provided by Crossref

Chinese Science Bulletin

September 2012 Vol.57 No.26: 3482—3490
doi: 10.1007/s11434-012-5176-1

Article
Geology

Closure temperature of (U-Th)/He system in apatite obtained
from natural drillhole samples in the Tarim basin and its
geological significance

CHANG Jian'? & QIU NanSheng"**

! State Key Laboratory of Petroleum Resource and Prospecting, China University of Petroleum, Beijing 102249, China;
? Basin and Reservoir Research Center, China University of Petroleum, Beijing 102249, China

Received February 27, 2012; accepted March 27, 2012; published online May 15, 2012

The apatite (U-Th)/He thermochronometry has been used to study the tectono-thermal evolution of mountains and sedimentary
basins for over ten years. The closure temperature of helium is important for the apatite (U-Th)/He thermochronometry and has
been widely studied by thermal simulation experiments. In this paper, the apatite He closure temperature was studied by estab-
lishing the evolutionary pattern between apatite He ages and apatite burial depth based on examined apatite He ages of natural
samples obtained from drillholes in the Tarim basin, China. The study showed that the apatite He closure temperature of natural
samples in the Tarim basin is approximately 88+5°C, higher than the result (~75°C) obtained from the thermal simulation exper-
iments. The high He closure temperature resulted from high effective uranium concentration, long-term radiation damage accu-
mulation, and sufficient particle radii. This study is a reevaluation of the conventional apatite He closure temperature and has a
great significance in studying the uplifting events in the late period of the basin-mountain tectonic evolution, of which the uplift-

ing time and rates can be determined accurately.
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The (U-Th)/He thermochronometry is based on measuring
the accumulation of radiogenic *He produced by the decay
of U and Th in apatite, zircon and other minerals and has
been widely applied in several research fields, such as the
landscape evolution, thermal evolution of sedimentary ba-
sins, hydrocarbon and mineral exploration and geodynamic
evolution of cratons. The closure temperature was firstly
proposed by the Dodson in 1973 [1], and then applied to the
K-Ar, Ar-Ar, fission track and (U-Th)/He thermochrono-
logical systems. Thermal simulation experiments suggested
that the (U-Th)/He closure temperature of apatite was
~75°C [2—4], which has been used to study the thermal
evolution of sedimentary basins. However, it is found that
there are significant differences on the apatite He closure
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temperatures determined by He ages of the natural samples
in the sedimentary basins [5—7]. In the German Continental
Deep Dirilling (KTB), the He closure temperature of the
fluorapatite was 90+22°C, whereas the Cl and OH -rich
apatite trend towards lower closure temperatures on the or-
der of 55+£30°C [5]; The apatite He closure temperature of
the Otway basin in Australia was about 75°C [6]. Some
studies suggested that the apatite He closure temperature
varies with the cooling time, the effective uranium concen-
tration (eU), radiation damage, particle radii and the F/Cl
ratio [8—12]. Recently, we have discovered that thermal
histories simulated by apatite He ages using the He closure
temperature of the thermal simulation experiments disa-
greed with actual geological condition in the Tarim basin
[13-15], contrary to the study result on tectono-thermal
evolution of the Tarim basin. Correctly understanding the
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apatite He closure temperature in a region not only reveals
the correct geological information involved in the examined
He ages but also provides a basis for related future research.
In this paper, we derived the apatite He closure temperature
of the Tarim basin from evolutionary pattern between the
apatite He ages and burial depths based on the examined
apatite He ages of the natural samples obtained from drill-
ing wells in the Tarim basin. This study is a reevaluation of
the conventional apatite He closure temperature and has a
great significance in determining the time and rate of the
basin-mountain uplift.

1 Samples and experiments

The samples were collected from the Tarim basin, China
(Figure 1). The apatite He closure temperature of natural
samples is usually calculated by establishing the evolution-
ary pattern between apatite He ages and apatite depth; hence,
the apatite must reach the current maximum temperature
after deposition. Therefore, samples should be collected
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from an area where tectonic movements are few and thick
sediments are deposited in the late period, such as the Tabei
Uplift, Northern Depression, and Central Uplift in the Tarim
basin. The Tabei Uplift, Northern Depression, and Central
Uplift have been subsiding since the Mesozoic, and
3000-m-thick sediments have accumulated in these areas
(Figure 2). The samples were collected from wells S14, S87,
S110, and XH1 in the Tabei Uplift, well Shl in the North-
ern Depression, and wells Z2 and Z11 in the Central Uplift
(Figure 3). The details of all samples are given in Table 1.
Apatite grains were separated from the collected samples
using conventional mineral separation techniques. The
(U-Th)/He analyses were conducted in the Arizona Radio-
genic Helium Dating Laboratory (ARHDL) at University of
Arizona in America. The experiments primarily consisted of
three steps: (1) He extraction and measurement from the
apatite grains—the grains inside Nb foil packets were heat-
ed with a laser beam to approximately 900-1000°C (the
grains were heated for 3 min) to extract ‘“He. The “He re-
leased from the apatite were then spiked with 0.1-0.2 pmol
*He and condensed at 16 K. The whole helium was then
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Figure 2 Burial histories of the typical wells in the Tarim basin.
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Table 1 The test (U-Th)/He ages of apatite samples in the Tarim basin

Depth Radius Th/UY Rawage Mass U Th Sm Fu ) Corrected +lc  eU [‘He]
(m)  (um) (atomic) (Ma) (ug) (ppm) (ppm) (ppm) T age(Ma) (Ma) (ppm) (nmol/g)
S14-10al  Cretaceous sandstone 3680 51 1.06 36,52 435 3295 34.05 3259 0.730 50.00 0.87 4095  8.10
S14-10a2  Cretaceous sandstone 3680 59.6 0.81 1.14 441 686 543 5.05 0.746 1.53 0.18 8.13 0.05
S14-11 Cretaceous sandstone 4015 483 0.65 826 294 1891 1199 11527 0.708 11.67 031 21.73 097

Sample No. Strat. Litho.

S14-12 Cretaceous sandstone 4274 36 0.64 0.40 1.13 30.37 1897 89.25 0.640 0.63 023 34.83 0.08
S14-14 Triassic sandstone 4785 40.8 0.83 0.02  2.07 33.52 2699 23321 0.667 0.03  0.07 39.86 0.00
S87-1 Triassic sandstone 4213.5  37.3 1.72 1.26 1.75 424 7.2 38322 0.668 1.89 066 592 0.04
S87-3 Triassic sandstone 4721 45.5 0.51 199 220 992 491 6.80 0.718 277 024 11.07 0.12
S87-4 Triassic sandstone 4829.5  30.8  29.56 038 0.73 5.40 155.55 198.75 0.552 0.68 027 41.95 0.09

S87-7 Carboniferous sandstone 5014.8 43.8 12.87 1.04 2.14 038 4.82 7.51 0.688 1.51 1.84 1.52 0.01
S87-9 Carboniferous sandstone 5233.4 59.3 3.15 0.39 532 8.19 25.17 14.81 0.773 0.50 0.09 14.10 0.03
S87-10 Carboniferous sandstone 5290 31.3 3.68 2.92 097 25.54 91.54 615.64 0.601 4.86 0.22 47.05 0.76
S87-11 Carboniferous sandstone 5502.3 38 3.01 0.53 1.33 20.76 60.92 228.49 0.620 0.85 0.18 35.08 0.1
S87-12 Carboniferous sandstone 5510 41.5 3.06 0.49 1.85 14.92 4450 363.03 0.652 0.76 0.17 25.38 0.07
S87-13 Ordovician sandstone  5529.8 52.3 7.40 0.18 373 793 57.17 11893 0.710 0.26 0.08 21.36 0.02

S110-2 Triassic sandstone 4250 36.8 0.26 17.79 141 75.06 18.83 66.52 0.668 26,63 0.63 79.48 7.64
S110-3 Triassic sandstone 4348.8  71.5 1022 2366 8.0l 239 2377 126.62 0.773  30.60 0.60 797 1.04
S110-5 Triassic sandstone 4426 58.8 3.79 938 598 4.07 15.03 175.18 0773 12,14 031 7.60  0.40
S110-10  Silurian sandstone 5459 345 0.27 1.24 1.09 30.25 8.00 170.03 0.610 204 036 32.14 022
S110-12  Silurian sandstone 5495 57 10.32 079 372 276 2781 151.28 0.715 1.11 020 930 0.04
S110-13  Ordovician sandstone  5967.9  34.3 0.88 037 098 84.41 7230 294.80 0.596 0.62  0.11 101.40  0.20
XHI1-7 Neogene sandstone 3958 36 13.97 7.01 1.17 031 427 1271 0.587 1194 523 132 0.05
XHI-11 Eogene sandstone 4950 433 4.72 322 200 21.12 97.09 310.24 0.658 490 0.14 4394 0.77
XHI1-12  Eogene sandstone 49549  50.3 11.74 0.03 3.74 27.78 317.84 674.80 0.703 0.05 0.02 10247  0.02
XHI1-14al Cretaceous sandstone 5603 51 1.16 0.25 333 1046 11.83 249.56 0.717 034  0.17 1324  0.02

XHI1-14a2 Cretaceous sandstone 5603 60.25 0.33 0.36 494 73.04 23.46 155.19 0.783 0.46 0.02 78.55 0.15
XHI1-15 Cretaceous sandstone  5609.6 66.8 2.30 2.74 6.48 38.51 86.49 372.87 0.768 3.57 0.07 58.83 0.88

Sh1-3 Triassic sandstone 2946 36.8 1.89 55.87 1.03 84.38 155.35 387.59 0.601  92.98 1.40 120.89 36.78
Shl-4al Triassic diorite 3311 41.8 4.15 27.76 2.15 22.62 91.45 185.74 0.659 42.11 0.62 44.11 6.67
Sh1-5al Permian basalt 3462.3 39.3 5.82 33.92 227 8.58 48.64 547.76 0.65 52.22 0.79 20.01 3.81
Sh1-5a2  Permian basalt 3462.3 435 4.81 61.13 3.04 1475 69.15 747.40 0.68 89.72 1.26 31.00 10.60
Sh1-6al Permian tuff 3509.5 48.8 4.77 89.08 3.04 9.52 4424 485.17 0.72  128.01 1.87 19.92 9.94
Sh1-6a2  Permian tuff 3509.5 35 6.58 42.52 1.21 16.60 106.49 471.40 0.66 67.62 1.11 41.63 9.74
Sh1-9 Carboniferous sandstone 4563.5 453 0.98 0.72 1.94 71.44 67.94 105.03 0.67 1.06 0.06 87.41 0.34
Sh1-10 Silurian sandstone 4583.5 46.5 1.62 7.35 2.16 24.01 37.83 106.73 0.68 10.83 0.26 32.90 1.31
Sh1-12 Silurian sandstone 4961 36.8 1.43 0.12 1.39  7.21 10.07 138.03 0.63 0.19 041 9.58 0.01
Shl-14 Silurian sandstone  5331.1 71.5 6.32 0.41 698 5.11 31.51 182.48 0.77 0.53 0.06 12.52 0.03

Z2-1al Cretaceous sandstone 2085 57.5 0.54 15.81 482 11.23 5.87 149.82 0.750  21.08 0.42 12.61 1.09
72-1a2 Cretaceous sandstone 2085 68.3 1.87 47.76 5.61 12.84 23.42 86.67 0.762  62.65 1.04 18.34 478

72-2al Triassic sandstone 2553 41.8 241 168.15 2.36 117.10 275.02 343.39 0.67 251.12 6.95 181.73 167.50
72-2a2 Triassic sandstone 2553 56.3 0.37 158.38 4.15 73.54 26.72  2.65 0.742 213.56 6.17 79.82 69.10
Z2-3al Triassic sandstone 2963 54.8 3.05 96.44 420 1525 4527 223.76 0.743 132.34 2.05 2589 13.73
72-3a2 Triassic sandstone 2963 50.8 0.51 76.67 3.37 100.02 49.26 153.42 0.721 106.37 2.10 111.60  46.51
z2-8 Devonian sandstone 4804 63 4.00 0.56 468 8.16 31.85 34.17 0.742 0.75 0.16 15.65 0.05
72-9 Silurian sandstone 4962 51 2.10 0.27 245 21.55 44.04 51.78 0.692 0.39 0.17 31.90 0.05
72-10 Silurian sandstone 5138 53.5 1.02 1.28 4.01 12.77 12.67 328.88 0.732 1.76 0.20 15.75 0.11
Z11-4 Carboniferous sandstone 4181.6 38 0.90 0.07 1.28 134.40 117.31 587.72 0.63 0.10 0.03 161.97 0.06
Z11-5 Devonian sandstone  4351.5 68 0.92 0.06 6.80 26.03 2345 77.77 0.78 0.08 0.03 31.54 0.01
Z11-7 Silurian sandstone 4701.2 33 1.24 0.45 0.96 62.47 75.36 1006.12 0.59 0.77 0.11 80.18 0.20
Z11-8 Silurian sandstone 4922 35.5 5.10 0.25 1.30 20.99 104.34 154.06 0.60 0.41 0.25 45.51 0.06
Z11-10 Silurian sandstone 5091 40.8 18.35 0.15 1.97 14.08 251.84 439.02 0.64 0.23 0.10 73.26 0.06

a) The atomic ratio of thorium and uranium in apatite crystal; b) alpha ejection correction [2].

released from cold head at 37 K into a small volume (50 cc) (2) U, Th, and Sm measurements—subsequent to the He
using an activated Zr-Ti alloy getter. Finally, the “He/*He measurement, the apatite grains were dissolved in dilute
radio was measured using quadrupole mass spectrometer; (~20%) HNO; solution, and certain amounts of ***Th and
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Figure 3 (a) Temperature profiles of the studied wells in the Tarim basin (temperature profiles from well logging for wells S87, S110, and XH1 and oil
testing temperatures for wells Shl, Z2 and Z11); (b) correlation between apatite He ages and burial depths in the Tarim basin (dashed lines represent the

stratigraphical ages of wells S14, Z2, and Shl).

U solution were added. The final solution was placed into
an inductively coupled plasma mass spectrometry, and the
U430 and 2*Th/*Th ratios were measured to determine
the U and Th contents in the apatite grains; (3) Calculation
of (U-Th)/He ages—the (U-Th)/He measurement process
was described in detail by Reiners [16]. All the test results
are listed in Table 1.

2 Apatite He closure temperature in the Tarim
basin

The temperature profiles from well logging in wells S87,
S110, and XHI and the temperature data from oil testing in
wells Shl, Z2, and Z11 are plotted against apatite depths, as
shown in Figure 3(a). The temperature profile of well S14
was assumed be the same as that of well S110, which is the
nearest well, due to lack of temperature data (Figure 1).
Samples from wells S14, S87, S110, XHI, and Z11 were
buried at depths of more than 3600 m, and their apatite He
ages were close to 0 Ma, which indicated that all the helium
in the apatite had diffused (Figure 3(b)). Except for the two
shallow samples in well Z2, the apatite He ages of the sam-
ples from wells Z2 and Shl decreased as the burial depth
increased and were close to or younger than the deposition
ages, which showed that the apatite experienced whole or
partial helium diffusion, respectively (Figure 3(b)). There-
fore, the apatite He ages of the samples from wells S14,
S87, S110, XH1, Shl, Z2, and Z11 did not reflect the geo-
logical information of the source regions but record the in-

formation of the research area, which is useful in studying
the apatite He closure temperature of the Tarim basin.

The evolutionary patterns between the apatite He ages
and apatite depths of wells Z2 and Sh1 are shown in Figure
4. The apatite He closure temperature (7,) is equal to the
temperature at the crossing point between the depth and the
tangent line, derived from the evolutionary curve of the ap-
atite He ages (Figure 4). The crossing points of wells Z2
and Shl correspond to depths of ~3700 and ~3850 m, re-
spectively. Based on the temperature curves, the apatite He
closure temperatures of wells Z2 and Shl are ~84 and
~91°C. Subsequently, the evolutionary pattern between the
apatite He ages and apatite depths of all seven wells was
established (Figure 5). Except for the two shallow samples
in well Z2, the apatite He ages of the samples decreased as
the burial depth increased and some are close to 0 Ma at
3680 m depth. The crossing point shown in Figure 5 corre-
sponds to a depth of ~3800 m; thus, the apatite He closure
temperature in the Tarim basin is 88+5°C (calculated based
on the temperature curve shown in Figure 3), which is
higher than the result of the thermal simulation experiments
[2-4]. Moreover, the partial retention zone of the apatite in
the Tarim basin is around 40-88°C (Figure 5).

3 Discussion

Recent studies have discovered that apatite He ages in some
cratons are older than the corresponding fission-track ages
due to various causes, such as radiation-enhanced annealing,
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Figure 4 (a) Correlation between apatite He ages and depths in well Z2; (b) correlation between the apatite He ages and depths in well Sh1.
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Figure 5 Relationship between the apatite He ages of the studied wells
and apatite burial depths in the Tarim basin. Dashed line A is the model
from Wolf et al. [3]; solid line B is the model from this study; and the
shaded area is the He partial retention zone of the apatite in the Tarim basin.

change in He retention properties, alpha ejection correction,
radiation damage, and cooling time [17-20]. The alpha
ejection correction of raw (U-Th)/He ages leads to errone-
ous high ages with respect to relatively slow-cooling apatite
[20]. The radiation damage accumulation and annealing
model proposed by Flowers et al. [8] can explain some cas-
es where the apatite He ages are older than the correspond-

ing fission track ages. The cases where the apatite He clo-
sure temperature is higher than the corresponding fis-
sion-track closure temperature are shown in Figure 6. The
present study shows that the apatite He closure temperature
of the Tarim basin, as a typical cratonic basin, is compara-
tively high but still lower than the corresponding fission-
track closure temperature. Thus, the apatite He age is
younger than the corresponding fission-track age in the same
stratum [15]. The next sections discuss the causes that result-
ed in high apatite He closure temperature of the Tarim basin.

3.1 Particle radii

Apatite He diffusion often follows the simple Arrhenius
equation, i.e.
D/a® = D, /ate AT

ey

where D is the diffusion coefficient at absolute temperature

T.(°C)

45

35 1 L 1
0.1 1

Cooling time (°C/Ma)

Figure 6 Apatite He closure temperature as a function of cooling time
and eU [8]. The He closure temperature is higher than the fission-track
closure temperature for the apatite in the shaded area.
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T, D, represents the diffusion coefficient at infinitely high
temperature, E, is the activation energy for the diffusion
process, R is the gas constant, and « is the grain size. The
Arrhenius equation indicates that He diffusion is related to
the apatite grain size. The alpha-stopping distance is signif-
icant to the apatite (U-Th)/He geochronology and is com-
puted from the parent nuclide (U, Th) to the rest site of the
alpha particle (‘He) during the alpha decay, which ranges
from a minimum of ~11 pm to a maximum of ~34 pm [2].
Farley et al. [2,4] not only discussed the three relevant pos-
sibilities between the alpha-stopping distances and He re-
tention but also created a function of the grain radius and
the He retention. The function is expressed as
3
Fo1-3, S
4R 16R
where Fr is the “He retentivity of all the decays in the apa-
tite and R is the particle radius [2,4]. When the grain radi-
us is larger than 30 pm, Fr is characterized by a rapid rise
and gradually approaches 1; however, when the grain ra-
dius is smaller than 30 um, Fr decreases rapidly, and he-
lium is seriously lost. Flowers et al. [8] showed that the
apatite He closure temperature had a positive correlation
with the grain radius, proven by the apatite He ages from
the Otway basin in Australia and the Bighorn Mountains in
America [6,12].

Apatite with radius of ~30 um is defined as the standard
sample, with He closure temperature of ~75°C [2—4]. The
grain radii of the apatite from the Tarim basin range from
30.6 to 71.5 pm and are larger than ~30 pm (Figure 7).
Compared with the standard sample, the apatite from the
Tarim basin should accumulated more helium within the
same period, which resulted in older apatite He ages and
higher apatite He closure temperature.

)

3.2 Effective uranium concentration (eU)

eU is a concept that has come out in apatite (U-Th)/He
thermochronometry in recent years [8,9,21]. eU weights the

12

Number of samples

20 30 40 50 60 70 80
Radius (pm)

Figure 7 Apatite radii distribution in the Tarim basin.
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decay of two parents for their alpha productivity, computed
as U+0.23Th [21]. In the current study, the eU of 50 apatite
ranges from 1.32 to 181.73 ppm and shows a positive but
nonlinear correlation with He ages, similar to the previous
studies [8,21] (Figure 8). Shuster et al. [9] analyzed the eU
of 3500 apatite from many different rock types and locali-
ties and obtained the median value of the eU at 28 ppm in
the apatite, defined as a typical apatite. In this paper, the eU
of 22 apatite is smaller than 28 ppm, whereas that of the
other is greater than 28 ppm, and the individual eU is up to
180 ppm (Figure 8). The He closure temperature for the
typical apatite is ~75°C. However, the eU of the apatite is
generally higher in the Tarim basin, which may have caused
the higher He closure temperature.

The He ages of apatite Z2-1al and Z2-1a2 from well Z2
are obviously smaller and deviate from the apatite He par-
tial retention zone in the Tarim basin (Figures 4(a) and 5).
The grain radii are 57.5 and 68.3 um, respectively, larger
than ~30 pm, and induce apatite Z2-1al and Z2-1a2 to ac-
cumulate more helium. However, the eUs of apatite Z2-1al
and Z2-1a2 are 12.61 and 18.34 ppm, respectively, lower
than that of the typical apatite. Therefore, eU is the factor
that induces young He ages of apatite Z2-1al and Z2-1a2.

3.3 Radiation damage and the radiogenic ‘He
concentration ([*He])

The radiation damage produced by alpha decay of ***U is
defined as the track in apatite fission-track thermochronom-
etry. For slow-cooling terrains, the radiation damage in the
apatite can accelerate annealing and result in smaller fis-
sion-track ages [9,10]. Farley [11] showed that the He dif-
fusion behavior transition at high temperature coincides
closely with progressive annealing of the radiation damage
in apatite. As radiation damage accumulates and retards the
He diffusion, the apatite yields higher He ages [9,10,17].
Shuster et al. [9] developed a radiation damage trapping
model to describe the correlation between radiation damage

300

200

100 H

(U-Th)/He age (Ma)

0 100 200 300 400
el (ppm)

Figure 8 Relationship between eU and apatite He ages in the Tarim basin.
The dashed line is the typical eU value of 28 ppm.
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and *He diffusion in which the radiogenic “He concentration
([*He)) is a proxy of the volume fraction of radiation dam-
age. Radiation damage can trap “He and improve “He reten-
tion. Samples subjected to reheating after accumulation of
substantial radiation damage are more retentive than previ-
ously expected [9]. In the Grand Canyon region of the
American Colorado Plateau and in the western Canadian
Shield, the apatite He ages increase when the radiation
damage caused the He retentivity to increase [21-23]. The
temperature threshold of radiation damage accumulation in
the apatite is ~120°C, much higher than the He closure tem-
perature [9,24]. At temperatures above ~120°C, the radiation
damage in apatite greatly diminished and disappeared [9].

The Tabei Uplift, Northern Depression, and Central Up-
lift in the Tarim basin have been subsiding and have re-
ceived thick sediments since the Mesozoic. The formation
temperature gradually rose but not above ~120°C (the burial
depth is shallower than 6000 m). Thus, radiation damage in
apatite existed and accumulated in geological time. In the
Tarim basin, the long-time radiation damage caused the *He
retentivity and concentration to increase, which finally in-
duced the examined He ages to be much older. A positive
but nonlinear correlation between He ages and [4He] is
shown in Figure 9. Hence, radiation damage and [*He] also
caused the He closure temperature of the apatite in the Ta-
rim basin to increase.

4 Geological significance of apatite He closure
temperature

Apatite fission track is the most common method employed
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in studying the tectono-thermal evolution of the basins and
mountains, and its partial annealing zone ranges from 60°C
to 125°C [25-30]. In this paper, the He partial retention
zone of the apatite in the Tarim basin ranges from 40°C to
88°C. Compared with the apatite fission track, the apatite
He ages potentially provide lower temperature thermo-
chronologic constraints and reveal geothermal information
of the near surface and the late period of uplift events. For
example, the thermal history in some region simulated by
the apatite fission track is similar to that shown in Figure
10(a). However, the thermal history simulated by the apa-
titefission track and (U-Th)/He thermochronometry reveals
not only the paths with different cooling rates, as shown in
Figure 10(b), but also new tectonic uplifting events, as

300

200

(U-Th)/He age (Ma)

0 i L i L i 1 " 1
0 40 80 120 160 200
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Figure 9 Relationship between [‘He] and apatite He ages in the Tarim
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Figure 10 (a) Simulated time-temperature path using the apatite fission-track age; (b) and (c) simulated time-temperature path using the apatite fission
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shown in Figure 10(c). The apatite (U-Th)/He thermochro-
nometry is largely significant in studying the late period of
basin-mountain uplifting. Bullen [31] studied the cooling
rate of the uplifting event in 3-10 Ma in the Kyrgyz
Tianshan using apatite (U-Th)/He thermochronometry and
Reiners et al. [31,32] demonstrated the cooling rate of the
uplift event in 23—40 Ma in the Dabie Mountain. Recently,
we have used the apatite (U-Th)/He ages first to study the
South Tianshan and then revealed the rapid uplift during the
Neogene [33]. Combined apatite (U-Th)/He and fission
track thermochronometries enabled reconstruction of ther-
mal histories between 40°C and 125°C, which provided a
better way of studying the thermal histories of basins and
mountains [15,19,33-35].

Only suitable apatite He closure temperature contributes
to the correct revelation of the time of the last uplift event in
a region. Figure 10(d) shows a case where one formation in
some regions with the surface temperature of 20°C experi-
enced an uplift event in the geologic time, with an uplift rate
of 2°C/Ma. The difference (¢,) in the initial uplift time, cal-
culated using the He closure temperatures of 88 and 75°C is
6.5 Ma, which is a large uplift time error since the Neogene.
Therefore, correctly understanding of the apatite He closure
temperature is very important in studying the tectono-
thermal evolution of basins and mountains.

5 Conclusion

This study has provided the apatite He closure temperature
(approximately 88+5°C) of the natural samples in the Tarim
basin, which is higher than the 75°C obtained from the
thermal simulation experiments, based on the correlation
between the apatite He ages and apatite depth in wells S14,
S87, S110, XH1, Shl, Z2, and Z11 in the Tarim basin. The
eU, radiation damage, and particle radii induced the in-
crease in the apatite He closure temperature of the Tarim
basin. Moreover, the eU and [4He] showed a positive but
nonlinear correlation with the apatite He ages in the samples
obtained from the Tarim basin. In long-term geological
time, the apatite with high eU in the Tarim basin produced
more ‘He, the radiation damage accumulation retarded the
*He diffusion, and the sufficient grain size retained the ‘He.
Therefore, the increase in “He led to the increase in apatite
He ages, which resulted in high He closure temperature in
the Tarim basin. This study on apatite He closure tempera-
ture provides a basis for interpreting the examined He ages
in the Tarim basin and has a great significance in studying
the uplift events in the Tarim basin and Tianshan.
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