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Abstract Climate proxies, such as total organic carbon and nitrogen (TOC, TN), carbonate content
(CaCO0y), grain-size and pollen of the sediment core retrieved from enclosed Lake Daihai which lies in
the north China environment sensitive zone are analyzed to reconstruct the environment evolution of
the area based on high-resolution radiocarbon chronology. The results reveal that the TOC and TN
contents of the sediments correlate well with pollen percentage and pollen flux variations during the
Holocene, and both reach their peak values simultaneously at 6.7—3.5 ka BP (calendar age, 7.6—3.6
ka BP). Since 6.7 ka BP, both the CaCO3; and organic matter contents of the core have simultaneous
variations, and their high values also occur during 6.7—3.5 ka BP. While during 9.0—6.7 ka BP
(calendar age, 10—7.6 ka BP) relatively lower level of organic matter content and pollen flux corre-
spond to the higher level of carbonate content. The above relations suggest that during 6.7—3.5 ka
BP, the productivity and effective precipitation were greatly improved in the lake drainage area, and
this would probably strengthen the hydrodynamic conditions, enhancing organic matter, pollen and
carbonate inputs from terrestrial sources. Such processes would account for the enrichment of both
organic matter and carbonate in the sediments. While during 9.0—6.7 ka BP, the lower level of or-
ganic matter, pollen flux but high carbonate content show depressed productivity and declined vege-
tation coverage. The higher carbonate content at this stage would have probably resulted from the
higher evaporation ratio of the lake water under relatively drier climate conditions. Therefore, it is in-
ferred that during 6.7 —3.5 ka BP, the climate was more humid with abundant rainfalls and vegetation
was more flourishing in the Lake Daihai area. This can be seen as Holocene Climate Optimum (HCO).
As a result, this has evident discrepancies with the traditional notion that the HCO occurs at Early
Holocene or early Mid-Holocene.
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One of the goals for paleaoenvironmental research
is to predict the tendency of future climate and envi-
ronmental changes based on the understanding of the
past. The key approach is to find similar pictures
which happened in the past. By understanding the
background and mechanism of the paleaoenvironmen-
tal changes, reliable parameters and verifications can
be provided for the numerical model to predict the
tendency of future climate and environmental changes.
The Mid-Holocene as the nearest and warmest stage
after the Glaciation, the basal climate factors are simi-
lar to what is like today! ). So much attention has
been paid to Mid-Holocene by paleaoenvironment
researchers as an analogy to future climate and envi-
ronmental changes.

The climate and environment evolution during
Holocene, especially during Mid-Holocene, has been a
major topic for Chinese researchers, and some repre-
sentative points of view have come into being. Based
on analysis of records such as pollen assemblages,
lake sediments and paleosols, it is inferred that a gen-
erally warm and wet Holocene megathermal occurs at
intervals of 8.5—3.0 "C ka BP and a megathermal
maximum is at intervals of 7.2—6.0 '*C ka BP" .
Based on the asynchronous variations of solar insola-
tion, the diversities of spatial and temporal precipita-
tion distributions in Holocene are proposed using the
incre- ment of summer monsoon precipitation” ).
Based on the bi-relationships of temperature and pre-
cipitation, dry or humid Mid-Holocene is recon-
structed in regions of China with the consideration of
precipitation/evaporation ratio and effective mois-
ture!'”!. With the improvement of research methods,
some researchers begin to propose some different
points of view to the traditional notion regarding the
Holocene especially the Mid-Holocene in recent

[10-14
years

1 However, as it is said in the recent re-
search, the asynchrony exists and the lack of precise
correspondence of climatic records constructed on the
basis of proxy data from different parts of China is a
result of the different locations and elevations of the
sampling sites, the different resolutions of the source
material, and the varied climatic conditions within
China. Therefore, further work is needed"¥.

Lake Daihai, the object for this research, is located

in the north environment sensitive zone in north China.
Since last century, much attention has been paid to the
research of climate and environmental changes'” *°.
But the results from different researchers regarding the
Holocene, especially the Early and Mid-Holocene
climate and environmental changes have evident dis-

247261 In this paper, the de-

crepancies even debates!
tailed history of climate and environmental changes in
Lake Daihai since Holocene especially Early and Mid-
Holocene are reconstructed based on high-precision
Accelerator Mass Spectrometry (AMS) radiocarbon
chronology and multiple analyses of proxies, and
some new understandings are obtained regarding the

characteristics of Early and Mid-Holocene in the area.

1 Geographic setting

Lake Daihai (112°33'31"—112°46'40"E, 40°2927"—
40°37'06"N, 1200 m a.s.l.), an enclosed lake, lies in
Liangcheng County, center Inner Mongolia, north
China. The lake is bordered by the mountains, with an
altitude of 1300—2300 m. The ellipse-shaped lake has
a maximum extent of 20 km along the north-
west-southeast axis and maximum width of 14 km
along the northeast-southwest axis. It covers an area of
160 km® with a maximum water depth of 16 m, and
the drainage area is 2289 km?

Lake Daihai is geographically located in the semi-
arid area and semi-humid transition belt, which is also
the environment sensitive belt in north China. In win-
ter, the climate in the lake area is controlled by cold
continent high-pressure system, such as the Ser-
bian-Mongolian Highs, which bring cold and dry air
from the continent high latitudes. While in summer,
warm and moisture air originating from the low lati-
tudes ocean can reach the lake area and bring more
precipitations (Fig. 1). The mean monthly temperature
is =13 to —15°C in January and 17 to —20.5°C in July.
From June to August, rainfall occupies about 66% of
the annual 350—450 mm precipitation. The mean an-
nual evaporation is 1938 mm. Vegetation in the lake
drainage is influenced by the topography, from
mid-lower mountains in the northwest to the Daihai
basin, vegetation ranges from arid forest, shrub grass-
land to semiarid grassland®".
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Fig. 1. Geographical location and the climate system of the area studied.

2 Material and method
2.1 Sampling and lithology of the core

Two parallel cores were retrieved using piston de-
vices in the center of the lake with a recover rate over
95% by the Sino-Japanese research team in 1999. The
cores were named DH-99A and DH-99B respectively.
Lithologically, the two cores correlate well. Therefore,
the uppert part of DH-99B is chosen for analysis in
this study. According to the lithology and hues varia-
tions the lithological descriptions of the upper
12.87-m-long core are as follows: 12.87—12.26 m:

grayish fine-medium sand with mud; 12.26—9.80 m:
mainly grayish silt clay with laminas, and two subdi-
vision can be identified, oyster-grayish silt clay with
concentrated laminas at depth intervals of 12.26—
11.70 m, shallow grayish silt clay with laminas at
depth intervals of 11.70—9.80 m respectively; 9.80—

4.30 m: grayish silt clay; 4.30—0 m: brown, yellow
grayish clay with humus".

The core was sampled in the field at intervals of
2 cm. These samples were sealed in plastic bags, and
then transported to the Institute of Earth Environment,

Chinese Academy of Sciences (IEECAS) for refrigera-

1) Sun Q L. Climate and environment evolution since the last 13, 000 years recorded by Lacustrine sediments in Lake Daihai, Dissertation for

Master Degree, Institute of Earth Environment, Chinese Academy of Sciences, 2000, 1—78
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tion. In the laboratory, the core was analyzed at 2 to 10
cm intervals for multi-proxy tests.

2.2 Climate and environment proxies

The organic matter in the sediments such as the
variations of total organic carbon (TOC) and nitrogen
(TN) are commonly seen as a direct reflection of the
amount of organic inputs, the paleoproductivity and
preservation conditions after deposition in the lake
area. So they have a close relationship with the climate
and environmental changes in the past[28’29]. For en-
closed lakes in semiarid area, the precipitation varia-
tions almost become a controlling factor to the envi-
ronmental changes. The increases of precipitation not
only improve the vegetation coverage and productivity
in the lake drainage but also play a key process in ter-
restrial material transportation to the lake. The C/N
ratio in limnology research is often used as a proxy to
evaluate the relative contribution of the land-derived
sources and autochthonous sources of organic matter
to the total organic matter in the sediments, and further
to indicate the source changes under different climate

(28301 The carbonate in

and environmental conditions
the lake sediments usually come from the following
sources: terrestrial debris and soluble carbonates in-
puts, carbonates from dust, and the carbonate formed
by biochemistry reactions of the aquatic biota. The
above sources enrich the carbonates in the sediments
by means of hydrological transportation, evaporation
and photosynthesis.

A CS-344 elemental analyzer was employed to de-
termine the content of TOC and TN in sediments in
the Institute of Geography & limnology, CAS, after
the samples were treated with HCI to remove inor-
ganic carbon. The measure precision was +0.15%. Al-
kaline titration was used to calculate the carbonate
content of the samples in IEECAS after the samples
were reacted with superfluous HCIPY,

Pollen percentage and concentration variations in
the sediments are major approaches to reconstruct the
paleovegetation changes. In this study, pollen was ex-
tracted using acid-alkyrli-free method with a sample
volume of 2 mL. The Lycopodium tablet was added as
exotic marker to each sample in order to calculate
pollen concentration”>**]. In this paper, the traditional
proxy of pollen concentration was replaced by pollen

percentage and pollen flux as environment proxies.
That is, for 2 mL volume of each sample in this paper,
it has a time span from tens of years to several hun-
dreds of years, so the lower or higher concentration of
pollen does not actually reflect the amount of pollen at
given time and given surface of the sediment due to
the differences in the deposition ratio. Thus, it is diffi-
cult to reflect the actual vegetation status in a given
time. In this paper, pollen flux was adopted by calcu-
lating the P.XL (P, represents the concentration of a
single sample, grains-cmf3 in unit; L represent the
linear deposition ratio of two adjacent samples,
cma” in unit). The pollen flux here is defined as
amount of pollen at a given time and given surface of
the sediment (grains-cm >-a'+10” in unit), this would
be more reasonable in reconstructing the vegetation
changes in the lake drainage.

Grain-size analysis was carried out with laser parti-
cle analyzer made by Malvern Co. Ltd., England in
IEECAS. Samples were treated with H,O, and HCI
respectively to remove organic matter and carbonate in
advance™. The samples for radiocarbon ages of dif-
ferent depths of the core were sent to Tokyo University,
and determined on the AMS facility of the university.

3 Results
3.1 Chronology

The chronology sequence of the core consists of 12
AMS 'C ages (Table 1). The deposition rate of the
core has an evident change around 9.90 m according
to the age/depth curve. It increases to an average of
1.83 mm/a at the upper part of the core from an aver-
age of 0.24 mm/a at the lower part. As for the upper
part, the deposition rate changes almost linearly. Be-
cause of the lower deposition rate at intervals of
9.90—10.90 m, in order to improve the reliability of
the chronology, depth correlations between DH-99B
and DH-99A are adopted on the basis of lithology,
structure and hues variations to determine the age of
DH-99B using the corresponding age of DH-99A. It
was inferred that the 9.89 m of the DH-99A is corre-
sponding to the 10.14 m of DH-99B, so the age
6593434 a at 9.89 m of DH-99A can be applied to
10.14 m of DH-99B as a reasonable controlling age
point (Fig. 2).
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Table I AMS results for core DH-99B

Laboratory number Depth (m) Dating material 5"C (%o) AMS "C age (aBP) Agcezzl;;;a(tsgl_af;P)
Tka-12097 2.00 organic matter SPC=-24.8 1550+70 1592—1302
Tka-11998 4.00 organic matter oPC=-255 2310£70 2487—2150
Tka-12156 6.00 organic matter oPC=-252 3470£120 4085—3465
Tka-12001 8.00 organic matter 8PC=-253 4860+70 5731—5469
Tka-11999 8.00 organic matter 8PC=-25.1 4830+80 5723—5327
Tka-12098 8.00 organic matter 6RC=-253 4730£70 5601—5310
Tka-12099 9.90 organic matter oBC=-25.1 5420+150 6496—5908
Tka-12100 9.90 organic matter sPC=-25.1 5370+90 6310—5929
Tka-12207 10.90 organic matter oRC=-254 89204100 10239—9634
Tka-12000 11.80 organic matter oPC=-252 10290+140 12825—11342
Tka-12101 12.54 organic matter 8"C=-25.0 16210+£110 20010—18707

NUTA-2724? 9.89 organic matter sPC=-25.1 6593+34 7565—7430

a) DH-99A age (Xiao et al. 2004), corresponding to age at 10.14 m of DH-99B.
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Fig. 2. Lithology and age-depth variations of DH-99B core.

As for the possible “carbon reservoir effects” in
lakes in semiarid regions, it is difficult to estimate
such effects on the actual ages of the sediments be-
cause the “carbon reservoir effects” differ through
time. In the paper, the deposition rate of the upper 9.90
m of the core shows nearly linear variations. Suppose
the “carbon reservoir effects” keep constant during
this period, the age at the surface of the sediment can
be extrapolated to 410 a with linear regression. There-
fore, the age of 410 a can be approximately considered

to result from “carbon reservoir effects” in the lake
sediment. This is close to a 360 a effecte from
DH-99A using the same method*>*®!.

Regarding the abrupt deposition rate change below
9.90 m of the core, gradual transition can be identified
both in lithology and hues changes without abrupt
deposition discontinuity. DH-98 and DH-99A cores
retrieved from other places in the lake center also
show continuity of deposition at their similar parts.
Pervious study on the aragonite carbonates dating in
the laminas below 12 m of this core actually showed a
very lower deposition rate ™), so it is possible for the
laminas of upper 12 m to have a lower deposition rate.
The DZ1 core located on the beach also indicates
similar variations of deposition rate with that of
DH-99B!""). Therefore, the occurrence of large-scale
discontinuity in Lake Daihai sediments around 9.90 m
is almost impossible. This indicates that the deposition
environment has suffered great changes around 9.90
m.

3.2 Organic matter and carbonate content

The variations of organic matter (TOC, TN) and

carbonate content (CaCO;) during the Holocene can
be divided into several periods (Fig. 3). Except 9.0 —
6.7 ka BP period, the TOC, TN and CaCO; contents
have simultaneous variations during other periods of
Holocene. The higher values of TOC, TN and CaCOs;
occur simultaneously at periods of 6.7—3.5 ka BP,
3.2—2.6 ka BP and 1.7—1.2 ka BP, and this correlates
well with the higher C/N ratio values in the sediments.
This would indicate the higher productivity during
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these periods in the lake drainage, and the organic
matter in the sediments mainly came from the terres-
trial sources. As for enclosed lakes in semiarid regions,
the terrestrial material is mainly transported by water
flow, so the water flow inevitably brings some soluble
and insoluble carbonate from terrestrial source around
the basin into the lake when organic matter is carried.
Compared with lower level CO, in the atmosphere and
the carbonate carried by dust, the carbonate sources
from loess and other unconsolidated sediments around
the basin will occupy a large proportion of the total
carbonate in the lake sediments even at humid climate
conditions. Further the carbonate in the sediment will
get enriched by the evaporation. Simultaneously, hu-
mid climate conditions have also enhanced the pro-
ductivity of both aquatic and hydrophytes in the lake
drainage. The pH value of the lake water will rise for
much CO; in the lake water is consumed by photo-
synthesis, this enables some carbonate to be separated
out after saturation and further enriched in the sedi-
ments. Such processes would probably account for
both enrichment of carbonate and organic matter in the
lake sediments. While at 9.0—6.7 ka BP, higher car-
bonate content occurs with lower organic matter con-
tent and lower productivity of the lake drainage, and
that lower deposition rate also indicates the deficiency
of terrestrial material inputs. Therefore, the higher
carbonate content in the sediments would probably
result from the separation of soluble carbonate in the
water, that is, from the higher evaporation of the lake
water.

3.3 Variations of pollen flux and percentage

Variations of pollen flux, pollen percentage and
TOC of the core are presented in Figs. 4 and 5. As a
whole, the herbs and trees pollen flux have shown
synchronous variations during the Holocene. The high
levels of pollen flux occurs at periods of 10.2—9.0 ka
BP, 6.7—3.5 ka BP and 3.2—2.6 ka BP. Other periods
such as 9.0—6.7 ka BP and 3.5—3.2 ka BP, the pollen
flux shows a relatively low level. The variations of
pollen percentage reveal that the predominant vegeta-
tion differs with higher or lower periods of pollen flux.
During 10.2—9.0 ka BP, coniferous and broadleaved
vegetation which is composed mainly of Pinus and

Science in China Series D: Earth Sciences

Betula begins to expand in the lake area, indicating the
improvement of humidity, as a whole, the grassland
vegetation mainly consisting of Artemisia, Chenopo-
diaceae and Ephedra still occupies a predominant po-
sition. At 9.0—6.7 ka BP, trees pollen mainly consis-
ting of Pinus, Betula, Ostryopsis and Quercus begins
to take a predominant position indicating gradual ex-
pansion of coniferous and broadleaved vegetation. But
the vegetation coverage in the lake drainage would be
still low from the lower level of pollen flux in this pe-
riod. At 6.7—3.5 ka BP, coniferous and broadleaved
vegetation not only takes the predominant position but
shows larger scale expansion. The pollen flux of the
sediment also reaches the highest level of the Holo-
cene. All these indicate that the humidity condition is
greatly improved, and the vegetation status is the most
flourishing period in Holocene. This would be seen as
the Holocene climate optimum. At 3.5—3.2 ka BP, the
sharp decline in pollen flux may indicate a temporary
climate reversal. At 3.2—2.6 ka BP, the pollen flux of
the sediment shows a relative lower level. The pollen
percentage variations indicate that the herbs and trees
pollen take the predominant position alternatively.
Generally, these reflect the intensive variability of
humid and dry climate in the lake drainage. The pollen
flux shows a very low level after 2.6 ka BP. This may
indicate the recession of natural vegetation in the lake
drainage under the effects of both human activities and
increased climate aridity.

4 Discussion

The above results and analyses indicate the Holocene
Optimum occurs at the period of 6.7—3.5 ka BP (cal
7.6—3.6 ka BP) in the lake drainage area, all the mul-
tiple proxies of the DH-99B core demonstrate flour-
ishing of vegetation and thriving of productivity. This
climate and environment optimum is also verified by
more and more geomorphology and archeology evi-
dence in the Lake Daihai area. e.g. The terrace evi-
dence shows that lower lake level occurred after 3.5 ka
BP and the terraces are covered by loess deposits.
While at 4.5 and 6.7 ka BP, large-scale lake incursions
occurred indicating relatively high lake levels during

15-17

these periods! ], The archacology evidence also
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demonstrated that the highest annual temperature in
the Lake Daihai area occurred during 6000—5000 a
BP and the precipitation reached its peak at 5000 —
4000 a BP with annual precipitation of ca. 650 mm.
The distribution of paleoculture relics in the Lake
Daihai area reveals that the distribution of the relics of
Longshan Culture (1300— 1400 m a.s.l.) is higher than
that of Yangshao Culture (1200—1300 m a.s.l.). This
denotes that lake level gradually increased after late
Yangshao Culture (around 5.0 ka BP), and people

3737 These geo-

build their shelters near the water!
morphology and archaeology evidence correlates well
with the results retrieved from the sediment core.

Many records from the Inner Mongolia Plateau and
margins of the present monsoon area also demonstrate
that humid climate conditions prevailed after about 6.5
ka BP, e.g. research work in Midiwan, southern mar-
gin of the Mu Us Desert reveals humid climate condi-
tions when eolian sand deposit was replaced by peat
sediment at 6.0—3.5 ka BP**). High resolution work
in Jingbian near the Mu Us Desert also indicates that
the humid optimum period occurred during the inter-
val of 5.5—2.7 cal ka BP, not in early Holocene or
early Mid-Holocene traditionally regarded””. In Lake
Yanhaizi, middle Inner Mongolia, the sediment analy-
sis reveals a generally dry Holocene Megathermal pe-
riod at 8.0—4.3 ka BP, while the humid environment
condition is identified from 4.3 to 3.2 ka BP!'"). Pollen
analysis carried out in Lake Daojiao in Daqing Moun-
tain, Inner Mongolia shows that warm-dry and
warm-humid conditions prevail at intervals of 7.8—
7.1 ka BP and 7.1—4.4 ka BP respectively*”. The
new pollen results from Lake Qinghai show that the
total pollen and trees pollen concentration reaches a
high level after 6.5 ka BP (cal 7.4 ka BP), and that
indicated a relatively humid climate condition*!).
These results roughly coincide with what is revealed
by Lake Daihai sediment that climate optimum oc-
curred at 6.7—3.5 ka BP.

The climate and environment optimum during
6.7—3.5 ka BP (cal.7.6—3.6 ka BP) which is charac-
terized by flourishing vegetation and thriving produc-
tivity of the lake drainage has some discrepancies with

1) See footnote 1) on page 970.

previous results on the same sediment core which re-
veals a warm and humid condition during 10—7 ka
BPPY, although the same pollen data are used". Such
a difference mainly results from two reasons. First,
previous time scale has evident deficiency. As seen in
Fig. 2. the previous chronological sequence of the core
lacks effective dating age control between 8.9 and 4.8
ka BP, a time span of 4.1 ka (cal. 4.5 ka) approxi-
mately occupies a half of the Holocene, and the absent
age is unfortunately located in the key period of Early
and Mid-Holocene. Furthermore, the prominent
change in lithology around 9.90 m and its possible
deposition environment change during this period are
difficult to locate due to the absence of enough dating
ages. In this way, the previous pollen results inevitably
make a confusion of environment information which
should be belonged to Early and Mid-Holocene re-
spectively. In this paper, new AMS e dating ages are
adopted. Two ages of 5420 a and 5370 a are added to
the depth of 9.90 m and a supplement age of 6593 a
obtained by depth/age correlation of the parallel core
is also added to the depth of 10.14 m. These three
controlling ages added catch the key points of the
changes in deposition rate of the core during this pe-
riod. Therefore, the improper distribution of environ-
ment information which results from the low deposi-
tion ratio and big time gaps between different core
depths is avoided to a great extent. The Early Holo-
cene climate and environment changes in previous
studies should be after early Mid-Holocene under the
new time scale.

Secondly, the pollen flux is adopted to evaluate
the vegetation biomass in the lake drainage. This suc-
cessfully settles the difficulty of environment informa-
tion evaluation in a given time which results from the
differences of deposition rate for each sample. Due to
the unwariness of prominent deposition ratio changes
around 9.90 m and the resolution differences of each
single sample, it would be difficult for the previous
pollen concentration data to correctly reflect the actual
environment changes. This has evident discrepancies
with the environment information reconstructed by the
pollen flux data which is based on a given time scale.
For example, the high pollen concentration value is-
identified at 10.0—7.0 ka BP in previous studies, how-
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ever, under the new time scale, pollen flux shows high
level during 6.7—3.5 ka BP rather than during 10.0—
7.0 ka BP. The introduction of pollen flux as a proxy
in this paper, not only sets up a good correlation of
pollen flux with other proxies, but makes the new re-
sult closer to the environment information retrieved
from parallel core DH-99A**?% For instance, the
climate optimum indicated by pollen data of the two
cores commences respectively at cal. 7.6 ka (**C age
6.7 ka BP) and cal. 7.9 ka. The minor time gap be-
tween the two cores just comes from the differences in
dating space and time resolution of the samples ana-
lyzed. The samples analyzed at intervals of 4 cm for
DH-99A and 10 cm for DH-99B. The resolution dif-
ference of the two cores below 9.90 m is 300 a for a
single sample analyzed.

Regarding the reasons for Mid-Holocene climate
changes, some scholars interpret this on the basis of
solar insolation forcing. That is, due to the orbital pa-
rameter changes of the Earth, the summer solar insola-
tion increases at high latitudes, raises the annual tem-
perature and enhances the seasonal diversity of winter
and summer. Simultaneously, the differences of solar
insolation distributed in different latitudes enlarge the
gradients of thermal circulation between sea and land,
which lead to the strength of monsoon circulation, and
brings more precipitations in the monsoonal areal****!.
This mechanism would account for a warm or wet
climate and environment status in middle and east
China in Early and Mid-Holocene!’ ****!. But more
records from the Loess Plateau and west China tend to
show a relatively dry Mid-Holocene, e.g. large-scale
drought events occurred at cal. 7000—5000 a. It is
considered that the major reason for the dry climates
in Mid-Holocene is that there is less rainfall from the

(1L124647] " The relation-

weakening summer monsoon
ships of temperature and humidity in Mid-Holocene
are also discussed by researchers. It is indicated that
the major reason for the dry Mid-Holocene in Inner
Mongolia results from high evaporations under high
temperatures which reduce the effective precipita-
tion'"".

Information retrieved from this study indicates that
the variations of effective precipitation during
Mid-Holocene would account for the major environ-

ment changes in the Lake Daihai area. The research
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regarding the distributions of pollen in the surface
sediment in Lake Daihai reveals that pollen in the
sediments is mainly (ca. 80%) transported by water
flow!*™]. Therefore, pollen flux as a proxy to denote the
variations of effective precipitation (effective moisture)
in lake drainage area is helpful. In the Early Holocene,
the expansion of coniferous and broadleaved vegeta-
tion at 10.2—9.0 ka BP indicated that the climate be-
gan to become humid. The organic matter content in
the sediments also indicated the enhanced productivity
and increased precipitation in the lake drainage. Dur-
ing 9.0—6.7 ka BP, the prominent characteristic is that
the very low deposition rate is corresponding to low
pollen flux, organic matter content but high carbonate
content in the sediments. These indicate the deficient
of material inputs and low vegetation coverage under
low productivity of the lake drainage. During this pe-
riod, the high carbonate content in the sediment would
probably indicate less effective precipitation in the
lake drainage and high evaporation of the lake water
when the terrestrial matter input is deficient. Accord-
ing to previous studies, the main type of carbonate in
Lake Daihai sediments is calcite, and dolomite just
appears in some enclosed shoals where terrestrial
matter supply is deficient. So the appearance of arago-
nite carbonate in the laminas of the sediment during
9.0—6.7 ka BP at least shows high mineralization of
the lake water, that is the high evaporation ratio. Simi-
lar result is also obtained by analyzing the relation-
ships of annual precipitation, evaporation with tem-
perature variations from the adjacent weather station
in Liangchang County. It is inferred that the rate of
increase in evaporation (£) is much higher than that of
increase in precipitation (P) when temperature in-
creases'' 7). This indicates that although in this period
precipitation increases with temperature increase as it
is in middle or east China, the increment in precipita-
tion is unable to compensate the loss of effective
moisture which results from the evaporation increase.
The general climate condition in the lake drainage
would not be humid. Around 6.0 ka BP, many records
demonstrate a decline in monsoon precipitation in
monsoonal areas in the Northern Hemisphere when the
solar insolation decreased. But in Lake Daihai, during
6.7—3.5 ka BP, it shows a climate and environment
optimum characterized by high productivity, flourish-
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ing vegetation and sufficient terrestrial matter input.
The reason for this is that although the actual precipi-
tation will decrease with declined tendency of tem-
perature, the evaporation will decrease simultaneously
which probably compensates the loss from decreased
precipitation, thus increasing the effective precipita-
tion and humidity in the lake drainage.

High carbonate content in the sediment under rela-
tively humid conditions in Lake Daihai has its
counterpart in Lake Qinghai'*®!. The relation of lake
water salinity and carbonate content is complicated,
for the salinity is not solely determined by carbonate
content changes. In this paper, carbonate from
terrestrial matter input and photosynthesis by the
biomass in the lake have different mechanisms with
carbonate originating from evaporation and salinity
increase of the lake water. Under dry climate
conditions, the terrestrial matter input decreases, and
the salinity of lake water would have a prominent

correlation with carbonate content.

5 Conclusion

In this paper, some possible speculations on the
reasons of environmental changes in Lake Daihai are
presented based on the core records and correlations
with other environment records in the region. In fact,
some characteristics of Lake Daihai, such as relatively
higher altitude, enclosed basin, vegetation coverage
and hydrological status would make the climate feed-
back to global changes more complzicated, thus hav-
ing some characters different to what is recorded in
east and west China. In this research, all proxies of
lake sediments truly demonstrate a relatively feasible
and humid climate and environmental conditions
during 6.7—3.5 ka BP in Mid-Holocene rather than in
Early and or early Mid-Holocene as traditionally re-
garded. However, to have a full understanding of the
climate and environmental changes especially the
fluctuations of humid and dry climates in Lake Daihai,
supplement is needed besides the information re-
trieved from the lake center. How to reconstruct the
lake level fluctuations based on high-quality chronol-
ogy of the terraces around the lake during the Holo-
cene to directly indicate the history of humid and dry
climate and environmental changes, thus to have an

effective correlation with the information retrieved
from the core sediment is important work needed to be
carried out in the future.

Acknowledgements The authors would like to thank Prof.
An Zhisheng for his supports in this work. This work was
supported by the National Basic Research Program of China
(Grant No. 2004CB720200), the National Natural Science
Foundation of China (Grant No. 40502020), the Knowledge
Innovation Project of the Chinese Academy of Sciences
(Grant No. KZCX2-SW-118) and the Foundation of State
Key Lab of Loess and Quaternary Geology (Grant No.
SKLLGO15).

References

1 Steig E J. Mid-Holocene climate change. Science, 1999, 286:
1485—1487
2 Joussaume S, Taylor K E, Braconnot P, et al. Monsoon changes
for 6000 years ago: Results of 18 simulations from the Paleocli-
mate Modeling Intercomparison Project (PMIP). Geophys Res
Lett, 1999, 26: 859—862
3 IPCC: Climate Change 2001: The Scientific Basis. In: Houghton
J T, Ding Y, Griggs D J, eds. Contribution of Working Group I to
the Third Assessment Report of the Intergovernmental Panel on
Climate Change. United Kingdom and New York: Cambridge
University Press, 2001. 62—67
4 Shi Y F, Kong Z Z, Wang S M, et al. The climatic fluctuations
and important events of Holocene Megathermal in China. Sci
China Ser B-Chem (in Chinese), 1992, 12: 1300—1308
5 Shi Y F, Kong Z Z, Wang S M, et al. Middle Holocene climates
and environments in China. Glob Planet Change, 1993, 7: 219—
233
6 ShiY F, Kong Z Z, Wang S M. The Holocene Megathermal cli-
mate and environment in China. Sci China Ser B-Chem (in Chi-
nese), 1993, 23 (8): 865—873
7 AnZS, Porter S C, Wu X H, et al. Holocene optimum in central
and east China and East Asian summer monsoon evolution. Chin
Sci Bull, 1991, 38(14): 1302—1305
8 Wu X H, An Z S, Wang S M, et al. Temporal and spatial evolu-
tion of East Asian summer monsoon in Holocene optimum. Quat
Res (in Chinese), 1994, 1: 24—37
9 An Z S, Porter S C, Kutzbach J, et al. Asychronous Holocene
Optimum of the East Asian Monsoon. Quat Sci Rev, 2000, (19):
743 —762
10 Chen T A, Chen H L, Lou J Y, et al. The dry Holocene
Megathermal in Inner Mongolia. Palaecogeogr Palaeoclimatol
Palacoecol, 2003, 193: 181 —200
11 Chen F H, Zhu Y, Li J J, et al. Abrupt Holocene changes of the



980

12

16

20

21

22

23

24

25

Asian monsoon at millennial- and centennial-scales: evidence
from Lake Sediment document in Mingin Basin. North China,
Chin Sci Bull, 2001, 46(23): 1942—1947.

Chen F H, Wu W, Zhu Y, et al. A mid-Holocene drought interval
as evidenced by lake desiccation in the Alashan Plateau, Inner
Mongolia, China. Chin Sci Bull, 2003, 48(14): 1401 —1410.
Zhou W J, Yu X F, Jull J T, et al. High-resolution evidence of an
early Holocene optimum and a Mid-Holocene dry event from
southern China during the last 18000 years. Quat Res, 2004, 62:
39—48

He Y, Wilfred H, Zhang Z L, et al. Asynchronous Holocene cli-
matic change across China. Quat Res, 2004, 61: 52— 63

Wang S M, Wu R J, Jiang X H. Environment Evolution and Pa-
leoclimate since the last Glaciation in Lake Daihai, Inner Mon-
golia. Quat Sci (in Chinese), 1990, 3: 223—232

Wang SM, Yu'Y S, Wu R J, et al. The Daihai Lake: Environ-
ment Evolution and Climate Change (in Chinese). Hefei: Uni-
versity of Science and Technology of China Press, 1990. 1 —191
Wang S M, Feng M. Environmental change recorded in the Dai-
hai Lake and its relationship with the change in strength of the
southeast monsoon. Sci China Ser B-Chem (in Chinese), 1991,
21: 759—768

Liu Q S, Li H Z. The Holocene Environment evolution of the
mixed zone of agriculture and animal-husbandry (Daihai and
Huanggqihai area) in northern China. In: Zhou T R, Zhang L S,
eds. The Holocene Environmental Evolution and Its Prediction of
the Mixed Zone of Agriculture and Animal-husbandry in North-
ern China. Beijing: Geological Publishing House, 1992. 16—50
Shen J, Matsumoto R, Wang S M, et al. Quantitative reconstruc-
tion of the paleosalinity in the Daihai Lake, Inner Mongolia,
China. Chin Sci Bull, 2001, 46(1): 73—76

Shen J, Matsumoto R, Wang S M, et al. Quantitative reconstruc-
tion of the lake water paleotemperature of Daihai Lake, Inner
Mongolia, China and its significance in paleoclimate. Sci China
Ser D-Earth Sci, 2002, 45(9): 792—3800

Jin Z D, Wang S M, Shen J, et al. Weak chemical weathering re-
corded in lake sediments during the Little Ice Age. Sci China Ser
D-Earth Sci, 2001, 44 (7): 652—658

Sun Q L, Zhou J, Xiao J L. Grain-size characteristics of Lake
Daihai sediments and its paleaoenvironment significance. Mar
Geol Quat Geol (in Chinese), 2001, 21: 93—95

Sun Q L, Zhou J, Peng Z C, et al. High-precision uranium-series
dating of lacustrine carbonates from Daihai Lake. Chin Sci Bull,
2001, 46 (7): 586—592

Li X Q, Zhou J, Shen J, et al. Vegetation history and climatic
variations during the last 14 ka BP BP inferred from a pollen re-
cord at Daihai Lake, north-central China. Rev Palacobot Paly-
nology, 2004, 132: 195—205

Xiao J L, Xu Q H, Nakamura T, et al. Holocene vegetation varia-

26

27

28

29

30

31

32

33

35

36

37

38

39

Science in China Series D: Earth Sciences

tion in the Daihai Lake region of north-central China: A direct
indication of the Asian monsoon climatic history. Quat Sci Rev,
2004, 23: 1669—1679

Peng Y J, Xiao J L, Nakamura T, et al. Holocene East Asian
monsoonal precipitation pattern revealed by grain-size distribu-
tion of core sediments of Daihai Lake in Inner Mongolia of
north-central China. Earth Planet Sci Lett, 2005, 233: 467—479
Compilatory Commission of Annals of Liangcheng County. An-
nals of Liangcheng County (in Chinese). Hohhot: People’s Press
of Inner Mongolia, 1993. 85—102

Meyers P A. Applications of organic geochemistry to paleolim-
nological reconstructions: a summary of examples from the
Laurentian Great Lakes. Org Geochem, 2003, 34: 261 —289
Meyers P A. Organic geochemical proxies of paleoceangraphic,
paleolimnologic and paleoclimatic processes. Org Geochem,
1997,27:213—250

Meyers P A. Preservation of elemental and isotopic source iden-
tification of sedimentary organic matter. Chem Geol, 1994, 144:
289—302

Hesse P R. A Notebook of Soil Chemical Analysis. New York:
Chemical Publishing C, Inc, 1972. 1 —520

Stockman J. Tablets with spores used in absolute pollen analysis.
Pollen Spores, 1971, 13: 615—621

Li X Q, Du N Q. The acid-alkyrli-free analysis of Quaternary
pollen. Acta Bot Sin (in Chinese), 1999, 1: 782—784

Konert M, Vandenberghe J. Comparison of laser grain size
analysis with pipette and sieve analysis: A solution for the un-
derestimation of the clay fraction. Sedimentology, 1997,44:
523—535

Tian G J. Studies on cultural remains of the Yangshao Age in
central-southern Inner Mongolia. In: Inner Mongolia Cultural
and Archaeology Institute, ed. Proceedings of Researches on the
Primitive Culture in Central-Southern Inner Mongolia (in Chi-
nese). Bejing: China Ocean Press, 1991. 55—85

Tian G J. Studies on cultural remains of the Longshan Age in
central-southern Inner Mongolia. In: Inner Mongolia Cultural
and Archaeology Institute, ed. Proceedings of Researches on the
Primitive Culture in Central-Southern Inner Mongolia (in Chi-
nese). Bejing: China Ocean Press, 1991. 140—160

Tian G J. The relationships between archaeological culture and
ecological environment, Daihai Lake area. In: Zhou K S, Song Y
Q, eds. Researches of Environmental Archaeology, Vol 2 (in
Chinese). Beijing: Science Press, 2000. 72— 80

Zhou W J, Donahue D J, Porter S C, et al. Variability of monsoon
climate in East Asian at the end of the last glaciation. Quat Res,
1996, 46(3): 219—229

Xiao J L, Nakamura T, Lu H Y, et al. Holocene climate changes
over the desert/loess transition of north-central China. Earth
Planet Sci Lett, 2002, 197: 11—18



Environmental characteristics of Mid-Holocene recorded by lacustrine sediments from Lake Daihai 981

40

41

42

43

44

45

Shi P J, Song C Q. Palynological records of environmental
changes in the middle part of Inner Mongolia, China. Chin Sci
Bull, 2003, 48(14): 1433 —1438.

Liu X Q, Shen J, Wang S M, et al. A 16000-year pollen record of
Qinghai Lake and its paleoclimate and paleoenvironment. Chin
Sci Bull, 2002, 47(22): 1931—1936.

Berger A. Long-term variations of caloric insolation resulting
from Earth’s orbital elements. Quat Sci Rev, 1978, 9: 136—167
COHMAP Members. Climatic changes of the last 18,000 years:
observations and model simulations. Science, 1988, 241: 1043 —
1052

Wang H'Y, Liu H'Y, Cui H, et al. Terminal Pleistocene/Holocene
palaeoenvironmental changes revealed by mineral-magnetism
measurements of Lake sediments for Dali Nor area, southeast
Inner Mongolia Plateau, China. Palacogeogr Palaeoclimatol Pa-
laeoecol 2000, 170: 115—132

SunJ M, Ding Z L, Liu T S. Desert distributions during the gla-

46

47

48

49

cial maximum and climatic optimum: example of China. Epi-
sodes, 1998, 21: 28 —31

Guo Z T, Petit-Maire N, Kropelin S. Holocene non-orbital cli-
matic events in present-day arid areas of northern Africa and
China. Glob Planet Change, 2000, 26 (1-3): 97—103

Huang C C, Zhou J, Pang J L, et al. A regional aridity phase and
its possible culture impact during the Holocene Magathermal in
the Guangzhong Basin, China. The Holocene, 2000, 10(1):
135—142

XuQH, LiYC, Yang X L, et al. Source and distribution of pol-
len in the surface sediment of Daihai Lake, Inner Mongolia. Quat
Int, 2005, 136: 33 —45

Shen J, Liu X Q, Matsumoto R, et al. A high-resolution climatic
change since the Late Glacial Age inferred from multi-proxy of
sediments in Qinghai Lake. Sci China Ser D-Earth Sci, 2005,
48(6): 742—751.



	Environmental characteristics of Mid-Holocene recorded by lacustrine sediments from Lake Daihai, north environment sensitive zone, China 
	SUN Qianli1,2, ZHOU Jie1, SHEN Ji3, CHEN Peng1,2, WU Feng1,2 & XIE Xiuping1,2 
	1  Geographic setting 
	 
	2  Material and method 
	3  Results 
	4  Discussion 
	5  Conclusion 
	References 




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.03333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


