
Introduction

Paleoclimate research has made appreciable progress in
elucidating the response of important climate phe-
nomena, such as the intertropical monsoons and the El
Niño–Southern Oscillation, to internal (i.e., interaction
among the atmosphere, oceans, land surface and ice

sheets) and external forcing (i.e., orbitally driven
changes in solar radiation). To further improve the
understanding of the complex dynamics of these cli-
mate processes, it is necessary to quantify how long-
term fluctuations affect their high-frequency variability.
Coral records in particular have proven to be capable
of addressing this question (Charles et al. 1997;
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Abstract A continuous high-resolu-
tion (monthly) record of stable iso-
topes (d13C and d18O) in a well-
laminated freshwater travertine
deposited at Baishuitai, SW China
from May 1998 to November 2001
was presented. The travertine
exhibits clear annual bands with
coupled brown/white color lamina-
tions. Throughout field investiga-
tion, it was found that the thin (1.5–
2.2 mm), brown porous lamina was
formed in the monsoonal rainy sea-
son from April to September,
whereas the thick (5–8 mm), dense
white lamina was formed in the dry
season from October to March. The
comparisons of lamina thickness and
stable isotope signals in the traver-
tine with the meteorological records
allow us to constrain the relevant
geochemical processes in the traver-
tine formation under different cli-
mate conditions and to relate climate
variables to their physicochemical
proxies in the travertine record.
Sympathetic variations in lamina
thickness, d13C and d18O along the
sampled profile reflect changes in

hydrogeochemistry, showing that
thin lamina and low d13C and d18O
values occur in warm and rainy
seasons. The decreased amount of
calcite precipitation and low d13C
values during the warm and rainy
seasons is caused by dilution of
overland flow after rainfall. The low
d18O values are believed to be related
to the rainfall amount effect in sub-
tropical monsoonal regions. This
process is thought to be markedly
subdued whenever the amount of
rainfall is lower than a given
threshold. Accordingly, distinct
minima in lamina thickness, d13C
and d18O are interpreted to reflect
events with above-average rainfall,
possibly heavy floods, and vice ver-
sa. This study demonstrates the po-
tential of freshwater travertine to
provide valuable information on
seasonal or even monthly rainfall
variations.
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Tudhope et al. 2001). To complement data retrieved
from these marine archives, high-resolution terrestrial
records are needed. Furthermore, quantitative or
semiquantitative seasonal paleoclimate information for
continental interiors is essential to verify climate model
predictions (Montoya et al. 1998).

Among the various terrestrial records, speleothems
have been of particular interest in studies of Quaternary
climate change in recent years (Dorale et al. 1998;
McDermott et al. 2001; Wang et al. 2001; Baldini et al.
2002; Frappier et al. 2002; Fleitmann et al. 2003; Yuan
et al. 2004).

Speleothems form across a wide range of climatic
zones, provide long, continuous, and commonly well-
preserved records, and can be accurately dated over the
last several hundred thousand years. Paleoenvironmen-
tal changes are potentially recorded in speleothems by a
number of physical and chemical proxies, including
variations in lamina thickness and their stable isotope
compositions. However, due to their low growth rates
on the order of 100 to 102 lm year)1 (Baker et al. 1993),
the temporal resolution achievable by conventional, i.e.,
mechanical, microsampling is usually limited to
>10 years. In addition, the importance of site-specific
effects for individual speleothem stable isotope records
sets limits to their general reliability as archives of pa-
leoenvironmental information (Bar-Matthews et al.
1996).

Despite the limitations of speleothems, other ter-
restrial records potentially offering high temporal res-
olution, such as freshwater tufas and travertines (Ford
and Pedley 1996), have surprisingly received little
attention. Several studies on freshwater tufas have
demonstrated that valuable environmental information
can be preserved in these deposits (Andrews et al. 1997;
Ihlenfeld et al. 2003; Smith et al. 2004; Andrews and
Brasier 2005). These previous studies, however, exclu-
sively used tufa records, and paid no attention to the
difference to travertine records (Liu et al. 2003). The
problem is left in identifying the reasons for the for-
mation of laminations in travertine, which is the basic
issue when conducting high-resolution analyses. The
purpose of this article is to investigate whether trav-
ertine can also provide useful annual or seasonal cli-
mate information suitable for high-resolution
paleoclimate reconstruction. A continuous 4-year-long
(1998–2001) stable isotope (d13C, d18O) record from a
modern travertine was presented, and the relevant
geochemical processes governing the observed varia-
tions in these parameters and the thickness of laminas
in the travertine were discussed. Development of a
reliable time series for the sample allows us to compare
the physicochemical records with meteorological
observations in order to define their climatic signifi-
cance.

General settings

The travertine sample (Fig. 1) for this study was col-
lected in November 2001 from a site (B-4, Fig. 2) in a
canal put in use in May 1998 at Baishuitai, SW China.
The location lies �50 km south of the Shangri-La Town,
in the vicinity of Gudu village (Fig. 2). The area is
characterized by a subtropical monsoon climate, with
>75% of the annual precipitation occurring during the
rainy season from April to September.

Discharge of the spring 1–3, which supplies the canal
(Fig. 2), is perennial but varies seasonally in response to
the monsoonal rainfall distribution. The spring drains a
karst catchment located to the west and southwest of the
sampling site. The size of the catchment area is �10 km2.
Its elevation ranges from 2,800 to 4,000 m above sea
level. The lithology of the karst mountain area consists of
Middle Triassic limestone and Lower Triassic shale and
sandstone. The area is covered by a brown residual clay
soil of variable and eastward increasing thickness of
0–0.8 m. The vegetation in the catchment is character-
istic of virgin forests and comprises mainly C3 plants
(shrubs, trees). Apart from �3 km2 fossil travertine
deposits within the karst terrain, modern travertine
deposition commences only along the canal and down-
stream of springs 1–1 and 1–2 (Fig. 2). The sample
analyzed in this study (Fig. 1) was deposited on a dead
brushwood branch in the canal, �2 km from the spring
1–3 (Fig. 2). Water flow rates at this site are moderately
fast, making both microenvironmental effects (Andrews
et al. 1997) and erosive episodes unlikely. Periodical

Fig. 1 The modern laminated travertine deposit (Sample B4)
formed between May 1998 and November 2001 in the Baishuitai
canal, showing alternation of thin brown-colored (with porous
texture P) and thick white-colored (with dense texture D) laminas.
A couplet comprising a thin and a thick laminas is assumed to
represent one annual cycle. The top outer surface corresponds to
November 25, 2001, when the sample was collected. A, B, C and D
are the laminas formed in the rainy seasons of 1998, 1999, 2000 and
2001, respectively
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drying out of the site during dry seasons is not probable
because the water level is buffered by the travertine
barrages, which dam up the water behind their struc-
tures. Other details of the site description can be found in
the reference of Liu et al. (2003).

Air temperature and precipitation records

The meteorological information, which is necessary for
an interpretation of the lamina thickness and isotope
records in terms of their climatic significance, was ob-
tained from the Shangri-La Bureau of Meteorology,
Yunnan, China. Complete records of daily and monthly
average air temperature and total daily and monthly
precipitation, however, are only available for Shangri-
La Weather Station, which is nearest (about 50 km) to
the sampling location, with elevation of 3,300 m.
Though the general climate (e.g., seasonal rainfall and
air temperature patterns) is similar between the sampling
location and the weather station, there exist possibly
some differences in absolute temperature and precipita-
tion. So, the climate information at the Shangri-La
Weather Station can be used only for qualitative or
semiquantitative interpretation of the isotope records
and lamina thickness in terms of their climatic signifi-
cance. For quantitative purpose, meteorological infor-
mation in the catchment area has to be obtained by
future monitoring. Figure 3 shows the daily precipita-
tion and daily air temperature from 1998 through 2001,
when the travertine sample was formed, recorded at
Shangri-La Weather Station. Figure 4 summarizes the
monthly precipitation and monthly averaged air tem-
perature from 1998 through 2001 recorded at Shangri-
La Weather Station. It can be seen that the rainy season
generally starts from April, and ends in September each
year, during which the air temperature is also high,
belonging to typical Asian monsoon climate. Figure 5
shows the statistics of annual, rainy (April–September)

and dry (October–March) seasons’ air temperature and
precipitation. It’s clear that the year 2000 is abundant in
precipitation but lowest in air temperature.

Analytical method

A total of 118 stable isotope samples were subsampled
from the B-4 travertine by a micromill along the growth
axis with an interval of 0.25 mm. About 10 lg powder
of each sample was put into an individual reaction vial
of a Kiel-III automatic carbonate device connected
Finnigan DELTA Plus XP IRMS at National Cheng
Kung University, Taiwan, China, to react with pure
H3PO4 at 70�C. The generated CO2 was then purified
and sent to the IRMS for d18O and d13C analyses. The
results were reported to against VPDB standard at 25�C.
The IRMS has been calibrated with NBS standards of
NBS-19 (limestone), NBS-18 (carbonatite) and LSVEC
(lithium carbonate). The IRMS working conditions with
a working standard, Ultiss (limestone), for every seven
samples were also monitored. Based on the measure-
ments of NBS19 (n = 39) and Ultiss (n = 324), the
external analytical uncertainty is 0.021& for d13C and
0.047& for d18O (1r standard deviation).

Results and discussion

Thickness of the laminas in the travertine

The crosscut sample exhibits laminated textures con-
sisting of alternated porous darker (brown)- and dense
lighter (white)-colored laminas (Fig. 1), with the
boundaries between laminas normally appearing undu-
lating and obscure. The thickness of a single lamina
mostly ranges from 1.5 to 8 mm. In the sample, a cou-
plet is defined by alternations of porous and dense
laminas (Fig. 1), which correspond to darker- and

Fig. 2 Distribution of springs
and travertine deposits at Bai-
shuitai, SW China (after Liu
et al. 2003) 1 Lower Triassic
shale and sandstone; 2 Middle
Triassic limestone; 3 Quater-
nary travertine; 4 Fault; 5
Canal; 6 Travertine sampling
spots; 7 Spring
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lighter-colored laminas (Fig. 1), respectively. In the
description below, they are referred as porous lamina
and dense lamina, respectively. Porous lamina was of
lightly calcified texture. Dense laminas show micritic
occurrence.

In May 1998, when the canal was put into use, a thin,
porous lamina (A in Fig. 1) started developing and grew
until September 1998 (0�2.2 mm in Fig. 1), when the
rainy season ended, then was succeeded by a thick dense
lamina that had begun to develop on the top of lamina

A. The dense lamina continued to grow until March
1999 (�6.6 from 2.2 to 8.8 mm in Fig. 1), when the 1999
rainy season started. The dense lamina was again cov-
ered by a porous lamina (B in Fig. 1), which grew during
a period from April to September 1999 (�1.9 from 8.8 to
10.7 mm in Fig. 1). In the October 1999, a dense texture
was again present on the surface (�8 from 10.7 to
18.7 mm in Fig. 1). In April 2000, when rainy season
started, the porous lamina started forming (�1.5 from
18.7 to 20.2 mm in Fig. 1) till the end of the rainy

Fig. 3 Daily precipitation (bar
chart) and air temperature
(dotted line) from 1998 through
2001 recorded at Shangri-La
Weather Station

Fig. 4 Monthly precipitation
(bar chart) and monthly-aver-
aged air temperature (dotted
line) from 1998 through 2001
recorded at Shangri-La
Weather Station
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season. Then to March 2001, another dense lamina was
formed (�5 from 20.2 to 25.2 mm in Fig. 1), and then
1.8 mm porous lamina deposited in the rainy season of
2001. On the top is the incomplete dense lamina from
October to November 2001, when the sample was col-
lected. Overall, by in situ observation, it was found that
the lighter dense laminas were deposited in autumn–
winter dry season (October–March), and the brown
porous laminas in spring–summer rainy season (April–
September). These observations show that the lamina-
tion of travertine is also annual, like tufas (Kano et al.
2003). In the laminated travertine at B-4 in Fig. 2, the
annual growth rate was about 6.5–9.9 mm.

Laminated structure was also found in tufas in SW
Japan by Kano et al. (2003). They found that the annual
layering pattern was primarily controlled by changes in
the rate of calcite precipitation. The concentration of
dissolved CaCO3, which correlates with the precipitation
rate, was high in summer–autumn (June–October) and
low in winter–spring (November–May), owing to chan-
ges in the partial pressure of CO2 in underground air.
The seasonal precipitation rate was high in summer–
autumn and low in winter–spring, which is consistent
with the seasonal lamination pattern seen in the tufas.
Moreover, the textures of collected samples show that
the laminations consist of densely calcified summer–au-
tumn laminas and lightly calcified winter–spring lami-
nas. They inferred that the increased precipitation rate
stimulated thick calcite encrustation on cyanobacterial
filaments to produce the dense textures. As the relevant

processes are temperature dependent, the seasonal lam-
ination pattern at Shirokawa was thought to generally
apply to other laminated tufas deposited in temperate
climates.

However, as has been shown above, a reversed pat-
tern happened at the Baishuitai. The thin lightly calcified
lamina was deposited in spring–summer strong rainy
season (April–September), while thick dense calcified
laminas in autumn–winter dry season. The reason is
explained below.

Seasonal dilution, underground processes and seasonal
pattern of water chemistry

Chemical processes associated with tufa/travertine dep-
osition have been largely researched and reviewed (Ford
and Pedley 1996). It has been suggested that the most
basic conditions are the supersaturated water, and a
high concentration of [Ca2+] and [HCO3

)]. The deposi-
tional system at Baishuitai satisfies these basic condi-
tions (Liu et al. 2003). However, in the past study (You
2003), an important finding was the seasonal variation
seen in water chemistry (Table 1). In particular, impor-
tant chemical variables such as [HCO3

)], [Ca2+] and
[Na+] show a regular seasonal pattern (Table 1), which
may have been controlled originally by weather condi-
tions. Air temperature and rainfall influence various
physicochemical processes, such as soil CO2 production,
dissolution of limestone, CO2 outgassing, dilution and

Fig. 5 The annual, dry and
rainy seasons’ air temperature
and precipitation at Shangri-La
Weather Station from 1998 to
2001
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precipitation of calcite. These processes take place in
different environments of a tufa/travertine depositional
system. To explain the seasonal pattern, the pro-
cesses along the passage of rainwater through a series of
environments will be discussed. A high [HCO3

)] and
[Ca2+] is basically due to the dissolution of limestone
and requires an elevated PCO2 level in the percolating
water. Water PCO2 increases by passing through a soil
layer and a deep source CO2 (Liu et al. 2003). The PCO2

of air within the soil rises to <0.1 atm in normal cli-
mates (Ford and Williams 1988), due to the respiration
of roots and decomposition of organic matter. However,
for endogenic system, PCO2 of air could be much higher
(Liu et al. 2003). More uptake of CO2 causes more
dissolution of CaCO3 because the dissolution of CO2

decreases the pH of the water and increases its aggres-
siveness in dissolving CaCO3. Soil PCO2 is higher in
summer, because higher temperatures increase the effects
of biological activity (Drake and Wigley 1975). How-
ever, when the canal water is supplied mainly with
conduit flow or overland flow (referring to the flow when
rainfall rates exceed infiltration rates), the [HCO3

)] and
[Ca2+] in rainy summer could be lower than that in
winter due to the dilution effect of rainwater. This latter
case is possibly similar to the seasonal pattern seen in the
data sets (Table 1). Though the deposition of calcite
could decrease the concentration of HCO3

- and Ca2+ in
water, the dilution effect of overland flow in rainy
summer season on [HCO3

)] and [Ca2+] was more
important, which was verified by much lower concen-
tration of more conservative ions (e.g., Na+, Table 1) in
rainy season.

Depositional rate and layering pattern of the travertine

Seasonal layering of the travertine at Baishuitai (Fig. 1)
is inferred to result from seasonal changes in precipita-
tion rate (Kano et al. 2003). According to Buhmann and
Dreybrodt (1985), the rate decreased with a temperature,
[HCO3

)] and [Ca2+] decrease. According to Table 1,

Table 1 The seasonal pattern of water chemistry at Baishuitai

Site Season pH Water
temp.

Spc
(ls/cm)

[Ca2+]a

(mg/l)
[HCO3

)]b

(mg/l)
Na+

(mg/l)
SIcc PCO2

d

(ppmv)

Sp1-3 Rainy 6.78 11.1 989 188.80 675.61 7.39 0.14 87,498
Dry 6.60 10.8 988 188.60 674.92 5.67 -0.05 131,826

B-1 Rainy 7.52 13.8 754 141.80 513.46 2.77 0.70 12,560
Dry 7.30 9.4 888 168.60 605.92 5.61 0.55 23,334

B-2 Rainy 7.93 15.3 737 138.40 501.73 2.71 1.10 4,797
Dry 7.65 9.9 865 164.00 590.05 5.63 0.88 10,162

B-3 Rainy 8.11 16.3 691 129.20 469.99 2.38 1.23 2,971
Dry 7.92 9.9 834 157.80 568.66 5.16 1.11 5,223

B-4 Rainy 8.13 16.9 691 129.20 469.99 2.17 1.26 2,857
Dry 7.93 9.9 827 156.40 563.83 5.60 1.12 5,058

B-5 Rainy 8.15 16.4 613 113.60 416.17 1.91 1.18 2,415
Dry 7.96 9.6 789 148.80 537.61 5.60 1.10 4,497

B-6 Rainy 8.16 16.7 604 111.80 409.96 2.18 1.18 2,333
Dry 7.94 9.2 766 144.20 521.74 5.06 1.06 4,560

The data are from You (2003)
a,b[Ca2+] and [HCO3

)] were calculated by linear relation between them and spc (Liu et al. 2006)
cCalcite saturation index in water (SIc = log IAP/K, where IAP is ionic activity product and K is the calcite equilibrium constant). If
SIc > 0, supersaturation occurs and travertine will deposit; if SIc < 0, water is aggressive to calcite; and if SIc = 0, the equilibrium
reaches
dCalculated CO2 partial pressure of water by WATSPEC (Wigley 1977)

Fig. 6 Correlation between lamina thickness and seasonal average
air temperature (a) and seasonal precipitation (b). Note: the first
and last laminas formed in 1998 rainy season and 2001 dry season
were not considered here due to their incompleteness
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[HCO3
)] and [Ca2+] were lower in rainy season (April

to September) due to the dilution effect by rainwater.
Although the higher temperature increased the deposi-
tional rate in both dry season and rainy season (Fig. 6a,
dashed lines), the lower values for [HCO3

)] and [Ca2+]
overtook the effect of temperature and overall decreased
the precipitation rate in the rainy season. This is indi-
cated by the fact that lamina thickness formed in the
rainy season is much less than that in dry season
(Fig. 6), and shows negative correlation with seasonal
precipitation (Fig. 6b).

Variations in d13C and d18O of the laminated travertine

The carbon isotopic composition (d13C) of the sample
shows a regular cyclical change (Fig. 7). Three clear
cycles and one subtle cycle in 2000 are present within the
30-mm-thick travertine. The thickness of the cycles
ranges from 6.5 to 9.9 mm, and the maximum variation
in d13C is 1.8& from the minimum 5.2& to the maxi-
mum value of 7.0& (vs. PDB). However, the subspeci-
mens on the 17.2- and 27.2-mm horizons recorded
exceptionally high d13C values. The oxygen isotopic
composition (d18O) also shows a cyclical change, which
covaries basically with d13C (Fig. 7). The amplitude of
the changes ranges from 0.6 to 2.6&. The maximum and
minimum values are )9.7& and )12.3, respectively.
There are two exceptional peaks located also at the 17.2-
and 27.2-mm horizons. From the 19.5- to the 25.9-mm
horizons, the curve is relatively flat and low (Fig. 7). The
cycles of d13C and d18O correlate with the laminations.
The porous laminas (P in Fig. 1), which formed in
spring–summer rainy seasons, record the lower d18O and
d13C values, and dense autumn–winter laminas (D in

Fig. 1) formed in dry season record higher d18O and
d13C values.

The d13C and d18O curves of the sample show similar
patterns of change. This similarity can be seen in a cross-
plot of the d13C and d18O of all measured subspecimens
that yield a large correlation coefficient (0.75; Fig. 8).

Reasons for seasonal changes in carbon and oxygen
isotopic compositions

Matsuoka et al. (2001) found that the d18O curve in a
laminated tufa, SW Japan reflects seasonal changes in
water temperature, and cyclic variation in d13C was
controlled by seasonal changes in the d13C of dissolved
inorganic carbon in groundwater, which is probably
caused by groundwater degassing. However, the trav-
ertine deposits at Baishuitai were mainly related to
endogenic CO2 source, which has much higher d13C
values (>)10&) than soil CO2 (<)20&), and con-
tributes to higher d13C values of HCO3

) ()1.2& for the
spring) and travertine (Liu et al. 2003). Therefore, the
lower values in travertine d13C in rainy season should
mainly be related to the dilution effect by overland flow
after rainfall, which is mainly influenced by soil water,
and so has lower d13C values. Due to the dilution effect,
d18O values in travertine in rainy season should also be
low, account of the monsoon rainfall amount effect
(Dansgaard 1964; Rozanski et al. 1992; Zhang et al.
2002). According to Zhang et al. (2002), the d18O values
of rainwater in summer rainy season ()15.25&) could be
about 3& lower than those in winter dry season
()12.38&) in nearby stations.

The strong correlation between d18O and d13C values
(Fig. 8) supports the hypothesis that the dilution by

Fig. 7 Results of high-resolu-
tion analysis of d13C and d18O
for the travertine sample. Cut
interval of the sub-specimens is
0.25 mm. Data are plotted ver-
sus distance from growth cen-
ter, where a brushwood branch
was as start point of calcite
nucleation.
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rainwater is the main factor producing the seasonal
change of d13C and d18O.

Anomalies in isotopic values recorded in the laminated
travertine

As have been seen in Fig. 7, the present travertine
records two types of anomalies in isotopic values: the
prominent peaks seen in 17.2- and 27.2-mm horizons,
and irregular changes seen in the year 2000 lamina
(the 18.7- to the 25.2-mm horizons). These peaks may
be associated with a very special phenomenon, which
happened in dry weather and increased the 18O in
water and 13C in HCO3

). This significant isotopic in-
crease could be the result of strong evaporation, and
resultant degassing, which selectively removes H2

16O
and 12CO2. This event probably resulted from a
change in hydrological conditions such as variations in
water flow during winter or summer. Another anom-
aly, irregularity in the cycle in the year 2000 lamina
(the 18.7- to the 25.2-mm horizons), is characterized
by the abnormal shapes of the d13C and d18O curves,
each having a relatively low value in autumn–winter
lamina. This is associated with the relatively thin,
porous lamina (Figs. 1, 6). Meteorological data from
Shangri-La Weather Station show a wet year in 2000
(Fig. 5), which had a �12% increase in annual pre-
cipitation, and explains the low isotopic values and
thin lamina.

Conclusions

Like tufas (Matsuoka et al. 2001; Ihlenfeld et al. 2003),
travertines with annual laminations are also useful tools

for high-resolution paleoclimate analysis. Based on the
study of the laminated travertine at Baishuitai, it con-
cludes:

1. The laminated travertine represents an alternation of
porous spring–summer lamina and dense autumn–
winter lamina (Fig. 1). The lamination pattern is
primarily controlled by seasonal changes in the
calcite precipitation rate, which correlates positively
with [Ca2+], [HCO3

)] and water temperature. A de-
crease in [Ca2+] and [HCO3

)] in spring–summer
rainy season mainly resulted from the dilution by
rainwater, overtook the effect of temperature in-
crease from autumn–winter season to spring–sum-
mer season. So, the thickness of the spring–summer
lamina was less than that of the autumn–winter
laminas. Therefore, on the seasonal scale in a year,
lamina thickness is a measurement of rainfall (neg-
atively!) but not temperature (Fig. 6b). The tem-
perature effect could be found in the positive
relation between autumn–winter dry season lamina
thickness and the autumn–winter seasonal tempera-
ture, and between spring–summer rainy season
lamina thickness and the spring–summer seasonal
temperature (Fig. 6a).

2. The laminated travertine records cyclic variations in
d18O and d13C. Isotope records correlate well with the
seasonal lamination pattern, consisting of dense au-
tumn–winter and porous spring–summer laminas
(Fig. 7). In addition to seasonal changes of water
temperature (Matsuoka et al. 2001), the d18O curve
may also reflect the rainfall amount effect due to the
dilution by rainwater in the spring–summer season.
Variations in d13C, which correlate well with d18O
(r = 0.75; Fig. 8), are controlled by spring–summer
seasonal dilution in d13C of spring [HCO3

)], which is
mainly related to deep source CO2, and much higher
than that of epikarst spring [HCO3

)], the latter being
controlled by soil CO2 (Liu et al. 2000). Extreme
climatic events, such as drought and floods, appear as
anomalies in both the d18O and d13C curves (Fig. 7).
These findings should be generally applicable to the
interpretation of travertine records in the subtropical
monsoon belts and mid to high latitudes with distinct
rainfall seasons.

In conclusion, by combining the analysis of lamina
thickness, textures, stable isotopes and trace elements
(Ihlenfeld et al. 2003), with appropriate dating methods,
it is expected that travertine can provide important
information on the terrestrial paleoclimate change.
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Fig. 8 Cross-plot of d13C and d18O of all measured subspecimens
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