Journal of Hydrology (2006) 329, 568-576

available at www.sciencedirect.com

— g

“e.* ScienceDirect

journal homepage: www.elsevier.com/locate/jhydrol ;(
[

Sediment sources and the flood record from Wanghu
lake, in the middle reaches of the Yangtze River

Chaolu Yi ®P*, Huifang Liu €, Neil L. Rose 9, Hong Yang %¢, Leyi Ni ¢,
Ping Xie €

2 Institute of the Tibetan Plateau Research, Chinese Academy of Sciences, Shuangqing Road 18, Beijing, 100085, China

® Key Laboratory of Cryosphere and Environment, Chinese Academy of Sciences, Lanzhou 730000, China

¢ State Key Laboratory of Geological Processes and Mineral Resources, China University of Geosciences, Wuhan 430074, China
d Environmental Change Research Centre, University College London, 26 Bedford Way, London, WC1H 0OAP, UK

€ Donghu Experimental Station of Lake Ecosystems, State Key Laboratory for Freshwater Ecology and Biotechnology

of China, Institute of Hydrobiology, Chinese Academy of Sciences, Wuhan 430072, China

Received 25 January 2005; received in revised form 24 January 2006; accepted 9 March 2006

KEYWORDS Summary A sediment core was collected from the centre of Wanghu Lake, in the Middle
Laminated sediments; Reaches of the Yangtze River. The recent part of the core was dated using a combination of
Yangtze river; 21%p and spheroidal carbonaceous particle (SCP) techniques. Extrapolating this chronology
Sediment geochemistry; dated the laminated section of the core, between 723 and 881 mm, to the first half of the
Flood sources 18th century and this section was selected for detailed study. The thicknesses of the laminae

were measured using reflecting and polarizing microscopes whilst geochemistry was deter-
mined by an electron probe. The thickness of the dark layers was found to be positively corre-
lated with titanium concentrations, and negatively correlated with aluminium and potassium
concentrations. The thickness of the light layers was found to be negatively correlated with
the concentrations of titanium. It is concluded that the dark layers were deposited from the
Fushui River, a tributary of the Yangtze River, under periods of normal flow whilst the light lay-
ers were mainly deposited from the Yangtze River itself during flood periods. Documentary evi-
dence for floods occurring in the lake catchment corresponded with thick laminations of high
titanium concentration. Further, two of the three thickest, light laminations with low titanium
concentrations were found to be synchronous with recorded flood dates of the main Yangtze
River in its Middle Reaches, but one was synchronous with a local drought. These data suggest
that the lake sediment provides an archive of the relative water levels of the Yangtze and Wan-
ghu including floods of both the main Yangtze River and the local hydrological regime.
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Introduction

Evidence interpreted from sediment records has been
widely used in hydrological studies. Sediment yield has
been related to precipitation histories (Lamoureux,
2000; Royall, 2000) and peak flows (Evans et al., 2000)
whilst sedimentary facies have been used to reconstruct
ancient variations in discharge (Alexander et al., 1999)
and inorganic sediment layers to determine hydrological
events through the Holocene (Brown et al., 2000; Nesje
et al., 2001). Lacustrine sedimentary sequences have
been used to infer the magnitude and frequency of flood
events through the Late Pleistocene to the Holocene in
Australia (Kos, 2001) and in the Holocene in the USA
(Pederson, 2000), northwestern Russia (Gey et al., 2001)
and in China (Zhu et al., 1997; Yang et al., 2000; Yin
et al., 2001). On a more recent time-scale Mulder et al.
(2001) used turbidites from the Mediterranean basin to
identify flood frequency and magnitude over the 20th cen-
tury whilst Goff et al. (1998) used sediment cores and
sediment traps in Wellington embayment, New Zealand,
to relate accumulation rates to flood events. The record
of flooding has also been identified from the accumulation
rate of overbank deposits from the Waipaoa River, New
Zealand (Gomez et al., 1998) and from the grain size,
microfabric and sedimentation rate of sediment cores ta-
ken from Taihu Lake on the Yangtze delta in east China
(Yi et al., 2004).

Although laminations in varved sediments have been
used extensively in order to study seasonal and annual
environmental changes (e.g., Hardy et al., 1995; Gajewski
et al., 1997), laminated sediments are also present, to
some extent, in lakes located alongside large river sys-
tems where sediment supply mainly comes from river dis-
charge. However, the information that can be extracted
from the laminations of these lakes and in particular,
how these relate to sediment sources has, so far, re-
ceived little attention. The aim of this paper is to study
the historical sources of bedload and flood events by
interpreting the thickness, geochemistry and mineral com-
position of the laminated section of a sediment core ta-
ken from Wanghu Lake in the Middle Reaches of the
Yangtze River.
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Figure 1

Regional setting

Wanghu Lake (29°52’N; 115°21’E) is located in Yangxin
County, Hubei province, on the south bank of the Middle
Reaches of the Yangtze River (Fig. 1). Before reclamation
in the 1960s and 1970s, the lake had a surface area of
80.9 km?, but this has now been reduced to 42.3 km?. The
lake has a mean depth of 3.7 m, a maximum recorded depth
of 5.2 m and lies at an altitude of 17 m.a.s.l. The catchment
has an area of 5310 km? and while this is used mainly for
agriculture, it includes mining for coal, iron, aluminum,
copper and manganese. About 30 years ago, the 196 km long
Fushui River, originating in the Mufu Mountains in southeast-
ern Hubei province, drained into the lake and the lake water
in turn drained to the Yangtze River at Fuchi. However,
since July 1967, the Fuchi Flood Gate has separated the free
connection of the lake with the Yangtze whilst a 27.7 km
embankment was built along the southeast of the lake be-
tween 1975 and 1978. As a consequence, the Fushui River
now discharges into the Yangtze on the eastern bank of
the lake (Fig. 1) and river water from the Upper and Middle
Reaches of the Yangtze River now passes Wanghu.

Research methods
Collection and treatment of the samples

Two parallel sediment cores were taken from the centre of
Wanghu in November 1997 using a static-pressure corer fit-
ted with polyvinyl chloride (PVC) tubes with an internal
diameter of 48 mm. The two cores were taken simulta-
neously by taping the two tubes together. The upper
70 cm of one core was extruded vertically at 1 cm intervals
and used for 2'°Pb dating purposes. The other core, 94.3 cm
long, was cut longitudinally using an electro-osmotic guillo-
tine (Sturm and Matter, 1972) in order that the lithostrati-
graphic properties could be identified and described, and
the core then prepared for thin-sectioning. Sub-samples
with a length of 15—25 mm (determined by the thickness
of the laminae) were cut using an electro-osmotic blade
with a thickness of about 0.1 mm. These sections were then
immersed in acetone several times to remove the water
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before being impregnated with an unsaturated polyester in
a pressure-reduced container (Gajewski et al., 1997). Once
the polymer had hardened, the samples were then ground
into slices 0.4 mm thick, polished and sprayed with carbon.

Measurement of lamina thickness

Sediment lithostratigraphy was first visually assessed using
a reflecting optical microscope prior to carbon spraying.
Laminae were observed between 43 and 90cm depth.
However, after the removal of the water from the sedi-
ment, in preparation for thin-sectioning, not all these lam-
inae remained visible to the naked eye although laminae in
the section 723—881 mm could still be observed under the
microscope (Fig. 2). This section was therefore chosen for
detailed study. The thickness of each lamina was mea-
sured using a polarizing microscope at 40—80 times magni-
fication to a resolution of 0.00625—0.0125 mm. Each
lamina was measured at three or more points in order to
determine the mean thickness. The original total length
of wet sediment was 158 mm, but the sum of the laminae
mean thicknesses totalled only 151.62 mm. This is a reduc-
tion of 4.2% and the mean laminae thicknesses were cor-
rected accordingly.

Elemental analyses

The elements Si, Al, Fe, Ti, Mn, Mg, Ca, Na, K, Cu and Zn
were measured quantitatively using an electron probe (JEOL
JXCA-733) with a 40 um diameter beam using the Chinese
National Standard method (GB/T 15617-1995) for quantita-
tive electron probe microanalysis of silicate rocks. The the-
oretical background to this method is described in Heinrich

Figure 2

(1981). Analyses were made at two or three points on each
lamina in order to calculate a mean concentration. Laminae
with a thickness of more than 1 mm were analysed at four
points whilst those thinner than 40 um were not analysed.
The X-ray intensity of each element was determined from
a standard sample using a voltage of 15kV; a current of
20 mA; 5s for background measurement and 20 s for mea-
surement of peak values. The X-ray intensity of the same
element in the samples could then be measured using the
same conditions.

The chemical composition of six samples from the sedi-
ment core were also determined by X-ray fluorescence
(XRF) analysis (Chinese National standard GB/T 14506.28-
1993 ‘Determination of major and minor elements in silicate
rocks: X-ray fluorescence spectrometric method’) in order
to compare with the electron probe results. This analysis
was undertaken using a Siemens SRS-303 automatic sequen-
tial wavelength dispersive X-ray fluorescence spectrometer
with a rhodium end-window X-ray tube operating at a volt-
age of 50 kV and a current of 50 mA. These analyses had a
precision of better than 3% for the major and minor ele-
ments. Two additional surface sediment samples were col-
lected, one each from the edge, and from in the channel,
of the Fushui River about 2 km up-stream from Wanghu
and their chemical compositions were also analyzed by
XRF. These samples were used to determine geochemical
composition of the river sediments in order to make a com-
parison with those from the lake core laminae.

In order to determine which minerals in the sediment
core contained titanium, the geochemical composition of
several individual mineral grains, with a grain size of 10—
20 um, were also analysed using the electron probe as
described.

Reflecting microscope photographs showing laminated sections 723—881 mm.
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Sediment dating

Dried sediments (2.4—3.0 g) were stored in sealed contain-
ers for three weeks to allow radioactive equilibration and
then dated radiometrically by analysing for 2'°Pb and
226Ra by direct gamma assay at the National Key Laboratory
for Estuary and Coastal Sediment Dynamics and Morphody-
namics, East China Normal University using GWL-120210-S
well-type, coaxial, low background, intrinsic germanium
detectors fitted with Nal(Tl) escape suppression shields (Ap-
pleby et al., 1986). There are two principal methods for
determining the initial 2'°Pb activity of a sediment layer
necessary for the calculation of its 2'°Pb date. These are
the CRS (constant rate of unsupported 2'°Pb supply) model
(Appleby and Oldfield, 1978) and the CIC (constant initial
21%p concentration) model. The CRS model is more flexible
than the CIC model, and will give the same results as the CIC
model if the initial concentration is constant over time. The
atmospheric input of 2'°Pb is assumed to be constant from
year to year and the 2'°Pb in these inorganic sediments is
considered to be immobile. There are no reasons to believe
that the flux of 2'°Pb would have changed significantly over
time during the past decades. Such changes would require a
change in the amount of precipitation or in the general air
mass transport in the region. Such drastic regional changes
have not been reported (Eriksson et al., 2004). In addition,
if the sedimentation rate increases because of eutrophica-
tion, the 2'°Pb is diluted, and the CIC model cannot be used
(Fitzpatrick et al., 2003). Consequently, sedimentation
rates were calculated using of the constant rate of supply
of allochthonous %'°Pb (Appleby and Oldfield, 1978; Eriksson
et al., 2004).

The radiometric chronology of the recent sediment was
supplemented by use of the spheroidal carbonaceous parti-
cle (SCP) technique. SCPs are only produced from the high
temperature combustion of fossil-fuels and hence the con-
centration profile in the sediment record provides an unam-
biguous marker of contamination from these sources (Rose,
2001). SCP concentration profiles have been found to be
highly repeatable and robust across a region and hence
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characteristic features of the profiles can be used to date
sediment cores (Rose et al., 1995). In Wanghu, SCP analysis
was undertaken on 16 samples between the surface and 15
cm depth using the method described in Rose (1994). The
cumulative SCP concentration profile was compared with
regional coal combustion statistics and the good temporal
agreement allowed dates to be ascribed to sediment levels
for the core (Boyle et al., 1999).

Since the two sediment tubes were taped together upon
coring and the two cores were taken at the same place at
the same time, we have assumed them parallel and dates
have been ascribed to the undated core accordingly. Litho-
logical comparisons between the two cores supported this
assumption.

Results
Lithostratigraphy

Dark grey and brownish-yellow sediments were found at
depths of 0—2 and 2—-5 cm, respectively, both with coarse
organic fragments. Below this depth to the core bottom,
the sediment is composed of greyish-brown clay. Laminae
were observed between 43 and 90 cm. They are roughly hor-
izontal, but sloping, and are composed of alternating light
(brownish-yellow) and dark (black or dark grey) layers. Of
the modern fluvial sediment, that collected in the Fushui
River about 2 km from Wanghu Lake was greyish-green to
dark grey whilst that collected from the Yangtze River near
the lake was greyish-yellow to pale yellow.

Sediment chronology

The activities of total and unsupported 2'°Pb are shown in
Fig. 3. Both total and unsupported 2'°Pb decline irregularly
with depth, show an apparent net decline below 10 cm and
exhibit maximum activity at 6 cm. Unsupported concentra-
tions of 2'°Pb decline abruptly below 10 cm and equilibrium
with the supporting 2?°Ra is reached at 44cm. The
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Fallout radionuclide concentrations in the core, showing (a) total and supported 2'°Pb and (b) unsupported 2'°Pb.
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Figure 4 2'°Pb sediment ages showing the constructed chronology. (A) Fallout radionuclide concentrations in Wanghu core

showing accumulated unsupported 2'°Pb and sedimentary rate. Short bars are errors. (B) Radiometric chronology showing CRS model
219pp dates. Estimated ages of laminated sediment are shown as solid symbols within the open symbol data series. Open symbol ages
are extrapolated. The solid dotted line is the age vs. depth from radiometric dating. ASR is ‘average sedimentary rate’ and SRL is
‘sedimentation rate in lower sediment’. Sediment ages in open circles were extrapolated from these rates, respectively.

accumulated unsupported 2'°Pb activities decline exponen-
tially (v = 867.04e 99846, r = 0,99, significant at the 99% le-
vel). Using these 2'°Pb data, the CRS model provides a
chronology for the uppermost 44 cm of the sediment core
(solid dots in Fig. 4A) with an average sedimentation rate
of 0.364 cm yr~"'. However, below 35 cm the sedimentation
rate is calculated to be lower, at 0.25 cm yr’1. The SCP data
suggest a rate of 0.31 cm yr~" over the upper 12 cm. These
two independent means of dating the sediment core there-
fore show good agreement, and based on these rates,
extrapolation of the chronology suggests that the laminated
section of the core (723—881 mm depth), began 297—242

years before present (YBP), or 1700—1755 AD and ended
199—234 YBP, or 1763—1798 AD (Fig. 4B).

Laminae thickness and geochemistry

One hundred and three alternate dark and light layers, or
51.5 ‘coupled laminae’, were counted in the 72.3—
88.1 cm core section. The average thickness of these cou-
pled layers was 3.07 mm with a standard deviation of
0.561. The 51 light layers had a mean thickness of
2.06 mm but ranged between 1 and 8 mm resulting in a high
standard deviation of 0.771. The thickness of the 52 dark
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Figure 5 Vertical changes of the thickness and TiO, concentration in the laminated section of the sediment profile with best

estimates of dates for selected levels.

layers varied by less than 3 mm so the mean thickness of
1.01 mm had a lower standard deviation of 0.606. These
changes in thickness are shown in Fig. 5. The total thickness
of the light layers is 105.2 mm, whilst that of the dark layers
is only 52.9 mm.

Laminae thickness is not significantly correlated with any
geochemical constituent if the dark and light layers are con-
sidered together as a ‘coupled layer’. However, the thick-
ness of the dark and light layers are related with some
geochemical elements if they are considered separately.
Mean TiO, concentrations are 1.7% and 2.2% by weight for
the dark and light layers, respectively. Of the modern fluvial
sediments, the Ti concentration is 4.57% in the sediment
from the Fushui River, and is therefore considerably higher
than the average concentration in either dark or light lami-
nae. However, the concentration of Ti is positively corre-
lated with the thickness of the dark layers (r=0.467;
n=50; p<0.01) and negatively with the thickness of the
light layers (r=—0.274; n=51; p < 0.05). Significant corre-
lations of p <0.01 were also found for Al,0; (r=—0.343;
n=51; mean value=20.5%) and p<0.15 for K,0
(r=-0.229; n=51; mean value = 2.7%) in the dark layers.

The sum of the geochemical components analysed by the
electronic probe equates to 69.7% of the light layers and
71.3% of the dark layers. As the water has been removed,
the ‘missing’ percentages comprise organic matter (OM)

and voids filled with the unsaturated polyester. The average
content of OM and voids in light layers is thus 30.3% and
28.7% in the dark layers. These are not significantly
different.

Discussion

Hydrological information from sediments

Source of sediment load
The average concentration of Ti in both dark and light lam-
inae is higher than that of suspended sediment from the
Middle and Lower Reaches of the Yangtze River (0.93—
1.32%) (Zhang et al., 1995). These data suggest that the
Wanghu sediment was at least partly derived from the Fush-
ui River, which flows through an area of metamorphic geol-
ogy containing a high proportion of the titaniferous minerals
rutile and ilmenite (Data source: Geological Survey of Hubei
Province; 1:200,000 map) found to exist in the laminae.
Generally, higher discharge causes a greater concentra-
tion of heavy minerals as found in the dark layers. It will also
elevate the total amount of bedload deposited into the lake
resulting in thicker laminae. The thickness of the dark layers
in Wanghu is positively correlated with Ti concentration,
but negatively with the concentrations of K and Al and this
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suggests that the dark layers were mainly deposited from
the Fushui River. Furthermore, the dark layers are similar
in appearance to that of the sediment from the Fushui
River, but this colouration cannot be accounted for by a
higher organic content in the dark layers as the mean organ-
ic and void contents of light and dark layers are similar at
30.3% and 28.7%, respectively.

However, there is a negative correlation between the
thickness of the light layers and the concentrations of
Ti, and in particular, Ti concentration in the six thickest
light layers is quite low (Fig. 5) indicating a depletion in
heavy minerals. This can be explained if more of the sed-
iment comprising these light layers is derived from the
low Ti Yangtze River sediments rather than the higher Ti
Fushui River. Deposition of large quantities of lighter col-
oured sediment from the Yangtze was possible, during
flood periods, when the river drained back into Wanghu
and it is suggested that this process was the source of
these light layers with some minor input from the Fushui.
This is supported by the fact that the light layers are
brownish yellow, similar to that of the sediment from
the Yangtze River. In summary, during the flooding sea-
son, 90—95% of the sediment load was derived from the
Yangtse River and its tributaries as the river waters flowed
back into Wanghu and formed the light layers in the sed-
iment record. However, outside the flooding season, the
main source of sediment was from the Fushui River bring-
ing dark and Ti-rich minerals with it. During these periods,
river flow was reversed and Wanghu drained into the Yan-
gtze River.

Based on the Annals of Yangxin County, embankments
and sluice gates were built to dredge the waterways in
the lower reaches of the Fushui River, and along the Yan-
gtze River near Yangxin, in the middle of the 19th cen-
tury. Further, during the 1970s, the embankments of the
Fushui catchment underwent large-scale renovation and
several reservoirs were built in the upper reaches of the
river. The watercourse of the Fushui River was changed
to drain into the Yangtze River directly without direct
connection to Wanghu. This new drainage system also
lowered the lake water level and reduced flooding. As a
consequence, the lake became shallower and wave action
became stronger disturbing the bottom sediments. The
combination of the loss of the main source of the dark
sedimentary material and the greater physical perturba-
tion of the record resulted in the loss of laminae
formation.

The changes of relative water level

Based on several decades of record in the Annals of Water
Conservancy of Hubei Province and our direct observation,
the Yangtze water is known to flow backward into Wanghu
in summer except during drought periods when the water
levels in the Yangtze River are also low. There are three
possible combinations of river level and lake level which
allow for the deposition of a large amount suspended
sediment into the lake.

(i) Both the Yangtze River and Wanghu levels are high,
and the Yangtze river and its tributary the Fushui
River are both in flood and Wanghu is full of water.

(ii) The Yangtze River level is high or moderate and Wan-
ghu water level is low as may occur when there is a
drought in the Fushui River catchment. In this
instance, water from the Yangtze River may drain
back into the lake.

(iii) The Yangtze River level is moderate and Wanghu
water level is high, when the Fushui River is in flood.

The titanium concentrations in the light layers should
therefore be low for case (ii), high for case (iii) and interme-
diate for case (i). Furthermore, the thickness of the laminae
is closely related to the relative water levels of the river and
the lake and the period of flooding. Lamina thickness can
therefore be used to estimate the extent of flooding.

The thicknesses of the coupled laminae vary greatly, be-
tween <1 and 7.5 mm, suggesting that sediment accumula-
tion was not consistent. Five coupled laminae are 6 mm
thick or more suggesting these are flood-derived sediments.
These are laminae 11, 14, 36, 39 and 44 (Fig. 5). Variation in
the thickness of the light layers also implies changes in flood
severity. Three light laminae (11, 36 and 39) are consider-
ably thicker than the others, with thicknesses of 6.54,
5.86 and 6.09 mm and Ti concentrations of 1.76%, 1.14%
and 1.38%, respectively. These Ti concentrations are lower
than the average, suggesting that the sediment load depos-
ited during these flood events was derived from the Yangtze
River.

Hydrological information from documentary evidence
Based on the average accumulation rate of the recent sed-
iments, the laminated section of the core is estimated to
begin between 1700 and 1800 AD. In the Annals of Yangxin
County and the Annals of Water Conservancy for Hubei Prov-
ince, floods and droughts have been recorded since 1171 AD
and divided into four classes: major flood, minor flood, ma-
jor drought and minor drought. Here, ‘‘major’’ and ‘‘min-
or’’ mean that flood or drought occurred in more than 20
counties and 10—20 counties in Hubei Province, respec-
tively. Based on these four grades, Qiao (1963) analyzed
the floods and droughts from 1700 to 1949 and showed that
the severity of flooding was related to the hydrological re-
gime of the Middle Reaches of the Yangtze River. Flood fre-
quency was observed to be relatively constant from 1600 to
1830 (2 per decade), but there were more floods between
1831 and 1849 (3.3 per decade). Between 1700 and 1800,
there were 15 floods in 1705,1706,1708,1709, 1714, 1716,
1724, 1727, 1742, 1764, 1767, 1769, 1782, 1788 and 1822
in Hubei Province, including five major ones in 1727, 1742,
1767, 1769 and 1788. There were three floods simulta-
neously in both the Yangtse and Fushui Rivers in 1708,
1714 and 1727 and a flood in the Fushui River alone in
1743. There were four droughts in the Yangtze catchment
in 1768, 1778, 1785 and 1802, including two major droughts
in 1778 and 1802 and two simultaneous droughts, in 1778
and 1785, in Fushui River. There were two droughts in the
Fushui River catchment alone in 1744 and 1786.

Possible correlation of hydrological information between
sediments and documentary records

Based on the average sediment accumulation rate of
3.64mma' for the whole core and 2.5mma' for
the lower part, the laminated section was estimated
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to have been deposited between 1700—1755 and 1764—
1799 AD (Fig. 3B). The average annual sediment accu-
mulation rate (2.5mma~") is thus smaller than the
average thickness of the laminations (3.1 mm) implying
that each lamination was formed over a period of longer
than one year, which would seem illogical. The SCP pro-
file suggests an average sediment accumulation rate of
3.1mma~". If this is correct it would imply on average,
one lamina was formed every year and therefore extrap-
olation would date the laminated section to between
c.1713 and c.1764 AD.

Between 1700 and 1800, the historical record of floods
and droughts showed only one separate flood event for
the Fushui River in Yangxin County and this occurred in
1743. However, this flood did not affect the whole Prov-
ince suggesting that the Yangtze water level was not high.
This would mean that the Yangtze would not drain back
into the lake and that the sediment load in Wanghu would
have come mainly from the Fushui River. Therefore, the
dark lamination for 1743 should be thicker, with a Ti con-
centration much higher than the mean value of 1.7-2.2%.
If a Ti concentration of 2.5% is chosen as a threshold,
then the 1743 lamination might be any one of laminae
2, 15, 37, 40, 43, 46 or 48. Since it was a flood event,
the sediment deposit should also be greater than the
average thickness of the coupled laminae (3.1 mm), and
only laminations 37, 46 and 48 also fit this criterion with
thicknesses of 5.07, 4.58 and 4.74 mm, respectively. Fur-
thermore, it is known that in the previous year there was
a major province-wide flood, and no flooding in the Fushui
River, and this should have resulted in a thick, light layer
with only moderate Ti concentration. Only laminae 36 and
37, fulfill all these sequential criteria and the years 1733
and 1734 can therefore be allocated to these layers. In a
similar way, a flood recorded for both Yangxin and the
whole of Hubei Province in 1708 can be allocated to lam-
ina 4. These recorded events therefore help to secure the
dating extrapolated from radiometric and SCP chronolo-
gies and imply that the laminated section of the core
was deposited between 1705 and 1758 (see dates in
Fig. 5).

Three light laminations are considerably thicker than
the others, suggesting that three big floods affected Wan-
ghu. These laminae date to 1714, 1742 and 1745. The
former two are consistent with documentary records of
floods in 1714 and 1742 whilst the latter does not appear
in historical records. However, apart from flood events,
the Yangtze water level could also be high relative to
that of Wanghu due to a decreased lake water level
resulting from a local dry climate. 1744 was a drought
year in Yangxin County and no drought or flood was re-
corded in this year for either the Middle or Upper
Reaches of the Yangtze (Qiao, 1963; Water Conservancy
of Hubei Province, 1987; Cai, 1999; Xin and Wen, 1997;
Qiao and Chen, 1999; Yi, 2003). The dark layer in the
coupled laminae 39 is one of the thinnest dark laminae
and its Ti concentration is low, indicating a small dis-
charge to the lake (Fig. 5). Therefore, an explanation
for the thick light layer in 1744 may be that a local
drought caused lake level to drop resulting in an inflow-
ing of the Yangtze River despite the lack of flooding at
this time.

Conclusions

Laminations in the sediment record of Wanghu were formed
by changes to the drainage of the Yangtze River and its trib-
utary, the Fushui River, into the lake. Geochemistry and
thickness of the laminations in the sediments deposited in
a period from the early to the mid-18th century show that
the light layers in the sediment came mainly from the Yan-
gtze River, draining back into the lake during floods, whilst
dark layers were formed as a result of a greater influence by
the discharge from the Fushui River. The sediment provides
an archive of the source of sediment load and the relative
water levels of the Yangtze and Wanghu including both
floods of the main Yangtze River and the local hydrological
regime. Flood records in the sediment were found to be syn-
chronous with events in historical documentary records.
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