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Abstract Geothermal gradient and surface heat flow are key parameters that describe the thermal regime of

sedimentary basin, and are so vital for understanding the tectono-thermal evolution and associated hydrocarbon

potential assessment of oil and gas bearing basin. Here we presented the distribution pattern of the updated

present-day geothermal gradient and determined 38 surface heat flow values in the Tarim basin, the biggest

sedimentary basins in China, on the basis of formation temperature data from approximately 470 wells and 941

measured thermal conductivities of rocks within this basin. Our results showed that the present-day geothermal

gradient of Tarim basin varied between 17∼32 ◦C/km and with a mean of 22.6±3.0 ◦C/km, and the surface

heat flow ranged from 26.2 to 65.4 mW/m2 with a mean of 43.0±8.5 mW/m2, suggesting its thermal regime

as a cold basin of low temperature and heat flow, compared with other large-middle scale sedimentary basins

in China. Accordingly, this low thermal regime also makes Tarim basin to share the similar thermal regime of

other typical craton basins in the world. It is obvious that the geothermal gradient and surface heat flow in uplift

areas are usually larger than those in the depressions, indicating the influence of configuration of basement on

geothermal field pattern. We also found that the discovered oil and gas fields in Tarim are usually with relatively

large geothermal gradient, the cause for this coincidence is not clear but the upward movement and accumulation

of hot fluid below is speculated to account for this positive geothermal anomaly. Finally, we summarized the

factors that influence the geothermal distribution of basin as deep structure, tectonic evolution and basement

configuration of basin, thermal physical properties of rocks and hydrocarbon accumulation as well.
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1 INTRODUCTION

Located in northwest China, the Tarim basin is surrounded by the ranges of the Tianshan, Kunlun and
Altyn Tagh mountains, and is also the biggest oil and gas bearing intermontane basin in China (Fig. 1). Consid-
ering its abundance in hydrocarbon potential, this basin is now and will be the target of oil and gas exploration
in China during next decade for implementation of the national strategy of developing the west China and
transferring natural gas from west to east China project. Previous studies have shown that the Tarim basin is
one superimposed basin that is composed of the Paleozoic craton basin as the nucleus and encircled by young
Meso-Cenozoic foreland basin in the margin, along with the continental crustal basement and episodic uplift
and erosion histories during geological evolution[1]. The nature of present-day thermal regime of basin is the
combined results of deep lithospheric thermodynamic process and tectonic evolution of basin as well, holding
important role in oil and gas generation. Being the last episode of thermal evolution of the basin, the present-
day geothermal regime not only provides thermal parameters for basin modeling and associated hydrocarbon
assessment, but also constraints on the analysis of tectono-thermal evolution and basin formation. Investigating
the present-day geothermal regime of sedimentary basin is a long lasting topic in the academic and industry
communities.

Since 1980s, considerable advancements on the geothermal characteristics of the Tarim basin have been
made and indicated the general features of geothermal regime as low heat flow and cold basin[2∼8]. For example,
Wei[2] firstly retrieved six heat flow values from the Kuqa-Luntai areas in the north Tarim basin, ranging
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43∼44 mW/m2, and Zhang et al.[3] discussed the relationship between thermal regime and oil & gas distribution
on the basis of formation temperature data from 37 boreholes. Wang et al.[4] and Wang et al.[5] then reported
some new heat flow data of this basin and presented its general distribution pattern, their results show that
the surface heat flow of this basin varies from 40 to 50 mW/m2, and is featured by low values occurred in the
edge area and high in the basin interior. Although these studies mentioned above put emphasis on the whole
basin pattern, much more related works were only devoted to the geothermal regime of local regions of this
basin. For example, Xie[6] studied the geothermal characteristics in the northern Tarim basin, and inferred that
the present-day geothermal gradient there is about 20◦C/km; Wang et al.[7,8] made a case study of the Kuqa
foreland basin in northern Tarim, to decipher the pattern of present-day geothermal gradient and heat flow.
Based on compilation of previous data and some new measured values in this basin, Qiu[9] firstly reported the
data of formation thermal conductivity and heat generation in the Tarim basin systematically, and discussed
the relationship of these data with burial depth and other physical properties.

Although previous studies are relevant to the geothermal regime of the Tarim basin to different extent,
these results have been obtained two decades ago, especially, the data used in analysis are really sparse. Actually
most of previous investigations only cover the Kuqa and Luntai area in the north of Tarim basin, and the thermal
regime of the left regions in this big basin remains poorly known. With the increasing enlargement of oil and
gas exploration in this basin, many new formation temperature data and physical properties are available. A
revisiting geothermal regime of this basin is essential for hydrocarbon assessment concerned. In this study,
all the new temperature data are combined with previous data to reveal the present-day geothermal regime
of the Tarim basin, and the factors that influence subsurface geothermal pattern are discussed. The result
shown here is representative of the updated understanding of geothermal regime of this basin. Of particularly
interest, it is found that the discovered oil and gas fields in this basin coincide well with the regions where the
geothermal gradient is relatively high (positive geothermal anomaly), this finding is of significance for oil and
gas exploration as one possible geothermal tool.

2 TEMPERATURE DATA CLASSIFICATION AND ANALYSIS

Formation temperature data that are used in studying thermal regime of sedimentary basin are measured
in borehole with different purposes and requirements. The common temperature data can be classified into
different types as the continuous temperature logging data, temperature derived from formation testing (equi-
librium temperature and fluid temperature), borehole temperature (BHT), and etc. Among these data, the
continuous temperature logging data and formation testing temperature are considered to be more reliable, due
to enough shut in time for recovery, constituting the main data sources for study of temperature field of basin.
Nevertheless, other temperature data that lacks of enough equilibrium time, such as the BHT, but can also be
used for geothermal analysis after correction. Unfortunately, continuous temperature logging is usually rare in
oil exploration, so most formation testing temperature and corrected BHT data are used here.

2.1 Continuous Temperature Logging Data

The continuous temperature logging is conducted in the borehole that has been ceased and preserved
for several or ten days, even more than half a year, and the temperature is recorded in 10 or 20 m intervals
continuously when the thermometer going down. The temperature of this type should have returned to its
equilibrium state, due to long duration of cessation, representative of true formation temperature. 44 temper-
ature loggings are available in the Tarim basin, and 27 of them, with longer shut-in time, are selected here for
thermal regime analysis (as shown in Fig. 1 and Fig. 2a). The intersection of temperature profile with horizontal
axis approximates to the annual average surface temperature in Xinjiang area, also indicating the borehole was
under thermal equilibrium state at that time. As shown in the temperature profile in Fig. 2a, the temperature
data show a linear general trend with depth, which is the typical feature of conductive heat transferring process.
However, variation is also observed in some temperature profiles, maybe influenced by underground water
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Fig. 1 Sketch showing the tectonic subdivision and temperature logging boreholes of Tarim basin
1 Basin boundary; 2 Primary boundary; 3 Secondary boundary; 4 Systematically temperature logging borehole. I. Northeast

depression: I1. Kuqa depression; I2. Shaya uplift; I3. Awat faulted depression; I4. Shuntuoguole uplift; I5. Manjiaer

depression; I6. Kongquehe slope. II. Central uplift: II1. Bachu uplift; II2. Katake uplift; II3. Tanggubasi depression;

II4. Guchengxu uplift. III. Southwest depression: III1. Maigaiti slope; III2. Kashi depression; III3. Shache uplift; III4.

Yecheng depression. IV. Southeast faulted uplift: IV1. Northminfeng-Luobuzhuang faulted uplift; IV2. Yutian-Ruoqiang

depression.

Fig. 2 Variations of temperature in borehole with depth in Tarim basin

(a) Continuous temperature logging data; (b) Formation oil testing temperature data.

disturbance, so these intervals should be avoided when calculating heat flow. It should be mentioned that,
these 27 boreholes are really sparsely distributed geographically, and mainly concentrate in the Shaya area of
the northern Tarim basin. To overcome this uneven coverage for this whole basin scale study, many formation
testing temperature data are adopted here as supplementation.

2.2 Formation Testing Temperature Data

Formation testing temperature data here refers to the data that were measured in borehole during reservoir
testing on formation fluid with several days of shut in time after cessation. Occasionally, to test the different



1240 Chinese J. Geophys. Vol.52, No.6

oil bearing intervals in the same borehole, multiple measurements with different depths are available. Consid-
ering the cessation time is acceptable, the data of this type is also considered as representative of formation
temperature. In this study, more than 2000 data from 424 boreholes are collected, and some obviously poor
quality data were removed to avoid distorting temperature trends. As in Fig. 2b, the temperature increases
linearly with increasing depth, indicating the temperature is in equilibrium with the formation temperature.
The dataset that are retrieved from the same borehole and show linear trend with depth in different regions of
the Tarim basin, are selected to calculate the geothermal gradient.

2.3 Geothermal Gradient

The geothermal gradient of the borehole where the continuous temperature logging data is available is
determined by least square fitting method. If obvious subdivision is observed in the temperature profile, then
each interval is fitted separately, and the mean gradient of different parts is considered as the gradient of this
borehole. Similarly, the least square method is also applied for the borehole that has much formation testing
temperature data.

While for the wells that have only one or two formation testing temperature data, the gradient is calculated
by the following formula, given the known depth (Z0) and temperature (T0) of the constant temperature zone.
In this study, Z0 and T0 are adopted as 20 m and 12◦C, respectively[7]. The geothermal gradient (G) at the
depth of Z is:

G =
T − T0

Z − Z0
.

The arithmetic average of gradient at different depths is considered here as the gradient of the borehole.
The distribution pattern of present-day geothermal gradient of the Tarim basin is then available on the basis
of these gradient data.

Our results show that the present-day geothermal gradient of the Tarim basin ranges from 17 to 32 ◦C/km,
with a mean of 22.6±3.0 ◦C/km. As in Table 1, the average gradient of different tectonic sub-divisions of this
basin is between 18 and 26 ◦C/km. Of particularly interest, the gradient is relatively high in the uplift areas
with a value of 20∼26 ◦C/km, but is low in the depression areas as 18∼22 ◦C/km, suggesting the control of
burial depth and basement topography on the distribution of present-day geothermal gradient.

The distribution pattern of present-day geothermal gradient of the Tarim basin is illustrated in Fig. 3.
However, keep in mind that two sub-areas in the Tarim basin, the Kalpin uplift area in the northwest and
Dongnan uplift area in the southeast, are not covered due to lack of data. It is found that the lowest geothermal
gradient occurs in the Manjiaer and Yecheng depressions where the depth of base is also the largest, but the

Table 1 Present-day geothermal gradient of different structural subdivisions in Tarim basin

Primary tectonic units Secondary tectonic units Average gradient (◦C/km)

Kashi depression 19.8

Southwest depression Yecheng depression 18.5

Maigaiti slope area 22.9

Bachu uplift 23.6

Central uplift Katake uplift 23.4

Tanggubasi depression 20.0

Guchengxu uplift 24.3

Kuqa depression 26.0

Shaya uplift 21.5

Northeast depression Awat uplift 22.4

Shuntuoguole uplift 19.7

Manjiaer depression 20.9

Kongquehe slope 23.1
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Fig. 3 Distribution pattern of present-day geothermal gradient in the interior of the Tarim basin

Kuqa depression in northern Tarim basin is charac-
terized by relatively high geothermal gradient of 26
◦C/km. Nevertheless, the gradient in the northern
Bachu uplift area where the basement is relatively shal-
low, is somewhat low as 20 ◦C/km. These anomalous
gradients mentioned will be further discussed in later
section. It is obvious that the gradient decreases south-
wards gradually from 26∼28 ◦C/km in the linear an-
ticline belt of the Kuqa depression near the Tianshan
Mountain, to 20∼22 ◦C/km in the southern Shaya up-
lift. The mechanism of this southward decline in gradi-
ent is not clear, and we speculated that it is the result
of weakening in Cenozoic coupled deformation between
the Tianshan range with the Tarim basin from the mar-
gin to the interior of the basin.

Besides the obvious lateral variation of present-
day geothermal gradient in the Tarim basin presented
above, the gradient is also found to change with depth

Fig. 4 Relationship between present-day geothermal

gradient and depth of Tarim basin

vertically. As in Fig. 4, the gradient decreased from 30 ◦C/km in shallow portion (the depth is less than 1000
m) to approximately 20 ◦C/km in the deep subsurface (near to 6000 m in depth), indicating the change in
lithology and the influence of variation in thermal physical properties of rocks on geothermal gradient. With
the increase of depth, the consolidation and compaction of the formation enhances gradually, resulting in the
decline of porosity of rocks, consequently, this process will increase the thermal conductivity of rocks. Giving
constant heat flow in borehole, elevation in thermal conductivity undoubtedly results in the decline in gradient.
On the other side, decline in gradient with depth maybe is related to rapid subsidence of the basin. It is shown
that the subsidence rate of Kuqa formation in the Yakela high of the Shaya uplift area is as large as 540 ∼880
m/Ma and 100 m/Ma for the Kangcun formation[6]. The sediment is usually low in thermal conductivity, and
the rapid accumulation makes it as thermal blanketing that will cause slow heat dissipation. This insulating
effect is also proposed to account for relatively high gradient in the shallow formation.
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3 THERMAL CONDUCTIVITY

On the basis of nearly 200 previous published data of thermal conductivity in Tarim basin, 747 samples
from 35 boreholes are measured in this study as supplementation to construct the complete dataset of thermal
conductivity in this basin. The lithological type of samples is diverse, including the terrigenous sedimentary
rocks as the mudstone, sandstone and conglomerate, the endogenous sedimentary rocks as limestone, dolomite,
salt and coal rock, and igneous rocks as basalt, volcanic breccia, tuff, tuff lava and dacite and granitic diorite,
and metamorphic rocks of phyllite and gneiss as well. These rocks are totally representative of types encountered
in the sedimentary cover and crystalline basement of the Tarim basin. The geological age of formations from
which these samples are taken is from Precambrian to Neocene. The sites of boreholes from which the core
samples are retrieved nearly cover all the tectonic units of this basin, such as the northeast depression, Central
uplift and the Maigaiti slope area and Yecheng sag of the Taxinan depression. Consequently, the measured data
of thermal conductivity in this paper is the most representative for geothermal study.

The optical scanning method is used here to measure the thermal conductivity of all the samples, and this
apparatus was manufactured by the German TCS company with an accuracy of ±3% for measurement ranging
from 0.2 to 25 W/(m·K). However, the thermal conductivity of samples is determined in the core archive room
under dry condition and air temperature. In order to retrieve the in-situ data of thermal conductivity, the
corrections of water saturation, temperature and pressure effects are all required. Considering the prominent
dominance of sedimentary rocks with various porosities in these samples, water saturation correction is indis-
pensable. In this study, the geometrical mean model is adopted as water saturation correction for the sandstone
and mudstone samples taken from the burial depth above 5000 meters[10,11]. Additionally, previous studies have
shown that the water saturation correction for the limestone and dolomite are neglectable, due to their lower
porosity and sufficient consolidation associated with large enough burial depth[5], so we make no correction for
the carbonate rocks of limestone and dolomite. Accordingly, the thermal conductivity database of rocks in the
Tarim basin of different geological time and lithological types are all constructed, on the basis of previous and
measured values in this study, as shown in Table 2.

Table 2 Compilation of measured thermal conductivity data in Tarim basin

Age Lithology Thermal conductivity (W/(m·K)) Mean±SD (W/(m·K)) Numbers (N)

Mudstone 1.042∼2.559 1.778±0.372 31

N
Sandstone 0.588∼3.020 1.68±0.618 55

Limestone 1.507∼1.725 1.58±0.126 3

Salt rock 4.245∼5.121 4.849±0.406 4

Mudstone 1.135∼3.023 1.883±0.447 17

E
Sandstone 0.95∼3.926 1.961±0.522 41

Conglomerate 1.125∼2.279 1.901±0.385 9

Dolomite 3.078∼3.996 3.492±0.465 3

Mudstone 1.519∼2.424 1.908±0.264 18

K
Sandstone 0.523∼2.958 1.565±0.662 45

Conglomerate 1.336∼3.929 2.521±0.748 11

Coal 0.246 0.246 1

Mudstone 2.1∼2.441 2.225±0.132 5

J Sandstone 1.299∼2.823 1.967±0.424 26

Conglomerate 1.799 1.799 1

Mudstone 1.5∼3.374 1.934±0.481 14

T
Sandstone 0.738∼3.241 1.547±0.59 50

Conglomerate 0.786∼1.992 1.227±0.527 5

Limestone 1.762∼3.213 2.596±0.75 3
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Continue

Age Lithology Thermal conductivity (W/(m·K)) Mean±SD (W/(m·K)) Numbers (N)

Mudstone 1.321∼3.478 2.325±0.562 21

Sandstone 0.952∼3.218 1.997±0.617 16

Conglomerate 0.867∼1.763 1.205±0.388 4

Dolomite 2.450∼2.632 2.541±0.129 2

P Basalt 0.94∼1.396 1.177±0.205 4

Breecia 1.78 1.78 1

Tuff 1.471∼2.221 1.846±0.53 2

Tuff Lava 1.483∼1.705 1.594±0.157 2

Limestone 1.875∼2.391 2.085±0.186 7

Mudstone 1.209∼3.312 2.216±0.435 51

Sandstone 1.064∼4.436 2.441±0.619 46

Conglomerate 1.81∼3.832 2.487±0.769 7

C Salt rocks 3.943∼4.382 4.163±0.31 2

Dolomite 1.807∼4.387 2.932±0.77 9

Coal 0.251 0.251 1

Limestone 1.105∼3.652 2.211±0.481 54

D
Mudstone 2.535∼2.721 2.628±0.132 2

Sandstone 1.480∼4.371 2.644±0.642 23

Mudstone 1.397∼3.544 2.203±0.375 32

S
Sandstone 1.471∼4.482 2.646±0.685 68

Conglomerate 1.503∼2.703 2.362±0.575 4

Basalt 1.572 1.572 1

Mudstone 1.79∼4.023 2.673±0.67 18

Sandstone 1.716∼4.911 2.676±1.128 8

O Conglomerate 2.202∼2.452 2.328±0.125 3

Dolomite 2.322∼4.782 3.418±0.826 16

Limestone 1.580∼5.315 2.578±0.696 115

Mudstone 2.129∼4.277 3.446±0.801 10

∈ Dolomite 2.341∼5.224 3.718±0.676 45

Limestone 1.825∼4.482 3.107±0.829 10

Mudstone 2.512 2.512 1

Sandstone 2.309∼3.533 2.921±0.866 2

Z Dolomite 3.451 3.451 1

Dacite 2.172∼2.257 2.215±0.06 2

Granite 1.939∼2.319 2.125±0.19 3

Phyllite 2.498∼2.722 2.610±0.158 2

AnZ Quartz 2.444∼2.954 2.699±0.361 2

Gneiss 2.053∼2.186 2.120±0.094 2

Measurement results show that the thermal conductivity of rocks of the Tarim basin varies from 0.246
W/(m·K) to 5.315 W/(m·K), but mainly concentrates in the range of 1.5∼2.5 W/(m·K) with a mean of 2.304
W/(m·K) (Fig. 5). The highest thermal conductivity is found in the salt rock, with a mean value of 4.620
W/(m·K). The lowest value of thermal conductivity is observed in the coal sample, ranging from 0.246 to 0.251
W/(m·K) with a mean of 0.249 W/(m·K). The thermal conductivity is dependent on mineral composition,
porosity and fill of the porosity. Usually, the quartz content of the rocks is positively correlated with thermal
conductivity, and the rocks in which clay content prevails show distinctively lower value than rocks with sand
content. Variation of thermal conductivity of rocks in the Tarim basin reflects difference in composition, porosity
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Fig. 5 Histogram of thermal conductivity in Tarim basin

and filled materials; and detailed discussion of thermal
conductivity is beyond the scope of this paper.

We should mention that, due to sampling lim-
its, the thermal conductivity of rocks retrieved directly
from the intervals of borehole in which heat flow is de-
termined is not available. When calculating the heat
flow of the concerned interval in a borehole, the mean
thermal conductivities of different lithological types
in each formation are obtained firstly, and the ther-
mal conductivity of each formation is then determined
based on weighted average of the thermal conductivity
of lithological types constituting the formation, accord-
ing to lithological proportion in formation. Then the
thermal conductivity of the interval is calculated using
harmonic average of formation thickness.

4 HEAT FLOW

According to the geothermal gradient and thermal conductivity obtained in former section, 27 new heat
flow values are determined in this study. To make good coverage in each main tectonic areas of the Tarim
basin, 11 heat flow values are also estimated based on gradient derived from formation testing temperature
data. These new retrieved values and related information are listed in Table 3. 25 previous published heat flow
values in this area[4,5,8] are combined with our new results to give an updated map of present-day heat flow
distribution in Tarim basin (Fig. 6).

The heat flow value in Tarim basin ranges from 26.2 to 65.4 mW/m2, with a mean of 43.0±8.5 mW/m2. As
shown in Fig. 6, high heat flow is usually found in the uplift areas where the depth of the basement is relatively
shallow, and is basically larger than 40 mW/m2. For example, the average heat flow of the Katake uplift in the
central Tarim basin is 55.4 mW/m2, and 47.8 mW/m2 for the Bachu uplift, 45.1 mW/m2 for the Maigaiti slope
area in the southwest Tarim baisn; the Guchengxu uplift has a heat flow of 54.6 mW/m2, and the heat flow of
the Shaya uplift area in the north Tarim is 40.9 mW/m2. While for the depression areas with large basement
depth, the heat flow is usually lower than 40 mW/m2. For instance, the average heat flow of the Tanggubasi
depression in the south Tarim basin is low as 39.6 mW/m2, and that of the Yecheng depression in the south-

Fig. 6 Distribution pattern of present-day heat flow in Tarim basin
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west is 35.6 mW/m2. The lowest heat flow is observed in the Kashi and Awat depressions in the west Tarim
basin as 33 mW/m2 and 32.6 mW/m2, respectively. However, the Kuqa depression in the north is characterized
by high heat flow with a value of 51 mW/m2, in contrast with low heat flow observed in other depressions of
this basin. Local tectonic deformation induced heat contribution is proposed for this anomalous heat flow and
will be discussed in later section. Consequently, lateral variation of heat flow in the basin is mainly influenced
by the configuration and depth of the basement, along with local tectonic effect as well.

Table 3 New determined heat flow data in Tarim basin

No. Well Longitude Latitude Depth range Gradient(◦C/km) Thermal Cond. Q0

(E) (N) (m) Mean±SD Coefficient (W/(m·K)) (mW/m2)

1 Batan 2 78◦03′16′′ 39◦26′21′′ 1002550 23.5±0.57 0.999 1.841 43.3

2 Batan 3 78◦02′50′′ 39◦26′38′′ 100∼2350 21.8±1.17 0.997 1.981 43.2

3 Maican 1 78◦00′49′′ 39◦24′07′′ 500∼4155 20.0±0.89 0.999 2.028 40.6

4 Mai 2 78◦01′50′′ 39◦23′23′′ 250∼4000 22.0±1.46 0.999 2.260 49.7

5 HYC 1 88◦05′56′′ 40◦18′06′′ 100∼3820 20.5±1.70 0.998 1.841 37.7

6 Shenghe 1 79◦18′01′′ 37◦06′20′′ 4300∼5200 16.2±0.85 0.987 2.179 35.3

7 Dagu 1 83◦35′31′′ 41◦45′27′′ 75∼6291 19.7±1.39 0.999 2.234 44.0

8 Xinghuo 1 82◦19′15′′ 41◦26′44′′ 5000∼6147 14.8±0.39 0.998 2.14 31.7

9 Tangbei 2 82◦14′45′′ 38◦35′51′′ 300∼4900 19.8±1.17 0.999 2.000 39.6

10 Yingke 1 76◦32′57′′ 38◦53′13′′ 150∼4000 17.9±0.57 0.999 1.927 34.5

11 Yuqi 1 84◦26′05′′ 41◦33′34′′ 100∼5000 18.3±0.87 0.999 1.429 26.2

12 Yuqi 3 83◦52′09′′ 41◦31′04′′ 3700∼6100 16.6±0.69 0.998 1.853 30.8

13 Yuqi 4 83◦59′50′′ 41◦31′56′′ 3700∼5770 19.1±0.49 0.999 1.768 33.8

14 Sha112-2 83◦46′30′′ 41◦00′05′′ 3650∼6500 17.5±0.57 0.999 2.182 38.2

15 Sha 110 84◦06′43′′ 41◦09′50′′ 3800∼5600 19.3±0.51 0.999 2.238 43.2

16 Sha 71 83◦49′01′′ 41◦19′42′′ 4500∼5700 22.4±1.85 0.977 2.048 45.9

17 Sha 68 84◦08′00′′ 41◦18′05′′ 300∼2245 22.6±1.52 0.994 1.364 30.8

18 Sha 62 84◦02′57′′ 41◦21′22′′ 4500∼5750 25.0±0.95 0.996 2.114 52.9

19 Sha 55 83◦31′02′′ 41◦13′55′′ 5250∼5500 21.4±0.26 0.993 2.309 49.4

20 Sha 48 83◦57′15′′ 41◦20′05′′ 4150∼5280 15.8±1.80 0.953 1.944 30.7

21 Sha 47 83◦59′44′′ 41◦19′28′′ 4000∼5500 19.2±0.96 0.994 1.949 37.4

22 Sha 46 84◦27′17′′ 41◦16′36′′ 4000∼4500 19.5±0.14 0.999 1.779 34.7

23 DK 11 84◦27′15′′ 41◦17′26′′ 4200∼4500 24.6±0.63 0.977 1.776 43.7

24 Xinghuo 2 82◦29′21′′ 41◦20′50′′ 5350∼5630 15.5±0.37 0.978 2.646 41.0

25 Zhong 4 84◦22′47′′ 38◦37′14′′ 1900∼6080 20.2±1.55 0.998 2.773 56.0

26 Tazhong 1 83◦55′41.3′′ 38◦48′39.4′′ 5000∼6370 16.6±0.36 0.999 3.798 63.0

27 Manxi 1 83◦06′29.8′′ 40◦06′00.2′′ 3720∼4072 21.1±0.33 0.994 1.650 34.8

28 Manxi 2* 81◦51′11′′ 39◦56′09′′ 19.4 1.686 32.7

29 Mancan 1* 84◦21′33′′ 40◦06′56′′ 20.7 1.700 35.2

30 Tadong 1* 87◦37′42′′ 39◦40′32′′ 25 2.341 58.5

31 Tadong 2* 86◦38′48′′ 39◦14′04′′ 28.3 2.310 65.4

32 Tazhong 33* 83◦38′05′′ 39◦26′51′′ 22 2.086 45.9

33 Tazhong 32* 84◦37′06′′ 39◦23′49′′ 24.4 1.996 48.7

34 Tazhong 25* 84◦16′28′′ 38◦15′24′′ 24.3 1.933 47.0

35 Tazhong 3* 83◦50′10′′ 38◦36′54′′ 26 2.136 55.5

36 Fang 1* 79◦35′12′′ 39◦47′23′′ 18.2 3.048 55.5

37 He 4* 80◦47′07′′ 39◦34′07′′ 19.7 2.562 50.5

38 Shengli 1* 81◦20′30′′ 40◦46′39′′ 22.5 1.430 32.2

Note: mark * means estimated heat flow value.
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5 DISCUSSION

5.1 Thermal Regime of Tarim Basin

Our results show that the present-day geothermal gradient of the Tarim basin ranges from 17 ◦C/km to
32 ◦C/km, with a mean of 22.6±3.0 ◦C/km. Compared with gradients of other large and middle scale basins
in China listed in Table 4, this geothermal gradient of the Tarim basin is relatively low, suggesting it as cold
basin with low temperature, coincident with previous understanding of this basin. Furthermore, the Tarim
basin shares the similar geothermal regime with other typical craton basins in the world, such as the Michigan
basin (22 ◦C/km)[23], Williston basin (<25 ◦C/km)[22] and Paraná basin of Brazil (22 ◦C/km)[25], so the Tarim
basin is considered as one craton basin in thermal regime.

Table 4 Contrasting geothermal regime between different basins in China and cratons in the world

East China Central China West China Craton basins in the world

Basin G, Q0 Basin G, Q0 Basin G, Q0 Basin G, Q0

Jiyang[12,13] 36,66 Ordos[17] 29,62 Tarim 22.6,43 Williston[22] <25,49

Hailaer[14] 30,55 Qinshui[18] 28,63 Qaidam[21] 288,53 Michigan[23] 22,42∼54

Subei[15] 30,68 Sichuan[19] 21,54 Junggar[21] 23,42.3 Ilinois[24] 19,48

Songliao[16] 37,69 Chuxiong[20] 28,76 Tuha[16] 25,44.5 Paraná[25] 22,56

Note: G is the geothermal gradient (◦C/km) and Q0 is surface heat flow (mW/m2).

The heat flow of the Tarim basin varies from 26.2 mW/m2 to 65.4 mW/m2, with a mean value of 43±8.5
mW/m2. This value is very similar to the heat flow values of some Precambrian shields, such as the India
Shield of 25∼50 mW/m2[26] and Canadian Shield of 42 mW/m2[27], and craton basins as Michigan basin
(42∼54 mW/m2)[23], Williston basin (49 mW/m2)[22] and Paraná basin of Brazil (56 mW/m2)[25]. Accordingly,
thermal regime study presented here indicates that the Tarim basin belongs to tectonically stable craton block
and its heat flow is also relatively low compared with other basins in China. Generally, the geothermal regime
of the Tarim basin is characterized by low heat flow and temperature, similar to those of typical craton basins
in the world.

5.2 Factors that Influence Geothermal Regime of Tarim Basin

Tectonic setting of the basin is one first-order factor that controls present-day geothermal characteris-
tics. Geophysical observations have shown that the Tarim basin is featured by large lithospheric thickness
and strength, low temperature at Moho discontinuity, along with flexure deformation as a whole associated
with the India-Asia collision[28], indicating the very weak activity of lithospheric dynamics, without more heat
contribution from mantle. Furthermore, as a craton with the Precambrian continental crust, the Tarim basin
is also tectonically stable, and no obvious magmatism and deformation occurred during Meso-Cenozoic. So
the combination of weak lithospheric dynamics and quiet tectonic deformation may explain the low geothermal
regime of the Tarim basin.

However, the distribution pattern of present-day geothermal field of the basin is also influenced by the
basement configuration and contrasting thermal physical properties of rocks as well. As discussed in former
section, it is found that high heat flow and geothermal gradient occur in the uplift areas, while low geothermal
regime is observed in the depression areas. This pattern of geothermal field is a result of basement config-
uration within basin. Usually, the sediments accumulated in the depression area are composed of mudstone
and sandstone basically, and the thermal conductivity of sediments is relatively low, compared with that of
rocks in adjacent uplift area. This laterally contrasting thermal conductivity between the uplift and depression
results in heat redistribution and the heat flows naturally from the depression to uplift where the thermal re-
sistance is the smallest. This observed lateral variation of heat flow in the basin is termed as thermal refraction
effect[29,30], and other factors, such as the depth of basement, difference in physical properties of diverse rocks
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concerned, determine the effect extent of basement configuration on heat flow distribution, and will need further
investigation.

However, some anomalous phenomena, contrary to the general pattern mentioned above, are also found
in the Tarim basin, reflecting the influence of local structure on geothermal field. For example, the geothermal
gradient in the northern Bachu uplift is relatively low, although it is located in the uplift area where the
gradient is supposed to be high. Regional geological surveys have shown that the basement depth of this
area is really shallow, even exposed to surface, which makes heat dissipate rapidly, considering large thermal
conductivity of rocks. This is the reason for the observed low gradient heat flow in this area. Especially, the
heat flow and gradient of the Kuqa depression are relatively large, with the values of 51 mW/m2 and 26∼28
◦C/km, respectively, even larger than those of the surrounding uplift areas. Two reasons are suggested here to
explain this anomaly: firstly, located at the joint area of the Tianshan and Tarim basin, the Kuqa depression
accommodates much sediment eroded directly from the Tianshan, and the thickness is even up to 11 km; this
sediment is abundant in radiogenic element and contributes much radiogenic heat to surface heat flow. On the
other side, seismic profilings have indicated that the Tarim block is now underthrusting below the Tianshan,
the frictional heating derived from this subduction process and associated exhumation can disturb geothermal
field in this area, which accounts for the observed high temperature and heat flow in the Kuqa depression.

5.3 Relationship Between Oil/Gas Field and Geothermal Gradient

Comparing the distribution of discovered oil and gas field with the geothermal gradient map in Tarim
basin, it is found that all the discovered oil and gas fields are nearly coincident with areas of high geothermal
gradient, and the gradient of gas field is usually larger than that of the oil field. For example, the Kelasu
tectonic belt where the Kela No.2 large scale natural gas field is discovered, and the Qiulitage tectonic belt in
which the Dina No.2 gas field is located, are all accompanied by geothermal gradient as high as 26∼28 ◦C/km.
The gradient of the Hetianhe (Hotan River) gas field in the south of the Bachu uplift is also relatively high,
and is 2∼6 ◦C/km larger than that of surrounding area. Interestingly, previous studies have shown that the
gradient of Shacan No.2 well, a very high productive oil well of the Yakela area in the north Tarim basin, is also
larger than those of adjacent regions[6]. On the basis of investigating case studies in literatures, it is found that
similar situations exist in numerous fields in other parts of the world. Fei and Liu[31] indicated that most oil
and gas fields in the Dongtai depression of the Subei basin in East China are accompanied by high geothermal
gradient as 35∼40 ◦C/km, and the discovered oil and gas fields in the Liaodong bay of north China are mostly
located in the Liaoxi uplift area where the gradient is large[32]. This observation is also found in the Yinggehai
basin in the northern margin of the South China Sea, where the discovered gas fields are characterized by really
high geothermal gradient[33]. On the basis of superposing the maps of geothermal gradient with discovered gas
field map in China, Zhou et al.[34] proposed that all the gas fields are discovered in areas with high geothermal
gradient, regardless of the thermal regime of whole basin being hot or cold. Previous studies have shown that
most oil and gas fields in the Rocky Mountain areas and mid-United States and some oil fields in former Soviet
Union such as the Wild gorge, Bakhar and Voyvozhsky fields are all accompanied by positive temperature
anomaly[35∼37], and these data also suggested that the temperature anomaly magnitude in gas field is larger
than that in the oil field.

Although the fact that oil and gas fields are accompanied by high geothermal gradient or positive temper-
ature anomaly is well recognized in the world, the mechanism and cause for this coincidence are still ambiguous.
The proposed hypothesis includes heat redistribution associated with lateral difference in thermal physical prop-
erties of rocks, heterogeneities of base heat flow, thermal effects of magma intrusion and tectono-thermal event,
shallow radiogenic heating and contributions from some physical-chemical process that can produce heat, and
upward movement of thermal fluid below[35∼37]. As one tectonically stable basin, the Tarim basin has not
experienced obvious tectonic-thermal events and associated magmatism since Late Paleozoic, and the heat dis-
tribution derived from difference in properties of rocks and radiogenic heat contribution from sediments are all
introduced to account for the observed geothermal pattern that high geothermal gradient exists in the uplift and
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low in other depression areas except for the Kuqa depression where the gradient is strangely high in the Tarim
basin, as discussed in former section. However, the discovered oil and gas fields are not limited only to those
uplift areas and the Kuqa depression that are of high geothermal gradient, for example, the gradient in the south
of the Bachu area is relatively low as 22 ◦C/km, but the discovered Hetianhe gas field is with high gradient as
24∼26 ◦C/km in this low area. Other mechanism is needed to explain this positive geothermal gradient anomaly
occurred in oil and gas field. It is common that fluid can migrate along fault conduit and accumulate at the
structural trap, along with the movement of hydrocarbon and heat, driven by tectonic contraction from basin
boundary and thermal-mechanical process within basin, so the upward and lateral movement of subsurface heat
fluid along fault is speculated as the major cause for this observed geothermal anomalies.

It is long recognized that the generation of oil and gas is determined by the paleo-geothermal evolution
of hydrocarbon rocks during its geological history, so the studies of paleo-geothermal field of sedimentary basin
are essential in petroleum geology. However, our results presented here indicate that present-day geothermal
regime can offer clue to seek for potential oil and gas field, suggesting its possible role in oil and gas exploration.
We call for efforts of conducting high resolution continuous temperature logging and measurement of thermal
physical properties such as heat production, thermal conductivity and density and etc, to decipher the present-
day geothermal gradient and subsurface temperature within basin accurately. On the basis of the structural and
stratigraphic traps, the geothermal trap constrained by present-day geothermal regime is integrated to improve
efficiency of finding oil and gas field.

6 CONCLUSIONS

Compared with other basins in China, the present-day geothermal gradient and heat flow of the Tarim
basin are really low, with a mean of 22.6±3.0 ◦C/km and 43.0±8.5 mW/m2, respectively. Considering its low
geothermal regime, the Tarim basin is undoubtedly regarded as one typical craton basin in the world.

Heat flow and geothermal gradient is relatively high in the uplift areas where the depth of basement
is shallow, and is low in the depression areas, indicating the first order control of basement configuration on
geothermal characteristics. However, this pattern is also affected by local structures, and the Kuqa depression is
a good example, where the heat flow and gradient is relatively high, resulted from the combined effects of crustal
radiogenic contribution and tectonic heating from Cenozoic deformation between the Tianshan Mountain and
Tarim basin. Other factors, such as deep structure, tectonic evolution of basin and hydrocarbon accumulation,
also can affect the geothermal regime of the basin.

The discovered oil and gas fields in the Tarim basin are generally accompanied by high geothermal gradient
or positive temperature anomaly, and the upward and lateral movement of subsurface heat fluid along fault as
conduit is considered as the major cause for this anomaly and need further investigation. Results presented
here indicate that the accurate geothermal study is of significance for oil and gas exploration as supplementary
tool.
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