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Comparison of the electron spin resonance (ESR) dating results between Al signals and Ti-Li
signals in quartz grains: a case from sediments of BJ14 core drilled from the Baijian Lake in
the Tengger Desert
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Abstract: Background, aim, and scope The determination of the depositional age of Early to Middle Pleistocene is
an urgent problem for Quaternary studies, the ESR dating method provides the possibility for the dating of sediments
during this period. However, previous works have found that it takes a long time for the signal associated with the
titanium (Ti) and aluminum (Al) defects in detrital quartz grains to be reduced to zero or to constant residual value by

sunlight exposure, which may cause the phenomenon that the ESR signals of quartz grains is incomplete bleaching
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prior to sediment deposition. On the other hand, when using ESR signal of quartz for dating, it is difficult to accurately
determine whether the ESR signal has been reset to its constant residual value or to zero, moreover, the constant
residual value of ESR signal for Al center is difficult to be estimated accurately. Therefore, the reliability by this method
remains to be questioned. In this paper, we attempt to identify the best agreement between other age criteria established
by paleomagnetic dating study with observed age and to determine whether ESR dating is reliable. Materials and
methods Here we carried out ESR analyses on five samples with different depths from the BJ14 core drilled from the
Baijian Lake in the present Tengger Desert based on Ti-Li signal and Al signal in detrital quartz grains. Results Our
results show that: (1) this method yields agreement between the Al signal and Ti-Li signal ages for 2 samples, while Al
signal ages were 200—500 ka older than Ti-Li signal ages for other 3 samples; (2) the dates obtained by this method
based on Ti-Li signal are generally consistent with paleomagnetic dating results from BJ14 core and therefore appear to
be reliable. Discussion The fact that the Al signal age is older than Ti-Li signal age is probably related to the previous
recognition given Al center signal slower bleaching kinetics in comparison with the Ti center. In desert environment,
the process of migration or accumulation for aeolian sand is rapid, for which ESR signal of Ti-Li center has been to
reset to zero, while incomplete bleaching for ESR signal of Al center. Conclusions Finally, these results demonstrate
that a great potential for using Ti-Li centres to date Early Pleistocene deposits, and the usefulness of using the multiple
centres approach, here, although we only carried out ESR analyses based on two kinds of ESR signals (Ti-Li signal
and Al signal) in detrital quartz grains. Meanwhile, we can infer that ESR optical age estimates to be reported as an
accurate burial age based on Ti and Al signals should keep agreement between D, values for both the Al and Ti signals.
And if there is no independent age control, we obtain disagreement between the ages obtained by the two signals, and
furthermore the Al signal age is less than that from the Ti signal age, then the Ti signal age can probably be taken as the
age of burial. Recommendations and perspectives Our results show that the ESR dating has the potential to date much
older deposits, and the importance to measure both Al and Ti centers for dating purpose. We recommend that the MC
approach (the multiple center) should be finally very most tested for dating purpose.

Key words: ESR dating; Al center; Ti-Li center; Tengger Desert
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Tab.1 Dose rate and related data of samples
Hemdis  WE Sk hifz il s
K U Th Rb L

Sample Depth % 107 107 107 Water content Grain size Gamma dose rate

number /m ’ 1% /um /(Gy-ka™)
16241 33.35 1.82+0.05 1.27+0.06 5.56+0.19 70.1£4.91 20£10 125—150 2.04+0.15
16242 41.70 2.01+0.06 1.21+0.06 4.93+0.18 91.5+5.31 20+10 125—150 2.15+0.16
16243 50.71 1.924+0.06 1.06+0.06 4.34+0.16 77.8+£5.06 20£10 125—150 2.01£0.15
16244 58.97 1.96+0.06 1.16+0.06 4.92+0.18 85.3+£5.20 20£10 125—150 2.10£0.16
16245 73.28 224+0.11 1.21£0.06 6.06+0.30 / 20£10 125—150 2.39+0.19
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Fig.3 Dose response curves of samples of ESR signals regarding Al center and Ti-Li center, respectively
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Tab.2 The results of D, values of samples obtained by using the quartz Al center and Ti-Li center ESR signals

b o Al.L> Al center Ti-Li.[» Ti-Li center
Sample number  Depthym XS matE o omAtE
Relative bleached rate/% Goodness-of-fit (R") Goodness-of-fit (R")

16241 33.35 43.9 0.9827 1279+149 0.9667 1154+185

16242 41.70 433 0.9954 1751+155 0.9849 1545+238

16243 50.71 48.9 0.9973 2219+118 0.9973 1823+94

16244 58.97 42.6 0.9934 2252+214 0.9877 1626+202

16245 73.28 46.1 0.9809 3262+513 0.9799 2208+350
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Tab.3 The results of age values of samples obtained by using the quartz Al center and Ti-Li center ESR signals

. ) F| R Al .L> Al center Ti-Li > Ti-Li center
e RE WAL
Sample number  Depth/m Gamma dos_? D,/Gy R D./Gy R
rate/(Gy-ka ') ¢ Age /ka ¢ Age /ka
16241 33.35 2.04+0.15 1279+149 626+86 1154+185 564100
16242 41.70 2.15+0.16 1751+155 815+94 15454238 719+122
16243 50.71 2.01+0.15 2219+118 1104101 1823+94 906+83
16244 58.97 2.10+0.16 2252+214 1075+130 1626+202 776117
16245 73.28 2.39+0.19 3262+513 1363+239 2208350 922+163
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i 16243 (1) ALY Ti-Li D4R R A2 200 ka
(& 4) , W] LIS A AL 16243 1) AL ECH
STAE IS i R IO 25 16 o Jaramillo B P4 7 Bsf T00 AL (v T

iZfL 73.50 m, YN 73.28 m (IPIRRY (16245)
M54 Ti-Li .0 ESR 4E#3 K (922+163) ka, Al LM
&k (1363+£239) ka (K1 4) , Jaramillo ¥ % V. Fsf
LRI E] A 988 ka ( Singer, 2014 ) , A Al
Wr 16245 Ti-Li O30 F BESLDIBURAR, 1 ALOME
WK, BES 16244 R 4T Jaramillo # M 0 B 2%
R (~988ka ) Z Brunhes IF [A RIS (~780ka )
W B TRIETE R Z 8 (B 4) , 16244 (1) Ti-Li 04
W (776 +£117) ka, AlLLAEE A (1075+130) ka,
H X PG AN AE % B T 288 50) R 1Y S5 8 3l AR A

(TR AR RE DL 3.2 % ) o AR S J A U Y 25 /K
I A ALDAER A (1230+£142) ka, Ti-LiD4F
%4 (925+129) ka, XPAEREH ALCAR I
T 988—780 ka, Ti-Li O IRTEX—F IR TLEI,
T A LaXHERE NS5, R Ee Bkl
Ti-Li O AR W 32200 BLSE A b2 AR 0%, 17 AL AR i
A, FE &L 16243, 16244 F1 16245 1Y Ti-Li 0> 4F
WAAIXHREIT U FE 78 TiZFL 73.28 m & 58.97 m 1Y
PURLS R A DO R A X B e, 1L s A BV
VRUIE it WEDPO L ) vy i i 0 4F- 235 S5 [R) B o] DASIE
AHX—2%%15 (Lietal, 2014; Fan et al, 2018) .
FF “Z¥E”  (multiple-center method ) Xt i
W], ALCME5 MR %42 Ti 012 ( Toyoda et al,
2000; Duval et al, 2015) , I 16243, 16244
116245 = ASFES AL AT Ti-Li O AF 0% v 22 55
AT MR R DU AE DURET AL ESR 55 RE 4
R ERE “FREE” .
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