9546 % 5N i EBR B2 Earth Science Vol. 46 No.5
2021 4 5] http://www.earth-science.net May 20 21

https://doi.org/10.3799/dqkx.2020.148

B E KD ﬁﬁ%@mR%%%%%
FREBEKXEE

Zzw&E L EZE&kA L FLE TR R A, wEET
1. P AR FEAF R FRTFAR, T s RKE 050061
2. P EAMFE AT A FOAFRFERKILTREEETLEHLET, T RAE 050061

OE . IR SRR K SUE B R EE SR, TR R TS R U U G b X A T A R R HRT X R K Y
FLIR X V35 R 2 (0 K T AR R AT T TUAR 2 70 A RO R I A A2 I 1K, 495 28 28 B AR SCRIF 5 1) A 10 155 e 2 (0 AR T 0 )
23 41 (6.6~~5.2 ka) Y 18] 8P4 107 38 0 AR R 7 IRE 1 30 /K TR Ay b 0B R 7 T N i b e U B i K L R PR
o, DUKCAS SCI T ) gt B B0 0 ARV R AIT 5 44X, 2 WA /0008 YL ) S 3t oI 301 L8P 585 AR 0 388wl % B L XY X IR e K FE i
A A 0 /8 I A T3S 2 0 U P s DX R K BE AT R 4

KRR : PR ARYDBE; b AR R AR AU A 30T 5 TR KR4 5 K SO B

hESES: P64l XEHS: 1000—2383(2021)05—1829—11 5 B #B:2020—06—08

OSL Ages and Its Hydrological Implications of Alluvial-Diluvial

Deposits from the Southern Margin of Badain Jaran Desert

Jiang Gaolei"?, Nie Zhenlong', Liu Zhe'*, Wang Zhe', Zhao Hua'*, Yang Jinsong'*, Shen Jianmei"

1. Institute of Hydrogeology and Environmental Geology, Chinese Academy of Geological Sciences,
Shijiazhuang 050061, China

2. Key Laboratory of Quaternary Chronology and Hydro-Environment Evolution, China Geological Survey,
Shijiazhuang 050061, China

Abstract: Alluvial-diluvial deposits can record climatic and hydrologic information in geological history and play an important
role in the reconstruction of paleoenvironment. Aqueous deposits were discovered at the south margin of Badain Jaran desert,
Northwest China. Based on sedimentological analyses, two sections of the deposits as palaeoflood deposit and paleofluvial
deposit were identified. OSL dating suggests that the deposits formed in the Middle Holocene. The alluvial-diluvial deposits in
the southern margin of Badain Jaran Desert were mainly formed under a humid climate during the Middle Holocene. Based on
the previous paleoclimate study, comprehensive analysis of the location and sedimentary features and the previous research of
paleoclimate in this region, a conceptual model of recharge to the Badain Jaran is proposed. During humid climatic phases,
such as the Middle Holocene, the precipitation in this region and adjacent mountain areas recharged the groundwater of the
desert area by temporary flood or/and intermittent stream.

Key words: Badain Jaran desert; alluvial-diluvial deposit; OSL dating ages; Middle Holocene; groundwater recharge; hydrogeology.

HETE b E b 5 A )5 5 H (No.121201106000150093) ; [ 58 H ARl 2% 4 W H (Nos.41807420,41807428) 5 v [ Hh 5T B 2% B 7K SC b Jit
Bi i R 5% Jr SE AR B Al 45 % 991 H (Nos.SK202007, SK201705).

PEZ B Y 22055 (1988—) , 55 A5 5, A 17 52 X4 U 20 B8 3 28 A 5 . ORCID : 0000-0002-4965-4318. E-mail:jianggl198899@163. com

* BIER M, ORCID: 0000-0001-8498-8025. E-mail: sjmiheg@163. com

SRR L md, Bfke, X3, 45, 2021, WP AR U015 R Zk ol ik By 9 D' B O AR AR CHK S0 3 30 B BR B} 2, 46(5):1829— 1839.



1830

HiERFL#  hitp://www.earth-science.net

546 &

B P F 585 PR v 5457 T AT 7 36 A T S, 2 3R
5 R B U DR e S g R v LU R L ] R
AT RS LE A WA 4 F R (Chen et al.,
2004; Dong ez al., 2013) , i X 4b 7 75 W 5 22 L1
PO 2, 2 A 2 X — PG XU P T R X, %
X Xof A3 i 7% ki £ J8 HL & 2% (Chen ez al., 2008).
AT SR, T FF 7 AR U b XSS D 20 K fi B B T R
KA A 75 AE F 98— TR K SO b JBR 2% R AR DU 40 M R
2% FUBIE 98 RN 3¢ T 1Y 44 S (] B (Yang et al., 2003,
2010;Chen et al., 2004 ; J&#etaF T TE, 2018) 0
A VDV I XA MR K D 45 ok UE AT SR AE A AR
KA, B AT 32 Z A LT IR S (1) 3z 5 #b
g5, ok B AR i 1L a7 e e Y IR AR K B 0K & Rl K
T 2 VR K W AN 5 VD X R 7K (Chen ez al., 2004)
B VL Y S Y BRI AE A B — R A MR ZB e
A B 1T 7K G S BT JR 4 T RN 45 VD R IX R K (T
R E SR E,2007) 5 (2) BUAR KA BE K HN G VD1
DX 40 57 4 b ) 2% 1L DX KSR K TR B 1Y)
Hi R A2 U K R K B T 1 1l K AR 45 (Liu ez al.
2016a) ; (3) IT Pty K #M 25, V0 5 2R 1 2 1 L DX HE 56
DU £, i B T v (VKU ) IR BE T T By B 7K 2 I
X bR K B R 45 Ok PR (Gates ez al., 2008a,
2008b). PAE G T 4 F 7K &b 45 2 I8 19 BIF 9% £ 4R vh A
Yo LT CLIT R S0 M 50 K R0 R AR K A [ 437 3
I3 AT 5 Ak 2 T B DA B BARAS & 04 W T i B 43
FEEEIETEAE R R AT, 40 Liu ez al. (2016b) 38 33 X} 2
FHZR VG T 0 AR W I TN Ay P Y5 X A 7K i e v
LI A RN TB BB A AP 25 U0 5 DX INA , 76 4h 45 ok U5

1020
Bl 1 E PR ARV Ca) AN T 300 167 & (b) 157 1]

Fig.1 Sketch map of the location of Badain Jaran desert (a) and study section (b)
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Fig.2 Comprehensive column of the Baoleangmeng section from the southern margin of Badain Jaran desert
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Fig.3 Comprehensive column of the Tiechangbei section from the southern margin of Badain Jaran desert
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Fig. 5 Locations of alluvial-diluvial deposits from the southern margin of Badain Jaran desert
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Fig.6 Field characteristic photos of alluvial-diluvial deposits from the southern margin of Badain Jaran desert
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Table 1 Results of OSL dating for alluvial-diluvial deposits from southern margin of Badain Jaran desert

b B U Th K Bk De OD De%iit Dose rate AEAL
T ) (10%) (10%) (%) (%) (Gy) (%) KB (Gy/ka) (ka)

BL-OSL-1 2.2 1.244-0.04 5.06+£0.15 1.6240.08 10+5  11.514+2.43 26.3 MAM 2.20£0.10 52+1.1
BL-OSL-2 3.93 1.344-0.04 6.10£0.18 1.4940.07 10+£5  12.774+2.13 248 MAM 2.13£0.10 6.0£1.0
BL-OSL-3 4.72 1.1940.04 6.23+£0.19 1.8040.09 10+£5 12.5640.42 8.3 CAM 2.37£0.11 5.3+0.3
TC-OSL-1 3.60 1.244-0.04 5.10£0.15 1.544-0.08 10+5  13.83+1.99 238 MAM 2.10£0.10 6.6+1.0
TC-OSL-2 2.10 1.234+0.04 5.31£0.16 1.4340.07 10+£5  13.524+0.58 124 CAM 2.05£0.09 6.6+0.4

BL-OSL-3 Bf i fIF &b {37 E f £k A B0 51 45 17 5 5048 2000 TC-0SL-1
WA A, #5 R JH BL-OSL-2 # 5 19 4E %) & , BL-
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OSL-2 £ & B & — 80 . 2% 08 2 i ) 1w o ik K ot - Z
SR R TR LR N N P S S ) IR | SUR— e
L P A R T K TLBUR M R S = g
5.3~5.2 ka. TCB # i 9 W > 4E 1L 45 R 5 K § 800 |- ) E
6.6 ka, 3 1 % 3 T 3t K VR 19 T A £ 2y ~ : |
6.6 ka. AR 41 25 £ 40 W7 L P4 3 1T W 1 1 55 A 200 S o
Y U5 T 4 00 b 9k AL AU 1) % 2 A b 4 R it
(6.6~5.2 ka) , FL7F ifk /K 0] 0 B0k 5 e o —F Ty 2
32 MHBAREENSEYS A RIG)

A SC B I 2 A T A9 DT BLAR £ o 4 FI7  #F A TC-OSL-1 B K i £R AN 5350 2%

R b Vb U R T M XA O 4 5 A Fig.7 Growth curve and decay curve of sample TC-OSL-1
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4 3 K W (Yang ez al., 2003, 2010). F J4 &y &
(2016 ) 18 18 X6F V0 5 5 5 04 W0 11 X 1 47 S0 2 D0
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A7 6 T D SR Y SR B R 7E 8~2.5 ka SR i X
T T A Ry Y IV B (OGS AF L 1995) . I A B
Vb S G0 B P W1 R iC € (Long et al., 2012) Fl
H T FIE 5% (Zhao et al., 2008) W, 7 78 4= 5 it
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TR 3 A VD A 2 G B TN (R AN A
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A4 35 L Rl 7K T Ao R R T SR 4 O YR AN 25 2 i R
R A5 V0 5 g 38 350 1 A CLoe 2 AT R 2
bR K TR AE 28 R K b 2% B8 L DA e R A R AT
Ly B Ly Sk L S DO A e R T e (k) SRR R
TE R 1 8 7K I V0 155 IX Ml R 7K 0 R R A R R B
HEME I B VD BT 38 4 2 T KR A2 T AR
B 7K AT B9 A B b 45 (Gates et al., 2008a,
2008b) . I 475 M b 752 b X AR A 7K 0R 2% 35 BH B UK
P14 2 15 AR SR AR G, A K 1 A L S B v R K
FE LA R (T AR, 2013) , aX Fh e A
RE K Wy 5| B sl 7K ARy 8 G O . AR i A A 5
J ARG T B A B4 e LT 8 7S 114 o K B LA
EL b 75 AR VD P55 R S A A ) (7.7~5.3 ka) i
R K A AEIL B T 200 mm/a( £ 5 54, 2016) ,7E
W kg 5 00 v T TR S Ml X4 e 300 9% S T Bk
A T 0 R BT B L O R ) B R 2 T B n
T LT Vb R AR b A Rt ORI Y s B (T &
45,2016) . ELPF5 AR VD85 R 2% 19 o BRI L AR DT AR Y
AR 2 b T B K S 10 B AE AR i BV Y
T S b X A7 FE AT O R 2k L X (B Rl ) B X
38§ 9 K TR B A9 i) R T ST A VD T R b X

BT R B, AR AR H DX AR K R B
i OMRVD B R K R 25 T 3R 9) « 22 046 W i )
0 B8 B8 TR A v 2R, VD T % s AR AT L X T AR

(] B (40 9T 3L 9 A B 7 Y R AR VD il 2
H T V0 LA BEL P TR b Ul BT p 0 R 4 A R K DT
TE VD 301 2% (W AR AL 0 387 04 5 a7 OB ok Jmg S
i AR b J5 IR e Bk b A DR IR A
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Morin et al., 2009; Greenbaum ez al., 2014). % F
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Z WA TAE O H, % SR e T 5 X
AR R L EES, wp Ut Y IR A A B AR
KB — B, 4 5 38 75 X7 3 2 09 &) 1w DL K ot
TRy 1) 3 (K 23 [] 3 A FRAE HEAT DR T

4 g

7R SO B PR RS P58 R Sk A SR ) e gt AR
Py U AR T HEAT T U0R A R AR 23 A RS R OE AR AR
S, 45 2R s P I 23 9l O 0 i 38T (6.6 ~
5.2 ka) (14 ] 8P 7 0 190 BB i 4 3 K JE R
Z R AR 2 A0 v 3, T PR ARV B IR Ak
T B K AL, R S AL T X R B B, A
U8 DR AR /K R R K 4D 25 3 . 45 5 7S SOt
T 11 T AR 11 T FRUARE O R BT B O3 A, R B AE
A T £ e T I S 0 355 R 2 % 1l XA DX 3 K
VLR i At 7 ] i e 3T 4 8 30 2 P AR TR



%5

2t A - UL ARV R i L R 0 e R AR AR R HOK SR R X 1837

TR X R K R AT AN 2 X AR 3G R 45 X v X
T 7K 9 BT R B A9 A B S 0 2 22 b AR B
LU N7 I | RPN R T S

BEH:RA4EBH ER AT R N FLEFLAL Y
SR E B R, 2 RES B TR F RN GK, 2
AT LB T A BT, AT E R iE X
RETHANEKENL, E—IF AT B!

References

Adamiec, G., Aitken, M., 1998. Dose-Rate Conversion Fac-
tors: Update. Ancient TL, 16(2): 37— 50.

Aitken, M.J., Xie, J., 1990. Moisture Correction for Annual
Gamma Dose. Ancient TL, 8(2): 6—9.

Chen, F. H., Yu, Z. C., Yang, M. L., et al., 2008. Holo-
cene Moisture Evolution in Arid Central Asia and Its
Out-of-Phase Relationship with Asian Monsoon History.
Quaternary Science Reviews, 27(3/4): 351—364.

Chen, J.S., Li, L., Wang, J.Y., et al., 2004. Groundwater
Maintains Dune Landscape. Nature, 432(7016): 459—
460. https: //doi.org/10.1038/432459a

Chen, T.Y., Lai, Z.P., Liu, S.W., et al., 2019. Lumines-
cence Chronology and Palaeoenvironmental Significance
of Limnic Relics from the Badain Jaran Desert, North-
ern China. Jowrnal of Asian Earth Sciences, 177: 240—
249. https: //doi.org/10.1016/j.jseaes.2019.03.024

Dahan, O., Tatarsky, B., Enzel, Y., et al., 2008. Dynamics
of Flood Water Infiltration and Ground Water Recharge
in Hyperarid Desert. Ground Water, 46(3): 450—461.
https: //doi.org/10.1111/j.1745—6584.2007.00414.x

Ding, H.-W., Wang, G. L., 2007. Study on the Formation
Mecheanism of the Lakes in the Badain Juran Desert.
Arid Zone Research, 24(1): 1—7 (in Chinese with
English abstract).

Dong, G.R., Gao, Q.Z., Zou, X.Y., et al., 1995. Climate
Changes at Southern Fringe of the Badain Jaran Desert
since Pleistocene. Chinese Science Bulletin, 40(13):
1214—1218 (in Chinese).

Dong, Z., Qian, G., Lii, P., etal., 2013. Investigation of the
Sand Sea with the Tallest Dunes on Earth: China's Ba-
dain Jaran Sand Sea. Earth-Science Reviews, 120: 20—
39. https: //doi.org/10.1016/j.earscirev.2013.02.003

Duller, G.A.T., 2003. Distinguishing Quartz and Feldspar in
Single Grain Luminescence Measurements. Radiation
Measurements, 37(2): 161—165. https: //doi. org/
10.1016/s1350-4487(02)00170-1

Durcan, J.A., King, G.E., Duller, G.A.T., 2015. DRAC:
Dose Rate and Age Calculator for Trapped Charge Dat-

ing. Quaternary Geochronology, 28: 54—61. https: //
doi.org/10.1016/j.quageo.2015.03.012

Galbraith, R.F., Roberts, R.G., 2012. Statistical Aspects of
Equivalent Dose and Error Calculation and Display in
OSL Dating: An Overview and Some Recommenda-
tions. Quaternary Geochronology, 11: 1—27. https: //
doi.org/10.1016/j.quageo.2012.04.020

Galbraith, R. F., Roberts, R. G., Laslett, G. M., et al.,
1999. Optical Dating of Single and Multiple Grains of
Quartz from Jinmium Rock Shelter, Northern Australia:
Part I, Experimental Design and Statistical Models. Ar-
chaeometry, 41(2): 339—364.

Gao, Q.Z., Dong, G.R., Li, B.S., et al., 1995. Evolution
of Southern Fringe of Badain Jaran Desert since Late
Pleistonce. Journal of Desert Research, 15(4):345— 352
(in Chinese with English abstract).

Gates, J.B., Edmunds, W.M., Darling, W.G., et al., 2008a.
Conceptual Model of Recharge to Southeastern Badain
Jaran Desert Groundwater and Lakes from Environmental
Tracers. Applied Geochemistry, 23(12): 3519—3534.
https: //doi.org/10.1016/j.apgeochem.2008.07.019

Gates, J. B., Edmunds, W. M., Ma, J. Z., et al., 2008b.
Estimating Groundwater Recharge in a Cold Desert En-
vironment in Northern China Using Chloride. Hydroge-
ology Jowrnal, 16(5): 893—910. https: //doi. org/
10.1007/s10040-007-0264-7

Greenbaum, N., Schwartz, U., Benito, G., etal., 2014. Pa-
leohydrology of Extraordinary Floods along the Swakop
River at the Margin of the Namib Desert and Their Pa-
leoclimate Implications. Quaternary Science Reviews,
103:  153—169. https: //doi. org/10.1016/]. quasci-
rev.2014.08.021

Hu, W.F., Wang, N.A., Zhao, L.Q., et al., 2015. Water-
Heat Exchange over a Typical Lake in Badain Jaran Des-
ert, China. Progress in Geography, 34(8): 1061—1071
(in Chinese with English abstract).

Huang, C.C., Pang, J.L., Zha, X.C., et al., 2011. Prehis-
torical Floods in the Guanzhong Basin in the Yellow
River Drainage Area: A Case Study along the Qishui-
he River Valley over the Zhouyuan Loess Tableland.
Science in China (Series D: Earth Sciences), 41(11):
1658—1669 (in Chinese).

Jiang, G.L., Nie, Z.L., Shen, J.M., et al., 2017. Research
Progress of Quaternary Environment of Badian Jaran
Desert. Marine Geology & Quaternary Geology, 37(1):
141—149 (in Chinese with English abstract).

Li, Z.L., Wang, N.A., Cheng, H.Y., et al., 2015a. Forma-

tion and Environmental Significance of Late Quaternary



1838 HiBR B 27

http://www.earth-science.net

46 %

Calcareous Root Tubes in the Deserts of the Alashan Pla-
teau, Northwest China. Quaternary International, 372:
167—174. https: //doi.org/10.1016/j.quaint.2014.11.021

Li, Z.L., Wang, N.A., Li, R.L., et al., 2015b. Indica-
tion of Millennial-Scale Moisture Changes by the Tem-
poral Distribution of Holocene Calcareous Root Tubes
in the Deserts of the Alashan Plateau, Northwest Chi-
na. Palaeogeography, Palaeoclimatology, Palaeoecolo-
gy, 440: 496—1505.

Liu, C., L, J., Wang, X., et al., 2016a. Analysis of
Groundwater-Lake Interaction by Distributed Tempera-
ture Sensing in Badain Jaran Desert, Northwest China.
Hydrological Processes, 30(9): 1330—1341.

Liu, S.W., Lai, Z.P., Wang, Y.X., et al., 2016b. Growing
Pattern of Mega-Dunes in the Badain Jaran Desert in
China Revealed by Luminescence Ages. Quaternary In-
ternational, 410: 111—118. https: //doi.org/10.1016/j.
quaint.2015.09.048

Liu, Z., 2012. Plant Root Tube Fossils in the South Region
of the Badain Jaran Desert, Innert Mongolia, China,
and Their Paleoenvironmental Interpretations. Quaterna-
ry International, 347: 284—285. htips: //doi. org/
10.1016/j.quaint.2012.08.749

Long, H., Lai, Z., Fuchs, M., etal., 2012. Timing of Late
Quaternary Palaeolake Evolution in Tengger Desert of
Northern China and Its Possible Forcing Mechanisms.
Global and Planetary Change, 92—93: 119—129.
https: //doi.org/10.1016/j.gloplacha.2012.05.014

Ma, N., Wang, N.A., Zhao, L.Q., et al., 2014. Observa-
tion of Mega-Dune Evaporation after Various Events in
the Hinterland of Badain Jaran Desert. Chinese Science
Bulletin, 59(7): 615— 622 (in Chinese).

Morin, E., Grodek, T., Dahan, O., et al., 2009. Flood
Routing and Alluvial Aquifer Recharge along the Ephem-
eral Arid Kuiseb River, Namibia. Journal of Hydrolo-
gy, 368(1—4): 262—275. https: //doi. org/10.1016/].
jhydrol.2009.02.015

Murray, A.S., Wintle, A.G., 2000. Luminescence Dating of
Quartz Using an Improved Single-Aliquot Regenerative-
Dose Protocol. Radiation Measurements, 32(1): 57—73.
https: //doi.org/10.1016/s1350-4487(99)00253-x

Ning, K., Wang, N.A., Lv, X.Y., etal., 2019. A Grain Size
and n-Alkanes Record of Holocene Environmental Evolu-
tion from a Groundwater Recharge Lake in Badain Jaran
Desert, Northwestern China. The Holocene, 29(6): 1045—
1058. https: //doi.org/10.1177/0959683619831430

Prescott, J.R., Hutton, J.T., 1994. Cosmic Ray Contribu-

tions to Dose Rates for Luminescence and ESR Dating:

Largedepths and Long-Term Time Variations. Radia-
tion Measurements, 23(2/3): 497—500.

Smedley, R.K., Skirrow, G.K.A., 2020. Luminescence Dat-
ing in Fluvial Settings: Overcoming the Challenge of
Partial Bleaching. In: Herget, J., Fontana, A., eds.,
Palaeohydrology. Geography of the Physical Environ-
ment. Springer, Switzerland. https://doi. org/10.1007/
978-3-030-23315-0_8

Wang, F., Sun, D., Chen, F., et al., 2015. Formation and
Evolution of the Badain Jaran Desert, North China, as
Revealed by a Drill Core from the Desert Centre and by
Geological Survey. Palaeogeography, Palaeoclimatolo-
gy, Palaeoecology, 426: 139—158. https: //doi. org/
10.1016/j.palaeo.2015.03.011

Wang, N. A., Ma, N., Chen, H.B., etal., 2013. A Prelimi-
nary Study of Precipitation Characteristics in the Hinter-
land of Badain Jaran Desert. Advances in Water Sci-
ence, 24(2): 153—160 (in Chinese with English abstract).

Wang, N.A., Ning, K., Li, Z.L., et al., 2016. Holocene
High ILake -Levels and Pan - Lake Period on Badain
Jaran Desert. Science in China (Series D: Earth Scienc-
es), 46(8): 1106— 1115 (in Chinese).

Wintle, A.G., Murray, A.S., 2006. A Review of Quartz Op-
tically Stimulated Luminescence Characteristics and
Their Relevance in Single-Aliquot Regeneration Dating
Protocols. Radiation Measurements, 41(4): 369—391.
https: //doi.org/10.1016/j.radmeas.2005.11.001

Yang, X., Liu, T., Xiao, H., 2003. Evolution of Mega-
dunes and Lakes in the Badain Jaran Desert, Inner Mon-
golia, China during the Last 31,000 Years. Quaternary

104(1):  99—112. https: //doi. org/
10.1016/S1040-6182(02)00138-6

Yang, X., Ma, N., Dong, J., et al., 2010. Recharge to the

Inter-Dune Lakes and Holocene Climatic Changes in the

International s

Badain Jaran Desert, Western China. Quaternary Re-
search, 73(1): 10—19. https: //doi. org/10.1016/j.
yqres.2009.10.009

Zhao, Y., Yu, Z., Chen, F., etal., 2008. Holocene Vegeta-
tion and Climate Change from a LLake Sediment Record
in the Tengger Sandy Desert, Northwest China. Journal
of Arid Environments, 72(11): 2054—2064. https: //
doi.org/10.1016/j.jaridenv.2008.06.016

Zhou, Y.Y., Wang, X.S., 2018. A Monte-Carlo Simulation
Based Assessement of the Vertical Soil Moisture Distri-
bution and Infiltration Rate in the Vadose Zone of the Ba-
dain Jaran Desert, China. Earth Science, 43(Suppl.1):
326— 338 (in Chinese with English abstract).

Zou, L., Liu, P.H., Tian, Z.H., et al., 2019. Late Paleozo-



%5

50 AR + EL PR RO U R 2 B 0 e B AR K S B X 1839

ic Metamorphic Complex of Precambrian Metamorphic
Basement from Eastern Alxa Block: New Evidence from
Zircon LA -ICP-MS U-Pb Dating of Boluositanmiao
Complex. Earth Science, 44(4): 1406 —1423 (in Chinese
with English abstract).

Bt A 325 & STk

T2, E5 ¥, 2007, B PR ARUD 01T B AL 54T
FRRBIE,24(1): 1—7.

L, E A AR B4 1995, I B H LAk B P kv
TR 2 e AL . Bzl i, 40(13) : 1214 —1218.
B4, LR AR 45,1995, M B T I LK B P Ak

S X VP AL . TP E VDR, 15(4) 345 352.

W SCIE, 5 &, 8050, 25,2015, FLPF s bR v 355 L 7R 309 4
BT K — A B R AR . b BRL 2E UE B, 34(8) .
1061—1071.

WK, e, A /NG, 2011, B AT I B O6 b g b s TR
HEAK 5 VL] T AT 23 b A 4] . v R 2 (D 4

HERAF2%),41(11): 1658—1669.

LA R, B, 5, 2017, IR AR VD AR IO 20 3R B
TF5E AR . T 350 o5 5 56 DU 20 1 5, 37(1): 141 — 149,

g T E R, A 2014, T PR AR VD S M R K o4
Ja BT I ZE R WL . Bk iE A, 59(7) : 615—622.

TIYE, DT BRELE 45,2013, [Pk AR v 5L Ml I 7K 4 AiE
MR 2L 43 BT . KB 22 g L 24(2) : 153—160.

FEIIE, THL, FERAA, %, 2016, [P AR 4R
W 5z WL B R (D R B ), 46(8):
1106—1115.

JA A, FIRTE, 2018, PR ARV WAL A K 2 ) 43 A RN
% 1) Monte-Carlo 5 fl ¥ ff . M1 ER B} 2%, 43(HE 1) 1) -
326—338.

AT, XA AR A 2019, 23 B 4 56 b B BT S 2 4 A T
LR b M ity AR AR B 2% Ok B TS i A A LA
ICP-MS # 41 U-Pb & 4F Y BT UE T . M BRBL 2%, 44(4)
1406 —1423.



