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Abstract

We systematically investigated Sr isotopic characteristics of small silicate watershed
— the tributary Xishui River of the Yangtze River, and small carbonate watershed
— the tributary Guijiang River of the Pearl River. The results show that the Xishui
River has relatively high Sr concentrations (0.468—1.70 umol L™ in summer and 1.30—
3.17umolL™" in winter, respectively) and low % Sr/®°Sr ratios (0.708686-0.709148
in summer and 0.708515-0.709305 in winter), which is similar to the characteris-
tics of carbonate weathering. The Guijiang River has low Sr concentrations (0.124—
1.098 umol L™") and high " Sr/%®Sr ratios (0.710558-0.724605), being characterized
by silicate weathering.

In the Xishui River catchment, chemical weathering rates in summer are far higher
than those in winter, indicating significant influence of climate regime. However, slight
differences of 8" Sr/®Sr ratios between summer and winter show that influence of cli-
mate on Sr isotope is uncertainty owing to very similar Sr isotope values in silicate and
carbonate bedrocks. As &’ Sr/%°Sr ratios in the Xishui River are lower than those in sea-
water, they will decrease 8’ Sr/%®Sr ratio of seawater after transported into oceans. Pre-
vious studies also showed that some basaltic watersheds with extremely high chemical
weathering rates reduced the seawater Sr isotope ratios. In other words, river catch-
ments with high silicate weathering rates do not certainly transport highly radiogenic
Sr into oceans. Therefore, it may be questionable that using the variations of seawater
8731/ 3r ratio to indicate the continental silicate weathering intensity.

In the Guijiang River catchment, 873r/%8sr ratios of carbonate rocks and other
sources (rainwater, domestic and industrial waste water, and agricultural fertilizer)
are lower than 0.71. In comparison, some non-carbonate components, such as, sand
rocks, mud rocks, shales, have relatively high Sr isotopic compositions. Moreover, gran-
ites accounted for only 5% of the drainage area have extremely high 873r/%53r ratios
with an average of over 0.8. Therefore, a few silicate components contained in car-
bonate rocks obviously increases the Sr isotopic compositions of the river water, and

8032

Jadedq uoissnosiq | Jadeq uoissnosigq | J4adeq uoissnosig | Jaded uoissnosig

HESSD
10, 8031-8069, 2013

Sr isotopic
characteristics in
small watersheds

W. H. Wu et al.

; II“ III


http://www.hydrol-earth-syst-sci-discuss.net
http://www.hydrol-earth-syst-sci-discuss.net/10/8031/2013/hessd-10-8031-2013-print.pdf
http://www.hydrol-earth-syst-sci-discuss.net/10/8031/2013/hessd-10-8031-2013-discussion.html
http://creativecommons.org/licenses/by/3.0/

10

15

20

25

results in a positive effect on the rise of 8731/%83r ratio of seawater. Therefore, the
relation between Sr isotope evolution of seawater and continental weathering rate is
complex, 8" Sr/%®Sr ratios of underlying bedrock in catchment could be an important
controlling factors.

1 Introduction

By analyzing the Sr isotopic compositions of marine limestones and their shells, evo-
lution curve of seawater 8 Sr/%°Sr in the Phanerozoic was well established (Veizer and
Compston, 1974; Brass, 1976; Burke et al., 1982; DePaolo and Ingram, 1985; Palmer
and Elderfield, 1985; DePaolo, 1986; Hess et al., 1986; Richter and DePaolo, 1987,
1988; Raymo et al., 1988; Veizer, 1989; Capo and DePaolo, 1990; Hodell et al., 1991;
Richter et al., 1992; Veizer et al., 1999; Korte et al., 2006; Melezhik et al., 2009). The
Sr isotope budget of the oceans is dominated by its supplies via rivers, hydrothermal
vent waters, and diagenesis of deep-sea sediments, and the dissolved Sr flux to the
modern oceans via rivers is far more than those via the latter two (Palmer and Ed-
mond, 1989). Particularly, the Ganges and Brahmaputra originating in the southern
Qinghai-Tibet Plateau are characterized by both high Sr concentrations and 87gr/B gy
ratios, and so have a major influence on the rise of Sr isotopic composition of sea-
water (e.g. Krishnaswami et al., 1992; Harris, 1995; Derry and France-Lanord, 1996;
Quade et al., 1997; Galy et al., 1999; English et al., 2000; Singh et al., 2006). There-
fore, many researchers considered that the steady increase of ’Sr/%°Sr in the oceans
since Cenozoic was mainly attributed to uplifting of the Qinghai-Tibet Plateau, which
caused increased silicate weathering and highly radiogenic Sr flux to oceans. As the
silicate rocks in the south Himalaya have both high 875y/%8 5 ratios and high Sr concen-
trations, the rise of Sr isotopic composition of seawater since Cenozoic can be used
as a proxy of intensified silicate weathering (Palmer and Elderfield, 1985; Raymo et
al., 1988; Edmond, 1992; Krishnaswami et al., 1992; Richter et al., 1992; Harris, 1995;
Blum, 1997; Galy et al., 1999; Chesley et al., 2000; English et al., 2000; Bickle et al.,
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2005). However, other studies showed that the unusual metamorphic evolution of the
Himalaya had enriched carbonates to abnormallg high 8731/ 3r ratios, and the weath-
ering of such carbonates might control the 8751253 ratios of river water (e.g., Edmond,
1992; Palmer and Edmond, 1992; Quade et al., 1997; Blum et al., 1998; Harris et al.,
1998; English et al., 2000; Karim and Veizer, 2000; Jacobson and Blum, 2000; Bickle
et al., 2001; Jacobson et al., 2002a). If much of the radiogenic Sr in river is derived
from carbonate weathering then changes in seawater Sr isotopic composition would
not be a proxy of the continental silicate weathering intensity.

For understanding better the contribution of silicate and carbonate weathering to Sr
isotopic composition of river water, we selected two small watersheds: one was the
Xishui River draining silicate rocks — a tributary of the Yangtze River, and another was
the Guijiang River draining carbonate rocks — a tributary of the Pearl River. In the two
river catchments, silicate and carbonate rocks accounts for about 95 % of respective
drainage area. By analyzing Sr isotopic compositions of river waters, we will discuss
the Sr isotope characteristics and their controlling factors in monolithologic catchment,
and investigate the relationship between silicate, carbonate weathering and Sr isotope
evolution of seawater.

2 Studied areas

The Xishui River is a small tributary of the Yangtze River, being located in 115°07'—
116°05' E and 30°20'-31°09’ N. It originates from the south of the Dabie Mountain (el-
evation 1600 m) with a length of 157 km and a drainage area of 2670 km?. Its headwater
is comprised of the Donghe River and Xihe River which converge at Yingshan County.
The Xishui River merges into the Yangtze River at Lanxi (Fig. 1). The Xishui River
catchment belongs to subtropical monsoon climate with a mean temperature 29°C in
summer and 4 °C in winter, and annual mean rainfall about 1350 mm. The Xishui River
mainly flows across the Dabie Mountain early Proterozoic metamorphic zone which
is altered by multiphase tectonism and regional metamorphism, and form a variety of
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metamorphic rocks and complete metamorphic facies. The catchment is covered with
ultrahigh pressure metamorphic rocks mainly composed of eclogite and gneiss and
some granite (Fig. 2) (Bureau of Geology and Mineral Resources of Hubei Province,
1990; China Geological Survey, 2004).

The Guijiang River, a tributary of the Pearl River, rises in the Miaoershan Moun-
tain with an elevation of 2142m. It has a length of 438km and a drainage area of
18790km?. The upper reaches are upwards from Rongjiang Town, and the middle
reaches are from the confluence with the Lingqu River to Pingle County, which is also
called “the Lijiang River”, then merges into the Pearl River at Wuzhou City (Fig. 3).
Annual rainfall and evaporation is about 2000 mm and 1100-1200 mm, and annual av-
erage temperature is ~ 20 °C in the Guijiang River catchment. Silurian granites, Ordovi-
cian—Cambrian shales and mud rocks intercalated carbonate rocks are mainly exposed
in the headwater and upper reaches. The middle reaches are almost entirely covered
with Devonian carbonate rocks, and the lower reaches flow across Cambrian terrain
comprising largely carbonate rocks intercalated shales (Fig. 4) (China Geological Sur-
vey, 2004).

3 Sampling and analysis

From river mouths to source areas of the Xishui River and Guijiang River, 57 samples
of river water, 1 sample of rain water, 1 sample of snow, 27 samples of riverbed sed-
iment, and 2 samples of soil were collected during July 2010, December 2010, and
July 2011, respectively (Figs. 1, 3, Table 1). Portable water quality analyzer was used
to measure temperature, pH and conductivity in situ. Flow Measurement is used to
measure flow velocity in field and estimate water discharge. All samples were collected
from river bank or midstream away from towns to try to avoid contamination from an-
thropogenic activities and stored in pre-cleaned polyethylene bottles free of air. Water
samples were filtered through 0.45 um Millipore filter. An aliquot of the filtered water
was acidified to pH < 2 with ultrapure grade 1 : 1 nitric acid. Sr was measured in filtered
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and acidified water with an inductively coupled plasma spectrometer (ICP-AES, Jarrell-
Ash1100) in the Center of Modern Analysis of Nanjing University. Reproducibility of
measurements of Sr was checked by repeat analysis of samples and state standards
in China. These repeated measurements show that in general the precision is £5 %
for Sr. Blanks were under detection limits of ICP-AES. For Sr isotope ratio analysis,
Sr was separated from the samples using standard ion exchange techniques. Sr iso-
topic compositions were measured using a Finnigan Triton thermal ionization mass
spectrometer at the State Key Laboratory for Mineral Deposits Research, Nanjing Uni-
versity. Reproducibility and accuracy of Srisotope runs have been periodically checked
by running the Standard Reference Material NBS 987, with a mean 8731/ 3r value of
0.710248 £ 20 (20 external standard deviation, n = 15). The Sr isotopic ratios were
normalized to ®°Sr/28Sr=0.1194. The analytical blank was < 1 ng for Sr.

Only the < 63 um fine-grained fractions of riverbed sediment and soil samples were
used. The calcite in the samples was selectively dissolved with purified acetic acid
solution (0.5 mol L'1) at room temperature for up to 8 h and only the silicate fractions
were investigated. All of the pretreated samples were cleaned in pure water, powdered
in an agate mill, and then were digested with a mixture of HCl + HNO3 + HCIO, + HF
solution. Analysis of Sr concentrations and isotopic compositions is same as water
samples.

4 Results

Sr concentrations and 8’ Sr/*®Sr ratios of water samples in the Xishui River and Gui-
jilang River are listed in Table 2. Sr concentrations of the Xishui River are 0.468—
1.70 pmol L™"in summer and 1.30-3.17 pmol L™ in winter, reflecting dilution effect from
high runoff in summer. 8’ Sr/%®Sr ratios are from 0.708686 to 0.709148 in summer and
from 0.708515 to 0.709305 in winter, which do not exhibit obvious seasonal varia-
tions. Snow sample at Lanxi has Sr concentration of 0.879 mumol L™ and ®Sr/%°sr
ratio of 0.709495. Sr concentrations are 0.124—1.098 umol L~" and " Sr/%8Sr ratios are

8036

Jadedq uoissnosiq | Jadeq uoissnosigq | J4adeq uoissnosig | Jaded uoissnosig

HESSD
10, 8031-8069, 2013

Sr isotopic
characteristics in
small watersheds

W. H. Wu et al.

; II“ III


http://www.hydrol-earth-syst-sci-discuss.net
http://www.hydrol-earth-syst-sci-discuss.net/10/8031/2013/hessd-10-8031-2013-print.pdf
http://www.hydrol-earth-syst-sci-discuss.net/10/8031/2013/hessd-10-8031-2013-discussion.html
http://creativecommons.org/licenses/by/3.0/

10

15

20

25

0.710558-0.724605 in the Guijiang River. Rainwater sample at Zhaoping has Sr con-
centration of 0.11 pmol L™" and ¥ Sr/%°Sr ratio of 0.710416. Comparing with the Xishui
River, the Guijiang River has lower Sr concentrations but higher 8731/ Sr ratios. A plot
of 8 Sr/%Sr vs. 1/Sr shows that the typical silicate watershed Xishui River is charac-
terized by carbonate weathering with low 8 Sr/%°Sr ratios and high Sr concentrations,
and the typical carbonate watershed Guijiang River is closer to silicate endmember
with high ®'Sr/®Sr ratios and low Sr concentrations (Fig. 5). It is surprising to note that
both of the two rivers exhibit entirely opposite Sr isotope characteristics to the classic
silicate and carbonate weathering. The reasons will be analyzed in discussion section.

Table 2 also contains some major ion concentrations in the Xishui River (Wu et al.,
2013). For the Guijiang River, we do not analyze major ion, and some data from other
researchers are listed in Table 2 for references.

Sr characteristics of riverbed sediments and soils are given in Table 3. 87sr/®sr
ratios of the Xishui riverbed sediments are 0.707058-0.712616. The Guijiang riverbed
sediments have & Sr/%°Sr ratios from 0.735172 to 0.775952, and two soil samples GJ15
and GJ19 have & Sr/®Sr ratios 0.744095 and 0.749902, respectively. 873r/%85r ratios
in the Guijiang River catchment are far higher than those in the Xishui River, reflect-
ing obvious difference of Sr isotopic compositions of underlying bedrocks in the two
catchments.

5 Discussions

5.1 isotope characteristics and controlling factors in the Xishui River

5.1.1 Temporal and spatial variations of Sr concentrations and isotopic
compositions

Silicate rocks in the Xishui River catchment account for about 95 % of the drainage
area. Among them, gneisses and are dominant, and granites are mainly distributed

8037

Jadedq uoissnosiq | Jadeq uoissnosigq | J4adeq uoissnosig | Jaded uoissnosig

HESSD
10, 8031-8069, 2013

Sr isotopic
characteristics in
small watersheds

W. H. Wu et al.

; II“ III


http://www.hydrol-earth-syst-sci-discuss.net
http://www.hydrol-earth-syst-sci-discuss.net/10/8031/2013/hessd-10-8031-2013-print.pdf
http://www.hydrol-earth-syst-sci-discuss.net/10/8031/2013/hessd-10-8031-2013-discussion.html
http://creativecommons.org/licenses/by/3.0/

10

15

20

25

in the source area and Bailianhe Reservoir. Moreover, basic and ultrabasic rocks are
scatteredly exposed. However, as a typical silicate watershed, the Xishui River has low
8731/%8gr ratios (<0.71). The 8731/%8gr ratios of samples in summer decrease gradu-
ally downwards from the source area and reach the lowest value at Yinshan County
(Fig. 6). After flowing across granites widely distributed around the Bailianhe Reservoir,
8731/ sy ratios increase then gradually decrease from XS3 to XS1. Variation trend of
8751/ 3r ratios in winter is very similar to summer with an exception of XS3-XS1,
which has a slightly rising trend. Variations of 87Sr/%53r ratios may be attributed to the
difference of underlying bedrocks. In the Xishui River catchment, 8731/ 3r ratios of
Cretaceous granites are commonly higher than those of metamorphic rocks (Zheng
et al., 2000; Ge et al., 2001a, b; Chen et al., 2002). Sr concentrations in the Xishui
River are relatively high and the lower reaches have higher value than the headwa-
ters. The samples XS8-XS4 in summer and winter have similar increasing trend of
Sr concentrations. However, variation trend of samples XS3-XS1 between summer
and winter is remarkably different, reflecting in very high Sr concentrations of sam-
ples XS3 and XS1 in winter. Moreover, concentrations of major ion Ca2+, Mg‘2+, and
HCO, of samples XS3 and XS1 were also rather high. The 1:200 000 geological map
(Bureau of Geology and Mineral Resources of Hubei Province, not published) shows
that Archean marbles are distributed stratifiedly in the tributary Shenjiahe River and the
Xishui mainstream from Lanxi Town to Xishui County. Therefore, high concentrations of
Cat, Mgz+, HCO,, and Sr in the two samples may be caused by stronger carbonate
weathering in the watersheds.

Seasonally, Sr concentrations in summer are obviously lower than those in winter,
reflecting dilution effect resulted from increasing discharge. Variations of 85r/*3r ra-
tios are slight and do not exhibit notable regularity. In general, the Xishui River does
not match the characteristics of typical silicate watershed which commonly has low
Sr concentrations and high 873r/%3r ratios. As the Xishui River only has a length of
157 km, climate effect (temperature, rainfall and evaporation etc.) among different sam-
ples can be negligible. In field reconnaissance we found that vegetation type and cov-
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erage was similar in the catchment. In a companion paper, silicate weathering rates
are 0.64—4.44tkm™2 yr’1 in winter and 4.07-21.2tkm 2 yr'1 in summer, and carbon-
ate weathering rates are 0.39-3.57't km™2 yr'1 and 1.70-14.1 tkm™2 yr'1 for winter and
summer, respectively (Wu et al., 2013). It indicates that climate is an important control-
ling factor on chemical weathering. In comparison, 873r/%3r ratios between summer
and winter show small difference, which seemingly suggests the weak influence of cli-
mate. However, as silicate rocks exposed in the Xishui River catchment have similarly
low 8 Sr/®Sr ratios with carbonate rocks (Table 4), it is difficult to distinguish between
the influence of climate on silicate and carbonate weathering rates and then on their
Sr isotopic compositions. In Table 4, we compile some Sr isotopic data of bedrocks
in the Xishui River catchment. 8 Sr/%®Sr ratios of these silicate rocks are low and rela-
tively homogeneous with small variation range. Therefore, 873r/%3r ratios of underlying
bedrocks are certainly important controlling factor on the Sr isotope characteristics in
the Xishui River, but influence of climate is uncertainty.

Moreover, different land use (agricultural, industrial, and residential use) introduces
new sources of weatherable Sr into rivers. Jiang et al. (2009) and Li et al. (2010) inves-
tigated groundwater in cultivated land, grass land, construction land, and forest land,
industrial and domestic waste in southwest China and gave 873r/%8 S ratios of 0.70762—
0.71273. 87Sr/8Sr ratios of 24 fertilizers commonly used in Spain are 0.703350—
0.715216 with an average of 0.70823 (Vitoria et al., 2004). Brenot et al. (2008) gave
873r/%3r ratios of liquid and solid fertilizers (0.708078 and 0.703313, respectively) in
their studies on a small catchment in the Paris basin. 8 Sr/®®Sr ratios of 12 plants are
0.70856-0.71145 in Guizhou Province (Zheng et al., 2008) (Table 5). As & Sr/2®Sr ra-
tios of these potential sources are close to those in the Xishui river water, it is difficult
to separate respective contribution. In next section, we will try to use inversion model
to identify the influence of anthropogenic activities.
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5.1.2 Source of Sr in the Xishui River

Sr in river water is mainly from atmospheric input (Sr,,,), anthropogenic activities (ur-
ban sewage (Sr,) and agricultural activities (Sr,g)), silicate weathering (Sry;), car-
bonate weathering (Sr.,,), and evaporite dissolution (Sr,,) (Galy and France—Lanord,
1999). To quantify the relative contribution of the six endmembers, an inversion model
is used (Négrel et al., 1993; Gaillardet et al., 1999; Millot et al., 2003; Wu et al., 2005;
Chetelat et al., 2008). The set of mass balance equations are (Negrél et al., 1993;
Gaillardet et al., 1999):

<Nia)river - z (Nia)iai’Na (1)

i

87 87
Sr Sr Sr Sr
<868r> . (N_a> wor Z <868r> (N_a> iNa @)
river river i i !

Where X represents Ca, Mg, K, CI, NO3, and Sr, / is six endmembers, and a; \, is the
respective mass fractions of Na in different sources. The closure equation is:

Zai,Na =1 3)

Although the Xishui River is a typical silicate watershed, lithologies in the catchment
are complex and carbonate rocks are distributed stratifiedly and lenticularly in meta-
morphic rocks. Therefore, the Na normalized ratios analyzed in the Xishui River are
not suitable for representing silicate endmember. For the Na normalized ratios of sil-
icate endmember, the data of some “truly small watersheds draining silicate rocks”
(with drainage area < 1Okm2) are referred (Edmond et al., 1994; White and Blum,
1995; Oliva et al., 2003). The ratios are 0.2—-1.0 for Ca/Na, 0.15-0.5 for Mg/Na, 0.1—
0.3 for K/Na, 0.002-0.004 for Sr/Na, and O for ClI/Na and NO3/Na (Wu et al., 2013).
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For the other five endmembers, Na normalized ratios in the Yangtze River from other
authors are used (Chetelat et al., 2008 and references therein). For every sample,
we can solve for 6 model parameters using 8 mass balance equations. It belongs to
overdetermined equations with infinite solutions. The Global Optimization program is
processed, which computes the ‘a posteriori’ set of values and propagates the errors
in the least-squares sense. Calculated contributions of different sources to Sr in river
are listed in Table 6.

In Table 6, Sr in the Xishui River is mainly from silicate weathering, atmospheric in-
put, and carbonate weathering, then followed by contribution of evaporite dissolution.
Influence of anthropogenic activities is negligible. Though the distributed area of car-
bonate rocks is only <5 % of the drainage area, it has a disproportionately important
contribution to the Sr in the Xishui River (average 19 %), being consistent with the con-
clusion of studies on major ions (Wu et al., 2013). Previous studies indicated that trace
calcite in small watersheds draining silicate rocks could contribute a large proportion
to major ions in river (Blum et al., 1998; Jacobson et al., 2002b; Oliva et al., 2004). As
8751/% gy ratios of silicate rocks in the Xishui River catchment are very close to those
of Paleozoic carbonate rocks in the Yangtze Platform (Table 4), even if the contribution
from carbonate weathering to Sr far exceeds its distributed area, it still has no obvious
decreasing influence on the 87Sr/%53r ratios of river water.

5.2 Srisotope characteristics and controlling factors in the Guijiang River
5.2.1 Spatial variations of Sr concentrations and isotopic compositions

The Guijiang River flows across the karst region intercalated by detrital rocks, sand
rocks, mud rocks and shales in southern China and granites are only exposed in
the source area Miaoershan Mountain and the upper reaches of the tributary Sigin
River. 8Sr/%®Sr ratios are 0.719558-0.724605 and Sr concentrations are 0.124—
1.098&1mo| L™ in the Guijiang River. There is strongly positive correlation between
873r/%%sr vs. 1/Sr (r2 = 0.81), indicating two-component mixing between silicate and
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carbonate weathering. Studies from other researchers showed that granites in the Gui-
jiang River catchment were characterized by extremely high 875r/%03r ratios with an av-
erage of about 0.8 (Table 4). Moreover, 8731/ Sy ratios of silicate fraction of the riverbed
sediments and soils in the Guijiang River catchment are from 0.735172 to 0.775952
with an average of 0.745891, indicating that these silicate components have high Sr
isotope values. 875r/%8 5 ratios of soils in karst cave and in profiles in the neighboring
Guizhou Province are 0.727317-0.727417 and 0.71049-0.72266 (Liu et al., 2011; Zhu
et al., 2011). As groundwater in different land use area, industrial and domestic waste,
fertilizer, and plant have low 8/ Sr/%®Sr ratios (almost entirely < 0.71, Table 5), they are
not the source of high Sr isotopic compositions of the Guijiang river water. Therefore,
those silicate components contained in the karst area should be the most important
endmember controlling the Sr isotopic characteristics of the river water. As we lack Sr
isotope data of carbonate rocks in the Guijiang River catchment, 8731/ 3r ratios of
the Late Paleozoic marine carbonate rocks in the Yangtze Platform and karst area of
neighboring province are used as another endmember (0.705890-0.708907, Huang,
1997; Zeng et al., 2007; Liu et al., 2011. Table 4). These carbonate rocks are very close
to those in the Guijiang River catchment in age, and so their 8731/%8 5y ratios are used
in many studies in karst area in Southwest China (e.g. Han et al., 2004, 2010; Jiang et
al., 2011).

In the following we only discuss the spatial variations of 8’ Sr/®°Sr ratios because of
strongly positive correlation between 873r/%83r vs. 1/Sr in the Guijiang River. 87gr/B8 gy
ratios in the mainstream are from 0.710558 to 0.716453 and exhibit an obvious vari-
ation trend (Fig. 7). High values of the headwater samples S1 and S3 (0.715849 and
0.715973) can be attributed to granites in the Miaoershan Mountain with extremely
high 873r/%gr ratios (Table 4). With abundant exposure of carbonate rocks and import
of fertilizer, urban runoff, and municipal water with low Sr isotope values (Tables 4,
5), 8731/ gr ratios obviously decrease downwards from the source area. The sample
S5 has the lowest &7 Sr/%®Sr ratio in the Guijiang River, because the Sr isotopic com-
positions of Carboniferous carbonate rocks are the lowest in late Paleozoic (Huang,
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1997). ¥ Sr/%°Sr ratios of the mainstream remarkably rise from samples S5 to S10,
and gradually decrease from S12 to S15, then fluctuate from S17 to S22. The variation
trend is inconsistent with the ' Sr/®°Sr ratios of tributaries and so it does not result
from confluence of these tributaries. Previous studies on karst water showed that the
water draining sand rocks had the highest 8751/ 3r ratios followed by dolomites then
limestones (Wang and Wang, 2005). Therefore, variation of 8731/ 3r ratios in these
reaches may be attributed to the subtle differences of underlying bedrocks and/or an-
thropogenic influence. After flowing through Pingle County, 87Sr/%5Sr ratios progres-
sively increase and reach the highest value near the river mouth. The Guijiang River
catchment downwards from Pingle flows across Cambrian strata comprising carbonate
rocks intercalated by sand rocks, mud rocks, and shales, which have higher 873r/%6sr
ratios than those of Devonian and Carboniferous (Burke et al., 1982; Huang, 1997).
Considering low 873r/88sr ratios of carbonate rocks, vegetation, fertilizer, industrial and
domestic wastewater, high Sr isotopic values of the Guijiang river water should be
caused by silicate weathering, which is consistent with high 8731/ gy ratios of silicate
fraction of riverbed sediment and soil in catchment. The tributaries Longjiang River
and Siliang River have the highest 875r/%53r ratios in the whole Guijiang River. As the
two tributaries are small enough, silicate components exposed scatteredly can have an
important influence on 875r/%°3r ratios of river water.

Generally, 8731/ Sy ratios of the Guijang River are far higher than those of the upper
and middle Pearl River (the Nanpan River of 0.70740-0.70856, Xu and Liu, 2007, and
the Xijiang River of 0.70837-0.71049, Wang et al., 2009), also higher than those of
the tributaries Wujiang River (0.707722—0.711037) and Yuanjiang River draining karst
region (0.708711-0.714479) of the Yangtze River (Han and Liu, 2004). This suggests
that although the Guijiang River is typical karst river, a few silicate components such as
granites, sand rocks, mud rocks, and shales with high Sr isotopic compositions have
very important contribution to the 873r/%°Sr ratios of river water.
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5.2.2 Source of Sr in the Guijiang River

As we lack the data of major ions in the Guijiang River, the inversion calculation can-
not be used to quantify the contribution of different reservoirs to Sr in the river. Under
this circumstance, we only roughly evaluate the contributions of silicate and carbonate
weathering to Sr. For this purpose, we neglect the contributions of anthropogenic activ-
ities and evaporite dissolution and simplify the reservoirs to only silicate and carbonate
weathering. The simple equations are:

X1 (87sr/868r)carb + X2(87sr/868r)5il = (87sr/868r)river (4)

X1+ X2 =1 (5)

Where (87Sr/868r)carb is average %’ Sr/*®Sr ratio of carbonate rocks in the catchment.
From the samples S1 to S25, underlying bedrocks are mainly Devonian and Carbonifer-
ous carbonate rocks with an average 873r/88sr ratio of 0.708075, and the river reaches
downwards from S26 flow across Cambrian strata with an average " Sr/*°Sr ratio of
0.7091 (Burke et al., 1982; Huang, 1997). (87Sr/868r)5” represents average 87gr/B8 gy
ratio of silicate components in the catchment which is about 0.75 (Table 4). X1 and
X2 is the contribution proportion of carbonate and silicate weathering. Calculated X1
is 62.1-95.8 % (average 88.6 %) and X2 is 4.2—-37.9 % (average 11.4 %). Though the
contribution from silicate weathering is small, it remarkably raises the 873r/88sr ratios
of the Guijiang River water owing to high Sr isotopic compositions.

5.3 Influence on the Sr isotope evolution of seawater and implication

The significance of river for variations in seawater 875y/%85r ratios mainly depends on
both the Sr fluxes and their 8" Sr/®Sr ratios. This can be assessed by calculating an
“excess ¥’ Sr flux” (87Srex) (Bickle et al., 2003):

87Sr,, = (87Sr/®Sr - 0.70916) x Sy, (6)
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Where Sry,, is Sr fluxes transported by rivers and 0.70916 represents 873r/%sr in
modern seawater (Hodell et al., 1990). The 87Srex of the Xishui River at Lanxi is
-0.29 x 10% mol yr'1 and -1.6 x 10° monr‘1 in winter and summer, respectively. The
negative values show that the Xishui River will cut down the Sr isotopic compositions
of seawater as a typical silicate watershed. As well as for some rivers draining young
basalts, they have low 8731/883r ratios and cannot result in noticeable increase of the Sr
isotopic compositions of seawater. For example, Yale and Carpenter (1996) observed
a correlation between the formation of large basalt provinces and decreases in the Sr
isotope ratio of the ocean. Taylor and Lasaga (1999) studied the contribution of chemi-
cal weathering of the young Columbia basalts to the Sr isotope evolution of seawater.
They concluded that sharp decreases in marine 873r/%Sr ratios reflected periods of in-
creased global weathering rates, and young and older lithologic variations could be one
of the major controlling factors on the marine Sr isotope record. Allegre et al. (2010)
proposed that intensive weathering on volcanic islands, island arcs and oceanic islands
was the missing source of mantle-derived 87gr/ sy (0.703) in seawater Sr isotope bal-
ance and represented about 60 % of the actual mantle-like input of Sr to the oceans.
On the other hand, many studies in recent years showed that the global flux of CO,
consumed by chemical weathering of basalts represented 30-35 % of the consump-
tion flux of continental silicate (e.g. Gaillardet et al., 1999; Dessert et al., 2003; Dupré
et al., 2003). In this case, river catchments with high silicate weathering rates do not
transport highly radiogenic Sr into oceans. Therefore, it may be questionable that using
of Sr isotope ratio variations of seawater to deduce the continental silicate weathering
intensity.

According to the Eqg. (6), the 87Srex of the Guijiang River at Wuzhou is
56.1 x 10° mol yr‘1. As a typical carbonate watershed, the Guijiang River has a pos-
itive effect on the increase of seawater Sr isotope ratio. Though this effect is weak (only
accounts for 0.1% of %’ Sr,, in the global rivers (83 x 10® molyr™", Davis et al., 2003))
owing to small discharge, it is mainly from the weathering of silicate components ex-
posed in the catchment. Therefore, simple discussions of either silicate or carbonate
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weathering dominating the seawater 8751/%5Sr ratio evolution are insufficient, and the
Srisotopic compositions of underlying bedrocks in catchment must also be considered.

6 Conclusions

As a typical small silicate watershed, the Xishui River has relatively high Sr concen-
trations and low &’ Sr/%®Sr ratios. An important reason is gneisses and granites widely
distributed in the catchment has rather low Sr isotope ratios. Large difference of chem-
ical weathering rates in summer and winter indicates significant influence of climate
regime. However, its influence on Sr isotope is uncertainty owing to very similar Sr
isotope values between silicate and carbonate rocks in the Xishui River catchment.
The 7Srex of the Xishui River at Lanxi is —=0.29 x 10> molyr~' and —1.6 x 10® molyr™
in winter and summer, respectively, indicating that the Xishui River decreases the Sr
isotope values of seawater. Considering low 873y/%8gr ratios of young basalts, they
may also reduce the seawater Sr isotope ratios. However, silicate weathering rates in
these river catchments are very high and so affect importantly the atmospheric CO,
consumption and the global climate change. In this sense, there is no directly corre-
sponding relationship between silicate weathering intensity and sea water Sr isotope
evolution. By contrast, the Guijiang River has low Sr concentrations and high 8751/ sy
ratios as a typical small carbonate watershed, being mainlg attributed to the weather-
ing of silicate components exposed in the catchment. The 7Srex of the Guijiang River
at Wuzhou is 56.1 x 10° monr’1, and the positive value shows that it will raise the
seawater Sr isotope ratio after transporting into oceans. Therefore, discussions of ei-
ther silicate or carbonate weathering dominating the seawater 8731/%85r ratio evolution
are problematic without connecting with studies on the Sr isotope ratios of underlying
bedrocks.
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Table 1. The sampling information of the Xishui River and Guijiang River.

Num. River Basins Locations Date Longitude  Latitude Ele. Temp.  pH EC
m °C pscm™
The Xishui River
Winter
XS-01*  Xishui R. Lanxi 25 December 2010  115°08'40”  30°21'25" 15 9 77 183
XS-02*  Xishui R. Guankou 25 December 2010  115°20'13”  30°32'24" 43 10.3 7.9 125
XS-03*  Shenjia R. Bailianhe 25 December 2010  115°25'29” 30°37'11” 60 9.1 8 183
XS-04*  Xishui R. Bailianhe 25 December 2010  115°26'20”  30°35'42"” 61 107 7.8 122
XS-05°  Xihe R. Yinshan 25 December 2010 115°38'31"  30°43'38" 101 8.2 7.9 109
XS-06*  Donghe R. Yangliuwang 26 December 2010 115°44'52"  30°47'13" 131 92 78 155
XS-07*  Xihe R. Jinjiapu 26 December 2010  115°37'53” 30°52'05" 126 6.2 7.86 93.1
XS-08*  Xihe R. Shitouzui 26 December 2010  115°47'10” 31°01'05" 198 45 7.8 99.1
XS-09°  Xihe R. Wouijiashan 26 December 2010  115°49'35"  31°04'28" 277
Snow Lanxi 25 December 2010  115°08'40" 31°04'28" 22
Summer
XS-01 Xishui R. Lanxi 9 July 2011 115°08'40" 30°21'25" 15 28 126
XS-02 Xishui R. Guankou 9 July 2011 115°20'13"  30°32'24" 43 23 142
XS-03 Shenijia R. Bailianhe 9 July 2011 115°25'29"  30°37'11" 60 21 131
XS-04 Xishui R. Bailianhe 9 July 2011 115°26'20" 30°35'42" 61 22 140
XS-05 Xihe R. Yinshan 9 July 2011 115°38'31" 30°43'38" 101 28 140
XS-06  Donghe R. Yangliuwang 9 July 2011 115°44'52"  30°47'13" 131 24 160
XS-07 Xihe R. Jinjiapu 9 July 2011 115°37'53" 30°52'05" 126 22 133
XS-08 Xihe R. Shitouzui 9 July 2011 115°47'10" 31°01'05" 198 20 109
The Guijiang River
GJ-01* LinR. Rongjiang 26 July 2010 110°28'36" 25°33'48" 184 28 7.99 236
GJ-02°  Darong R. Rongjiang 26 July 2010 110°28'18” 25°33'52" 186 276 7.37 71
GJ-03* LiR. Rongjiang 26 July 2010 110°27'26" 25°33'14" 179 273 7.39 74
GJ-04 Gantang R. Tanxia 27 July 2010 110°17'28" 25°27'25" 168 25 7.58 152
GJ-05 LiR. Guilin 27 July 2010 110°19'38" 25°21'19” 154 282 7.62 170
GJ-06 Taohua R. Guilin 27 July 2010 110°17'02" 25°16'32" 153 285 7.27 229
GJ-07 LiR. Guilin 27 July 2010 110°18'58" 25°13'53" 148 28.1 7.3 172
GJ-08 Li R. Zhemu 27 July 2010 110°20'58" 25°12'13" 146 28.7 7.31 166
GJ-09% Liangfeng R. Zhemu 27 July 2010 110°21'04"  25°11'59" 147 298 7.41 316
GJ-10* LiR. Majiafang 27 July 2010 110°23'13"  25°10'44" 141 29.3 7.41 177
GJ-11*  Chaotian R. Daxu 27 July 2010 110°25'45"  25°10'38" 136 30.6 8.56 207
GJ-12 LiR. Guanyan 27 July 2010 110°26'52" 25°03'16" 128 30.5 8.38 182
GJ-13 Underground R.  Guanyan 27 July 2010 110°27'25" 25°02'57" 129 223 8.13 258
GJ-14 Li R. Guanyan 27 July 2010 110°27'14"  25°02'38" 128 30.5 8.31 182
GJ-15° LiR. Xinping 27 July 2010 110°31'07" 24°55'20" 118 298 7.78 185
GJ-16  Longjin R. Xinping 28 July 2010 110°31'35" 24°55'04” 119 28,6 7.77 228
GJ-17 Li R. Xinping 28 July 2010 110°31'05" 24°54'45" 118 29.8 7.78 186
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Table 1. Continued.

Num. River Basins Locations Date Longitude Latitude Ele. Temp. pH EC

m °C pscm™
GJ-18 LiR. Yangshuo 28 July 2010 110°30'00” 24°46'10" 112 30.5 8.14 189
GJ-19° Yulong R. Yangshuo 28 July 2010 110°30'40" 24°46'05" 112 312 81 238
GJ-20° LiR. Yangshuo 28 July 2010 110°31'02" 24°46'42" 112 306 82 193
GJ-21  LiR. Pingle 28 July 2010  110°36'44” 24°38'28" 104 30.5 7.98 191
GJ-22° LipuR. Pingle 28 July 2010 110°36'43" 24°37'57" 103 30.2 7.72 159
GJ—23* LiR. Pingle 28 July 2010 110°37'40” 24°37'48" 103.5 30.3 7.96 175
GJ—24* Gongcheng R. Pingle 28 July 2010 110°38'15" 24°37'58" 104 30.4 8.01 201
GJ-25° GuiR. Pingle 28 July 2010  110°40'10" 24°37'00" 102 30.1 7.93 192
GJ-26 GuiR. Guihua 29 July 2010  110°46'06" 24°15'31" 76 304 7.71 190
GJ-27  Guihua R. Guihua 29 July 2010  110°45'46" 24°15'06" 76 30.7 8.12 164
GJ-28 GuiR. Guihua 29 July 2010  110°47'44" 24°14'46" 75 30.3 7.78 184
GJ-29 GuiR. Zhaoping 29 July 2010  110°50'20" 24°11'47" 55 30.3 7.81 176
GJ-30% Sigin R. Zhaoping 29 July 2010 110°50'34" 24°11'30" 55 30 8.01 142
GJ-31* GuiR. Zhaoping 29 July 2010 110°49'57" 24°10'48" 53 28 7.76 178
GJ-32 GuiR. Majiang 29 July 2010  111°02'12" 23°53'44" 33 30.3 7.73 152
GJ-33% FuginR. Majiang 30 July 2010 111°02'16" 23°52'38" 34 294 7.64 132
GJ-34° GuiR. Majiang 30 July 2010 111°01'29” 23°52'07" 32,5 304 7.8 152
GJ-35 GuiR. Changfa 30 July 2010 111°05'58" 23°43'01" 23.5 30.3 7.76 145
GJ-36  Longjiang R. Changfa 30 July 2010 111°06'09” 23°41'51" 23 269 7.11 36
GJ-37 GuiR. Changfa  30July 2010 110°07'47" 23°38'35" 21 301 7.8 143
GJ-38 GuiR. Hekou 30 July 2010 111°18'17" 23°32'29" 11 29.8 7.69 138
GJ-39  Siliang R. Hekou 31July 2010 111°18'32" 23°32'04" 11 285 6.78 89
GJ-40° GuiR. Hekou 31July 2010 111°18'37" 23°31'30" 10 30.5 7.67 138

Rain Zhaoping 29 July 2010 110°49'57" 24°10'48" 53

2 Riverbed sediments were also collected. ° Riverbed sediments and soils were also collected.
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Table 2. The Sr isotopic compositions and parts of major ion concentrations in the Xishui River

and Guijiang River.

Num. River Basins Ca Mg K Na Cl HCO; 8O, NO, Si Sr 87sr/fsr 20
pmol L~
The Xishui River®
Winter
XS-01 Xishui R. 427 201 792 384 149 1320 119 112 220 2.59 0.708900 3
XS-02 Xishui R. 274 125 411 261 9238 872 100 46.3 197 2.10 0.708850 4
XS-03 Shengjiahe R. 491 233 49.0 361 113 1537 122 28.9 278 3.17 0.708773 6
XS-04 Xishui R. 289 131 448 285 86.9 918 954 473 220 2.23 0.708873 3
XS-05 Xihe R. 252 120 35.1 268 87.9 684 119 35.7 206 2.02 0.708515 4
XS-06 Donghe R. 345 153 39.4 425 126 930 155 342 307 232 0.708718 5
XS-07 Xihe R. 211 934 29.8 230 50.2 621 114 511 164 1.62 0.709305 3
XS-08 Xihe R. 231 109 285 218 57.0 690 118 39.8 199 1.73 0.709302 2
XS-09 Xihe R. 130 54.0 186 149 318 394 709 16.7 224 1.30 0.709104 2
Snow 66.4 13.1 211 384 389 105 324 93.3 4.04 0.308 0.709495 4
Summer
XS-01 Xishui R. 268 151 46.2 291 168 730 133 66.8 130 1.562 0.708778 3
XS-02 Xishui R. 324 151 47.0 366 155 905 127 51.6 200 1.70 0.708790 5
XS-03 Shengjiahe R. 287 138 454 324 140 801 116 51.1 132 1.51 0.708969 7
XS-04 Xishui R. 341 146 504 351 135 883 124 53.7 179 1.14 0.708999 3
XS-05 Xihe R. 313 139 435 361 153 847 162 55.6 194 0.468 0.708686 5
XS-06 Donghe R. 371 150 44.6 432 170 1011 146 51.6 281 0.890 0.708739 4
XS-07 Xihe R. 258 128 37.7 396 130 765 153 38.7 154 1.48 0.709043 5
XS-08 Xihe R. 250 120 335 263 109 603 150 32.3 153 1.39 0.709148 8
The Guijiang River®
GJ-01 Lin R. 0.851 0.711293 6
GJ-02 Darong R. 286 62.6 20 60.9 488 370 885 131 0.371 0.715849 6
GJ-03 Li R. 0.389 0.715973 3
GJ-04 Gantang R. 335 21.0 897 217 279 630 47.3 434 0.576 0.712037 4
GJ-05 Li R. 797 733 318 141 134 1600 117 129 1.098 0.710558 5
GJ-06 Taohua R. 0.743 0.712451 5
GJ-07 Li R. 0.786 0.711876 6
GJ-08 Li R. 0.737 0.712369 12
GJ-09 Liangfeng R. 0.899 0711612 4
GJ-10 Li R. 0.741 0.712728 50
GJ-11 Chaotian R. 967 128 17.7 344 584 2099 79.8 93.1 0.811 0.713659 3
GJ-12 Li R. 0.754 0.712393 35
GJ-13 Underground R. 0.743 0.712359 4
GJ-14 Li R. 0.749 0.712077 3
GJ-15 Li R. 0.745 0.712084 4
GJ-16 Longjin R. 0.764 0.714377 3
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Table 2. Continued.

Ca

Mg

Na

Cl

HCO,

so,

NO,

Si

Sr

Num. River Basins 5srsr 20
umol L
GJ-17 LiR. 0.738 0.712204 4
GJ-18 LiR. 0.750 0.712039 4
GJ-19 Yulong R. 1327 346 203 57.8 976 3130 135 133 0.694 0.712706 5
GJ-20 LiR. 893 959 313 111 107 1754 130 737 0.743 0.712200 8
GJ-21 LiR. 0.746 0.712078 7
GJ-22 LipuR. 700 189 50.8 127 121 1250 249 67.1 0.829 0.711712 6
GJ-23 LiR. 0.792 0.711911 4
GJ-24 GongchengR. 705 174 259 535 638 1320 96.1 107 0.702 0.712568 6
GJ-25 GuiR. 0.727 0.712372 3
GJ-26 GuiR. 0.711  0.712402 4
GJ-27 Guihua R. 0.615 0.712943 6
GJ-28 GuiR. 0.689 0.712483 3
GJ-29 GuiR. 0.647 0.712709 6
GJ-30 Sigin R. 743 163 46.7 118 114 1688 114 62.4 0.607 0.713242 3
GJ-31 GuiR. 816 134 351 99.1 984 1655 137 58.7 0.646 0.712750 7
GJ-32 GuiR. 0.567 0.713365 4
GJ-33 Fugin R. 478 145 456 822 886 1100 90.6 60.2 0.697 0.712798 4
GJ-34 GuiR. 0.576 0.713128 5
GJ-35 GuiR. 690 138 31.3 874 849 1450 116 51.0 0.555 0.714357 8
GJ-36 Longjiang R. 785 741 338 106 47.4 270 48.6 56.5 0.124 0.724605 5
GJ-37 GuiR. 0.554 0.714018 5
GJ-38 GuiR. 0.516 0.714343 3
GJ-39 Siliang R. 0.361 0.720095 3
GJ-40 GuiR. 0.534 0.716453 4
Rain Rain 0.110 0.710416 3

& Major ion concentrations in the Xishui River were from Wu et al. (2013). b Major ion concentrations in
the Guijiang River were cited from Zhang et al. (2012b). Comparing with our samples, they were

collected in different time (April 2012), and so can only be a reference.
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Table 3. Sr isotopic compositions of the Xishui River and Guijiang River riverbed sediments
and soils.

HESSD
10, 8031-8069, 2013

Num. Sr (ug/g9) 85rfesr 20

The Xishui River sediments

XS-01 249 0.710139
XS-02 354 0.709188
XS-03 255 0.712616
XS-04 232 0.711184
XS-05 396 0.707058
XS-06 423 0.708789
XS-07 362 0.709222

Jaded uoissnasiqg

Sr isotopic
characteristics in
small watersheds

W. H. Wu et al.

XS-08 378 0.709050
XS-09 448 0.708784

The Guijiang River sediments

GJ-01 41.6 0.743134
GJ-02 43.9 0.757536
GJ-03 56.6 0.738083
GJ-09 61.6 0.739180
GJ-10 54.6 0.742779
GJ-11 58.1 0.742161
GJ-15 49.1 0.744003
GJ-19 63.6 0.737776
GJ-20 47.8 0.758427
GJ-22 87.0 0.737306
GJ-23 77.3 0.737048
GJ-24 85.1 0.735172
GJ-25 93.8 0.735274
GJ-30 55.1 0.748129
GJ-31 59.6 0.740296
GJ-33 38.3 0.775952
GJ-34 52.2 0.761448
GJ-40 58.3 0.750115

The Guijiang River soils

GJ-15 55.4 0.744095
GJ-19 48.3 0.749902 3
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O
(2}
Table 4. Sr isotopic compositions of underlying bedrocks in the Xishui River and Guijiang River g HESSD
catchments. 2
= 10, 8031-8069, 2013
Lithologies 85r/%°sr  Data Source %)?

The Xishui River catchment Q Sr isotopic
Granitoids 0.708229-0.716990 Ge et al. (2001a) B  characteristics in
Granitoids 0.707934-0.713695 Chen et al. (2002) . small watersheds
Granitoids 0.707040-0.712890 Zhang et al. (2002) @ W H. Wu et al
Gray Gneisses 0.707482-0.719772 Zheng et al. (2000) o o :
Pyroxenite/gabbro 0.706839-0.708556 Jahn et al. (1999) &

Mafic-ultramafic Rocks 0.706071-0.703955 Li et al. (1998) ?U
Eclogites 0.705388-0.710926  Liu et al. (2000) o [ itepage
Complex 0.707109-0.707611 Wawrzenitz et al. (2006) @
Mafic igneous 0.707791-0.709900 Wang et al. (2005) - - -
The Guijiang River catchment . - -
Granitoids 0.72261-0.99180 Zhu et al. (1989) g
Granitoids 0.733000-1.025912 Gu et al. (2006) § i i
Granitoids 0.738-1.003 Xu and Zhang (1993) o
Granitoids 0.77007-0.89397 Xu et al. (1994) -30 ! !
Granitoids 0.720065-0.787221 Zhang et al. (2012a) =
Carbonate rocks ? 0.70589-0.70882 Huang (1997) g - -
Carbonate rocks * 0.708223-0.708907 Zeng et al. (2007) . - -
e b
Dolomitic limestone 0.70775 Liu et al. (2011) % _
Soil ° 0.71049-0.72266 g
(2}
Soil ® 0.727317-0.727417 Zhu et al. (2011) )
& Paleozoic carbonate rocks in the Yangtze Platform. P Karst area in the neighboring Guizhou éo _
Province. @
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Table 5. Sr isotopic compositions of fertilizer, wastewater, groundwater, and plant in different

land use patterns in karst area.

Sr(ugg™) 87gr/%sr  Data Sources

Irrigation water 0.039 0.71234

Hosono et al. (2007)
Basal fertilizer 0.017-0.057 0.70827-0.70967
Supplemental fertilizer 0.044-0.084 0.70894-0.71020

. . o a
Liquid fertilizer 0.948 0.708078 Brenot et al. (2008)
Solid fertilizer 202 0.703313
. a

Winter sewage 6.28-10.3 0.70804 Lang et al. (2006)
Summer sewage® 4.91-8.90 0.70800
Industrial wastewater® 10.3 0.70766

Li et al. (2010)
Domestic wastewater® 4.57-5.02 0.70762—-0.70820
Farmland spring® 0.92-6.62 0.70794-0.70848
Residential area spring® 1.26-4.45 0.70818-0.70835
Cultivated land groundwater® 2.97-5.63 0.70814-0.71097

Jiang et al. (2009)
Grass land groundwater® 1.93-2.42 0.70758-0.70962
Construction land groundwater® 3.71-7.63 0.70994-0.71089
Forested land groundwater® 0.82-2.05 0.70778-0.70942
Plants 4.9-222 0.70856-0.71145 Zheng et al. (2008)

& The unit of Sr concentrations is pmol L.
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Table 6. The contributions of different sources to Sr in the Xishui River solved by an inversion

model.

Atmospheric Urban Agriculture  Evaporite Carbonate Silicate

Winter 8.6— 0-0.4% 0 0-18.9% 8.4-28.7% 32.7-55.1%
56.9 % (0.1 %) (3.2%) (18.7 %) (41.2%)
(36.8 %)

Summer 0.8— 0-1.6% 0 6.5— 13.5-24.8% 42.2-69.4%
25.4% (0.5 %) 15.7 % (18.5%) (50.1 %)
(19.5%) (11.4%)
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Fig. 1. Map of the Xishui River catchment and sampling locations (filled red circles).
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Fig. 2. Geological map of the Xishui River catchment (Modified from China Geological Survey,

2004).
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Fig. 3. Map of the Guijiang River catchment and sampling locations (filled red circles).
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[ 5K Clastic Rocks
- Neo-Proterozoic Carbonate,
Metamorphic Rocks

Gkl Granites

Fig. 4. Geological map of the Guijiang River catchment (Modified from China Geological Sur-
vey, 2004). E: Cambrian mixed-layer; E;_,: limestones/dolomites intercalated shales; E,_js:
limestones intercalated shales; O: Ordovician mixed-layer; O,: shales, mud rocks, limestones,
and dolomites; D4: sand rocks, mud rocks and few carbonate rocks; D,: carbonate rocks and
detrital rocks; D,_5: carbonate rocks, sand rocks, and mud rocks; D5: carbonate rocks; D;—Cy:
detrital rocks, carbonate rocks, and mud rocks; D—C: Devonian—Carboniferous mixed-layer; C:
Carboniferous mixed-layer; C,: carbonate rocks, sand rocks, and mud rocks intercalated coals.
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Fig. 5. A plot of 875r/%8Sr vs. 1/Sr in the Xishui River and Guijiang River. The filled triangles are
the samples in the Guijiang River, and the filled and open circles represent the samples in the
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Xishui River in winter and summer, respectively.
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Fig. 6. Temporal and spatial variations of Sr concentrations (a) and & Sr/®Sr ratios (b) in the
Xishui River. The filled and open circles represent the samples in winter and summer, respec-

tively.
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Fig. 7. Spatial variations of Sr concentrations (a) and & Sr/*°Sr ratios (b) in the Guijiang River.
The filled and open circles represent the samples in the mainstreams and tributaries, respec-

tively.
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