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ABSTRACT: By means of the vitrinite reflectance and U-Th/He dating of apatite and zircon in cutting samples from the T3x–K1j formations in the Yuanba (元坝) area of Northeast Sichuan (四川)
Basin, a correlation has been established between the He-derived age and depth/temperature in this
area assuming helium closure temperature of apatite in this area being 95 ℃. Mesozoic strata
(T3x–K1j) experienced helium closure temperature of apatite approaching 95 ℃, but didn’t reach
the helium closure temperature of zircon (ca. 170–190 ℃) although some reached the highest palaeogeothermal temperature of about 170 ℃. The Mesozoic strata in the Yuanba area experienced
an important uplift and denudation during Paleogene–Neogene periods (0.2–36.4 Ma), the erosion
rate being about 109.9 m/Ma. The K1j Formation and overlying strata experienced a maximum denudation loss of about 4 000 m. Geotemperatures gradually fell to the helium closure temperature of
apatite and then fell further to the current temperature. The thermal evolution history of this area
indicates that the maximum palaeogeothermal temperature of Mesozoic strata was close to 170–
190 ℃, prior to the strata being uplifted. During the period between 176 and 36 Ma, the palaeogeothermal temperature fell to 95–170 ℃, and after 36 Ma, it continued to fall to the present geotemperature of less than 95 ℃.
KEY WORDS: vitrinite reflectance, U-Th/He dating of apatite and zircon, denudation thickness,
thermal evolution history, Yuanba.
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the thermal evolution reconstruction of a sedimentary
basin: 1. Forward method using a thermal kinetic
model to recover the thermal history (He, 2000;
Mckenzie, 1978). 2. Inversion method which uses a
range of geothermometers to recover the paleogeotemperature (Qin et al., 2008a, b; Xu et al., 2008;
Yuan et al., 2008). 3. Synthesis method which combines the forward method with the inversion method
(Ren et al., 2008). The geothermometer method is
recognized as highly precise and practical and has
been employed successfully in many scientific studies
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(Qiu et al., 2006; He et al., 2004; Cao et al., 2000;
Wang and Liu, 1996). In recent years, the developing
method of U-Th/He dating of apatite and zircon provides a new paleothermometer able to provide information on the cooling history of geological bodies
under low temperatures and can be applied to analyze
the thermal history reconstruction of a sedimentary
basin, in combination with vitrinite reflectance and
fission track data (Qin et al., 2010). Several minerals
have been investigated for U-Th/He dating, such as
apatite, zircon, titanite and fluorite (Evans et al., 2005)
which exploit differences in the closure temperatures
of different minerals (Reiners et al., 2002; Reiners
and Farley, 1999; Wolf et al., 1996). By combining
U-Th/He thermochronology with other paleogeothermometers (fission track, vitrinite reflectance, etc.),
the dynamic evolution history of sedimentary basin
can be inferred (Wolf et al., 1998).
GEOLOGICAL SETTINGS
The Northeast Sichuan Basin lies between the
Wangcang-Nanjiang and Xuanhan-Dazhou areas and
has an area of about 2.5×104 km2. It is situated in the
northern part of the Upper Yangtze Block, which is a
complex pellicle distortion system made up of the
Paleozoic and Mesozoic strata. Following basement
formation in the Jinning Period, the area evolved successively into a passive continental margin basin from
the Sinian to the Middle Triassic, a foreland basin in
the Late Triassic, an intracontinental depression basin
from the Jurassic to the Early Cretaceous, a shrinkage
basin in the Late Cretaceous, followed by a tectonic
evolution of uplift and denudation (Guo et al., 1996).
Marine facies made up of carbonate and clastic rocks
developed between the Sinian and the Middle Triassic,
followed by clastic rocks deposited on land from the
Upper Triassic to the Lower Cretaceous. There have
been some studies of the thermal history in this region
(Shen et al., 2007; Lu et al., 2005; Wang et al., 1998;
Han and Wu, 1993) but there has been little research
on the thermal history of geotemperature changes
over time in the area. Given the importance of the
Northeast Sichuan Basin as an emerging exploration
target, there is a need to study the structure and thermal history of the area to evaluate its natural gas potential. Commercial gas flows from the Feixianguan

and Changxing formations demonstrate the high
prospectivity of the Northeast Sichuan Basin. By
means of U-Th/He dating of apatite and zircon, the
thermal evolution history of the Northeast Sichuan
Basin has been elucidated and a picture developed of
the tectonic evolution and reservoir formation in this
area.
SAMPLE AND EXPERIMENT
Finding appropriate apatite and zircon grains is
the key to acquire accurate helium age data. Because
the T3x–K1j formations in Yuanba area comprises
clastic rocks namely sandstone or sand-bearing mudstone, appropriate apatite and zircon grains could be
obtained for U-Th/He analysis. Samples were obtained from drilling cuttings of the T3x–K1j formations of the Yuanba 3 well, at depths derived from the
drilling data. Suitable apatite and zircon grains were
selected and then their U-Th/He ages were determined
at the Commonwealth Scientific and Industrial Research Organization (CSIRO) laboratories in Australia
as described elsewhere. U-Th/He ages were corrected
for the alpha emission effect (Farley et al., 1996).
U-Th/He ages of apatite and zircon in the area are
given in Table 1.
TECTONIC AND DYNAMIC THERMAL EVOLUTION HISTORY INVERSION
Because the closure temperatures of different
minerals vary greatly, so the denudation rate and
denudation thickness of sedimentary strata are recovered and then the time-temperature dynamic thermal
evolution history are reversed in accordance with the
differences of He age and closure temperature, and
geotemperature gradient in different mineral in
U-Th/He system (Qin et al., 2010) (Fig. 1).
U-Th/He Closure Temperature and Age
The U-Th/He ages of apatite from the T3x2–K1j
formations in the Yuanba area of Northeast Sichuan
Basin are much less than the sample depositional ages,
which indicates that all the samples have undergone
He closure temperature of apatite. The U-Th/He ages
of apatite in drill samples in the Yuanba area gradually decrease with burial depth or geotemperature increasing in the present (Fig. 2), indicating that the
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Table 1
Formation

The U-Th/He ages of apatite and zircon in Yuanba 3 in Northeast Sichuan Basin

Depth (m)

Elevation
(m a.s.l.)

Apatite He age (Ma)
Single

Average

Zircon He

Zircon

Current

age (Ma)

undergoing

geotemperature

temperature

(℃)

Haven’t

25

grain
K1j

87

390.3

35.7

36.4 Ma

13.1

Close to
closure

60.5
J1z

4 154.5
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-3 677.2

157.5

undgergone
178.6

closure

temperature

temperature of

<100 ℃

zircon

14.9

14.9 Ma

20.9

Underwent

17.8

closure

5.9

temperature

194.5

Close to closure
temperature

95

of

135.2

zircon

194.1

Close to closure

168.1

temperature of

127.0

zircon

>100 ℃
T3x4

T3x

T3x

4

2

4 372

4 476.5

4 776.5

-3 894.7

-3 999.2

-4 299.2

-

0.2

1.6 Ma

111.9

Close to closure

1.2

Underwent

220.2

temperature of

2.8

closure

97.3

zircon

1.3

temperature

112.0

2.4

>100 ℃

0.2

0.17 Ma

182.1

Close to closure

0.1

underwent

149.1

temperature of

0.2

closure

222.2

zircon

temperature

181.0

>100 ℃

163.6

98

100

105

202.0
Note: Based on thermal gradient being 1.7 ℃/100 m, temperature was derived. Surface temperature is 24 ℃

smaller the sedimentation age is, the higher the apatite
age is. The evolution characteristics of U-Th/He ages
accompanying with temperature/depth reflect an apatite closure temperature of the U-Th/He system in the
area being about 95 ℃ with the burial depth being
about 4 500 m.
U-Th/He ages of apatite from the K1j Formation
are relatively dispersive, ranging from 13.1 to
60.5 Ma and located in the helium partial retention
zone. The helium thermal reset of apatite demonstrates that this sample is very close to the closure
temperature of apatite. The highest paleogeotemperature of these samples approaches the apatite closure
temperature, but the other samples have already un-

dergone the apatite closure temperature. U-Th/He
ages of apatite in the T3x2–K1j formations vary from
0.1 to 60.5 Ma in Yuanba. Their averages range from
0.2 to 36.4 Ma, indicating that the Mesozoic Formation was uplifted and denuded during the Paleogene
and the Neogene (Table 1, Fig. 2). The uplift time of
above formation in the Yuanba area was slightly later
than that in Puguang and was earlier than that in the
Tongjiang-Nanjiang-Bazhong area (Qin et al., 2010).
The paleogeotemperature gradually reduced to the
apatite closure temperature until current geotemperatures were reached.
Inferred U-Th/He ages of zircon from the K1j
Formation in Yuanba of 157.5 and 178.6 Ma, are far
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Figure 1. The U-Th/He dating system and clock
effect of apatite and zircon.
greater than the sample sedimentation age (Table 1
and Fig. 2), indicating that the maximum paleogeotemperature of the sample has not exceeded the He
closure temperature of zircon, and the zircon grain of
this sample has not reset to the last thermal event or
partly reset. The zircon grains of the K1j Formation in
the Yuanba area originate from the denudation region
undergoing the closure temperature of zircon in the
Jurassic. U-Th/He ages of zircon in some samples
from the T3x2–J1z formations are greater than the sedimentation age and relatively disperse, demonstrating that the above samples may have reached a maximum paleogeotemperature of about 170 ℃. A map of
the burial history confirms this conclusion (Fig. 2).
With the augment of burial depth or current geotemperatures, He ages of apatite and their ranges
gradually decrease, indicating that the sample in this
region have undergone the closure temperature of
apatite (Fig. 3). He ages indicate that the formation
has undergone a strong uplift and denudation during
the Paleogene and the Neogene. The He ages of zircon and their range increases with the current geotemperature or the burial depth increasing demonstrates that the Mesozoic Formation in this region has
not undergone the closure temperature of zircon and

is still located in the helium partial retention zone.
The uppermost geotemperature of these samples was
close to the closure temperature of zircon, so the zircon He ages reflects to a certain extent the sample
sedimentary age.
Denudation History Reconstruction
In Yuanba area, the Mesozoic Formation was uplifted and denuded during the Paleogene and the
Neogene. If we assume a constant paleogeotemperature gradient, by means of the age-elevation method
(Gleadow and Fitzgerald, 1987), we calculated that
the average exhumation rate is about 109.9 m/Ma and
the average cooling rate was about 1.9 ℃/Ma. Since
the apatite grains of the K1j Formation are located in
the helium partial retention zone, its uppermost paleogeotemperature has ever been close to the closure
temperature of apatite. The maximum denudation
thickness of the K1j Formation and above the formations is about 4 000 m. According to zircon-derived
He ages, the region experienced uplift and denudation
in the Jurassic.
The equation between for the observed Ro (Rb)
and the buried depth in Yuanba area is:
D=4 305.8Ln(VRo/Rb)+1 655.3 (R2=0.89), where D is
the depth (m), and VRo or Rb means the vitrinite reflectance or asphalt reflectance, respectively. The bigger the line gradient in this plot is, the lower the paleogeotemperature gradient is (Fig. 4). When the Ro
value is about 0.25% at the surface, the corresponding
depth is -4 300 m. It was calculated that the maximum
denudation thickness of the well is about 4 300 m in
accordance with the denudation thickness obtained
from the U-Th/He age of apatite and the closure temperature in the region. So the calculated denudation
thickness of the K1j Formation and above is about
4 000 m.
Dynamic Thermal History
The U-Th/He ages of apatite of drill samples
from T3x2–K1j formations in Yuanba area gradually
decrease with increasing burial depth or present-day
geotemperatures indicating that all samples have undergone the closure temperature of apatite (Table 1
and Fig. 4). When the buried depth is about 4 800 m,
the helium ages of zircon are less than the stratum
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Figure 2. The burial history and thermal evolution history map of the well of Yuanba 3 in the northeast of
Sichuan Basin.
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Figure 3. The relationship between present temperature and U-Th/He ages of apatite and zircon, and burial
depth in Yuanba area (according to data from Yuanba 1, the surface average temperature is 24 ℃ and
average geothermal gradient is 1.7 ℃/100 m).
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Figure 4. The correlation among vitrinite/bitumen reflectance, the U-Th/He ages of apatite and zircon, and
present burial depth of Yuanba 3 well in the Northeast Sichuan Basin.
sedimentary age, and the maximum paleogeotemperature is probably close to the closure temperature of zircon. When the burial depth of the samples is greater
than 4 800 m, the maximal paleogeotemperatures of
Mesozoic strata are close to 170–190 ℃. After the Jurassic, the Mesozoic strata began to uplift and the paleogeotemperature dropped. During the period between
176 and 35.7 Ma, the paleogeotemperature of the Mesozoic strata fell to a certain point between 95 and
170 ℃. After 35.7 Ma, the paleogeotemperature continued to get into the closure temperature of apatite and
the present temperature is less than 95 ℃. So the burial
history is restricted by the time by which the apatite
closure temperature of the samples in different strata is
reached.
CONCLUSIONS
According to these new U-Th/He ages of apatite
and zircon from drill cuttings in the Yuanba area, combined with data from the organic matter vitrinite reflectance and other paleothermometers, it has been
possible to reconstruct the dynamic thermal history of
the Mesozoic strata in the Yuanba area in the Northeast
Sichuan Basin.
(1) U-Th/He ages of apatite in the drilling samples
gradually decrease with increasing burial depth or
present-day geotemperatures, indicating that the smaller the sedimentation age, the bigger the apatite age.
The evolution model between U-Th/He ages of apatite

and geotemperature/depth is established and reflects a
closure temperature of apatite in the area being about
95 ℃ with the burial depth being about 4 500 m.
(2) The Mesozoic strata underwent significant uplift and denudation during the Paleogene and the Neogene in Yuanba. The average exhumation rate is about
110 m/Ma and the maximum denudation thickness of
the K1j Formation and above the formations is calculated to be about 4 000 m.
(3) Temperatures in the Mesozoic strata fell from
just below the closure temperature of zircon to about
the closure temperature of apatite in Yuanba. In contrast, the maximum geotemperature of the sample from
the K1j Formation is close to the closure temperature of
apatite. After the Jurassic, the Mesozoic strata began to
uplift and the paleogeotemperature dropped. During the
period between 176 and 35.7 Ma, the paleogeotemperature of the Mesozoic strata fell to 95 from 170 ℃.
After 35.7 Ma, the paleogeotemperature continued to
fall to the closure temperature of apatite and the present
geotemperature is lower than 95 ℃. So reconstructions
of the burial history are restricted by the time at which
sediments reach the apatite closure temperature in different strata.
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