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In principle, calcite or aragonite speleothems may be dated by U-Pb isochron 
concordia if (i) initial 204Pb:206Pb: 207Pb is uniform and low, and (b) if U concentration 
varied significantly during the calcite deposition. This offers the extremely exciting 
prospect of dating speleothems from ~200,000y BP to the oldest on the planet, 
potentially a major contribution to Quaternary and older chronology, to geomorphic 
evolution, and to studies of paleokarst (buried) surfaces and cavities and fillings such 
as Mississippi Valley Type lead/zinc deposits (MVT) in them. The earliest dates for 
carbonate rocks were of Archean stromatolites by Moorbath (Oxford) in 1987. 
Farquhar (University of Toronto) dated a limestone in 1989 and investigated 
paleokarst spar samples from the Guadalupe Mountains, New Mexico supplied from a 
collection at McMaster University. They were not sucessful. In the mid-‘90s Richards 
et al (1998; Geochim et Cosmochim Acta, 62(23-4)) obtained success with a young 
British speleothem, matching its age with an earlier McMaster alpha spectrometry 
date on the sample. 

Between 1996-2000 the author experimented with specimens from a wide range 
of  settings (i) frost-shattered stalagmites from caves antedating the ‘late Tertiary’ 
erosion surface around Salzburg in the Alps; (ii) lake wall deposits (‘clouds’) from 
the lowest point in Carlsbad Caverns, New Mexico, (iii) very high U (25-100 ppm) 
flowstones from arctic Canada and (iv) a spring travertine body 1800 m in length and 
40 m thick, now raised 200 m above the Ebro Valley, Spain, by Tertiary fault activity.  
All failed due to lack of range in initial U concentration, even the large travertine. 
However, a Guadalupe spar filling an ancient cave and found to display big O and C 
isotope shifts during its growth succeeded, yielding ages between 86+/-12 and 
95+/-7.3 Ma from a paleokarst hitherto assigned to the Oligocene. It is concluded that 
the majority of carbonate speleothems may not be datable by the method. A large 
range in U content (at least one order of magnitude?) seems essential. 
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Speleothems can provide a precise chronology of climate change on land and are 
indispensable archives for previous warm periods during the Quaternary when other 
continental archives are handicapped by dating problems.  

We have studied a flowstone sample from Spannagel Cave in the Central Alps of 
Austria. This site is exceptional, because it hosts both active and fossil speleothems 
despite its high altitude of 2500 m a.s.l. and an internal air temperature of only +1° to 
+2°C. Being located close to a modern glacier, the cave system is highly sensitive to 
climate change, inasmuch as the area above the cave gets glaciated and/or covered by 
permafrost and speleothem deposition ceases once the mean annual air temperature 
drops. During the Last Glacial Maximum the cave system was well within the glacier 
accumulation area and covered by ice. 

A detailed TIMS study of flowstone SPA 52 - one of the best Th/U-dated 
speleothem records from the Alps thanks to a very high U content of up to 100 ppm -  
reveals a warm climatic episode at the end of marine isotope stage (MIS) 7, a hiatus 
during the penultimate glaciation and renewed calcite deposition during the Last 
Interglacial. The first growth period, which is the focus of this contribution, is dated 
between 207 and 180 kyr ago. This episode is represented by two petrographically 
distinct units of flowstone separated by an unconformity. According to multiple Th/U 
dates the duration of this unconformity was less than a few thousand years. This first 
growth phase in Spannagel Cave coincides with a period of growth of stalagmites 
from Oman dated between 210 and 180 kyr, ascribed to a climate optimum in MIS 
7.1 (Burns et al., Geology, 29, 2001), suggesting that this warm period occurred 
synchronously in central Europe and the Arabian Peninsula. This is consistent with 
new Th/U dates from a submerged speleothem in Italy which constrains the MIS 7.1 
highstand to 202-190 kyr BP (Bard et al., EPSL, in press). Our alpine data and the 
results from the Oman cave deposits, however, are difficult to reconcile with the 
benthic SPECMAP stack, which shows the MIS 7/6 transition already at 190 kyr 
(Martinson et al., Quat. Res., 27, 1987).  

The stable oxygen isotopes in sample SPA 52 show large variations along the 
growth direction (-9 to -14.4‰ VPDB), which are significantly lower than values of 
modern calcite in this cave (mostly –6.5 to –9.5‰) and also lower than calcite 
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deposited during the Last Interglacial (-9.7 to –8.6‰). This suggests that the climate 
during isotope stage 7.1 was probably less warm in the Central Alps as compared to 
the two subsequent interglacials. The most likely interpretation of these low values is 
infiltration of isotopically depleted meltwater from nearby glaciers. Provided that the 
landscape has not changed substantially since that time, this implies more extensive 
glaciers than presently (modern glacier meltwater is bypassed and does not enter the 
cave). This is particularly true for a short time interval between c. 190 and 185 kyr 
ago (just prior to the hiatus) when the isotopically lightest calcite was formed.  

Stable carbon isotopes show high values, indicative of low partition of 
soil-derived carbon (-6.7 to +4.2‰), which is consistent with the high-altitude setting 
of this site. Throughout the sample carbon isotope values generally covary with 
oxygen isotope values, which suggests kinetically controlled isotope fractionation 
prior to calcite precipitation. There is a notable exception to this trend c. 195 kyr ago: 
carbon isotopes peak clearly before the sharp peak in oxygen isotopes, the latter of 
which coincides with the subsequent drop in the carbon isotope values. As the sample 
does not reveal any signs of postdepositional alteration, this isotopic behavior implies 
that both isotopes were not directly coupled as predicted by the kinetic fractionation 
theory but apparently responded to the same forcing mechanism in a delayed fashion.  
 

Supported by grant START Y122-GEO of the Austrian Science Fund. 
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China) since 6000 years 
 
Z. Meiliang(1), Y. Daoxian(1), L. Yushi(1), Q. Jiaming(1) and Ch. Hai(2)  
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Abstract 

The time sequence of high resolution paleoclimatic change since the middle 
Holocene-6000 years B.P. has been reconstructed by dating ages of the high precision 
TIMS-U series and the analysis of the carbon and oxygen isotopes from a stalagmite 
of Xianshui cave in the area of Guilin, South China. The carbon and oxygen isotopic 
records from a stalagmite section revealed that the changes of the Asian monsoon 
climate since the middle Holocene-6000 years B.P. can be divided into two climate 
periods approximately: 1) Climate optimum time from 6000a B.P. to 3568a B.P 
indicated the East Asian (or Southeast) monsoon went from strength to weakness 
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gradually and climate was a warm and humid period; 2) Falling temperature time 
from 3568a B.P. to 373a B.P. shown that the East Asian summer monsoon become 
weakly and winter monsoon become strongly and the fluctuation amplitude of climate 
increases a large. This drop temperature time was intercalated with a number of the 
short warm periods. The study results of the isotope records from a stalagmite 
indicated that δ18O value change from the negative drift trend to the positive shift 
trend and reflected the change trend of the East Asian summer monsoon from strength 
to weakness gradually and winter monsoon from weakness to strength gradually, and 
the rainfall changed from much to little and the air temperature changed from high to 
low trend during 6000±373a B.P. climate optimum time in the middle Holocene.  
Key words: climate record, China, dating ages of TIMS-U series, stalagmite, 
Xianshui cave of Guilin 
 
Table 1.  230Th ages of the stalagmite from Xianshuidong cave of Guangyan, Guilin 
Sample 

number 

Deep 

(cm) 

238U 

(ppb) 

232Th 

(ppt) 

δ234U 

(measured)

230Th/238U 

(activity) 

δ234U** 

(Initial) 

230Th Age(ka) 

(corrected) 

XU-1 2.80 69.0±0.2 923±8 503.2±4.6 0.0103±0.0005 503.9±4.6 0.49±0.14 

XU-2 38.0 55.7±0.1 687±8 505.2±2.5 0.0370±0.0007 509.1±2.5 2.48±0.13 

XU-3 64.0 173.1±0.5 1956±13 433.9±3.1 0.0715±0.0009 440.5±3.2 5.35±0.14 

XU-4 69.5 110.0±0.5 1711±8 420.0±5.2 0.0800±0.0011 427.1±5.3 6.00±0.18 
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Y
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Figure 1. The record of the carbon and oxygen isotope from a stalagmite in Xianshui cave of 
Guangyan county, Guilin 

The Role of the Environmental Archaeologist in the Study and the 
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Reconstruction of Cave Paleoclimate 
 

Maria Gkioni 
Department of Prehistoric Archaeology, University of Athens. e-mail: gkioni@edoeap.gr 

 
As archaeology belongs to human sciences, it puts its interest in the 

reconstruction of man’s past life, in which, one of the most important points, is the 
reconstruction of the paleoenvironment. With reference to D. Dincauze who claims 
that “as a factor in paleoenvironmental reconstruction, climate is the crucial 
fundamental”, one can easily understand how important is the knowledge of the 
paleoclimates. It is certain that the climate oscillations played a definite role in 
human’s evolution (both in natural and cultural evolution). That is what has created 
archaeological interest for the paleoclimate reconstruction. Especially for the 
archaeologist who works on prehistoric research and cannot have any written 
information about the past, the relationship between nature and culture could be very 
fertile. This was the reason why, encouraged also by the fact that archaeology came in 
contact with the natural sciences, a particular branch in the archaeological studies, the 
environmental archaeology, was finally created, 30 years ago. At that time, the 
scientific interest for the conservation of the international cultural heritage helped this 
berth. The environmental archeologist started looking for the traces which can help 
him answer the questions about how man perceived the environment and especially 
the climate and its changes; how was he adapted to the climate stress and how he 
reacted in its impacts; and finally how he was affected by the climate changes. Posing 
these questions the archaeologist started collaborating with scientists of other 
disciplines for the reconstruction of the paleoclimate. Geology, biology or other 
disciplines, which involve in the paleoclimate reconstruction, became a part of his 
study. Learning about how the other scientists work, how they pose their questions 
and how they give their answers, the archaeologist add in his study a large number of 
new paths from which he can reach his goal. Meanwhile, he can equally help the 
other disciplines in their studies first recognizing human presence in the sediments 
and explaining the use of the different findings of an excavation, then, after posing his 
questions and giving his answers, suggesting his models about human’s role in the 
paleoclimatic changes. As far as cave paleoclimate is concerned, the environmental 
archaeologist has to play an important role, because of the fact that human presence is 
apparent in the past in most of the known caves, so he cannot be absent from a 
pluridiscipliner study of cave climate. Even if he cannot always answer questions 
such as the kind and the duration of the human presence in the caves, or the 
post-depositional modification of the sediments, he can certainly identified the human 
traces inside them. Otherwise, the archaeologist has to identify all these aspects, as a 
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result of the human actions, which have affected the microclimate of the cave and 
forced it into change. The identification is easy in the case that man has formed the 
interior of the caves to satisfy his necessities, but it is difficult when the only helpful 
element is human behavior. And the only chance to recognize it among the cave 
sediments occurs after a well-prepared excavation. We must not be very optimistic 
that we are going to answer finally all our questions. This, what is only certain, is that 
the environmental archaeologists can, at least, contribute to the collection of these 
elements, which could finally lead to the answers. Moreover, with a simultaneous and 
equal collaboration with the colleagues of the other disciplines involved in the same 
research, the possibility for correct answers is growing. Consequently, this 
collaboration is vital. One more positive point for this collaboration, which we must 
always have in mind, is that by understanding the past we can easier forecast the 
future.  
 

 Climate: “the Pacemaker” for Human Culture Evolution During the 
Prehistoric Age in Aegean Sea, Greece 

 
Maria Geraga, George Papatheodorou, Stella Tsaila-Monopoli, George Ferentinos. 

Correspondence should be addressed to Maria Geraga 
e-mail: gferen@upatras.gr 

 
During the last three to four decades archaeologists, in order to investigate more 

precisely the evolution of human civilization through time, have studied in detail the 
environmental conditions which prevailed in rockshelter and cave sites and have 
delineated interactions which developed between humans and the environment. In 
this concept sediment records from prehistoric rockshelter and cave sites from the 
eastern Mediterranean area have been studied in great detail. Here, high resolution 
palaeoclimatic data derived from marine sediments from the SW Aegean Sea, Greece, 
is presented and is correlated with the geoarchaeological studies from the adjacent 
Franchthi Cave. The results of this comparison demonstrate that the climate was a 
significant mechanism controlling the sedimentary record and the evolution of human 
culture in the Franchthi Cave since the Paleolithic at least in this area. 

 
 
 
 

 

Speleothem Chronology of Gassel Cave, Northern Calcareous Alps, Austria 
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(preliminary results) 
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Gassel cave is located in the central part of the Northern Calcareous Alps close to 

its northern margin. Cut in Triassic dolomite the cave’s extends over a vertical 
difference of 105 m with its entrance located at 1225 m a.s.l. The interior air 
temperature is close to +5.4°C which corresponds to the average annual air 
temperature at this altitude. Annual precipitation is high due along the northern fringe 
of the Alps and a long-term average of 2400 mm was measured at the nearby 
meteorological station Feuerkogel (1587 m). 

Gassel cave is among the most highly decorated dripstone caves in the entire 
Northern Calcareous Alps, which is unexpected given the rather high altitudinal 
setting, the dolomitic host rock and the thin soil cover. Inspection of the speleothem 
inventory shows that probably more than two thirds of the speleothems are currently 
inactive and potentially fossil. A simple stratigraphy of cave sediments can be 
recognized in most chambers. The oldest deposit are red clays which resembles terra 
rossa known from many high-altitude caves in the Northern Calcareous Alps and 
traditionally attributed to the result of subtropical weathering during Tertiary times. 
These loamy deposits, which rarely reach up more than a meter in thickness, are 
overlain by calcitic flowstones and stalagmites. U-series dates of stalagmites tops 
yielded Th-U equilibrium ages and hence corroborate the rather high age of the 
underlying clay. This generation of speleothems was subsequently affected by erosion 
due to turbulent waters which locally eroded the clay causing collapse and tilting of 
stalagmites. White and partially active flowstones and stalagmites up to about one 
meter in height form the last generation in these chambers.  

Two active looking stalagmites were removed and are currently being 
investigated to obtain a paleoenvironmental record for the Holocene in this part of the 
Eastern Alps. Petrographically, these samples are composed of inclusion-poor, 
coarsely crystalline columnar calcite. One of the samples reveals a discontinuity 
suggesting that the drip source may have changed slightly. Other than that, thin 
sections show no evidence of post-depositional alteration. 

We are currently establishing age models for these samples based on U-series 
measurements using multicollector ICP-MS methods. Preliminary results suggest that 
both stalagmites comprise most of the Holocene, but growth appears to have ceased 
some 1000 years before present. 

Supported by grant START Y122-GEO of the Austrian Science Fund. 
Isotope-climate Record in a Holocene Stalagmite from Ursilor Cave (Romania) 
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The PU-2 stalagmite from Ursilor Cave provides the first dated Romanian 
isotope record for the Holocene.  The overall growth rate of the speleothem was 3.5 
cm/ka, corresponding to a temporal resolution of 142 years between each isotope 
analysis.  The ‘Hendy’ tests indicate that isotopic equilibrium conditions occurred 
during time of the PU-2 deposition, and hence that it is suitable for paleoclimatic 
studies.  The relationship between δ18O and temperature was found to be positive.  
This can be interpreted either as rain-out with distance from the west-north-west 
ocean source of evaporation or shift in air mass source with changing North Atlantic 
Oscillation indices.  Applying five U-Th TIMS dates to a 17.5 cm isotope 
profile(δ18O and δ13C) along the stalagmite growth axis, enabled us to tentatively 
interpret the paleoclimate signal over the past 7.1 ka.  Spikes of depleted 
isotopicδ18O values are centred near -7, -5.2 and -4 ka respectively, reflecting cool 
conditions.  The record shows two warm intervals between -3.8 and -3.2 ka (the 
maximum warmth) and from -2 to -1.4 ka, when theδ18O values were less negative 
than present.  The “Holocene Climate Optimum” spanning the time interval from 
-6.8 to -4.4 ka is not well expressed in the PU-2 stalagmite. Individual spikes of 
lighter δ13C are interpreted as indicative of periods of heavy rainfall, at -7, -5.5, and 
-3.5 ka. The overall trend to lighterδ13C in the PU-2 stalagmite may reflect a gradual 
decrease in water-rock interaction.  The results demonstrate that the effect of North 
Atlantic oceanic changes extended to the investigated area.  Nevertheless, some 
differences in temporal correlation and intensity of stable isotopic response to these 
climatic events have been found, but the exact nature of these differences and the 
underlying mechanism is yet to be determined. 
 
 
 
 
Holocene Rapid Climatic Oscillations in the sub-Mediterranean Continental 

100 
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In the past years, a large number of papers have been dedicated to the use of 
speleothems as paleoclimatic indicators by measuring the stable isotopes (usually 
δ18O and δ13C) variations along their axis, which reflect variations in mean annual 
surface temperature. The development of the U-series TIMS dating techniques 
allowed a very accurate time-calibration of such profiles, thus enabling direct 
correlations with both marine oxygen isotopic cycles and with other records of global 
climatic change. 

Since the supply of percolation water (and thus, speleothem deposition) is 
generally prevented both during very cold or very warm climatic episodes, it appears 
very likely that the speleothems formed either at northern latitudes (e.g. in the 
sub-Arctic) or southern latitudes (e.g. the Mediterranean) may only preserve an 
incomplete record of the climatic variations. For this reason, our studies have focused 
on speleothems collected from caves located in the sub-mediterranean region of SW 
Romania, reasonably far from the influence of the NW Europe (Atlantic) circulation 
and also from the arid conditions of the SE Mediterranean. 

Stalagmite PP10 has been collected from Poleva Cave, located in the close 
vicinity of the Danube Gorge (SW Romania). It is a “candlestick” stalagmite, c. 70 
cm-long; its diameter decreases from some 5–6 cm at the base, to some 2–2.5 cm 
after only 18 cm and remains constant along the speleothem suggesting a rapid 
growth and possibly evaporative (low relative humidity) conditions (Dreybrodt, 
1988). A preliminary U-series alpha-spectrometric date of the base 2.5 cm yielded an 
age of 61.7±11 ka; the relatively high error of the dating is due to the low Uranium 
content (-0.05 ppm) of the sample. Seven high-resolution TIMS-dates have been 
subsequently performed on sub-samples taken along the speleothem; they yielded 
ages in correct stratigraphical order, ranging from -48 ka at -7 cm from the base to -3 
ka at c. 5 cm below the top, with typical analytical errors of 1–2% (2σ) for ages 
younger than 15 ka. 

The morphologic and structural analysis of the growth laminae together with the 
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interpretation of TIMS and alpha dates suggest that the speleothem has experienced a 
brief episode of growth cessation just before -48 ka, and a longer depositional hiatus 
located in time somewhere between -25 ka and -12 ka and corresponding to the last 
glacial maximum.  

Along the speleothem axis, 154 stable isotopes samples were collected, at 0.5 cm 
intervals, and analyzed for δ18O and δ13C, with typical 1σ of ± 0.1 ‰. The 
time-resolution of the sampling corresponds to - 2 ka/sample for the lower part of the 
stalagmite (slow-growing) and to -150–40 years/sample for the upper 
(candlestick-like) part whose growth was considerably faster. This high resolution has 
enabled the identification of several clear-marked, rapid, climatic oscillations during 
the last 12,000 years or so. 

The isotopic profile of the lower part of the stalagmite reveals several climatic 
oscillations during Marine Isotope Stages (MIS) 4 and 3, which are well-documented 
from other continental and marine records, such as the deglacial event at -54 ka, an 
important glacial event between c. 47 and 41 ka, and the marked warming between - 
32 and 28 ka (Denekamp). This profile also confirms the conclusions of Constantin & 
Lauritzen (1999) that the climate during MIS 4 was not cold enough such as to 
prevent speleothem growth, while on the contrary, no calcite deposition has been so 
far documented during the last glacial maximum, even at those lower latitudes. 

The upper part of the stalagmite has delivered a detailed oxygen isotopic profile 
over the last 12 ka, recording several important rapid oscillations that may be 
correlated globally. The Younger Dryas (YD) event has been clearly recorded at ~10.5 
ka, as well as a very well marked cooling at -8.2 ka, which was about half the 
amplitude of the YD event (Alley et al., 1997). A general trend of climate warming 
(including rapid variation episodes with amplitudes as large as ±1,5‰) then follows, 
culminating with two spikes at -5.2 and -3.2 ka. Overall, the isotopic profile recorded 
by stalagmite PP10 during the last 10,000 years is consistent with the one recorded by 
stalagmite PP9 form the same cave and reported by Constantin et al. (2001).  The 
warm 3.3 ka-event seems to have a regional extent since it is clearly recorded, with 
roughly the same amplitude, in both stalagmites from Poleva cave and in PU2 
stalagmite from western Carpathians (Onac et al., 2002) — a region that lies under 
the Atlantic climatic influence. 
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Abstract 

A speleothem (LH-90-12) from Lancaster Hole, North Yorkshire is used to 
reconstruct medium and short-term climate change during the last interglacial period. 
High-resolution records of δ18O andδ13C determined using Laser Ablation Gas 
Chromatography Isotope Ratio Mass Spectrometry (LA-GC-IRMS) are used as 
potential palaeoclimate proxies. TIMS U-Th dates indicate that the main phase of 
deposition was between 130.5 to 115.5 ka BP with a clearly defined depositional 
hiatus at around ~120 ka BP. Variations of d18O and d13C suggest that climate was 
unstable throughout the last interglacial period. Results indicate a cooling and/or 
drying from ~126.5 to 120.9 ka BP, followed by a period during which conditions 
were considerably cold and/or arid. Rapid warming from 119.8 until ~119 ka BP was 
then followed by another cooling or drying trend until the end of the growth period at 
115.5 ka BP. The timing of δ18O variation is tentatively linked with North Atlantic 
circulation or sea surface temperatures (SSTs). The preliminary chronology also 
reveals a possible 1500 yearδ18O cycle, the first evidence of such periodicity during 
the last interglacial period.  
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Abstract 

Phreatic Overgrowths on Speleothems (POS) form around pre-existing supports 
at the surface of brackish pools located in littoral caves along the coast of Mallorca 
(Balearic Islands, Western Mediterranean). The bands of subaqueous coatings, 
marked by such POS alignments on the walls of the caves, permit an easy and 
accurate identification of sea paleolevels. Sampled POS alignments, occurring both 
above and below present sea level and recording past sea stands at the corresponding 
elevations, have been dated by Useries method. As the most outstanding results of 
this dating programme, a detailed Western Mediterranean eustatic curve for the period 
60-150 ka BP is presented. The periods of high and low sea stands recorded in 
Mallorca have been preceded and followed by rapid sea level changes, more than 18 
metres in magnitude which happened during temporal intervals less than 10 ka. The 
deduced minimum rates of sea level shift are about 1.5 m/ka, with average values of 
about 4 m/ka.  
Key words: littoral karst, Mallorca, phreatic speleothems, sea level changes, Th/U 
datings 
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Last interglacial eustatic curve deduced from Th/U dating of POS from coastal caves of 

Mallorca. Unbroken lines represent sea level fluctuations documented by means of more than one 
dating. 
 
 
Hydrochemical and Isotopic Characteristics in the Baishuitai Travertine Scenic 

Area of China and Their Implications for Paleoenvironment Study 
 

Zaihua Liu* and Meiliang Zhang 
Institute of Karst Geology, CAGS; Karst Dynamics Laboratory, MLR, Guilin 541004 

China 
Shenyi You 

The Graduate School, China University of Geosciences, Wuhan 430074 China 
Qiang Li 

Department of Biology, Guangxi Normal University, Guilin 541004 China 
 
Method of combining hydrochemical data auto-logging, in-situ titrating with 

measuring of stable carbon and oxygen isotopes was used to reveal the hydrochemical 
and isotopic characteristics in the Baishuitai travertine scenic area, China. It was 
found that the travertine-forming springs have a very high content of calcium (ca 
200mg/l) and bicarbonate ions (ca 700mg/l), accordingly very high CO2 partial 
pressure (ca 14,400Pa), which is not likely produced by only the biological activity in 
soil. Further analysis on the stable carbon isotopic composition of the springs (δ13C≈ 
-1.2‰) shows that the high pressure of CO2  is mainly related to deep-seated CO2 
source. That means the Baishuitai travertine is thermogene in origin. This finding is 
different from the commonly accepted saying that “it’s a product under warm and 
humid climate”. From this, there is a preliminary discussion on variation in 
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travertine-forming water temperature, according to the difference in stable oxygen 
isotope of the travertine formed in different epochs at Baishuitai. It was found that the 
change in water temperature is as high as 11oC, i.e., from 21oC at start of the 
Baishuitai travertine deposition (<350,000 yr), to 10oC at present, which may reflect 
the effect of strong uplift of the area, and/or the decreasing effect of geothermal 
source on water temperature. And also, the problems involved in paleoenvironment 
study with thermogene travertine were discussed. These problems include the 
interruption of “dead carbon” in radiocarbon dating, and the enrichment in 13C of 
travertine by deep-seated CO2 and degassing of CO2 from water, which has to be 
considered in paleoecology reconstruction when using δ13C data of the carbonate 
deposit. 
 
 
Stable Isotopic Study of Travertines on Borosa River, Segura, Jaén, Spain 
  
C. Jiménez de Cisneros(1), E. Caballero(1) and J. A. Vera 
(1)Estación Experimental del Zaidín (CSIC), Profesor Albareda 1,18008 Granada  
(2)Dpto. Estratigrafía y Paleontología, Facultad de Ciencias, Univ. de Granada, 18071 
Granada  
 
Abstract 

Quaternary travertines whose genesis is related with the channel of an actual 
river have been isotopically (δ18O andδ13C) studied. The samples studied were 
taken on the bed of the channel and are discordant on Cenomanian dolostone and 
lower Miocene reef limestones. These travertines are characterized to present a 
clotted aspect and numerous holes. In general, it is easy to distinguish a cascade 
morphology related to the overflows of the river. The isotopic results obtained 
suggest that the formation of these materials took place from solutions of the ground 
in which the carbon mainly comes from the contribution of CO2 coming from plants 
C3 type, indicating humid climatic conditions during the formation of these materials.  
Key words: paleoclimatology, stable isotopes (δ18O andδ13C), travertine  
  
 
Carbonate Deposition Rates in Neolithic Channels Linked to Alicún Thermal 
Waters (Granada, Spain) 
                                                                                    
J.L. Díaz(1), M. Martín(2) and R. Juliá(3) 
(1)Centro de Investigaciones Agrarias, Camino de Purchil s/n, apdo. 2027, 18080 Granada 
(josel.diaz@juntadeandalucia.es) 
(2)Dpto. de Ciencias de la Tierra y Medio Ambiente, Universidad de Alicante, 03080 Alicante  
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(3)Instituto de Ciencias de la Tierra Jaume Almera (CSIC), 08028 Barcelona                
Abstract 

Present carbonate deposition rates were monitored in irrigation channels at Alicún 
spa resort. This allows us to establish the chronological sequence of travertine 
formation linked to these channels. The operation of two of these channels, until 
about the mid-Holocene, when they were abandoned, suggests similar climatic 
conditions to the present, with analogous CaCO3 precipitation rates. On the other 
hand, this method permits comparison of the different dating methods used.  
Key words: AMS-radiocarbon, carbonate deposition rates, Holocene, karst, thermal 
springs 
 

Dating Method Old Channel Older Channel 
14C - 18700 

U/Th - 8900 
AMS-Radiocarbon 2700 3700 

Dates (in y BP) obtained for each channel according to the radiometric methods used 
 

  
   Scheme of the older channel (left) and old channel (right), and location of sampling points for 
radiometric dating 
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Chronology of Cave Development in Torremolinos Travertine Málaga, S. Spain 
 
J.J. Durán(1), F. Carrasco(2),B. Andreo(2), I. Marqués(3) ,A. Baldomero(3) ,J.E. Ferrer(3) and M. 
Cortés(4) 
(1)Instituto Geológico y Minero de España, Ríos Rosas, 23, 28003 Madrid  
(2)Departamento de Ecología y Geología. Facultad de Ciencias, Universidad de Málaga. 

Campus Universitario de Teatinos, 29071 Málaga  
(3)área de Prehistoria. Universidad de Málaga. Campus de Teatinos, 29071 Málaga  
(4)área de Prehistoria. Universidad de Córdoba. Plaza Cardenal Salazar, s/n, 14071 Córdoba  
 
Abstract 

The travertines of Torremolinos (Málaga, Southern of Spain) are young 
sedimentary bodies relationated with the underground drainage of Sierra de Mijas 
carbonate aquifer, in the Mediterranean coast. These travertines support 
sinsedimentary and postsedimentary cavities. Postsedimentary cavities are strongly 
relationated with the sea erosive process. The cavities present two sedimentary 
records: detrital and chemical reprecipitation deposits. Some of them are very 
important for the archaeological study, like in the Bajondillo cave. Absolute dating 
(Th/U and ESR) shows that the travertinic build is a polyphasic deposit and this grew 
during the 6-5 and 2 isotopic stages. Absolute dating in the sediment infill on 
Bajondillo cave (14C and TL) (between 95 and 7 ka) is compatible with the travertines 
age.  
Key words: absolute dating, Bajondillo cave, Málaga province, travertines, Upper 
Pleistocene 
 
 
 
Paleocollapse Structures and Collapse Breccias as Tool for Reconstruction of 
Past Karst and Paleoclimate Record During the Upper Miocene of Mallorca 
Island 

 
(*) P.A. Robledo Ardila *J.J. Durán Valsero 

(*) Instituto Geológico y Minero de España. Ríos Rosas 23, 28003, Madrid 
 

Paleocollapse structures and collapse breccias are a major features for analysis 
the paleokarst and paleoclimate record. An example is described from the upper 
Miocene platform limestone of the east coast of Mallorca Island. The carbonate 
platform consisted  of shelf-margin tracts of coral reef with fore-reef slopes and 
back-reef lagoons. Near surface dissolution processes occurred in coral patches and 
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both, depositional pattern and karst process was controlled for high frequency of 
sea-level fluctuation. Dissolution occurred in the mixing zone between salt and fresh 
water during the low stand of sea-level. Collapse and breccias associated take place 
during the last rise and high stand of sea-level when the beds overlaid the previously 
epigenic system caves. Relationship with high frequency of sea-level fluctuation and 
facies architecture permit to enhance a general paleoclimatic framework. Structures 
resulted can be classified according the size of cavity and lithiphication degree. 
Morphometric and structural classification of paleocollapse is based in geometric and 
structural criteria according the deformed strata angle degree and deformed strata 
collapse dip. Breccias are interpreted as having developed gradely either in matrix 
interbreccia and clast-breccia. Classification of breccias and clastic deposits in 
paleocollapse structures exhibiting relationship between chaotic breccia, mosaic 
breccia, crackle breccia and cave-sediment infill. Facies architecture, paleocollapse 
and breccias are strongly related. Depositional pattern as well as classifications result 
in a grade of chronological occurrence of paleocollapse structures.   
                                                                                 
 
 
Paleoenvironmental Records from Sediments, Mammal Fossils in Moreda Karst, 
Granada, Spain 
 
A. Ruiz Bustos  
Instituto Andaluz de Ciencias de la Tierra CSIC-UGR. Facultad de Ciencias, Fuentenueva s/n, 
18002 Granada, España  
 
Abstract 

The analysis of sediments and mammals fossil record in the karstic Moreda site 
from Granada (Andalucia, Spain), show that the origin of filling are mud flows. The 
three characteristics facies are masive conglomerates, conglomerates sand and clays 
with gred bedding and red clay levels. These facies represent frontal part, main body 
and tail of each mud flow episodes. The mammals indicate an age near of the 
Ruscinian Villaframchian limit, and the climate conditions are drier and warm that, 
today exist in the region. The principal habitats are shrublands, dry grassland and 
esclerophyllous forest.  
Key words: Andalucía, environment, karst, mammals, Pliocene 
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Petrographic and Geochemical Screening of Speleothems for U-series Dating: An 
Example from Recrystallized Speleothems from Wadi Sannur Cavern, Egypt  
 
L. BRUCE RAILSBACK1, ADEL A. DABOUS2, J.K. OSMOND2, and C.J. FLEISHER1 
(1)Department of Geology, University of Georgia, Athens, Georgia 30602-2501 USA  
(2)Department of Geological Sciences, Florida State University, Tallahassee, Florida 
32306-4100 USA  
 

Petrographic and geochemical analyses of four speleothems from Wadi Sannur 
Cavern in eastern Egypt show that petrography and geochemistry can provide a useful 
way to screen speleothems prior to dating via U-series analysis. The speleothems vary 
from inclusion-rich zoned calcite to clear featureless calcite. U concentrations 
(ranging from 0.01-2.65ppm) and Sr concentrations (ranging from 0.00-0.11wt%) are 
greater in inclusion-rich zoned calcite. U concentrations are also greater in 
speleothems with small (<1.2 mm wide) columnar calcite crystals than in 
speleothems with larger crystals. Mg concentrations in the speleothems range from 
0.2-2.3 mol% MgCO3 and show no significant relationship to petrography at the 
microscopic scale. Geochemical considerations suggest that the Wadi Sannur 
speleothems were originally mostly aragonite, and that all four have undergone 
recrystallization. More generally, they suggest that coarse clear columnar calcite and 
large (>1.0 ppm) ranges of U concentration are warning signs of recrystallization and 
U loss. However, even finer grained, inclusion-rich columnar calcite may be the result 
of recrystallization while retaining U contents less depleted than those of associated 
clear calcite. 
  
 
Geochemical Aplications of Laser Microanalysis in Karstic Caves 
 
J. M. Vadillo(1), A. Alises(1), S. Palanco(1), P García-Aguilera(1) and J. J. Laserna(1) 
(1)Department of Analytical Chemistry, University of Málaga, 29071 Málaga. jmvadillo@uma.es, 
laserna@uma.es   
 
Abstract 

Microanalysis techniques based on laser excitation provide specific information 
difficult to be obtained by means of other techniques. The present communication 
summarizes some of the work done on optical emissión  spectrometry of laser 
induced plasmas to determine the compositional variation of different elements in 
speleothems, as well as the atomic differences between the crust and the core. 
Bearing in mind the limited capability for getting samples from the cave, our lab has 
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developed a portable instrument capable of performing in-situ analysis without 
detriment of the analytical information provided. The system may be used to 
determine atomic compositions in some other samples of interest as soils, sediments 
or ceramics, without sample preparation. Recent experiments involving laser 
desorption/ionization will be shown. These experiments allow the determination of 
molecular species in speleothems. In order to check the availability of the technique, 
polyaromatic hydrocarbons was performed due to the interest of this family of 
compounds as anthropogenic contamination indicators. Preliminary results have 
evidenced the presence of some of these compounds.  
Key words: anthropogenic contamination, laser ionization, laser microprobes, 
portable instrumentation, speleothems 
 
 
 
Cathodoluminiscence of Carbonate Speleothems: State of the Art 
 
D. K. Richter, Th. Götte, S. Niggemann and G. Wurth  
Institute for Geology, Mineralogy and Geophysics, Ruhr-University Bochum, (Thomas. 
Goette@ruhr-uni-bochum.de)  
 
Abstract 

 Calcitic and aragonitic speleothems are investigated with cathodoluminescence 
(CL)-microscopy and spectroscopy. Additional to an intrinsic blue luminescence 
(related to the crystal lattice) an orange, green, or pale violet luminescence was 
observed, which is induced by activation of Mn (orange for calcite and green for 
aragonite) and REE (especially Dy and Sm, pale blue to pale violet for calcite and 
pale bluish green for aragonite).  

Using CL several diagenetic phenomena in speleothems can be made visible:  1. 
Free vs. inhibited crystal growth, 2. Growth discordances, 3. Phases of corrosion, 4. 
Later phases of cementation and breaking, e.g. The recognition of those later 
mineralisations is important in order to select samples, which are suitable for 
geochemical investigations (C/O-isotopes, TIMS U/Th, etc). First systematic studies 
of the distribution of Mn/REE in postglacial stalagmites in central Europe have 
shown a significant enrichment during the Atlantic stage (9000-6000 yrs. BP) and for 
subrecent/recent times. These periods correspond with quite warm times and a strong 
weathering during the Holocene.  
Key words: cathodoluminescence, Mn/REE activation, speleothems, terrestrial 
paleoclimate archive 
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High-Resolution Speleothem Trace Element Records: Potential as Climate 
Proxies 
 
I. J. Fairchild  
School of Earth Sciences and Geography, Keele University, Staffs ST5 5BG, UK  
 
Abstract 

Studies of speleothems at several shallow European cave sites has revealed 
systematic variations in trace element content at a high resolution (annual to 
sub-annual scale) when analyzed by ion microprobe. The variations are displayed not 
only by elements (e.g. Mg, Sr) known to substitute for Ca in the calcite crystal lattice, 
but also Na, H and P. There are good theoretical and experimental grounds for 
suggesting that Mg variations reflect the variation in Mg/Ca of the cave waters. In 
turn this ratio, at many cave drip sites, is an inverse function of palaeohydrology, 
being depressed during wet intervals and enhanced in dry periods. Sr is influenced by 
the same factors, but also by crystal growth rate and so shows a stronger seasonal 
response. The seasonal variation is often shown strongly by Na, H and P, particularly 
the latter. Since P should be released by decaying vegetation in the autumn when it is 
also susceptible to being flushed into caves by intense rainfall, its annual peak may 
represent a useful seasonal marker of the annual temperature cycle. The usefulness of 
these variations as proxies are (in order of increasing difficulty): a) to determine 
growth rates and interval duration of climatic anomalies, b) as qualitative indicators 
of seasonality and c) as quantitative proxies (for example, for rainfall).  
Key words: ion microprobe, palaeoclimates, palaeohydrology, trace elements 
  
 

Influence of the Solar Luminosity on Glacier Melting, Precipitation and 
Sea Level Changes 

 
Yavor Shopov, Diana Stoykova, L. Tsankov, M. Sanabria, Diana Garbeva, L.N. Georgiev  

Faculty of Physics, University of Sofia, James Bouchier 5, Sofia 1164, Bulgaria 
E-Mail:YYShopov@Phys.Uni-Sofia.BG 

 
Glaciations were attributed to variations of the Earth’s orbit (Milankovitch 

cycles). But the best ever dated paleoclimatic record (from a speleothem from Devils 
Hole, Nevada) demonstrated that the end of the last glacial period (termination II) 
happened 10 000 years before the one suggested by the orbital variations (Winograd 
et al, 1988, 1992), i.e. the result appeared before the reason. This fact suggests that 
there is something wrong in the theory. Glaciations and deglaciations drive changes 
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of the sea level. They are extremely important for human life in coastal regions, 
because rise of the sea level with few meters will cause flooding of very large regions 
of land and will reduce significantly arable land of several countries. We need to 
know the detailed mechanisms of the deglaciations in order to develop proper 
sustainable management policy and actions to secure sustainable development of 
these regions. These actions are important not only for sustainable management of the 
caves (which provide the data for coming disasters), but for survival of large regions 
of land and its population.   

Calcite speleothems luminescence of organics depends exponentially upon soil 
temperatures that are determined primarily by the solar radiation. So the 
microzonality of luminescence of speleothems may be used as an indirect Solar 
Insolation (radiation) proxy index. We obtained luminescence solar insolation proxy 
records in speleothems (from Jewel Cave, South Dakota, US and Duhlata cave, 
Bulgaria). These records exhibit very rapid increasing of the solar insolation at 139 
kyrs BP responsible for the termination II (the end of the last glaciation) and 
demonstrate that solar luminosity variations contribute to Earth’s heating almost as 
much as the orbital variations of the Earth’s orbit (Milankovitch cycles). The most 
powerful cycle of the solar luminosity (11500 yrs) is responsible for almost 1/2 of the 
variations in solar insolation experimental records. Solar luminosity and orbital 
variations both cause variations of the solar insolation affecting the climate by the 
same mechanism. 

Changes in the speed of Earth’s rotation during glacial- interglacial transitions 
produce fracturing of the Earth’s crust and major earthquakes along the fractures. The 
intensity of this process is as higher as faster is the change of the sea level and as 
higher is its amplitude. Much higher dimensions of this process may be caused by 
eruptive increasing of solar luminosity, which may be caused only by collision of 
large asteroids with the Sun (Shopov et al, 1996, 1997). Such collision may cause 
“Bible Deluge” type of event. Humanity even now is not prepared to face such 
catastrophic disaster, but cave research combined with astronomical observations can 
help to predict it and to suggest actions to reduce the damage cause by it.  

Such rapid melting of the ice sheets and rising of the sea level should cause 
unusually rapid change of the rotation speed of the Earth and would produce major 
earthquakes. Probably one of them broke the narrow band of land separating Black 
Sea from the Mediterranean Sea and caused the flooding of the Black Sea basin. 
Humanity even now is not prepared to face such catastrophic disaster, but cave 
research combined with astronomical observations can help to predict it and to 
suggest actions to reduce the damage cause by it. 
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Conclusions 
Solar luminosity variations contribute to Earth’s heating almost as much as the 

variations of the Earth’s orbit (Milankovitch cycles). Their most prominent cycle 
(with period of 11500 yrs) must be also taken into account for a proper explanation of 
the timing of the deglaciations.  

Speleothem records (being the best-dated paleoclimatic records) may serve as a 
reliable tool for studying the mechanisms of formation and precise timing of glacial 
periods.  

Glaciations and deglaciations drive changes of the sea level. They are extremely 
important for human life in coastal regions, because rise of the sea level with few 
meters will cause flooding of very large regions of land and will reduce significantly 
arable land of several countries.  We need to know the detailed mechanisms of the 
deglaciations in order to develop proper sustainable management policy and actions 
to secure sustainable development of these regions. These actions are important not 
only for sustainable management of the caves (which provide the data for coming 
disasters), but for survival of large regions of land and its population. Cave research is 
necessary to predict coming major global climatic disasters and to suggest proper 
policy and actions to reduce the damage caused by it. 
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Monitoring is currently being performed in the Karawanken Mountains, 
southeast Austrian Alps, at Obir Cave.  The site is situated in Triassic Wetterstein 
Limestone and overlain by shallow soils and primitive to well-established forest.  
The research project aims to: (i) determine the main karst zone processes controlling 
seasonal fluctuations in karst water ionic concentrations, (ii) investigate the nature of 
annual variations in trace elements precipitated within speleothem calcite, using the 
high resolution ion microprobe technique, and (iii) use trace elemental cycles in 
speleothems to reconstruct changes in surface environmental conditions during the 
Holocene. 

The geochemistry of rain, soil and karst waters are being monitored each month 
over a one and a half year period.  Four speleothems in total will eventually be 
analysed via ion microprobe.  Two, from karst water data logger station sites, have 
already been removed for ion microprobe study.  A further two stalagmites, also 
corresponding to monitored karst water sites, will be removed at the end of the 18 
month period, enabling a direct comparison of calcite geochemistry with that of the 
karst waters from which it has precipitated.   

Preliminary results from ion microprobe traverses tracking downwards from the 
growth surfaces of two Holocene stalagmites from Obir Cave indicate the occurrence 
of pronounced chemical variations in concentrations of the trace elements Mg, Sr, Na, 
Si, H and P, with the latter exhibiting the most distinctive annual variations.  These 
cycles of trace element variation appear to correspond with, presumably annual, 
laminae.  In addition, a traverse across a petrographic hiatus in one stalagmite 
sample, which denotes a probable change in surface conditions, recorded clear 
changes in relative elemental concentrations.   

These findings re-iterate the valuable potential of karst system trace element 
studies as a tool in the reconstruction of regional records of past climate. 

This work is funded by Lise Meitner Scholarship M618 and grant START Y122-GEO, both awarded by the 

Austrian Science Fund. 
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Trace Elements in Speleothems 
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Since a long time, researchers are trying to understand the hidden message 
behind trace elemental composition of speleothems. First studies were mainly 
concerned with the link between the trace elemental composition and the color of 
speleothems or the occurrence of meta-stable aragonite speleothems. Recent research 
is mainly focusing on the palaeoclimatic significance of speleothem composition in 
order to reconstruct at a very high resolution (monthly) the evolution of the effective 
precipitation and/ or vegetation activity. 

A four-year in-situ study of cave waters revealed that the Mg/Ca and Sr/Ca ratios 
of cave waters and consequently of precipitated calcite tend to increase during drier 
periods when residence times in the epikarst are longer. We measured the Mg/Ca and 
Sr/Ca ratios along the longitudinal axis of three Belgian Holocene stalagmites A 
comparison of the time-series from the three stalagmites reveal some analogy, such as 
a wet-dry anomaly around 8.2 ky BP, which may correspond to the 8.2ky BP dry and 
cold event registered in Greenland ice-cores. The changes to wet conditions around 4 
ky BP and to dry conditions around 2.5 ky BP may reflect climatic conditions during 
the Subboreal deterioration and the Roman warm period. Some other parts, on the 
contrary, are not concordant, indicating that other factors, among which possibly very 
local factors, are superimposed on the main climatic forcing.   
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