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Thermoluminescence dating of gypsum in loess
deposits from Chinese Loess Plateau

Chen Shimin!, Wang Leibin!*, Zhao Hui?, Fan Yuxin®, Cai Qingsong?,
Sun Aijun®*, Zhang Haiwei°, Zhang D David!
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4. MOE Key Laboratory of Western China's Environmental System, Lanzhou University, Lanzhou, 730000, China 5 Institute of
Global Environmental Change, Xi’an Jiaotong University, Xi’an 710054, China

Chinese Loess Plateau is one of the most typical loess sedimentary regionsin the world. Gypsum
deposition in loess is an important indicator for paleoclimate variation and weathering process. In
this study, gypsum veins are subjected for luminescence dating studies. The gypsum samples were
found in Jiuzhoutai loess section of Lanzhou in the western of the Chinese Loess Plateau.
Determination of equivalent doses (D¢) of gypsum samples were conducted using several protocols,
such as single-aliquot regenerative-dose (SAR-TL) protocol, multiple-aliquot additive dose
(MAAD-TL) protocol and Isothermal TL of SAR (SAR-ITL) protocols. The TL glow peak at 280 <C
was targeted because of reported stable signals. The test dose check, sensitivitychange examination
and dose recovery test were applied to verify the applicability of different protocols. The
characteristics of thermoluminescence signals for gypsum was systematically studied. The De results
of SAR-TL, MAAD-TL and SAR-ITL were consist within the range of errors. Among the three
protocols, SAR-ITL protocol did not involve the high temperature heating and provided a more
accurate De value.Thus, it was used for De determinations for gypsum dating. With a maximum
dose rate of 3.840.19 Gy/ka, the minimum TL age of the gypsum veins was about 8515 ka. U-series

dating method was also applied to the same samples for comparison. However, the extremely lower

ratio of 230Th/232Th (< 4x10'6) in gypsum veins deposited loess resulted in large error for U-

series dates. This indicate that TL dating is more appropriate for dating of gypsum in loess deposits.

Key words: loess; gypsum; TL dating; protocols; 2°Th/?%?Th ratio
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XA 3 5 AR EATERE, ARG T IR 7 R AT (5 T 2 AR T 3) R &R 1 —
FRIFER,  FR AT TR E A RIS A TR BT I OSLARRE A S BT 78 th R4S U R
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T, BRARBA A PLIE(S 5 50 0 4w IR AR E I B, T EK A ARG Bk
R B A R P LI A 5 500 B 5 8 HEGR B OK /B IEAH G o AR [RIP LU AR 5 56 55 b 4 )
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Robust chronology of the Paleolithic site of Dongbaimaying in the
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The Nihewan Basin in northern China is well known for its abundant archaeological
and animal fossil sites spanning at least 1.7 million years. The robust time frame of these
sites is essential for understanding the archaeological significance of stone artifacts and the
correlation between the sites. Unfortunately, most of the sites have not been well-dated due
to the lack of suitable materials for dating with Quaternary dating techniques. Relatively,
the optically stimulated luminescence (OSL) technique has been widely applied to these
sites, because of its dating range and materials (ubiquitous quartz or feldspar grains from
sediments). Here, we used the technique to date the recently excavated Paleolithic site of
Dongbaimaying located at the center of the Nihewan Basin. The excavated section is about
4.6 m thick and divided into 12 layers (from bottom to top, numbered 12 to 1). Stone
artifacts were unearthed from Layers 12-9 at the lower part of the section. The sediments of
the section are composed of sandy-silty clay, and 12 samples for OSL dating were collected
from Layers 12 to 2. Fine (4—11 um) quartz grains were extracted and used for equivalent
dose (De) determination using a single-aliquot regeneration-dose protocol. In order to
evaluate the reliability of the fine-grained quartz OSL ages, coarse-grained (150-250 pm)
feldspar luminescence ages for three samples were also determined using a multi-elevated-
temperature post-infrared infrared stimulated luminescence (MET-pIRIR) procedure with
single grains and single aliquots. The quartz samples were dated to 84.342.1 ka for the
bottom sample and 14.340.3 ka for the top sample, and the ages are stratigraphically
consistent except for one sample. The reliability of the quartz OSL ages is also confirmed
by the consistency with K-feldspar ages. To further constrain the time span of each layer,
an Oxcal Bayesian age program was used to model all the quartz OSL ages, in which
Sequence, Phase, Interval, and Outlier functions were used. The modelling results
demonstrate that the age of the cultural layers (Layers 12—11) span between 86.0+2.7 ka
(one sigma) and 78.0%3.6 ka ago, and Layer 10 is between 67.243.6 ka and 61.6%31.0 ka,
and Layer 9 between 53.943.7 ka and 50.642.2 ka. The hiatus (a time interval of 7.744.0 ka)
between Layers 10 and 9 is also indicated by the erosional surface between them. The ages
of the upper layers (Layers 8 to 2) range from 50.642.2 ka to 12.0 #3.0 ka, note that there
are depositional hiatuses between Layers 6 and 5, 3 and 2, implying the changes in

depositional environment

Keywords: Nihewan Basin; Dongbaimaying Paleolithic site; Chronololgy; Luminescence datging
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The widely distributed loess deposits on the Tibetan Plateau sever as a significant archive for
retrieving past climate changes and atmospheric dust history. Through detailed quartz optically
stimulated luminescence (OSL) and radiocarbon dating and the analysis of environmental proxies,
we have established a reliable chronology of the Maerkang loess sequence in the eastern TP. The
good luminescence characteristics and SAR protocol internal tests demonstrated the reliability of
our quartz OSL dating results. Most of the OSL ages are in line with the stratigraphic order. Our
results demonstrated that the accumulation of aeolian loess in this region occurred before 59.08 +
2.52 ka. The dust mass accumulation rate (MAR) varied highly in the last glacial period with
relatively high MARs in marine isotope stage (MIS) 3 and the highest MARs in MIS 2. The MARs
of Malkang area is different from that of other areas in eastern Tibetan Plateau in time and space,
indicting loess are affected mainly by the conditions of the source region and local natural
environment. It is important to further study the deposition chronology and processes of loess in

the ETP for the reconstruction of the past dust change history.
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Quartz luminescence sensitivity holds great potential for tracing eolian dust sources.
Numerous quartz luminescence sensitivity investigations have provided new insights into the dust
sources and transportation of the Chinese loess. However, studies on luminescence sensitivity and
its significance for the ETP loess provenance are scarce. Here, we selected quartz grains in loess
from different sites of the ETP to investigate the variation of luminescence sensitivity and
discussed the provenance implications for the ETP loess based on quartz luminescence
sensitivities. Our results show that there are significant spatiotemporal variations in the quartz
luminescence sensitivity at different locations in the ETP. And the dust sources have played an
important role in the variation of the quartz luminescence sensitivities of the ETP loess. Quartz

luminescence sensitivities have great potential for identifying the loess sources in the ETP.
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Major dune construction during the Younger Dryers
period along the Kankakee River Valley, Midwest
USA: optically stimulated luminescence dating and

ground penetrating radar
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Sand dunes and sand sheets are located along the south side of Kankakee River Valley in
Illinois and Indiana, which overlie glaciofluvial outwash, lake sediments, and bedrock of Middle
Paleozoic shales and carbonates. Dunes are prominent feature of the landscape, and most dunes
are 15 to 25 feet ( ~4-7m) high, and some reach 50 feet (15m). Due to the lack of natural exposure
and roadcuts, three dunes were sampled by hand augering for OSL (optically stimulated
luminescence) dating. Ground penetrating radar (GPR) surveys were conducted for a better
understanding of the stratigraphy where exposures are not available. Results show that all three
sites contain ages within the Younger Dryas chronozone (11.5-12.8 ka). More importantly, we
found that at site 1 there are about 8 meters of eolian sand yielded 5 ages within the Younger
Dryas. Although the large error bar of singular individual OSL age (about 6-9%, about 0.8-1.2 ka)
usually does not allow for the determination of a specific climatic event, multiple ages from
multiple sites of these dunes and striking thickness in this study all fall into the range of Younger
Dryas chronozone. Thus, we believe that the rapid climatic changes before, during and after
Younger Dryas play key roles in the dune construction here in the Kankakee River Valley. These

changes of the ages are consistent with GPR image and lithology changes observed in the field.

Keywords: Sand dune, OSL dating, ground penetrating radar, Younger Dryers, Midwest USA
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Human-activity-leading oasis evolution occurred
since 2.2 ka In the southern Tarim Basin
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4. Institute of Dunhuang Studies of Lanzhou University, Lanzhou 730000, China;
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100101, China.
7. College of Resources and Environment, University of Chinese Academy of Sciences, Beijing 100049, China.
*Correspondence author. E-mail address: hzhao@Izb. ac.cn

Oases are critical locations for human activities in arid areas. Heavily relying on the runoff of
the surrounding mountains, oases in the extremely arid Tarim Basin are especially fragile and
sensitive to both climate-environment change and human activity. However, the spatio-temporal
evolution of oases in the Tarim Basin remained unclear, which limited our understanding of the
coupling relationship among environment change, oasis development, and human activity. Here,
we measured 60 samples that represent oases development stages around the south of the Tarim
Basin by using optically stimulated luminescence dating. Integrated with previously published
records, the framework of oases evolution in the study area since 15 ka was established using
probability density, dimensionality reduction and integrated method respectively. The results
showed that oases in this region mainly developed during 14 - 11 ka, 8.5 - 6 ka, 5.5 - 4 ka, and
the Han - Tang period (2.2 - 1 ka). Comparing to the modeled change rate of glacial in the western
Himalayan-Tibetan orogeny, synthesized regional moisture record of westerlies Asia, and the
count of archaeological sites in different periods, we argue that oases evolution during 15-2.2 ka
were mainly controlled by natural factors such as the melting water and humidity, while human
activity seemed to break the natural rule and to play a major role in promoting oasis development
during the Han—Tang period. Moreover, the oasis degradation after Tang Dynasty may be a result
of geopolitical impact rather than environment change. We propose that man-land relationship in
the south Tarim Basin has been significantly transformed since ~2 ka, and proper human activity is

a key to maintain the living environments in the arid area.

Keywords: OSL dating; oasis evolution; southern of Tarim Basin; human activities; coupling
relationship
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The single grain K-feldspar luminescence dating of

paleolake shorelines of Manas Lake reveals the Late

Quaternary glacial melting water forced highstand
lake level in arid Central Asia
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1. Key Laboratory of Western China's Environmental Systems (Ministry of Education), College of Earth and Environmental
Sciences, Lanzhou University, Lanzhou, China
2. School of Atmospheric Sciences, Chengdu University of Information Technology, Chengdu, China
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*Corresponding author: [ggli@Izu.edu.cn]

In Westerlies-dominated Central Asia, the spatial-temporal pattern of lake evolution on the scale
of glacial-interglacial cycle remains unclear, primarily due to the lack of robust lake level records
compared to monsoonal East Asia. In this study, five well-preserved paleolake shoreline sequences
with 12-24 m above modern basin of dried Manas Lake, a representative terminal lake in the Junggar
Basin of arid Central Asia, were investigated. Single-grain K-feldspar pIRIR dating is used to 29
shoreline samples for chronology determination. Combining the previously reported ages of beach
ridges at Manas Lake basin, An integrated lake level history for Manas Lake during past 80 ka is
reconstructed. Results showed that lake-levels were at highstands of ~25 m above modern lake basin
(a.m.l.) during MIS 5a (~80-70 ka) and 23 m a.m.l. during MIS3 (48-27 ka). Holocene high-lake-
level occurred in the last deglaciation-early Holocene (14—10 ka) and in the late-Holocene (3.5-0.2
ka) at ~20 m a.m.l., which then shrunk dramatically within a few decades. The possible mechanism
of lake level evolution is discussed through comprehensive analysis with regional modern
hydrological characteristics and reliable paleoclimatic records. The alpine glaciers in Central Asia,
driven by Northern Hemisphere summer insolation, plays a more dominant role relative to
Westerlies precipitation in the basin lake level changes recharged by glacial meltwater on both

orbital and suborbital timescales.

Keywords: single-grain K-feldspar pIRIR dating, paleolake shorelines, lake level changes,
Glacier meltwater
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Environmental radioactivity and dose rate
measurement with the pDose system

Konrad Tudyka!

ImiDose Solutions, ul. Wolnosci 234b/4, 41-800 Zabrze, Poland
2Silesian University of Technology, Institute of Physics - Centre for Science and Education, Division of Geochronology and
Environmental Isotopes, ul. S. Konarskiego 22B, 44-100 Gliwice, Poland

The uDOSE system is compact instrument designed to measure environmental levels of
natural radioactive isotopes. Equipped with a dual a/B scintillator and a pulse analyzer, it allows
for discrimination between a and B particles and the detection of pulse pairs arising from
subsequent decays of 214Bi/214Po, 220Rn/216Po, 212Bi/212Po, and 219Rn/215Po. This is used
to asses decay chains of 238U, 235U, and 232Th, as well as 40K. The system can be customized to
assess radionuclide concentrations of samples ranging from 0.4 gto 4 g.4

The uDOSE system's accuracy and precision have been tested through inter-laboratory
comparisons and performance tests using certified reference materials and natural samples from
various environments. Results indicate that the uDOSE system is a promising tool for trapped
charge dating studies and can assess low-level radionuclide contents with very good accuracy and
precision comparable to well-established methods.

The system is controlled by dedicated software with a graphical user interface and modules
for system calibration, data visualization, specific radioactivity calculations, and dose rate
determination that accounts for the correlated uncertainties of with the Monte Carlo method that

significantly improve dose rate precision.
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