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1. Introduction

This report documents reconstructions of long-term changes in lake status from 42 lakes
from China. The present version of the Chinese Lake Status Data Base (CLSDB.1,
February 2001) is part of an ongoing international effort to produce a new global lake
data base (Kohfeld and Harrison, 2000) designed to be used to validate climate models.
The structure of the CLSDB therefore parallels other regional data bases that have been
or are being compiled under the auspices of this international effort, such as the
European Lake Status Data Base (Yu and Harrison, 1995), the FSU and Mongolia Lake
Status Data Base (Tarasov et al., 1994; 1996), the North American Lake Status Data
Base (Harrison et al., subm.) and the North African Lake Status Data Base (Hoelzmann
et al., in prep).

1.1. Lakes as Indicators of Past Climate Changes

Lakes respond to changes in the local water budget (precipitation minus evaporation
over the lake surface and its catchment) by changing in depth and area. On a Late
Quaternary time scale, lake status (a qualitative index of changes in lake level, area or
relative water depth) is in equilibrium with the changing climate (Street-Perrott and
Harrison, 1985; Harrison and Digerfeldt, 1993; Cheddadi et al., 1996; Harrison et al., in
press) and therefore can be used as an indicator of past climate. Both closed-basin and
overflowing lakes have been used successfully to reconstruct past climate changes (e.g.
Street-Perrott and Harrison, 1985; Digerfeldt, 1986; Cheddadi et al., 1996; Harrison et
al., in press). Syntheses of lake status data have become an important tool for
reconstructing palacoclimatic changes at a continental to global scale (e.g. Street-Perrott
and Harrison, 1985; COHMAP Members, 1988; Street-Perrott et al., 1989; Harrison et
al., 1996; Kohfeld and Harrison, 2000).

1.2. Chinese Lakes as Indicators of Asian Monsoonal Climate Changes

The modern climate of China (15-56°N, 60-140°E) is largely determined by the
interplay of summer and winter monsoonal circulation (Fig. 1). The winter monsoon
associated with the Siberian high pressure system governs almost the whole of western
and central China, and brings cold and dry continental air southward to ca 20°N (Ren et
al., 1979). The influence of the winter monsoon is also felt further south than this, where
it becomes associated with the so-called Plateau Monsoon (Sheng CY, 1986) of the
Tibetan Plateau. The summer monsoon associated with the Pacific subtropical
anticyclone brings warm and moist marine airmasses from the western Pacific Ocean to
eastern China as far north as 50°N, while the Indian monsoon circulation brings moist
marine air from the Indian Ocean to southern Tibet and southern China (Chinese
Academy of Science, 1985). Changes in the intensity and range of the Asian monsoons
produce changes in regional temperature and precipitation patterns across China (Fig.
2). Thus, the penetration of the Pacific monsoon produces summer (June, July, August:
JJA) precipitation ranging from >750 mm (in the south) to >250 mm (in the north)
along the coastal regions of eastern China. A similar gradient is seen in winter
(December, January, February: DJF) rainfall, with >200mm in the southeast and <50
mm in the northeast. The winter rainfall in the eastern coastal region is associated with
frontal disturbances. The penetration of the Indian monsoon results in high summer
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or human impact, or by factors where the climatic influence is indirect, such as sea-level
changes or glacier fluctuations, have been excluded from the data base.

1.4.2. Sources of Evidence for Changes in Lake Status

The major source of information on changes in lake status for most of the basins
discussed in this report are changes in the nature of the sediments and sedimentary
structure, as revealed in sediment cores. Palacoecological evidence (specifically changes
in the species assemblages of aquatic plants, diatoms, ostracodes and/or molluscs) has
been used to provide corroborating evidence for the reconstructed changes in water
depth. Geomorphological evidence, archaeological evidence and historical records have
also been used; these lines of evidence often permit reconstruction of absolute lake
level. The reconstruction of changes in water depth at every site is based on the
consensus interpretation of a minimum of two lines of evidence, following Harrison and
Digerfeldt (1993), and the standard practice in the GLSDB.

Changes in water salinity can also be used as an indicator of changes in relative water
depth and hence lake status. Qualitative estimates of salinity (fresh, brackish, saline) can
be made based on sediment mineralogy and geochemistry, as well as from the diatom,
ostracode or algal assemblages. Thus, as the evaporative concentration of the lake water
increases, so there is a shift in the mineralogy/geochemistry of the sediments. The
general sequence is from carbonate, borate, mirabilite, nitrate to halite with increasing
water salinity (Zheng et al.,, 1989; Zheng et al., 1992). Studies of the aquatic
communities in modern Chinese lakes provide the basis to infer water salinity from
species assemblages (e.g. Li BY et al., 1994; Li SF, 1996). Tables 3, 4 and 5 summarise
the information available in the Chinese literature on the water salinity and depth ranges
of diatoms, ostracodes and algae.

Palaeolake shorelines and other geomorphological evidence, documented in the original
investigations of individual basins, can be used to indicate absolute lake level and
palaeolake area at specific times. When the shorelines are continuous or widespread, the
reconstruction of palaeokae area is relatively straightforward. When only isolated
shoreline fragments remain, we have assumed that they mark lake level and have used
topographic maps to calculate the area of the lake corresponding to this elevation. The
presence of shorelines above/below modern lake levels, provided it is consistent with
the other lines of evidence about changing water depth available, has been used to
reconstruct changes in lake status. In addition, when the lake area for a specific period
can be estimated from shoreline or other geomorphic data, these estimates have been
incorporated in the database. Such quantitative estimates should provide a strong
constraint for evaluation of palacoclimate simulations using hydrological models (e.g.
HYDRA: Coe, 1998) as a diagnostic tool.




MPI-BGC Tech Rep 4: Yu, Harrison and Xue, 2001

Table 3. Water depth and salinity indicated by diatoms (after Hu, 1987; Qi, 1995)

Diatom Diatom ecology Water salinity
Planktonic Epiphytic Benthic Fresh Brackish

Achnanthes exigua yes yes yes
A. lanceolata yes yes
Amphora ajajensis yes yes
A. delicatissima yes yes yes yes
A. mexicana yes
A. ovalis yes yes
A. perpusilla yes yes
Anomoeoneis sphaerophora yes yes yes yes
Aulacoseira granulata yes yes
Cocconeis placentula yes
C. disculus yes yes
Coscinodiscus lacustris yes yes yes
Cyclostephanos dubis yes
Cyclotella comta yes yes
C. ocellata yes yes yes yes
C. commensis yes yes
C. meneghiana yes yes yes yes
C. kutzingiana yes yes
C. quadrijuncta yes yes yes
C. stelligera yes yes yes yes
C. spp. yes yes yes
Cymbella affinis yes yes
C. minuta yes yes
C. cymbiformis yes yes yes
C.cistula yes yes yes
C. gracilis yes yes yes
C. hustedtii yes yes yes
C. parva yes yes yes yes
C. helvetia yes yes yes
C. lanceolata yes yes yes yes
C. leptocera yes yes
C. lata yes yes yes
C. stelligera yes yes yes
C. turgida yes
C. ventricosa yes yes yes
C. aequalis yes yes
C. lacustris yes yes
C. amphicephala yes yes
C. laevis yes yes yes
Cymato pleura yes yes yes yes
C. solea yes yes yes yes
Diploneis elliptica yes yes yes yes
D. parma yes yes yes
Epithemia intermedia yes
E. sorex yes yes yes
E. zebra yes yes yes
Eunotia arcus yes yes yes
E. argus yes
E. zebra yes yes yes
E. sorex yes yes yes yes
E. turgida yes yes yes
E. adnata yes yes yes
E. reicheltii yes yes
E. proboscidea yes yes
Fragilaria lapponica yes yes yes yes
F. brevistriata yes yes yes
F. construens yes yes yes yes
F. bicapitata yes yes yes yes yes
F. intermedia yes yes
F. zeilleri yes yes
F. pinnata yes yes yes
F. virscens yes
Gomphonema constritum yes
G. acuminatum yes yes
G. intricatum yes yes yes
G. subtile yes yes
G. longiceps yes yes
G. angrenensis yes yes
G. olivaceum yes yes
Gyrosigma attenuatum yes yes yes yes
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Diatom Diatom ecology Water salinity
Planktonic Epiphytic Benthic Fresh Brackish

G. scalproides yes yes
Hantzschia amphioxys yes yes
Melosira granulata yes
Mastogloia elliptica yes yes
M. smithii yes yes yes yes
M. streptoraphe yes yes yes
Nitschia denticula yes yes
N. frustulum yes yes
N. sinuate yes
N. angustata yes yes
N. hantzschiana yes
Navicula oblonga yes yes yes yes
N. radiosa yes yes yes yes
N. notha yes yes
N. stroemii yes yes
N. exilis yes yes yes
N. schonfeldii yes yes
N. diluviana yes yes
N. tuscula yes yes
N. pupula yes yes yes
N. mutica yes yes yes
N. rhynchocephala yes yes yes
N. scutelloides yes yes yes
N. lanceolata yes yes yes
N. caroliniana yes yes
N. gracilis yes yes yes
N. cincta yes
N. cryptocephala yes
Neidium bisulcatum yes yes
Opephora vulgara yes yes
Pinnularia borealis yes yes
P. cuneata yes yes
Rhopalodia gibba yes yes yes yes
Rhoicosphenia curvata yes
R.parallela yes yes
R. currata yes yes
Stauroneis acuta yes yes yes yes
S. phoenicenteron yes yes yes
Stephanodiscus astraea yes yes
S. rotula yes
Synedra capitata yes yes
S. ulna yes yes
S. intermedia yes
S. radians yes yes yes
S. amphicephala yes
Tabellaria flocculosa yes
T. fenestrata yes
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Table 4. Water depth and salinity indicated by ostracodes

Ostracode Water depth Water salinity References
Deep Shallow Fresh | Brackish Saline Measured
(<1g/L)| (1-35¢g/L) | >35¢g/L) salinity
range
(/L)
Candoniella leatea yes yes Han and Dong, 1990
C. allicans yes Li YF et al., 1991
C. mirabilis yes Zheng et al., 1989
Candona neglecta yes yes Huang et al., 1985
C. xizangensis yes yes Huang et al., 1985
C. candida yes yes <2 Huang et al., 1985
C. rausoni yes yes Huang et al., 1985
C. gyirongensis yes yes LiYFetal., 1991
Cyprideis torosa yes yes yes <l to 120 Li YF et al., 1991; 1997
C. littoralis yes 2-5 Li YF et al., 1997
Cyprinotus spp. yes Zheng et al., 1989
Cundimella mirabilis yes 20-30 Zheng et al., 1989
Dolerocypris fasciata yes Li YF et al., 1997
Eucypris gyirongensis yes yes <5 Huang et al., 1985
E. inflata yes yes 8.5-257 Li YF et al., 1997
E. pigna yes yes Huang et al., 1985
E. imglata yes Han et al., 1993
Ilyocypris biplicata yes yes yes 0.51-280 Huang et al., 1985
1. bradi yes yes LiBY etal., 1991
1. gibba yes yes 1.78 LiBY etal., 1991
1. fadyi yes Wu, 1995
Leucocythere mirabilis yes yes yes yes yes 0.487-257  [Li YF etal., 1997
L. postilirata yes 8-10 Zheng et al., 1989
L. bispinosa yes >1 Zheng et al., 1989; Li YF et al., 1994
L. binoda yes Zheng et al., 1989
L. dorsotuberosa yes yes 2 Wu, 1995
Leucocytherella sinensis yes yes 0-13 Huang et al., 1985
Limnocythere dubiosa yes yes 1-34 Li YF etal., 1997
L. sancti-patricii yes Zheng et al., 1989
L. inopinata yes yes yes yes 0-25 Wang SM et al., 1990
Limnocytherellina binoda yes 80 Zheng et al., 1989
L. bispinosa yes yes yes 0-173 Li YF et al., 1994
L. trispinosa yes yes 20 Zheng et al., 1989
L. kunlunensis yes yes Zheng et al., 1989
Cypridopsis ofesa yes yes Wu, 1995
Potamocypris yes Wu, 1995

10
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Table 5. Water depth and salinity indicated by algae (after Institute of Hydrobiology, 1980)

Algae Water depth Water salinity
Shallow Intermediate Deep

Mougeotia yes fresh

Zygnema yes fresh

Spirogyra yes fresh

Pediastrum spp. yes fresh, brackish
Pediastrum boryanum yes fresh, brackish
Pediastrum simplex yes fresh, brackish
1.4.3. Standardisation: Lake Status Coding

For each site, an assessment of the relative water depth through time is made on the
basis of all the available evidence. Where the evidence is limited or the range of
variation is small, it may only be possible to distinguish two depth classes (deeper and
shallower). There are sites, however, where it is possible to distinguish a greater number
of depth-related differences in the geological and biostratigraphic data. This information
is preserved by using a depth class categorisation that expands to the range demanded by
the data. For each site, hiatuses are recorded by 0, the lowest water depth recorded is
coded as status class 1 and then successively deeper water phases are coded as 2, 3, 4
and so on until the maximum water depth recognised in the basin has been coded. It
should be noted that it is rarely possible to quantify the changes in depth and the status
classes do not represent a linear scale of depth changes. Assessments of lake status,
using this flexible coding scheme, are made on a continuous basis. This information,
along with the specific basis for the depth categorisation, is given in the documentation
file for each basin.

For comparison between sites, the lake status categories must be standardised. We use a
3-category scheme, where the status classes are defined as low (1), intermediate (2) and
high (3). Various conventions can be used to define the boundaries of status classes.
Here the boundaries were set so that for each lake record, the class "high" corresponded
approximately to the upper quartile and "low" to the lower quartile of that lake's
variation in level during the entire period of record, in order to ensure compatibility with
the OLLDB (Street-Perrott et al., 1989). Status codings using this 3-category or
"collapsed" status coding scheme have been made at 500 yr intervals for each lake.
These collapsed status codings are given in the data base and have been used for e.g.
mapping and subsequent analysis. It should be stressed, however, that alternative
“collapsed” coding schemes are possible and can easily be derived from the continuous
multi-class codings preserved in the data base. Similarly, data base users can extract
information for any time interval(s) required. The 500 yr codings are presented here only
to illustrate the nature of the data base.

1.4.4. Chronology and Dating Control

The chronology of changes in lake status at individual sites is generally based on
radiocarbon dating (both conventional and AMS), thermoluminescence (TL) dating,
Uranium-series dating, palacomagnetic chronology, and other methods available from
the literature. The chronology for a few sites is based on pollen-correlation with nearby
radiometrically-dated sites or with a regional pollen chronostratigraphy. The top of a
core or profile at a site where the sedimentation was known to be modern and
continuous was used as if it were a date. Ages for stratigraphic boundaries were

11
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calculated by using linear interpolation between the nearest available dates.

The chronology of changes in lake status at each site is expressed on the radiocarbon
time-scale ('* yr B.P.). We have made no attempt to calibrate the radiocarbon dates and
correct the record to calendar years. There are two reasons for this decision. Firstly,
many of the Chinese lake records are very long, and extend back beyond the current
limit of calibration (20,265 yr B.P.: CALIB 4.3) (Stuiver and Reimer, 1993). Secondly,
the existing records in the GLSDB are expressed in radiocarbon years. Thus our
decision ensures compatibilty with existing regional datasets within the GLSDB.
However, since all of the available information on the radiometric dates (e.g. date, error
bar, depth, material dated) is preserved in the data base, as is the depth of lake status
unit boundaries, database users may produce calibrated chronologies for individual sites
relatively easily if required.

The quality of the dating varies between different parts of the record from a single basin,
and between the records from different basins. The quality of the dating control has been
assessed at each 500 yr interval, using ranking schemes developed for the Cooperative
Holocene Mapping (COHMAP) project (Webb, 1985) and described by Yu and
Harrison (1995). For data from continuous records, each interval was assigned a ranking
(from 1 to 7) as follows:

1: Bracketing dates within a 2000 yr interval about the time being assessed

2: Bracketing dates, one within 2000 yr and the second within 4000 yr of the time being
assessed

3: Bracketing dates within a 4000 yr interval about the time being assessed

4: Bracketing dates, one being within 4000 yr and the second being within 6000 yr of
the time being assessed

5: Bracketing dates within a 6000 yr interval about the time being assessed

6: Bracketing dates, one within 6000 yr and the second within 8000 yr of the time being
assessed

7: Poorly dated

This scheme is only appropriate when sedimentation is continuous so that interpolation
between radiometric (or biostratigraphic) dates is possible. At some sites, the evidence
for changes in water depth was derived from discontinuous sources, such as shorelines,
lake deposits above the modern lake and archaeological features. In some lake cores
there is evidence of reworking, slumping, sedimentary hiatuses or marked variations in
sedimentation rates, all of which make it difficult to interpolate between the dated
intervals. Even when sediment deposition can be assumed to be both continuous and
uniform, there may be situations where there is a date very near one of the time intervals
being coded but where the bracketing date is rather distant. Application of the scheme
for continuous records would result in such an interval being inappropriately
downweighted. For data from these types of discontinuous records (D), each 500 yr
interval was assigned a ranking (from 1 to 7) as follows:

: Date within 250 yr of the time being assessed

: Date within 500 yr of the time being assessed

: Date within 750 yr of the time being assessed

: Date within 1000 yr of the time being assessed
: Date within 1500 yr of the time being assessed
: Date within 2000 yr of the time being assessed
: Poorly dated

NN AW~
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1.5. Structure of this Report

In this report, we introduce the general information for the Chinese Lake Status Data
Base (Section 1) and describe the basic structure of the data base (Section 2). The
documentation files describing the primary data and the reconstructed changes in lake
status for every site are given in Section 3. A list of references on which the
reconstruction is based is given at the end of each documentation file; a complete
bibliography of the literature covering all the sites is given in Section 4. The site and
dating information and the status codings at 500 yr intervals are summarised in a series
of data base files. These files are listed in Appendix A. Finally, illustrative maps,
showing the reconstructed patterns of lake status changes at 1000 yr intervals back to
18,000 yr B.P. are given in Appendix B.
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2. The Structure of the Data Base

The data base consists of documentation files (CHLAKE.DOC and CHREFS.DOC) and
summary tables (CHDATA.XLS, CHSTATUS.XLS, CHCOLSTA.XLS, CHDC.XLS
and CHDATLST.XLS). In the documentation files (Section 3) the sites are firstly
arranged by alphabetical order of the region in which they occur, and within regions by
alphabetical order of the basins. In the summary tables (Appendix A), the sites are
arranged solely by the alphabetical order of the basins.

2.1. Content and Format of the Documentation Files

2.1.1. CHLAKE.DOC
These files are Word 98 files.

There is a separate documentation file for each site in the data base. The file contains a
short description of the basin, including information (where available) on basin
morphology, modern lake hydrology and catchment geology. The file also includes the
reconstructed changes in lake status through time, along with a summary of the primary
data on which these reconstructions are based. The basis for the status coding at each
site is explicitly stated. The radiometric dates used to establish the chronology and the
sources of data are listed. The status coding through time is also given. Most of the files
are accompanied by simplified lithological diagrams of key cores or sequences used in
the reconstruction.

2.1.2. CHREFS.DOC

This is a Word 98 file, containing full citation of all references used to compile the
CLSDB.I. The references are listed in alphabetical order of author(s).

2.2, Content and Format of the Data Base Summary Files

2.2.1. CHDATA.XLS
This is an Excel 98 file containing the folowing primary information:

Basin name, province/region, latitude (in decimal degrees, N=+), longitude (in decimal
degrees, E=+), elevation, water type, basin type, origin, basin geology, basin area, lake
area, mire area, mean depth of lake water, maximum depth of lake water, basin
precipitation, basin evaporation, number of Hc dates, number of U-series dates, number
of TL dates, number of palacomagnetic dates, number of *'°Pb dates, number of other
dates, record length, data sources (including lithology, hiatus, sedimentation rate,
aquatic plants, diatoms, molluscs, ostracodes, geochemistry, geomorphology,
archaeology, stable isotopes of 'O and/or "*C, others), primary references, other
references, the persons responsible for the coding, and the date of final coding.

The data format is:

Basin, province/region, latitude (in decimal degrees, N=+), longitude (in decimal
degrees, E=+), elevation (m), type of basin (overflow or closed lake, mire, bog etc.),
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basin origin and geology, area of basin (km?), lake and mire area (km?), mean and
maximum depth of lake (m), number of '*C, U-series, TL, palacomagnetic, >'’Pb dates,
record length (yr B.P.), data sources, primary references, other references, coded by (the
people specifically responsible for the coding), date of final coding and comments.

The following abbreviations are used to indicate who was responsible for coding
specific basins:

GY Ge Yu (Nanjing Institute of Geography & Limnology, Chinese Academy of
Sciences, Nanjing 210008, China)

BX Bin Xue (Nanjing Institute of Geography & Limnology, Chinese Academy of
Sciences, Nanjing 210008, China)

SPH Sandy P. Harrison (Max Planck Institute for Biogeochemistry, 07743 Jena,
Germany)

2.2.2. CHSTATUS.XLS

This is an Excel 98 file containing:
Basin name, latitude, longitude, and the original status codings at 500-yr intervals from
modern (0) to 30,000 yr B.P.

The data format is:

Basin name, latitude (in decimal degrees, N=+), longitude (in decimal degrees, E=+),
status coding from Oka back to 30 ka at 500 yr intervals (0 = hiatus, 1 = lowest, 2 = next
lowest etc.; times that cannot be coded are marked n/c, times when alternative codings
are possible because of dating uncertainties are shown with a slash, e.g. 2/1/0).

2.2.3. CHCOLSTA.XLS

This is an Excel 98 file containing:
Basin name, latitude, longitude, and collapsed status codings at 500-yr intervals from
modern (0) to 30,000 yr B.P.

The data format is:

Basin name, latitude (in decimal degrees, N=+), longitude (in decimal degrees, E=+),
collapsed status codings (1 = low, 2 = intermediate, 3 = high, n/c= not coded) at 500 yr
intervals from 0-30 ka (see Section 1.4.3).

2.2.4. CHDC.XLS

This is an Excel 98 file containing:
Basin name, latitude, longitude, and dating control.

The data format is:
Basin name, latitude (in decimal degrees, N=+), longitude (in decimal degrees, E=+),
dating control at 500 yr intervals from 0-30 ka (code see Section 1.4.4).

2.2.5. CHDATLST.XLS

This is an Excel 98 file containing:
Basin name, latitude, longitude, number of dates, laboratory number for each date (when
available), date, positive error and negative error, sample depth, description of material,
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core/profile name, and notes. A distinction is made in the Note column between AMS
Hc dates, U/Th and TL dates; all other dates are conventional ¢ dates.

The data format is:

Basin name, country, latitude (in decimal degrees, N=+), longitude (in decimal degrees,
E=+), total number of dates, laboratory number, date (yr B.P.), positive error and
negative error, sample depth of date (m), description of material, name of core or profile
if there are multiple cores or profiles from the basin, comments (ATO = age too old,
ATY = age too young possible, AMS = AMS dating, TL = TL dating, U/Th = U/Th
dating). The comments section includes further details of the reasons why specific dates
are not used to erect a site chronology.
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3. Lake Status Records from China

In this section, we document the records of 42 lakes from China. The sites are arranged
in alphabetical order of the regions in which they occur, and within regions by

alphabetical order of the basins. The regions are based on the political divisions of
China (Fig. 4).

Xinjiang Gansy

Qinghai

Xizang Sichuan

Zhejiang

- Taiwan

Figure 4: The political regions of China
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3.1. Baijian Lake, Gansu Province

Baijian lake (39°09°N, 104°10’E, ca 1282 m a.s.l.) was a closed palaeolake, located in
modern Tenggar desert (Pachur et al., 1995; Zhang and Wunnemann, 1995). The basin
currently holds a saline swamp, with brackish water about 1 m below the surface. The
catchment area is > 91,000 km?. The lake basin is of tectonic origin. The evidence of
neotectonic movement is distinct in the southern part of the basin, but weak in the north.
Tectonism is not thought to have influenced the lake record during the Late Quaternary.
The basin is bounded by the Qilian Mountains in the south, the Helan Mountains in the
eastt, and Yabulai Mountains and the Gobi Plateau in the west and the north. The
bedrock consists of Precambrian and Palacozoic metamorphic and crystalline rocks, and
Mesozoic, Tertiary and Quaternary limestones and sandstones. There are only three
permanent rivers flowing into the lake: Shiyang River, Hei River and Shure River, all of
which originate from Qilian Mountain. The lake is also fed by some intermittent rivers
which flow during the summer season. Qilian Mountain is glaciated above elevations of
ca 4900-5500 a.s.l. The regional climate is under the control of the East Asian monsoon.
The annual precipitation is ca 115 mm, and the potential evaporation is ca 2600 mm.

The existence of a large palacolake within the Baijan bain is indicated by lacustrine
terraces at elevations from +4 to +31m above the level of the modern swamp. A more
detailed record of relative water depth changes is provided by the lithological record
from 3 cores (B100, Duantouliang, Tudungcao) from the basin floor and two profiles
(Jiajiakeng and Magang) from within the basin. The chronology is based on 15
radiocarbon dates from the terraces, 7 dates from core B100, 5 dates from the
Duantouliang core, 3 dates from the Tudungcao core, 4 dates from the Jiajiakeng core,
and 4 dates from the Magang core.

Six well-preserved lacustrine terraces, indicating high lake stands during the last
40,000 yr B.P., are found in the northern part of the basin (Pachur et al., 1995; Zhang
and Wunnemann, 1995). These terraces appear to be constructional features, containing
mollusc shells and beach materials, and are built on sandy lake carbonate deposits. The
following table summarises the information available about the 6 terraces:

Terrace Elevation | Height above "C dates Source/Comments
Name (m a.s.l.) lake (m)

T1 1312 30 undated Refl

above T2.1 | 1309 27 33,500+1085; 32,435+840 Ref I; T2.1 in Ref2

above T2.1 | 1309 27 32,270+1236 Ref 1; T2.2 in Ref 2

T2.1 1306 24 30,330+560; 27,2004+975; Ref 1; T2.3 in Ref 2
23,370+£380

T2.2 1304 22 23,1304+590; 16,540+120; Ref 1
12,817+140

T2.3 1280.2 22,886+180 Ref 2; but text

indicates date from
1.8m pit in modern

lake floor
T3 1296 14 undated Ref' 1
T4 1295 13 5250+70; 5510+£60 Ref 1; Ref 2
T5 1290 8 3660+55 Ref 1; Ref 2
T6 1286 4 1910+60; 1405+60 Ref I; Ref 2

Ref 1: Pachur et al., 1995; Ref 2: Zhang and Wunnemann, 1995
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The nomenclature of the terraces differs between the various publications, and the
descriptions of these features and of the locations from which the radiocarbon-dated
material was taken is very imprecise. It is only possible to reconcile the authors'
interpretations of lake-level changes within the basin by assuming that the older dates on
some of the terraces (e.g. Terrace T2.2) comes from the lacustrine sandy carbonate
deposits that underlie the constructional terraces themselves. However, even making this
assumption, it is not possible to reconcile all of the available data from the terrace
sequence with the lake-level reconstructions described by the original authors. Here, we
have tried to derive a consistent interpretation of the available data. Discrepancies
between our interpretations and those of the original authors are identified.

The terraces are underlain by sandy lake carbonates, characteristic of the littoral zone.
Since these deposits extend to an elevation of ca 31m above modern lake level, the lake
itself must have been extremely large. The three radiocarbon dates from "above T2.1"
were likely taken from exposures of this sandy carbonate between the T1 and T2.1
beach terraces. These dates suggest that the sandy carbonate unit was formed ca 33,500
to 32,270 yr B.P. The highest terrace (T1), at an elevation of ca 1312 m a.s.l. (+30 m
above the modern lake floor), is characterized by mollusc-bearing beach sand and
gravel. The deposits have not been radiocarbon dated, but given their superposition over
the sandy carbonate unit probably formed ca 32,000 yr B.P.

The second to the highest terrace (T2), at an elevation of ca 1304-1309 m a.s.l. (+22 to
27 m above the modern lake floor) and ca 1200m away from the margin of the lake
floor, is the most distinct of the terraces. It is therefore thought to represent a relatively
long-lived high lake stand (Pachur et al. 1995; Zhang and Wunnemann, 1995). It
appears to consist of three separate ridges (T2.1, T2.2, T2.3). Radiocarbon dates on the
outermost ridge (T2.1) suggest it was formed between 30,330 and 23,370 yr B.P. During
this relatively stable interval of high lake levels (+24m above modern lake level) the
lake would have had an area of ca 16200 km? There are three radiocarbon dates
associated with the T2.2 terrace: 23,130+590 yr B.P., 16,540+£120 yr B.P. and
12,817+140 yr B.P. These dates could be interpreted as suggesting that the T2.2 terrace
ridge started forming immediately after formation of the T2.1 ridge and continued for ca
13,000 years. This seems unlikely, especially given evidence from the core sequences
that there was a major drying phase occurring around 18,000 yr B.P. If we assume that
the basal date from T2.2 (23,130 yr B.P.) dates the underlying sandy carbonate
lacustrine sediments, then the record can be interpreted as showing continued lacustrine
deposition at lower elevations during formation of T2.1 and terminating, according to
both the dates on T2.1 and the basal date on T2.2 at ca 23,000 yr B.P. A return to wetter
conditions is indicated by the formation of the T2.2 beach ridge. The lake level would
have been ca +22m above modern lake level. The radiocarbon dates suggest this
occurred between ca 16,540 and 12,817 yr B.P. The intervening interval must then have
been characterised by water levels lower than the T2.2 beach ridge (i.e. below 1304m).
Pachur et al. (1995) suggest that the T2.2 beach ridge was only formed after ca
13,000 yr B.P., but provide no explanation for the older date from this feature.

The third terrace (T3), at an altitude of 1296 m a.s.l., consists of a beach bar containing
abundant molluscs. This terrace has not been radiocarbon dated, but is presumably
younger than T2.2 (i.e. younger than 12,000 yr B.P.).

The T4 terrace, ca 1295 m a.s.l.,, is also characterized by beach sand and gravel. Two
samples of snail shell and carbonate from this terrace have been radiocarbon dated to
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5250170 and 551060 yr B.P. respectively. These dates suggest the lake level was
+10m above modern lake level between 5600 and 5000 yr B.P.

The T5 terrace lies at an altitude of ca 1290 m a.s.l. (+8m above the elevation of the
modern lake floor). A single snail shell sample has been radiocarbon dated to
3660155 yr B.P., suggesting the lake was relatively high ca 3600-3700 yr B.P.

The T6 terrace lies at an altitude of 1286 m a.s.l. (+4m above the elevation of the
modern lake floor). The terrace consists of lacustrine carbonate deposits. There are no
radiocarbon dates from these deposits. However, two samples on the carbonate from a
nearby section at the same altitude have been radiocarbon dated to 1910160 and
1405160 yr B.P. This suggests that the lake was ca +3m above its modern elevation ca
2000-1400 yr B.P.

Assuming that the lake was low during the intervals between formation of these
terraces, the record of lake-level changes during the last 33,500 yr appear to show an
oscillatory pattern but with high stands at successively lower elevations. Thus, the lake
was initially high during the deposition of the sandy carbonate deposits (up to 1312 m
a.s.l.) before 33,500 yr B.P. The lake was again high (ca 1306-1308 m a.s.l.) between
30,330 and 23,370 yr B.P. Between 16,000 and 12,000 yr B.P. the lake rose again to ca
1304 m a.s.l. The remaining three terraces indicate high stands during the Holocene,
although only one (T4) has been directly dated. This terrace indicates that the lake level
was at 1295 m a.s.l. between 5500-5000 yr B.P. The youngest terrace in the basin (at ca
+3m above modern lake floor elevation) is thought to have formed shortly after
2000 yr B.P.

There are three cores and two profiles in this basin. A 70 m core (B100) was taken from
the center of the modern lake floor at ca 1280 m a.s.l. The coring site probably
represents the center of the Baijian palacolake, and thus should provide a deep-water
record of the lake. The core provides a sedimentary record covering the last
19,000 yr B.P. and the interval before ca 27000 yr B.P. The record between 27000-
19000 is absent due to lack of core material. Two other cores (the 3.8 m-long
Duantouliang core and the 3.3 m-long Tudungcao core), taken from the northwestern
part of the basin at an elevation of ca 1266 m a.s.l. (Ma et al., unpublished manuscript),
provide a sedimentary record for the interval ca 39,000-23,000 yr B.P. Two 2.6 m long
profiles (the Jiajiakeng and Magang profiles), taken from the western part of the basin at
an altitude of ca 1295 m a.s.l., provide a sedimentary record of the interval between ca
12,000-5800 yr B.P.

There are no radiocarbon dates below ca 11m in core B100. The unit between 13.8-11 m
is aeolian sand, suggesting the lake basin was dry. The overlying unit (11-7.8 m) is
clayey silt of lacustrine origin, suggesting the onset of lacustrine conditions. Two
samples from 9.3 m and 8.2 m are radiocarbon dated to 35,660+420 yr B.P. (AMS) and
27,150+615 yr B.P. respectively. There is another AMS radiocarbon date of
31,060£220 yr B.P. from a depth of 7.0 m in core B100. Using the sedimentary rate
between the two AMS dates (0.0129 cm/yr), the lacustrine phase indicated by the clayey
silt unit occurred between ca 39,000 and 27,000 yr B.P. The overlying unit (7.8-6.0 m)
is fluvial gravel and sand, interbedded with a very thin layer of sandy silt. The presence
of fluvial deposits in the central part of the basin indicates that lake levels had dropped
considerably around ca 27,000 yr B.P. The nature of the unit between 6.0-3.2 m is not
described in the published papers. The overlying unit (3-2.5 m) is mollusc-bearing
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clayey silt, suggesting that the lake was relatively deep, although shallower than in the
interval between 39,000-27,000 yr B.P. A sample from 2.9 m is radiocarbon dated to
18,620%325 yr B.P., suggesting this phase occurred before ca 18000 yr B.P. (Pachur et
al., 1995). The overlying unit (2.5-1.15 m) is well-sorted, fine to medium aeolian sand,
suggesting the lake basin became dry after 18,000 yr B.P. The overlying unit (1.15-1.0
m) is sandy carbonate of lacustrine origin, suggesting a return to lacustrine conditions.
The sandy, carbonate-rich nature of the deposits is consistent with relatively shallow-
water lacustrine conditions. By extrapolation of the sedimentation rate (0.00988 cm/yr)
on the overlying units, this phase occurred between ca 9200-7600 yr B.P. The overlying
unit (1.0-0.25 m) is sandy carbonate alternating with chalk. The increase in the
abundance of sodium chloride and gypsum suggests the lake became shallower. Two
samples from within this unit (0.9 m and 0.57 m) are radiocarbon dated to 6655+100
and 3315+130 yr B.P. respectively. Extrapolation of the sedimentation rate between
these two dates suggests this shallower-water phase occurred between ca 7600-
1600 yr B.P. The uppermost unit (0.0-0.25m) is salty clay. The high salt content
indicates further shallowing after 1600 yr B.P.

It is difficult to correlate the Core B100 record with the record shown by the terraces.
The basal lacustrine unit in Core B100 (39,000-27,000 yr B.P.) probably correlates with
the sandy carbonate littoral-zone deposits underlying the terraces (33,500-
32,270 yr B.P.) and the formation of the T1 terrace. The phase of lacustrine deposition
between 30,000 and 23,000 yr B.P. implied by the formation of the T1 terrace and the
23,000 yr B.P. date on deposits at the base of the T2.2 terrace could be correlated with
the lacustrine phase recorded by the B100 core as occurring prior to ca 18,000 yr B.P.
However, there is no evidence of a lacustrine phase occurring ca 16,540 to
12,800 yr B.P. (as evidenced by the T2.2 terrace) in the core sediments. However, the
sequence of lacustrine sediments which show three phases of progressive shallowing
after ca 9200 yr B.P. could be correlated with the undated T3 terrace, the T4 and T5
terraces, and the T6 terrace respectively.

The basal unit (3.8-3.53 m) in the Duantouliang core is yellow brown gravel, suggesting
shallow water condition in the lake basin. This phase occurred before 42,000 yr B.P.
(Ma et al., unpublished manuscript). The overlying unit (3.53-2.2 m) is pale grey
lacustrine clay interbedded with carbonate-rich lacustrine silty clay. The nature of these
deposits indicates relatively deep-water lacustrine conditions in the basin. The presence
of the freshwater ostracode Limnocythere inopinata is consistent with relatively deep
water (Pachur et al.,, 1995). Two samples from 3.1-3.2 m and 2.75-2.7 m in the
Duantouliang core are radiocarbon dated to 38,650+970 and 35,020%£810 yr B.P.
respectively, suggesting this phase of deep-water lacustrine conditions occurred between
ca 42,000 and 31,000 yr B.P. The overlying unit (2.2-1.35 m) is a mollusc-bearing, pale
grey clay interbedded with carbonate-rich silty clay. Although there is no apparent
change in the lithology, the presence of molluscs suggests somewhat shallower
conditions than before. This shallower phase occurred ca 31,000-23,410 yr B.P. The
overlying unit (1.35-0.69 m) is a mollusc-bearing, sandy gravel. The deposits are consist
with beach or nearshore deposits, suggesting a further shallowing after 23,410 yr B.P.
The overlying unit (0.69-0.25 m) is carbonate-rich clayey silt. The change in lithology
indicates that the lake became deeper sometime after ca 17,820 yr B.P. The uppermost
unit (0.25-0 m) is a mollusc-bearing, sandy gravel bach deposit, suggesting the lake
became shallower again. By extrapolation of the sedimentation rates between the
radiocarbon dates from this core, this interval of shallowing occurred ca 14,000 yr B.P.
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It is difficult to reconcile the lithological changes recorded in the Duantoulong core with
its low-elevation position in the basin, without postulating substantial geomorphological
changes. Nevertheless, the sequence and timing of the implied changes in water depth
shows a remarkable consistency with the terrace records. Thus, the initial deepwater
phase (42,000-31,000 yr B.P.) can be correlated with the initial deepwater phase implied
by the sandy carbonate deposits that underlie the highest terraces (35,000-
32,000 yr B.P.). The subsequent phase of shallower conditions (31,000-23,400 yr B.P.)
correlates with the formation of the T2.1 terrace. The subsequent phase of shallower
conditions (23,400-17,800 yr B.P.) can be correlated to the lake recession that occurred
between formation of the T2.1 and T2.2 terraces. The return to deeper conditions
(17,800-14,000 yr B.P.) can be correlated with the formation of the T2.2 terrace
(16,000-12,800 yr B.P.) and the final phase of shallowing can be correlated with the
decrease in lake level that occurred after the formation of the T2.2 terrace.

There are no radiocarbon dates below ca 2.1m in the Tudungcao core. The unit between
2.4-2.1 m is a mollusc-bearing silty sand. The lithology is consistent with shallow-water
deposition. The overlying unit (ca 2.1-1.9 m) is lacustrine silty clay, suggesting the lake
became deeper. A sample from ca 2 m is radiocarbon dated to 38,860+920 yr B.P.,
suggesting this deeper-water phase occurred ca 40,000-38,000 yr B.P. The overlying
unit (1.9-1.8 m) is a mollusc-bearing sandy gravel beach deposit, suggesting shallowing
ca 38,000-37,000 yr B.P. The overlying unit (1.8-1.1 m) is a mollusc-bearing silty sand.
The lithology is consistent with nearshore deposition, suggesting that the lake became
somewhat deeper than before. A sample from 1.69-1.79 m is radiocarbon dated to
36,625+1630 yr B.P., suggesting this somewhat deeper-water phase occurred ca 37,000-
26,000 yr B.P. The overlying unit (1.1-0.35 m) is silty clay and silt which suggest a
further deepening of the lake. A sample from ca 1.05 m is radiocarbon dated to
25,920+900 yr B.P. Interpolation between this date and the underlying radiocarbon dates
suggests that this deeper water phase occurred ca 26000-19000 yr B.P. The overlying
unit (0.0-0.35m) consists of pebbles and silt, and is of alluvial origin. This lithological
change indicates lake level dropped dramatically after 19,000 yr B.P.

It is not possible to correlate the record from Tudungcao with the record from
Duantuoliang, despite the fact that both cores occur in the same part of the basin and
apparently at the same elevation. Given the relatively few radiocarbon dates available,
and the fact that these are dates close to the limits of radiocarbon reliability on bulk
samples, we assume that this core bears witness to oscillations within the earliest phase
of deepwater conditions within the basin.

The 3.7m deep profiles at Jiajiakeng and Magang (1295 m a.s.l.) are characterized by
silt and thinly-bedded clayey silt. The lithology suggests relatively deep water
conditions. The 6 radiocarbon dates from these two sections suggest that this phase
occurred ca 13000-5800 yr B.P. Beach shells have been found on the surface close to
the site of these profiles. One sample of the shells has been radiocarbon dated to
87201105 yr B.P., consistent with the idea that the lake was relatively high during the
early Holocene. The elevation of the coring sites is the same as the T4 and within 1m of
the elevation of the T3 terrace. The deposits appear to be too old to be correlated with
the formation of the T4 terrace (5600-5000 yr B.P.) but could be correlated with the T3
terrace. In this case, the Jiajiakeng and Magang records suggest that the T3 terrace
(which is undated) formed sometime in the interval between ca 13,000 to 5800 yr B.P.
This is consistent with its position relative to the dated T2.2 and T4 terraces
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In the status coding, extremely low (1) is indicated by modern conditions, and by
alluvial and/or aeolian deposition (indicating phases when the coring site was dry) in
Core B100; very low (2) by the T6 terrace (1286 m a.s.l.); low (3) by the T5 terrace
(1290 m a.s.l.); moderately low (4) by the T4 terrace (1295 m a.s.l.); intermediate (5) by
the T3 terrace (1296 m a.s.l.) and thinly-bedded clayey silt in the Jiajiakeng and Magang
sections at 1295 m a.s.l.; moderately high (6) by sandy gravels in the Duantouliang core
corresponding to shallow conditions between the T2.1 and T2.2 terrace formation (and
therefore lower than the T2.2 terrace); high (7) the T2.2 terrace (1304 m a.s.l.) and
carbonaceous clayey-silt deposition in the Duantouliang core; very high (8) by the T2.1
terrace and mollusc-bearing grey lacustrine clays in the Duantouliang core; extremely
high (9) by sandy carbonate deposits underlying the T1 terrace, pale grey lacustrine
clays in the Duantouliang core, and lacustrine silts in core B100.
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Radiocarbon Dates

in Tengger Desert (unpublished

Hv 18934 38860+920 ca2m shells, Tudungcao
386501970 32-3.1m carbonate, Duantouliang
Lu9310/N102 36625+1630 1.69-1.79 m shells, Tudungcao
35660+420 9.3 m AMS, core B100
Lu 9324/N112 35020%810 2.75-2.7m marl, Duantouliang
Lu 934/N14 33500+1085 shells, above T2.1
Lu9323/N111 33265800 marl, Duantouliang
Lu9315/N123 324354840 shells, above T2.1
Lu 935/N18 32270£1236 shells, above T2.1
31060+£220 7.0 m AMS, core B100
Ld 9310/N115 30360+175 shells, Duantouliang
Lu 936/N19 303304560 shells, T2.1
Lanzhou Univ. 272001975 shells, T2.1
Hv 19982 27150+615 8.2m carbonate, core B100; ?ATY, not used
Hv 19981 26900+1055/-890 | 6.7 m carbonate, core B100
Ld9311/N114 267491164 1.55-1.5m carbonate, Duantouliang
Lanzhou univ. 259204900 cal.05m shells, Tudungcao
Hv 19664 233704380 shells, T2.1
Lanzhou Univ. 231304590 carbonate, T2.2 (main beach)
Lu 9305/N221 22886180 carbonate, from 1.8m deep pit on playa
Hv 19980 18620+325 29 m carbonate, core B100
Hv 18936 16540+120 carbonate, T2.2 (main beach)
Lu/N 153 12817+140 carbonate, T2.2 (main beach)
Lu 9321/N42 12235490 lacustrine clay, Jiajiakeng profile
Lu 9319/N41 12185490 lacustrine clay, Jiajiakeng profile
Lu 9320/N43 10875170 lacustrine clay, Jiajiakeng profile
Lu931 8720£105 shells in sand-gravel beach, near
Jiajiakeng
Lu 937/N21 8565+140 molluscs, Magang
Ld 9301/N32 8211£115 organic carbon, Magang
Hv 18933 7285£100 carbonate, Magang
Hv 19979 6655+100 0.9 m carbonate, core B100
Lu 938/N31 5825£160 snails, Magang
Lu 9322/N211 5510£60 carbonate T4
Lu 933/N16 5250170 snails, T4
Ld 9302/N91 4645120 peat, Baguamiaou
Lu 932/N17 3660£55 snails, T5
Hv 19978 33154130 0.57m carbonate, core B100
Ld 9303/N92 2561185 peat, Baguamiaou
Lu 9318/N20 1910460 bottom of section | carbonate, T6
Hv 18937 140560 top of section carbonate, T6
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Coding

39,000-32,000 yr B.P.
32,000-23,000 yr B.P.
23,300-19,000 yr B.P.
19,000-18,000 yr B.P.
18,000-16,000 yr B.P.
16,000-12,800 yr B.P.
13,000-5800 yr B.P.
12,800-9200 yr B.P.
9200-7600 yr B.P.
7600-5600 yr B.P.
6600-3700 yr B.P.
5000-3500 yr B.P.
3600-1400 yr B.P.
1600-0 yr B.P.

Preliminary coding: 01-12-1998
Second coding: 30-07-2000
Third coding: 06-09-2000

Final coding: 23-01-2001
Coded by BX, GY and SPH

extremely high (9)
very high (8)
extremely low (1)
very high (8)
extremely low (1)
high (7)
intermediate (5)
extremely low (1)
intermediate (5)
extremely low (1)
moderately low (4)
low (3)

very low (2)
extremely low (1)
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3.2. Nancun, Guangxi Province

Nancun (24°45°N, 110°25°E, ca 160 m a.s.l.) was a small lake, now artificially drained
for farmland. On the basis of the extent of peat deposits in the basin, the lake area before
drainage was estimated to have been approximately 2.5 km? (Yao and Liang, 1993).
There was no surface inflow and the catchment area of the former lake was confined to
the small hills (ca 200 m a.s.l.) surrounding the lake. The annual mean precipitation is
ca 1560-2060 mm, and over 60% of the precipitation occurs in summer. The annual
evaporation is ca 1255 mm. The basin bedrock is sandstone, shale and carbonate. On the
basis of the pollen record (specifically increases in Gramineae and Pinus) and historical
records, Yao and Liang (1993) suggest the basin has been significantly impacted by
human activities since ca 2400 yr B.P.

A transect of five cores (Core 1, Core 4, Core 9, Core 6 and Core 5) taken across the
former lake provides a stratigraphic record back to ca 6400 yr B.P. (Yao and Liang,
1993). None of the cores reach the bottom of the lacustrine deposits. Core 9 (2.45m)
was taken from the central part of the transect and was analysed for lithology and pollen.
There are four 4 radiocarbon dates from this core. The remaining cores were taken from
nearer to the lake margin, and have not been analysed in detail. Two samples from Core
4 (ca 2.2m long) were radiocarbon-dated. A further two dates have been obtained on the
top and bottom of the peat layer which occurs in the stratigraphic section, but there is no
indication which core was dated. Changes in relative water depth are reconstructed on
the basis of changes in lithology shown by the core transect and the aquatic pollen from
core 9.

The basal unit (2.45-2.36 m in Core 9; 2.20-1.90m in Core 4) is greyish yellow
lacustrine clay. The lithology indicates moderately deep water conditions. The low
abundance of Cyperaceae (ca 250 g/cm*a as shown as influx) in the pollen record from
Core 9 is consistent with this interpretation. A sample from 2.45 m in Core 9 is
radiocarbon dated to 5875+74 yr B.P. Linear interpolation between this date and the
date at 2.1 m in Core 9 indicates this deep-water phase occurred ca 5880-5750 yr B.P.
However, a basal sample from Core 4 was radiocarbon-dated to 530092 yr B.P. Linear
interpolation between this date and a date at 1.6m, would suggest the upper boundary of
lacustrine clay dates to ca 4540 yr B.P.

The overlying unit (2.36-2.15 m in Core 9; 1.90-1.75m in Core 4) is black mud. The
increase in organic content suggests the lake became shallower. The abundance of
Cyperaceae (ca 250 g/cm®a) in the pollen record from Core 9 increased slightly,

consistent with shallowing. By interpolation, this phase as recorded in Core 9 occurred
ca 5750-5020 yr B.P. The age estimates on Core 4 are ca 4540-4160 yr B.P.

A further shallowing is indicated by peat deposition (2.15-1.2 m in Core 9; 1.75-1.00m
in Core 4). The coring survey indicates that the thickness of this peat unit decreases
towards the lake margin. The abundance of Cyperaceae (ca 100-500 g/cm*a) in the
pollen record from Core 9 increased, consistent with shallowing. A sample from 2.1 m
in Core 9 was radiocarbon dated to 4735+108 yr B.P. By linear interpolation between
this date and the date from the overlying unit, this phase occurred ca 5020-1350 yr B.P.
Two samples from the depth of 2.2 m and 1.6 m in core 4 are radiocarbon dated to
5300492 and 3780+103 yr B.P. respectively, indicating peat deposition (ca 1.75-1 m)
occurred ca 4160-2260 yr B.P. However, two dates on the top and bottom of this peat
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layer from an unspecified core from the basin, indicate that peat deposition occurred
between 6400 and 1630 yr B.P.

The overlying unit (1.2-1.1 m in Core 9; 1.00-0.75 m in Core 4) is black mud,
suggesting the lake became deeper. The abundance of Cyperaceae (ca 200 g/cm™a) in
the pollen record from Core 9 decreased, consistent with deepening. By interpolation,
this phase occurred ca 1350-1120 yr B.P. according to interpolation in Core 9, while ca
2260-1626 yr B.P. according to interpolation in Core 4.

The overlying unit (1.1-0 m in Core 9; 0.75-0 m in Core 4) is greyish black brown clay.
The abundance of Cyperaceae (ca 250 g/cm*-a) in pollen record from Core 9 decreased.
Two samples from 1.15 and 0.05 m in Core 9 were radiocarbon dated to 1165+33 and
235442 yr B.P. respectively, suggesting this phase occurred ca 1200-0 yr B.P. The
distinct increase in sedimentary rate to 0.96 mm/yr from ca 0.3 mm/yr in the underlying
unit is consistent with enhanced human activities.

It is not possible to reconcile or explain the differences in chronology between the three
radiocarbon-dated sequences. The minimum interpretation of the records suggest the
lake was low (1) from ca 6400 to ca 1350 yr B.P., rose to intermediate levels (2)
between 1350 and 1120 yr B.P. and was high (3) thereafter. The lake may have been
impacted by human activities in the last 1000-2000 years, but this does not seem to have
affected the lake level.

Core 9 Core 4

235442

1165+33

- 3780+103

- 4735+108
25 | ERRRRN 5875174

300+£92

‘% clay M mud [ peat
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Radiocarbon dates

GL-82066 6400+115 bottom of peat layer, core unspecified
ZD2-340 5875+74 2.45 m, clay, Core 9

ZD2-345 5300+£92 2.2 m, clay, Core 4

ZD2-341 4735+108 2.1 m, peat Core 9

ZD2-344 3780+103 1.6 m, peat, Core 4

GL-82006 1630£100 top of peat layer, core unspecified
7D2-342 1165+33 1.15 m, clay, Core 9

7D2-343 235+42 0.05 m, clay, Core 9
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Coding

6400-1350 yr B.P. low (1)
1350-1120 yr B.P. intermediate (2)
1120-0 yr B.P. high (3)

Preliminary coding: 01-12-1998
Second coding: 01-01-1999
Final coding: 01-03-1999
Coded by BX, GY and SPH
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3.3. Ningjingbo, Hebei Province

Ningjingbo (37°-37°30’N, 114°40°-115°15’E, ca 24-28 m a.s.l.) is a basin in the
southern part of the Hebei Plain, and is surrounded by the Taihang Mountains. The
basin is tectonic in origin and was formerly occupied by a shallow, freshwater lake that
occurred in the lowland between the alluvial fans of the Zhang and Futuo Rivers.
Several hundred years ago, the lake started to dry out as a result of climatic changes and
human activities (Guo and Shi, 1999) such that it was completely dry by 1839 A.D. The
basin is dry today except during flood seasons, when a shallow freshwater lake is
temporarily formed. The former lake was fed by two rivers, the Zhang River from the
south and the Futuo River from the north, and several small streams which arise in the
Taithang Mountains. There was an outflow via the Fuyang River to the Bohai Sea, which
still operates today in flood seasons. The Fuyang River cuts through the Taihang
Mountains and flows ca 300 km across the Beijing Plain to the Bohai Sea. The regional
climate is monsoonal, with an annual mean precipitation of ca 500 mm, most of which
is concentrated in the summer season. The annual mean temperature is ca 12-13 °C and
the summer temperature is 26.7°C (Guo, 2000).

The stratigraphy of the lacustrine deposits at Ningjingbo have been studied from a 10m-
deep outcropping section in the central part of the now-dry lake (Guo and Shi, 1999)
and from a 42.8m-deep core (Nanwangzhuang Borehole) about 20m away from the
section (Guo, 2000). The section and the Nanwangzhuang Borehole core stratigraphy is
the same, although the uppermost meter of the Borehole deposits is anthropogenic and
not seen in the section. Changes in relative water depth can be reconstructed from
changes in lithology, aquatic pollen assemblages and the presence or absence of
molluscs, as shown in both sequences (Guo, 2000, Guo and Shi, 1999), and from
changes in ostracode assemblages as shown in the upper 6m of the Borehole core (Guo,
1998). The chronology is based on four radiocarbon dates from material in the exposed
section (Guo, 2000, Guo and Shi, 1999). These dates have been transferred to the core
by adding 1m to the stated depth (to allow for the anthropogenic material at the top of
the core). A second core from the eastern part of the basin (Julu) has not been studied in
detail, although a single radiocarbon date has been obtained from this core (Guo, 2000).
On the basis of correlation with the regional pollen chronostratigraphy, the
Nanwangzhuang Borehole core is thought to extend back beyond the last glacial
maximum. However, all of the available radiocarbon dates are Holocene in age, and
thus it is not possible to erect a reliable chronology for the earliest part of the record.

The basal unit (42.8-37.0 m) in the Nanwangzhuang Borehole core is greyish-green silt.
The lithology and the presence of Typha suggests that this unit is lacustrine in origin.

The overlying unit (37.0-23.6 m) in the Nanwangzhuang Borehole core is brown to
greyish-green clay, with horizontal bedding. The preservation of horizontal bedding
suggests the lake became deeper. The absence of Typha from most samples within this
unit is consistent with this interpretation.

The overlying unit (23.6-18.1 m) in the Nanwangzhuang Borehole core is brown clay
and silt, with horizontal bedding. The increase in silt content suggests that the water
depth decreased. The unit contains mollusc shells, consistent with shallower conditions.
Typha is present in occasional samples.

The overlying unit (18.1-13.9 m) in the Nanwangzhuang Borehole core is greyish-brown
to greyish-white poorly-sorted medium to coarse sand, containing fine gravel and calcite
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concretions. Mineralogical analysis shows the predominance of the less-stable minerals,
indicating that this material was laid down quickly and not subjected to weathering.
Thus the lithology and mineralogy suggest this unit is of alluvial origin (Guo, 2000).
The deposition of alluvial fan deposits at the coring site indicates the basin was dry. The
terrestrial pollen assemblage is characterised by the dominance of non-arboreal taxa, and
the unit is thus thought to have been formed some time during the last glacial maximum
(Guo, 2000, Guo and Shi, 1999).

The overlying unit (13.9-6.6 m) in the Nanwangzhuang Borehole is greyish-brown to
greyish-green silty clay and silt, with horizontal bedding. This unit marks the return of
lacustrine conditions in the basin. The aquatic pollen assemblage is characterised by a
sequence in which Typha is dominant initially and is then replaced first by Alismataceae
(0-20%) and subsequently by Potamogetonaceae. This is consistent with a gradual
increase in water depth throughout the interval. According to Guo (2000), this phase
occurred in the late glacial. A sample from 5.6m in the outcropping section, equivalent
to 6.6m in the core, was radiocarbon dated to 9750+350 yr B.P., indicating that this
return to lacustrine conditions occurred sometime before 9750 yr B.P.

The overlying unit (6.6-5.2 m) in the Nanwangzhuang Borehole is black to dark grey
muddy clay, with horizontal bedding. The increase in clay content suggests the lake
became deeper. The absence of Alismataceae, and the abundance of Potamogetonaceae
(10-20%) in the aquatic pollen are consistent with increased water depth. The
abundance of Typha may reflect the extension of the fringing wetlands. The ostracode
assemblage is dominated by Candona, consistent with relatively deep conditions.
Towards the top of the unit (5.4-5.2 m) there are distinct layers with abundant
calcareous nodules. Between these layers, there is a ca 10cm thick layer with very
abundant mollusc shells. Although the assemblage is characterised by very few species,
it includes both young and old examples of each species in growth position and is
therefore clearly in situ. The increased organic content, the presence of calcareous
nodules and the abundance of molluscs is indicative of a significant shallowing. The
ostracode assemblage in this uppermost part, is dominated by I/lyocypris, consistent with
decreased water depth. This unit is recognised in the outcropping section, where
samples from the top and bottom boundaries (4.2 and 5.6m) have been radiocarbon-
dated to 9750+350 and 52774157 yr B.P. respectively. This suggests that the initial
phase of relatively deep water occurred between ca 9750 and 5920 yr B.P., and that the
marked shallowing indicated by the mollusc deposits occurred between 5920 and
5275 yr B.P. This chronology is consistent with the fact that a sample from this unit in
the Julu core has been radiocarbon-dated to 7050+110 yr B.P. Units thought to have
been deposited at the same time as the final shallowing phase in two sites 200m and 20
km west of the core site contain abundant Nymphaea seeds and Trapa fruits, consistent
with accumulation in very shallow water.

The overlying unit (4.0-4.2m) in the outcropping section is yellow to rusty yellow,
calcareous silty clay, with discontinuous horizontal bedding. There are molluscs present.
This unit is not found in the Nanwangzhuang Borehole, but can be seen in the
Zhaohuotuo profile where it is ca 30 cm thick. The discontinuous nature of this unit
indicates that it is unlikely to be lacustrine in origin.

The overlying unit in both the outcropping section (3.67-4.0m) and the Nanwangzhuang
Borehole (4.67-5.2m) is a grey to black muddy clay, with abundant organics and
containing plant roots. Mollusc shells are relatively abundant within this unit. The
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lithology is consistent with shallow lacustrine conditions. Samples from the top and
bottom of this unit (3.67 and 4.0m respectively) have been radiocarbon dated to
19254131 yr B.P. and 2642496 yr B.P. This phase of shallow lacustrine conditions
occurred ca 2640-1930 yr B.P.

The overlying unit (3.67-3.1 m in the outcropping section, 4.1-4.67m in the Borehole) is
brown-yellow clay with horizontal bedding and thin laminations, suggesting the lake
became deeper. The aquatic assemblage is characterised by Potamogetonaceae, is
consistent with deepening. The ostracode assemblage is not described. By interpolation
between the radiocarbon date from the top of the underlying unit and assuming that the
top of the outcropping section is ca 200 years old, this phase occurred ca 1930-
1660 yr B.P.

The overlying unit (3.1-0.85 m in the outcropping section, 1.85-4.1m in the Borehole) is
brown silty clay with horizontal bedding and lamination. The increase in silt content
suggests the lake became slightly shallower. However, the ostracode assemblage is
dominated by Candona, so the lake must have been relatively deep. The absence of
aquatic pollen is consistent with this interpretation. This phase occurred ca 1660-
1070 yr B.P.

The uppermost unit (0-0.85 m in the outcropping section, 1-1.85 m in the Borehole) is
brown massive clay and silty clay, with abundant plant roots and mollusc shells. The
absence of lamination, and the abundance of plant roots and molluscs, suggests the lake
became shallower. The ostracode assemblage is dominated by Ilyocypris, consistent
with decreased water depth. This phase occurred 1070-200 yr B.P.

In the status coding, very low (1) is indicated by dry conditions in the central part of the
lake basin; low (2) by calcareous nodules and very abundant molluscs, with Ilyocypris;
moderately low (3) by organic-rich muddy clay, with abundant molluscs, or organic silty
clay with Ilyocypris; intermediate (4) by silty clay, with Candona or with deepwater
aquatic pollen (Potamogetonaceae); high (5) by clay, displaying horizontal bedding and
lamination, with an aquatic assemblage characterised by Potamogetonaceae and the
absence of Alismataceae, and with Candona.

References

Guo SQ, Shi Y (1999) Environmental changes of the last 100,000 years in Ningjiangbo
region. In: Zhang ZG (ed) Geological environmental evolutions during the late
Pleistocene from the northern China and the change trends for the future
sustaincial environments. Geology Press, Beijing. pp 59-71 (in Chinese)

Guo SQ (2000) Lake sedimentary records of Ningjingbo Lake basin and the climatic and
environmental changes over the last 30,000 years. Ph.D. thesis, Najing Institute
of Geography and Limnology, Chinese Academy of Sciences, pp 145

35



MPI-BGC Tech Rep 4: Yu, Harrison and Xue, 2001

Outcropping Nanwangzhuang
section Borehole

undescription
1925+131
5277+157 2642+96
9750+350

- undescription

30 1 Esilty clay
Hsand

E silty clay & silt
Esilt

E muddy clay
Eclay

Bl clay & silty clay

45 1

Radiocarbon dates

97504350 5.6 m, organic components from outcropping section
7050+110 organic material, Julu Profile

5277+£157 4.2 m, organic components from outcropping section
2642496 4.0 m, organic components from outcropping section
1925+131 3.67 m, organic components from outcropping section

Note: the date from the Julu Profile is not used in assessing dating control.

Coding

ca 18,000 yr B.P. very low (1)

pre 9750 yr B.P. intermediate (4)
9750-5920 yr B.P. high (5)
5920-5275 yr B.P. low (2)

5275-2640 yr B.P. very low (1)
2640-1930 yr B.P. moderately low (3)
1930-1660 yr B.P. very high (5)
1660-1070 yr B.P. intermediate (4)
1070-200 yr B.P. moderately low (3)
200-0 yr B.P. very low (1)

Preliminary coding: 01-02-1999
Final coding: 14-03-1999
Coded by BX, GY and SPH
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34. Xingkai Lake (Khanka Lake), Heilongjiang Province

Xingkai Lake (45° 10' N, 132° 10' E, 69 m a.s.l.) is a freshwater lake which lies across
the boundary between China and Russia. The lake has a mean depth of 6.2m, a
maximum depth of 10m (Wang et al., 1987) and an area of 4800 km?. The lake is fed by
three rivers flowing into the lake from the west and southwest, and overflows via the
Songacha River. The lake basin is of tectonic origin, but tectonic movements have been
weak during the late Pleistocene and do not appear to have influenced the lake-level
history (Qiu et al., 1988).

Qiu et al. (1988) have reconstructed the history of lake-level changes within this basin,
on the basis of geomorphic studies of the relict beach ridges found on the gently-sloping
lacustrine plain on the northern (i.e. Chinese) side of the lake. There are five beach
ridges. Unfortunately, the height of the top of the ridges is not given in the original
publication, and there is no indication of the change in elevation across the relict
lacustrine plain. Thus, it is not possible to determine the absolute lake level at the time
of formation at each of the ridges. Changes in relative water depth are established on the
assumption that distance from the modern shoreline is a reasonable measure of changes
in lake depth. Two of the ridges have been dated, using TL, and a further TL date has
been obtained from associated lacustrine sediments. A single radiocarbon date, on
archaeological material associated with the youngest ridge provides further
chronological control.

The fifth (outermost) ridge, lies ca 16 km to the northeast of the modern lake shoreline.
The ridge is ca 85 km long, 70-150 m wide and 6-10m high. The deposits consist of
well-sorted, well-rounded fine and medium sand, and show clear, inclined bedding.
Thus, both the lithology and the structures are consistent with shoreline (beach)
deposits. Accumulation of beach sand was apparently intermittent, since at least 12
distinct palaeosols are recognised within the deposits. A sample from a depth of 1.15m,
taken from the beach deposits between the youngest and the next youngest palacosol,
was TL-dated to 63,900£3,190 yr B.P. The fifth beach ridge thus indicates that the lake
was considerably more extensive than today before ca 63,000 yr B.P. The thickness of
the beach deposits suggests that the lake was more extensive for a considerable period
of time, although the development of palaecosols within the deposits clearly show that it
underwent minor fluctuations in depth during this period.

The fourth beach ridge is of limited extent (9.5 km) and lies ca 4km closer to the lake
than the firth ridge. The ridge is only 30-50m wide and 1.5-3.0m high. The deposits
consist of fine to medium sand, but the stratigraphy has not been investigated in detail.
The ridge has not been dated. Qiu et al. (1988) suggest it marks an interval of lower lake
level subsequent to the formation of the fifth ridge, and that the poor development of the
feature indicates that this lake stand was relatively short-lived. They suggest that the
fourth ridge could have been formed between 50,000 and 35,000 yr B.P. An alternative
explanation for its limited extent, small height and poor preservation is that the feature
was formed before the deposition of the outermost beach ridge and was subsequently
partially destroyed and modified as lake level rose to the elevation marked by the fifth
beach ridge.

A 2m-deep profile from the lake plain deposits ca 5 km to lakeward of the fifth beach
ridge consists of grey to brown sands. A sample from 1.75m was TL-dated to
63,000£3,100 yr B.P. The exact stratigraphic relationship between these lacustrine
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deposits and the various beach ridges is unknown, but the dating suggests that the lake
was still considerably more extensive than today at 63,000 yr B.P.

The third beach ridge is a well-developed feature, lying between 5-10 km away from the
modern shoreline. The ridge is 76 km long, 60-100m wide and 2-3m high. The deposits
consist of well-sorted, well-rounded fine and medium sands. The ridge is undated,
although it clearly postdates formation of the outermost ridges. Qiu et al. (1988)
speculate that it was formed during the last interstadial.

The second beach ridge only occurs in the northeast quadrant of the basin. At its
eastermost end it is about 2-3 km away from the modern lakeshore, but it gradually gets
closer to and finally merges into the first beach ridge after a distance of ca 27 km. The
ridge is ca 10-20m wide and 12-14m high at its maximum extent. The deposits consist
of well-sorted, well-rounded fine and medium sand. There are no dates on the feature.

The first beach ridge appears to mirror the position of the modern shoreline. The ridge is
87.5 km long, 10-20m wide and 6-10m high. The deposits consist of well-sorted, well-
rounded beach sands. There are six sand units, separated by palaeosols. A sample from
one of the sand units (2.01m) was TL-dated to 12,190£610 yr B.P. A sample from
archaeological material overlying the beach ridge was radiocarbon-dated to 5430 yr B.P.
The first beach ridge can be interpreted as indicating a period of higher-than-present
lake levels during the deglacial and early- to mid-Holocene. At ca 12,200 yr B.P., the
lake level must have been ca 4m higher-than-today, and lake levels must subsequently
have risen in order to form the overlying 2m of beach deposits. Cessation of beach ridge
formation had occurred at least by 5430 yr B.P., though it could have taken place earlier.

There is no geomorphic evidence for lake levels higher than today after ca 5400 yr B.P.

In the status coding, low (1) is indicated by modern lake level and the absence of sand
ridges above modern lake level in the late Holocene; intermediate (2) by the lake beach
deposits of the first beach ridge, which indicate lake levels up to 10m higher than
present but no great increase in lake area; high (3) by beach ridges indicating the lake
was spatially more extensive than today.
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Dating
63,900£3190 TL-date, sand, 1.15m below top of fifth (outermost) sand ridge
63,000+3100 TL-date, sand, 1.75m below surface, profile, lake plain ca Skm SW of ridge 5
12,190£610 TL-date, sand, 2.01m below top of first (innermost) sand ridge
5430+ "C date, archaeological material on top of first sand ridge
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Coding

pre-64,000 — 63,000 yr B.P. high (3)
pre-12,200 yr B.P. intermediate (2)
12,200-5400 yr B.P. intermediate (2)
5400-0 yr B.P. low (1)

Preliminary coding: December 1998
Second coding: January 1999

Final coding: March 1999

Coded by BX and SPH
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3.5. Longquanhu, Hubei Province

Longquanhu (30°52°N, 112°2’E, ca 150 m a.s.l.) was a swamp before the 1950’s, and
was artificially drained for farmland afterwards (Li et al., 1992). The former swamp had
an area of approximately 500 m?. There is no surface inflow and the catchment area is
confined to the small hills around, which rise to ca 200 m a.s.l. The annual mean
precipitation is ca 900-1400 mm.

Two cores were taken close together from the central part of the palaeolake (Li et al.,
1992; Liu, 1993). One core (LC1), 4.0 m long, provides a lithological record back to
before ca 7000 yr B.P. Another core (LC2), 5.72 m long, provides a lithological and
aquatic pollen record back to ca 10000 yr B.P. Changes in relative water depth are
reconstructed on the basis of the changes in lithology, aquatic pollen and sedimentation
rates from the two cores. The description of the lithology of core LC2 is slightly
different in the text, in the table describing the radiocarbon dates and in the pollen
diagrams (Liu, 1993); we have therefore erected a composite lithology that reflects the
most likely interpretation of these separate descriptions, and agrees best with the
lithological description of core LC1. There is only one date on core LC1, but there are 7
radiocarbon dates from core LC2 (Liu, 1993). The lowermost sample, from the basal
sand layer in core LC2 (5.6-5.72m), is dated to 219104+200 yr B.P. The sedimentation
rate between this date and a date on the overlying unit (5.1-5.2m), is extremely low
(0.009 mm/yr), suggesting that there might be a major hiatus in deposition. Although the
original author uses this basal date (Liu, 1993), we prefer to assume that it is unreliable.
Thus, our chronology is based on 6 of the radiocarbon dates from core LC2 and the
single date from core LC1. There are some discrepancies between the radiocarbon ages
given for some samples in Li et al. (1992) and Liu (1993). These are not large enough to
affect the overall chronology. We have used the dates given in the latest publication (i.e.
Liu, 1993).

The basal unit of core LC2 (5.72-5.4 m) is black sand, suggesting shallow water
conditions. The aquatic pollen assemblage is characterised by relatively high
percentages of Cyperaceae (8-20%) and moderate values of Typha (<20%), consistent
with moderately shallow conditions. The date of 21910+£200 yr B.P. on a sample from
this unit is likely to be too old. Extrapolation of the sedimentation rate (0.91 mm/yr)
between the two radiocarbon dates on the overlying unit indicates this shallow-water
phase occurred before 9600 yr B.P.

The overlying unit in core LC2 (5.4-5.0 m) is black silt. The finer lithology suggests the
lake became deeper. No samples from this unit were analysed for pollen. Two samples
from 5.1-52 m and 4.9-5.05 m are radiocarbon dated to 9320+215 and
9155+195 yr B.P. respectively, indicating this phase of increased water depth occurred
ca 9600-9160 yr B.P.

The overlying unit in core LC2 (5.0-3.4 m) is grey clay, suggesting a further deepening.
The aquatic pollen assemblage is characterised by low abundance of Cyperaceae (ca 5-
10%) and moderate values of Typha (<20%). The decrease in the abundance of
Cyperaceae, compared to the basal layer, is consistent with increased water depth. A
sample from 3.9-4.05 m is radiocarbon dated to 8110£160 yr B.P. Linear interpolation
between this date and a date from the overlying unit, indicates that this phase of deeper
water conditions occurred ca 9160-7440 yr B.P.
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The overlying unit in core LC2 (3.4-2.3 m) is greyish-yellow clay. The change in colour
probably reflects increased inputs from the catchment, and suggests that the lake became
shallower. Although there is no change in the abundance of Cyperaceae, there is a
distinct increase in Typha (>20%). This change in the aquatic pollen assemblage is
consistent with shallowing. A sample from 2.9-3.05 m is radiocarbon dated to
7000+140 yr B.P., indicating that this phase occurred ca 7440-5200 yr B.P. The record
from core LC1 (4.0-2.3 m) during this interval also shows deposition of grey clay.

The overlying unit in core LC2 (2.3-1.0 m) is grey-black clay, while in LC1 the material
is described as bluish-grey clay (2.3-1.0m). The change in colour in both cores is
consistent with an increase in water depth. The aquatic pollen record from LC2 shows
an increase in Cyperaceae (5-20%) and a decrease in Typha (<25%), consistent with
increased water depth. Two samples from 1.9-2.05 m and 0.9-1.05 m in core LC2 are
radiocarbon dated to 4410+180 yr B.P. and 2280+180 yr B.P. respectively, suggesting
that this phase of increased water depth occurred ca 5200-2300 yr B.P.

The overlying unit in both cores (above 1m) is peat, reflecting shallowing since ca
2300 yr B.P. There is a modern soil developed in the uppermost part of this unit.

In the status coding, very low (1) is indicated by peat deposition; low (2) by black sand,
with Typha values of <20%; intermediate (3) by black silt; high (4) by grey clay in LC1
and greyish-yellow clay in LC2, with Typha (>20%), very high (5) by bluish-grey clay in
LCI and grey-black clay in LC2, and Typha values (<25%).

LC2 LC1

peat

14 2280+80
rey-black clay
yp.(5-20%) Typha (<25%) .
bluish grey clay
2 A 4410+180
6935+17
reyish-yellow clay
yp.(5-10%) Typha (>20%)
= 37 7000140
é grey clay
£
% ey clay
0 41 8110+160 yp.(5-10%) Typha (<20%)
5 9155+195

9320£215

21,910£200 L=
(ATO)

|| black sand; Cyp.(8-20%)Typha (<20%)
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and Environment of Holocene Megathermal in China. Ocean Press, Beijing,
China, pp. 94-99

Radiocarbon dates

CG1979 21,910+200 5.6-5.72 m, silt, LC2, ATO
CG199%4 9320+215 5.1-5.2 m, silt, LC2
CG1978 9155+195 4.9-5.05 m, silt, LC2
CG1993 8110£160 3.9-4.05 m, grey clay, LC2
CG1977 7000+140 2.9-3.05 m, grey clay, LC2
BKS86075 6935+175 2.1-2.3 m, grey-black clay, LC1
CG1992 4410+£180 1.9-2.05 m, grey clay, LC2
CG1976 2280480 0.9-1.05 m, peat, LC2
Coding

-9600 yr B.P. low (2)

9600-9160 yr B.P. intermediate (3)

9160-7440 yr B.P. very high (5)

7440-5200 yr B.P. high (4)

5200-2300 yr B.P. very high (5)

2300-0 yr B.P. very low (1)

Preliminary coding: December 1998
Second coding: January 1999

Final coding: February1999

Coded by BX and SPH
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3.6. Baisuhai, Inner Mongolia Autonomous Region

Baisuhai (42°35°N, 115°56’E, ca 2000 m a.s.l.), which is situated in the eastern part of
Daqging Mountain, lies in a very small closed basin. The lake is fed by direct
precipitation and some streams draining the catchment. The basin bedrock is Tertiary
basalt.

Two cores were taken rather close together from the lake shore. The cores do not
represent a transect across the lake. One core (A) is 285 cm long and the second (B) is
165 cm, and provide a lithological record back to ca 13250 and 7500 yr B.P.
respectively (Cui and Kong, 1992; Cui et al., 1993). Core A also provides a record of
changes in mollusc assemblages and plant macrofossils. Changes in water depth are
reconstructed from changes in lithology from both cores, and changes in plant
macrofossils and mollusc assemblages from core A. The chronology is based on 7
radiocarbon dates from core A (Cui et al., 1993) and 5 radiocarbon dates from core B
(Cui and Kong, 1992).

The basal unit of core A (285-180 cm) is greyish black lacustrine clay, containing shells
of Sphaerium sp. and Hippeutis minutus. The plant macrofossils are dominated by reed
roots and stems (including Phragmites), with a few Chara. The presence of mollusc
shells and the abundance of reed macrofossils are consistent with relatively shallow
water conditions. Two samples from ca 280 cm and 210 c¢cm are radiocarbon dated to
1302060 and 9845190 yr B.P. respectively, indicating that this phase occurred from ca
13250 yr B.P. to 8500 yr B.P. The date of the upper boundary using the calculated
sedimentation rate of 0.27 mm/yr in the overlying peat in core A is 8820 yr B.P.

The overlying unit (180-100 cm) of core A and the basal unit (165-100 cm) in core B
are peat, indicating shallowing of the lake. There are only a few mollusc shell fragments
present, consistent with the conversion from a lacustrine to a peat environment. Cui and
Kong (1992) recognized two subunits within the peat: the lowermost characterised by
the presence and the uppermost by the absence of Sphagnum in an otherwise relatively
diverse assemblage. Cui and Kong (1992) suggest that the disappearance of Sphagnum
indicates further shallowing of the lake consequent on swamp succession. Thus, the
disappearance of Sphagnum is not indicative of a lake-level change and is not coded as
such. Two samples from 165 and 120 cm in core A are radiocarbon dated to 8270170
and 6625160 yr B.P. respectively. Two samples from the depth of ca 162 and 117.5 cm
in core B are radiocarbon dated to 7475 and 6050 yr B.P. respectively. The dating of the
upper boundary of the peat in core A varies from 5890 (using the calculated
sedimentation rate of 0.27 mm/yr between the two dates from the peat) to 4950 yr B.P.
(using the sedimentation rate of 0.46 mm/yr in the overlying unit). The dating of the
upper boundary in core B is between 5490 (based on the calculated sedimentation rate
of 0.31 mm/yr within the peat) and 5170 yr B.P. (using the sedimentation rate of 0.30
mm/yr from the overlying two units).

The overlying unit (above 100cm in both cores) is lacustrine greenish-grey silt and clay.
The change in lithology suggests that the lake became deeper. The basal part of the unit
is more silty; in Core B a distinct silt-rich layer is distinguished (100-66cm). The
gradual transition from silty clays to purer clays up-profile is consistent with a gradual
increase in water depth. The biotic record from Core A initially shows abundant
Sphaerium sp. and Gyraulis alba shells, the occurrence of reed macrofossils (including
Phragmites) and the presence of Chara, consistent with relatively shallow lacustrine
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conditions. There is a gradual decrease in the abundance of all of these indicators, such
that the uppermost part of the unit (0-30cm) is devoid of plant macrofossils and has only
low abundances of molluscs. This shift is also consistent with a gradual increase in
water depth. Samples from ca 80 cm, 40 cm and ca 5 cm in Core A are radiocarbon
dated to 4515+80, 3640+40 and 1435260 yr B.P. respectively. Samples from ca 85 cm,
ca 44 cm and ca 18 cm in core B are radiocarbon dated to 4680 and 3330 and
1695 yr B.P. respectively. Interpolation of the sedimentation rate between the
radiocarbon dates on Core A suggests that the final, deepest water phase (recorded by
the absence of plant macrofossils) began ca 3010 yr B.P.

Cessation of deposition at the coring sites indicates that the lake became smaller during
the last few hundred years. There are modern plant roots in the uppermost part of core
A. Extrapolation of the sedimentation rate between the radiocarbon dates on the
uppermost unit in Core A suggests that the lake retreated from the site ca 1120 yr B.P.
The timing of lake retreat is estimated at 560 yr B.P., using the sedimentation rate on the
uppermost sediment unit in Core B.

In the status coding, very low (1) is indicated by lack of deposition at the coring site;
low (2) by peat; intermediate (3) by greenish-grey clay or silty-clay, the presence of
mollusc shells and abundant plant macrofossils; high (4) by greenish- grey clay, with
relatively few mollusc shells and absence of plant macrofossils.

Core A Core B

1435460
few molluscs, 1695+
absence of plant macrofossils
364070

50 - 3330

abundant mollusc