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Research on the applicability of electron spin resonance dating of the late Quaternary sinter

deposits in the rift valley, southern Tibet

Abstract; Sinters in the rift valleys of southern Tibet, including silica sinter and travertine deposits, are the
products of hydrothermal activity under regional tectonic movement. Their formation age is significant for studying
hydrothermal activity history in this region. Electron spin resonance ( ESR) dating is a practical dating method for
determining the age of silica sinter and travertine deposits. However, silica sinter’ s ESR signals vary due to the
complex composition. Meanwhile, these ESR signals are mixed, superimposed, and interfere with each other,
affecting the ESR signal’ s measurement. Furthermore, ESR dating has been applied less in travertine samples in
southern Tibet, which is not conducive to a comprehensive understanding of the hydrothermal activity history in

southern Tibet. Studying the applicability of ESR dating of southern Tibetan silica sinter and travertine deposits
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helps obtain accurate ESR ages. It lays the chronologic foundation for researching tectonic activities in these rift
valleys. This research applied ESR dating to the silica sinter and travertine deposits collected separately from the
Targejia thermal field area and the Xiakangjian hot spring area, located in the Ngri-Xigaze area in southern Tibet.
We performed ESR dating tests, including how to choose ESR signals, the effect of additional doses, and the
thermal stability of ESR signals in travertine. Based on these tests, relatively accurate, reliable ESR ages of silica
sinter and travertine were obtained. The results show that; According to the ESR dating results, the silica sinter
samples collected from the fourth and third terrace of the Targejia geothermal field were formed at 177+20 and 81+
16 ka, respectively, and the travertine deposits collected from the floodplain and first terrace of the Xiakangjian hot
spring were formed at 106 +32 ka and 264 +26 ka, respectively. In terms of irradiation dose, sinter samples
collected from southern Tibet respond well to irradiation dose in the range of 0 ~7680 Gy; In terms of temperature,
silica sinter samples are less affected by closure temperature, and the thermal behavior of the ESR signal at g=
2.0034 of travertine in southern Tibet is stable in the range of 20 C ~250 °C that is suitable for ESR dating.
Regarding mineral structure, The travertine in southern Tibet has better mineral purity and crystallinity ; thus, the
ESR age results are relatively accurate.

Keywords: ESR Dating; sinter; silica sinter; travertine; Southern Tibet; g-value; Quaternary
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Fig. 1  Location of the study area and the distribution of the stypical profiles and sampling sites

e &

b .
Ak

(a) The location of study area ( modified from Hou et al. , 2001) ; (b) The location of the Xiakangjian horst and the Dajiacuo graben;
(c¢) The cross-section of the Xiakangjian horst; (d) The cross-section of the Dajiacuo graben; (e) Sampling sites in the Targejia

geothermal field; (f) Sampling sites in the Xiakangjian hot spring
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Fig. 2 The distribution of silica sinter and travertine deposits in the Targejia and Xiakangjian areas and the sampling sites

(a) The valley terrace profile and sampling sites in the Targejia geothermal field ( modified from Zhao et al. , 2006) ; (b) The valley

terrace profile and sampling sites in the Xiakangjian hot spring; (c¢) The travertine samples collected from the Targejia geothermal field

and their microscope slices
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Fig. 3 Typical ESR resonance spectra of silica sinter and travertine samples

(a) The ESR spectrum of the silica sinter sample; (b) The ESR spectrum of the travertine sample (XZ12); (c¢) The ESR spectrum

of the travertine sample (XZ13)
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D AE . TESZHHET, bk PIAE 5 ESR 15 5 78 B fin
FlE TR EL RN 2 D, AR, KA
i XF A [ B 500 2t A o R AE  7E Gk T e
MM R B E N 0.2 mW (FF A KESTE /L DR T
ESR {55 A BT R MBS ) . Mk 45 R £,
FITAT BE S 15 5 50 BEFE 0 ~ 7084 Gy Y75 P9 L&
S I K R i e ) R A B n B R, R R
M ESR {55 WML,

FHRACKE i XZ12 A BT (0 45 i BE R4l B
REARHFE S XZ04 145 iR B A4y, (RRE IR A
WY A, PR S OR AR B A B B
—E R, HAEAF MM & T ESR /554K
ML AR BB 4 fros, mERW, X712 3%
B o 700 a5 F 5 ma A 0N ERCHUL G ol R R 3
70 2 1 KW A /)N, E AT DR R R L Y 1 4
XZ04 TEAS R0 & B i Bl A i 22 k. 4
B IR K 5] 7084 Gy Y, LA R R R 5 HoAth
BREIIFR) = A TR R 2 (B 4) L5 b TR,
24 B$ i 790 £ 4 i 3680 Gy, i A TR B 4 X6 1 A R
AERE N R S, AT BT LAl 2 R R
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Fig. 4 ESR signal intensity fitting of samples under different irradiation conditions

(a) The ESR signal intensity fitting of the sample XZ12 under different irradiation conditions; b—The ESR signal intensity fitting of

the sample XZ04 under different irradiation conditions

(R /N D AE BN

25 SARRE S AEAS [R) B AR & R SR B D, fE W
1, AERPEA ) o i 2R 3B RBOR B S
MEMBSRESE (R?) B 1, KRR
SR, A3 A AR AROR B R AN BN ) &
Rl 1961 Gy 5N E] 3680 Gy . 7084 Gy, P H %

EFERE) R BJRTF0.96 (£ 1), Giilai R EMN,
XA SRARKE SN, ARSI T REGY D, {H Y
FLA B 0 SL 5 v A5 M o Xt T 45 i AN TR) B 750
T D, {E M H, BR XZ04 ¥ & 7 M 5e o h
7084 Gy By D, {HHH 1961 Gy BF 2 15% , HiAb#e
A TEAS R BRI I T (9 D, (AR A 10% .

*1 BARREHSEAEMMANETH D, E5 R $H
Table 1 The D, value and R? of the samples from the Tibetan travertine deposits in different additional doses
FE AL 24 R D. (0~7084 Gy) I'E D. (0~3680 Gy) I'E D. (0~1961 Gy) I'E

X701 207+18 >0.99 203+21 >0.99 190+21 >0.99
X702 181+30 >0.99 172+49 >0.99 136+55 >0.98
X703 44+10 >0.99 4218 >0.99 37+4 >0.99
XZ04 258+60 >0.99 278+86 >0. 98 299+162 >0.96
X712 42+10 >0.99 38+11 >0.99 39+11 >0.99
X713 105+9 >0.99 103+6 >0.99 90+5 >0.99

AR H AR 5 T, XZ04 FE S 7E S [ 8 IR )
R AR IR — B, A AR S R R R
O R AR i s B D (E R e, X704 1 D, A
AT N B A B NG R SRR D O N 7
HE g 07 A A ) 3 K — I A0 D PR O AN 2
ME— %, JERE NI RE R A I AR P R ) Ry —
AL, T AR A BT W Rk s BN 5 A e R
PR L, DX — ) AR T — P IR A
e,

FEC R SR AERE S D G BRI ) S A e R, R
FE R AE ESR A5 H MR PE A 09 AR . iR b
UMY, VB AR 32 BRI R A AR Ak Y R e L
BN, ABS W SR AFAE . AR S g b, Y
%) R )R T 3680 Gy BF£x s il D, LA (H 428

KGR A, B, 78 T 46 B85 5 R 2 A9 Al
T, Bk ESR U AF 5256 3E FH 0~ 3680 Gy AY KM
FR) £ o) i R AT RO UL S ARG
2.5 $5E ESRMFELESHRBEEFRR

SRAE DU T b PTG Bl 4 B B, AR L
2 b AT e K ) 32 M AT B 2 e TSR A TR L rh
DR ESR G5 —ERE TS EEFER, Wik,
A6 36 SR AR DU ARG FE S IR PR EE T ESR R S R
FEVE, JERAE ESR W AE b 2T R Y BESY . i
TF 5% 6 B0 38 4 e 1 5 AR S AR R R SR 0 52, X
XZ12 BEh ) g = 2. 0034 0 E 47T R 8 PR SE o, 5K
WA 3k, X XZ12 M K AREE A AT ko, B
KR4y Wk 20 €, 50 C, 100 C, 150 C .
200 °C . 250 °C . 300 °C #1350 C . # &5 bk
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FESH 15 min, 105 68 ESR 3% 4% £ 5 15 5 0 17
W, Wit g =2.0034 .0/ ESR 5558 &, XZ12
FESLAE 50 °C . 250 °C 1 350 °C if Y ESR I3 i /&
50K,

XZ12

2=2.0034
|

2.0241 2.0120 2.0000 1.9882
BT

B5 XZ12 % F [ An 8 B T 8 ESR 3% i
Fig. 5 ESR resonance spectra of the sample XZ12 at different

heating temperature

X XZ12 B IR K S 25 AR 6 Fis . 4
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G HMIE KR E L 150 °C, ESR {55 58 A4
FefaE; R 150 C T+ % 200 CHf, g=2.0034
L ESR R 5 ARG K ; 4k2e iR % 250 CHF, ESR
G IR T AR E B R T 250 €, g =
2.0034 0 15 5 98 B TR 46 Rl T B 2B KR
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Fig. 6 The variation of ESR intensity of g=2.0034 after heating

FIR AR F W], iR KR EETE 20 ~ 150 C B,
g=2.0034 O IRA AR R RS E W ESR {7 5o (&
6), fEM T 150 CJ5, %0 M ESR 15 5 3 & 7¢

200~250 C BA/MEIGE, (AR BRI,

ARSI X B A R S AR ESR AR B 5T
KA (AR RE S EAT T g =2. 0034 0> ESR 5 5 1Y
FROEPEDSE, IR A R K], g=2.0034 .0 75 JE
H 20~ 150 CY¥JEA X FE R ESR {55 .

3 #X54H%

TE X T A SR AR AR S EAT ESR IR Y 3L B
AR 1Y ESR 15 2 3 HAT AR 5 0y oy R, D4R
ORI HE, FIEE & B RS SR AR X
FERES (XZ01—XZ04) FUHC [ R B 5% DX 45
FERERD (XZ12, XZ13) ¥ H A BN A ) & R,
TEAEEHIX, Chen et al. (1993) fEREGH X
B2 BB i ) R B A IR AR R i R R AE, XR T,
AR (%) 45 37 2 38 1] BB A R S AR A D Y ESR KRR
Z—
FE i ESR ARSI ZE R W3R 2, SR&E TR AL
WHRE AR (441+£130) ~ (81x16) ka;
KA EORERR RSN (264£26) ~
(106+32) ka, J& 5 kAR FNEG A0 FE T (94 % 2 2247
A7 E R T A e R R HE R AR R
K T ] EEL— I D) b DX ) K TR Bl e R R
) 25 0 BT R R A B, K A Bl X B R
WORAEDLRL, H 5 O E M RE LT F R
(B HRAE, 20015 ZPRW, 2002) ., NEZFXHR L
MEE, R HEBERER T1 B H AL A & XZ13
1 ESR 4E 8 K 264 +26 ka, R [ & ¥4k 1
XZ12 A48 9 10632 ka, WA B e R 15 S8R 5 1
DURRAE IS 5 FLUC R & A XL, FF & 8 2 ULRLUZ
J¥ o FESD XZO1 SRAE A HE M 42 5% 11 PG 0 T4 B b Ab
HAEWE N 177420 ka; REH T3 Bri iy XZ03 44
1 81+16 ka; RAEH T2 Bribig X202 5 T1 By
X704 H ESR 4F #3754 441130 ka 5 300+71 ka,
RYEB & T I — MR, T3, T4 B iy & & A
&S T1, T2 By Hopy 5 2, (378 sty ik o,
T1, T2 B i SR 48 ESR 4F i 8¢ T3. T4 Brih %,
LT ESR R ST EZIP AT IS,

DLy BT 2B, B5 AR F 5 1Y ESR AF % RE 4% 1F
B S e R AR B DTRUZ P A% 2R T3, T4 By
HfkE AR AR B Y ESR AR B8 15 i 0 B bt TURZ
HT1 F1T2 B Hi Ak SR 45 19 RE AR AR T ESR E IR A 5
DU B AETE BRI R 25
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Table 2 ESR dating results of the silica sinter and travertine samples

28750 1| B = 3| Lk 2 A
B i it - v/ Th/ K/ AR AR AR ESR 4E i/
(ug/g) (ug/g) % Gy (Gy/ka) ka
XZ01 85.75°E T 0.655 3.85 0.549 20321 1.15£0. 05 17720
. . . + . +0. +
29.60°N "
85.75°E A
X702 Tk 0.280 0.222 0. 096 17249 0.39+0. 03 4412130
29. 60°N
X703 85.75°E il 4 0. 089 0.442 0.267 4238 0.52+0. 03 8116
+ +0. +
29. 60°N w : ' : - A
85.75°F
X704 29 61°N 1 0.355 2.340 0.424 278486 0. 86+0. 04 300+71
85.01°F
X712 S 1 4 0. 364 0.279 0. 039 3811 0.36=0. 03 106+32
85.01°F
X713 P 454k 0.610 0. 140 0.018 10326 0.39+0. 03 264+26

FE A 1)V A 2 R 2 TR & I B A8 W AL
KRR A, B, R R o £
it FE (MR LSS 1992) . XZ04 #E S SRE T T1
B b S SR T BT, L Ah SR A TR A S A A By
LD T & B 7S A7/ 5 s A S S T e B e I = i)
EMBRE A A, AT EE TR, X204 25 &
FREERAE, M TR Z M A0, ZaE RS
F1h A L Sy A JB BE P ] 8 B O A AR
MR B B, 5 R 4R ML RE R AL B BE A AT, PR 24
JEAEZAE & ESR I b AT BB 1 R B, X 4
(4 B RAT T BE S SR 7E SR 4R b I Al 1 R TR
FERE T fig 2 X S A 18 3 3 5 20 2 B b U0 B A
B g R, ol g2 0% X £ W ROk 3G B B 8
Horpr, X704 B & 2 22 K 3830 20 1 77 13X — 4
M AT REPE B K, kAR 2 M R IR FE = R b
RGBT, AR AR b R O, ok AR By
4 (2020) WEFEAE Y, T AL A AR AT RN AL i L R A
SEARGAR T TV 38 T Y A I SR AL A R AR T
L, DR, XZ04 B b v & PR 8 43 1T il 2 i 45T K 4
WA=, HAE I B DR F #1758
b, Bl B — K BTG B ok SR T DR T T
By b

O DR XT 5 A 42 T2 By Hh i 7 4 o0 B G 3%
B, UOBLIY Rk AR b IR B A 20N B 70%
(MRPIME5E, 1992; ®XIC 4, 2006) , KL, #5#
BT T2 B b Ak & R RE AR DURR W N Ak T ER R S
JOT B 5[] B B A e AR A R B B T g )
W, RBUORET T2 By XZ02 Ff 5 19 i 4 3 1k
2P 55 i A LAt Rl 4 0B B0 R RR AR AT, I
TZAE VR DR U R Y SR AR RE S (B T 2 A,

2006) , FEULHEAN b, HED XZ02 £ 5 ESR AF#% Y
FEAINH N FRES T 2 BT, A0 e AT R W,
e TR 25 2% B AR XZ02 BE S I S L BIAR K, FE
AR ESR G5 MR T, &% H
FRUT AR W) 1 0 AF 3 5 52 e, BRI, XZ02 FF Y
ESR {55 0 & fEAE R 2% 0 ESR 5 5 &N, 4F ik
I TR I 7 A A

MG L F ESR A F L5054 i 45 1, X
Pk i 445 X AR AE ) ESR AT 58 A M R AT e

e, W R AERE B ESR AR 40 IR Y
REER Z, — 7, IR R A ESR AR Y
GRRER ST, TERENITTRE RS, RAE AR
Yy i i B AR T ESR BT IR I, FE A Y ESR 1R
SAFRELER, BRI ESR WAEM “TTEh 87
(Tkeya, 1993) . XJi% X &EAEFE 5 40 W 43 04 53 B
RW], WEREPRAE DY REERE G LA SN EET Y,
HATEM ESR B MR EE 24N 49 ~82 C (B &g
G5, 2018) , AR, FEREARZEIH Hb X, BRUR SR K
BIEA N 67~86.5°C (FM, 2013), % X EEEFE
VENDCVERT, 3 28 W) W43 A AR R 38
D ESR RS, HEMBRNEATFHHE,
LA HL A EAT ESR AR Y B PRI R AR SR,
TR T B A4 R W5 11 55 30T Ao 5 1) 8 0 B T BB
Srz O EIR S (TEHE BT AR, 2019), K52
ESR {55 MALE, Bk, 76X #R R T R
REAERE S HEAT ESR MIAE B, 045 A9 4F % 45 3 0T g
MEDL R W B S O AR, Dy — T T, IR B R
FESUURE A P ESR 5 5 MRS M, FEAE S I T
FUS R ep ) UOAR PR B3I B2 19 T #5452 i H: ESR
FEmRREME, BRWNAE S K m ESR A I
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AOER I, PR A AR TR I R SR TR E 2 52 C
(B A5, 2017) , T 76 BB R SR A5 AR DT R R
KEZE | ABAEE) g=2.0034 O FE 20~ 150 °C (i
JET M 15 min, #K K 68 85 08 F5 40 X B2 € 19 ESR
5%, HIL, ZMAFEOESER R s, H ESR
EREAS R RN R (A -2 o) RN I T 5
A PEAT ESR WA,

ULk, FEE ESR 5 5% i BER) A 0 R 2 T
WriZAe fh ESR AR 36 P BB N K, H o R AR
A it X B R0 S e AR 25 AR IR AR T
ST BRI ) KT ESR 5 5 HR BE 22 1 3
FIEMAI LS (Mahmud et al. |, 2014) ; 5 4
R A N T R 3 ) A i B B R I D, (B
PLE AR (2508 7 5, 2022) 0 BLRBESE R,
Xof R A SR AR A BRI R S SR B, A R
ZHIN TR B B AR 2258 1A%, 3 fi% (1961 Gy,
3680 Gy, 7084 Gy) WM T, Hr=4 K ESR 15
SAHERKIMEHEAMLME KB (B 4), FE,
AN B g i N AR AR ML P B RT
96% , FHRLM D, {H 28 Ak & AR 8 HEE R 15% ., h
BERT UL, 76 R SR AR S AE I A 3 R B ESR
FA MG, HAEM NI 7680 Gy BHK S fig
PREE R ML A SR 5 BB R 1 AR 25 R
HHE 12 90 B 25 5L, M1 A 5% 9] o 3 5K B B 5% b il
PLA B KMH 1. 15 Gy/ka, B R ESR I 4 |
FRATE 6.5 Ma, R, N H ESR %0 &% 5 p
SRAERE AR Y B — R R AT

IR, 9 0oy B 25 5 R B 7R 6t SR AR 1 ESR
AR 3 B i, XA AR BE LM T, 45 R E 22
A6 T] BE AE L N FEA T R R e, i U R A ik
ST R kAT R, dEmXF ESR I AFE 1 K 5 i
(Tkeya, 1993) . t4h, K HAE L B Y 55 4 78 A
AR R . AU R S & 2 T, % T8 W i
g =2.0045 OREE M EAE S, X IAR O 9 B R 1
JAE (Griin, 1989) . BLRWFFE T, il B 45 2 4
di I XS ER AT I A5 R e ], 4 R R AP
D7 A B LW ) R Ay, R A S AR R
FE TR I i o Ry A /0 27 3 i 2 1R RT S E oT
FIEBXH ESR REUE S5m0, 45 25 5 A
W, RIS, G R fe A A B B8 I ) T R A AN
MBI AR, WS T AL H B SESE 24  ESR o6
RERIRIE , IR T A ESR MK A Tk, 7E K
ESR ML, £ 45 FE 0 ESR % Kl 4E O 15 5

P ug i T 5, X REARRE SN, AR R s R R
IR A T 4 S5 DR TR RN BT A P e A K il
A DL HER Sk Z 4 (EVTIBAE, 1998), T
SO D 5 Rk AR AR IS AR A5 A Ok R ME X ESR AR %
g S5 R S R4 A 4 SR G 25 A A A R
Fe TR | Al I AR R BB AR SE B XL ESR
AR B HE B I S, I B A TR 44 B RE S 7E ESR
A A I B HE LTI R AN T R ) ) R

4 Hib

T o 0T A R 2 A I AR DO A SR AR RE R — R
5 ESR AR e S5 AR 5296, 45 & A0 o0 A 55 5 i
BN WAL S P RE I, X RS SR AR ESR AR 19 35
FMEEAT /0, AR EILIT E2IAR,

(1) ik ESR I 4F ik 78 58 R Bl B — H g U
DX A5 Y SR AR TURR AR i AF 88 40 A b | MR TR T
o RS 2R H X T3, T4 By Hb i) £k A2 DT B 43 S
JE . F 177420 ka, 81+16 ka; X IR JE 5 X Ji] {2
WEFT T1 By H A A 85 A2 0 AR 3 i TR T 10632 ka |
264226 ka.

(2) PG SR AERE S B — 9 ESR I 4K 35
P, —J7 N, R REAEAE T B AR &2 ESR A
BIE /N, WESE g=2.0034 017 51 20~
250 CIE I BA R EE; J1— T, JeE R
HERESL ) ESR 15 5 XF 7680 Gy 3 [l 4 9 A T B
FR B B R G, R DO SR AR RE A 1Y ESR I 4
HA— 1E .,

(3) 78RS 55 AR S0 W A R Al AT,
ESR 4 25 SR A X e ; REEREM R Z | UL
U R 2, X ESR AR o M 1 R
Hig: ABS5EAE TR T ESR AUF % K Williams
J. Rink #= % W 2230 U 5 & K I GEBAF 50 7 09 4% 1,
B L FRANSAIRET ZEXAHEHERL,
A b — IF B B By G
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