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Abstract Lacustrine sediments can provide potential information about environmental changes in the past. On the
basis of high-resolution multi-proxy analysis including carbon and nitrogen contents of organic matter, C/N ratios,
inorganic carbon contents, and carbon and oxygen isotopic composition of carbonate, together with precise *’Cs
dating, the environmental evolution of Lake Chenghai, Yunnan Province, during the past 100 years has been investi-
gated. It is shown that the carbonate in Lake Chenghai is authigenic, and the organic matter is mainly derived from
aquatic plants and algae, instead of terrestrial-source materials. The environmental evolution of Lake Chenghai can
be diverged into three periods with the contrasting characteristics during the past 100 years. Before 1940, the stable
carbon and oxygen isotope values, the poor correlation between them and the lower carbon and nitrogen contents of
organic matter suggested that Lake Chenghai was open, and the lake water was oligotrophic during that period. Dur-
ing 1940-1993, the negative 8"°C values and the gradual increase of carbon and nitrogen contents of organic matter
and C/N ratios indicated that the eutrophication was aggravated. The closeness of Lake Chenghai and human activi-
ties may be responsible for this eutrophication. After 1993, notable increases in carbon and oxygen isotopic values of
carbonate, carbon and nitrogen contents of organic matter, C/N ratios and inorganic carbon contents demonstrated
that the increase of lacustrine productivity and the serious eutrophication were resulted from strong human activities.
Therefore, the multi-proxy in Lake Chenghai sediments has reliably recorded the natural environmental evolution
and the impacts from human activities.
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1 Introduction

Lacustrine sediments, as an archive of environ-
mental changes in the past, have numerous advantages
such as variable sedimentation rate, continuous cli-
mate record and extensive distribution (Wan Guojiang
et al., 2003; Jin Zhangdong et al., 2009). Among the
various indicators of lacustrine sediments, stable iso-
topes have become one of the most effective methods
for reconstructing environmental changes in the past.
Due to the limits of sedimentation rate, sampling pre-
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cision and dating, research on high-resolution, espe-
cially annual-resolution environment/climate changes
mainly focused on ice cores and tree rings, and there
have been reported few studies on lacustrine sedi-
ments, particular in recent 100 years. Lake Chenghai,
located in Yunnan Province, Southwest China, now as
a closed lake, has reliably recorded regional environ-
ment/climate changes. Its high sedimentation rate (1
cm/a) (Chen Jing’an et al., 2002; Wan Guojiang et al.,
2005) and many changes in its environments over the
last century also enable this lake to be an ideal lacus-
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trine setting to study environmental changes in the
past, and is also helpful to distinguish natural impacts
from and human ones. Information on the natural
evolution and human impacts on lakes is highly help-
ful for understanding the current status and predicting
future development of the lake systems (Wu Jinglu et
al., 2004), which is of vital importance for formulating
measures to prevent further eutrophication of lakes.
Additionally, Lake Chenghai is of great importance
for its functions as water supply, fisheries, agriculture
and breeding industry. When the direct measurements
of the environmental data are not available, therefore,
it is urgent to carry out paleolimnological studies to
understand its past.

In this study, a 108 cm-deep sediment core from
the central part of Lake Chenghai was drilled, and
carbon and nitrogen contents of organic matter, C/N
ratios, inorganic carbon contents as well as carbon and
oxygen isotopic composition of carbonate in annual
resolution over the past 100 years were measured. The
aims of this study are to trace the historical eutrophi-
cation of Lake Chenghai over the last century, and
also to understand the interactions between nature and
human impacts.

2 Study area

Lake Chenghai is located approximately 18 km
south of Yongsheng County, Yunnan Province, China
(26°27'-26°38'N, 100°38'—100°41'E) (Fig. 1), which
was formed in the Early Pleistocene. The water level
of Lake Chenghai is 1503 m. It has a length of 19 km,
and an average breadth of 4 km, covering a surface
area of 77 km’. The lake has the maximum depth of
35.1 m, with the average depth of 25.7 m, and a vol-
ume area of 20x10° m’. Lake Chenghai is a tec-
tonic-fault depression and also a lake covering a small
catchment area. Now, no water has flown from it, thus
becoming a hydrologically closed lake. As a result,
the lake level and composition of lake water and
sediments are sensitive to environmental change. In
addition, as the eutrophication history of Lake
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Chenghai has been described in detail (Wu Jinglu et
al., 2003, 2004; Wan Guojiang et al., 2005) and its
sedimentation rate is high (Chen Jing’an et al., 2002;
Wan Guojiang et al., 2005; Zhu Zhengjie, 2009), all
these factors make this lake become an ideal lacus-
trine setting to study environmental changes in the
past by using geochemical proxies. This region is in-
fluenced by the southwesterly monsoon, and the pre-
cipitation is characterized by seasonal variations.
Mean annual precipitation at Lake Chenghai is about
300400 mm (Wang Suming et al., 1998), and more
than 80% of the total annual precipitation falls be-
tween June and October. Vegetation in the catchment
is predominated by C3 plants, such as Yunnan pine
trees and shrubs. Bedrocks in the lake catchment in-
clude sandstones, dolomitic limestones and shales.
The lake water is alkaline (pH: 9.25) with an average
salinity of 1 g/L (Table 1), approaching the lower-limit
ion concentrations of salt lakes, and its total P and N
concentrations are 0.048 and 0.57 mg/L, respectively
(Wu Jinglu et al., 2004). Phytoplanktons in Lake
Chenghai are dominated by blue-green algae, includ-
ing Anabaena, Microcystis and Oscillatoria (Wu
Jinglu et al., 2004; Wan Guojiang et al., 2005). Ac-
cording to documentary records, approximately in
1940, a number of people had been settled in the lake
catchment for living. Since the 1980s, the environ-
ment of Lake Chenghai has been seriously contami-
nated owing to the rapid development of agriculture
and industry.
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Fig. 1. Geographical location of Lake Chenghai (black blank rectan-
gle) and sampling sites (black circle).

Table 1 Geochemical features of Lake Chenghai (mg/L)

Si0, Ca® Mg** K Na' HCO;5 COs” SO& cr NOy NO,

0.37 933 63.62 11.83 171.42 548.5 101.83 3.39 2247 0.97 0.05

NH," DO COD P,0;s Fe* TFe Total ion pH 8"%0.," Salinity”

0.02 1.92 2.03 0.21 0.0005 0.0002 0.0007 960.78 9.25! -1.53 50
8" Ocar” 80, 8"Cpic”

22.86%0 -8.20%o -1.63%o

Data sources: ~ This study; others from Wang Suming, 1998.
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3 Sampling and methods

Sediment core B was retrieved in the central part
of Lake Chenghai in 2006 by means of a self-designed
gravitational sediment sampler coupled with a poly-
methyl tube (59 mm in inner diameter) (Li Jian et al.,
2011). The aquatic and terrestrial plants were also
sampled. The sediment core was perfectly preserved,
since the suspended layer was not disturbed and the
interface water was clear during coring. The core with
a length of 108 cm was sectioned at 1 cm interval
immediately and put into plastic bags in the field.
Sediment samples were dried by means of a vacuum
freeze drier (FD-IA-50). Before grinding terrestrial
plant remains were picked out from the sediment core
for radiocarbon '*C dating by accelerator mass spec-
trometry (AMS) at the Scottish Universities Environ-
mental Research Centre AMS Facility, and then all
dry sediment samples were ground as fine as
120-mesh homogenous powder. Then, the sediment
core samples were divided into two portions for sub-
sequent analysis.

One portion of the samples was used for the
measurement of ' Cs activity. *’Cs activities were
determined by gamma-spectrometry on a Canberra
S-100 multi-channel spectrometer coupled with a
GC5019 H-PR Ge coaxial detector (efficiency 50%)
or a GCW3022 H-PR Ge well detector (efficiency
30%). The *’Cs activity was determined in terms of
its emissions at 661.6 keV. The analytical precision
was better than 5%.

Samples for the measurement of C/N ratios were
treated with HCI (1 mol/L) and placed in water bath
for two hours at 60C to remove carbonates, then
rinsed repeatedly with distilled water for four times.
Total carbon (TC) contents and C/N ratios were
measured by using an elemental analyzer (PE2400
Series II) with an error less than 5%. Total inorganic
carbon (TIC) contents were determined by the chemi-
cal volumetric method with the analytical precision
being better than 5% (Li Younian, 1983; Chen Jing’an
et al., 2002). Total organic carbon (TOC) contents

were calculated as the difference between TC and TIC.

The 5"°C and 8" values of carbonates were analyzed
on a GV IsoPrime stable isotope ratio mass spec-
trometer (IRMS) connected with an online carbonate
preparation system. The isotopic composition of sam-
ples is defined as delta () notations in parts per thou-
sand:

5samp]e (%0) = [(Rsample/Rstandard) 71] x1000
where R represents the °C/"*C and '*0/'°O ratios of a

sample, and the isotopic ratios were reported relative
to the PDB standard. Analytical precision is better
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than 0.1%o for the 8'°C values of carbonates, and
0.15%o for the 8'*0 values of carbonates. A number of
duplicate samples were also measured and the results
showed that the precisions were less than the limit of
measurement accuracy. All the measurements were
performed at the State Key Laboratory of Environ-
mental Geochemistry, Chinese Academy of Sciences
in Guiyang, the capital city of Guizhou Province,
Southwest China.

4 Results
4.1 Chronology

The sediment core in Lake Chenghai has no clear
lamination with a high sedimentation rate according to
the results of previous studies (Chen Jing’an et al.,
2002; Wan Guojiang et al., 2005). Therefore, *’Cs
was used for sediment dating, which has been widely
applied as a proper time-marker for estimating the
dates of recent sediments (Wan Guojiang et al., 1987;
Bai Zhanguo and Wan Guojiang, 1998). Generally,
mass depth (g-cm™), instead of depth (cm), is adopted
to calculate sedimentation rate because sediment is
usually compacted in the lower part of the sediment
core, as confirmed by the decrease of sediment poros-
ity with depth (Chen Jing’an et al., 2002; Xu Hai et al.,
2006a). Although some factors such as redistribution
may influence the shape of *’Cs peaks, the deposition
of *’Cs maximum can not be easily modified (Wan
Guojiang et al., 2003; Xu Hai et al., 2006a). As shown
in Fig. 2, ’Cs activity reaches its peak at the mass
depth of 8 g/cm®. This peak can be ascribed to the
fallout from the Chernobyl disaster in 1986, which is
in consistency with the conclusion drawn by Wu
Jinglu et al. (2004). Otherwise, the peak of *’Cs ac-
tivity in 1964 and 1975 in Lake Chenghai can not be
obtained. This may be attributed to the short half life
of 137Cs, and that of "*’Cs in 1964 and 1975 can not be
detected. In addition, a terrestrial plant remain at the
depth of 42 cm was picked out for "*C dating, and no
dating result has been acquired, indicating that the
depositional time of 42-cm sample is later than 1950
(years before present). Based on this *'Cs peak and
linear extrapolation methods, the average sedimenta-
tion rate of Lake Chenghai is about 0.40 g/cm™a (1
cm/a), and sediment core B represents the sediment
deposited from about 1900 to 2007. The age-depth
model is shown in Fig. 3.

4.2 $"*C and "0 values of carbonates

The stratigraphic patterns of 8"°C and 'O val-
ues of carbonates are plotted in Fig. 4. 80O values
vary from -7.21%o to -4.84%., with an average value
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of -5.97%o, but are relatively stable between 1900 and
1940. 5'%0 values generally increase to the maximum
in 1941 with a value of -4.84%o. A slight decrease in
8'%0 occurred between 1941 and 1993, followed by a
sharp increase in 8'*0O from 1993 till the top of the
core.
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Fig. 2. The vertical profile of '’Cs in the sediment core in Lake
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Fig. 3. The age-depth model of the sediment core in Lake Chenghai.

8'3C values show similar patterns to the §'*0 val-
ues, but 8"°C values in the lower part of the core are
characterized as being high between 1900 and 1920,
reaching the maximum value of 1.54%. in 1920. A
distinct decrease in 8"*C occurred between 1941 and
1993, followed by a sharp increase in §3C to the top
of the core. In comparison with 880 values in the
whole core, 8'3C values show intensive fluctuations.

4.3 TIC, TOC, TN and C/N ratios

TOC varies between 0.22% and 1.87%, with an
average value of 0.51%. Total nitrogen varies between
0.13% and 0.30%, with an average value of 0.17%.
TIC varies between 0.83% and 1.38%, with an aver-
age value of 1.07%. C/N ratios vary between 1.5 and
7.5, with an average value of 3.3. The good correla-
tion between TOC and TN suggests that organic mat-
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ter in Lake Chenghai was derived from single plant
(Fig. 5). During the period between 1900 and 1993,
TOC and TN were stable. Later, TOC and TN in-
creased sharply. C/N ratios show an increasing trend
in the whole core, and also increase sharply after 1993.
TIC shows similar variations to 8O values. The
value was stable between 1900 and 1920, and then
increased until 1940. A distinct decrease occurred be-
tween 1941 and 1960, followed by a sharp increase in
8'°C to the top of the core.

5 Discussion

5.1 The source of organic matter in Lake Chenghai

Previous studies revealed that C/N ratios can be
effectively used to identify the source of organic mat-
ter (Meyers and Ishiwatari, 1993; Meyers, 1994, 1997,
Dean, 1999; Chen Jing’an et al., 2002; Zhu Zhengjie
et al., 2011). Generally, the atomic C/N ratios in algae
are less than 10. In contrast, atomic C/N ratios in ter-
restrial plants are high, varying between 20 and 200
(Krishnaunurhy et al., 1986; Lamb et al., 2004). In
addition, 8"C values are significantly different be-
tween aquatic and terrestrial plants. Therefore, C/N
ratios (C/N) and carbon isotope values of organic
matter (813C0rg) are an effective method to distinguish
the source of organic matter from lake sediments
(Meyers and Ishiwatari, 1993; Meyers, 1994, 1997).

Meyers (1997) has provided three distinctive
suites of C/N and 613C0rg values in plants to distin-
guish the source of organic matter from lake sedi-
ments, as illustrated in Fig. 6. Lake Chenghai data plot
within the field of aquatic plants, and are thoroughly
different from those of C3/C4 plants (Zhu Zhengjie et
al., 2011), indicating that sedimentary organic matter
in Lake Chenghai is derived mainly from algae, and
the import of organic matter from terrestrial plants is
not important (Fig. 6). Otherwise, C/N ratios in or-
ganic matter from Lake Chenghai would fall within
the field of algae whose C/N ratios vary between 4
and 10. Actually, the dominant species of algae in
Lake Chenghai include Anabaena, Microcystis and
Oscillatoria (Wan Guojiang et al., 2005). Furthermore,
the single aquatic algae samPled from Lake Chenghai
have the C/N ratio and 5°C value of 6.9%. and
-26.68%o, respectively, and terrestrial plant has the
C/N ratio and 8"C value of 32.1%o and -24.56%o, re-
spectively, further suggesting that organic matter from
Lake Chenghai is derived from algae.

5.2 The source of carbonate in Lake Chenghai
It is well-known that authigenic carbonate in lake

sediments can provide potential information about
environment/climate change in the past, and allochonous
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Fig. 4. Vertical profiles of 8"°C and 8'0 values of carbonates, inorganic carbon contents, organic carbon and nitrogen, C/N ratios versus chro-

nology in the sediment core in Lake Chenghai.

carbonate can also complicate this information (Leng
et al., 2010). Thus, it is necessary to identify the
source of carbonate in lake sediments. In the previous
study, we provided several lines of evidence to prove
that carbonate is authlgemc in Lake Chenghai, i
combination with §'°0 Values of surface carbonate
and aquatic plant cellulose, 5"°C values of dissolved
inorganic carbon and carbonate, and in comparison
with the ionic activity product (IAP) with the equilib-
rium constant (Zhu Zhengjie and Chen Jing’an, 2009).
According to the results of other studies, the carbonate
in Lake Chenghai is also of authigenic source. For
instance, the carbonate contents in sediments increase
with increasing water depth and further with increas-
ing distance from the banks of Lake Chenghai (Wang
Yunfei et al., 1989), supporting the view that sedi-
mentary carbonates are autochthonous. In deep water
of Lake Chenghali, the contents of calcite in sediments
reach up to 10%, also supporting this conclusion
(Wang Yunfei, 1993).
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Fig. 5. The correlation between organic carbon and nitrogen in the

sediment core in Lake Chenghai.
5.3 Implications of proxies

The 8"°C values of authigenic carbonates are
controlled mainly by the 5"°C of DIC, since there is a
relatively small temperature effect (0.0355%0/°C)
(Talbot, 1990; Romanek et al., 1992; Gasse et al.,
1996; Li and Ku, 1997; Mayer and Schwark, 1999;

Nuemann et al., 2002; Leng and Marshall, 2004; Xu
Hai et al., 2006b; Lamb et al., 2007; Rosqvist et al.,
2007; Henderson and Holmes, 2009). In general, there
are three predominant factors that influence the carbon
isotopic composition of DIC, including the isotopic
composition of the in-flowing water, CO, exchange
between lake water and atmosphere, as well as photo-
synthesis/respiration of aquatic plants in the lake
(Mook et al., 1974; Nuemann et al., 2002; Leng and
Marshall, 2004; Xu Hai et al., 2006b). Atmospheric
CO; and carbonate dissolution as well as organic mat-
ter degradation were the main DIC sources. The es-
cape of lake water CO, to atmosphere can cause the
enrichment of *C (Li and Ku, 1997; Mayer and
Schwark, 1999). Organic matter has negative e
values and carbonate has positive 8'*C values. For
instance, in some karstic regions, the 8'C values of
DIC are around +1%o (Leng and Marshall, 2004). Un-
der isotopic equilibrium with the atmospheric CO,
(8"C= -7%o), lake water 8"°C values would vary be-
tween -0.2%o0 and +2.2%0 (Mayer and Schwark, 1999),
then carbonate 8"°C values would vary between
+0.8%0 and +3.2%o, because the 813C value of calcite
is 1%o more positive than the corresponding 8"°C of
the DIC (Mook et al., 1974; Leng and Marshall, 2004;
Lamb et al., 2007). In some organic matter-rich lakes,
the lacustrine productivity is considered as the main
control to determine the carbon isotopic composition
of carbonate (Teranes and Bernasconi, 2005).

The 5'%0 of carbonate is controlled by both the
8'%0 of lake water and temperature when the carbon-
ate is precipitated. In arid and semi-arid lakes, minor
temperature effect is observed, and the §'*O of car-
bonate can provide information about the balance be-
tween precipitation and evaporation (effective mois-
ture). The correlation between 8'*0 and 8'°C of car-
bonate can also yield information about the hydrology
of lakes. In hydrologically closed lakes, there is nor-
mally a strong covariance. In contrast, there is little or
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no correlation in open lakes (Talbot, 1990; Li and Ku,
1997; Chen Jing’an et al., 2008).
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Fig. 6. C/N ratios and ESI3C(,rg values of sedimentary organic matter
from Lake Chenghai (typical C/N ratios and 55]3Cmg values for aquatic
plants, C3/C4 land plants cited from Meyers, 1994, 1997).

In the aquatic plant-dominant lakes, TOC and TN
are indicative of lake productivity (Meyers, 1997;
Dean, 1999). The atomic TOC/TN ratios can reflect
the proportions of terrestrial and autochthonous plants.
Such studies revealed that the positive correlation
between TOC and TIC is the result of carbonate pre-
cipitated by primary production (Mullins, 1998; Chen
Jing’an et al., 2002).

5.4 Environmental evolution of Lake Chenghai
over the last century

Based on the geochemical proxies including the
carbon and nitrogen contents of organic matter, C/N
ratios, inorganic carbon contents, and the carbon and
oxygen isotopic compositions of carbonate (Fig. 4),
the environmental evolution of Lake Chenghai can be
divided into three intervals in the past 100 years.

5.4.1 1900-1940

The lake was oligotrophic. The 8"°C value of
carbonate was +1%o, which is consistent with the
value of exchange between atmospheric CO, and lake
water DIC, applying that Lake Chenghai is steady.
The poor correlation between carbon and oxygen iso-
topes of carbonate, lower carbon and nitrogen con-
tents as well as C/N ratios of organic matter indicate
that during this period Lake Chenghai was open, and
the lake was oligotrophic.

5.4.2 1940-1993

The Lake was closed and eutrophic. The decrease
of 8"C value of carbonate suggests that the depleted
C found its way into the DIC, and the degradation of
algae may be the source of depleted "°C, since the
8'°C value of biocarbonate is much higher than the
value of algae. The gradual increase of carbon and
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nitrogen contents also indicates that the lake is eutro-
phic, and the good correlation between carbon and
oxygen isotopes of carbonate shows that during this
period the lake was hydrologically closed.

5.4.3 1993-2006

The lake was seriously eutrophic. The geo-
chemical data during this period are characterized by a
sharp increase.

As mentioned above, it is well known that there
are two shift periods in environmental evolution in
Lake Chenghai, i.e., during 1940 and 1993. Before
1940, Lake Chenghai was steady and the productivity
was low. After this period, Lake Chenghai began to be
closed, and the environment experienced obvious
changes. According to the documentary records, about
in the 1940, a number of people had been settled to
the lake catchment for living, which may be the main
factor leading to the increase of lake productivity.
Therefore, the environment change of Lake Chenghai
after 1940 was the result of both human activity and
natural evolution. During the period between 1993
and 2006, all the geochemical data increased sharply,
suggesting that Lake Chenghai was seriously and in-
creasingly eutrophic, which may be ascribed to the
intensive human activities due to the rapid develop-
ment of agriculture and breeding industry. In Lake
Chenghai, at present, the phytoplankta dominated by
blue-green algae, including nabaena, Microcystis and
Oscillatoria, lend a further support to the conclusion
that Lake Chenghai is of serious eutrophication. This
conclusion is also testified by the results of research
on *'°Pb,, (Wan Guojiang et al., 2005).
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Fig. 7. The correlation between the 8'%0 and 8'*C values of carbonate

at Lake Chenghai during the different periods.

In addition, a sediment core from Lake Chenghai
has revealed its environmental changes in the past in
terms of the carbon and oxygen isotopic compositions
of carbonate and pigments (Wu Jinglu et al., 2004).
Due to the different sampling sites, the resolution of
this study is different from what was obtained by Wu
Jinglu et al. (2004). They proposed that during the
period between 1911 and 1942, Lake Chenghai was
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meso-eutrophic, this conclusions is different from ours.
This divergence was speculated to have been caused
by the errors involved in low-resolution dating.

5.5 The characterization of carbon isotopes of car-
bonate

In this study, during the time period between
1940 and 1993, the eutrophication of Lake Chenghai
caused a decrease in 8'°C values of carbonate, and
there was a negative correlation between them (r=
-0.31, n=108, P<0.01), inconsistent with the conven-
tional views that such an increase in productivity
would produce higher 8“C values of carbonate
(Stuiver, 1970; Mayer and Schwark, 1999; Neumann
et al., 2002; Leng and Marshall, 2004; Teranes and
Bernasconi, 2005; Xu Hai et al., 2006b; Henderson
and Holmes, 2009). There are several possible reasons
which may explain this discrepancy. Firstly, isotopic
disequilibrium may influence the carbon isotopic
composition of carbonate to a certain degree. Several
studies revealed that isotopic disequilibrium would
lead to negative 813Cmb values during the process of
eutrophication (Fronval et al., 1995; Teranes and
McKenzie, 1999a; Teranes et al., 1999b; Wu Jinglu et
al., 2003, 2004). However, our conclusion is that the
carbon isotope of carbonate is in equilibrium with that
of lake water (Zhu Zhengjie and Chen Jing’an, 2009),
suggesting that isotopic disequilibrium is not the main
factor leading to the negative correlation between
813Cmrb values and organic matter contents in sedi-
ments from Lake Chenghai. Secondly, the input of
bacteria in organic matter would cause negative
813Ccarb. Whereas, previous research showed no input
of bacteria into organic matter (Zhu Zhengjie, 2009).
Thirdly, the depleted B¢ source affected the 5" Cearbs
and this contribution enhanced with intensifying eu-
trophication. Actually, the source of CO, absorbed by
algae would be altered with the change of lacustrine
environment. During the initial stage of eutrophication,
CO; absorbed by algae was derived from atmosphere.
However, due to the strong eutrophication and rapid
growth of algae, the balance between CO; in lake wa-
ter and atmosphere would be destroyed, which would
lead to the DIC being absorbed by algae derived from
oxidation of organic matter, rather than atmospheric
CO,, thus giving rise to the negative 5 Carb, Since the
8°C value of algae (-28%o) is much more negative
than the value of atmospheric CO; (-7%o). This seems
to be the main factor that determines the variation of
813Cmrb in Lake Chenghai. That is to say, the degrada-
tion of aquatic algae during the process of eutrophica-
tion is the primary factor leading to a decrease in 5'"°C
values of carbonate with increasing productivity in
Lake Chenghai.
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6 Conclusions

The conclusions we have drawn are given as fol-
lows:

(1) According to the multi-proxy analysis, the
carbonate in Lake Chengai is authigenic. The source
of organic matter in Lake Chenghai is derived mainly
from algae, relative to terrestrial plants.

(2) Over the past one century, Lake Chenghai has
undergone major changes in productivity and eutro-
phication due to natural evolution and human impacts.
The multi-proxies including the carbon and nitrogen
contents of organic matter, C/N ratios, inorganic car-
bon contents as well as the carbon and oxygen iso-
topic composition of carbonate have reliably recorded
the historical environmental evolution of Lake
Chenghai. The history of environmental evolution of
Lake Chenghai during the last 100 years can be di-
vided into three contrasting intervals. Before 1940
there were observed stable values of carbon and oxy-
gen isotopes, the poor correlation between them and
the lower carbon and nitrogen contents of organic
matter, suggesting that Lake Chenghai during this
time period is open, and the lake is oligotrophic. Dur-
ing the time period between 1940 and 1993, there is a
slight increase in carbon and nitrogen contents of or-
ganic matter and C/N ratios, and an obvious decrease
in 8"°C of carbonate, indicating that the eutrophication
of Lake Chenghai is aggravated, which is considered
as the result of the closeness of Lake Chenghai and
the human impacts. After 1993, as shown by sharp
increases in carbon and oxygen isotopic values of
carbonate, the carbon and nitrogen contents of organic
matter, C/N ratios and inorganic carbon contents, it is
demonstrated that the lacustrine productivity is in-
creased and the lake is of eutrophication. The rapid
development of agriculture, breeding industries and
intensive human activity may be responsible for pre-
sent lacustrine productivity and eutrophication.

(3) The eutrophication of Lake Chenghai be-
tween 1940 and 1993 will induce a decrease in 5'"°C
values of carbonate, which is inconsistent with the
conventional views that such an increase in productiv-
ity would produce higher 5"°C values of carbonate.
We proposed that during the eutrophic periods, the
degradation of blooming algae may be the main factor
controlling the carbon isotopic composition of car-
bonate.
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