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Well-preserved paleo-shoreline systems suggest lake shrinkage occurred in a vast region
of the Tibetan Plateau, indicating dramatic paleo-environmental changes that linked closely
to variations in Asian monsoon precipitation, glacial meltwater, and evaporation. The
elevation and chronology of these shoreline features can be used to reconstruct lake level
fluctuation history and regional paleo-climate. Here, we report optically stimulated
luminescence (OSL) dating of 14 sediment samples from three of seven paleo-
shorelines at south of Dagze Co, central Tibetan Plateau, using coarse-grained quartz
and K-feldspar. Two fine grain silt samples were also measured. The results suggest the
following: 1) The highest paleo-shoreline for Dagze Co has an elevation around 4,525m
(+55m above modern lake). Its age is estimated to be 9.1 ± 0.5 to 9.6 ± 0.6 ka, suggesting
a relative humid condition in the early Holocene. 2) After that, the lake level dropped ~20m
and remained relatively stable (+35 m) from ~8 to 5 ka, implying a dry condition with
reduced runoff. Lake level further declined for ~40m since about 5 ka. 3) The general trend
of shrinkage for Dagze Co broadly matches studies from adjacent lakes, suggesting a
common pattern of lake’s evolution on the south/central plateau in the late Quaternary. The
long-term decreasing trend of Asian monsoon precipitation should be the main reason.

Keywords: paleo-shoreline, OSL dating, Dagze Co, lake level change, Tibetan Plateau

INTRODUCTION

The Tibetan Plateau (TP) has a profound impact on global atmospheric circulations and the Asian
monsoon system (e.g., An, 2000; Chen et al., 2020). Known as “the water tower of Asia,” it is the origin of
Asia’s many great rivers, supplying runoffs for over 1 billion people (Krause et al., 2010; Song et al., 2013;
Jonell et al., 2020; Wei et al., 2020). With a total area of more than 40,000 km2, more than 1,000 lakes
(>1 km2 area) are widely distributed across the plateau, comprising an important component of water
resources in the TP (Ma et al., 2011; Zhang et al., 2013; Liu et al., 2018). The evolution of lakes is closely
linked to variations in climatic controls. Many studies have been carried out using lake core sediment with
proxy analysis to reconstruct paleo-environment change (e.g., Zhu et al., 2008;Wang et al., 2009; Hou et al.,
2017). Lake level and water volume are among the most important features to study the evolution of lakes.
Paleo-shorelines are geomorphic features formed in the interaction of lake water, aerodynamics, and land,
representing a temporary stationary state of the lake level due to precipitation–evaporation balance (e.g.,
Otvos, 2000), i.e., paleo-shorelines can provide ideal records for studying lake level fluctuation history.

The presence of a large number of paleo-shorelines 10–200 m above the modern lake in TP
indicates that lake shrinkage occurred in a vast region (Li et al., 2009; Hudson and Quade, 2013). The
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timing for lake highstands and their relationship with climatic
controls have been discussed in several recent studies (Chen
et al., 2013; Liu et al., 2013b; Lai et al., 2014; Yan and
Wünnemann, 2014; Zhou et al., 2020; Hou et al., 2021; Feng
et al., 2022). Some researchers have pointed out that the
spatiotemporal complexity for the timing of the recent highest
lake levels in TP mainly follows such a pattern: many lakes in
northwestern TP reached their maximum extents during the
latest Pleistocene (Kong et al., 2007; Liu et al., 2016; Zhang
et al., 2022), while many lakes in the southern/southwestern
TP reach their highest levels in the early Holocene (Chen
et al., 2013; Rades et al., 2013; Ahlborn et al., 2015; Hudson
et al., 2015; Huth et al., 2015; Rades et al., 2015). Lake highstands
in the MIS 5 mainly occur for lakes in the northeastern TP (see
reviews and references in Zhang et al., 2020), while mid-Holocene
expansions were also reported (e.g., Liu et al., 2015). The
controlling climatic mechanism behind this pattern needs
further investigation. However, there is still a lack of research

for a comprehensive understanding of the history of lake level
changes in TP, especially for small/medium-sized lake basins.

Dagze Co is a small lake in a closed basin in central TP
(Figure 1A). It is surrounded by a well-preserved paleo-shoreline
system. In this work, a detailed field survey was conducted using a
differential GPS and a drone to identify and measure the relative
elevations of paleo-shorelines. These shorelines were optically
dated using quartz/K-feldspar grains to establish a detailed
chronology for lake level fluctuations.

SAMPLE COLLECTION AND METHOD

Study Area
Dagze Co (31.82°–31.98°N, 87.42°–87.65°E) is situated in a
fractured basin in central TP. Well-preserved paleo-shorelines
can be observed at the east and south sides of the lake
(Figure 1A). The lake has a surface area of 245 km2 and a

FIGURE 1 | Study region of Dagze Co. (A) The catchment area and main rivers of Dagze Co; (B) satellite image of the paleo-shorelines of Dagze Co. Red full circles
in (A,B) represent sample locations, and black spots represent sites for differential GPS measurement. Satellite images are from the Google Earth.
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catchment area of 10,885 km2 (Wang and Dou, 1998; Hou et al.,
2017). As a carbonate-type saltwater lake, Dagze Co has an
annual evaporation of about 2,302 mm, which is much higher
than the average annual precipitation of ~ 316 mm (Table 1).
Bogcarg Zangbo is the major infilling river.

Sampling and Altitude Measurement
According to satellite image and fieldwork, seven paleo-
shorelines were identified, and they were named as S1–S7
(Figure 1B). We selected three shorelines to take samples at
the south of the lake (S1, S3, and S4). This region mainly consists
of an alluvial fan with a gentle slope, and the slope gradually
flattened near the lakeshore. Seasonal rivers/gullies flow
northward and cut through several paleo-shorelines, exposing
sediment profiles. S1 seems the highest one (+55 m) with an

TABLE 1 | General geographical, climatological, and limnological data for
Dagze Co.

Altitude 4,470 m a.s.l.

E–W length ~21 km
N–S length ~17 km
Area ~245 km2

Maximum water depth ~38 m
Catchment area ~10,885 km2

Annual precipitation on-lake ~316 mm
Annual evaporation on-lake ~2,302 mm
Annual average temperature 0.55°C
Salinity 14.7–21.4 g/L
pH 9.9
Dissolved oxygen 5.42 mg/L

Modified after Wang and Dou (1998), Liu et al., (2013a), Hou et al. (2017), and Li et al.
(2021). Modern lake level is based on Google Earth.

FIGURE 2 | Field photos, sampling profiles, and OSL ages. The fieldwork was carried out in 2019 and 2021. Note that ages in italics refer to pIRIR 225°C results
from K-feldspar, while underlined ages refer to fine-grained quartz (4–11 μm) results.
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apparent ridge feature (~2 m in height), although there may be a
higher one, but owing to a flat surface topography from thick
alluvium aggradation, we were not able to locate it in the field. S3
is the most developed one and extends several kilometers
(Figure 1B). One river cuts through S1, and a good profile
was exposed. Under a coverage of alluvial gravels and surface
soil (0.5 m), a thick and well-sorted silty–sandy layer was found
(2 m). Beneath the sandy layer were massive poorly sorted
pebbles and coarse sands, probably related to fluvial
conditions in a high-energy sedimentary environment. Two
samples were collected from the thick layer of silty sands
(Figure 2A). Because these samples were taken from the
location of S1, and they are typical near-shore sediment, we
believe their optically stimulated luminescence (OSL) ages can be
used to represent the age of S1. Likewise, four samples were taken
from two rivers where they cut through S3 (Figures 2B, C). For

S4, four samples were collected from one river at its both sides
where it cuts through S4 (Figures 2D, E). In addition, two surface
samples near the road between S1 and S2 (Figure 1B, Figure 2F)
were collected, and two others were collected from a silt, loess-like
profile (Figure 1B, Figure 2G). We think these samples should be
later sediment after the formation of paleo-shorelines, so their
ages may provide a conservative estimation. A stainless tube
(5 cm in diameter and 25 cm in length) was inserted into the sand
layer with the open side of the tube being sealed. After the tube
was removed from sediment, the other end was also sealed from
sunlight.

A differential GPS was used to determine the relative elevation
of paleo-shorelines, with an error of centimeter scale. We set up
the base station at the modern lake shore and took the portable
station for shoreline elevation measurement (Z1–Z0 and Z2′–Z0′
sections in Figure 1B). In particular, we were not able to yield

FIGURE 3 |OSL decay curve and dose–response curve for the sample of DZ-S4-1 (A,B), fading test of quartz from sample DZ-S4-3 (C), preheat plateau tests for
DZ-S4-3, (D) and De distributions in histograms and radial plots for sample DZ-S4-1 (E,F).
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absolute elevations because of the lack of geodetic surveying
dataset in this region. The relative height of shorelines is
shown in Figure 1B, and the results suggest a total gap of
44.8 m above the modern lake level. The elevation of 4,470 m
from Google Earth (GE) was used as the modern lake level, and
further calculations (area and volume) were all based on this
elevation. In particular, S1 in GE has an elevation of 4,525 m,
i.e., 55 m above 4,470 m; on the contrary, our differential GPS
suggests that S1 is 44.8 m above the modern lake level. Given that
the differential GPS can yield accurate relative elevations
(centimeter scale error), the possible reason should be that the
lake level has raised ~10 m, implying a recent lake expansion for
Dagze Co (e.g., Zhang et al., 2019).

In summary, 10 samples from three shorelines were collected,
while four other surface deposits were also collected.

Sample Preparation and Measurement
OSL dating was conducted in the Luminescence Dating
Laboratory of Guangzhou Institute of Geochemistry, Chinese
Academy of Sciences (GIG-CAS). Sediment at two ends of the
tube was separated for uranium (U), U), thorium (Th), and
potassium (K) concentration analysis. Under a subdued red-
light condition, a series of physical/chemical treatments were
applied to obtain coarse grains of quartz and K-feldspar (Aitken,
1998). Samples were treated with 10% hydrochloric acid (HCl)
and 10% hydrogen peroxide (H2O2) to remove carbonates and
organic materials, respectively. Then grains went through dry
sieving to obtain the fraction between 90 and 125 μm, from which
K-feldspar and quartz grains were separated successively by
sodium polytungstate heavy liquid with densities of 2.58 and
2.75 g/cm3, respectively. The K-feldspar grains were etched with
10% hydrofluoric (HF) acid for more than 10 min, and the quartz
grains were etched with 40% HF acid for more than 45 min to

remove the outer part and possible feldspar contaminant.
Moreover, 10% HCl and distilled water were used to wash
quartz and K-feldspar grains, before being dried for De

measurement. For samples of DZ-S1-1 and DZ-S1-2, the 4- to
11-μm polymineral grains were separated according to Stokes’
law. Then these grains were immersed in 30% hydrofluorosilicic
(H2SiF6) for 3–4 days in an ultrasonic bath to extract the fine-
grained quartz component.

Equivalent dose was determined using the SAR protocol
(Murray and Wintle, 2000; Wintle and Murray, 2006). OSL
and IRSL measurements were carried out using an automated
Risø TL-DA-20 reader equipped with a90Sr/90Y beta source
(0.10 Gy/s on aluminum discs). Quartz and K-feldspar signals
were stimulated by blue LED (470 ± 30 nm) and infrared light
(870 ± 40 nm) and detected through two 3-mmHoya U-340 glass
filter and a package of Schott BG-39 with Corning 7–59 filters,
respectively. Small aliquots were used all through De

measurement (Duller, 2008), and 20–40 discs were tested for
each sample. To perform cross-checking from the multi-dating
method (e.g., Long et al., 2015), two samples from S3 and S4 were
also dated using coarse-grained K-feldspar, based on the protocol
of pIRIR225 (Buylaert et al., 2009). For quartz, OSL stimulation
was carried out for 40 s at 110°C, and the initial 0.4 s of signal was
integrated for growth curve construction after subtracting the last
10-s signals. IRSL stimulation was carried out for 110 s at 50°C,
while the second IRSL was measured at 225°C for 110 s.

Dose rate was determined based on the calculation of radiation
from U, Th, K, and cosmic rays. K content was determined using
an X-ray fluorescence spectrometer in GIG-CAS. The
concentration of U and Th was measured by inductively
coupled plasma–mass spectrometry (ICP-MS). Cosmic ray
contributions were estimated for each sample as a function of
burial depth, altitude, and geomagnetic latitude (Prescott and

TABLE 2 | OSL dating results for samples from Dagze Co.

Samples K
Content

(%)

Th
Content
(ppm)

U
Content
(ppm)

Burial
depth,

m

Cosmic
raya

(Gy/ka)

Water
contentb

(%)

Aliquot
Number

Equivalent
Dose (Gy)

Dose Rate
(Gy/ka)

Age (Ka) pIRIR225 °C

ages (ka)

DZ-S1-1 1.81 9.03 2.15 1.8 0.338 5 18 28.67 ± 1.00 3.14 ± 0.12 9.1 ± 0.5 —

DZ-
S1-1c

1.81 9.03 2.15 1.8 0.338 5 18 35.79 ± 1.88 3.72 ± 0.15 9.6 ± 0.6 —

DZ-
S1-2c

2.06 10.8 2.41 1.8 0.338 5 18 39.01 ± 1.69 4.22 ± 0.15 9.2 ± 0.5 —

DZ-S3-1 1.74 10.1 2.07 1.1 0.370 5 19 19.61 ± 0.81 3.16 ± 0.12 6.2 ± 0.4 —

DZ-S3-2 1.49 7.57 2.58 2.2 0.320 5 20 18.47 ± 0.75 2.82 ± 0.11 6.6 ± 0.4 —

DZ-S3-3 1.59 6.50 1.93 1.0 0.375 5 35 13.32 ± 0.41 2.75 ± 0.11 4.8 ± 0.2 5.0 ± 0.2
DZ-S3-4 1.61 6.30 1.91 1.0 0.375 5 24 13.87 ± 0.57 2.74 ± 0.11 5.1 ± 0.3 —

DZ-S4-1 1.74 7.90 1.80 1.7 0.341 5 32 24.21 ± 0.78 2.92 ± 0.11 8.3 ± 0.4 —

DZ-S4-2 1.88 8.42 1.76 1.7 0.341 5 20 25.31 ± 0.99 3.07 ± 0.12 8.2 ± 0.5 —

DZ-S4-3 1.99 9.48 1.99 1.2 0.365 5 36 25.52 ± 0.52 3.33 ± 0.13 7.7 ± 0.3 7.6 ± 0.3
DZ-S4-4 1.77 9.59 1.97 1.2 0.365 5 19 22.60 ± 0.98 3.12 ± 0.12 7.2 ± 0.4 —

DZ-TR-1 1.87 8.92 2.20 0.5 0.403 5 20 11.70 ± 0.52 3.26 ± 0.13 3.6 ± 0.2 —

DZ-TR-2 1.69 8.45 2.21 0.9 0.381 5 20 13.44 ± 0.54 3.04 ± 0.12 4.4 ± 0.3 —

DZ-TL-1 1.94 7.63 1.72 0.5 0.403 5 18 2.89 ± 0.18 3.13 ± 0.12 0.9 ± 0.1 —

DZ-TL-2 1.77 8.81 2.02 1.8 0.338 5 18 17.45 ± 1.05 3.05 ± 0.12 5.7 ± 0.4 —

aThe error for the cosmic rays dose rate is estimated at ±0.02 Gy/ka.
bThe error for the water content is estimated at ±5%.
cDZ-S1-2 wasmeasured using fine-grained quartz (4–11 μm) since not enough coarse grains could be separated. To compare with quartz ages from coarse grains, sample DZ-S1-1were
measured using both coarse- and fine-grained quartz.
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Hutton, 1994). Water content was estimated to be 5 ± 5% (e.g.,
Chen et al., 2016).

Luminescence Behaviors
The preheat plateau test was carried out on the sample of DZ-S4-
3, with preheating temperature varying from 180 to 280°C with a
20°C increment (Figure 3D). Under each preheating
temperatures, six aliquots were measured. A plateau was
observed between 200 and 260°C (Figure 3D), and we selected
a preheat condition of 240°C (10 s) for natural/regenerative dose
measurement and a cut heat of 200°C for test dose measurement.
Dose recovery tests were also performed on the same sample, and
the results indicated that the ratio of measured to given dose was
in the range of 1.0 ± 0.1 (Figure 3D). Aliquots with recycling
ratios outside 1.0 ± 0.1 and recuperations higher than 5% were
excluded from the De calculation. Quartz grains in this study
mainly show good luminescence features such as bright signal,
fast component dominance (Figures 3A, B), normal distribution,
and concentrated single peak for De values (Figures 3E, F),

indicating that these samples were well reset and the SAR
protocol was reliable for our samples.

Some recent studies reported very weak natural quartz signals
from Tibetan lakes or even anomalously fading (e.g., Tsukamoto
and Rades, 2016; Hou et al., 2021). To compare with the quartz
results, two samples from S3 and S4 were dated using the pIRIR225

procedure (Buylaert et al., 2009). Their K-feldspar results agree well
with quartz ages (Table 2), suggesting that the OSL chronology for
the samples in the study is reliable. The fading test was also
conducted on the quartz grains of a sample DZ-S4-3, and the
results suggest that no evident fading was observed (Figure 3C).

The results of OSL ages are summarized in Table 2.

RESULTS AND DISCUSSION

OSL Chronology
Two samples were collected from the well-sorted silty–sandy
layer of S1, DZ-S1-1, and S1-2. For sample S1-1, its coarse-

FIGURE 4 | Reconstruction of coverage areas for paleo-Dagze Co, and lake level fluctuation history and water volume loss of Dagze Co since the early Holocene.
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grained quartz age (9.1 ± 0.5 ka) agrees well with its fine grain
result (9.6 ± 0.6 ka). Since not enough coarse grains could be
separated from the sample S1-2, we measured its fine-grained
quartz, and an age of 9.2 ± 0.5 ka was obtained. These three results
agree well with each other and suggest that S1 has an age of
~9.3 ka, indicating that Dagze Co had a lake highstand of +55 m
in the early Holocene. Climate records from proxy studies of
Dagze Co also suggest a relatively moist climate with intense
runoff during 19–12 ka (Hou et al., 2017). Massive pebbles
beneath the sand layer in S1 also confirm a strong river runoff
before 9.3 ka. The age gap between 9.3 to 12 ka might because of
the following: 1) uncertainties arising from different dating
method (e.g., reservoir effect of C-14) and, 2) after water infill
reached its peak, the lake might have maintained at this level for a

period and began to decline with a time lag. It is noted that a
similar paleo-shoreline to S1 was dated as the middle Holocene
(Liu et al., 2020; Liu et al., 2021). The difference may because our
samples of S1 were taken from the 2-m-thick well-sorted sand
layer, which was typical near-shore sediment. In particular, the
overlying and underlying massive gravels/pebbles are more
related to diluvial/fluvial conditions, and quartz/K-feldspar
grains within these pebble layers are also harder to be fully
bleached prior to burial.

Four samples from S3 have an age of 4.8 ± 0.2, 5.1 ± 0.3, 6.2 ± 0.4,
and 6.6 ± 0.4 ka. These four samples were taken from two sites
where two seasonal rivers cut through S3, and their elevations vary
slightly from 4,511 to 4,508 m. One K-feldspar sample from DZ-
S3-3 yields an age of 5.0 ± 0.2 ka, which is consistent with its quartz

FIGURE 5 |Comparison of lake level changes in Dagze Co with those of other lakes in southern plateau in the Holocene: Selin Co (Shi et al., 2017; Hou et al., 2021),
Zhari Namco (Chen et al., 2013), Ngangla Ring Tso (Huth et al., 2015), Banqan Co (Hudson et al., 2015), Tangra Yumco (Ahlborn et al., 2015), and Nam Co (Zhou et al.,
2020; Huang et al., 2022).
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age of 4.8 ± 0.2 ka. The results of these four samples suggest a high
lake level of +40m in the middle Holocene. Compared with those of
S1, the results clearly show that lake level rapidly dropped about
20 m since 9.2 to 5–6 ka. A proxy study fromDagze Co also suggests
relatively high lake water salinity, reduced runoff, and a dry
environment during the early tomiddle Holocene (Hou et al., 2017).

For S4, four samples yield ages of 7.2 ± 0.4, 7.7 ± 0.3, 8.2 ± 0.5,
and 8.3 ± 0.4 ka. Combining with one K-feldspar result of 7.6 ±
0.3 ka of DZ-S4-3, these results agree well with each other and
suggest that S4 has an age of 7.2–8.3 ka. Notably, this lake level is
slightly higher than that of S3, suggesting a wetter condition. A
slightly increased runoff was also found in proxy signals from
Dagze Co, implying a relatively humid climate during the middle
to late Holocene (Hou et al., 2017). In addition, our results also
suggest that the lake level of Dagze Co probably remained stable
for a considerable duration between 8 ka and about 5 ka, with
some slight fluctuations.

The DZ-TR profile (Figure 2F) was collected from the road
near surface between S1 and S2. Their ages are 3.6 ± 0.2 and 4.4 ±
0.3 ka. Since these sediments are deposits near the alluvium, their
ages imply the aggradation of sediments atop of S2 was still active
until about 4 ka. The DZ-TL profile was loess-like silt atop of S2,
and two samples yield ages of 0.9 ± 0.1 and 5.7 ± 0.4 ka, from top

down. In the field, this profile occurred as massive loess-like
materials with occasional appearance of inter-bedded gravels. We
tend to attribute it to a combination of aeolian activity with
occasional alluviums.

Lake Level and Water Volume
Reconstruction
Based on the elevation of S1, S3, and S4, the past lake area was
reconstructed using DEM data in Figure 4 (source: Shuttle Radar
Topography Mission data, ~90-m resolution). There is a
watershed with a height of 4,527 m to the west. If Dagze Co
can reach that level, it might have connected to a dry basin to its
west (the red areas in Figure 4). If so, at the highest lake level of
4,525 m (+55 m), the extent of Dagze Co was estimated as
1,639 km2, which was more than six times its present size.

From S1 to about S4, the lake area has shrunk from 1,639 to
1,141 km2, and the volume of water decreased from 29.93 to
14.29 km3. The lake probably remained at a stable level of
4,504–4,511 m at 8–5 ka with slight fluctuations. A further
decline of ~ 40 m since about 5 ka was observed. In summary,
the lake level of Dagze Co dropped by 55 m, with a total water loss
of about 29.93 km3.

FIGURE 6 | Changes in lake volume of Dagze Co since the early Holocene and other related climatic proxies: G. bulloides proxy record from Arabian Sea
(Gupta et al., 2003), summer solar insolation at 30°N (Berger and Loutre, 1991), proxy records from Qinghai Lake (Ji et al., 2005), δ13C records from Hongyuan peat bog
(Hong et al., 2003), and oxygen isotope records in the stalagmite from Dongge Cave (Wang et al., 2005).
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Comparison With Other Lakes and Climate
Records
In Figure 5, the lake fluctuation history of Dagze Co was
compared to those of several adjacent Tibetan lakes such as
Selin Co (Shi et al., 2017; Hou et al., 2021), Nam Co (Zhou
et al., 2020; Huang et al., 2022), Baqan Tso (Huth et al., 2015),
Zhari Namco (Chen et al., 2013), and Ngangla Ring Tso (Hudson
et al., 2015). In general, lakes from the southern TP have their
highest levels mainly occurred in the early Holocene, which
follows well with the enhanced Indian summer monsoon
precipitation in the early Holocene (Figure 6, Berger and
Loutre, 1991; Hong et al., 2003; Ji et al., 2005; Wang et al.,
2005), while the highest levels of lakes from the northwestern TP
mainly occur in the latest Pleistocene, probably related to the
strong glacier meltwater by then (e.g., Liu et al., 2016; Zhang et al.,
2022). From lake sediments and ice-core records on the plateau,
an early Holocene wet/warm phase with substantial precipitation
has been widely described (Thompson et al., 1989; Thompson
et al., 1997; Wang et al., 2002). δ18O values from lacustrine
carbonate in five lakes in western China show a rapid
intensification of monsoon rainfall at about 12–11 ka (Wei
and Gasse, 1999). A rainy episode at about 8 ka (Van Campo
and Gasse, 1993) and a high lake level around 9 ka (Gasse et al.,
1991) shown in the pollen record from Sumxi Co also suggest a
long-term trend toward aridity since about 7 ka.

Given the lack of evidence of glacial activity in Dagze Co, we
attribute that the loss of water volume is mainly related to the net
balance between Asian monsoon precipitation and evaporation.
According to DEM analysis, Dagze Co has lost a total of
29.93 km3 of water and coincided with the general weakening
trend of Asian monsoon since the early Holocene (Figure 6). Our
findings fromDagze Co generally follow a similar pattern to those
climatic records from Qinghai Lake (Ji et al., 2005), Dongge Cave
(Wang et al., 2005), and the Arabian Sea (Gupta et al., 2003)
(Figure 6). It is also noted that the strongest Indian monsoon
precipitation occurred in the early Holocene, whereas the east
Asian monsoon reached its peak in the early/middle Holocene;
accordingly, lakes in southern TP have their highest levels
occurred in the early Holocene, while lakes in northeastern TP
reached their recent maximum in the middle Holocene (e.g.,
Chen et al., 2020; Zhang et al., 2020). Dagze Co lies within the
region of Asian monsoon; its input of lake water should be under
a joint control of ISM and EASM. This study shows that
monsoonal precipitation has penetrated the basin of Dagze Co
in the interior of the plateau during the early Holocene.
Compared with records of the westerlies (see reviews and
references in Chen et al., 2020), our result from Dagze Co
implies that impact from westerlies in this region was not
apparent during the early/middle Holocene. Notably, it is also
possible that a lowered evaporation caused by low temperature
could also lead to lake level rise, and such possibility should also
be considered (e.g., Hou et al., 2021).

CONCLUSION

1) A lake highstand of Dagze Co (+55 m) occurred at 9.1 ± 0.5 to
9.6 ± 0.6 ka, suggesting a relatively humid period in the early
Holocene. Intensified Asian monsoon precipitation in the
early Holocene should be the main reason for the high
lake level.

2) Lake level subsequently dropped about 20 m since 9.2 ka and
probably remained at this level (+35 m) from about 8 to 5 ka,
with slight fluctuations. A dry condition and reduced runoff
should be the main reason for lake shrinkage. Lake level
further dropped another 40 m in the late Holocene.

3) The shrinkage of Dagze Co generally follows a similar pattern
to the evolution process of adjacent Tibetan lakes and the
trend of Asian monsoon intensity, suggesting a long-term
control of monsoon precipitation.
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