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Studies on Tropical Palaeo-variation in 
Climate and Cosmic Ray Influx 

Geochemical data from stalagmites collected in Tanzania and northern South Africa 
 
 
The main aims when starting this project were 

1. to contribute to the general knowledge about tropical climate variations, by providing 
new palaeoclimatological proxy-data from tropical stalagmites. 

2. to assess the potential of the cosmogenic isotope 10Be as a tool in palaeoclimatological 
studies on stalagmites. 

 
 
 

Introduction 
 

Why study prehistoric tropical climate? 
In order to understand the underlying causes of climate changes, good knowledge about the 
climate variations as such – in both time and space – is required. Palaeoclimatological 
chronologies with high time-resolution, from all times and all climate zones, are needed, to 
improve our understanding of the natural changes and fluctuations in Earth’s climate. Such 
insights can help us predict upcoming climate changes (regional as well as global) and may 
also enable us to make a well-founded and nuanced appraisal of the possible human impacts 
on climate. 
    Recent studies indicate that some major climate changes at high latitudes have been 
preceded by changes in the tropics, suggesting that a process of global climate change started 
by changes at low latitudes (Cane and Evans 2000; Kerr 2001; Koutavas et al. 2002; Visser et 

al. 2003). ‘Lead-and-lag’ phenomena between latitudes may be an important clue to a better 
understanding of the general mechanisms behind climate changes. However, there is still a 
shortage of high-resolution, long-time climate chronologies from the tropics, as compared to 
the relative abundance of high-latitude data. Many well-dated and detailed tropical data series 
would be needed to confirm or refute the hypothesis that the tropics lead. Stalagmites are 
often a good source of high-resolution palaeoclimatological data, and each stalagmite 
commonly covers several millennia (e.g. Talma and Vogel 1992; Lauritzen 1995; Hellstrom 
et al. 1998; Linge et al. 2001; Wang et al. 2001; Spötl and Mangini 2002; Xie et al. 2003). 
 

Palaeoclimatological studies on stalagmites 
When bi-carbonated water flows through cracks in limestone bedrock, calcium carbonate 
dissolves.* If the solution then drips down in a cave through fissures in the ceiling, 
speleothems may form (Fig. 1). The speleothems consist mainly of CaCO3 (calcite, in most 

                                                 
* Carbon dioxide dissolved in the water makes it acidic, thereby increasing the solubility of calcium carbonate 
(Zumdahl 1995):  
CO2 (aq) + H2O(l)  H+(aq) + HCO3

-(aq) 
H+(aq) + CaCO3(s)  Ca2+(aq) + HCO3

-(aq) 
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cases, though the aragonite form is occasionally seen), precipitated through degassing of CO2 
or by evaporation of H2O. The drip-water usually also contains some other dissolved 
components that may be enclosed in the precipitates. This can for example be humic acids 
from the vegetation above, and various ions from the soil and bedrock.  

 

   Figure 1: Schematic cross-section of a limestone cave with speleothems (drip-stones)  
   of different types. 
 
    Stalactites are usually hollow, with drip-water flowing both inside and outside, giving 
irregular precipitation layers. Therefore, they are normally not used in climate studies.  
    Stalagmites often show a regular lamination. The chemical composition of the precipitates, 
and the variation in colour and thickness of the layers, reflect climatic conditions – 
temperature, rainfall and vegetation – at the time when the stalagmite formed. If the 
stalagmite is longitudinally cut, some climate information can be yielded from digital imaging 
analysis of the growth-layers seen in the cross-section, without destroying any of the material 
(Svanered 1998; Holmgren et al. 1999). More climate information is obtainable through 
analysis of trace elements and stable carbon and oxygen isotopes in the precipitates (e.g. 
Gascoyne 1992; Talma and Vogel 1992; Holmgren et al. 1995; Lauritzen 1995; Hellstrom et 

al. 1998; Holmgren et al. 1999; Lauritzen and Lundberg 1999; Linge et al. 2001; Neff et al. 
2001; Wang et al. 2001; Dorale 2002; Frappier et al. 2002; Spötl and Mangini 2002; Burns et 

al. 2003; Genty et al. 2003; Holmgren et al. 2003; McDermott 2004; Mangini et al. 2005). 
The carbon and oxygen isotopes used for this purpose are 12C, 13C, 16O and 18O. The carbon 
isotope contribution from the bedrock is supposed to be approximately the same throughout 
the formation of a stalagmite. 13C/12C- and 18O/16O ratio variations are expected mainly to 
indicate regional changes in vegetation and climate.  
    Different types of vegetation have different carbon isotope compositions (Tieszen et 

al.1979; Young and Young 1983; Farquhar 1997). Changes in 13C/12C, from one stalagmite 
layer to another, can therefore give information about changes in the vegetation above the 

cave − which in turn may tell us something about changes in climate (e.g. Gascoyne 1992; 
Talma and Vogel 1992; Holmgren et al. 1995; Hellstrom et al. 1998; Dorale 2002; 
McDermott 2004), because different plant-types thrive at different temperatures and 
conditions of water-supply, and have different demands on atmospheric CO2-level for their 
photosynthesis to function optimally (Tieszen et al.1979; Young and Young 1983; Farquhar 
1997). Changes in vegetation density and soil respiration, modifying the carbon isotope 
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composition of soil CO2 (Frappier et al. 2002; Genty et al. 2003; McDermott 2004), also have 
an influence on stalagmite 13C/12C-ratios. 
    When CaCO3 precipitates to form a stalagmite, the lightest oxygen isotope, 16O, more 
easily escapes with the CO2 or H2O released; which makes the stalagmite enriched in 18O. 
This fractionation is greater at low temperatures. Hence, the relative amounts of the oxygen 
isotopes 18O and 16O that go into the precipitate will vary, depending on the temperature in the 
cave. The oxygen isotope composition of the rainwater (that becomes drip-water) in turn 
depends on the outside temperature and on the source and transport paths of the raindrops, 
and this also gives an imprint in the isotope ratios of a stalagmite. The connections are 
complicated, but intensely studied (e.g. Gascoyne 1992; Talma and Vogel 1992; Lauritzen 
1995; Holmgren et al. 1999; Lauritzen and Lundberg 1999; Linge et al. 2001; Neff et al. 
2001; Wang et al. 2001; Dorale 2002; Spötl and Mangini 2002; Burns et al. 2003; Holmgren 
et al. 2003; McDermott 2004; Mangini et al. 2005). Differences in 18O/16O from layer to layer 
can, under different circumstances, be interpreted as temperature changes and/or changes in 
rain-patterns.  
    More thorough descriptions, of how stable isotope data from stalagmites may be 
interpreted, are given in the discussions in Papers I and II in this thesis. The different lines of 
interpretation finally chosen in paper I and II respectively, illustrate the complexity of this 
kind of stable isotope studies and the importance of comparisons between different types of 
palaeoclimatological data. There are always several different factors that must be taken into 
account, before arriving at the most plausible conclusions. 
    For doing both 13C/12C - and 18O/16O -analysis, only a very small sample is needed. Around 
0.05-0.1g is taken out from a stalagmite layer, using a dentist’s drill. Normally, the results are 
given in δ13C and δ18O, which means that the isotopic composition is expressed as ‰ 
deviation from a standard reference.† The reference used in stalagmite studies is the “PeeDee 
Belemnite” (PDB), which is a CaCO3 fossil. 
 
The age of different parts of a stalagmite can usually be determined with high precision, using 
uranium series dating, provided that the precipitates contain enough uranium and are 
compact enough to have a stable chemistry (e.g. Schwarcz 1989; Li et al. 1989). The 
precipitates also have to be clean – i.e., the stalagmite shall not contain non-dissolved matter 
like silt and clay particles etc.  The methods used in this kind of dating, are based on 
knowledge about the radioactive decay path 238U→ 234U→ 230Th→….   During rock 
weathering, uranium is oxidized and thereby becomes easily soluble in water. When water is 
seeping through bedrock containing 238U, 235U and 234U, some of the uranium will follow the 
flow and later possibly end up in a stalagmite. Thorium, on the other hand, does not dissolve 
in water. Hence, if there is any 230Th present in a stalagmite (which is not contaminated by 
non-dissolved matter), it must come from decay of 234U. Since the half-lives (et c.) of the 
involved isotopes are known, the age of a sample can be calculated if the relative abundances 
of all the uranium and thorium isotopes are analysed (Schwarcz 1989; Ivanovich and Harmon 
1992; Dickin 1997) 
 
Radiocarbon dating has also been used for stalagmites (e.g. Holmgren et al. 1994; Goslar et 

al. 2000; Beck et al. 2001).  14C is radioactive, and, when it decays within a closed system 
containing also stable carbon isotopes, the 14C/12C ratio gradually decreases. Hence, since the 

                                                 
† δ13Csample= ((Rsample/Rreference) – 1) x 1000, where R=13C/12C 
  δ18Osample= ((Rsample/Rreference) – 1) x 1000, where R=18O/16O 
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half-life of 14C is known (~5700 years), the 14C/12C ratio is a measure of time if the original 
ratio can be correctly estimated (Faure 1986; Dickin 1997).  
    In a tree, the 14C/12C ratio of the atmosphere and the isotope fractionation between 
atmosphere and tree are the factors that decide the (original) 14C/12C ratio of the wood. The 
lightest isotope is more easily taken up during photosynthesis, and the 14C/12C fractionation is 
twice as great as the 13C/12C fractionation; which means that 14C-ages of dead wood can be 
fractionation corrected if the 13C/12C ratio is also measured (Faure 1986; Dickin 1997).  
    For stalagmites, the 14C-dating method is more doubtful, since atmospheric CO2 is not the 
only carbon source to consider. However, in spite of the difficulties in making estimates of 
the degree of ‘dead carbon’ contribution from the bedrock (which may cause low 14C/12C 
ratios, falsely interpreted as high age), 14C-results have in some cases shown a surprisingly 
good agreement with U-series dates from the same material (Holmgren et al. 1994; Goslar et 

al. 2000). According to Quade et al. (1989), the carbon isotope composition of re-precipitated 
CaCO3 in soils may bear virtually no imprint at all of the parent bedrock, but instead be 
directly related to the carbon isotope composition of soil CO2. Genty et al. (1999) showed 
that, in the European stalagmites they studied, the main part of the carbon (80-90%) comes 
from soil CO2. Still, 14C-dating of stalagmites can probably never be as exact and accurate as 
14C-dating of wood, since the effects of the carbon sources in the eco-system above the cave 
are difficult to assess. Carbon from different kinds of dead vegetation, fractionated in 
different ways, is admixed in the stalagmite precipitates; making the fractionation correction, 
using 13C, less reliable. 
 

Cosmic rays and cosmogenic isotopes 
Regular variations in Earth’s orbit around the sun (mainly in cycles of approximately 23,000, 
41,000 and 100,000 years respectively) and fluctuations in the solar activity (for example in 
cycles of approximately 11 and 80-90 years) are the most commonly discussed ‘extra-
terrestrial’ causes of variations in climate (e.g. Beer et al. 1990; Bond et al. 2001; Ruddiman 
2001; Lundstedt 2004). However, some data indicate that changes in cosmic ray influx may 
also have an influence (Svensmark 2000; Marsh and Svensmark 2000; Carslaw 2002; Shaviv 
2003; Christl et al. 2004). 
 
Cosmic rays consist of atomic nuclei (mainly protons) that are travelling through interstellar 
and interplanetary space, each particle having a very high kinetic energy. Both the 
geomagnetic field‡ and the inter-planetary magnetic field carried by the solar wind, are 
shielding Earth from much of the bombardment by cosmic rays. Hence, the intensity of the 
cosmic ray influx to our planet is affected by geomagnetic changes and by changes in solar 
activity. “Nearby” supernova explosions can also be a cause of unusually high cosmic ray 
influx. Our solar system’s travelling through the spiral arms of the Milky Way leads to major 
changes in the cosmic ray influx on Earth, but that is on a time-scale of ~0.1 Ga§. The 
geomagnetic shielding against cosmic rays is weak around the poles, where the field is almost 
vertical, but much more effective at lower latitudes, where the field is parallel to Earth’s 
surface.  (Faure 1986; Bard et al. 1997; Dickin 1997; Marsh and Svensmark 2000; Wagner et 

al. 2000; Carslaw et al. 2002; Shaviv 2003; Svensmark and Nordentoft Lauritzen 2004) 
 
Changes in cosmic ray influx can perhaps cause changes in climate (Christl et al. 2004), and 
this may be due to effects on cloud-formation (Svensmark 2000). At least during the short and 
                                                 
‡ Earth’s magnetic field 
§ Ga= Giga annos= billions of years.  Hence,  0.1 Ga= 100 million years… 
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recent time-span that has been directly studied (short and recent because of need for direct 
cosmic ray measurements and for cloud-cover data from satellites), more cosmic ray influx 
seems to have resulted in more clouds of the low type that has a cooling effect (Svensmark 
2000; Marsh and Svensmark 2000). Such a mechanism would, due to the modulating effect 
that the solar activity has on cosmic ray influx, mean that changes in cloud-cover add to direct 
temperature effects of the solar activity variations. 
    If cosmic rays really have an influence on climate, this implies that not only solar cycles 
but also changes in the geomagnetic field may, indirectly, cause climate changes. 
 
So-called cosmogenic isotopes are nuclides produced in various reactions caused by cosmic 
rays. For example, cosmic rays can cause spallation of nitrogen and oxygen atoms in the 
atmosphere. One of the new smaller nuclides produced by this reaction is the unstable 

beryllium-10, 10
Be, which decays, by β-emission, to the boron isotope 10B. The half-life is 

1.51 million years. 10Be is washed out of the atmosphere by rain. The residence time in the 
atmosphere is ca 1 week to 2 years. (Dickin 1997) 
    There are several other cosmogenic isotopes, produced through various types of reactions 
involving cosmic rays – 14C, 7Be, 36Cl, 26Al and 129I are some examples – and many of them 
can be used for tracing variations in cosmic ray influx, and/or for dating-purposes. 
 
Many studies, for example 36Cl- and 10Be-analysis on Greenland ice-cores (Wagner et al. 
2000; Beer et al. 2002; Muscheler et al. 2005), 10Be-analysis on Caribbean ocean sediments 
(Aldahan and Possnert 1998) and 14C-analysis on Japanese lake-sediments (Kitagawa and  
van der Plicht 1998), show indications of short elevations in the amount of incoming cosmic 
rays around ~39 and/or ~32 ka** – excursions referred to as the Laschamp event (~39ka) and 
the Mono Lake event (~32ka). It has been estimated that the geomagnetic field-strength must 
have been ≤10% of the present value both at the Laschamp- and at the Mono Lake-event 
(Wagner et al. 2000). The duration of the Laschamp event was probably around 2,500 years, 
whereas the Mono Lake event is thought to have lasted less than half that long (Wagner et al. 
2000). The data also indicate a, less pronounced, excursion at ~24 or 23ka (Aldahan and 
Possnert 1998; Kitagawa and  van der Plicht 1998). Similar short peaks have been found at 
several earlier time-intervals – e.g. around 66, 117 and 187 ka (Wagner et al. 2000; Christl et 

al. 2004). There are also larger long-term fluctuations. During most of the Holocene††, there 
has also been a gradual decrease in the cosmic ray influx intensity – plausibly due to a 
strengthening of the geomagnetic field (Hughen et al. 2004; Solanki et al. 2004). 
 
10Be-data from deep-sea sediments did, when compared to various climate studies (e.g. 
temperature proxy-data from Antarctic ice), indicate a long-term inverse relation between 
temperature and level of cosmic ray influx throughout the last 200,000 years (Christl et al. 
2004). Dating uncertainty for these sediments is ± thousands of years. The Mono Lake- and 
Laschamp events are still discernable at around 32 and 40 ka respectively; but the correlation 
between cosmic rays and climate is mainly seen on a time-scale of 10-thousands of years and 
more. 
 
10Be-analysis on Greenland ice and Antarctic ice has demonstrated the solar modulation of 
cosmic ray influx during the last millennium (Beer et al. 1990; Bard et al. 1997). The solar 
activity cycles of approximately 11 years were traceable in these ice-cores. 

                                                 
** ka = thousand years, i.e. “kilo annos” (ago) 
†† The present interglacial. 
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    Millennial scale variations (cycles of approximately 1000 to 1500 years) in cosmic ray 
influx during the Holocene have also been deduced from 10Be-analysis on Greenland ice – 
and, after comparisons with other data, these cosmic ray influx variations were also attributed 
to fluctuations in solar activity (Bond et al. 2001). 
 
The variations in cosmic ray influx commonly pose problems in radiocarbon (14C) dating 
(Bard et al. 2004; Hughen et al. 2004; Fairbanks et al. 2005). For example, since more 14C is 
produced when there is an elevated cosmic ray influx, samples that were formed around the 
time of the Mono Lake- and Laschamp events have high 14C/12C ratios – which will, in 14C-
dating, falsely be interpreted as low age. The time-frames of these events themselves, and the 
magnitudes of the raises in 14C-production that they caused, are not yet exactly known; which 
is one of the problems that obstruct the calibration of 14C-ages to calendar years (Bard et al. 
2004; Hughen et al. 2004; Fairbanks et al. 2005). More cosmic ray influx data – from 
material that can be dated without using 14C – are needed, in order to improve the radiocarbon 
clock.‡‡  
 
 
 

Ideas and Purposes behind this project 
 
The main aims of this project were to contribute to the knowledge about tropical variations in 
climate, through palaeoclimatological analysis of tropical stalagmites, and to investigate the 
possibilities of obtaining cosmic ray influx data from stalagmites. The techniques chosen for 
these purposes were U-series dating, δ13C- and δ18O-analysis, plus 10Be- and 9Be-analysis. 
The project ideas and the choices of research material are explained in this section.  
 

Palaeoclimatological studies on tropical stalagmites  
Tanzania is situated just south of the equator, on the eastern coast of Africa, and has a 
semiarid tropical climate, influenced by monsoonal winds. In the coastal areas there are many 
limestone cave systems. Palaeoclimatological studies of stalagmites from those caves could 
result in a contribution to the knowledge about tropical climate variations. Stalagmite 
specimens for climate studies were collected in the Nandembo Caves in Kilwa Region, the 
Panga Caves on the Songo-Songo Island and the Kiomoni Quarry Cave in Tanga Region 
(Holmgren et al. 1997). In Tanga Region, one big stalagmite was also salvaged from a cave 
that was both revealed and demolished by the Mafuriko Quarry. The locations of the cave-
systems of Kilwa Region, Songo-Songo Island and Tanga Region are shown in figure 2. 
 
In northern South Africa, at ~24ºS§§, some stalagmites were collected in Cold Air Cave in the 
Makapansgat Valley, Limpopo Province, north of Pretoria (Fig. 2). The landscape above the 

                                                 
‡‡ For the Holocene, calibrations through tree-rings that were both counted and 14C-analysed have been made 
(e.g. Solanki et al. 2004); but, for the ages discussed here, that method is not feasible. 
 
§§ This latitude may be called tropical or subtropical. Commonly, the area between latitudes 23.5ºS (“the Tropic 
of Capricorn”) and 23.5ºN (“the Tropic of Cancer”) is referred to as the Tropics – making the Tanzanian 
stalagmites tropical, and the South African stalagmites subtropical but close to tropical. According to a more 
detailed geographic/climatologic definition, the area between 10ºS and 10ºN is equatorial, whereas the areas 
further north and south of the equator, between latitudes 10 and 25, are tropical (Strahler and Strahler, 1992) – 
making the Tanzanian stalagmites equatorial and the South African stalagmites tropical…  
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cave is a tropical savannah, situated in the summer rainfall region. Getting 
palaeoclimatological proxy-data from the stalagmites collected here was scientifically 
important, because the climate history of South Africa is largely unknown. 
 

 
 

Figure 2: Maps over Tanzania and South Africa, showing locations of the cave systems (Ω). 

 
 
 
A study on stalagmites from the Trobriand Islands of Papua New Guinea was also planned. 
In 1999, a group of 16 Swedish archaeologists and osteologists carried out excavations and 
osteological analyses at a newfound site on Kiriwina Island – one of the Trobriand Islands, 
situated in Milne Bay Province, Papua New Guinea. As part of their project, they studied 
some old burial caves; which also contain speleothem formations of various kinds. Some of 
the photographs from one of these caves, the Selai Cave, show stalagmites that look 
promising for palaeoclimatological studies. If these stalagmites would yield high-resolution 
climate-data from the last 2,000 years, comparisons to the archaeological data would be of 
great interest for both archaeologists and climatologists. Regardless of time-span, 
palaeoclimatological data from these stalagmites could possibly contribute to the knowledge 
about tropical climate variation in general. Furthermore, most of the archeological findings in 
the Selai Cave are covered by speleothem formations (mainly flowstone). A very exact 
minimum age for those findings could be determined by U-series dating of their carbonate 
cover, if the precipitates contain enough uranium and are compact enough to have a stable 
chemistry.  



PhD- thesis,  SUMMARY 
Katarina Lundblad   
 

 

8 

10Be-studies on stalagmites 
10Be-studies on U-series dated stalagmites could be a new tool for improvement/confirmation 
of the, now rather approximate, dating of the Mono Lake- and Laschamp-events and other 
excursions in cosmic ray influx. A very interesting use of 10Be in stalagmites would then be 
the possible opportunities for better time-matching between stalagmite data and other types of 
climate records in which cosmogenic isotopes can be analysed. Excursions like, for example, 
the Mono Lake- and Laschamp-events would be the link. The principle would be the same as 
when tracing layers of volcanic ash from known eruptions, to time-match different sediment 
records (Blackford, 2000; Turney et al. 2001). Stalagmite data could in this way help to 
improve the age-models of climate series with less good dating-possibilities, like for example 
deep sea sediments – and, in stalagmite studies with low dating quality (for example due to 
low uranium content) an improvement of the age-model may sometimes be possible through 
comparisons to ice-core data. Cosmic ray influx-data from stalagmites could perhaps also 
contribute to the ongoing calibration of 14C-ages to calendar years. 
 
Svensmark and Marsh (2000) saw a clear relation between cosmic ray influx and type of 
cloud cover only at non-tropical latitudes. However, even though the general mechanisms for 
cloud formation are different in the tropics, it would still be interesting to compare 10Be-data 
with palaeoclimatological data from the same growth-layers in tropical stalagmites as well as 
in stalagmites from any latitude. The relation between cosmic rays and cloud cover is one 
plausible mechanism for a possible influence of cosmic ray influx on climate, but there might 
be other connections as well. No certain mechanism responsible for a link between cosmic 
rays and climate has yet been identified – i.e., the reasons for the observed (e.g. Shaviv 2003; 
Christl et al. 2004) long-term co-variation between cosmic ray influx and climate remain 
unclear. Ice-cores can give detailed 10Be-data and palaeoclimatological data from high 
latitudes; but, since the geomagnetic shielding against cosmic rays is much more effective 
around the equator than at the poles, the tropics and sub-tropics should offer better 
opportunities for studies of possible climate-effects of those cosmic ray influx-variations that 
are caused by variations in the geomagnetic field-strength. 
 
Beryllium easily adheres to clay-particles, especially in alkaline soils (Dickin 1997). To check 
that 10Be-excursions in a stalagmite are not due to other factors than cosmic ray influx-
variations – for example pH-variations that may cause more or less beryllium to adhere to, or 
be eluted from, the soil above the cave – the 9Be*** content should also be analysed. If the 
10Be- and the 9Be-data just co-vary, with no independent excursions in 10Be-content, the 10Be-
method must probably be abandoned in stalagmite-studies. If they do not co-vary, the 10Be-
variations (corrected for stalagmite growth-rate) may be interpreted as indicating variations in 
cosmic ray influx. 
 
In case of too low 10Be content, 14C-variations in a stalagmite may also be a useful proxy for 
cosmic ray influx (provided that the stalagmite is young enough for the relatively short half-
life of 14C), but there will be more confounding factors to consider when interpreting such 
data. The 14C-signal of cosmic ray influx-variation may be both delayed and extinguished due 
to biological ‘reservoir effects’. Beryllium, on the other hand, is not a biological component – 
hence, the 10Be-data are not likely to be affected by biological delaying factors. Therefore, 
when analysing a non-biological archive like stalagmites, 10Be-analysis results should be 

                                                 
*** 9Be is the “ordinary” beryllium isotope, which has nothing to do with cosmic rays. 
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easier to interpret than 14C results. None of the other cosmogenic isotopes mentioned in the 
introduction would be suitable for stalagmite studies. 7Be has a half-life of only ca 53 days. 
36Cl and 129I are not solely cosmogenic, but can also be produced due to radiation from 
uranium and thorium in the bedrock; and, the atmospheric production of 26Al is much lower 
than that of 14C and 10Be, because its progenitor, 40Ar, constitutes only about 1% of 
atmospheric gases (Dickin 1997). 
 
10Be- or 14C-analysis has to be performed with the highly sensitive method of Tandem 

Accelerator Mass Spectrometry, since the general concentrations of these isotopes are 
extremely low. 9Be-analysis can be performed with Inductively Coupled Plasma Mass 

Spectrometry (ICP-MS) or Inductively Coupled Plasma Optical Emission Spectrometry (ICP-

OES). 
 
To sum up: It may be, that 10Be-analysis on stalagmites could result in 

• further clues to whether changes in cosmic ray influx can affect Earth’s climate.  

• improvement/confirmation of the dating of past variations in cosmic ray influx.  

• a new tool for time-matching of stalagmite data with other climate chronologies. 
 
 

Uranium-series dating with MC-ICPMS 
Good U-series dating is of fundamental importance in stalagmite studies. Therefore, part of 

this PhD-project was devoted to establishing a high-precision U−Th-dating method with the 
IsoProbe® Multi Collector Inductively Coupled Plasma Mass Spectrometer (MC-ICPMS) 
available at the Laboratory for Isotope Geology, Museum of Natural History, Stockholm. The 
theoretical advantage of MC-ICPMS (in comparison to the long established method of choice 
Thermal Ionisation Mass Spectrometry, TIMS, which has already almost fully replaced the 
older α-particle spectrometry) is that it’s less time-consuming, and that material with very 
low uranium and thorium content shall also be possible to date with high precision. 
    The plan, in this study, was first to get good results with uranium and thorium standards, 
then to MC-ICPMS-date an already TIMS-dated stalagmite and compare the two growth-
curves obtained.  
 
 
 

Summary of Results  
 
The studies, based on the ideas described above, have resulted in four papers that are included 
in this thesis in chronological order and referred to with Roman numbers. 
    Paper I covers the palaeoclimatological study on South African stalagmites.  
    Paper II covers the palaeoclimatological study on Tanzanian stalagmites.  
    Paper III covers the MC-ICPMS U–Th study.  
    Paper IV covers the pioneer beryllium-study on stalagmites from papers I and II.  
    A short article about the Trobriand Island stalagmite project idea was also written for an 
archaeological journal, but is not included in this thesis. The article is merely a project 
description combined with a basic introduction to the concept of palaeoclimatological studies. 
    Here follows a presentation of the main results in each of the studies. Finally, some general 
comments, concerning papers I, II and IV, are added. 
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Persistent millennial-scale climatic variability over the past 25,000 years 
in Southern Africa  (Paper I) 

The South African stalagmite material, which was collected in Cold Air Cave in Makapansgat 
Valley, is very suitable for palaeoclimatological studies: The stalagmites are compact, clean 
and nicely laminated, and their Holocene parts have a U-concentration of ~1 ppm or more.  
U-series dating of 30 samples, using Thermal Ionisation Mass Spectrometry (TIMS), shows 
that the largest stalagmite covers most of the last 25 ka, though with a growth hiatus of 
approximately 2,500 years between its late glacial and its Holocene parts. The dating 
precision of the Holocene part (growth rate 11 mm/100yr) is very high – i.e., ± 6-160 years – 
whereas the precision in the age-model for the glacial part (growth rate 2mm/100years, and a 
uranium-concentration of ~0.02-0.10 ppm) is less good: ±500-3000 years.  
    An important finding in the palaeoclimatological proxy-data (δ13C and δ18O), is that there 
seems to have been a rather regular millennial-scale variation in the South African climate 
throughout the time of the formation of this stalagmite. The fluctuations are more pronounced 
in the glacial part of the record, but can be discerned also in the Holocene data. Because of 
similarities to Antarctic records (Steig et al. 2000), the driving force for these variations was 
suggested to be atmospheric circulation changes associated with change in the Southern 
Hemisphere circumpolar westerly wind vortex.  
    The Holocene climate-proxy data are extremely detailed, with a time-resolution of 9 years. 
For example, a cold period at the time of The Little Ice-Age

††† is clearly visible in the δ18O-
data – supporting the idea that this event may have been global.  
 
 

Palaeoclimatological Survey of Stalagmites from Coastal areas in Tanzania  (Paper II) 
The first U-series datings of the Tanzanian stalagmites (α-particle spectrometry) showed that, 
in all of the samples, the uranium content was a bit low for precise dating with the α-counting 
method used. However, in some cases, the amount of uranium would have been enough for 
good U-series dating with the more modern techniques Thermal Ionisation Mass 

Spectrometry (TIMS) or Multi Collector Inductively Coupled Plasma Mass Spectrometry 
(MC-ICPMS).  
    The stalagmite from the Mafuriko Quarry Cave, Tanga Region, looked more promising 
than the others – more compact, laminated, slightly richer in uranium and also greater in size. 
Therefore, 384 combined δ13C- and δ18O-samples were drilled out from this specimen, and 
analysed with Isotope Ratio Mass Spectrometry (IRMS). Parts of the Mafuriko stalagmite 
were also donated to a comparative study of 14C- and U-series dating of stalagmites (Goslar et 

al. 2000).  
 
Subsequently, four new samples from the Mafuriko Quarry stalagmite were U-series dated, 
using MC-ICPMS. An age-model for this stalagmite was constructed from the different U-
series dating results, combined with published 14C-dating results from Goslar et al. (2000). 
This age-model made a thorough analysis of the δ13C- and δ18O-results worthwhile. 
    The Mafuriko Quarry stalagmite formed during the time between ~39 and ~27 ka – i.e., 
during part of the latter half of the latest glacial. Stable isotope analysis-results indicate 
millennial-scale fluctuations in atmospheric CO2-levels during this time, with peaks 
approximately every 3 ka (every 1 ka in the younger part of the stalagmite, though with a 
more pronounced ‘third’ peak). These fluctuations may have been caused by temperature 

                                                 
††† The unusually cold centuries around 1700 AD, previously known mainly from northern high-latitude records. 
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variations, and perhaps also by changes in ocean circulation: In cold and still ocean water, lots 
of CO2 stays dissolved, whereas warm and stirred ocean water releases CO2 into the 
atmosphere (Ruddiman 2001). The similarity of the pattern of (especially the older half of) 
the δ13C-record in this study to that of previously known ice-core δ18O-records from 
Greenland and Antarctica (Fig. 3), suggests that a global climate signal is captured by the 
Mafuriko Quarry stalagmite.  
 
Even though the Mafuriko stalagmite yielded interesting results, the Tanzanian stalagmites 
have, as a whole, not proved ideal for climate studies. Most of the other specimens have very 
low uranium content, and are too porous and/or too contaminated by non-dissolved matter to 
allow for reliable U-series dating.  
 
 

 
 

Figure 3: Comparison of the Mafuriko Quarry stalagmite δ13C record (note inverse scale) with Byrd and GRIP 

δ18O records (Blunier and Brook 2001). The data are plotted with 50 yr-intervals and filtered with a 9-term 
binomial filter. The uncertainty of the stalagmite age-model is ± > 1 ka (partly due to low uranium content, 

combined with low stalagmite growth-rate, making each sample cover a long time-span) – hence, only patterns 

can be compared.  The lows in the stalagmite δ13C-record are interpreted as corresponding to atmospheric CO2-
peaks, in turn probably caused by higher temperature. Therefore, to facilitate comparison with the Byrd and 

GRIP δ18O data (which co-vary with temperature), the stalagmite δ13C data are here shown on inverse scale. 

 
 
 
 

A method for high-precision determination of U- and Th-isotope composition, using 
the IsoProbe® Multi Collector ICP-MS  (Paper III) 

The IsoProbe® studies were a mixture of success and disappointment. Various technical 
failures of the instrument repeatedly delayed the U–Th project. Hence, we have still not 
reached the goal of being able to provide exact dating of samples, using the IsoProbe® MC-
ICPMS at the Laboratory for Isotope Geology, Museum of Natural History, Stockholm. 
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    However, between the technical breakdowns, we managed to achieve some extraordinarily 
precise results on standards. Those results are presented in Paper III in this thesis, together 
with detailed descriptions of how they were achieved. The 230Th/232Th ratio for the thorium 
concentration-standard Alfa Th was determined to 7.96 (±0.012) × 10-7 (2σ), and the δ234U 
obtained for the uranium standard SRM950a was  -18.4 ±0.6(2σ). The thorium results show, 
that even extremely biased isotope ratios, in low-concentration samples, can be measured with 
remarkably good precision and reproducibility. The quality of each sample measurement can 
also easily be evaluated. 
    The study has, due to the time-consuming technical problems, not been continued – i.e., at 
least not within this PhD-project. 
 
 

Beryllium-studies on Stalagmites from Tanzania and South Africa  (Paper IV)  
Taken together, the two main African stalagmites, described above and in Paper I and II 
respectively, cover the time-span of both the Laschamp event, the Mono Lake event and the 
excursion at ~23ka (see the “Cosmic Rays and Cosmogenic Isotopes”-section in the 
Introduction.) Furthermore, the South African stalagmite covers almost all of the Holocene; 
for most of which, indications of a gradual strengthening of Earth’s magnetic field have 
previously been noted (Hughen et al. 2004; Solanki et al. 2004). Hence, these two stalagmite 
specimens were considered suitable for initial stalagmite-10Be- and 9Be-studies. 
    32 samples were taken from the South African stalagmite, and 20 were taken from the 
Tanzanian one. Each sample was analysed for both 10Be and 9Be.  10Be-analysis was 
performed with Tandem Accelerator Mass Spectrometry.  9Be-analysis was performed with 
Inductively Coupled Plasma Atomic Emission Spectrometry (ICP-AES). 
 
Figures 4 and 5 demonstrate the beryllium-results from the South African and the Tanzanian 
stalagmite respectively. The previously obtained δ13C-records from the same stalagmites are 
also included in the figures. The 10

Be-concentration in the two stalagmites does, in its major 
excursions, not co-vary with the 9Be-concentration. Hence, the main 10Be-excursions may be 
interpreted as indicating excursions in cosmic ray influx. 
 
The 10Be-peak at ~21 ka in the South African stalagmite (Fig. 4b) is represented by two 
samples, together covering a long enough time-span for the peak to be regarded the same 
phenomenon as the peak found at ~23 ka in 14C-data from Japanese lake sediments and at ~24 
ka in 10Be-data from Caribbean ocean sediments (Kitagawa and van der Plicht 1998; Aldahan 
and Possnert 1998). The uncertainties in the age-models are >1 ka in all three cases, which 
can explain the different ages assigned to the peak. If the precision of the datings had been as 
good in this glacial part of the stalagmite as in the Holocene part (± 6-160 years) the 
stalagmite-data could have greatly improved the estimates for the time-frame of the excursion. 
Future 10Be-studies, on stalagmites with detailed age-models for this time-span, may do so. 
 
The two sharp peaks in the Tanzanian 10Be-data (Fig. 5), at approximately 35 and 38 ka 
respectively, may be interpreted as corresponding to the Mono Lake- and Laschamp-events. 
Considering the uncertainty in the age-model of this stalagmite (see Paper II in this thesis), 
with average error-bars of ±~2 ka for the ages obtained from individual dating-samples, the 
offset in time could easily be explained. However, it should be noted that each of the two 
peaks is represented by one sample only. The corresponding duration of the events is far 
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a) b) 
 

Figure 4: 10Be, 9Be and δ13C in the South African stalagmite. a) Holocene data. b) Late glacial data.  

 
 
 

 
 

Figure 5: 10Be, 9Be and δ13C in the Tanzanian stalagmite. 
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 shorter than suggested in previous studies – 500 years each, or less; which should be 
compared to previous estimates of 2,500 years for the Laschamp-event and slightly less than 
half of that for the Mono Lake-event (Wagner et al. 2000). Uncertainties in the age-model can 
probably only partly explain this considerable difference in duration. There should be no 
doubt that the peaks are real – the analysis precision is high, and contamination is not 
plausible since disposable laboratory equipment was used for the most crucial step in the 
chemical preparation, and the cleaning routines for reused laboratory utensils are rigorous – 
but we have no good suggestion for how to explain the unexpectedly short durations of the 
excursions. (Some additional samples will be analysed, prior to submission of Paper IV, in 
order to check the durations of these two 10Be-peaks.)  
 
In most of the Holocene part of this stalagmite-material (Fig. 4a), the 10Be-concentration is 
falling with time. Then, at approximately 2 ka, the concentration rises abruptly, and stays 
slightly elevated until approximately 0.5 ka – i.e., at least three samples show concentrations 
significantly higher than the previous trend in these Holocene data would suggest. Then there 
is a rather sharp decline for the last ~500 years until recent time – represented by three or four 
samples. The general decline of the 10Be-concentration during the Holocene agrees with 
previous cosmic ray influx data from sediments and tree-rings (Hughen et al. 2004; Solanki et 

al. 2004). Both ice-core and tree-ring data from the late Holocene also indicate a slight 
increase in cosmic ray influx, starting at approximately 2 ka (Solanki et al. 2004; Muscheler 
et al. 2005). A later decline, from ~0.5 ka until present time, can possibly be discerned in the 
tree-ring data (Solanki et al. 2004), though not as pronounced as in our stalagmite study. 
 
As a whole, these data indicate that 10Be-studies on U-series dated stalagmites can really 
generate information about past variations in cosmic ray influx. However, the sensitivity of 
this stalagmite 10Be-archive is apparently not high enough to enable tracing of the millennial-
scale fluctuation in cosmic ray influx, deduced from ice-cores. This low sensitivity may either 
be due to the more effective geomagnetic shielding against cosmic rays in the tropics and sub-
tropics where these stalagmites formed, or it could be a property of stalagmites in general. 
    It is important that the age-models of the stalagmites are detailed, so that possible changes 
in growth-rate can be taken into account when interpreting the 10Be-data. Furthermore, since 
10Be is washed out of the atmosphere by rain, major changes in rain-patterns can influence the 
10Be-content of stalagmites. If the palaeoclimatological data show major shifts in climate – 
like the change from glacial to interglacial conditions in the South African stalagmite – the 
10Be-values of samples from different climate regimes may not be comparable in terms of 
cosmic ray influx intensity. 
 
Generally, no correlation between climate-proxy data and 10Be-data is seen in this stalagmite-
study. This may be a matter of time-resolution and scales. The cosmic ray/climate-
correlations described so far, usually either had a time-resolution in which solar 11-year-
cycles could be studied (Svensmark 2000; Marsh and Svensmark 2000), or demonstrated a 
correlation on a time-scale of several 10-thousands of years and more (e.g. Shaviv et al. 2003; 
Christl et al. 2004). As a whole, in this study and in other studies, no clear correlation 
between climate and excursions like the Mono Lake- and Laschamp-events and the similar 
peak at around 23 ka is detected. It could be that these excursions, believed to be caused by 
changes in the geomagnetic field-strength, do not have a great enough impact on cosmic ray 
influx to cause climate changes clearly detectable in proxy-data. An increase/decrease in 
cosmic ray influx due to a weakening/strengthening of the geomagnetic field may perhaps 
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slightly weaken/enhance some of the highs or lows in temperature caused by solar cycles – 
but, such an effect would be very difficult to detect in the data. Another possibility is that 
cosmic ray variations in general (at least the small, relatively short-term, variations happening 
while the Earth continues to reside approximately in its current place in the galaxy) do merely 
have some kind of synergetic climate-effect, when they coincide with other factors like solar 
variations. Of course there is also the possibility that cosmic ray influx-variations do not have 
much impact on climate at all. Further studies, of longer time-spans and/or with higher 
resolution – preferably on several archives like ice, sediments and stalagmites – are needed to 
answer the questions about possible climate-effects of cosmic rays. If 10Be-studies on 
stalagmites are performed for this purpose, specimens covering several 10-thousands of years 
should be used, since, as mentioned above, this type of cosmic ray influx archive may not be 
sensitive enough to capture the millennial-scale fluctuation seen in 10Be-data from ice-cores.  
 
In the Tanzanian stalagmite, the 9

Be-results are at least as interesting as the 10Be-results. As 
seen in figure 5, the 9Be-concentration varies on a millennial scale; and, there is a rather clear 
anti-correlation between the 9Be-data and the previously obtained δ13C-data. The δ13C-results 
were interpreted as indicating vegetation-changes due to variations in atmospheric CO2-levels 
(in turn probably caused by temperature changes), with an anti-correlation between 
δ

13C(stalagmite) and CO2 (atm) (Paper II).  The 9Be-variations could be due to pH-changes, related 
to changes in atmospheric CO2-content and to vegetation density – i.e., 9Be(stalagmite) may co-
vary with CO2(atm) and vegetation density. Elevated CO2(atm) may, partly through a resulting 
increase in vegetation density which causes more organic acid production, lead to a lowering 
of the soil-pH (Drever 1988; Brady and Carroll 1994; Berner and Berner 1996). A lower pH 
should make more 9Be dissolve and follow the drip-water down in the caves – possibly 
leading to higher 9Be-concentration in stalagmites. Hence, the anti-correlation between 9Be-
data and δ13C-data could be seen as supporting the interpretation of δ13C-data from this 
stalagmite as representing millennial-scale atmospheric CO2-fluctuations, in turn probably 
caused by temperature changes. However, a lowered soil-pH could also affect stalagmite 
growth-rate. Hence, even though the growth-layers of the stalagmite show no visible signs of 
changes in the growth-rate (Paper II), the 9Be-interpretation is uncertain because the age-
model is of lower resolution (i.e., based on fewer samples) than the 9Be-curve. 
    In the older part of the South African stalagmite, there is generally also an anti-correlation 
between 9Be and δ13C, though around 18 ka this relation seems to stop, and during Holocene 
the two parameters do not seem correlated at all (Fig. 4a-b). The Holocene δ13C-variations in 
this stalagmite were also previously interpreted as being caused mainly by other factors than 
atmospheric CO2-fluctuations (Paper I). Due to the longer intervals between beryllium-
samples after 18 ka, these data cannot determine whether the pattern of millennial-scale 
variation in 9Be-concentration persisted throughout the rest of the glacial. 
    In future stalagmite-studies, 9Be-analysis may – at low cost – function as a complement to 
other palaeoclimatological proxy data.  
 
 

Climate and Culture: Proposed Study on Stalagmites from the Kiriwina Burial Caves  
A piece of flowstone, taken from Selai Cave during the archaeological excavations on 

Kiriwina, Trobriand Islands, Papua New Guinea, was U-series dated with α-particle 

spectrometry. The age obtained was 59.26 ka (+20.46, −17.53) – extremely imprecise, and 
surely not correct, since the 14C-dating of underlying archaeological findings gave the result 
A.D. 1570. Unfortunately, this stone was very porous and contained very little uranium. If its 
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low uranium content is due to generally low uranium content in the bedrock, material from 
this cave might not be useable in climate studies. However, another possible reason for the 
lack of uranium in the flowstone is that its porous structure has allowed exchange with water 
around it. Plausibly, uranium leakage has caused a high 230Th/234U ratio, falsely interpreted as 
high age. There is still a chance that compact stalagmites from this cave could yield useful 
palaeoclimatological data. 
    A short article, or rather a project description, called “Climate and Culture: Proposed Study 
on Stalagmites from the Kiriwina Burial Caves” (Lundblad 2002) was published, together 
with a number of articles about Trobriand archaeology, in a special edition of British 

Archaeological Reports covering the excavations performed in 1999 (Burenhult 2002). The 
purpose of the stalagmite-article was to give the archaeologists a brief insight into the concept 
of palaeoclimatological studies, especially stalagmite-studies, and some idea about the plans 
for such a study on material from the Kiriwina caves. 
    Dr Linus Digim’Rina, University of Papua New Guinea, offered to collect a first test 
stalagmite for me. For diplomatic reasons, he did not take the stalagmite that I had pointed out 
on the photographs from Selai Cave, but instead chose a stalagmite from a nearby cave where 
the landowner is a friend of his. (The old burial caves are, by many people, considered holy. 
Taking stalagmites from them may therefore be seen as disrespectful.) The stalagmite turned 
out to be too porous for palaeoclimatological studies; and the Trobriand stalagmite-project 
was not put forward (though it may be worth trying again, if there arises an opportunity – 
economically and logistically – to thoroughly search the allowed caves for compact 
stalagmites). 
 
 

Additional comments, concerning papers I, II and IV 

Millennial-scale oscillations in environmental conditions, often with periods of approximately 
1,500 years or multiples thereof, have previously been detected in Greenland ice-cores, North 
Atlantic sediment-cores, Tanzanian and Kenyan lake sediments, and in records from many 
other regions (Olago et al. 1999; Bond et al. 2001; Ruddiman 2001; Barker et al. 2003; 
Rahmstorf 2003). Unfortunately, when comparing the records to each other, age-model 
uncertainties commonly make it impossible to judge whether the climate changes occurred 
simultaneously at different places or if there was some lead-and-lag relation.  
    Especially the Tanzanian stalagmite data, showing approximate 3 ka cycles in δ13C-content 
(Fig. 3), fit well into the general picture of millennial-scale climate variation. But; the age-
model of the stalagmite is too inexact to allow more detailed time-estimates for each of the 
presumed CO2-peaks (Fig. 3) – which means that nothing can be said about a possible lead-
and-lag phenomenon when these data are compared to other climate data series. When 
comparing the South African stalagmite data to Antarctic ice-core records (Paper I, Fig. 9), no 
lead-and-lag phenomenon could be discerned in the Holocene part, where the dating precision 
was high. However, the similarities between these two data-sets are less convincing than the 
similarities between the three records shown in figure 3 (Fig. 7 in Paper II);  i.e., probably not 
clear enough for reliable lead-lag conclusions. For the glacial part of the South African data, 
the age-model is too inexact for lead-lag discussions. Still, both the Tanzanian and the South 
African stalagmite studies further support a theory about global persistent millennial-scale 
climate-fluctuations, the causes of which are plausibly extra terrestrial (Rahmstorf 2003). 
    Some researchers have suggested that a solar forcing mechanism may be the underlying 
cause of the millennial-scale oscillations seen in North Atlantic climate data (Bond et al. 
2001; Braun et al. 2005). If that is correct, a global millennial-scale effect of solar variations 
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may be expected – which could, for example, explain the similarities between the three 
different climate records shown in figure 3. 
 
When constructing the age-model of the Mafuriko stalagmite in Paper II, two of the 14C-dates 
from Goslar et al. (2000) were excluded. The obtained ages of these samples were far too low, 
compared to the other U-series and radiocarbon dates (see Paper II, Fig. 5 and Table 3), and 
this was thought to be due to effects of the Mono Lake and Laschamp events, and/or possibly 
to admixture of modern calcite in the samples.  
    Considering the 10Be-data in Paper IV (Table 1 and Fig. 2), one of these low 14C sample 
ages obtained was probably due to the Mono Lake event, while the other was due to 
contamination by modern calcite. In the first case, the low 14C-age (i.e., the high 14C/12C ratio) 
coincides with a peak in the 10Be-data. The other 14C sample was taken at the base of the 
stalagmite, where the 10Be-levels are “normal”. The stalagmite was found broken on the floor 
of the cave, which means that the fracture at its base could easily have been contaminated by 
modern calcite precipitates before the stalagmite was collected. Even a very small amount of 
admixed modern calcite could markedly lower the 14C-age obtained from an almost 40 ka old 
sample. 
 
 
 

Main conclusions 
 

Palaeoclimatological data from African stalagmites 
U-series dating with α-particle spectrometry and MC-ICPMS, combined with published 14C-
data (Goslar et al. 2000), shows that one of the Tanzanian stalagmites was formed during the 
latter half of the latest glacial, between ~39 and ~27 ka. Stable isotope analysis-results (δ13C 

and δ18O) indicate millennial scale fluctuations in atmospheric CO2-levels, with peaks 
approximately every 3 thousand years. The pattern of these variations is similar to what has 
previously been observed in ice-core δ18O records from polar regions – supporting the theory 
of global persistent millennial-scale fluctuations in Earth’s climate. The age-model of the 
stalagmite is too inexact to allow more detailed time-estimates for each of the CO2-peaks, 
which means that nothing can be said about a possible lead-and-lag phenomenon when these 
data are compared to other climate records. 
 
U-series dating with TIMS, shows that the largest of the South African stalagmites covers 
most of the last 25 ka. The δ13C- and δ18O-data indicate millennial-scale variation in the South 
African climate throughout the time of the formation of this stalagmite. Because of 
similarities to Antarctic records (Steig et al. 2000), the driving force for these variations was 
suggested to be atmospheric circulation changes associated with change in the Southern 
Hemisphere circumpolar westerly wind vortex. Like the Tanzanian results, these South 
African data lend further support to the theory about global persistent millennial-scale 
climate-fluctuations, though the data do not admit any conclusions about possible lead-lag 
relations. 
 

Beryllium-studies on stalagmites 
The five main findings in the pioneer stalagmite-beryllium-study are:  
1) The 10Be-concentration in the analysed specimens is sufficient for high-precision analysis.  
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2) The main excursions/fluctuations in the 10Be- and the 9Be-data do not coincide. 
3) The 10Be-data show three pronounced peaks at approximately 38, 35 and 21 ka 
respectively. 
4) The millennial-scale 10Be-variations, seen in some ice-core studies, are not detectable in 
these stalagmites. 
5) In glacial parts of this stalagmite-material, the 9Be-concentration fluctuates on a millennial 
scale; inversely synchronized with fluctuations in δ13C-data from the same material. 
 
Since the major 10Be-excursions are independent of the 9Be-fluctuations, the 10Be-excursions 
may be interpreted as indicating excursions in cosmic ray influx. The three peaks, at 
approximately 38, 35 and 21 ka respectively, plausibly correspond to the peaks previously 
observed at around 39, 32 and 23 ka in cosmogenic isotope-data from sediments and ice 
(Aldahan and Possnert 1998; Kitagawa and van der Pflicht 1998; Wagner et al. 2000; Beer et 

al. 2002; Muscheler et al. 2005). 10Be-studies on U-series dated stalagmites may hence serve 
as a new tool for general improvement/confirmation of the knowledge about past variations in 
cosmic ray influx. Future 10Be-analysis on palaeoclimatologically studied stalagmites may 
also contribute to the investigation of possible links between cosmic rays and climate, at least 
if using well-dated stalagmites covering several 10-thousands of years. 
 
The 9Be-data indicate that 9Be may, apart from being a necessary control for 10Be-results, also 
function as a palaeoclimatological proxy in stalagmite studies. 
 
 
 
 
 

Suggested Further  Studies 
 
Further palaeoclimatological studies on tropical stalagmites can surely generate scientifically 
important data. As a complement to the δ13C- and δ18O-analyses, 9Be-data should also be 
obtained. Suitable stalagmites for such studies could, for example, be collected in the vast 
limestone-areas of South East Asia; perhaps in the, yet palaeoclimatologically un-studied, 
karst of Laos, where the photograph on the front cover was taken (photo: Nicolas Weydert). 
Enthusiastic speleologists, who have started to explore some of the karst in Laos, report that 
there are numerous caves of all sizes, often several kilometres long and richly decorated with 
speleothems (Johansson 2004).  
 
Further beryllium-studies on stalagmites, preferably on well-dated specimens covering several 
10-thousands of years, could be of great value. High-quality 10Be-records from 
paleoclimatologically analysed tropical stalagmites would be especially interesting. Ice-cores 
can yield detailed 10Be-data and palaeoclimatological data from high latitudes; but, since the 
geomagnetic shielding against cosmic rays is always weak in the polar areas, these ice-core 
data may be of relatively limited value when studying possible climate-effects of those cosmic 
ray influx-variations that are caused by variations in the geomagnetic field-strength. 
Generally, if cosmic ray influx-data from the tropics or the mid-latitudes are required, 
stalagmites may be the type of archive which can yield the highest resolution possible (i.e., 
usually better resolution than in lake- and ocean-sediment data). 
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Finally, I would like to suggest a cooperation between palaeoclimatologists, sedimentary 
petrologists and astronomers/astrophysicists, in order to investigate the possible role of 
cosmic ray influx variations as an alternative, or contributory, solution for the so-called ‘Faint 
Young Sun Paradox’‡‡‡. On a time-scale including most of the 4.6 billion years that the Earth 
has existed, the variation in cosmic ray influx to Earth is apparently inversely correlated to the 
generalized evolution of Earth’s climate – i.e., to the temperature-variations, estimated mainly 
from indicators for changes in sea-level and atmospheric CO2 (Svensmark, article in review 

for Physical Review Letters). The cosmic ray influx-variation was calculated from variations 
in the Star Formation Rate (SFR) in the Milky Way, and corrected for solar modulation by 
using data about solar evolution. (The young Sun had a stronger magnetic activity – due to 
faster rotation – and a denser solar wind. It was hence more effective in shielding the Earth 
from cosmic rays.) High SFR causes high production of cosmic rays. High sea-level and CO2 
suggests warm climate, while low sea-level and CO2 suggests cold climate. The similarity 
between the data-sets is remarkably clear (Fig. 6, note the inverse scale for both sea-level- and 
CO2-data), and should warrant further studies. 

 
Figure 6:  Top panel: Variation in the cosmic ray influx to Earth; derived from SFR-variation data, and corrected 
for solar modulation by using data about solar evolution.   Lower panel: Generalized evolution of Earth’s 
climate, represented by relative sea-level changes (solid curve) and relative changes of atmospheric content of 
CO2 (dashed curve). High sea-level and CO2 indicates warm climate, while low sea-level and CO2 indicates cold 
climate. Note inverse scale.  The grey areas are known periods of glaciations. 
(After Svensmark, In review) 

 
 
 

                                                 
‡‡‡  According to studies about the evolution of stars, our sun was shining much fainter in its earlier years. Still, 
there is lots of evidence for a warm climate on Earth during part of that time. Higher levels of atmospheric 
greenhouse-gases, is a widely accepted idea for a solution to this paradox – i.e., it is believed that there was, at 
that time, a much stronger greenhouse-effect than today. (e.g. Wiechert 2002) 
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