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ABSTRACT: Tangra Yumco, a large saline lake located in the central-southern part of the Tibetan Plateau, lies
in a hydrologically closed basin and is part of a cascade lake system including Tangqung Co, Tangra Yumco and
Xuru Co. The extension and position of this lake system makes it valuable for reconstructing palaeoclimatic
variations through the lake history and to compare both with the adjacent lake systems. We reconstructed Late
Quaternary lake level changes based on data from two lacustrine sediment cores. A micropalaeontological
analysis focusing on Ostracoda was carried out combined with dating (**C, '°Pb, '*’Cs), sedimentology and
stable isotope data from bulk sediment. Ostracod analysis involves the quantitative documentation of
associations. An ostracod-based transfer function for specific conductivity was applied to assess and refine lake
level changes and to compare the results with other lake level reconstructions from the Tibetan Plateau for
evaluating inter-regional climatic patterns. Seven ostracod species were detected, with Leucocytherella sinensis
dominating the associations followed by Leucocythere? dorsotuberosa, Limnocythere inopinata and Tonnacypris
gyirongensis. Fabaeformiscandona gyirongensis, Candona candida and Candona xizangensis were found in only
a few samples and at low percentages. The synthesis of ostracod-based environmental reconstruction and
chronology for samples from Tangra Yumco reveals the evolution of the lake system during the past 17 ka. A low
lake level around 17 cal kasp is followed by a recovering until the reaching of a high stand around 8-9 cal ka sp.
Subsequently, between 7.7 and 2.5calkasp, it remained relatively stable with a subsequent short-living
lowstand-highstand cycle at around 2 ka. Thereafter, the ostracod-based conductivity transfer function shows an
increase of conductivity corresponding to a lake level rising phase at around 0.4 ka. The recorded changes are
indicators of past climatic conditions and refine the palaeoclimatic models in this area.
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Introduction

In the last decade, several studies of lacustrine sediments
from the Tibetan Plateau identified significant lake level
changes during the Late Quaternary that are related to
monsoon and westerlies variability (Mischke and Zhang,
2010; Kasper et al., 2012; Ginther et al., 2013, 2015,
2016; Mishra et al., 2015; Ahlborn et al., 2016; Henkel
et al.,, 2016). Due to the role of this area as origin of
many large rivers of south-eastern Asia, the climate
variations in this area force environmental, social and
economic consequences for millions of people and their
better understanding is urgently needed to offer indications
of future scenarios.

A multi-proxy approach, integrating chemical, physical
and palaeontological data, was applied in this study to
reconstruct the lake level variations of Tangra Yumco in
detail. In such a context, ostracods have already been
widely used as palaeoenvironmental indicators on the
Tibetan Plateau (e.g. Mischke et al., 2006; Frenzel et al.,
2010; Wrozyna et al., 2010, 2012; Mischke, 2012; Ahlborn
et al.,, 2015; Akita et al., 2015; Alivernini et al., 2018).

*Correspondence: M. Alivernini, as above.
E-mail: mauro.alivernini@uni-jena.de
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Palaeoecological applications of ostracod-based transfer
functions have proven to be a useful tool to assess palae-
oclimatic conditions (Mischke, 2012; Viehberg and Mes-
quita-Joanes, 2012). Such approaches have generally been
used to reconstruct relative lake level changes on the
Tibetan Plateau, identifying the timing of past moisture
availability and evaporation intensity.

This work focuses on the lake Tangra Yumco, which is
part of a cascade lake system including Tangqung Co,
Tangra Yumco and Xuru Co (Fig. 1), located on the
southern—central Tibetan Plateau. Tangra Yumco has been
investigated in several studies in recent years to assess lake
level changes during the Late Quaternary (Long et al.,
2012; Rades et al.,, 2013; Miehe et al., 2014; Ahlborn
et al., 2016, 2017; Glnther et al., 2016; Henkel et al.,
2016). Akita et al. (2016) provided a dataset of the ecology
of recent Ostracoda of Tangra Yumco as a groundwork for
palaeoecological applications. In Ahlborn et al. (2016) an
analysis on surface samples was carried out and a lake
level curve of Tangra Yumco was reconstructed. We
compared these with the results of this study to have a
continuous dataset to refine their results. For the present
study, an 11.5-m-long piston core (31°13.93'N, 86°43.25E,
217 m water depth) and a gravity core (31°15.15'N, 86°
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Figure 1. Location of the three studied lakes of the Tangra Yum
Co lake system (with elevation, area and salinity): Tangqung Co
(4475m a.s.l.; 57km?; ca. 100%o), Tangra Yum Co (4595m a.s.l;
818km? 8.3%c) and Xuru Co (4720m a.s.l; 206km?; 3.2%o).
Source: www.geomapapp.org. Lake Monco Bunnyi was not part of
the Tangra Yum Co lake system during the investigated time frame.
The position of sediment core TAN12-2 is indicated by the white
triangle.

43.37'E, 223m water depth) located close-by were
micropalaeontologically analysed, dated by '*C, and for the
piston core the resulting chronology was confirmed by
palaeomagnetic secular variation stratigraphy (Haberzettl
et al., 2015; Henkel et al., 2016).

Tangra Yumco together with other large lakes improves our
understanding of hydrological system changes on the south-
ern—central Tibetan Plateau and the varying monsoonal
impact. Estimation of the specific conductivity is valuable
tool in reconstructing lake level changes and switches from
open to closed lake basins or vice versa, allowing a
comparison with neighbouring lakes and other basins on the
Tibetan Plateau.

This work aims (i) to reconstruct the Late Quaternary
evolution of the Tangra Yumco lake system, by refining and
integrating the work of several authors (Ahlborn et al., 2016,
2017; Henkel et al., 2016), (ii) to assess possible scenarios of
the interactions between the basins of the Tangra Yumco
system during the past 17 ka using an ostracod-based conduc-
tivity reconstruction to discriminate climatic and hydro-
graphic effects and (iii) to contribute to a holistic picture by
comparing with other lakes in order to detect climate shifts
along an east-west transect on the southern Tibetan Plateau
during the Late Quaternary.

Copyright © 2018 John Wiley & Sons, Ltd.

Study area

Tangra Yumco (30°45'—31°22'N, 86°23'—89°49'E; Fig. 1) is a
terminal lake located on the central-southern Tibetan Plateau
at an elevation of 4545m a.s.l. (Rades et al., 2013) with a
catchment size of 8219km? and a salinity of 8.3%c (Long
et al., 2012). Tangra Yumco is the second deepest (230 mm)
lake in China (Wang et al., 2010) and third largest lake on
the Tibetan Plateau. The population in the Tangra Yumco
area is sparse and human impact is mainly restricted to
pastoralism (Miehe et al., 2014). Precipitation at Tangra
Yumco is mainly dominated by the Indian summer monsoon
originating from the south (Miehe et al., 2014) and westerly
winds during the winter months (Maussion et al., 2014).
Today, the lake system comprises three lakes: Tangra Yumco,
Tangqung Co and Xuru Co located in a 300-km-long and
40-km-wide graben (Akita et al,, 2016). Tangra Yumco and
adjoining lakes are covered with ice in winter but do not
completely freeze in some years due to the high salinity of
their waters (Kropacek et al., 2013). The cold arid climate
supports alpine meadow with Kobresia and steppe vegetation
with Artemisia (Miehe et al., 2014). Tangra Yumco is an
endorheic lake formed by active tectonic movement in a
north—south-trending graben (Zhu et al., 2004; Kong et al.,
2011). Whereas the southern Tibetan Plateau is dominated by
Palaeozoic—Mesozoic carbonate and clastic sedimentary
rocks (Galy and France-Lanord, 1999), the flank of the rift of
Tangra Yumco is mainly composed of volcanic rocks, granit-
oid intrusions and potassic lavas (Gao et al., 2010). During
the middle Pleistocene, the three water bodies formed one
large lake and lacustrine deposits are well preserved between
Tangqung Co and Tangra Yumco (Kong et al., 2011). The
three lakes are arranged as on a staircase, with Xuru Co
seated at the highest position (4720m a.s.l.) and the other
basins subsequently lower. Tangra Yumco has two large
rivers entering from the south-east and west but no outflow.
Due to its terminal character, lake level variations of Tangra
Yumco are mainly controlled by precipitation and the
contribution of glacial meltwater is negligible (Biskop et al.,
2015). Quaternary palaeo-shorelines and lake terraces are
located up to 200m above the present-day lake level of
Tangra Yumco (Rades et al.,, 2013), indicating a Holocene
shrinkage of a larger ancient lake (Long et al., 2012; Liu
et al., 2013; Ahlborn et al., 2017). The large lake was divided
gradually into independent smaller water bodies during the
Early and Late Holocene due to an extensive drop of water
level (Zhang, 2000; Zhu et al., 2004; Liu et al., 2013).
However, the presence of submerged lake level terraces
(Akita et al., 2015) indicates significantly lower lake levels in
the past. Additionally, beach rocks formed by precipitation of
secondary carbonates, Holocene stromatolites and tufa can
be found in the northern part of the Tangqung Co catchment
(Akita et al., 2015).

Material and methods
Sedimentological analysis

The composite profile consists of the 1.62-m-long gravity
core TAN 10/4 and the 11.5-m-long piston core TAN12-2
(Henkel et al., 2016). The complete record with lamina-
tion of different thickness (sub-mm to cm) consists of
interbedded silty sediments and blackish sandy layers
(Fig. 2). The cores were subsequently sampled every
centimetre. For further details, see Henkel et al. (2016). In
Tangra Yumco radiocarbon dating on the cores yielded
ages from 17.4 calkasp to today, for a total of 29 dated
samples (Ahlborn et al., 2017).

J. Quaternary Sci., Vol. 33(6) 713-720 (2018)
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Figure 2. Composite profile (without turbiditic layers) of the two cores with age-depth model and sedimentation rates as published by

Henkel et al. (2016).

Micropalaeontology

In total, 168 samples containing mostly disarticulated ostra-
cod valves were taken every 10cm, and shorter intervals if
valves were not found within selected samples. The results
from the pilot core TAN 10/4 (126 sub-samples) were
integrated in the piston’s core dataset to complete the record
for the most recent past. Species percentages and total
ostracod abundance were calculated. For ostracod abun-
dance, juvenile and adult stages were counted separately.
The adult/juvenile ratio was determined to assess water
turbulence (Boomer et al.,, 2009) and to check for possible
removal of thinner juvenile valves by dissolution. Samples
were treated with H,O, (ca. 5% for about 1-3h) and
subsequently sieved with water through a 200-pwm sieve to
enrich the valves. In addition, the sieve residues were split
into sub-samples using a microsplitter to perform a more
indicative quantitative analysis with a large number of valves.
Identification was mainly done with a low-power binocular
microscope and occasionally supported by a scanning elec-
tron microscope as well as a Keyence Digital Microscope and
the ostracods were classified on the basis of previous
taxonomical works in this geographical area (e.g. Mischke,
2012; Wrozyna et al., 2010). Valves were subsequently
counted to 300-500 individuals for every sample. If the
number of 50 valves in a single sample was not reached, the
samples were combined with the subsequent samples to
achieve the required minimum number of valves (>50), within
0.1-ka intervals. For a complete overview of the grouped
samples and the ostracod species see the Supporting Informa-
tion (https://doi.pangaea.de/10.1594/PANGAEA.890591).

An ostracod-based transfer function for the reconstruction
of past conductivity values was applied (Peng et al., 2016) to
trace lake level and system changes. The modern training set
of Peng et al. (2016) covers 34 lakes of the southern and
western Tibetan Plateau with a total of 75 samples and
conductivity ranging from 0.3 to 18mScm™'. The program
C2 (Juggins, 2003) and Weighted Averaging Partial Least
Squares (WAPLS) regression were used (Mischke et al., 2007;
Guo et al., 2016) to develop quantitative relationships
between environmental variables and ostracod assemblages.
The conductivity values were log;o-transformed before calcu-
lation. The performance of the ostracod-based conductivity
transfer function is indicated by a correlation of R?=0.77

Copyright © 2018 John Wiley & Sons, Ltd.

between observed and estimated values and an error (RMSEP)
of 0.25 (Peng et al., 2016).

Stable oxygen isotope analysis

For stable isotope analysis, the cores TAN 10/4 and TAN12-2
were sampled at intervals of 1cm, and bulk sediment was
freeze-dried and ground. The analysis of stable oxygen
isotopes was carried out at Helmholtz-Zentrum Potsdam,
Deutsches Geoforschungszentrum (GFZ), Germany, using a
Finnigan GasBench-IlI with carbonate-option connected to a
DELTAplus XL isotope ratio mass spectrometer (IRMS). Before
analysis sediment samples were reacted with 100% H;PO, at
75°C for 60 min, and each sample was analysed nine-fold.
Results are expressed in the standard delta notation in per mil
relative to VPDB (Vienna Pee Dee Belemnite). Standardiza-
tion was done using international reference materials IAEA-
NBS18 and NBS19, as well as laboratory internal standards
CO1 and C1 (calibrated against VPDB). Analytical precision
was better than +0.07%o for 3'°O.

Results
Micropalaeontological analysis

The composite profile comprising the short and the long core
covers about 18ka. Total abundances vary between 32 and
602 valves g~ with a mean value of 109 valves g~ ' for both
cores (Fig. 3). Most valves were disarticulated and juvenile
valves were dominant. Ostracods were lacking in the oldest
part of the core, i.e. between 18 and 17 cal kasp. After this,
Limnocythere inopinata (Baird, 1843) was dominant until ca.
16.0calkasp and, from 16.0 to 12calkasp Leucocythere?
dorsotuberosa (Huang, 1982) became the most frequent
species. Between ca. 12 and 10calkabp, three dominant
species were detected in different intervals. The most promi-
nent species is the opportunistic Leucocytherella sinensis
(Huang, 1982), which often occurs in association with
Leucocythere? dorsotuberosa. Fabaeformiscandona gyiron-
gensis (Huang, 1982) was prominent at around 10.1 cal kasp.
After this interval, L.2 dorsotuberosa returned to be dominant
until 5 cal kasp. Concerning the final period, Leucocytherella
sinensis and L.? dorsotuberosa were alternately dominating
from 1.8 cal kasp until today, but they are largely replaced by
L. inopinata for the period between 1.8 calkasp and 400 bp

J. Quaternary Sci., Vol. 33(6) 713-720 (2018)
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Figure 3. Relative abundances and valves/weight ratio of the ostracods. For relative abundances only the most abundant species were

considered. From left to right, L. sinensis adult male, RV, ext., L. inopinata adult male, LV ext., L.? dorsotuberosa adult male, LV ext., F.

gyirongensis adult female, RV, int.

calasp. Candona xizangensis (Huang, 1982), Tonnacypris
gyirongensis (Yang, 1982) and Candona candida (O.F.
Mdiller, 1776) were also found but in very small percentages
along the cores. The relative abundances of the most
abundant ostracods are shown in Fig. 3.

Conductivity reconstruction

The conductivity transfer function shows the highest value of
13.6mScm™' close to the bottom of the composite core
TAN12-2 at 17.1-16.1 cal kasp (Fig. 4). Thereafter, the con-
ductivity follows a general decreasing trend, reaching its
minimum value (0.6mScm™") around 10.1 calkasp. Subse-
quently, conductivity increases again until 9.6calkabp
(3.3mScm™"). Thereafter, values decrease until 1.7 cal kase,
ranging between 2.8 and 1.2mScm™" with the exception of a
single peak of 4.3mScm™" around 1.9 calkasp. For the last
1.1ka, values range between 5.2 and 8.2mS cm~!" and, close
to the top of the core, are ca. 0.4 cal kasp; today, conductivity
generally shows a decrease, with values between 5.1 and

2.1mScm™".

Stable oxygen isotopes

The 8'%0 record from Tangra Yumco shows high values at
around 17.0calkasp. After this there is a general decrease
until about 11.0calkaspr. Thereafter the curve follows a
positive trend towards higher values until about 0.4 cal kasp,
where a new negative trend until today was observed.

Discussion and interpretation

Lake level changes of the Tangra Yumco lake
system

A possible explanation for the lack of ostracods between 18
and 17 calkasp could be high salinity as indicated by high
3'%0 values of the bulk sediment (Fig. 4) and a high
sedimentation rate due to a pronounced low lake level stand.
This hypothesis is also supported by the reconstructed
conditions of the lake level between 17 and 16 cal ka sp, with

Copyright © 2018 John Wiley & Sons, Ltd.

a dominance of L. inopinata. This species indicates a low
lake level and meso- to polyhaline conditions in the southern
part of the Tibetan Plateau (Akita et al., 2016). At the same
time L.? dorsotuberosa confirms the presence of a lacustrine
water body. The maximum conductivity reached during this
period is 13.6 mS cm™'. Until about 12calkasp, the
dominance of L.? dorsotuberosa indicates a rising lake level
(Akita et al., 2016) with a correspondingly decreasing
conductivity and negative 8'®O trend. Based on the increased
relative abundance of L. sinensis and lower numbers of the
deep water species L.? dorsotuberosa, there was a slight
increase in water depth during this period, although the
conductivity transfer function does not show a clear trend.
This alternation could be due to temporary variations of the
lake level or variations to the inflow/outflow of the system.
The switch in dominance from L.?2 dorsotuberosa to the
opportunistic L. sinensis and shallow-water taxon L. inopinata
(Akita et al., 2016) between 9.8 and 7.5 cal kasp indicates a
slow and progressive lowering of the lake level with a
corresponding slight increase in conductivity. This trend is
also confirmed by 8'20 analysis, indicating an enrichment in
heavy 'O isotopes within the sediments after 8.5 calkase,
which can be assumed to be directly related to the lake
water, reflecting a decrease in effective moisture and thus a
slow, long-term reduction in lake water volume typical of
large terminal lakes (Leng and Marshall, 2004). These &'20-
based lake volume reconstructions are supported by a
quantitative lake level reconstruction from Tangra Yumco
based on optically stimulated luminescence (OSL) ages of
exposed lacustrine sediments (Ahlborn et al., 2016) showing
a very similar pattern (Fig. 4).

During the period 7.5-3.7 cal ka gp the evolution of the lake
could not be reconstructed based on the ostracod assemblage
as only two samples dated to 5.7 and 5 cal kasp are available.
Nevertheless, the bulk sediment oxygen isotopes show a
gradual increase, indicating a high but gradually falling lake
level accompanied by slowly increasing conductivity.

For the last 3.7 cal ka s, it is possible to distinguish four phases
(Fig. 3). The first, with L. sinensis as the dominant species,

J. Quaternary Sci., Vol. 33(6) 713-720 (2018)



OSTRACOD-BASED LAKE LEVEL RECONSTRUCTION OF THE TANGRA YUMCO SYSTEM 717

(b) Age (ka)
4750 4 ¢ : L 200 185 m aril; highest
. i paleoshoreline at
4 <— Tangra Yumco
4700 5 150
1 L ——
1 ?
1 . >
‘ 2
= 4 P
8 4650 © =
p ] F10CE
= €
g ] g€
£ g §
L 50 é S
c@®
§o
©
H
w's
- 04— 4545 m asl;
recent lake level
— Tangra Yumco

b
uaa:-i(’ ——t T ¢ :]:70
0 8

3180 -4
(%o)

100 1

10 -

Conductivity o&o @ g

msem?) Lo ° v 9/&‘ * *

[ ] e
." o i '.'.//’ﬁ. 2 e ®
w : 00/0’
14
®
0.1 . . ' . . . . : .
0 2000 4000 6000 8000 10000 12000 14000 16000 18000

Age (cal. ka BP)
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uncertainties due to a lack of samples). In the oldest stage (1) at 17-10.5kacalsp, the conductivity decreases. (2) An increase is
recorded, followed by a decrease, in contrast to Ahlborn et al.’s record. Good agreement with Ahlborn et al’s (2016) curve is
recognizable around 2ka (3), and by the fast switch of decreasing and later increasing lake level reported in the conductivity curve.
Subsequently (4), the two curves agree until 0.4kacalsr where the conductivity starts to decrease earlier than the rise of the lake
assumed by Ahlborn et al. (2016).
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indicates a relatively stable lake level with low conductivity and
corresponding oligohaline conditions. Around 2 cakase, a switch
in dominance between L. sinensis and the two species L.
dorsotuberosa and L. inopinata suggests a fast lake level decline
and a subsequent fast rise. The dominance of the halotolerant
species L. inopinata between 1.1 and 0.2calkasp indicates
mesohaline conditions and a falling lake level. In the uppermost
six samples, L. sinensis reappears, probably due to a recovery of
the lake level as also confirmed by 3'°0 analysis revealing a
negative trend during this period.

Comparison with previous studies and regional
comparison

Tangra Yumco sediments have already been investigated for
palaeoecological and palaeoclimatic purposes in the recent
years (Long et al., 2012; Rades et al., 2013; Miehe et al.,
2014; Ahlborn et al., 2016, 2017; Akita et al., 2016; Glinther
et al.,, 2016; Henkel et al., 2016). Ahlborn et al. (2016)
reconstructed the lake level history based on OSL dating
(Fig. 4) of massive carbonate banks in the catchment of
Tangra Yumco integrating similar datasets from several
authors (Kong et al., 2011; Long et al., 2012; Rades et al.,
2013, 2015). In addition of this, we match our micropalaeon-
tological data with datasets presented by Ahlborn et al.
(2017), who compared lithological and geochemical analysis
on the cores of Tangra Yumco with similar records from other
water bodies on the southern part of the Tibetan Plateau, and
with the results of the 3'%0 analysis data from Tangra Yumco.
Regarding the whole system, neotectonics probably had only
a minor role in the interaction between the lakes, given the
dramatic lake level fluctuations and the relatively low impact
of tectonics in this region (Armijo et al., 1986).

Akita et al. (2016) demonstrated small and temporary water
bodies were populated by different ostracod assemblages
compated with large lakes, but the distribution of lacustrine
ostracods is mainly driven by salinity. This observation was
made by Mischke et al. (2007) as well and supports the
reliability of ostracod-based conductivity transfer functions
for lakes of the Tibetan Plateau.

The results show low conductivity values, probably related
to a shallow lake level around 17ka, also confirmed by

Ahlborn et al. (2017). After this, merging of the lake
Tangqung Co in Tangra Yumco, forming one large lake at
around 10.5calkasp, is recorded (Ahlborn et al., 2016).
Subsequently to this period, a highstand of 181-183 m above
the present lake level is recorded and Tangra Yumco reached
its highest elevation during the entire Holocene between 9
and 8calkasr (Ahlborn et al., 2016). A comparison of the
lake level reconstruction of Ahlborn et al. (2016) with the
ostracod-based conductivity of the present study shows a
generally similar pattern, especially concerning the first phase
of increasing lake level (10.5 cal kasp) and the phase between
4 and 0.4 calkasp, where the lake level shows lowstand—
highstand switches followed by a new decrease, before
stabilizing. However, some differences are observed (Fig. 4).
At about 10 cal kasp, conductivity shows an increase, despite
a postulated lake level rise. A possible explanation could be
that before this event, Tangra Yumco was integrated to
Tangqung Co with a decrease of conductivity due to over-
flowing into the latter. With a further rise of the lake
Tangqung Co at about 10.2ka, the latter reached the water
level of Tangra Yumco, mixing with its more saline waters
and leading to a subsequent increase in conductivity. The
results indicate, at about 9.8 cal kasp, a decrease in conduc-
tivity as result of the further rise of the lake level. The general
lack of data for the period 7.5-3.7 cal kasp for the ostracod
dataset and for the OSL samples does not allow a more
precise reconstruction, although a moderate trend of increas-
ing conductivity is conceivable.

The documented conductivity reconstruction based on
ostracods shows a rapid highstand-lowstand at around 2 cal
kasp (Fig. 4), documented also in the OSL-based reconstruc-
tion of Ahlborn et al. (2016). Although not shown in the
isotope data, the slight increase is probably compounded by
the short-term mixing with Tangqung Co water. So our proxy
would show this minor variation best. In the youngest part of
the record the conductivity increase is confirmed by the lake
level trend documented by Ahlborn et al. (2016). After ca.
0.4 calkasp, decreasing conductivity, as suggested by the
ostracod conductivity transfer function, is in contrast to a
falling lake level indicated by the OSL-based reconstruction.
However, this result agrees with the 8'80 ratio dataset from
the same core where a negative trend of the isotopes for the

Figure 5. Location of the four lakes considered for the lake system comparison on the southern Tibetan Plateau.Source: www.geomapapp.org

Copyright © 2018 John Wiley & Sons, Ltd.
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last 0.5calkaspr is recorded. The lake level possibly rose
slightly earlier than previously reported by Ahlborn et al.
(2016), also given the chronology’s uncertainty (+0.3 ka).

As Ahlborn et al. (2017) reported, we also note the first
synchronous development between 17 and 16ka where
relatively low lake level conditions switch with the start of
deglaciation to an increasing lake level registered in Taro Co
(Alivernini et al.,, 2018), Nam Co (Kasper et al., 2015) and
Tso Moriri (Mishra et al., 2015) along an east-west transect
on the Tibetan Plateau (Fig. 5).

After this shift, between 12 and 8.5ka, an increase in
moisture availability and temperature at the transition to the
Holocene and a general precipitation decrease thereafter is
reported for Taro Co (Alivernini et al., 2018), Tso Moriri
(Mishra et al,, 2015) and Nam Co (Kasper et al., 2015),
showing a similar pattern with Tangra Yumco. A lowstand
recorded around 2ka ago followed by an increase in lake
level was also reported by Kasper et al. (2015) for Nam Co to
the east and by Alivernini et al. (2018) for Taro Co to the
west. For lake Tso Moriri, Leipe et al. (2014) registered,
during the general trend of decreasing humidity after 9ka, an
increase in moisture availability between 1.1 and 0.4ka.
Considering the uncertainties of the chronological model for
the Tso Moriri core (Leipe et al., 2014) and the time lag for
this event when comparing the two records we assume a
possible synchronous timing. This last sequence is probably
related to minor variations of the monsoonal components in
the lakes studied (Kasper et al., 2012; Ahlborn et al., 2016).

Conclusions

According to the ostracod-based approach used here and the
comparison with other datasets, the lake level evolution of
the Tangra Yumco lake system as refined with the ostracod-
based transfer function and the 8'®0 analysis can be divided
into six main phases.

e In the oldest stage (17-10.5ka) conductivity and
3'80 generally decrease from relatively high values, in
phase with the general increasing levels of the other
considered Tibetan lakes.

e At around 10ka, a decrease of conductivity in contrast to
Ahlborn et al’s (2016) curve is recorded. The different
trend in the ostracod-based transfer function can be
explained by a switch from an open to a closed lake basin
and a mix of saltier water from Tangqung Co with oligoha-
line water from Tangra Yumco.

e Between 9.8 and 7.5calkasp the ostracod fauna and
conductivity based on it indicate a slow and progressive
lowering of the lake level. This trend is also confirmed by
3'80 analysis.

e During the period 7.5-3.7 cal kasp the general lack of data
for both for the ostracod dataset and for the OSL samples
does not allow a more precise reconstruction, although the
moderate trend of increasing of 8'®0 could be related to a
decrease of the lake level.

o After this, the conductivity is in general in good agreement
with Ahlborn et al’s (2016) lake level curve, especially
around 2 ka, where the fast switch of decreasing and later
increasing lake level is synchronously mirrored by the
conductivity curve.

e Thereafter, the conductivity, 8'®0 and lake level curve
agree until 0.4 ka, where the conductivity starts to decrease
earlier than the rise of the lake level and the positive shift
of the §'%0.

Comparison of the evolution of the Tangra Yumco lake
system with the adjacent basins along an east-west transect

Copyright © 2018 John Wiley & Sons, Ltd.

shows synchronism for almost all the events recognizable at
Tangra Yumco. However, the ostracod-based transfer func-
tion has proven to be a valuable tool for refining lake level
curves, discriminating climatic and hydrographic effects such
as switching between closed and open lakes.
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Abbreviation. OSL, optically stimulated luminescence.
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