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Monitoring and sampling of soil waters, and cave drip waters were performed monthly at four caves
of Guizhou, Southwest China, from April 2003 to May 2004, in order to comparatively study the control
factors of stable isotope in drip waters and their corresponding speleothems. 8D and §'80 were measured
for all samples including precipitation, soil waters, drip waters and modern speleothems. These results
indicate that the amplitudes of the isotope values decrease gradually from precipitation to drip water
in these caves, obviously suggesting the homogenization. Under certain conditions, it is possible to use
speleothems to study high resolution (seasonal, even monthly) paleoclimatic changes in Liangfeng Cave
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p(r)éc‘i/;?t::ion (LFC) and Qixing Cave (QXC), but only low resolutions (more than a year) could be reached in Jiangjun
Speleothem Cave (JJC) and Xiniu Cave (XNC). The relationships between local meteoric water line (LMWL) and iso-
Guizhou topic data of fluid inclusions in speleothems from the four caves can estimate local paleoclimate and

China paleoenvironment; however, it is debatable whether d-excess values can predict them. The effects of
hydrological processes on the §'80 values in drip waters cannot be ignored. Hydrochemistry may cause
isotopic disequilibrium in the formation of speleothems.

© 2012 Elsevier GmbH. All rights reserved.

1. Introduction

In the past few decades, many significant progresses have been
made in using oxygen isotope compositions (§180) in speleothems
to restore and reconstruct paleoclimate, which can be represented
mainly in two aspects: paleotemperature (e.g. Griffiths et al., 2010;
Wackerbarth et al., 2010; Zhang et al., 2008), and paleomonsoon
or paleoprecipitation (e.g. Bar-Matthews et al., 2010; Breitenbach
etal.,2010; Caietal.,2010; Cosford et al., 2008; Dykoski et al., 2005;
Hu et al., 2008; Liu et al., 2010; Tan et al., 2009).

However, some results (e.g. Breitenbach et al., 2010; Hu et al,,
2008; Tan et al., 2009; Zhang et al., 2008) were calibrated by mete-
orological record. Serefiddin et al. (2004) displayed that among
different coeval speleothems from the same cave, there is a signif-
icant difference of oxygen isotopes (up to 4%.), which may result
from different drip water pathways or changes in catchment area;
in modern drip waters from different sites, the difference is as much
as 5%., which presumably relates to subtle differences in routes.
Many studies have shown that local precipitation, temperature,
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evaporation, water residence time and mixing between new and
old waters can affect §180 values in drip water (Baldini et al., 2008;
Bradley et al., 2010; Lachniet, 2009; Li et al., 2000; Riechelmann
et al.,, 2011). The isotope fractionation processes occurring during
precipitation of calcite inside the cave and on the stalagmite sur-
face also have a large effect on speleothem stable isotope signals
(Dorale and Liu, 2009; Dreybrodt and Scholz, 2011; Miihlinghaus
et al., 2009; Mickler et al., 2004, 2006; Polag et al., 2010; Scholz
et al., 2009; Wiedner et al., 2008).

Recently, Lachniet (2009) summarized previous studies about
the factors on the 8180 values in cave drip water: (1) primary con-
trols of 8180 in the atmosphere include temperature and relative
humidity through their role in the multiple isotope “effects”; (2)
variability and modifications of water §'80 values in the soil and
epikarst zones are dominated by evaporation, mixing, and infiltra-
tion of source waters; (3) the isotopically effective recharge into a
cave system consists of those waters that participate in the precipi-
tation of CaCOs, resulting in different calcite deposition rates which
may be biased to periods with optimal drip water saturation state.

Thus, oxygen isotope variations reflect a more complex array of
processes including temperature driven changes in isotopic frac-
tionation during calcite precipitation and changes in sources of
moisture in the hydrological cycle (Dreybrodt and Scholz, 2011;
Lachniet, 2009; McDermott, 2004; Moreno et al., 2010). No single
dominant process, or simple set of processes affecting isotope sig-
nal, exists (Dayem et al.,2010). And in the sense, each cave is unique
(Spotl et al., 2005).


dx.doi.org/10.1016/j.chemer.2012.05.002
http://www.sciencedirect.com/science/journal/00092819
http://www.elsevier.de/chemer
mailto:wjluo2004@yahoo.com.cn
mailto:wangshijie@vip.skleg.cn
dx.doi.org/10.1016/j.chemer.2012.05.002

206 W. Luo et al. / Chemie der Erde 73 (2013) 205-215

Therefore, an understanding of the processes that control equi-
librium and kinetic fractionation of oxygen isotopes in water and
carbonate species is essential for the proper interpretation of
speleothem 8180 as paleoclimatic and paleoenvironmental proxies,
and is best complemented by cave monitoring such as infiltration,
flow routing, drip seasonality and saturation state, and cave micro-
climate, among others (Lachniet, 2009).

The 8D (§2H) and 8180 values in precipitation and cave drip
water have become focus of monitoring and researching modern
environment, and some consensus have been achieved. In general,
the 8D and 8180 values in precipitation have a significant seasonal
variation (Cobb et al., 2007; Fuller et al., 2008; Pape et al., 2010); the
8D and 880 values in soil water have a larger seasonal variation,
which generally becomes less obvious with increasing soil depth
(Cruzetal., 2005; Yonge et al., 1985); however, the §D and §180 val-
ues in drip water have a much lower seasonal variation (Cobb et al.,
2007, Pape et al., 2010), and some are almost constant (Fuller et al.,
2008; Yonge et al., 1985), which are homogenized (Cruz et al., 2005;
Onac et al., 2008) or buffered (Perrin et al., 2003; Schwarz et al.,
2008) to various extents. In humid areas, average isotopic compo-
sitions in drip water are mostly similar to the weighted average
in local precipitation (Cobb et al., 2007; Fuller et al., 2008; Yonge
etal., 1985). However, in arid or semi-arid areas, where evaporation
is stronger, the 8D and §'80 values in drip water should be heavier
to varying degrees than the weighted average in local precipita-
tion (Ayalon et al., 1998; Bar-Matthews et al., 1996; Griffiths et al.,
2010). The potential evapotranspiration (PET, i.e., the combination
of evaporation and transpiration in the soil zone) have a signifi-
cant effect on the §180 value of cave drip water (Riechelmann et al.,
2011) and this impact has been modeled in a recent publication
(Wackerbarth et al., 2010).

In short, under different climatic conditions or among differ-
ent caves under the same climatic condition, the transmissions of
isotopic signals have their own uniqueness, due to the complex-
ity and uncertainty of various factors. Therefore, to interpret more
accurately oxygen isotope signals in speleothem, more related
researches must be carried out. In this study, we will comparatively
discuss some potential factors that result in changes of oxygen iso-
tope compositions in drip water and its corresponding speleothem
on the basis of hydrogen and oxygen isotopic data in various waters
from four caves, where climatic and environmental conditions are
not exactly the same.

2. Study sites

Study areas are located in Guizhou province, southwest China
(Fig. 1).The four caves studied are Liangfeng Cave (LFC), Qixing Cave
(QXC),Jiangjun Cave (JJC) and Xiniu Cave (XNC), respectively. There
are some differences in the geological backgrounds, the surface
environments (such as soil and vegetation), and climate (such as
precipitation and temperature) (Table 1), making response times of
drip waters to local precipitation in the four caves largely different
(Zhou et al., 2005). Sampling sites are shown in Fig. 1.

Fig. 1 indicates that the whole study area is located in the junc-
tion of two major summer monsoons in China (East Asian monsoon
and Indian monsoon) (Wang and LinHo, 2002). LFC and QXC, closer
to the effect sphere of East Asia monsoon, are affected more fre-
quently by East Asia monsoon than JJC and XNC, which are near
the effect regions of Indian monsoon, and vice verse (Fig. 1). This
deduction is confirmed by isotopic and precipitation data of Guilin
and Guiyang from IAEA. The peak of monthly rainfall in Guilin
occurs earlier than that of Guiyang, and the §'80 values in sum-
mer precipitation from Guilin are significantly heavier than those
from Guiyang, i.e. the former (precipitation characteristics) maybe

is controlled by the different monsoon systems, and the later (iso-
tope difference) may be mainly altitude effect (Table 2 and Fig. 2).

3. Methods

Some sites were selected for sampling soil waters overlying LFC, QXC, JJC and
XNC (similar order hereinafter). These sampling sites are at 50 cm depth from surface
except that No. 1 in LFC and QXC are at 50 and 100 cm depth. The numbers of drip
sites selected in the main channels of the caves were five, nine, four and three,
respectively (Fig. 1).

All samples were collected between April 2003 and May 2004. Samples include
precipitation, soil water, drip water (including the ceiling and the floor drip waters,
but if there is no special description, “drip water” represents the floor drip water)
and its corresponding modern speleothems, which were collected by a watch glass
placed under the drip site in June 2003 and repossessed in June 2004. Thus, the
precipitated calcite reflects the mean value of one year, and potential seasonal
variability cannot be resolved. Except for precipitation (no water was collected in
some winter months because of small precipitation intensity in winter in Guizhou,
China) and speleothem, other samples were collected in April, June, July, August,
September, October in 2003 and February or March, April, May or June 2004. The
watch glass was taken away from drip site when drip water was collected using a
glass container pre-cleaned by rinse using 2-3 N HCl, followed by deionized water,
and finally dried at about 105 °C, after put back. In addition, environmental and cli-
matic data such as air temperature and relative humidity in cave were recorded
during the sampling time.

Oxygen isotope compositions in speleothems were determined by Stable Iso-
tope Ratio Mass Spectrometer (Finnigan MAT-252) via a series of processes including
triturated powder of less than 50 meshes for more quickly reacting with anhydrous
phosphoric acid to get CO,, and purified CO,. The measurements reported here have
a general precision of about +0.3%. for oxygen-18, at one standard deviation level.
Hydrogen and oxygen isotopes in various water samples were determined by Mul-
tiFlow Continuous Flow Isotope Ratio Mass Spectrometer (IsoPrime-GC, UK), and
revised using the standard waters (such as SLAP: Standard Light Antarctic Precip-
itation and GISP: Global Network of Isotopes in Precipitation). The measurements
reported here generally have a long term precision of about +0.1%. for oxygen-18
and +2%, for deuterium, at one standard deviation level.

4. Results
4.1. Oxygen isotope composition in precipitation

Table S1 shows that the precipitation §'30 values in the four
cave regions range from —10.1%. to 0.0%., —13.4%. to —0.5%o,
—14.6%- to —3.3%. and —14.7%. to —0.9%., respectively; their arith-
metic means are about —6.0%. (n=27), —7.0%. (n=39), —9.5%.
(n=16) and —8.6%. (n=16), respectively; the weighted averages
are about —7.9%. (n=27), —8.2%. (n=39), —10.8%. (n=16) and
—10.7%. (n=16), respectively. That is, precipitation §'80 aver-
ages are LFC>QXC>XNC=>]JC, which is lighter than data near
the stations from IAEA (see Table 2). While this may result from
incomprehensive sampling (no water was collected in some winter
months (Table S1), which has a weightier isotope composition than
that in summer, seen in Fig. 2) and/or inter-annual variation of oxy-
gen isotope compositions in precipitation, the relations between
different regions are consistent with those from IAEA data (5§80
values in precipitation: Guilin > Guiyang, see Table 2).

4.2. Oxygen isotope composition in soil waters

The 5180 values in all soil waters range from —8.6%. to —2.0%.,
about —5.8+2.3% (n=15) on average. In LFC, the average 8180
value is about —5.5+2.2% (n=11) at 50cm depth, and about
—6.4+2.6% (n=4) at 100cm. In QXC, the §'80 values in soil
waters vary between —8.8%. and —2.8%., and the average is about
—5.74+2.1%. (n=20) - about —5.8 +£2.3%, (n=15) at 50 cm depth
and about —5.3 & 1.4%. (n=>5) at 100 cm depth. In JJC, the §180 val-
uesin soil waters are between —9.0%. and —4.4%., and the average is
about —6.4 4+ 1.7%. (n=9) at 50 cm depth. In XNC, we only collected
four soil water samples, and their §'80 values are —10.1%. (July
2003), —10.9%. (August 2003), —10.1%. (August 2003) and —6.3%.
(June 2004) (Table 3).
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Fig. 1. Locations of the four caves (SW: soil water; 1#: drip water No. 1 and the rest may be deduced by analogy).

207



208 W. Luo et al. / Chemie der Erde 73 (2013) 205-215

Table 1
General information of the four caves.

LFC QXC Jic XNC
Site Libo Duyun Anshun Zhenning
Longitude 108°03'E 107°16'E 106°04'E 105°47'E
Latitude 25°16'N 25°59'N 26°17'N 26°04'N
Altitude of cave entrance (m) 620 1020 1360 1300
Lithology Limestone Dolomitic limestone Dolomite Dolomite
Vegetation Karst primary forest Brushwood Scrub tussock Thorn tussock
Soil thickness mean (range) (cm) 27 (0-135) 33 (6-180) 26 (0-130) 21(0-55)
Soil tightness Loose Tight Very loose Very tight
Soil texture Loamy Clay Loamy Clay
Soil porosity Moderate Small Moderate Small
Thickness of cave roof (m) 80-140 50-90 50-60 20-60
Bedrock fracture Large Small Large Small
MAT (°C) 18.6 16.6 14.0 15.4
AP (mm) 1118.7 1185.1 936.9 932.6
MCAP (°C) 151+1.3 13.5+1.7 145+1.1 17.0+1.2
MRH (%) 77.46 £3.15 76.99 £3.10 79.13+£4.23 7744 £3.95
MCRH (%) 98+2 98+2 98+2 99+1

MAT: mean annual temperature; AP: annual precipitation; MCAT: mean cave air temperature; MRH: mean air relative humidity; MCRH: mean cave air relative humidity.

Table 2
The basic information and LMWL in Guilin and Guiyang of southwest China (data from IAEA).
Site Longitude Latitude Altitude/m MAP/mm MAT/°C Date n Weighted Weighted LMWL (n=12)
mean §'80 mean 8D
Guilin 110.08E 25.07N 170 1531 19.0 1983/1-90/12  91/92  —6.2% —36%o 8D=8.58'80+17.1
Guiyang  106.43E 26.35N 1071 960 15.3 1988/2-92/12  58/58  —8.3% —52%o 8D=9.18'80+24.3
350¢[Precipitation --g-- Precipitation—=—, 35 ~ —5.8 £0.3%0 (n=4). Similarly, 2# and 3# in JJC are classified into
Jemperetite | SHRETS 30 3 Group I, both with a §'80 value of —6.9%., and 1# (—7.8%.) and 4#
x* Y - SLELT' Y £ . .
o) 300 Guilin ] : N .o Guiyang 25 3 (—9.0%.) into Group II, with an average of —8.4 + 0.9%. (n=2). There
E 50 ) 56 g isadifference over 1.5%. between Group I and Group Il for both QXC
g g and JJC.
§ 200 15 & In addition, we found that cave air temperatures were lower
k= 10 (more than 3 °C) than mean annual temperature (MAT) in the LFC
3 150 5 5 and QXC, but not in other two caves (Table 1). LFC is ventilated
. 100 0 g seasonally, and other three caves were not found.
wn
-5 .
50 =X . .
-0y 5. Discussion
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Fig. 2. The seasonal changes of precipitation, temperature and oxygen isotope val-
ues in precipitation in Guilin (1983-1990) and Guiyang (1988-1992) (all data from
IAEA).

4.3. Oxygen isotope composition in drip waters

Table 5 shows that the drip water 880 values in the four
caves range from —8.3%. to —5.7%0, —8.3%. to —4.3%., —9.2%. to
—6.8%0, and —9.2%. to —6.8%., respectively, and their averages are
—7.0+£0.6%0(n=39), —6.8 £0.7%-(n=70), —8.2 £ 0.7%. (n=33), and
—7.9+0.5% (n=27), respectively.

4.4. Oxygen isotope composition in modern speleothems

Table 4 shows that the §!80 values in modern speleothems
are basically equivalent within LFC and within XNC, ranging from
—7.0%0 to —6.7%. (average —6.8 +0.1%., n=5) and —8.3%. to —7.7%o
(average —8.0+0.3%., n=3), respectively. However, in QXC and
JJC, there are very significant inter-cave differences. These modern
speleothems can be classified into two groups according to 5180
values. 1#, 2#, 6#, 7# and 8# in QXC are classified into Group I,
with high 8180 values (between —4.9%. and —4.0%.) and an aver-
age of —4.440.4%. (n=5), and 3#, 4#, 5# and 9# into Group II, with
low 8180 values (between —6.1%. and —5.5%.) and an average of

Fig. 3 shows that 8D and §'80 data from soil waters plot near
or on top left of the Local Meteoric Water Lines (LMWL) from
isotopic data in the LFC and QXC regions, but near or on bot-
tom right of the LMWLs (or WML) in the JJC and XNC regions.
Some researchers found similar results (Carrasco et al., 2006; Cruz
et al.,, 2005; Vaks et al., 2003). According to Fig. 3, both relations
between isotopic data and LWMLs (or WML) possibly result from
re-condensation and re-evaporation or secondary evaporation, and
the effects of water-rock interaction are not obvious. These sta-
ble isotopic characteristics exhibit different climatic characteristics
in the two sub-regions (southeast Guizhou and western-centre
Guizhou). That is, in the LFC and QXC region, where atmosphere
is more stable with weaker wind and more sunny days, which
will promote the loss of ground heat, the “secondary condensation
water” (as dew drops) recharges soil water under higher vegetation
cover, thereby supplying deeper percolation water (as drip water)
(Ingraham and Matthews, 1988, 1990, 1995; Liu et al., 2004). As a
result, the partial isotope data in drip waters plot on the top left of
LMWL (Cui et al., 2009; Liu et al., 2005, 2007; Scholl et al., 2002). On
the contrary, in the JJC and XNC area, where atmosphere is more
active with stronger wind and more cloudy days, which will prevent
rapid loss of ground heat, the partial isotope data in soil waters and
drip waters plot on the bottom right of LMWL due to re-evaporation
effect (Fig. 3).
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Table 3
Hydrogen and oxygen isotope compositions in soil water.

Cave Sampling date Sample 5180 (%o) 8D (%o) d-Excess

50(1)? —6.8 —48 6.4

07/11/03 100(1) 6.4 -33 188

50(1) -8.0 -53 102

09/15/03 100(1) -82 -57 8.3

50(1) -6.9 -52 34

50(2) -7.9 -55 8.0

10/16/03 50(3) -86 -55 13.7

LFC 100(1) -83 -56 11.0

03/03/04 50(1) —-4.7 -25 12.9

50(1) -20 0 16.1

04/15/04 50(5) 34 -13 14.1

100(1) 2.7 -10 11.6

50(1) -33 -12 13.8

05/30/04 50(3) -46 -26 10.4

50(4) -47 -25 13.1

50(1) -71 -55 1.5

07/15/03 100(1) -6.7 —40 13.1

50(1) -76 —49 11.6

08/14/03 50(2) -82 -56 10.0

50(1) -84 -53 143

50(2) -8.7 -61 8.5

09/13/03 50(3) -8.1 -51 139

100(1) -6.9 -51 42

10/14/03 50(2) -6.8 -56 -2.1

50(1) 32 -13 12.7

Qxc 02/28/04 50(2) -2.8 -11 11.2

100(1) -4.0 -22 96

50(1) 3.1 -17 83

50(2) -3.0 -7 16.7

04/14/04 50(3) 34 -12 15.7

100(1) -39 -20 112

50(1) -43 -23 112

50(2) -73 -43 15.7

05/28/04 50(3) -55 -31 13.0

100(1) -5.1 -28 12.9

08/21/03 50(1) -8.0 -51 13.7

09/18/03 50(1) -9.0 —46 251

10/19/03 50(1) -84 -62 5.3

50(1) —44 -20 15.3

JIC 50(3) -6.1 -34 15.0

03/09/04 50(4) -6.1 -19 29.7

50(5) -5.8 -25 20.7

50(1) -49 -31 7.9

06/06/04 50(3) -48 -20 18.8

07/16/03 50(1) -10.1 -69 11.7

50(1) -10.9 —64 234

XNC 08/19/03 50(3) ~10.0 ~66 145

06/03/04 50(2) -6.3 -37 135

a Sampling depth in cm (number of sampling site), d-excess =8D-88'80.

It is necessary to explore more evidence to support the climatic
characteristics in the LFC and QXC region, which have been con-
firmed preliminarily by some facts. For example, Table 1 shows that
cave air temperatures are lower (more than 3 °C) than mean annual
temperature (MAT) in the two caves. These cave air temperatures
were measured during the sampling time (daytime), from March
to October, when temperature is higher in a day and a year, respec-
tively. This shows that the true cave temperature maybe is lower
than the average temperature in Table 1. This is inconsistent with
the general viewpoint that cave temperature is close to local MAT,
which may be caused by large temperature difference between
day and night (from Local weather stations). During the sunshiny
day, the temperature soars under the direct sunlight, which is con-
ducive to heat loss at night, so the temperature drops fleetly. While
the duration of high temperature is generally much shorter than
that of low temperature, solar energy loses quickly before it has
a chance to be transmitted to the deeper layer (as cave) with the
buffer effects of vegetation, soil, bedrock overlying the cave on heat

transmission, and as aresult, the cave temperature is lower than the
MAT. Possibly, it is just the opposite situation in other two caves.

5.2. d-Excess (8D-85180)

Overall, the deuterium excesses (d-excess=48D-88180) in pre-
cipitation are high (mostly more than 10%.) during the dry and
early rainy seasons (November to next April), and low (mostly
less than 10%.) during the rainy and early dry seasons (May to
October) in the four cave regions, and average d-excess values are
LFC~ QXC<]JJC~ XNC (Table S1 and Fig. 4). These seasonal varia-
tions and regional differences are by and large consistent with those
from IAEA stations near these caves (Guilin and Guiyang), indicating
that there are obvious differences of moisture sources among the
four cave regions. That is, LFC and QXC, which are closer to Guilin,
maybe are affected more strongly by moisture source from the East
Asian monsoon; however, JJC and XNC, which are located in south-
western Guiyang, maybe are also influenced by moisture sources



210 W. Luo et al. / Chemie der Erde 73 (2013) 205-215

Table 4

Average §'8Osmow Vvalues in drip waters, §'8Oppg values in their corresponding speleothems, and speleothem '8 Oppp (%o) calculated using the formula from the literature

(O’Neil et al., 1969) under oxygen isotopic equilibrium condition.

Cave (CAT/°C) Sample Drip water §'80 (%o) Speleothem §'80 (%.) Calculated speleothem
5180 (%)
1# -7.0 -6.7 -6.7
2# -7.3 -6.7 -7.0
LFC(15.2+1.3) 3# -6.9 -6.8 —6.6
4# -6.9 -7.0 —6.6
5# -6.8 -6.7 -6.5
1# —6.6 -4.0 -5.9
2#2 -6.7 -4.9 -6.0
3# —6.8 -5.9 -6.1
4#2 -6.9 -5.5 -6.2
QXC(13.5+1.7) S5# -69 -6.1 -62
6#P —6.6 —-4.4 -5.9
T# -6.9 -4.0 -6.2
8#b -6.8 -4.9 -6.1
9#2 -6.9 -5.6 -6.2
1#2 -7.8 -7.8 -7.3
2#2 -8.0 -6.9 -7.5
JJIC(145+1.1) 34a _83 _6.9 _78
A# -8.6 -9.0 -8.1
1# -7.7 -8.1 -7.8
XNC (17.0+1.2) 24 _78 77 -79
3# -8.2 -83 -83

CAT expresses the average temperature in the cave (n=9); the §'80 value in drip water is arithmetic mean (n=9).

2 It is deposit on the top of drip water’ corresponding stalagmite.
b Speleothem from 2002 to 2003.
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Fig. 3. The relationships between isotopic compositions in various waters and LMWLs derived from our local precipitation isotope data (or WML), respectively. LEL: local

evaporation lines.

from the local secondary evaporation and Indian monsoon, besides
the East Asian monsoon (Fig. 1) (Johnson and Ingram, 2004).

The average d-excess values in soil waters overlying four caves
are 11.5+£3.9%, (n=16), 10.7 £ 4.8%. (n=0), 17.1 £ 5.5%. (n=3) and
16.8 +7.7%. (n=8), respectively (Table 3), most of which are higher
than those in precipitation in the corresponding regions and have
noregular seasonal variations. However, their average d-excess val-
ues well inherit the differences in precipitation among the four
cave regions. These results show that soil water is affected by

evaporation near the surface and the d-excess signals in precipi-
tation are recorded by soil waters overlying the four caves.

There are some d-excess differences (about 5%.) among drip
waters from the same cave, and the average d-excess values in the
four cavesare 10.8 + 5.5%0 (n=39),10.3 & 5.4%0(n=70),10.3 +-4.8%-
(n=33) and 8.9+4.9 (n=27), respectively (Table S2). However,
these average d-excess values are not the same with those in
precipitation and soil waters, which have significant regional char-
acteristics. This indicates that the cave drip water may be controlled
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Fig. 4. Seasonal variations of deuterium excess (d-excess) in precipitation (shaded areas for the rainy season, April to September).

chiefly by summer precipitation, which has a lower d-excess, and
that the effect of evaporation is not very significant. These results
clearly show that the effects of moisture sources on precipitation
and evaporation on soil water are not passed into drip waters in
the form of d-excess signals, because the regulation and storage
capacities of medium reservoirs overlying the caves are very strong.

Thus, there are very obvious d-excess differences from various
moisture sources in precipitation and soil waters among the four
caveregions, and the d-excess may be mainly controlled by temper-
ature (Lambert and Aharon, 2010; Luz et al., 2009), which will affect
re-condensation and re-evaporation processes. For instance, the d-
excess values are lower when temperature is higher, and vice verse.
However, the significant differences of d-excess values and their
seasonal variations are not found in these caves. Therefore, unlike
in other places (McGarry et al., 2004), the d-excess of fluid inclu-
sions in speleothems may not be suitable as a proxy of moisture
source and temperature in these regions.

5.3. Local evaporation lines

After comparing the §'80 values in drip waters with local
weighted average values in precipitation, we can find that oxy-
gen isotope compositions of drip waters are heavier than their
corresponding weighted average values in precipitation to vari-
ous degrees (up to 0.3-0.9%.), which may result from local surface
evaporation. However, Fig. 3 shows that the evaporation lines
(LELs) are very close to the LMWLs in the four caves. That is, there
are no obvious LELs, or LELs coincident with LMWL in this study
area. In addition, according to the analysis of d-excess in Section
4.2, the effect of evaporation on the isotopic compositions of drip
water may be weakened by the regulation and storage capacities
of medium reservoirs overlying the caves. Thus, evaporation has an
influence on drip water, but only to a small extent. This is consistent
with the higher air relative humidity in this region (Table 1).

5.4. Seasonal variations

Fig. 2 shows that, in these study areas, there is a significant
seasonal variation of the oxygen isotope compositions in precip-
itation (generally lighter from June to September, and heavier from
November to next April, while May and October are interims) and
the 8§80 values in Guilin are close to those in Guiyang in dry sea-
sons, but are relatively higher in rainy seasons. This mainly reflects

the characteristics of the water vapor source - the light precipi-
tation mainly origins from the water vapor of summer monsoon,
but the heavy precipitation origins from the water vapor of local
evaporation in this region (Johnson and Ingram, 2004), which is
also illustrated by the seasonal changes of d-excess in Fig. 4. In
addition, Fig. 2 also shows that precipitation is remarkably larger
in Guilin than Guiyang at the first half year; it is close each other
after July when the East Asian monsoon becomes stable. These sug-
gest that Guilin is affected more frequently by East Asia monsoon
(occurs earlier) than Guiyang where is near the effect regions of
Indian monsoon (occurs later). Correspondingly, the monthly aver-
age temperatures are lower in Guiyang than those of Guilin, both of
which show a seasonal variation with high temperature in summer
and low temperature in winter.

Moreover, seasonal change characteristics of §'80 values in pre-
cipitation in the four cave areas are also higher in rainy season than
those in dry season (Fig. 5). Although the amplitudes of §180 values
in soil waters are significantly lower than those of precipitation,
their seasonal changes are broadly similar to those of precipita-
tion, indicating that soil waters respond rapidly to precipitation,
and are mixed by the “old water” (previous water in the media).
However, only in LFC and QXC do 8180 values in drip waters have
significant seasonal variations, but not in JJC and XNC, especially
XNC with the lowest amplitude (about 1.5%.). Their average §180
values in drip waters are close to each other among the different
drip sites within each cave. Previous studies show that the §13C val-
ues in drip waters have no significant seasonal changes in the four
caves, except for LFC, and that there are very remarkable differences
among the different drip waters in both QXC and JJC, due to the dif-
ferent hydro-geochemical effects (Luo et al., in press, submitted
for publication). Therefore, the hydro-geochemical processes can-
not completely explain the seasonal variations of oxygen isotope
composition in drip waters. In fact, this is also proved by Fig. 3.
Consequently, to further explain the seasonal variations, more sys-
tematic observations and researches need to be done.

5.5. Transmission of isotopic signals

According to the analyses in Section 4.4 and Fig. 5, we find that
the intensities (amplitudes) of isotopic signal gradually decrease
from precipitation to soil water, and to drip water, which may result
from the homogenization of the media overlying the cave (Cruz
etal.,, 2005).
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Fig. 5 shows that there are no significant differences of aver-
age 880 values among different drip waters from the same cave
(Table 4), which is not similar to the literature (Serefiddin et al.,
2004). This difference (1%.) can be explained solely by karst hydrol-
ogy (Baker and Bradley, 2010). There is a certain degree of variation
in 6180 values among coeval drip waters from the same cave
(Table 4), which is expressed as follows:

(1) In LFC, only the 8§80 values in 2# drip water from July to
September are higher (about 0.5%.) than other drip waters, which
just correspond to the facts that the drip rate and its amplitude
of variation are lowest, and that the drip water responds slow-
est to precipitation events in 2# with highest SO4 concentration
(Luo et al., in press). Therefore, the relatively lighter oxygen isotope
composition may be related to these hydro-geochemical character-
istics, and the threshold precipitation that drip water can respond
in 2# may be higher than other drip sites; (2) the amplitudes of
8180 values are largest in the 1# and 6# from QXC, which corre-
spond to the seasonal variations of drip rate (high in rainy seasons
and low in dry seasons); but the lowest amplitudes of §180 val-
ues correspond to the larger drip rates and their amplitudes in the
4# and 5# in QXC (Luo et al., in press), which is difficult to under-
stand; (3) the non-seasonal amplitude of §'80 values is largest in

the 1# from JJC, which just corresponds to non-seasonal variation
of drip rate, various water head and shortest response time to pre-
cipitation (Luo et al., in press; Zhou et al., 2005); (4) in XNC, the
amplitude of §'80 values is lowest in 2#, which also corresponds
to lowest drip rate and its amplitude, poor connectivity of flow
paths and constant water head (Luo et al., in press; Zhou et al,,
2005).

These corresponding relations suggest that those oxygen iso-
topic characteristics may be controlled mainly by precipitation
with significant seasonal variation (Figs. 2 and 5), and the §180
values in drip waters are affected to various extents by hydrologi-
cal processes, which may depend on the flow path of the seepage
water overlying the caves. These speculating conclusions are still
primary, and more work need to be done to draw more convincing
conclusions.

The differences of §180 values between the ceiling and the floor
drip waters are shown in Fig. 6. These differences are almost within
measurement precision of +0.1%. even during March and April with
lower air relative humidity, suggesting that the §180 value in drip
water is not affected significantly by evaporation in the dripping
process. That is to say, the §180 value signal basically does not
change in the dripping process.
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Fig. 6. The comparisons of §'80 values in the ceiling drip waters and the floor drip waters.

The evolution of oxygen isotope signal is actually a deposition
process under the equilibrium or disequilibrium from drip water to
speleothem. Table 4 shows that in LFC, the calculated speleothem
8180 values are very close to measured speleothem §'80 values,
respectively; in QXC, the calculated speleothem §'80 values are
very close among different drip sites each other, but their differ-
ences of speleothem 8180 between the calculated values and their
corresponding measured values are significant in Group [ (1#, 2#,
6#, 7# and 8#); in JJC, the differences of speleothem §'80 values
are remarkable, with higher calculated speleothem §'80 value than
their corresponding measured values in Group I (2# and 3#) and
lower in Group II (1# and 4#); in XNC, the calculated speleothem
8180 value are also very close to measured speleothem 8180 values,
respectively.

In short, all studied speleothems from LFC and XNC are
deposited in equilibrium condition, and those from Group Il in QXC
basically are also in equilibrium, but other speleothems, including
all in JJC and Group I in QXC, are in disequilibrium. The 5§80 val-
ues in Group I from QXC and JJC are heavier than the equilibrium
8180 (calculated speleothem §180) values, which are affected sig-
nificantly by the bedrock dissolution and prior calcite precipitation
(PCP) processes, and leading to heavier §13C values in drip waters
and their corresponding speleothems (Luo et al., in press, submitted
for publication), these could attribute to §13C and §'80 are simul-
taneously influenced by disequilibrium effects (Miihlinghaus et al.,
2009; Scholz et al.,2009). Water itself contains O, which leads to the
isotopic differences between oxygen and carbon in the formation of
speleothem. However, the rapid calcite precipitation and/or rapid
CO, degassing (Mickler et al., 2004) in the bedrock dissolution and
PCP processes all may result in an isotopic disequilibrium in the
deposition process of speleothems (heavier §180 values). The §180
values in speleothems from 1# and 4# (Group I of JJC), are lighter,
maybe due to rapid formation of speleothems (Luo et al., in press).

6. Conclusions

The oxygen isotope signals in precipitation have remarkable
seasonal changes with lighter oxygen/hydrogen isotopic values
in rainy seasons and heavier values in dry seasons, and similar
seasonal variations also are showed in soil waters in the four
cave regions. However, only in drip waters from LFC and QXC do
oxygen/hydrogen isotopes inherit the signals of isotopic seasonal
changes from precipitation, while such significant seasonal varia-
tions are not shown in drip waters from other two caves (JJC and
XNCQ). Although more studies about the seasonal variations of oxy-
gen isotopes in drip waters still need to be concerned, we can draw
that under certain conditions, it is possible to use speleothems to
research high resolution (seasonal, even monthly) paleoclimatic

changes in LFC and QXC, but only lower resolution (more than year)
could be reached in JJC and XNC, particularly in XNC.

In LFC and QXC regions, because of the recharges of “secondary
condensation water” (as dew drops), the partial isotope data in drip
waters plot on the top left of LMWL. On the contrary, in JJC and XNC,
the partial isotope data in drip waters plot on the bottom right of
LMWL due to re-evaporation effect. Therefore, these relationships
between LMWL and isotopic data (hydrogen and oxygen) of fluid
inclusions in speleothems (as stalagmites) from these caves are
potential to estimate the local paleoclimate and paleoenvironment.

We found that the effects of moisture sources on precipitation
and evaporation on soil water were not passed well into drip waters
in the form of d-excess signals, that is, the d-excess values of drip
waters are not coincident with corresponding precipitation and soil
waters. Thus, it is debatable whether d-excess values of fluid inclu-
sions in speleothems (as stalagmites) from these caves can predict
the local paleoclimate and paleoenvironment. In addition, com-
pared with oxygen isotopic compositions in different drip waters
within the same cave, the effects of hydrological processes on the
oxygen isotopic compositions in drip waters should not be ignored.
Comparing oxygen isotope compositions in drip waters with their
corresponding speleothems, we found that not all speleothems can
accurately record temperature changes even within the same cave.
That is, hydrochemistry may result in isotopic disequilibrium in the
formation of speleothems.

Consequently, the controls on oxygen isotope are not simpler
than those on carbon isotope in speleothem, a result which was
not generally believed before. The variations of oxygen isotope may
reflect a series of more complex processes in cave drip water.

Acknowledgments

The research project was funded by Orientation Project of
Knowledge Innovation Program of Chinese Academy of Sciences
(No. kzcx2-yw-306); National Key Basic Research Development
Program (No. 2006CB403200); National Natural Science Founda-
tion of China (Nos. 41003054, 40721002 and 90202003). We thank
Prof. ].C. Ran of Maolan National Nature Reserve Administration
for his assistances in the field. Especially, the authors would like
to express thanks to two anonymous reviewers for their helpful
comments.

Appendix A. Supplementary data

Supplementary data associated with this article can be
found, in the online version, at http://dx.doi.org/10.1016/
j.chemer.2012.05.002.


http://dx.doi.org/10.1016/j.chemer.2012.05.002
http://dx.doi.org/10.1016/j.chemer.2012.05.002

214 W. Luo et al. / Chemie der Erde 73 (2013) 205-215

References

Ayalon, A., Bar-Matthews, M., Sass, E., 1998. Rainfall-recharge relationships within
a karstic terrain in the Eastern Mediterranean semi-arid region, Israel: 180 and
8D characteristics. J. Hydrol. 207 (1-2), 18-31.

Baker, A., Bradley, C., 2010. Modern stalagmite 3'80: instrumental calibration and
forward modelling. Global Planet. Change 71 (3-4), 201-206.

Baldini, ].U.L, McDermott, F., Hoffmann, D.L., Richards, D.A., Clipson, N., 2008. Very
high-frequency and seasonal cave atmosphere Pco, variability: implications for
stalagmite growth and oxygen isotope-based paleoclimate records. Earth Planet.
Sci. Lett. 272 (1-2), 118-129.

Bar-Matthews, M., Ayalon, A. Matthews, A, Sass, E., Halicz, L., 1996. Carbon
and oxygen isotope study of the active water-carbonate system in a karstic
Mediterranean cave: implications for paleoclimate research in semiarid regions.
Geochim. Cosmochim. Acta 60 (2), 337-347.

Bar-Matthews, M., Marean, C.W., Jacobs, Z., Karkanas, P., Fisher, E.C., Herries, A.LR.,
Brown, K., Williams, H.M., Bernatchez, J., Ayalon, A., Nilssen, P.J., 2010. A high
resolution and continuous isotopic speleothem record of paleoclimate and pale-
oenvironment from 90 to 53 ka from Pinnacle Point on the south coast of South
Africa. Quaternary Sci. Rev. 29 (17-18), 2131-2145.

Bradley, C., Baker, A, Jex, C.N., Leng, MJ, 2010. Hydrological uncertainties
in the modelling of cave drip-water 3'80 and the implications for sta-
lagmite palaeoclimate reconstructions. Quaternary Sci. Rev. 29 (17-18),
2201-2214.

Breitenbach, S.F.M., Adkins, ].F., Meyer, H., Marwan, N., Kumar, K.K., Haug, G.H., 2010.
Strong influence of water vapor source dynamics on stable isotopes in precip-
itation observed in Southern Meghalaya, NE India. Earth Planet. Sci. Lett. 292
(1-2),212-220.

Cai, Y., et al., 2010. The variation of summer monsoon precipitation in central China
since the last deglaciation. Earth Planet. Sci. Lett. 291 (1-4), 21-31.

Carrasco, F., Andreo, B., Linan, C., Mudry, J., 2006. Contribution of stable isotopes to
the understanding of the unsaturated zone of a carbonate aquifer (Nerja Cave,
southern Spain). C. R. Geosci. 338 (16), 1203-1212.

Cobb, K.M., Adkins, J.F., Partin, J.W., Clark, B., 2007. Regional-scale climate influ-
ences on temporal variations of rainwater and cave dripwater oxygen isotopes
in northern Borneo. Earth Planet. Sci. Lett. 263 (3-4), 207-220.

Cosford, J., Qing, H., Eglington, B., Mattey, D., Yuan, D., Zhang, M., Cheng, H., 2008.
East Asian monsoon variability since the Mid-Holocene recorded in a high-
resolution, absolute-dated aragonite speleothem from eastern China. Earth
Planet. Sci. Lett. 275 (3-4), 296-307.

Cruz, J.F.W.,, Karmann, I, Viana, J.O., Burns, SJ., Ferrari, ].A., Vuille, M., Sial, A.N., Mor-
eira, M.Z., 2005. Stable isotope study of cave percolation waters in subtropical
Brazil: implications for paleoclimate inferences from speleothems. Chem. Geol.
220 (3-4), 245-262.

Cui, J., An, S., Wang, Z., Fang, C,, Liu, Y., Yang, H., Xu, Z., Liy, S., 2009. Using deuterium
excess to determine the sources of high-altitude precipitation: implications
in hydrological relations between sub-alpine forests and alpine meadows. J.
Hydrol. 373 (1-2), 24-33.

Dayem, K.E., Molnar, P., Battisti, D.S., Roe, G.H., 2010. Lessons learned from oxy-
gen isotopes in modern precipitation applied to interpretation of speleothem
records of paleoclimate from eastern Asia. Earth Planet. Sci. Lett. 295 (1-2),
219-230.

Dorale, J.A,, Liu, Z., 2009. Limitations of hendy test criteria in judging the paleocli-
matic suitability of speleothems and the need for replication. J. Cave Karst Stud.
71 (1), 73-80.

Dreybrodt, W., Scholz, D., 2011. Climatic dependence of stable carbon and oxygen
isotope signals recorded in speleothems: from soil water to speleothem calcite.
Geochim. Cosmochim. Acta 75 (3), 734-752.

Dykoski, C.A., Edwards, R.L., Cheng, H., Yuan, D., Cai, Y., Zhang, M,, Lin, Y., Qing,
J., An, Z., Revenaugh, J., 2005. A high-resolution, absolute-dated Holocene and
deglacial Asian monsoon record from Dongge Cave, China. Earth Planet. Sci. Lett.
233 (1-2), 71-86.

Fuller, L., Baker, A., Fairchild, 1]., Spotl, C., Marca-Bell, A., Rowe, P., Dennis, P.F.,
2008. Isotope hydrology of dripwaters in a Scottish cave and implications for
stalagmite palaeoclimate research. Hydrol. Earth Syst. Sci. 5 (2), 547-577.

Griffiths, M.L., Drysdale, R.N., Vonhof, H.B., Gagan, M.K,, Zhao, ].-X., Ayliffe, L.K., Han-
toro, W.S., Hellstrom, J.C., Cartwright, I, Frisia, S., Suwargadi, B.W.,2010. Younger
Dryas-Holocene temperature and rainfall history of southern Indonesia from
3180 in speleothem calcite and fluid inclusions. Earth Planet. Sci. Lett. 295 (1-2),
30-36.

Hu, C,, Henderson, G.M., Huang, J., Xie, S., Sun, Y., Johnson, K.R., 2008. Quantification
of Holocene Asian monsoon rainfall from spatially separated cave records. Earth
Planet. Sci. Lett. 266 (3-4), 221-232.

Ingraham, N.L., Matthews, R.A., 1988. Fog drip as a source of groundwater recharge
in Northern Kenya. Water Resour. Res. 24 (8), 1406-1410.

Ingraham, N.L., Matthews, R.A., 1990. A stable isotopic study of fog: the Point Reyes
Peninsula, California, U. S. A. Chem. Geol.: Isot. Geosci. Sect. 80 (4), 281-290.
Ingraham, N.L., Matthews, R.A., 1995. The importance of fog-drip water to vegeta-

tion: point Reyes Peninsula, California. J. Hydrol. 164 (1-4), 269-285.

Johnson, K.R., Ingram, B.L., 2004. Spatial and temporal variability in the stable iso-
tope systematics of modern precipitation in China: implications for paleoclimate
reconstructions. Earth Planet. Sci. Lett. 220 (3-4), 365-377.

Lachniet, M.S., 2009. Climatic and environmental controls on speleothem oxygen-
isotope values. Quaternary Sci. Rev. 28 (5-6), 412-432.

Lambert, W]J., Aharon, P., 2010. Oxygen and hydrogen isotopes of rainfall and drip-
water at DeSoto Caverns (Alabama, USA): key to understanding past variability

of moisture transport from the Gulf of Mexico. Geochim. Cosmochim. Acta 74
(3), 846-861.

Li, B, Yuan, D,, Lin, Y., Qin, J., Zhang, M., 2000. Oxygen and carbon isotopic character-
istics of rain water, drip water and present speleothems in a cave in Guilin area,
and their environmental meanings. Sci. China Ser. D: Earth Sci. 43 (3), 277-285.

Liu,D.,Wang, Y., Cheng, H., Edwards, R.L., Kong, X., Wang, X., Hardt, B., Wu, ]., Chen, S.,
Jiang, X., He, Y., Dong, ., Zhao, K., 2010. Sub-millennial variability of Asian mon-
soonintensity during the early MIS 3 and its analogue to the ice age terminations.
Quaternary Sci. Rev. 29 (9-10), 1107-1115.

Liu, W., Meng, F.-R., Zhang, Y., Liu, Y., Li, H., 2004. Water input from fog drip in the
tropical seasonal rain forest of Xishuangbanna, South-West China. J. Trop. Ecol.
20 (5), 517-524.

Liu, W], Liu, W.Y,, Li, PJ., Gao, L., Shen, Y.X., Wang, P.Y., Zhang, Y.P., Li, H.M., 2007.
Using stable isotopes to determine sources of fog drip in a tropical seasonal rain
forest of Xishuangbanna, SW China. Agric. Forest Meteorol. 143 (1-2), 80-91.

Liu, WJ., Yi, P.Z., Hong, M.L,, Yu, H.L., 2005. Fog drip and its relation to groundwa-
ter in the tropical seasonal rain forest of Xishuangbanna, Southwest China: a
preliminary study. Water Res. 39 (5), 787-794.

Luo, W.,Wang, S., Liu, X., Xie, X, Zhou, Y., Li, T. Temporal and spatial variations in cave
percolation water hydro-geochemistry and theirs implications in four caves of
Guizhou, China. Chin. J. Geochem.,, in press.

Luo, W., Wang, S., Liu, X,, Xie, X., Zhou, Y., Li, T. Stable carbon isotope variations in
cave percolation waters and theirs implications in four caves of Guizhou, China.
Acta Geol. Sin. - Engl., submitted for publication.

Luz, B., Barkan, E., Yam, R., Shemesh, A., 2009. Fractionation of oxygen and hydrogen
isotopes in evaporating water. Geochim. Cosmochim. Acta 73 (22), 6697-6703.

Miihlinghaus, C., Scholz, D., Mangini, A., 2009. Modelling fractionation of stable
isotopes in stalagmites. Geochim. Cosmochim. Acta 73 (24), 7275-7289.

McDermott, F., 2004. Palaeo-climate reconstruction from stable isotope variations
in speleothems: a review. Quaternary Sci. Rev. 23 (7-8), 901-918.

McGarry, S., Bar-Matthews, M., Matthews, A., Vaks, A., Schilman, B., Ayalon, A., 2004.
Constraints on hydrological and paleotemperature variations in the Eastern
Mediterranean region in the last 140 ka given by the 8D values of speleothem
fluid inclusions. Quaternary Sci. Rev. 23 (7-8), 919-934.

Mickler, P.J., Banner, J.L.,, Stern, L., Asmerom, Y., Edwards, R.L,, Ito, E., 2004. Stable
isotope variations in modern tropical speleothems: evaluating equilibrium vs.
kinetic isotope effects. Geochim. Cosmochim. Acta 68 (21), 4381-4393.

Mickler, PJ., Stern, L.A., Banner, J.L., 2006. Large kinetic isotope effects in modern
speleothems. Geol. Soc. Am. Bull. 118 (1-2), 65-81.

Moreno, A., Stoll, H., Jiménez-Sanchez, M., Cacho, I, Valero-Garcés, B., Ito, E.,
Edwards, R.L., 2010. A speleothem record of glacial (25-11.6 kyr BP) rapid cli-
matic changes from northern Iberian Peninsula. Global Planet. Change 71 (3-4),
218-231.

Onac, B.P., Pace-Graczyk, K., Atudirei, V., 2008. Stable isotope study of precipita-
tion and cave drip water in Florida (USA): implications for speleothem-based
paleoclimate studies. Isot. Environ. Health Stud. 44 (2), 149-161.

O’Neil,].R., Clayton, R.N., Mayeda, T.K., 1969. Oxygen isotope fractionation in divalent
metal carbonates. J. Chem. Phys. 51 (12), 5547-5558.

Pape, J.R., Banner, ].L., Mack, L.E., Musgrove, M., Guilfoyle, A., 2010. Controls on oxy-
gen isotope variability in precipitation and cave drip waters, central Texas, USA.
J. Hydrol. 385 (1-4), 203-215.

Perrin, ]., Jeannin, P.-Y., Zwahlen, F., 2003. Epikarst storage in a karst aquifer: a con-
ceptual model based on isotopic data, Milandre test site, Switzerland. J. Hydrol.
279 (1-4), 106-124.

Polag, D., Scholz, D., Miihlinghaus, C., Spotl, C., Schroder-Ritzrau, A., Segl, M., Mangini,
A., 2010. Stable isotope fractionation in speleothems: laboratory experiments.
Chem. Geol. 279 (1-2), 31-39.

Riechelmann, D.F.C.,, Schroder-Ritzrau, A., Scholz, D., Fohlmeister, J., Spotl, C., Richter,
D.K,, Mangini, A., 2011. Monitoring Bunker Cave (NW Germany): a prerequisite
to interpret geochemical proxy data of speleothems from this site. J. Hydrol. 409
(3-4), 682-695.

Scholl, M.A,, Gingerich, S.B., Tribble, G.W., 2002. The influence of microclimates and
fog on stable isotope signatures used in interpretation of regional hydrology:
East Maui, Hawaii. J. Hydrol. 264 (1-4), 170-184.

Scholz, D., Miihinghaus, C., Mangini, A.,2009. Modelling 8'3C and 380 in the solution
layer on stalagmite surfaces. Geochim. Cosmochim. Acta 73 (9), 2592-2602.
Schwarz, K., Barth, ].A.C., Grathwohl, P., Postigo-Rebello, C., 2008. Storage and trans-
port in cave seepage-and groundwater in a South German karst system. Hydrol.

Earth Syst. Sci. Discuss. 5 (3), 1267-1287.

Serefiddin, F., Schwarcz, H.P., Ford, D.C., Baldwin, S., 2004. Late Pleistocene paleo-
climate in the Black Hills of South Dakota from isotope records in speleothems.
Palaeogeogr. Palaeoclimatol. Palaeoecol. 203 (1-2), 1-17.

Spétl, C., Fairchild, 1J., Tooth, A.F., 2005. Cave air control on dripwater geochemistry,
Obir Caves (Austria): implications for speleothem deposition in dynamically
ventilated caves. Geochim. Cosmochim. Acta 69 (10), 2451-2468.

Tan, L., Cai, Y., Cheng, H., An, Z., Edwards, R.L., 2009. Summer monsoon precipitation
variations in central China over the past 750 years derived from a high-
resolution absolute-dated stalagmite. Palaeogeogr. Palaeoclimatol. Palaeoecol.
280 (3-4), 432-439.

Vaks, A., Bar-Matthews, M., Ayalon, A., Schilman, B., Gilmour, M., Hawkesworth, C.,
Frumkin, A., Kaufman, A., Matthews, A., 2003. Paleoclimate reconstruction based
on the timing of speleothem growth and oxygen and carbon isotope composition
in a cave located in the rain shadow in Israel. Quaternary Res. 59 (2), 182-193.

Wackerbarth, A., Scholz, D., Fohlmeister, J., Mangini, A., 2010. Modelling the 3'80
value of cave drip water and speleothem calcite. Earth Planet. Sci. Lett. 299 (3-4),
387-397.



W. Luo et al. / Chemie der Erde 73 (2013) 205-215 215

Wang, B., LinHo, 2002. Rainy season of the Asian-Pacific Summer Monsoon. ]. Climate
15 (4), 386-398.

Wiedner, E., Scholz, D., Mangini, A., Polag, D., Muhlinghaus, C., Segl, M., 2008.
Investigation of the stable isotope fractionation in speleothems with laboratory
experiments. Quaternary Int. 187 (1), 15-24.

Yonge, CJ., Ford, D.C., Gray, J., Schwarcz, H.P., 1985. Stable isotope studies of cave
seepage water. Chem. Geol.: Isot. Geosci. Sect. 58 (1-2), 97-105.

Zhang, P., Cheng, H., Edwards, R.L, Chen, F., Wang, Y., Yang, X,, Liu, J., Tan, M., Wang,
X., Liu, J., An, C,, Dai, Z,, Zhou, ]., Zhang, D, Jia, J., Jin, L., Johnson, K.R., 2008. A
test of climate, sun, and culture relationships from an 1810-year Chinese Cave
record. Science 322 (5903), 940-942.

Zhou, Y., Wang, S., Xie, X., Luo, W., Li, T., 2005. Significance and dynamics of drip
water responding to rainfall in four caves of Guizhou, China. Chin. Sci. Bull. 50
(2), 154-161.



	A comparative study on the stable isotopes from precipitation to speleothem in four caves of Guizhou, China
	1 Introduction
	2 Study sites
	3 Methods
	4 Results
	4.1 Oxygen isotope composition in precipitation
	4.2 Oxygen isotope composition in soil waters
	4.3 Oxygen isotope composition in drip waters
	4.4 Oxygen isotope composition in modern speleothems

	5 Discussion
	5.1 Local meteoric water line
	5.2 d-Excess (δD-8δ18O)
	5.3 Local evaporation lines
	5.4 Seasonal variations
	5.5 Transmission of isotopic signals

	6 Conclusions
	Acknowledgments
	Appendix A Supplementary data
	Appendix A Supplementary data


