanic samples exhibit a gentler decrease compared
with the others.

4. Discussion

4.1. Major Influencing Factors of Rock Thermal Conductivity.
Thermal conductivity of rocks at a fixed temperature is dom-
inated by internal factors, including composition, porosity,
and structure. From Figure 3, the dolomite rocks have
approximately twice the thermal conductivity of the marble
and limestone. Such a difference can be explained by their
composition. Dolomite, a major mineral in dolomite rocks,
has a lager thermal conductivity of 13.16W/m·K as com-
pared to 8.58W/m·K of the calcite, a main mineral in lime-
stones[14]. However, thermal conductivity of dolomite and

(a) (b)

(c) (d)

Figure 2: The Hot Disk TPS2500S system used for analysis. (a) TPS 2500 s; (b) Hot Disk probe 5501; (c) temperature controller; (d) schematic
diagram of the transient plane source method.
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calcite is much more than their corresponding rocks. This is
because there exists thermal resistance on the grain boundary
as well as imperfection and defect inside the crystal within a
rock. For clastic rocks, the large value of 6.25W/m·K may be
attributed to the incorporation of quartz. Quartz is a com-
mon mineral in clastic rocks and has a considerable thermal
conductivity of up to 18.37W/m·K[15]. Compared with the
carbonate and clastic rocks, intrusive and volcanic rocks alike
exhibit a lower thermal conductivity ranging from
1.10W/m·K to 2.56W/m·K and more concentrated distribu-
tion. The low thermal conductivity may be due to the low
thermal conductivity of the minerals composed of igneous
rocks. For example, feldspar, the most common and abun-
dant mineral in Earth’s crust, has a thermal conductivity just
from 1.50 to 2.50W/m·K[15]. The concentration of thermal
conductivity can be because different types of igneous rocks
have same types of forming-rock minerals. For instance,
many igneous rocks have the same minerals of feldspar, bio-
tite, and quartz. Though the range of thermal conductivity is
different for the four types of rocks, their range largely over-

lap each other. Therefore, lithology cannot be exactly distin-
guished only by relying on thermal conductivity.

4.2. Effect of Temperature on Thermal Conductivity. The λ of
almost all rocks, as presented in Figure 3, decreases with
increasing temperature, consistent with expectations. Differ-
ent from the previous studies [5, 16–18], a unique phenome-
non, that the λ of some intrusive and volcanic rocks firstly
increases and then decreases with rising temperature, can
be observed from Figures 3(c) and 3(d). This will be dis-
cussed in detail below. The λ of carbonate and clastic rocks
have a more evident decrease than intrusive and volcanic
rocks. For carbonate and clastic rocks, the mean values of
the temperature derivative of λ are from –1.32 to –
0.26W/m·K/100°C and from –1.11 to –0.07W/m·K/100°C,
respectively. In contrast, the λ of intrusive and volcanic rocks
is universally insensitive to temperature, frequently present-
ing a slight increase or an increase followed by decrease.
The mean values of the temperature derivatives for intrusive
and volcanic rocks are only –0.15 to +0.02W/m·K/100°C and
–0.16 to +0.02W/m·K/100°C, respectively. The positive
mean value demonstrates that the λ at 300°C is greater than
the value at room temperature, meaning a slight increase of
λ. The rise in λ should stem from the incorporation of amor-
phous materials, due to rapid crystallization of magma.
Amorphous materials, the opposite of crystals, are solids that
lack the long-range order, which is a typical characteristic of
a crystal. It has been considered that the thermal conductivity
of amorphous materials increases as temperature rise [19,
20]. Consequently, we speculate that rocks for which thermal
conductivity initially increases and then decreases with tem-
perature may be the mixtures of crystalline and amorphous
constituents. Generally, amorphous constituents are just
incorporated into volcanic rocks [21] due to rapid crystalliza-
tion process, which is caused by the huge difference in tem-
perature between the magma and the context at ground
level. But a similar tendency to the volcanic rocks has been
observed in intrusive rocks, which is normally produced in
subsurface having a greater temperature than the ground
level. This may occur because the intrusive rocks studied
crystallize at swallow depths and, thus, at lower temperature,
as may lead to a little formation of amorphous constituents in
despite of being in underground. Additionally, an asymptoti-
cal convergence of λ can be observed for carbonate and clas-
tic rocks with increasing temperature, in agreement with
previous studies [1, 3, 8]. The standard deviation of λ at room
temperature in carbonate and clastic rocks was 1.25W/m·K
and 1.65W/m·K, respectively. At a temperature of 300°C,
the corresponding value decreased to 0.44W/m·K and
0.54W/m·K, respectively.

Based on the shape of the curves of λ − T in Figure 3, we
obtain an empirical rule showing that the curves of λ − T ,
regardless of lithology, are governed by the value of λ at
25°C. This rule has been plotted in Figure 4. These curves
shown in Figure 4 can be classified into three groups. (1)
The λ of the specimens with the λ values higher 4.5W/m·K
at room temperature strongly decrease, and the absolute
value of the temperature derivative of thermal conductivity
(ⅆλ/dT) gradually decreases. The resulting curves have a

Table 2: Measured values of thermal conductivity at various
temperatures.

No.
Thermal conductivity at different temperature (W/m·K)
25°C 50°C 100°C 150°C 200°C 250°C 300°C

Ca-01 6.15 5.69 4.87 4.17 3.63 3.14 2.69

Ca-02 5.64 5.25 4.61 4.03 3.57 3.15 2.74

Ca-03 6.10 5.63 4.99 4.34 3.90 3.47 2.99

Ca-04 5.77 5.33 4.85 4.36 3.94 3.65 3.33

Ca-05 6.53 6.00 5.23 4.45 3.93 3.44 2.89

Ca-06 5.79 5.36 4.87 4.35 3.96 3.62 3.23

Ca-07 2.89 2.75 2.56 2.35 2.13 1.95 1.78

Ca-08 3.19 3.11 3.02 2.89 2.76 2.67 2.48

Ca-09 5.13 4.86 4.41 3.97 3.61 3.33 3.01

Ca-10 5.06 4.73 4.14 3.64 3.20 2.83 2.47

Ca-11 4.82 4.37 3.82 3.43 3.10 2.78 2.45

Ca-12 3.26 3.22 3.08 2.88 2.65 2.48 2.28

Cl-01 3.16 3.10 2.95 2.73 2.60 2.43 2.23

Cl-02 6.25 5.80 5.10 4.47 3.95 3.60 3.21

Cl-03 2.54 2.48 2.41 2.30 2.21 2.12 1.99

Cl-04 2.01 2.06 2.08 2.03 1.96 1.93 1.83

Cl-05 3.20 3.06 2.84 2.60 2.42 2.27 2.11

In-01 1.84 1.93 1.96 1.97 1.88 1.86 1.80

In-02 2.01 2.08 2.11 2.06 1.98 1.89 1.81

In-03 1.68 1.75 1.81 1.82 1.81 1.80 1.74

In-04 2.18 2.11 2.11 2.05 1.97 1.89 1.77

In-05 2.56 2.46 2.46 2.41 2.35 2.29 2.17

In-06 2.24 2.21 2.22 2.17 2.10 2.02 1.89

Vo-01 1.10 1.11 1.29 1.32 1.32 1.19 1.12

Vo-02 1.60 1.66 1.73 1.74 1.72 1.71 1.66

Vo-03 1.14 1.22 1.31 1.35 1.34 1.26 1.17

Vo-04 1.88 1.89 1.82 1.70 1.59 1.51 1.43

Vo-05 2.14 2.20 2.15 2.08 2.02 1.95 1.86
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concave pattern. (2) The λ of the samples with λ values of
2.5-3.5W/m·K at room temperature exhibit a near-linear
decrease, and their temperature derivatives are approximately
a constant. (3) The λ of the samples having values below
2.5W/m·K either initially increase and then decrease or
slightly increase. Irrespective of the trend observed in the last
case, the influence of temperature is both minor. Experimental
results analogous to the first group have been also observed in
the studies headed by Seipold (1998) and Vosteen [7]. There-
fore, the concave pattern shown in the first group may be a
universal characteristic for those rocks with a high thermal
conductivity (>4.5W/m·K). By contrast, the second and third
cases have not been explicitly found in past publications yet.
Unfortunately, the statistics have failed to be logically
explained from a physical perspective at present. Despite all
this, the rule can still provide a distinctive thinking that the
λ of rocks at high temperature can be statistically reflected
though its λ at room temperature.

According to the foregoing thought, the temperature
effect can be quantified by defining a new term of αt , which
means the decrease rate of λ at temperature of t:

αt =
λt − λ 25ð Þ
λ 25ð Þ

, ð3Þ

in which αt is the rate of decrease at temperature of t, λð25Þ is
the thermal conductivity at 25°C, and λt is the thermal con-
ductivity at temperature of t. Based on the present data, we
calculated the αt at 50

°C, 100°C, 150°C, 200°C, 250°C, and
300°C for each sample. The obtained results are plotted in
Figure 5. Equation y = ax + bð1,/,xÞ + c was employed to fit
the results, obtaining fitting parameters a, b, and c
(Table 3). The R-squared at different temperature are all
nearly 0.90 except the temperature of 50°C.
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Figure 3: Temperature dependence of λ in four rock types rocks. (a) Carbonates. (b) Clastic rocks. (c) Intrusive rocks. (d) Volcanic rocks.
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The generality of the method is validated by applying
them to some independent data set from ([6, 22]. The
Figure 6 presents the comparation of experimentally mea-
sured values with estimated values by current method. As a
whole, the estimated values are consistent with measured
values. Although some slight difference exists, this is possible
due to the uncertainty of experiments. These discrepancies
range from -4.0% to +3.5% with an average of 0.09%, which
is low enough for the estimation of thermal conductivity in
the deep of a basin.

4.3. Implication for In Situ Thermal Conductivity. In the stud-
ies on temperature and heat flow of a basin, the situ thermal
conductivity has long been roughly evaluated. Obviously, it is
unclear. Studying thermal property of rocks under high tem-
perature or pressure can provide better advices for these
researches demanding precise thermal conductivity in situ.
By rating the present findings to the previous temperature
data published by others, the temperature effect of thermal
conductivity of the deep carbonates in Tarim Basin has been
estimated. From the paper [2], we collected the raw data of
thermal conductivity for carbonate rocks in Tarim Basin
from 4000m to 7000m depth, involving ten limestones and
four dolomites (Table 4). In real strata condition, tempera-
ture, pressure, and fluid exert an impact on thermal conduc-
tivity. Temperature is negative, and pressure and fluid are
positive [19, 21, 23, 24]. Their combination makes the deter-
mination of in situ thermal conductivity more complicated
and problematic. For a given rock, the characteristics of rocks
such as porosity and mineral are closely linked with the influ-

ence of external factors [25, 26]. According to the previous
studies [27, 28], the effect of fluid on thermal conductivity
depends chiefly on the porosity of rocks. The rocks with
larger porosity will have a more remarkable increase in ther-
mal conductivity. Further, the distribution and movement of
fluid and thermal conductivity in dry conditions are also
associated with the dependence of thermal conductivity.
Especially for the rocks with low thermal conductivity in
dry conditions, thermal conductivity can even be double at
100% water saturation [24]. Among the referred rocks, the
five samples containing fluid have a small porosity ranging
from 2.5% to 5.0%. Hence, these samples are treated as dry
ones. The effect of pressure depends on porosity and elastic
modulus [29, 30]. For the rocks having a large porosity, ther-
mal conductivity will significantly increase. Generally, the
pressure dependence of thermal conductivity can be divided
two stages [4, 17, 31]. In the first, pressure can close the pores
and cracks inside rocks, in which thermal conductivity will
considerably expand. In the second, the pores and cracks
are closed, and pressure increases thermal conductivity by
enhancing the efficiency of heating transfer in crystal lattice
[21], in which the increase of thermal conductivity is rela-
tively small and slow. Because the porosity does not pro-
nouncedly change from underground to ground, the
pressure forced by the above strata is assumed just to act on
the second stage. The pressure of rock matrix can be calcu-
lated by Equation (4).

P = ρrock − ρwaterð ÞgH, ð4Þ

in which P is the pressure of rock matrix, ρrock is the mean
density of rocks of 2800 kg/m3, ρwater is water density of
1000 kg/m3, g is net acceleration of 9.8N/kg, and H is the
depth. By a simple calculation, P is 141MPa at 8000m.
According to the related studies [4, 8, 21, 32], pressure can
increase thermal conductivity from 1% to 5% for the rocks
with low porosity at the pressure of 150MPa in the second
stage. If the depth of rocks is shallow, the effect will be more
insignificant. The order of magnitude for increase in pressure
is less than that of temperature. Therefore, the effect of pres-
sure can be neglected in this correction.

Thermal conductivity of these samples is calculated at
50°C, 100°C, 150°C, 200°C, 250°C, and 300°C, using the
parameters shown in Table 3. The results are illustrated in
Figure 7. Since the in situ temperature of the samples is
unknown, their temperature can only be obtained by calcula-
tion. Temperature at a certain depth can be formulated as:

T = T0 +D × gradT , ð5Þ

where T is temperature at a certain depth, T0 is land surface
temperature, D is depth, and gradT is geothermal gradient.
In the light of the previous related studies, the gradT and
T0 in Tarim Basin is taken to 20.7°C/km and 18°C[33],
respectively. So, T is calculated (as shown in Table 4). Each
calculated temperature value is substituted to the corre-
sponding curve to attain a point of intersection in Figure 8.
Its vertical coordinate is the corrected value of thermal con-
ductivity (as exhibited in Table 4). The comparison between
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Figure 4: Schematic diagram of the three groups of thermal
conductivity deduced as a function of temperature. Blue denotes
samples with the λ higher 4.5W/m·K at room temperature; red
denotes samples with the λ between 2.5 and 3.5W/m·K at room
temperature; green denotes the samples with λ below 2.5W/m·K
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the corrected and measured values are plotted in Figure 6. A
conclusion can be easily reached. The value of thermal con-
ductivity at room temperature is a more critical factor to gov-
ern the extent of temperature effect rather than the depth.

The limestones with low original thermal conductivity are
slightly influenced by temperature even though they are at
considerable depth. By contrast, the dolomites with high
thermal conductivity have a remarkable decrease in thermal
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Figure 5: The rate of decrease at various temperature against the λ at 25°C. (a) 50°C; (b) 100°C; (c) 150°C; (d) 200°C; (e) 250°C; (f) 300°C The
dashed lines represent the fitted line.
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conductivity even though they have swallow depth. The
thermal conductivity for the dolomite with 4.05W/m·K
decreases by approximately one-fourth. Such a large discrep-
ancy may cause a significant error in temperature profile and
heat flow calculation in a basin and must be reasonably
treated. Together, if a sample has a low thermal conductivity
(<2.20W/m·K) at room environment, the correction can be
omitted. On the contrary, for the rocks having a high thermal
conductivity (>2.70W/m·K), the temperature-driven effect
should be taken into consideration. The correction is a feasi-
ble approach; however, measurement in situ is, by contrast,
the most accurate one. It is necessary to develop in situ mea-
surement techniques to determine the thermal conductivity
of deep buried rocks.

The corrected results are examined by continuous tem-
perature logging data and thermal conductivity. The temper-
ature profile and stratigraphic column of the well Zhong 4 in
Tarim Basin are collected (Figure 9). Temperature gradient

decreases considerably at 5400m depth from 22.9 °C/km to
14.7 °C/km, which is derived from the great discrepancy
between the upper and lower strata in thermal conductivity.
The upper strata is composed of sandstone, mudstone, and
limestone. According to the previous data of thermal con-
ductivity in the Tazhong area of Tarim Basin [34] and the
thickness of corresponding rocks, the average thermal con-
ductivity of the upper strata is attained by calculating the
weighted harmonic mean, and it is 2.34W/m·K. The lower
strata of dolomite has a mean thermal conductivity of
4.03W/m·K. Then, the heat flow can be acquired, being
53.59mW/m2 and 59.24mW/m2 through the upper and
lower strata, respectively. The difference stems from the
uncorrected thermal conductivity of the lower strata. Because
of the hot temperature and greater thermal conductivity in
lower strata, it is necessary to take into temperature effect
on thermal conductivity account. Contrary to this, the upper
strata have a low thermal conductivity, and the circumstance
temperature is also low. Both two factors commonly lead to
the weak temperature effect. According to the foregoing
method, thermal conductivity of the lower strata is corrected
as 3.25W/m·K. With the corrected value, the recalculated
heat flow is 47.78mW/m2, slightly less than that of the
upper strata. This is due to the radioactive heat generation
in rocks. Radiogenic heat production rate of rocks in Tarim
Basin approximates 1.17μW/m3 [35]. Based on this, the
contribution of radiogenic heat of the upper strata to heat
flow can be obtained by the radiogenic heat production rate
multiplied by the thickness of strata, and it is 6.43mW/m2.
Adding 6.43mW/m2 to 47.78mW/m2, the total heat flow is
obtained and 54.21mW/m2, which is essentially equal to
the value of 53.59mW/m2. The agreement indicates that
it is necessary to correct thermal conductivity of rocks
under high temperature, especially for those rocks with
great thermal conductivity.

5. Conclusion

From the measured thermal conductivity of twenty-eight
samples, the following conclusion can be derived:

(1) Thermal conductivity of samples at 25°C reveals that
the average of λ for carbonate and clastic rocks is
greater than that of intrusive rocks and volcanic
rocks. In spite of it, various lithology rocks may still
be overlap each other to a great extent due to numer-
ous factors to exert a critical effect on λ of rocks
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Figure 6: Comparison between the corrected values and the
uncorrected values.

Table 3: The values of the fitting parameters for the decrease rate (α) at various temperature.

a b c R2

50 °C −0:01444 ± 0:00498 0:08651 ± 0:04337 −0:00561 ± 0:03294 0.80097

100°C −0:03029 ± 0:00801 0:23097 ± 0:06970 −0:04518 ± 0:05295 0.89418

150°C −0:04224 ± 0:01169 0:38260 ± 0:10214 −0:11632 ± 0:07779 0.90605

200°C −0:03891 ± 0:01200 0:52731 ± 0:10488 −0:22392 ± 0:07988 0.92430

250°C −0:06120 ± 0:01501 0:37454 ± 0:13119 −0:13597 ± 0:09992 0.89551

300°C −0:07244 ± 0:01619 0:31727 ± 0:14151 −0:13183 ± 0:10777 0.88988
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(2) The experiment under high temperature demon-
strates that the λ − T curves can be divided into three
categories relying on the value of λ at 25°C regardless
of lithology. With a great λ above 4.5W/m·K at 25°C,
the rocks have strongly decreased λ with increasing
temperature, and the λ − T curves gradually slow
down. If lying from 2.5W/m·K to 3.5W/m·K, the λ
shows a linear decrease. When below 2.5W/m·K,
the λ slightly increases from room temperature to
150°C and then decreases at remaining temperature
range. The phenomenon may be explained by the fact

that the silicate material with similar the λ at room
temperature may exhibit analogous respondence of
the λ to temperature. While deviating significantly
in mineralogy, chemical structure, elements, etc., dif-
ferent types of rock can be taken as the silicate-
bearing material and therefore is constrained by the
heat transfer law of silicate

(3) The correction of thermal conductivity in Tarim
Basin suggests that the effect of temperature on ther-
mal conductivity depends strongly on its value at
room temperature, instead of depth at which the
sample lied. Although pressure and fluid can affect
thermal conductivity as well, their effect can be
ignored compared with that of temperature in pres-
ent condition. The correction of thermal conductivity
is necessary for those rocks with high thermal con-
ductivity under high temperature

Table 4: The depth and thermal conductivity of samples at Tarim Basin [2].

Lithology Depth (m)
Estimated

temperature (°C)
Porosity (%) Fluid

Thermal conductivity
(W/m·K)

Estimated thermal
conductivity (W/m·K)

Dolomite 6438 192 0.9 Poor 4.05 3.07

Dolomite 5815 175 1.8 Poor 3.64 2.94

Dolomite 4894 150 1.1 Poor 2.88 2.57

Dolomite 5579 169 4.5 Poor 2.32 2.16

Limestone 5158 158 2.5 Rich 2.48 2.30

Limestone 4911 151 4.3 Rich 2.23 2.14

Limestone 4515 140 0.9 Poor 2.14 2.08

Limestone 5221 159 4.5 Poor 2.71 2.44

Limestone 4257 133 Void Poor 2.06 2.03

Limestone 5337 162 7.0 Poor 2.28 2.14

Limestone 5716 172 5.0 Rich 2.16 2.05

Limestone 6109 183 2.2 Rich 1.94 1.90

Limestone 5727 173 5.0 Rich 2.04 1.98

Limestone 6885 204 3.7 Poor 1.89 1.84
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