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1. Introduction 
1.1. Project aims 
In China, anthropogenic impact from changes in water quality, land-use and atmospheric deposition 
vary both spatially and temporally. There is a gradient across the country from the populous lowlands 
in the east, where considerable long-term impact on water bodies has resulted from centuries of 
agricultural and aquacultural practices superimposed by more recent, rapid industrial growth; to the 
mountainous west where many areas remain minimally impacted and any anthropogenic impact is 
restricted to long-range transport of atmospheric pollutants and change in climate. Currently, however, 
there is little information on temporal trends in atmospheric deposition. 

The importance of water resources in China cannot be overestimated and therefore determining the 
extent, rate and direction of change in water quality is a national priority. In the absence of long-term 
monitoring programmes, lake sediments remain the only way whereby this information can be 
retrospectively determined at the necessary temporal scale to ascertain whether the causes of any 
detriment in quality are as a result of natural changes, or due to agricultural or industrial impacts. 
Therefore, the aim of this research programme is to use lake sediments from three regions of China 

to detennine the extent to which impacts to lakes have changed through time and the causes of these 
changes. 

The project focuses on an east - west transect along the Yangtse River. The Middle and Lower 
Reaches of the Yangtse are undergoing exceptionally rapid economic and industrial development and 
this region is receiving a great deal of attention as the Three Gorges Dam undergoes construction. The 
three areas in which lakes are to be studied in this proposal are: 

l. Jiangsu Province in east China north of Shanghai. Lowland sites. Lakes in this area are likely to 
have been impacted by long-term agriculture and may therefore may have become eutrophic. 
Atmospheric deposition may also be significant from local and regional industrial sources. 

2. The upper reaches of the Yangtse River, in Sichuan and Yunnan Provinces. Lakes at l-2000m. 
Lakes in this area may have been impacted by agriculture, but where possible sites will be selected 
where direct impact is minimal. Lakes may therefore be mesotrophic but sources of atmospherically 
derived industrial pollutants are likely to be remote. 

3. The Tibetan Plateau. Lakes at 4 - 5000m. 'Control' sites in a pristine area with minimal human 
influence. Sediment cores from these sites will be used to detem1ine background levels of 
atmospherically deposited contaminants. Oligotrophic (low nutrient) sites on sensitive geology (low 
acid neutralising capacity e.g. granites) will be selected where possible. 

By including earlier collaborative work between the participating institutes (funded by the Royal 
Society and the Chinese Academy of Sciences) on the lake sediment records on the Jianghan Plain and 
research currently being undertaken on lakes in the Shennonggjia region in western Hubei (NNFSC 
funded), this study will produce a transect of lakes from five regions providing a unique database on the 
historical impact of human activity on the freshwater environment. 

1.2. Year 1. 
The aims of Year l were to collect sediment cores from the Jiangsu region near Shanghai and return the 
samples to Wuhan, Shanghai, Liverpool and London for screening to select the best sites and cores, 
followed by more detailed analysis on those selected. These analyses were unde1taken by all 
participants, with colleagues from Wuhan visiting the UK in early 1999 in order to pursue more 
detailed analysis. The field sampling of this first area took place in October 1998, with Dr Helen 
Bennion (UCL) and Dr Peter Appleby (Liverpool) visiting the Shanghai region. This work was 
coordinated by Prof Cai Shuming (Wuhan) and Prof. Yu Lizhong (Shanghai). 

1.3. This report 
This report contains the data obtained from the analyses of the sediment cores collected in the Jiangsu 
Region. It is intended, primarily, for circulation within the project group in order that all participants 



, 
have access to all the data, and all have the same versions of that data. The reports that follow are 
simply a compliation of the data reports produced by the analysts. Only the interpretations of the 
analysts are included and no attempt has been made to bring together analyses or to draw overall 
conclusions. That will be the purpose of papers derived from this and subsequent reports. 
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Sciences without whom this project would not have been possible. 

2. Sites and sampling 

Table 1 - Summary table of core locations- October 1998 

Coring site Latitude Longitude Water depth 
Lake sediment cores: 
TAil 31° 27.562' N 120° 08.924' E ?? 
TAI2 31°29.365' N 120° 11.030' E 2.8m 
TAI3 31° 18.110' N 120° 03.030' E 2.8m 
TAI4 31° 19.917' N 120° 04.791' E 2.5m 
GEHUl 31°31.882' N 119°48.331' E 1.7 m 
CHEN 1 31° 14.675' N 120° 48.794' E 2.3m 
CHEN2 31° 13.683' N 120° 52.004' E 2.5m 
Soil cores: 
THS 1 31 ° 25.372' N 120°07.575' E 
THS2 31 ° 25.204' N 120° 07.606' E 
THS 3 and 4 31 ° 10.403' N 119° 54.839' E 

Table 2 - Summary of core codes- collected October 1998: 

Site name Short cores Length Long cores Soil cores 
Tai Hu TAI 1S 0-30cm TAI 1-lL THS l 

TAI l-2L THS2 
TAI2S 0-19cm TAI 2-lL THS 3 

TAI 2-2L THS 4 (duplicate THS3) 
TAI3S 0-20cm TAI 3-lL 

TAI 3-2L 
TAI4S 0-25cm TAI 4-lL only 

Ge Hu GEHU lS 0-20cm GEHU 1-lL only 

Cheng Hu CHENlS 0-15cm CHEN 1-lL 
CHEN l-2L 

CHEN 2S 0-28cm CHEN 2-2L only 

Footnote 
Note that long cores coded with a suffix "-1" were kept in the tubes and those coded with "-2" were 
sectioned in the field 



Figure 1. Map showing core locations 
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3. Radiometric Results from Jiangsu Province 

P.G.Appleby 
Environmental Radioactivity Research Centre 
University of Liverpool 

1. Atmospheric Deposition of Radionuclides 

Good estimates of the atmospheric deposition of fallout radionuclides are essential to their use 
as tools in deciphering lake sediment records, both for dating and as a tracer for identifying the main 
pathways by which atmospheric pollutants are delivered to the sediments. There are very few reliable 
data on 210Pb and 137 Cs fallout for China and the objective of this part of the program was to determine 
atmospheric fluxes in the three regions of China in which lake sediments will be studied. This report 
presents results from the Year 1 field trip to Jiangsu Province, east China. 

Methods 
Fallout was determined via the accumulated inventories in soil cores collected from 3 sites 

adjacent to Taihu. As far as could be determined they were from undisturbed locations selected 
according to the criteria: 

l. there should have been no major soil disturbance for at least 30 years, and preferably longer, 
2. soil types should be of a type that inhibits radionuclide migration through the soil column, 
3. they should be on open level ground not subject to erosion or flooding by surface waters, 
4. the soils should be relatively compact and saturated (so as to minimise in situ 222Rn escape), 
5. the soil depth should be sufficient contain the entire fallout inventory. 

The locations of the cores sites are shown in Figure 1 and Table 1. 

At each site sharpened plastic tubes were driven into the soil taking care to avoid compaction. 
The tubes were then dug out and the soil extruded at 2 cm sections down to 12 cm and thereafter at 
3cm. The in situ volume of each core slice was recorded, and the dry bulk density determined by 
drying overnight at 40°C. The dried samples from cores TSCl, TSC2, TSC4 were analysed for fallout 
2i0Pb, 137Cs and 241Am by gamma spectrometry (Appleby et al. 1986) at the University of Liverpool 
ERRC to determine the fallout inventories. Core TSC3 is being analysed at East China Normal 
University. 

Results 

Table 1 Locations of Taihu soil cores 

Core 
THSl 
THS 2 
THS 3 and 4 

Latitude 
31°25.37' N 
31° 25.20' N 
31°10.40'N 

Longitude 
120°07.58' E 
120° 07.61' E 
119° 54.84' E 

Figure 2 shows radionuclide concentrations versus depth (measured as gDM cm-2). Table 2 
gives the unsupported 210Pb and 137Cs inventories of each soil core calculated by numerical integration 
of the concentration versus depth profiles and the mean 210Pb flux required to sustain the zwPb 
inventory. The 137Cs inventory is also expressed in nominal terms that discount the effect of radioactive 
decay since deposition from the atmosphere. These values are independent of the sampling date. Also 
shown are the (normalised) 137CsP1°Pb inventory ratios. 
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Figure 2 Fallout radionuclides in Taihu soil cores showing (a) unsupported 210Pb and (b) 137Cs 
activity versus depth 

The radionuclide profiles suggest that the soils have been relatively stable for a number of 
decades. Concentrations decline fairly regularly with depth though there are significant differences 
between individual cores. For 210Pb the depths containing 90% of the total inventory range from 13 cm 
(17 g cm-2 

) in TSC2 to 26 cm (31 g cm-2) in TSC4. There are similar differences in the 137 Cs 90% 
penetration depths which range from 13 cm in TSC2 to 23 cm in TSC4. 

210Pb inventories in the three cores vary by a factor of 3 and represent 210Pb fluxes ranging 
from 177-540 Bq m-2 

/. The mean value of 352 Bq m-2 f 1 is comparable to other data from China and 
Japan and represents at this stage the best estimate of zwPb fallout in Jiangsu. 137Cs inventories are 
usually more varied than those of 2l0Pb due to the greater mobility of this radionuclide. Values in the 
Taihu cores range from 1170-6800 Bq m-2 with a mean of 4760 Bq m-2• This is comparable with the 
expected value at this latitude of 3000-5500 Bq m-2 based on global studies of 137Cs fallout and again 
represents at this stage the best estimate of 137 Cs fallout in Jiangsu. 

Table 2 Radionuclide Inventories and Fluxes from Taihu Soil Cores 

210Pb Inventory Flux 137Cs Nominal 137cs;21Dpb 

Inventory 

Core Bqm- 2 ± Bqm-2i1 ± Bqm- 2 ± Bqm· 2 Ratio 

TSCl 11475 740 357 23 2810 85 6320 0.55 
TSC2 5680 350 177 11 520 30 1170 0.21 
TSC4 16790 1090 523 34 3020 80 6800 0.41 

Mean 11310 352 2120 4760 0.42 



2. Radiometric Dating of Lake Sediment Cores 

Methods 

Four sediment cores were collected from Taihu, two from ehenghu and one from Gehu using a 
Glew core of tube diameter 7 cm. Details of the cores and their locations are given in Figure l and 
Table 3. The cores were sectioned at 1 cm intervals and subsamples from each section sent to the 
University of Liverpool ERRe for 210Pb, 226Ra and 137es and 241Am analysis by gamma spectrometry. 
The cores were all screened for the quality of their records of fallout radionuclides and three, TAU, 
TAI4 and eHEN2 chosen for more detailed studies. These were dated by 210Pb and 137es using the 
methods described in Appleby & Oldfield 1978 and Appleby 1998. 

Table 3 Locations of Jiangsu sediment cores 

Coring Latitude Longitude vVater 

site depth 

TAil 31° 27.56' N 120° 08.92' E 

TAI2 31°29.38' N 120° 11.03' E 2.8 m 

TAI 3 31°18.ll'N 120°03.03' E 2.8 m 

TAI4 31° 19.94' N 120° 04.79' E 2.5 m 

GEHUl 31°31.88' N 119°48.33' E 1.7 m 
CHEN 1 31° 14.68' N 120° 48.79' E 2.3 m 

CHEN2 31° 13.68' N 120° 52.00' E 2.5 m 

Results 
The results of the radiometric measurements are given in Tables 4-6 and shown graphically in 

Figures 3.i-5.i. Table 7 summarises a number of parameters from each dated core. Radiometric 
chronologies are shown in Tables 8-10 and Figures 3.ii-5.ii. 

Taihu core TAll 

Lead-210 Activity 
210Pb activity declines irregularly with depth (Figure 3.i(a)). There is little net decline in the 

top 20 cm of the core and the ma,ximum value occurs at a depth of 14.5 cm. Unsupported 
concentrations decline abruptly below 25 cm (Figure 3.i(b)) and equilibrium with the supporting 226Ra 
is apparently reached in the basal sample at 30 cm. 

Artificial Fallout Radionuclides 

The 137es activity versus depth profile (Figure 3.i(c)) has a relatively well resolved peak 
between 18-25 cm that most likely records the 1963 fallout maximum from the atmospheric testing of 
nuclear weapons. The presence of this peak together with the sharp decline in concentrations above 
c.18 cm suggests that the irregular 2toPb record is not due to mixing. 

Core Chronologies 

Figure 3.ii compares eRS model 2l0Pb dates with the 1963 date infen-ed from the 137es 
stratigraphy. There is a significant discrepancy between the two methods, the 210Pb chronology placing 
1963 at a depth of c.15.5 cm. This is almost certainly due to an incomplete recovery of the 210Pb 
inventory. Revised 210Pb dates calculated using the 137es date as a reference point (also shown in 
Figure 3.ii) suggest a mean accumulation rate of 0.30 g cm-2 

/ (0.41 cm /) between 1952-86, 
increasing during the past decade to 0.52 g cm-2 / (0.88 cm/). Since the mean post-1963 2l0Pb flux 
(760 Bq m-2 

/, see Table 7), is more than twice the atmospheric flux, these values almost certainly 
reflect intensive sediment focussing at the core site. Primary sedimentation rates are probably less than 
half the above values. 



Extrapolation of the 210Pb chronology dates the 
results are given in Table 8. 

Taihu core TAI4 

Lead-210 Activity 

the core at 30 cm to c.1934. Detailed 

210Pb activity again declined irregularly with depth (Figure 4.i(a)). There is little net decline in 
the top 7 cm of the core though beneath this depth concentrations of fallout 210Pb decline abruptly 
(Figure 4.i(b)) and only traces were detected in the deeper layers. 

Artifzcial Fallout Radionuclides 

The 137es activity versus depth profile (Figure 4.i(c)) has a relatively well resolved peak 
between 5-8 cm that most likely records the 1963 fallout maximum from the atmospheric testing of 
nuclear weapons. The presence of this peak together with the greatly reduced concentrations in the top 
5 cm suggests that the irregular 210Pb record is not due to mixing. 

Core Chronologies 

Figure 4.ii compares CRS model 210Pb dates with the 1963 date inferred from the 137Cs 
stratigraphy. There is again a discrepancy, though less so than in TAil. The 2toPb chronology places 
1963 at between 5-5.5 cm. Corrected 210Pb dates were calculated using the 137es date as a reference 
point. The results are shown in Figure 4.ii and Table 9. The mean post-1963 sedimentation rate is 
calculated to be 0.13 g cm-2y 1 (0.19 cm y"1). Since the mean 210Pb flux during this period (Table 7) is 
comparable to the atmospheric flux, these values may provide a better estimate of primary 
sedimentation rates in Taihu. It is uncertain whether the episode of very rapid sedimentation in the 
early 1950s is a real event or an artifact of the calculations arising from the incompleteness of the 210Pb 
record. 

Chenghu core CHEN2 

Lead-210 Activity 

There was little net change in 210Pb activity throughout the core. Concentrations in the basal 
sample (28 cm) were still well in excess of the supporting 226Ra (Figure 5.i(a,b)). 

Artificial Fallout Radionuclides 

The 137es activity versus depth profile (Figure 5.i(c)) has a relatively well resolved peak 
between 18-23 cm that most likely records the 1963 fallout maximum from the atmospheric testing of 
nuclear weapons. The presence of this peak together with the sharp decline in concentrations above 18 
cm suggests that the irregular 210Pb record is not due to mixing. 

Core Chronologies 

Because of the incompleteness of the 210Pb record it was necessary to use the 1963 137 Cs date 
as a reference point at the outset. The results of these calculations are shown in Figure 5.ii and Table 
10. Sedimentation rates during 1960-96 appear to have been relatively constant, with a mean value of 
0.40 g cm-2 y"1 (0.59 cm/). Values may have been slightly lower during the 1960s. Extrapolation of 
the chronology dates the base of the core at 28 cm to c.1946. The mean post-1963 ~10Pb flux (Table 7), 
a little higher than the atmospheric flux. These results may thus reflect a moderate degree of sediment 
focussing at the core site. 
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Table 4 Fallout radionuclide concentrations in Taihu sediment cores 

(a) Core TAil 

z10Pb 
Depth Total Unsu22orted Su22orted 137es _, 

cm gem- Bqkg- 1 ± Bq kil ± Bqkg- 1 ± Bqkg- 1 ± 
2.5 1.3 185.0 12.8 135.7 13.0 49.3 2.4 9.4 1.8 
4.5 2.5 155.7 10.6 105.5 10.9 50.2 2.5 13.2 2.2 
8.5 5.0 172.4 7.7 128.1 7.8 44.3 1.5 9.8 0.9 
10.5 6.3 159.8 10.2 111.2 10.4 48.6 2.3 10.5 1.7 
14.5 9.1 208.3 13.0 167.1 13.3 41.2 2.6 16.7 2.0 
20.5 13.1 124.7 7.8 78.3 8.0 46.5 1.9 39.3 2.0 
24.5 16.7 100.9 9.5 55.5 9.7 45.3 1.8 32.6 1.7 
29.5 21.5 43.l 5.5 0.2 5.6 42.9 1.3 3.0 0.8 

(b) Core T AI2 

210Pb 
Depth Total Unsu22orted Su212orted 137es 

_, 
Bq kg-1 ± Bqkg- 1 cm gem- ± Bqkg- 1 ± Bqkg- 1 ± 

2.5 1.4 166.5 9.9 117.2 10.0 49.2 1.8 7.6 1.3 
6.5 3.9 166.1 9.9 118.0 10.0 48.1 1.8 7.7 1.1 

(c) Core TAB 

210Pb 
Depth Total Unsu1212orted Su1212orted 137es _, 

cm gem- Bq ki 1 ± Bqkg- 1 ± Bqkg-l ± Bqkg-l ± 
2.5 1.2 211.1 16.9 154.9 17.2 56.2 3.1 4.3 2.2 
6.5 4.1 32.0 6.0 -18.5 6.2 50.4 1.6 0.6 0.7 

(d) Core TAI4 

210Pb 
Depth Total Unsu212orted Su212orted 137es 

_, 
cm gem- Bq ki 1 ± Bqkg- 1 ± Bqkg-I ± Bqki 1 ± 
0.5 0.2 159.7 11.0 106.4 11.3 53.3 2.8 6.7 2.4 
2.5 1.5 176.0 9.5 121.5 9.7 54.6 1.9 4.9 1.2 
4.5 2.9 150.7 7.2 98.3 7.4 52.4 1.6 10.2 0.9 
6.5 4.5 139.8 7.5 92.5 7.7 47.3 1.8 16.3 1.6 
8.5 6.2 48.1 6.4 7.6 6.5 40.5 1.2 1.2 0.7 
10.5 8.0 52.6 7.4 17.8 7.6 34.8 1.7 0.9 1.1 
15.5 12.8 37.5 3.7 -3.1 3.9 40.6 1.1 0.0 0.0 
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Table 5 Fallout radionuclide concentrations in Chenghu sediment cores 

(a) Core CHEN I 

2wPb 

Depth Total Unsueeorted Sueeorted !37es 

cm g cm-2 Bqkg- 1 ± Bqkg- 1 ± Bqkg- 1 ± Bqkg- 1 ± 
2.5 1.8 84.8 8.3 44.1 8.5 40.7 1.8 1.3 1.2 
6.5 5.0 85.5 7.9 38.7 8.1 46.8 1.6 1.2 0.9 

(b) Core CHEN2 

2t0Pb 

Depth Total Unsueeorted Su_eeorted 137es 
-~ cm g cm- Bqkg- 1 ± Bqkg- 1 ± Bqkg- 1 ± Bqkg- 1 ± 

0.5 0.3 111.3 12.8 52.9 13.0 58.3 2.6 2.0 1.9 
2.5 1.3 139.8 12.8 81.6 13.2 58.3 3.0 2.0 2.0 
4.5 2.4 147.1 10.3 97.0 10.6 50.1 2.2 1.0 1.4 
6.5 3.8 115.5 9.3 64.0 9.6 51.5 2.4 0.7 1.8 
8.5 5.2 107.2 8.0 60.5 8.3 46.7 1.9 1.7 0.9 
10.5 6.6 101.3 8.7 56.6 8.9 44.7 1.8 0.9 1.1 
15.5 10.4 100.3 9.4 52.4 9.5 47.9 1.8 0.5 1.0 
20.5 14.2 86.9 9.1 36.0 9.3 50.9 1.9 5.3 1.2 
25.5 18.2 94.9 7.6 52.2 7.8 42.7 1.6 1.6 1.0 
27.5 19.8 103.6 8.1 56.4 8.2 47.2 1.6 1.0 0.9 

Table 6 Fallout radionuclide concentrations in Gehu sediment core 

2t0Pb 
Depth Total Unsueeorted Su_eeorted 137es 

cm gem 2 Bqkg- 1 ± Bqkg- 1 ± Bq kg-1 ± Bqkg- 1 ± 
2.5 1.5 72.6 34.7 8.5 8.6 37.8 1.5 0.5 0.8 
6.5 4.7 58.8 22.2 5.6 5.7 36.6 1.2 1.0 0.5 

Table 7 Fallout parameters for Jiangsu sediment cores 

2wPb 137es 137es/2 10Pb 
Surface cone Inventory Flux Inventory Ratio 

Bg kg-I Bg m·2 Bg m·2y'1 Bg m-2 

TAil 185 19067 761 9715 0.51 
TAI4 160 5896 223 1334 0.23 

eHENl 111 12574 392 861 0.07 
Fallout 11150 347 2095 0.42 



Table 8 210Pb chronology Taihu core T All 

Depth Chronology Sedimentation Rate 
Date Age 

cm er cm-1 
C, AD y ± g cm-2 i1 cmy -1 ± (%) 

0.0 0.00 1998 0 
2.0 1.02 1996 2 1 0.53 0.97 15 
4.0 2.17 1994 4 2 0.60 1.00 16 
6.0 3.41 1992 6 2 0.56 0.89 16 
8.0 4.68 1989 9 2 0.47 0.73 16 
10.0 6.00 1987 11 2 0.46 0.68 18 
12.0 7.39 1983 15 3 0.38 0.56 20 
14.0 8.80 1978 20 4 0.30 0.44 24 
16.0 10.14 1974 24 5 0.30 0.45 24 
18.0 11.45 1969 29 6 0.30 0.46 24 
20.0 12.77 1965 33 7 0.30 0.40 24 
22.0 14.45 1959 39 9 0.30 0.35 24 
24.0 16.25 1953 45 11 0.30 0.31 24 
26.0 18.3 1947 51 0.30 0.31 
28.0 20.2 1940 58 0.30 0.31 
30.0 22.0 1934 64 0.30 0.31 

Table 9 210Pb chronology of Taihu core TAI4 

Depth Chronology Sedimentation Rate 
Date Age 

cm gcm- 1 AD y ± g cm·" ii cmy -l ± (%) 

0.0 0.00 1998 0 
1.0 0.57 1995 3 2 0.19 0.30 19 
2.0 1.22 1991 7 2 0.15 0.24 21 
3.0 1.88 1986 12 3 0.14 0.20 23 
4.0 2.56 1981 17 4 0.13 0.18 26 
5.0 3.29 1975 23 6 0.11 0.15 32 
6.0 4.09 1967 31 8 0.09 0.12 40 
7.0 4.92 1961 37 11 0.25 0.29 59 
8.0 5.77 1956 42 13 0.58 0.67 88 
9.0 6.65 1953 45 15 0.63 0.72 97 
10.0 7.55 1951 47 16 0.40 0.44 84 



Table 10 chronology of Chenghu core CHEN2 

Depth Chronology Sedimentation Rate 
Date Age 

cm -1 gem AD y ± g cm-2 i' cmi' ± (%) 

0.0 0.0 1998 0 
2.0 1.1 1996 2 2 0.52 0.96 21 
4.0 2.2 1994 4 2 0.37 0.63 17 
6.0 3.4 1990 8 2 0.44 0.66 19 
8.0 4.8 1987 11 2 0.46 0.66 19 
10.0 6.2 1984 14 2 0.44 0.61 21 
12.0 7.7 1981 17 3 0.41 0.55 23 
14.0 9.2 1977 21 3 0.38 0.50 25 
16.0 10.8 1973 25 4 0.35 0.45 27 
18.0 12.3 1968 30 5 0.35 0.45 31 
20.0 13.9 1964 34 6 0.35 0.45 36 
22.0 15.4 1959 39 8 0.35 0.44 40 
24.0 17.0 1955 43 11 0.35 0.44 44 
26.0 18.6 1950 48 14 0.35 0.45 49 
28.0 20.1 1946 52 0.35 0.45 
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with the 1963 depth determined from the 137 Cs stratigraphy. Also shown are corrected 210Pb 
dates and sedimentation rates calculated using the 137 Cs date as a reference point. 
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4. Report on the microfabric properties of lacustrine sediment of Taihu 
Lake, eastern China 

Chaolu Yi 

Introduction 

the Taihu 

Microfabric studies have been performed extensively in marine and delta sediments (Gilbert, 
1969; Bennett et al, 1981; Kuehl et al, 1988; Wartel et al, 1991; Reynolds and Gorsline, 1991) and in 
glacial sediments (van der Meer, 1993; Yi, 1997). In lacustrine sediment studies, the scanning 
electronic microscope (SEM) has been used to identify the mineral properties (Tang et al, 1994; Peter, 
et al, 1994; Sack and Last, 1994) and diatom shapes (Edund and Stoermer, 1993) and to describe the 
sedimentary environment. The thin section method has been used to study laminations in Holocene 
lacustrine sediments (Valero-Garces and Kelts, 1995). The micromorphology of lacustrine sediment has 
also been studied to explain the sediment genesis (George, 1986; Mees and Stoops, 1990; Goldberg and 
Macphail, 1990; Deforge et al, 1996; Lamoureux and Bradly, 1996). The microfabric method is 
particularly useful in the studies of lacustrine sediments because of the fine sediment size. In the project 
of lacustrine record along the Yangtze River supported by Royal Society and NNSFC and Chinese 
Academy of Sciences, we chose Taihu Lake in the eastern China for preliminary study of lacustrine 
micro fabric. 

Methods 

Core Taihu 1, 74 centimetres in length, was taken in Taihu Lake, eastern China. The sample 
was stored in a plastic tubes and then was cut along the long axis using an electrical osmotic knife. The 
water in the whole tube was replaced by acetone in order to avoid deformation of the samples. 

Subsamples were selected from the core sections in one centimeter interval for study in the SEM. 
Observation was made in Geology Department, UCL with the help of Jim Davy. One or photos was 
taken for each subsamples. Grain size and void size were also measured with the amplification of 1200 
to 2000 in the images of the SEM. More than ten grains and voids for each sample were measured for 
size statistics. 

Results 

1. Types of microfabric 

The following microfabrics were observed in the samples: 
Contacting pattern of particles 

The mineral grains in all samples displayed an edge-to-edge or face-to-face contacting pattern. 

Surface Textures of Aggregates and Particles 

Aggregates tend to have a spherical or elliptical shape without an angular edge. Their sphericity 
was about 2-3. Most particles had subangular shape (sphericity=2). Some quartz grains displayed an 
angular shape (sphericity=l). The grains of hydromica and sericite had subrounded shape 
(sphericities=3). 

l\Ikrovoids 

The microvoids were observed. They were intergranular and irregular among mineral grains. 
The average mode size was smaller, about l 9~tm, compared with the particle mode size of 54~tm. 

Biofrarnework 

Plant fibre remains were observed within the depth of 12 and diatoms were found at depth of 9-
12 cm. 



Agglutinational Texture 

This type of texture is generated by the flocculation of suspending clay to form pellets (aggregation of 
small particles). This type of texture has low orientation. Some researchers have ascribed the origin of 
the physico-chemical floes to electrostatic attraction (Wang et al, I 986; Reynolds and Gorsline, 1991 ). 
The pH value of the water in the lakes in this region is usually 7.8 to 8.6 and is moderately alkaline. 
The clay ions with positive charges are easily counteracted by Off and deposited at the bottom of 
lakes. 

2. Size Change in Depth 

The mode sizes of particles and voids have tendency to decrease with the depth (Fig. 1). The 
sizes of particles and microvoids have apparent relationship. Their coefficient is 0.807202 (significant 
level is 99.9%, freedom degree is 44). The ratio of particle size to void size also has tendency to 
decrease with the depth (Fig. 1). The particle size and this ratio also has strong positive relationship. 
The coefficient is 0.524146 (significant level= 99.9%. Freedom degree is 44). However, the void size 
and the ratio do not have apparent relationship (significant level= -0.04326. Freedom degree is 44). 

Discussion 

The microfabric types observed in Taihu l are the common ones in lacustrine sediments. The 
significant phenomena are that Taihu l was lack of lamination structures and the particles did not 
display preferred orientation. It is suggested that wave actions or human activities disturbed the 
lamination formation. Some plant remains and diatoms were observed with the depth of 12 cm and 
below it the coarse plant fibre was seldom found. This implies that aquatic vascular bundle plant, 
which is harder to be decomposed and whose coarse fibre is easier to be preserved, was rare. 

Relatively lower sphericities suggest that sediment did not suffer long-time erosion. The sediment 
might not come from big rivers, such as the Yangtze River, and also might not come from marine 
sediment, for these sediments from big river and marine genesis usually have higher sphericites. So the 
sediment may come from small rivers around the lake. 

The p/v ratio tends to decrease with the depth. This implies that the decrease of void with the 
depth is also related with other factors. Two of them might be sedimentary load and time periods. 

Conclusions and suggestions 

The microfabric properties of Taihu 1 indicates that the sediment came from surrounding small 
rivers. That sizes of particles and voids change with depth seems to suggest that sediment supplies were 
not stable. That ratio of particle size to void size has tendency to decrease with the depth seems to 
indicate this property can be used to estimate the sedimentary time beyond 210 Pb dating. Therefore, 
more observation should be done and more photos should be taken to measure particles and voids for 
statistical studies. 
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5. Report of Preliminary Results of Grainsize Analysis of Lacustrine Sediments in Taihu Lake 

and Chenhu Lake, eastern China 

Chaolu 

Introduction 

Grain-size analysis is a very useful tool in determining the sedimentary environment (Folk and Wi.ird, 
1932; ...... ). In the project of lacustrine record along the Yangtze River supported by Royal Society and 
NSFC and Chinese Academy of Sciences (?), we chose two lakes, Taihu Lake and Chenhu Lake, in the 
eastern China for grainsize analysis. The results indicate that the modem lacustrine sedimentary 
environment in all four sites in Taihu Lake is similar, but is a little different from that of Chenhu Lake. 
There are variations of sedimentary environment with the depth. 

Sample taking 

The cores were taken using plastic tubes with outside diameter of 50 mm and inside diameter of 48 mm. 
Four cores from Taihu Lake with an area of more than two thousands of square kilometres, and one 
core from Chenhu Lake with an area of several tens of square kilometres, Jiangsu Province, eastern 
China, were taken for grainsize analysis in October of 1998. The samples from Taihu were sliced at 2 
cm interval and those from Chenhu were selected according to lithographic properties. 

Methods 
The organic matter in the samples was removed by hydrogen peroxide. Two grams (dried weight) of 
each of organic-free samples was used for determination of grainsize. Two ml Calgon (l litre of such 
solution contains 33 grams of (NaPO 3) 6 and 7 grams of Na2CO3 ) was added to the sample in a small 
plastic tube, which was made up to 20 ml with double distilled. The tubes were shaken at 150 times per 
minute in a mechanical shaker for 12 hours to disperse the sediment. About 4 ml suspended sediment 
was put into the cylinder of the Laser grainsize analyser (Coulter LS 130) for grainsize analysis. The 
size range for analysis is between 0.1 and 900 ~Lm 146 samples were analysed. The measurement was 
made in January at the Geography Department, University of Liverpool 

Grainsize parameters of mean size, median size, mode size, standard deviation(S.D.), coefficient of 
variation (C.V.), skewness and kurtosis were calculated based on standard fonnula. 

Results 
All samples display apparent modes in grain-size distribution curves (Fig. 1). The mode size of the 
samples from Taihu Lake, except lower part of Taihu 3, is about 12-22.5 ~tm (Fig. IA to lG) and 14.3-
35.5 ~tm of those from Chenhu Lake (Fig. lH). There are second peaks in many samples (Fig. lA to 1E 
and lG), mostly with grainsizes of 60 to 100 ~tm. But for Taihu 3-1, the second peak in most samples 
occurs at the size larger than 500 µ, although there are still small peaks at the size of 60-100 µm. The 
concentration of >500µm peak is quite high, sometimes even higher than the content of the mode size 
(Fig. ID). Some samples in Taihu 4-1, have no second peaks (Fig. lF). Overall, the grainsize in Taihu 
3-1 and Chenhu 1-1 is larger than that of the other cores. 

All samples have right-skewed (inclining to coarse fraction) and leptokurtic characteristics, although 
their values change with depth. Coefficient of variation for most samples is within 120-200%. 

Significant changes with depth occur at a depth of 24-26 cm in Taihu 1-1 (Fig. 2) and at the depth of 
more than 60-64 cm in Taihu 4-1 (Fig. 5), where the grainsizes parameters display peaks. Taihu 3-1 
shows abrupt an change in grainsize properties. Above 8 cm, the grainsize properties are similar to 



those of the other cores 1 C), but below 8 cm, the grainsize increases greatly. The values of other 
parameters also change at that depth (Figs. ID and 4). 

The grainsize parameters in Taihu 2-1 and Chenhu 1-1 show strong changes with the depth. The 
general trend is that above depth of 39 cm in Taihu 2-1, the grainsizes and coefficient of variation etc., 
are greater than those below 39 cm (Fig. 3). In Chenhu 1-1 above the depth of 37 cm, the grainsizes are 
smaller and standard deviation, coefficient of variation etc. are a little larger. Below that depth, the 
grainsizes are larger but the standard deviation and coefficient of variation are less (Fig. 6). 

Explanation of sedimentary environments 
Sedimentary environmental changes from site to site 
Each sample has an apparent mode and the mode in most samples occurs in silt to fine sand size 
fractions. This suggests that the sediments have been sorted to some extent. High values of standard 
deviation , coefficient of variation and skewness, which are indications of sediment sorting, suggest that 
the sorting level is medium to poor. The fine size, leptokurtic kurtosis and high standard deviation and 
high coefficient of variation suggest that the sediments were formed in a low energy lacustrine 
environment( ... ). 

Most samples have bimodal distributions. As shown in Figure l, we can see the silt and find sand 
fractions. The former represents saltation load, while the latter represents a fraction load. The 
grainsizes lower than the silt mode can represent the suspending load. Saltation load and suspension 
load comprise the bulk of the sediment. The similarity in grainsize properties both between sites and 
down-core suggests that the lacustrine sedimentary environment in the sampling areas are similar 
without significant changes from place to place and from past to present. The only exception Chenhu 1-
1. Below 8 cm the sediment has a modal size in the fraction of medium to coarse sand (>500 µm). This 
suggests that the site where Taihu 3-1 was experienced higher-energy and changeable sedimentary 
environment. 

Sedimentary environmental changes with the depth 
The sediment flux into the lakes come mainly from their surrounding small rivers. The discharges of 
these rivers have significant seasonal fluctuations in this monsoon region. In the absence of other 
natural and artificial processes, the saltation load from the rivers would accumulate in the lake during 
the summer flooding season and most of suspension load would accumulate after the flooding period. 
This should lead to the formation of laminae. However, only the sediment below 28 cm in Chenhu 1-1 
has laminations and the most samples with suspension load and saltation load in other sampling sites 
lack of them. A plausible explanation is that wave action and washing of bottom currents have played 
important roles in the sedimentation, leading to mixing and destruction of laminae. Human activities 
may be another factor in altering the sediment properties. Because no evidence suggests that the wave 
action became stronger and water level became lower as the time passed. the lack of lamination at the 
top of 28 cm in Chenhu 1-1 can be contributed to the disturbance of human activities since the 
reclamation of wetlands in that area. 

Taihu 1-1 (Figure 2) The sedimentary environment is stable. The mode is approximately uniform 
through the whole core, but the mean and median sizes have a strong peak at 27-29 cm. It is suggested 
that the discharge from the river into the site of Taihu 1-1 increased during that time. In the depth 
interval of 30 to 56 cm, the mean and median sizes became lower which suggests a smaller discharge 
from the river or weaker wave actions. 

Taihu 2-1 (Figure 3) The sedimentary environment is different between the top and the bottom. Below 
38 cm, the mean and median sizes are smaller than those above that depth. The other parameters of 
coefficient of variation, standard deviation, skewness and kurtosis also have distinctive changes 
between the upper and lower parts at that depth. The upper part of the core suggests a larger amount of 



discharge with higher energy, while lower part suggests a small amount of river discharge and weak 
fluvial and wave actions. 

Taihu 3-1 (Figure 4) Above 8 cm, the sediment properties are similar to the other sites, although the 
mean, median and mode sizes are finer than most of the. But 8 cm, the sediment is far coarse. The mean 
size increases from 12 to 100 µm. The medium sand fraction displays the highest or second highest 
mode. All other parameters have such abrupt change at 8 cm. The sediment at lower part displays 
three modes in the grainsize distribution (Figure lD) which represent a mixture of more than one 
sedimentary environment. These suggest that the lower part of the core was formed by strong washing 
in bottom currents change occurs at the depth of 60 cm. Below that depth, the grainsize is greater. This 
suggests the lower part of the sediment was formed in a higher energy environment than the upper. 
Above 62 cm, there are two small fluctuations. At 46-50 cm, the grainsize is the smallest and at 32-34 
cm, grainsize is a little larger. But these differences are not so obvious. 

Chenhu 1-1 (Figure 6) At the bottom part below 39 cm, the grainsize properties are uniform. This 
suggests that the sedimentary environment was stable. The presence of significant laminations below 
that depth also suggests that regular transportation and deposition of sediment were undergoing 
seasonally and annually. Above that depth, the grainsize changes considerably. The sediments at 31-33 
and 35-37 cm possess the smallest grainsizes and they at depth of 24.5-26.5 cm possess the largest 
grainsizes. The surface sediment possesses the finest grainsize. Several periods of reclamation of 
wetland around the lake have been make since the late of 50th. It is suggested that the modern 
sedimentary has become unstable because the outlet of river channel has been changed by human 
activities. 
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Fig. 1 Grain-size distributions of lacustrine sediment in Taihu Lake and Chenhu Lake. 
Solid lines represent the average values and dot lines represent the variation range of the values 
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6. Analyses of Taihu Lake Environmental Magnetic Measurement (I) 

Du Yun 

A study of lake sediments magnetic properties from Taihu Lake area in Jiangsu province, east 
China was undertaken at the Department of Geography, Liverpool University by Du Yun from Institute 
of Geodesy and Geophysics, Chinese Academy of Sciences directed by John Dearing and Bob Jude. 
The study area lies in the lower reaches of the Yangtze River (Yangtze River delta). Taihu Lake, 
approximately 2000 km2 surface area, is one of the largest fresh water lakes in China. Chenghu Lake 
is a smaller fresh water lake, approximately 40km 2 in an area the east of Taihu Lake. This is one of the 
fastest developing areas in China. The development of agriculture and industry have a great influence 
on the lake environment. The research results of this area will be compared with the upper reaches of 
the Yangtze River, in Yunnan or Sichuan provinces and Tibettan plateau which have less 
anthropogenic activity. 

There are four cores for magnetic measurement, three from Taihu Lake (Taihu l-2L, 125cm 
long, Figure 1, Taihu 2-2L, 76cm long, Figure 2, Taihu 3-2L, 20cm long, Figure 3), one from Chenghu 
Lake (Chenghu l-2L, 93cm long, Figure 4). Each core was sectioned at 1cm intervals during fieldwork 
expeditions in October 1998. The water content was determined by drying at 50°C. The samples were 
packed in 10cm3 plastic cubes for magnetic measurement. 

All the samples from the four cores were subjected to identical mineral magnetic analysis. 
Magnetic Susceptibility (X) was measured on a Magnetic Susceptibility Meter Model MS2 using a 
MS2B D.F. sensor (Bartington Instruments LTD.). Anhysteretic Remanent Magnetization (ARM) were 
created in a peak field to 100 mT with a biasing field of 0.1 mT using a Dtech D.2000A.F 
Demagnetizer. Saturation IRM (SIRM) in a forward field of 1000 mT was applied with Trike Pulse 
Magnetizer (Omitec Instruments LTD.). Isothermal remanent magnetization (IRMs) was applied using 
Molspin Pulse Magnetizer (including-20, -30, -40, -50, -100, -300). All remenances were measured 
using a Molspin Portable Fluxgate Spinner Magnetometer. 

The following are the main parameters: 
Xlf, Mass Specific Magnetic Susceptibility (in a low magnetic field) 
Arm, Anhysteretic Remanent Magnetization 
Xarm, Susceptibility of Arm 
SIRM Saturation Isothermal Remanent Magnetization 
HIRM High Field Isothermal Remanent Magnetization 
Xarm/Xlf The ratio of Xarm and Xlf 
Xarm/SIRM The ratio of Xarm and SIRM 
SIRM/Xlf The ratio of SIRM and Xlf 
Fd (%) (Xlf-Xhf)/Xlf 
HARD 100-(-300mT) 
SOFT SIRM-(-20mT) 
IRM Reverse -20mT, _30mT, -40mT, -50mT, -lO0mT, -300mT 

Figure 1 shows the magnetic stratigraphy of core Taihu l-2L (125 cm long) from west Taihu 
Lake. There are three different boundaries which can be seen clearly. The susceptibility, SIRM, 
HIRM, SOFT is high between 125 and 66 cm, and the ratios of Xarm/ SIRM, Xarm/Xlf are low. 
Sediment between 65 and 25 cm has reduced in susceptibility, SIRM, HIRM, SOFT values and higher 
ratios of Xarm/SIRM, Xarm/Xlf. From 24 cm to the top of the core, the values of susceptibility, 
SIRM, HIRM, SOFT increase and the ratios of Xarm/SIRM, Xarm/Xlf decrease. Figure 2 shows the 
magnetic stratigraphy of core Taihu 2-2L (76 cm long) approximately 4 km to the north east of core 



Taihul-2L. The profiler are similar to core Taihu 1-2L. It can also be divided into 3 stages. Sediment 
between 76 and 46 cm possesses high susceptibility, SIRM, HJRM, SOFT and low Xarm/SIRM, 
Xarm/Xlf ratios. At 45 cm an abrupt decrease in magnetic concentration occurs. Sediment from 7 cm 
to the top of the core, the susceptibility, SIRM, HJRM, SOFT increases, and the ratios of Xarm/SIRM, 
Xarm/Xlf is lower. 

The magnetic properties of lake sediments are influenced by many factors, such as bacterial, 
magnetosom, authigenic iron sulphides, such as greigite and reductive dissolution of ferrimagnetic 
grains. The susceptibility responds to the magnetite grain size, antiferrimagnetic minerals (e.g., 
hematite), paramagnetic minerals. SIRM generally reflects the Stable Single-Domain (SSD), Multi­
Domain (MD) grains and imperfect antiferromagnetic minerals. Xarm is sensitive to the SSD minerals. 
The high values of susceptibility, SIRM and the low ratios of Xarm/SIRM in lower and upper parts of 
two cores reflect the hematite and MD grains concentration, and the low values of susceptibility and 
SIRM and high ratios of Xarm/SIRM in the middle parts of cores reflect the SSD grains concentration. 
This can also be seen from the values of HJRM and SOFT. HIRM is mostly sensitive to the inperfect 
antiferromagnetic minerals (e.g., hematite) or ferrimagnetic minerals (e.g., magnetite). SOFT reflects 
the Multi-Domain grains. High values of HIRM and SOFT in the lower and upper parts of cores show 
the high hematite and magnetite, MD grains concentration. The ratio of Xarm/Xlf influenced by 
magnetic grain size, the high values in the lower and upper parts indicate the high SD and MD grains 
concentration. 

Core Chenghu l-2L shows a different magnetic stratigraphy from Taihu Lake. Sediment samples 
between 93 and 42 cm, have high values of susceptibility, SIRM, HIRM and SOFT, and low values of 
Xarm, Fd and Xarm/SIRM ratio. this indicates MD grains minerals, hematite and magnetite dominate 
the mineralogy in this part. From 41 to 21 cm, susceptibility, SIRM, HIRM, SOFT decrease quickly 
and there is a rise in Fd, Xarm/SIRM, Xarm/Xlf. This reflects the Stable Single-Domain, 
Superparamagnetic minerals concentration. From 21 cm to the top of the core, susceptibility, Xa1m, 
SOFT have a little rise slightly, which may indicate pollution. 

Taihu Lake area is in proximity to rapidly developing cities such as Shanghai, Suzhou, Wuxi 
and Changzhou, and about 500 local industries occur around the lake. There is a very serious pollution 
problem and eutrophication has developed during the past fifty years in the Taihu lake area. 
Sedimentary magnetic records may be dominated by pollution particles. The most common magnetic 
component is fly-ash from coal burning, but other metal dusts may be also important. Figure 5 shows 
the elements spectrum of core Taihu l-2L by XRF (LEPS, 2172, Metorex, directed by John Boyle), the 
values of susceptibility and the SOFT (SIRM-IRM_2omT) covarying with Pb and Zn showing a link 
between magnetites and heavy metal pollution. 
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7. Magnetic measurements (II), nitrogen and phosphorus analyses. 
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1iJ1Hm ~ B~ ff JG , ill ;li;: ± +1: DE jJ 

i! i:r , EB :k ~ 1t BE , i5t 1i riU ~ft$: ft t-: Pi ITT{! ffl , , fiTF JG* im. ii ±fu 

00 ITP to 1'.~ ¥)TE~ llifT it ftil ~t}J 1 EPJ( ~ r:p tt ft Q 3 ;~ ¥El 7J( it~+ ' t~ 7)( mJ JtA ~*rm~ ' fitf JG* 

~iltr AilB. § W:kB1{t11it~ I ~fliJJ1s1J(Jffi:ITT~1tto1::~ ~~ITT1iLttf o ~lJJ/,TJ ~~&;!t{m1J(± 

1=:tma1:kli.~Y1L * ~mEJH:tT~, mmi~~{[~ 0 t:1i'J&tt3t(x.it~ A~ITT±Fto ± 

mffi*§*ITT~OO~~Q ~~' ffi,~JG~ft~~*i:$:i=rITTm~~Nfil;li;:OO•~~~g 

ff {t ITT - J_ITT ~ t~ fifl a itA 1El ITT ~ ff {tJ.flN ~ )t}J ¥El BJ ±tl!. ~fl 1=r , A~ m $J ITT 5$ N ;li;: re tJJ 

ffl~ITTa~+i:r00*$-*ITTffi-~~±fu~ITT~~EB+±fu~~~. 7J(~~~~~2m, 

1~1J(JWJJtJtx.W* C ~~ 288d), 1JQ_ti!-±tl!.~A~BJ~5jN3fit, fliJJis~gJF{tf6J~+ 

*~ t8 a ilB.ttiM ¥El ~Jffi: C ~mv=uww) ~, ~ITT~~~ JEriJ Tl 1~ ¥El g JF{tf.flN ITT ii:El ifff1 

to 1:: ~ ~ tJt ITT 1t iJ~ 1~ JE ~ * ffi a 

~~~~,~ITT~tE%~$#$ffo~~~~~~-~tE~~ITT~~*fffi:cp~tf~ 

iKAITT :ff O itJJfs~FzViJU:,,~tm~-f~*+mfflt• ~ ~tt§Zi'§J ITT-f~ttv.ct-:tm 1 ~* T H!i~ 

ITT 1t to ~ 0 s1 vi: t5Hm Jr ~ lf * ~ ITT 1:: wit zVJ tJJ fffi: , PJ ~ fg •1 tt z Tl " 1k ~ J& "o ~ JJ:t , ft 

1fJ ft xt ~ M ff ITT ffi ' ~ :5t tfr B1 f!,j~ # ,e, ffi ( TN) to ,e, ~ ( TP ) M J_ITT t~ t5F ' ffl * & ~ i! f~ 
l!-±r,--i±:.' - rh,_ J;:!'.f;:M "J+.h--..§..,hcE~O 
i'JY/J,1CJRT!JR, 1l74P'J,g Vt' i:3 ~IF.J(Jl,c 

~~ITT JE*ffl~~fflITT~m~~-3f~~-

ffRp~~m: 5t~fffe~lJ-JE1~~'fiB1t¥:~c cpfjtJJ~}lT Tai I fl, ntitJJ~fffeT 

chen 2 =JL o WJJL~it 58 1'--ff Iili o rfUifflftI&~i1 I oo El 91ff B~ Jxl. -=f ft':rfb 0.5000g ftk:1, :bQA 

1.85g iil~ftfiU CK2SO.i:CuSO4:Se=l00:10:l) ;li• 5ml ~t H2SO-1 

~mu i1t¥: ft~tEmL ffl 40%81 NaOH ~ B1~8~~&JE:5t ,&fiv, BS NH 3 

H3BQ3 n&r&, mJE1i}ffl O.OIN BJti.fi:Hm~;~;'E H3BO3 n»_t&B1 NH3 o ifl'EZ±V-W 

illlr+,~-H-/- 8 Att r:l ".,-/'-' -,-0_ R=J..:::i::'mrl .0±EE -+R-l:fc;"b T.JZdTo 1n~- I 1-J-PPTi1T ~J..=-I, rtJ .J ~Y,u ;;::p;:,K _g_~:1=11X':J.:'.!.c 

~ it:W: TN%=(N(V-V 0)*0.014* I[Zffl ) W*l00%o 

BJ ( g); 

j)- tri ii!f Jf!: 

it#~s~ 5a 



pi 0.5000~ 1.0000g H2S0 4 

30~40 :n\.t~ c ?ttP 

J§ Jg~ ' tU;~ ' m ~~ f~ 7'J ~ ffl Er] yr:j ~ ;eL [PJ fit f tjz ~ El ii:IJfr 0 

~~~JE:i1ti: t§tJMJiJtsit-IU 5ml YJt}&ffJ\ 50ml ~:i:Jh1pgffll}(~;ff~ 20ml, JJu 

=~~~IDH~0if!J, t~~, ~foo J§;/JUA 5ml t§tJvCfDJJU1J(JE~, :fi5J o =l=-+rrt J§*ffl JJ\. 

:W:Jtfi it rt s Ui-L<: 7'J 7 o 0nm) , ii tB n,& LJ5z: ffi o - Ll ~ a iA¥iz ITT~ s ~ ITT n,& Ltz ffi 7'J o o 

~B %:vr#: TP%=1~~~1~&:m15 li ppm P*(V/W)*(V2N 1)* 10-1 o it r:p V-J;; ff rRimU~ 

mi&ITT~fH&; W-7'J:tA-=f±f¥li Cg); V 1-:3/;Jn]1IrZ_~i&~fH!&; V2-:3/;J~13a{] 

m~&:vts:t..R; 10-4-i~ ppm !Y:t!k:#JiX¾~ITT*~o 
}:}-!Ji ifff ff:: 

it#~*X* So 

})JI] 1 , xi1?:£:i:c1tJhfijf~MITTf¥157k:i:ffiSc:t~(§'j, ~{tmtlfil7'J 30~70%:ZJ§J, 

f B;J ill fr s 0% U o rJ31-~tJHs z faJ ITT 151Jd~-~ 3'F ~ a)j ~ o 15 7]( ~ f;1I1* Ji ITT :5t :$ t~ w ~ lrL 

1t7](ftpJIIYjf(&;JQYjf(ITTJ'[fc:1£p~{~y*fi-f.v:{E*~ITT 10cm ffitlfilZl7'J, EE 70%r~flj 50%; 10cm 

;sfn::¥9'fJJ$:Jln i"5~i~ ~t •if·ffr£ZRi'f :rn M BJ a 

M002ITT~~M~*~' :i:c™t-F~ITT1t 

" 10cm 

~{fI, 

Wl~t~ 

Tai l> Tai 2> Tai ..J.> Tai3 o 

W~BJ1t7]( rt:tJ %:£: Chen 2>>Chen 1 o 'tfl'J 7]( BJ1Elxt f~£ ~ jt{t!!_ 

frm~§i'f~i'fffl~tB*-~ITT~~" 



, *W~ ~ITT~~~~~, *~m~~~ITT~tl~~~~~ 
r'tf.J ,~± 
J:l' i·J· , ili~~Tm~~mITT xtffi~tt. ~~~. ~tl~ ~ 

fJTtltjc,Rfjt ITT iij is ~JCl,~ ic:~H!ff n ~ If£ 7 tJA g{] 15.lU}J, {B x,Ff }j[X ®~£l,Rfjt 1f ITT fiHn* 

~i3:#ftY}*~~~. ~A-~ITT~Wtt.@W~-1-~~ITT~, ~~£~~~~~ 

ff fr , * lffi ~ ifX .¥ w ~~ ITT _t TT j@ Y} . 

ff}f)\tt-1-W~ITT'tl6Utt~, x.~Jifi~f~L Tai 1 ILK 20cm i*&J:Jifi~~1tt~~~ 

~1:. 7 ~-ft, 1~1J\l}i:'.!Jf.iii C iliM±ili~Wiii) s{]f¥1L Tai 2 IL~d>~M1-Woo, 8 cm to 15cm; 

Tai3IL21'":rr-iii, 7cm ;¥0 15cm; Tai 4 IL l 1-:?f.rnJ, 8cm; Chen 1 IL 1 1-:?f.llil, 7cm; Chen 

2 IL 11-:rr-OO, 9cm. i3:®Jf.ffiITTrnatff!§t, ~;y:_;_, 1*&ffi:ii~~if1Jffi~[PJrm~fRJ, iJlSJJ~ 

rRJ~~ITTm~~mc~~MA~mf;/JITT~~)~~-~ITT~~o 

1Pl:tiore_tJ£ 6 1-tLliiiITT*l~&E~lfz:E'iJfsxtfij;:1J,{t-tt~ C ~ 9), JJfX¼ liJ" Ll l±l: 

Cl) Tai 3 ILftntt~~Jffi½JEJL~ ~ t: Ji 1-IL, £!.iif;/J SJJ lrL i3:~-t~+7J\.~~ 

ITT tl aL H tr to ~ ii~ xJt ~ st~ oJx m tR 4m ~ :?k * ;g i't §b ~1 ± ~ ITT 15;t~t , &m ~Ji~, 

~~:rr-~m~. ~ITT~ffim~%~W~ITTxt~. ~~. m~Mg~(A~)~AITT 

Vtf;/Jrm~ I ~ITT l ~£1 ¥}{1=1*AITTwf n 0 

C2) rsi Tai 3 IL1r, J:tt: 51-ILITT!itt~~J7Jm~MB:-1-tt~T:~~ITT:5t11JmfE, liliJ" 

Ll1i:t§{ttt~. 3?'?:t~T:~~ITT~:fi~ Tail to Chen 2a B1i'J3't~~~{t!l!i*AB~fi)fn" 

w.to frftf'a:1:mU~ 1t!l TM 1-IL, Tai I to Chen 2. 

J.Arrl 10 liJ"Ll l±l, G~ Tai 1 to Chen 2 7:1\~Mi-~tJJiB, 

~ ~ M 1-1§ f !;,l_ ITT t~ ,8 : 

c 1) t:t~t~ili:, 71 0~0.12%. &r~U)TI±Ex~~AJ1JJD:'a:l:B~ 

C2) w.i'""iH1Wff§t3t1-ti,&:iVJEl~j@Y}~:$:PT{tx1bto PTLli!J7:1\.71.:::.~: JA 10cm 1*!§t 

Htt, s~:ft , lffii~~ "xJ~:rt" ~ttJ; 20~IOcm ®:71 ITT 

f E\: 11iJ1 ; :Wern Ll x t8 :EJJU\% r§J ITT :\'1 tiL & ~ STE ±Ex ~ ITT pfl' ~ t:t ~ fL 

w.'§;:1:t0tt, 11ftf'§;~~Jifi fRJ. M1-.JLzJsJ sJr~s~ 11iJ;ft:'tffJs)~Exfm*1J\:ts 

, Tai 1 IL1s:;L~{E\:, 710.03~0.06%; rm Chen 2.:fl'§;_;_t)r§J, tJ 0.06~0.l¾o J§~ 

JV¥ mI ITT M • rm s~ 1J 't ffJ tfi iJf !§t ~ ~~ ¥ _t TT BJ ii $J)@ Y} o 

~ tt@J V=l 5t ifr c w 12) , JJfX ¼ i3: 1H11H5l liJ" Ll 7J ~ o ~ Tai l IL a~ 
~71-0.644423 0 



2 1571< " 
]JI 

if': =-
ff "5 ff ·c, ff D ~ 

7 
(g) 

Tail-I I0.93 l 3.81 65.145 Tai3-l 16.112 4.708 70.7795 I Chengl-l 16.213 6.253 6U322 

Tail-2 12.112 4.592 62.0872 Tai3-2 14.6-12 5.236 6-l.2399 Chengl-2 18.7-l-l 8.596 5-l.14 

Tail-3 13.489 4.809 64.3-187 Tai3-3 l-l.203 5.539 61.0012 Chengl-3 21.68 10.857 • 9.9216 

Tai 1-4 11.221 4.535 59.58-17 Tai3-4 14.597 6.563 55.0387 Chengl-4 18.086 9.305 .JS.5514 

Tai 1-5 12.055 5.666 52.9988 Tai3-5 15.-12 7.762 49.6628 I Chengl-5 22.781 12.258 46.192 

Tail-6 18.262 6.837 62.5616 Tai3-6 25.651 14.645 42.9067 Chengl-6 25.049 13.736 45.1635 

Tail-7 14.316 5.746 59.8631 Tai3-7 23.648 13.176 44.2828 Chengl-7 27.12-l 15.799 41.7527 

Tail-8 12.978 5.518 57.48 I 9 Tai3-8 20.344 I0.951 46.1709 Cheng!-8 22.515 13.371 40.6129 

Tail-9 16.541 7.773 53.0077 Tai3-9 25.334 13.934 44.9988 Chengl-9 24.661 14.544 41.0243 

Tail-IO 14.2 6.221 56.1901 Tai3-IO 29.509 18.194 38.3442 Chengl-10 22.189 13.214 40.448 

Tail-! I 11 4.884 55.6 Tai3-1 I 20.538 13.618 33.6936 Cheng!-! I 26.954 16.098 40.276 

Tail-12 10.362 4.743 54.227 Tai3-12 22.746 14.916 34.4236 Chengl-12 22.753 13.844 39.1553 

Tail-13 14.339 6.659 53.5602 Tai3-l3 23.335 15.25 34.6475 Chengl-13 26.98 16.203 39.9444 

Tail-14 13.325 6.041 54.6642 Tai3- l 4 22.077 14.891 32.5497 Chengl-14 21.796 13.364 38.686 

Tail-15 15.017 6.825 54.55 l 5 Tai3-l 5 21.604 13.678 36.6877 Chengl-15 25.57 15.701 38.596 

Tail-16 15.759 6.548 58.4491 Tai3-I 6 18.373 ll.011 40.0697 Cheng2-1 12.04 3.281 72.7492 

Tail-17 12.725 5.449 57.1788 Tai3-l 7 34.42 ! 21.964 36.1901 Cheng2-2 14.866 5.048 66.0433 

Tai!-18 14.615 7.024 51.9398 Tai3-!8 24.013 14.909 37.9128 Cheng2-3 15.489 5.769 62.7542 

Tail-19 13.436 6.216 53.7362 Tai3- l 9 27.255 17.159 37.0427 Cheng2-4 13.09 5.31 59.4347 

Tail-20 14.803 7.078 52.1854 Tai3-20 15.447 9.356 39.4316 Cheng2-5 23.04 9.142 60.3212 

Tail-21 18.141 8.891 50.9895 Tai4-I 10.916 3.602 67.0026 Cheng2-6 14.407 6.016 58.2425 

Tail-22 17.247 8.645 49.8753 Tai4-2 14.859 6.256 57.8976 Cheng2-7 15.542 6.826 56.0803 

Tai l-23 17.426 9.111 47.7161 Tai4-3 15.713 7.076 54.9672 Cheng2-8 16.753 8.578 48.7972 

Tail-24 14.321 7.897 44.8572 Tai4-4 19.707 9.983 49.3429 Cheng2-9 20.245 10.196 49.6369 

Tai l-25 16.454 8.924 45.7639 Tai4-5 16.734 7.042 57.918 Cheng2-l0 14.592 6.823 53.2415 

Tail-26 18.836 10.655 43.4328 Tai4-6 18.655 9.081 51.32]4 Cheng2-l 1 19.778 9.874 50.0758 
Tail-27 14.897 8.653 41.9145 Tai4-7 20.187 10.885 46.0792 Cheng2-l2 20.516 10.614 48.2648 

Tai 1-28 21.l 02 10.841 48.6257 Tai4-8 17.652 9.476 46.3177 Cheng2-13 20.409 10.82 -16.9842 

Tail-29 15.356 8.048 47.5905 Tai4-9 19.054 9.821 48.457 Cheng2-14 18.418 9.792 -16.8346 
Tail-30 17.523 9.909 43.4515 Tai4-IO 17.531 9.158 47.7611 Cheng2-15 24.338 12.986 46.6431 
Tai2-l 11.363 3.198 71.856 Tai4-l l 14.332 8.02 44.0413 Cheng2-16 19.638 10.254 47.7849 
Tai2-2 14.703 5.083 65.4288 Tai4-I 2 18.886 I 0.402 44.9222 Cheng2-!7 17.909 9.045 49.494 7 
Tai2-3 15.707 5.643 64.0733 Tai4-!3 21.266 12.134 42.9418 Cheng2-!8 17.318 8.738 49.5438 
Tai2-4 I l.878 4.451 62.5274 Tai4-l4 23.178 13.564 41.479 Cheng2-19 25.68] 13.489 47.4748 

Tai2-5 14.325 7.016 51.0227 Tai4-l 5 30.49 17.857 41.4333 Cheng2-20 23.542 13.425 42.9743 
Tai2-6 15.603 6.351 59.2963 Tai4-16 20.943 11.865 43.3462 Cheng2-2I 20.055 11.804 41.1419 
Tai2-7 17.275 7.446 56.8973 Tai4-!7 16.81 8.886 47.1386 Cheng2-22 17.731 9.715 45.209 
Tai2-8 15.907 7.566 52.436 Tai4-l8 13.946 7.958 42.937 Cheng2-23 19.268 l 0.495 45.5315 
Tai2-9 17.09 8.552 49.959 Tai4-I 9 18.875 I 1.073 41.3351 Cheng2-24 19.518 10.721 45.0712 

Tai2-l0 16.21 7.502 53.7199 Tai4-20 23.4 78 14.056 40.1312 Cheng2-25 23.262 12.551 46.0451 
Tai2-l I 16.217 8.047 50.3 792 Tai4-2 I 23.64 14.115 40.2919 Cheng2-26 20.533 11.088 45.9991 
Tai2-l2 19.143 9.752 49.0571 Tai4-22 24.036 14.239 40. 7597 Cheng2-27 25.261 13.691 -15.8018 
Tai2-l3 17.656 8.89 49.6488 Tai4-23 25. 736 l-l.76 42.6484 Cheng2-28 19. 185 10.232 -16.6667 
Tai2-14 24.737 12.65 48.862 Tai-1-24 23.373 14.08 39.7596 

Tai2-l5 21.534 I 0.356 51.9086 Tai4-25 20.395 12.413 39.137 

Tai2-l6 23.923 11.481 52 0085 

Tai2-l 7 2 l.968 10.932 50.2367 

Tai2- I 8 2 l.1-l 1 10.407 50. 7734 

Tai2- I 9 25.718 13.42 47.8186 



lkplh S:unplc "1a,s 
(rm) No (g) 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 
2(, 

27 

28 

29 

30 

2 

Tl-01 

11-!l_l 

Tl-03 

TI-04 

Tl-05 

Tl-06 

Tl-07 

Tl-08 

Tl-09 

Tl-10 

Tl-11 

Tl-12 

Tl-13 

Tl-1,1 

Tl-15 

Tl-16 

Tl-1·7 

Tl-18 

Tl-19 

Tl-20 

Tl-21 

Tl-22 

Tl-23 

Tl-24 

Tl-25 

Tl-26 

Tl-27 

TI-28 

Tl-29 

Tl-30 

T2-01 

T2-02 

3(,1 

·l.-1) 

4.5 

4.44 

5.49 

6.42 

5.7 

5.44 

7.68 

6.14 

4.(,5 

4.66 

6.58 

5.()8 

6.53 

6.45 

5.2,1 

6.87 

6.02 

6.98 

8.93 

8.45 

8.93 

7.56 

9.72 

10.38 

8.33 

I OJ,5 

7.74 

9.73 

3.15 

4.98 

x,, 

<J:1 33 

11 \:, 

120.67 

109.5 

132.5 

167.33 

14 l.5 

132.67 

192 

153.33 

II U,7 

115.5 

ITH,7 

14').J] 

159.17 

155.67 

130 

163.8 

138 

l 511 

183.17 

161.8 

155.33 

11 l.83 

117.83 

125.17 

101.17 

152 

11 (>.5 

135.67 

82.33 

139.67 

X hf 

<J1. I 7 

l I I .II/ 

I 19 

107.83 

130.17 

164.17 

139.83 

130.5 

189 

151 

110.5 

113.5 

171.]3 

1,J(,. J 7 

155 

153.17 

128 

159.33 

136.]7 

150.33 

180 

158.33 

15 1.33 

109 

117.17 

123.83 

99.17 

149.5 

114.33 

134. l 7 

80 

134 

3 Kn 1,·vk,tJi'JJ)yj{nW,kJ.,UJC{Wli'J(l<J/1?.i,VUy/1J Id: )I; 

arm-N ann-E 20ml N 20ml E 3001111 N 300ml E 1000ml N 1000111! E -20mt N -20111I E -40111! N -40mt E -!001111 N IOOmt E -3001111 N -JllOml I· 

5:U 
1,2. ') 

68.1 

62.2 

77.2 

93.6 

79.7 

76.5 

104.9 

86.3 

()6 

63 

85.4 

75.6 

84 

80.4 

70.4 

86.6 

73.9 

77.4 

85.2 

76.1 

78.4 

56.8 

50.5 

63.4 

59 

100.4 

93.4 

121 

,12.9 

69.9 

,J.5 

I I 'J 

6.2 

13.4 

13.8 

3.3 

2.6 

4 

18.7 

6.8 

8.1 

7.4 

12.6 

17.2 

11.3 

23.6 

13.5 

4.4 

2.8 

20.9 

20.5 

17.4 

3.1 

I I.I 

16.l 

11.7 

13.9 

33 

22. l 

17.1 

11.6 

11.7 

250.7 
J 1-1 .. I 

313.7 

300.8 

36 l.7 

426.6 

395.7 

361.6 

494 

411.5 

338 

315.3 

444.4 

395.9 

412.2 

412.4 

338.5 

420.6 

366.9 

389.1 

,133_2 

357.8 

337.7 

242 

216.7 

234.9 

200.6 

347.8 

305.8 

363.8 

218.3 

344.1 

29. l 

2-15 

57.5 

15.6 

5.1 

4.6 

16.5 

44 

62.3 

6.9 

26.4 

8.4 

21.4 

9.7 

9.7 

16.l 

67.1 

22.8 

16.8 

28.6 

9.7 

33.2 

-1 l.8 

5.9 

-1.8 

17 

10.8 

88.3 

5.1 

-22.5 

-2,1.4 

46.2 

112:i? 
I 52B.'J 

1634 

1495 

1799.6 

2171. l 

1870.6 

1784.3 

2393.1 

1955.4 

1507.3 

1451.7 

2107.2 

1808 

1865.7 

1871.8 

1602.8 

1911.4 

1678 

1777.2 

1845.2 

1674.6 

1615.3 

1187.5 

1152.5 

1290.7 

1039.3 

1782.9 

1493.9 

1738.4 

1131.6 

1775.6 

211.2 

I '!5 

129.2 

13.7 

-35.2 

128.7 

159.l 

8 

202.9 

-7.4 

33.3 

309.3 

-140.6 

507.3 

300.1 

122.8 

134.5 

9.7 

240.5 

40.6 

470.5 

124.9 

-16.3 

-1.9 

127.6 

144.6 

336.2 

279.3 

103.5 

10.2 

47.6 

397.9 

1'1138 

lt,td .. l 

1734.7 

1595.7 

1931. l 

23 12.4 

2010 

1917.5 

2601.6 

2112.8 

1621.7 

1629.8 

2279 

2023 

2041.7 

2006.6 

1740.6 

2076.4 

1829.8 

1927.5 

2071.2 

1846.8 

1782.7 

1305 

1310.9 

1465. l 

1228.7 

1966.5 

1626.4 

1893.1 

1298.5 

1905.7 

,11.5 

211.8 

67 

14.5 

-84.8 

263.3 

94.5 

65.9 

106.5 

6.4 

-34.3 

19.9 

-6.4 

92.9 

79.4 

83 

-0.2 

150 

17.2 

95.7 

238.9 

67.1 

53.1 

47.2 

64.8 

49.,t 

74.4 

124.9 

58.2 

60.7 

3.2 

222.3 

(,55 2 
t,<JJ. I 

799.7 

730.7 

873.3 

1047.6 

898.8 

878.9 

1220.6 

967.6 

723.4 

728.8 

l 002.8 

923.2 

924.8 

918.9 

809.8 

943.3 

841 

895.3 

939.2 

894.1 

885.3 

679.6 

745 

854.7 

741.6 

10,10.6 

907.7 

1084.1 

701.7 

880.5 

5•1,() 

52.7 

57.9 

111.5 

135.3 

211.4 

90.7 

81.7 

95 

I 1.5 

112.3 

25.9 

135.6 

142.3 

116.7 

126.5 

35.7 

139 

24.2 

180.8 

85.5 

91 

191.9 

126.9 

136.9 

135.5 

25.3 

179.2 

8.6 

76.2 

54.3 

38.5 

_()'i 7 

120,,1 

-118.2 

240.5 

278 

327.2 

267.2 

284 

414.3 

301.7 

235 

221.6 

28(1.2 

27 11.8 

290.2 

271.1 

257.4 

291 

278.8 

283.2 

357.7 

335.4 

365.6 

312.2 

41 l.5 

474.2 

412.5 

475.3 

429.5 

515.8 

176 

292.6 

_CJ.I l) 

-38.5 

5.3 

46.7 

88.4 

89 

-49.3 

75.2 

46.7 

109.8 

-18.9 

16.2 

127,9 

212.5 

-22.4 

16.1 

-79 

ll.5 

-96.9 

3'1.2 

-142.2 

1,16.3 

-18.9 

41.3 

-0.3 

77.3 

82.2 

-21.1 

-6.6 

152.5 

-62.5 

-104.8 

_qg I 1 

-11 h-1. I 

-1174.1 

-1040.7 

-1299.9 

-1573.5 

-1330.5 

-1293.4 

-1747.4 

-1,119.4 

-1 l 03 

-1 l 06 

-1(,V,.2 

-1378.6 

1367.8 

1330.8 

I 1<,7.9 

-1382.4 

-1215 

1266.7 

130,1.3 

-1105.6 

-1024.6 

-711.3 

-605.8 

-(,81. I 

-5(1 11. 7 

IIMl.l 

-989.3 

-1162.1 

-78(,.2 

-1305.6 

I oo I 
(1.8 

18.2 

-309.8 

-150.7 

-! 8.9 

-435.4 

168 

-134.6 

2 I (J.5 

-57.2 

-121.4 

-100.8 

-76.6 

21 

-345.6 

-200.8 

-I 09.8 

-101.2 

47.1 

-15(,.4 

20.6 

-89.4 

186.5 

-59.3 

-78.1 

-224.1 

-122.8 

-255. l 

-207.9 

-250.3 

-127.8 

1781 I 

-1 •l'JJ.h 

-1506.9 

-1426.5 

-I 733 

-2030.6 

1748 

-1689.8 

-2292.3 

18:W.3 

-I •I I 0.5 

-1426.9 

-J</51 

177-1.3 

-1787.5 

-1773.5 

-1521.8 

- I 826.8 

-1604.6 

1(,98.9 

-1780. l 

-158 l 

-1517 

- I 087.8 

- I 043 

-1175.5 

-99t1.8 

-1(,1,5.4 

-1401.8 

-1637.7 

-1074. l 

-1728 

~ 

!,'> I 
-5'!.') 

-347.6 

-50.7 

0 

-I 95.5 

-2(i2.5 

-136.4 

109.4 

-25S.:1 

-28.() 

-113.8 

_,JX<J.S 

-317 

-203.3 

-248.9 

-21 O ,1 

-122.1 

-119.8 

2(,(i 

-300. I 

-165.7 

-27.5 

-73.5 

-43.3 

7.2 

31,1 

-279.5 

-171.J 

-31.6 

-72.8 

4(i.6 



lh'plh Sample ~la.ss 
! (cm) No (~) 

x,, 

3 

4 

5 

6 

7 

8 

9 

IO 

ll 

12 

13 

14 

15 

16 

17 

18 

19 

I 

2 

3 

4 

5 

(, 

7 

8 

9 

10 

II 

12 

13 

14 

15 

16 

17 

18 

T2-03 

T2-04 

T2-05 

T2-06 

T2-07 

T2-08 

T2-09 

T2-10 

T2-l l 

T2-12 

T2-l3 

T2-14 

T2-l5 

T2-16 

T2-l7 

T2-l8 

T2-19 

T3-0l 

T3-02 

T3-03 

TJ-04 

T3-05 

TJ-0(1 

TJ-07 

TJ-08 

T3-09 

T3-l0 

T3-I I 

T3-12 

T3-l3 

T3-l 4 

T3-15 

T3-16 

T3-l7 

T3-l8 

5.58 155.33 

4.31 118.17 

6.83 183.33 

6.22 172.33 

7.42 199.67 

7.48 208.17 

8.12 199.67 

7.37 168.67 

7.91 168.83 

9.66 189.5 

8.75 154.67 

9.1 155.5 

I 0.27 193.33 

9.17 174.5 

8.13 143.33 

8.67 155.33 

9.23 167.33 

4.28 125.17 

4.91 137.67 

5.39 (156.5 

6.32 244.67 

7.64 221.17 

9.08 (118.<,7 

9.83 495.5 

9.12 443.67 

7.54 379.5 

8.2 510.17 

7.79 785.33 

7.95 644.83 

9.5 876.5 

8.81 1317 

8.31 570.13 

7.5 540.17 

8.33 615 

8.25 578.8 

X"' 

149 

I 15.33 

178.5 

168.17 

196.67 

2(J:l.83 

196.67 

167 

167.17 

185.33 

153.17 

154 

191.33 

173.5 

141.83 

154.83 

166.67 

121.17 

133.83 

(, 12.17 

233.83 

210.5 

577 

463.67 

416.83 

355.5 

480.67 

733.17 

603.67 

819.33 

1226.17 

536.83 

51 1.5 

583 

5'13.17 

• / •1 

:tnn-N ann-E 201111 N 20ml E JOOmt N 300ml E !0001111 N IOOlh11t E -201111 N -201111 E -401111 N --J0111t E -HHhnt N -100111! E -J00111t N -300111! E 

74.5 

64.8 

86.2 

84.9 

90.3 

97.1 

98.8 

85.3 

86.2 

106.8 

103 

121.6 

141.8 

131.4 

129.2 

136.l 

155.8 

50.7 

63.3 

109 

71.4 

79.1 

118 

156.5 

I 52.5 

118.5 

125.5 

137.6 

122.9 

126.9 

152.l 

123.8 

125 

123.3 

125.1 

21.5 

5.3 

25 

12.5 

17.l 

25.4 

15.3 

7.7 

30 

29.3 

20.7 

32.4 

22.5 

17.5 

1.2 

12.2 

7.6 

12.5 

4.3 

16.9 

10 

6 

33.8 

19.1 

39.5 

21.5 

33.5 

12.1 

0.5 

12.8 

23.8 

33.3 

19.7 

26 

14.6 

377.4 

310.2 

455.4 

439.1 

479.4 

516.4 

458.6 

385.8 

375.9 

381.4 

344.8 

384.6 

475.3 

434 

391.3 

408.5 

440.8 

242.2 

307.9 

1795.4 

530.1 

420.5 

]<168.8 

998.3 

IOI l.5 

805.3 

1350.4 

1758.9 

1356.4 

1705.5 

248 l.6 

l 23 l.6 

1357.l 

1175.6 

1007.6 

34.6 

-45.9 

40.3 

-43.3 

49.3 

-'I 1.5 

-30.7 

-2 

40.8 

156.9 

119.7 

89.4 

55.9 

93.3 

31.2 

43.1 

123.4 

IO 1.6 

49 

215.6 

96.5 

88. l 

107 

107.7 

96.4 

49.4 

79.4 

344.8 

-85.3 

196.1 

64.1 

234.7 

-185.5 

-18.3 

-88 

1885.2 

1571.6 

2387.3 

2280 

2326.2 

2573.5 

2394.3 

1924.l 

1781.8 

1982.3 

164 l.8 

1961.2 

2367.9 

2119.9 

1893.5 

2081.2 

232 l.2 

1436.3 

1724.6 

3898 

2258.4 

1985 

3518 

3168 

3358 

2695 

3817 

4873 

4179 

501 I 

7664 

4390 

4353 

4622 

5293 

357 

105.7 

-14.1 

222.4 

1004.6 

131.7 

-237.5 

-271.6 

135.2 

-33 

610.3 

218.6 

-140.5 

531.3 

337.4 

-198.4 

-85.5 

4.4 

-331 

731 

296.3 

253 

-285 

301 

-228 

167 

220 

1066 

239 

296 

-1209 

-103 

533 

-410 

-1419 

2003 

1648.3 

2455.4 

2301.8 

2667.2 

2707.8 

2524 

2043.4 

1884.6 

2083.4 

1851.7 

2067.3 

2469.8 

2281.3 

1977.8 

2174.4 

2405.1 

1544.5 

1883.7 

4310 

2485 

2113.2 

3(,75 

3348 

35,13 

2828 

3897 

5108 

4300 

5259 

7952 

4622 

44 118 

47,15 

5636 

208.2 

155.6 

509.9 

285.9 

180.4 

2(,8.4 

261.8 

214.2 

185.3 

201.2 

163.2 

185 

210.7 

184.8 

160.4 

294. l 

161.3 

47.3 

185.7 

249 

123 

137 

181 

142 

347 

304 

234 

-103 

180 

164 

124 

132 

399 

527 

903.5 

7%.7 

1125.7 

887.8 

1214 

1176.2 

1172. l 

965.7 

952.2 

1083.6 

989.4 

1149.8 

1316.3 

1203.6 

1098.8 

1200.2 

1335.7 

702 

880.3 

-437.8 

8,18.6 

907.3 

150 

833.5 

831.8 

669.3 

3 I 8.3 

156.8 

386.2 

526.6 

704.7 

969.4 

517.4 

1372 

2200.9 

37.3 

47 

22.3 

77.3 

43. l 

46.9 

-24 

3.9 

() 

55 

102.5 

109 

145.7 

150.4 

3.3 

58 

62.8 

75 

34.8 

193.6 

-4.9 

205.3 

l 0(,.5 

-95. l 

-54.6 

38.7 

37.5 

-105.7 

210.4 

-553.5 

341 

-0.1 

-5.8 

74.7 

216.7 

264 

243.2 

343.6 

166.2 

392.6 

315.3 

390.4 

329.4 

374.4 

419.2 

425 

494.1 

5118.5 

488 

460.9 

518.3 

567.2 

287.1 

332.3 

-1512.4 

138.1 

287.6 

-lJ I 7.(, 

-270.9 

-384.9 

-296.3 

-1078.8 

-1687.7 

-1195.5 

-1468.2 

-2029.2 

-562.5 

-1006.7 

-110.'1 

819.9 

-31.1 

-116.7 

-77.7 

246.9 

-169.4 

-l{J.:l 

-173.5 

113.8 

-I 05.1 

47.9 

_4,1 .4 

80.2 

98 

74.3 

-25.6 

I 18.3 

16.6 

-128 

11.3 

318.7 

-233.6 

75.4 

-373.2 

-158 

-69.3 

-9.2 

-275.6 

-451.6 

-125.3 

-88.2 

-483.2 

-192 

-195.2 

-12 l.6 

-140.3 

-1362.8 

-1136.3 

-1710.1 

-1701.8 

-1777.6 

-1837.3 

-1661.5 

-13 110 

-1205.7 

-1309 

-114,1.9 

-1352.2 

-IM,1.2 

-1504.9 

-1325.5 

-1 1150.8 

-1619.9 

-%6.2 

-1179.2 

-330(, 

-1607.4 

-1202.6 

-278•1.5 

-2452.9 

-2687.4 

-2064.7 

-3122.6 

-4200 

-3333 

-4156 

-6480 

-3497 

-3572 

-3372 

-3851 

-310. I 
-17.8 

58.8 

91.8 

-357.4 

-·12').il 

-430.4 

266.4 

-137.4 

-213.4 

-2lcl.7 

-92 

88 

-237.9 

-279.2 

-203. 9 

-23(i.3 

17.5 

-88.3 

-7(,3 

-157.7 

-487.2 

-.1-11.2 

-268.8 

-3 11 I.I 

-466.7 

-81.7 

-•18.8 

-79.3 

-491 

-829 

-646 

-454 

-818 

-I 100 

-1807.2 213.6 

-l 115(i.(, -292.J 

-2240. I -290.3 

-2209 -51.7 

-2384.4 -25 .8 

-2•15(,(, -57.5 

-2257.7 -52. l 

-1807.9 -158.2 

-1656.1 -68.8 

-1826.2 -66.8 

-1606 -72.6 

-1821.8 -31.8 

-2136.4 59,1.8 

1979.9 -309 

-175!.5 -185.6 

-1914.9 39.9 

-2121.9 -1•10.6 

-132•1.l -1013 

-1619.6 -158.1 

-310 7 -577 

-2091.8 -337.6 

-1177.2 ,353.7 

-3277 --1% 

-2950 -315 

-2963 -128 

-2489 -456 

-3549 -88 

-4696 -315 

-3873 -•177 

-4721 -608 

-7381 -619 

-4171 -357 

- 11 125 -8<, 
-4175 350 

-5074 -8% 



lkplh Sample l\la,~ 
(rm) No (~) 

19 T3-l9 7.63 

20 T3-20 7.7 

l T4-0I 3.48 

2 T4-02 6.15 

3 T4-03 (J.86 

4 T11-(H 9HJ 

5 T4-05 7.96 

6 T4-06 8.9,J 

7 T4-07 8.84 

8 T4-08 8.44 

9 T4-09 8.12 

IO T4- IO 8.25 

II T4-II 7.85 

12 T4-12 7.84 

13 T4-l3 8.74 

14 T4-l4 8.27 

!5 T4-15 9.89 

16 T4-l 6 8.01 

17 T4-17 7.44 

18 T4-l8 7.79 

19 T4-l9 7.79 

20 Ttl-20 8.79 

21 T-1-21 8.72 

22 T4-22 8.6 

23 T4-23 8.36 

24 T/4-24 8.'14 

25 T4-25 8.58 

Cl-01 6.13 

Cl-02 8.51 

Cl-OJ 10.63 

C -04 9.28 

Cl-05 8.15 

Cl-06 7.16 

Cl-07 9.1I<, 

Cl-08 7.58 

x,, 

721 

552.5 

77.17 

132.67 

I 51 

209.33 

182.17 

203.5 

167. 17 

136.5 

127.67 

121 

102.33 

113 

137 

115.67 

121. I 7 

104.17 

103.67 

107.33 

l 16.83 

134.8 

I 37.JJ 

132.67 

13 1.83 

13 1.33 

140.17 

119.33 

170.33 

209.83 

183 

169.67 

145.33 

212.5 

159.5 

xhr 

672.5 

520.17 

73 

127.5 

146.33 

200.83 

I 72.83 

193.17 

161 

131.67 

124.5 

116.17 

97 

I OCJ.83 

131 

112.17 

116.83 

100.17 

98 

103.33 

112.67 

130.17 

1]35 

128.5 

128.67 

125.m 

137 

114. 17 

164 

205.17 

179 

166 

143.17 

209.83 

156.67 

arm-N arm-E 20mt N 20ml E 3001111 N 3001111 E 1000ml N IU00mt E -20mt N -20mt E -•IOmt N -40mt E -IO0mt N -IO0mt E -300ml N -J00ml E 

127.2 24.7 

105 14.9 

,10 5.4 

(J3.4 0.9 

73.4 1.5 

99.8 ,1.2 

88.9 10.3 

89.4 10.6 

80.7 3.2 

130.1 12.6 

125.8 13.5 

JOI.I 19.8 

81.2 3 .2 

106.3 9.5 

142.4 I l.4 

106.9 22.7 

79 1 

82.4 3.8 

81.5 8.4 

98.2 7.8 

117.3 34.9 

135.3 IO. I 

133.7 17.9 

123.6 14.8 

121.7 8.4 

110.5 10.6 

117.1 I 1.5 

24.1 3.3 

32.9 2.7 

40. l 6.4 

35.2 2 

29.5 1 I.I 

30.2 2.5 

33.8 9.'I 

29 8.5 

1538.8 

I 140 

180.9 

306.1 

340.7 

441.7 

408.5 

414.5 

320.4 

367.3 

354.4 

313.7 

257 

316 

388.7 

316.2 

263.8 

251 

258 

283. l 

342. l 

373.7 

381.1 

350 

342.8 

322.2 

346.4 

189.8 

253.7 

304.2 

262.5 

251.7 

221.1 

294 

245.1 

-23.5 

164.5 

4.7 

-27.8 

-13.2 

16.3 

28.7 

38.7 

18.l 

-13.1 

18 

-11.7 

-24.8 

-4.7 

16 

29.7 

-16 

4 

-4.6 

-24.2 

-0.9 

-28 

- I I. I 

-22.9 

-48.7 

-5.6 

1.6 

24.4 

99.3 

0.5 

46 

21.6 

40.2 

101.2 

47.2 

5897 

4732 

1044.9 

1823.7 

1996.2 

2525.3 

2189 

2256.3 

1744.5 

1896.8 

1748.3 

1643.5 

1339.1 

1622.5 

1899.5 

1622.1 

1469.8 

1344.2 

1299 

1430.2 

1666.l 

1936.9 

193/4.'! 

1862.5 

1949.2 

1739.9 

1874.9 

1123.3 

1535.7 

1778.4 

1516.8 

1402.1 

131:l.3 

1837.5 

1403.7 

638 

-536 

13.5 

15.3 

100.8 

343.6 

476 

-305.9 

66.4 

188.l 

162.l 

-61.8 

352.5 

53.9 

447.2 

129.5 

-54.6 

-113.7 

412.8 

184.5 

-7.5 

-6.1 

12.7 

162.5 

365.7 

98.6 

-35.7 

243 

277 

329.2 

415.4 

417.6 

263.7 

-228.2 

3,14.9 

6045 

4914 

1115.3 

1931 

2130.7 

2727.2 

2376.8 

2434.5 

1861.4 

1997.8 

1846.8 

1757.l 

147(i.5 

1713.1 

2047.3 

1690.5 

1597.4 

1451.7 

1458.4 

1513.6 

1743.7 

2033.1 

20 I 6.2 

1956 

2078.9 

1831 

1974 

1267 

1738.7 

1988.6 

1749.2 

1612.3 

1487 

20,10 

1574.1 

11.7 

10.3 

162.3 

193.1 

283.5 

281.3 

363.4 

338.4 

285.4 

268.3 

258.1 

174.5 

260.6 

201.2 

230.8 

300 

187 

190.8 

172.7 

114.3 

244 

292 

232 

247.3 

235.8 

222.3 

212.8 

147 

144.7 

217.1 

209.3 

223.8 

135.8 

247.'1 

183.2 

1453 

1402.8 

513.1 

875.2 

963.9 

1243. I 

1064.7 

1076.9 

880.8 

1064.7 

970.l 

922 

780.8 

897.3 

1100.8 

899.3 

861.3 

797.9 

764.l 

803.6 

908.6 

I 100 

I 075.<, 

1058.8 

1161.1 

969.5 

1041.3 

537.3 

734.6 

878 

7(,2.7 

682.9 

(,50.5 

855.3 

680.3 

391.4 

-41.9 

109.9 

63.6 

85.2 

105.5 

66.7 

94.2 

79 

102.9 

81.5 

36.3 

37.5 

18.6 

71.9 

66.1 

94.5 

21 

24.9 

30 

143.7 

87.9 

18.5 

95.6 

125.9 

106.8 

50.5 

18.7 

25.5 

35.9 

113.7 

72.6 

-17.2 

-20.4 

-70.3 

-398.3 

-121.4 

185.l 

320.6 

347.9 

,1'J6 

335.7 

363 

311.4 

466 

408.6 

379.8 

342.6 

354.2 

452.1 

387.1 

408.4 

379.6 

323.2 

357.3 

378.7 

,162.5 

,1:12 

1166.9 

539.5 

,118.2 

421.3 

-18.8 

-22.5 

- 13.4 

-6.7 

-34.4 

-J 1.2 

-58.8 

-38.3 

-203.4 

185.6 

2.8 

-132.5 

-100.5 

-51.9 

-5.5 

-132 

21.9 

-15.4 

5.6 

17.5 

10 

54.3 

54.2 

-17.2 

171.6 

12.l 

66.7 

-66.8 

94.6 

37.9 

280.3 

28.4 

l l 5.5 

-101.3 

25.2 

-59. I 

-86.9 

9,1.2 

29.5 

73.2 

82.1 

-49.5 

-80.3 

-4413 

-3586 

-671.4 

-1222.6 

-1282.5 

-1728.8 

-1542.3 

-I 540.2 

-1126.5 

-1303.5 
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5 ( ( Chen 2 ) ' p 

TN(%) TP P20s tt TN TP P20s 

Tail-I 0.100858 0.0547905 0.12547 Cheng2-l 0.0679818 0.0766361 0.175497 

Tail-2 0.105479 0.0552696 0.126567 Cheng2-2 0.114689 0.0724856 0.165992 

Tail-3 0.109898 0.0505632 0.11579 Cheng2-3 0.0977238 0.0807556 0.18493 

Tail-4 0.10826 0.0458335 0.104959 Cheng2-4 0.0505556 0.0843946 0.193264 

Tail-5 0.100567 0.0527211 0.120731 Cheng2-5 0.035 0.0920074 0.210697 

Tail-6 0.0531646 0.0530042 0.12138 Cheng2-6 0.0403846 0.0955254 0.218753 

Tail-7 0.045 0.0520182 0.119122 Cheng2-7 0.0496774 0.0834926 0.191198 

Tail-8 0.0271845 0.0503176 0.115227 Cheng2-8 0.0434415 0.075321 0.172485 

Tail-9 0.0689655 0.0534902 0.122492 Cheng2-9 0.0224163 0.0733277 0.16792 

Tail-JO 0.0575342 0.0490044 0.11222 Cheng2-l0 0.00833333 0.0731893 0.167603 

Tail-I I 0.00738137 0.0445258 0.101964 Cheng2-l l 0.00789845 0.0795695 0.182214 

Tail-12 0.0160305 0.0487074 0.11154 Cheng2-12 0.0144543 0.0741596 0.169826 

Tail-13 0.00876296 0.0504394 0.115506 Cheng2-13 0.0345679 0.0778756 0.178335 

Tail-14 0.0322086 0.052957 0.121272 Cheng2-14 0.00773481 0.0800953 0.183418 

Tail-15 0.0095498 0.0508075 0.116349 Cheng2-l5 0.0300268 0.0776808 0.177889 

Tail-16 0.0182344 0.0496744 0.113754 Cheng2-16 0.034 0.0757624 0.173496 

Tail-17 0.0110236 0.0471508 0.107975 Cheng2-17 0.0162791 0.0705653 0.161594 

Tail-IS 0.00435459 0.0463824 0.106216 Cheng2-18 0.0191518 0.0802514 0.183776 

Tail-19 0.012963 0.0460 I 08 0.105365 Cheng2-19 0.0195743 0.0741389 0.169778 

Tail-20 0.00434783 0.0446019 0.102138 Cheng2-20 0.0155772 0.073454 0. 16821 

Tail-21 0.0255319 0.0464471 0. 106364 Cheng2-21 0.0145617 0.0615879 0.141036 

Tail-22 0.0165436 0.0484017 0.11084 Cheng2-22 0.0289513 0.0642424 0.147115 

Tail-23 0.018806 0.0460067 0.105355 Cheng2-23 0.0262248 0.0659428 0.151009 

Tail-24 0.00796586 0.0--1-23918 0.0970773 Cheng2-24 0.0456973 0.0707631 0.162048 

Tail-25 0.0019774 0.0389765 0.0892563 Cheng2-25 0.0603269 0.07--1-0354 0. 169541 

Tail-26 0.0268126 0.0386563 0.088523 Cheng2-26 0.0--1-33231 0.0697563 0.159742 

Tail-27 0.0103321 0.0357111 0.0817784 Cheng2-27 0.0384146 0.0696706 0. I 59546 

Tail-28 0.0332117 0.034399 0.0787736 Cheng2-28 0.0305593 0.068--1-349 0.156716 

Tail-29 0.0396601 0.0347018 0.0794672 

I 

--- NaN NaN NaN 

Tail-30 0.0157746 0.03043--1-4 0.0696948 --- NaN NaN NaN 
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8. Sediment geochemistry of lakes near Shanghi. 

John Boyle 

The sediments in six cores from 3 lakes (Tai Hu, Chen Hu and Ge Hu) have been chemically analysed 
using isotope source XRF (Figure 1). Heavy metals have been determined by flame atomic absorption 
analysis in four of the cores from (Figure 2a,b ). 

Tai Hu cores TAI 1-2L, TAI 2-2L and TAI 1-1 - Major elements 

The cores TAI l-2L, and TAI 1-1 have been analysed for a wide range of elements. In the case of TAI 
2-2L few samples were measured, and these only by XRF. The purpose was to compare this with TAI 
l-2L, and the results in Figure 1 show them to be strikingly similar. Both show that two fundamentally 
different sediment types are present. The lower part of each core is a chemically immature, base-rich 
sediment, very different from typical lake sediment. It is likely that this represent old wind, blown 
sediment. Above this sediment is base-poor sediment, typical of mineral-rich lake sediment. The date of 
the contact is uncertain, but it is likely that a large hiatus is present within it. 

The upper half of the sediment can be divided into two parts, as is made clear in Figure 2. Below 25-28 
cm in TAI l-2L and TAI 1-1 the sediment is rich in Si and Zr and depleted (relatively) in the other 
major and minor elements. The correlation of Zr with Si suggests that this is silt dominated. A profound 
change in the Fe and Mn signal occurs within this lower part. The Mn concentration is relatively high at 
the base of the unit, but falls sharply at 50 cm. A sharp increase in the Fe concentration slightly 
predates this event. The Fe concentration then falls again, at 40 cm. The most likely explanation for the 
Mn fall at 50 cm is declining oxygen in the sediment. 

At 25-28 cm the proportion of clay (indicated by Ti and K) increases sharply. 

Chen Hu - Major elements 

The two cores from Chen Hu are not as similar to each other as those from Tai Hu. The 70 cm of 
CHEN 2-2L are monotonous, whereas a sharp break is present in CHEN l-2L at 30 cm. Superficially, 
the compositional variation in CHEN l-2L resembles that in Tai Hu. However. there are great 
differences, particularly in the case of the basal sediment. 

Ge Hu - Major elements 

A single short core from Ge Hu has been analysed. This shows little variation, and is similar to the 
other surficial sediments. 

Taihu - trace elements 

The two TAI l cores both show the same strong trace metal enrichment in the upper layers (20 cm in 
TAI 1-1 short, and 28 cm in TAI l-2L). Cd, Cu, Pb and Zn all show the same pattern, increasing in 
concentration sharply at first, and then flattening off. Cd and Pb appear to have levelled off, while there 
is some sign that Cu continues to increase. However, these effects are subtle, and really the 
concentrations are fairly constant in the upper 10-20 cm. 



In Taihu the initial rise in all of the trace metals is accompanied by an increase in Ti and K, and a 
decreases in Si and Zr. The correlation of Si with Zr points to a silt association, and decoupling of K 
and Ti from this suggests that they are present in a different size class; clay is most likely. Thus, the 
initiation of industrial contamination of the lake sediments coincides with a pulse in clay supply. This 
pulse is quite short lived, though the Ti and K concentrations do not return to pre event values entirely. 

Shortly after the clay pulse and trace metal enrichment there is an increase in the sediment sulphur 
concentration. This, like the clay pulse, is short lived. It could represent organic matter concentration, 
and thus possibly enhanced productivity. The pulse in Ca might be associated with such as 
eutrophication. 

Chenhu - trace elements 

CHEN 2-2 shows no such clear trace metal signal as is seen in Taihu. Cd, Pb and Zn all increase in 
concentration slightly up-core. However, the effect is subtle, and is to some extent matched by the K 
and Ti curves, suggesting that natural clay supply variations could explain any trends. The absolute 
concentrations are far higher than is seen at the base of the two Taihu cores. Perhaps this is related to 
the higher K content, and to higher clay concentrations. 

All of the trace metals shows a peak in concentration at 4-5 cm. This is accompanied by peaks in Mn, 
Fe, Ti and K. A clay explanation seem unlikely as the trace metals are more strongly enriched than 
either Kor Ti. Some kind of supply association with Mn and Fe is more likely. The high accumulation 
rate makes a diagenetic cause unlikely. 

Gehu- trace elements 

Gehu has generally low trace metal concentration, with the sediment superficially resembling the basal 
sediment of Taihu. There is some sign of a subsurface increase in Cd, Zn and possibly Cu at 4-5 cm. 
This is particularly marked if we consider the Ti and K concentration profiles, but of which decrease 
up-core. If we take TAI 1-1 as a model, then for a 5 ppm increase in Zn, we should get 1.5 ppm 
increases in Pb and Cu, and 0.02 ppm increase in Cd. This plausibly fits the observed data. 



CHEN1-2L 

CHEN 2-2L 

TAI 2-2L 

TAI 1·2L 

GEHU 

Figure 1. Major elements in all cores 

Silicon T1tanium 

200 ZSO XO 350 35 4 4.5 5 55 II 

::!JO 250 :PO 350 

l 
1: .. 

JO I " 
so 

60 t 

"! 60 

"I ,oo 

" 

200 250 3'.lO :?SO 35 4 45 5 55 & 

'1 
"I : '°1) "'l 
"'T 
so+ 
00 + 
nil 
.,1 

250 3Hl 3:50 

[ 

Calcium Potassium lron Manganese 

0 10 2:1 JO 40 50 

0 10 20 JO 40 50 

1:v 
.. ~~ "'' .ict 
~ t oo, 
t 

.,1 

20 JO JO 50 

Sulphur 

70 

'1{ st 

:: t 
"'1 

< 

Z,r:::anium 

,::--i;-
2'.l ~ 

3:;-

( 



2 a. Major elements in the upper parts of 4 cores 
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9. Report on short core lithostratigraphy and diatom analyses 
Helen Bennion 

Dry weight and loss on ignition results 

A short sediment core from each of the seven sites was extruded in the field and sliced at 1 cm intervals to the 
core base. The percentage dry weight (% DW) for each sample was calculated by weighing approximately lg 
of wet sediment in a pre-weighed crucible, from each pre-homogenised sediment layer, drying the sediment at 
105°C for at least 16 hours, then reweighing the crucible. Approximate organic matter content was then 
determined as a percentage loss on ignition (% LOI) by placing the crucible containing the dried sediment in a 
muffle furnace at 550°C for two hours and then reweighing. 

The results are shown in Figure 1. The four cores from Tai Hu all had similar profiles with extremely low 
%Joi values throughout the cores of approximately 3-4%, and high % DW values of c. 50-60% in the lower 
core sections, decreasing slightly to c. 30-40% in the upper part of the cores. These data suggest that the 
material is very low in organic matter content and appears to contain a high clay fraction. The cores from 
Cheng Hu and Ge Hu exhibited similar% DW and% LOI profiles to those from Tai Hu with very low% 
LOI values of c. 4% and high % DW values of c. 50-60% in the lower core sections declining to c. 40% 
towards the top of the cores. 

Diatom results 
Three samples from each of the short sediment cores were prepared and analysed for diatoms using standard 
techniques. Diatom preservation was extremely poor in all of the cores from Tai Hu. The surface sediments 
contained largely planktonic diatoms, most commonly Aulacoseira granulata, with some Cyclotella 
meneglziniana, Stephmwdiscus spp, Navicula spp. and Nitzschia spp. These taxa are indicative of nutrient­
rich, alkaline waters. The samples lower in the cores appeared to have a high clay fraction and contained only 
a few fragments of A. granulata. The samples from the Cheng Hu cores were remarkably similar to those 
from the four Tai Hu cores. Ge Hu was markedly different, however, and the surface sediment assemblage 
was comprised of non-planktonic taxa such as Fragilaria brevistriata, Cocconeis placent11la, Achnanthes 
spp., and Cymbella spp, all taxa found attached to plants or the sediment surface. This reflectes the greater 
light penetration and dominance of submerged macrophytes at Ge Hu compared with the poor water clarity at 
Tai Hu and Cheng Hu. Fragments of Fragilaria spp. only were found in the downcore samples from the Ge 
Hu core. 

Long cores 

Further to the screening of the Tai Hu short cores, a number of samples from lower in the core T.-\I lL 
were prepared to examine whether there was preservation of diatom valves in the older core sections 
(30 - 80cm). Unfortunately, the material was highly minerogenic (largely clay particles) and contained 
no traces of diatom remains. 
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10. Spheroidal Carbonaceous Particle report 

Neil Rose 

Spheroidal carbonaceous particles (SCPs) are produced from the high temperature combustion of 
fossil-fuels and are emitted to the atmosphere along with the flue-gases. They are not produced from 
any natural source and therefore act as unambiguous indicators of atmospheric deposition from this 
industrial source. 

All seven short cores from the 1998 coring of Taihu, Chenghu and Gehu were screened for SCPs. 
Full analyses of the TAI l (long), TAI 4 (short), CHEN 2 (long), and the GEHU l cores were 
undertaken and the results and data are given in tables and figures on the following pages. The screened 
data from the short cores from TAI 1 and CHEN 2 are also shown on the profiles and confirm a 
reasonable agreement between the records of the respective cores. 

The Tai Hu cores apppear to show recognisable SCP profiles with features (rapid increase in 
concentration, sub-surface concentration peak) in common with many cores analysed from other areas 
of the world. Here, 210Pb chronologies suggest that the rapid increase feature in TAI l and TAI 4 occur 
in the 1940s and 1950s respectively, while the concentration peaks occur in c.1990 and the mid-1980s 
respectively. 

The CHEN 2 core shows a rapid increase from zero at 66-67cm to over 3000 gDM-1 at 54 - 55cm. 
This is below the reach of the 210Pb chronology but extrapolated data would suggest that this might be 
around the start of the 20th century or late-19th century. Above this depth, concentrations fluctuate 
considerably without any real trend except for a significant trough at 16 - 18cm (late 1960s - early 
1970s). The explanations for these trends are currently unclear. The SCP profile for Gehu shows no 
real trends. 



TAIHU 

--/-----

Mid-depth SCP Cone 90% C.L. 

_(cm) 1 __ (gDM:~18- --56~~~Mj~o6---+-(sh~~~3 K0-11 I-

2.5 5451 6306 - 4595 
-+-------+-----·--t-------

3.5 5491 6245 - 4738 
4.5 5910 6876 - 4945 
5.5 5605 6406 - 4804 r-------+------- --------- t·- ·-·-

6.5 8987 10048 - 7927 
7.5 6710 7566 - 5854 
9.5 6387 

------------

_1_2. 5 7567 1-- -- . . --+---

15.5 6041 

:~~~: ~i;: --1---- I 
I ----
I 

6847 - 5236 7424 ~15-1~t __ L 
18.5 7193 8054 - 6322 
21.5 6458 7220 - 5696 
24.5 6397 7220- 5574 

----
27.5 2460 2942 - 1978 
31.5 351 

-----·-----
523 - 179 530 _?_~~_()) ----

35.5 438 686 - 190 
---------~ 

39.5 0 0-0 
43.5 0 0-0 

-------

(-·-------- -i~----

0 

0 

5 

10 

115 
.c 
15.. 20 
Cl) 

0 

c 25 
Cl) 

~ 30 ! oa Cl) -
U) \ 

\ 

35 --- 6 

I 

40 

45 

' 

TAI HU (TAl1 - long) SCP Concentration Profile 

SCP Cone (gDM"1) 

2000 4000 6000 8000 

0 

-·---------·------------
1 ---0- TAI 1 (long) 111 TAI 1 (short) 

10000 



TAIHU L I I i 
.... 

TAI HU (TAl4 - short) SCP Concentration Profile 
I 

TAI 4_(SHORT) 

·-~~-·- , ...... ... SCP Cone (gDM-1
) 

Mid-depth SCP Cone 90 % C.L. 
(cm) (gDM-1) (gDM-1) 0 1000 2000 3000 4000 5000 

0.5 2913 3627 - 2200 0 
1.5 2727 3172 - 2281 
2.5 2392 2944 - 1839 1 -
3.5 4759 5656 - 3861 
4.5 3986 4963 - 3009 2 

5.5 3892 4461 - 3324 3 I 6.5 1593 2044 - 1142 
----- ····-

7.5 1182 1517 - 848 E 4 ·····---

8.5 296 441 - 151 .s 
9.5 272 461 - 84 .c 5 -

.. 0.. 
10.5 0 0-0 Cl) 

--· 0 6 -
11.5 0 0-0 c ----

Cl) 

7 
·- -------- --·- ·---- . -----------· ·- E 

'6 
-·------- -- --------- --------- ---·--·· Cl) 

8 (J) 
.. - --- ----------- ·-

9 

-------------·-- 10 {/ 
I - .. 

11 
·•··· -·----·--··-· -- .. , .... -----

) 

12 
--·-----· ------

r I r· 



CHENG HU 
-- --------

CHEN 2 (long) CHENG HU (CHEN2 - long) SCP Concentration Profile 

Mid-depth SCP Cone 90% C.L. (short) 
(gDrvf1) (gDM-1) 

------ SCP Cone (gDM-1) (cm) 
0.5 2949 3751 - 2147 3136 0 500 1000 1500 2000 2500 3000 3500 4000 
1.5 2726 3338 - 2113 0 
2.5 3164 3825 - 2503 0~ ~ 

:':t, 
3.5 3223 3968 - 2479 5 -

::So 4.5 2594 3298 - 1889 
5.5 3626 4420 - 2831 10 

6.5 3620 4413 - 2827 -
15 - L-Jllll__j 

~---==--
8.5 3051 3704 - 2399 -

10.5 3622 4483 - 2761 20 
=-~~o 12.5 2997 3710 - 2285 

14.5 1933 2532 - 1334 1565 -25 -
E 

16.5 1350 1850 - 850 ~ ~=--0~ :>o 17.5 1343 1932 - 755 ..c:: 30 -- ,···-· -·•···-··· - ·-·····- Q. 

18.5 3091 3805 - 2377 Q) 

-o 35 
19.5 2551 3158 - 1945 -C ------· --------··- E 40 -22.5 3359 4135 - 2583 

··--
'6 24.5 3211 3897 - 2524 

27.5 3241 4011 - 2470 2973 ~ 45 

29.5 3415 4203 - 2626 
50 

32.5 2907 3489 - 2326 ' 

34.5 2307 2779 - 1836 55 
37.5 2611 3198 - 2024 

---·· -------- ,_ , .. -· t----------•-------------39.5 3581 4329 - 2833 60 
42.5 2170 2719 - 1621 
45.5 1813 2374 - 1251 65 

48.5 2401 2972 - 1830 70 -·····•· ·--· - ,. - -· - ----------------•-----~------ ----- -------~-

54.5 3016 3677 - 2355 
-----·-- C-- ····~ ---~---···-·---· 

[:_~0--CHEN 2_(1ong) 1111 CHEN 2 (sho,:t)_j 57.5 2132 2671 - 1592 
--- --

60.5 1067 1415-718 

r 66.5 0 0-0 T l I ··r··------T I ·r·-----------------



GE HU 
...... . ···--

GEHU 1 GE HU (GEHU1) SCP Concentration Profile 
----··---

.......... 

... rv1id-depth SCP Cone 90% C.L. SCP Cone (gDM-1
) __ ,.,_ ~--·-

(cm) (gDM-1
) 

-·----
(gDM- 1

) 
0 200 400 600 800 1000 

0.5 942 1291 - 593 
- -·-·------ --- -----""- 0 1.5 991 1315-667 I 

o.~ ··-

2.5 559 766 - 352 
2 

3.5 963 1349 - 578 -
~ 

4.5 956 1310 - 602 4 -~ 6.5 701 981 - 420 
8.5 511 736 - 287 - 6 ·-·--·------- E 

10.5 738 1062 - 415 .2. 
12.5 805 1127 - 483 .c 8 -0. 
14.5 704 986 - 422 (!) 

---·----····-- -·-·--·------ O 10 
17.5 735 1058 - 413 -C 
19.5 407 607 - 208 E 12 

-1-- 'o 
iJ5 14 

--·----- 1--··""·-·--------- .. -

16 
-- ---------

, ____ ,._ 
--------- ·- 18 

o----··---------------····-·-
20 ~ .. _ --- ·-·-~···-·-·-·--·----- --·--·-···-·-·-. ------- --------------·- ------

I--·-· 

·- 1------- ·- . ····\-

I I I T ·r I I I 


	ecrc_73a_Rose etal._2000_China_lake sediments.pdf
	ecrc_73b_Rose etal._2000_China_lake sediments.pdf
	ecrc_73c_Rose etal._2000_China_lake sediments.pdf
	ecrc_73d_Rose etal._2000_China_lake sediments.pdf

