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KARST IN SILICEQUS ROCKS
THE SPELEOTHEM MEDIUM OF FINGER FLUTINGS AND ITS
ISOTOPIC GEOCHEMISTRY

Robert G, Bednarik”

ABSTRACT

The isotopic geochemistry relaning 1w the re-precipiion of coleite in caves is considered, in terms of
it theory, nasral manifestations, and relationship with questions of mdiometng diting of carbonate spelesbems.
Specilfic forms of sueh deposts are considered, sopethes witls the various modification processes they ane
subsecied to, More specitically, panticular forms of rock ant found within, as well as on or uader, such deposits are
examined, such as finger Nutings commonly found in caves of Europe amd Australie, Some of the variables
reliting 1o their vecurmence are ¢lucidated, their preservanion and possible doting is reviewed in the light of these
factors, and new radivmetric data from South Australian cives are introdeced and discossed.

INTRODUCTION

Finger flutings { Bednarik 1986; siffons digitafes, Drouot 1976) are a specific type of
rock art pecurning only in caves, and found so far in two world reghons, One is southem
France and northern Spain, the other Australia and Papua New Guinea (Bednank 1984,
[985, 1986, 990 Ballard 1993). At most of the sites of finger Mutings, almost fifty of
which | have examined. the former, now ofien *fossilized” mondmilch (mantimilch,
moomilk, Bergmileh, etc.; Bates and Jackson 1987; Fischer 1989) bearing markings is of
the speleathem (for definition see Moore 1952} type (i.e. reprecipitated), but states of
preservation differ profoundly between different sites, and often even within an
individual site. The finger flutings, usually occurring in sets of three or four subparallel
finger markings, were made by people who drew the iips of the fingers of a hand over a
then soft calcareous cave deposit which has in most cases since become fossilized and
caleified. The eriginal deposit 1 often sufliciently well preserved to still be recognizable;
it has usually been modified by nawral processes, but even then the medium appears o
have been soft and plisble ar the time the finger flutings were produced. | imend in this
paper to examine the pature of this medium, and to determine whether any
archagologically or speleologically significant deductions can be made from it

If we wish 1o determine the merits of a geomorphological and geochemical
examination of the medium of ancient finger markings, of dating clues derived from i,
ane of comelating these data with other information, we need 1o acquaint ourselves with
the naure of speleothems, with the effects of modification processes on them, and with
the significance of different states of preservation.

* Intermationa] Federaton of Rock An Organizations ((FRAD)L PO R0y 216, Conllicld South, Yictora 3162, Auwstreli
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CARBONATE SPELEOTHEMS

Speleathems resull from the responses of particular disselved rock conslituents 1o
atmosphericthydrospheric conditons in a cave space. They are formations of precipitated
compounds such as chlorides (Goede el al. 19923, nitrates, sulphates (James 1991) and -
mast imporantly - carbonates. Caleite, dolomite and aragonite generally form carbonate
speleothems. They occur in a number of modes, for example as the familiar stalactitic
growihs, as dripstone curtains, helictites, straws, cauliflower formations, and as
cutanects owstone formations of varous forms, Consisting usually of comparatively
pure calcite deposited in crvstal Torm, the size of these crystals and their mode of
arrangement and spacing may differ substantially (Dreybrody [YE8) They may be
massive and densely packed. or they may be very small and widely spaced. rather like
the minute water crystals of snow flakes. These deposits are generally precipitated Trom
calcium bicarbonae solution.

The ability of water to hold carbon dioxide in solution is related o factors such as
temperature, twrhulence and pressure. Pressure changes dramatically when the
bicarbonate solution reaches the ceiling of a cavity, While wavelling within the rock’s
interstitial spaces, the solution is subjected 1o the guile considerable pressure of the
closed systiem. The cave space, however, cxperiences atmospheric pressure and this
causes the release of surplus calcite as the solunon emerges in the cave. It will be in
payoenous isotopic equilibrium with the water i the rate of loss of carbon doxide s
sufficiently slow 1o maintain the equilibrivm between the bicarbonate ions and the
agquecus carbon dioxide, 11 however, the rate of loss of carbon dioxide from the solution
is w0 rapid that isotopic equilibrivm cannot persist between the bicarbonate ions, the
agueous carbon dioxide and the water, a kinetic isotopic fractionation will accur between
them and will be reflected as a simulancous enrichment of 13C and 180 in the calcite
precipitated (Mills and Urey 1940; Craig 1953; Franke and Gevh 197 Goede et al.
[982: Hendy 19715 Milliman 1974: 7-12).

Mondmilch occurs usually as a precipitate of an initially pure-white deposit of
caleivm carbonate whaose consistency ranges from downy soft - offering no more
physical resistance than freshly fallen snow - to being a pasty or clayey, dense suspension
of caleium carbonate in water. The very substantial pores Tommed by its lattice of minute
caleite erystals (which look rather fibrous under the microscope) usually contain much
water, often over fifty per cent of the total mass (this represents almost seventy-five per
cenl of volume),

Carbonate speleathems are sensitive palacoclimatic indicators (Hendy and Wilson
1968}, and are important 1o dating attempts where the medium of perroglyphs happens
be a speleothem, or where rock paintings, petroglyphs or mining evidence have become
covered by such deposits. In Europe, the growth rates, duration of growth, and - within
limins - the age of stalagmires have Jong been determined for a large number of samples
by establishing the radiocarbon contents of the precipitmes. Olen growth rates can be
checked by a method similar 1o dendrochronelogy. because some stalagmites and pearly
formations possess minute laminations caused by annual variations in growth,
presumably also related o climatic oscillaons {Homann 1464 Geyh and Franke 1970).
Baker et al. (1993) have shown, using high-precision thermal-ionization mass-
spectrometry 238U-234U-230Th dating. that the luminescence banding in speleothems
i« indeed annual (cf, Schwarce 1980; Gascoyne and Schwarcz 1952).
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ALTERAT

ON OF THE FINGER L

= MEDILM

Both human and other animal markings on cuve walls or ceilings can be sipnificantly
modified by later deposition of speleothems. Since these modilications promaote
musinterpretation of the markings (Bednarik 19974, 199400 i s imponant to consider the
modification processes in detail and 1o ry 1o understand the mechanisms involved. |
distinguish five typical clusses, illusirated in Fizure [ amd descobed below, Intermediane

Fig. | - The iypical clasies of
modiNicntivys of Gnger Munings, depiviel
sehiematically : From (e o, eoch sction
shuows the primary mek af the cave rol,
on which the moncdailel formsed wd was
nnrked by fingers.

(- Freshdund recent linger Mulings seen
in section;  eramples  odcur an
Rouffignee, Koeonalds and Manduril
Caves.

| - Copresion hos remnoved sane of the
surface, resulling  nb coarsciig:
RoulMignac, Baume Lorone, Cosguer,
Foosotalela ansd Mew Guinen I Caves.

2 - Curpnenus deposat has covercd the
Mitanges, but presceved teeir catline well
Platond des "Hidroglyphes' n Pech
Merle, Moon, [dop Droge wnd MNang-
ksl Caves,

A - Dense spelembcin shan b vongealed
finger Mutings wnd distorted w1
appear ws marrow grosves! Croge O
Cawslran, Krabon, Proog-kan aml Onelie
stira Shell Coves

A - The original movdmileh medioin s
heen pradually deaolved. wiich exposed
the primary reck: Ossuaire o Pech
Merle, Yaramda, Gran Gran  and
Knnnt:im- §aives

5 - Poarly spelepihen exmlnue bave
fonmied seleciively, svoidang the grooves
wmd accentualmy the rdges between
them: Malangine, Karake, Snake 1011
wind Circlucstta Shell Caves

o
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and composite forms of alteration abound and my types are idealized concepls rather
than descriptions of the full spectra of such phenomena one observes in the field, At most
shes, more than one of these altered forms occurs; neverheless, the sites [ nominate 1o
characterize the respective 1ypes are those that seem 10 1ypify these classes mown readily,

(1) The unmodified, usually recent finger grooves on o mondmilch-covered cave
ceiling or wall are smooth, and scparated in section by acute, proncunced ridges in the
direction in which the strokes were executed (Figure [-0) Very fine striations can
sometimes be discemed within grooves, or transverse “tear marks” which indicate the
direction in which the fingers moved (Bednarik 1986, 1991b). Even if the equilibrium
between the factors determining the siate of the mondmilch remains fairly stable
throughout its histery, permitting the deposit 1o stay soft and semewhat moist. the delica-
te surface of the precipitate cannot remain etally unchanged over periods of many

Fig, 2« Corrodedd bat otherwise perfectly preserved finger Mutings, willt superimposed and much fresher, Turther
Palacolilic rock an. Haume Latrone, France,

millennia, Onee precipiiation has ceased, surface corrosion {probably by the moisture
held in the erystal lartice and made aggressive by atmospheric carbon dioxide) will set in
and couarsen the texture (Figure 1-1, Figure 2). Also, owing to the persisting sofiness of
the argillaceous deposit, it is susceptible to damage by biological agencies, most notahly
the abrasive action of bat wings, In deep cave systems, where the spelecchimate was well
1solated from extemnal conditions and air residency mtes were very high, mondmileh has
survived inthis mode since the time the lines were made. over many thousands of years.

{23 An uncommmon oceurrence s the fairly even covering of the finger prooves by
a sheet of reprecipitated calcareous deposit, with some thickening st the ridges (Figu-
re 1-2).
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i3} A comparatively dense speleothem skin may conceal all surfaces. but instead of
filling in finger lines, sometimes the deposition within the depressions has been inhibited,
resulting in narrow grooves of pointed section which may resemble incised cuts (Figure
1-3). In Croge O Gomtran, France, these oeeur on both walls and ceilings, which suggests
that the deposition process 15 not influenced by gravity but is perhaps more closely
related 10 the inability of the disturbed mondmilch lauice o convey further migratory
carbonates where it was marked.

(43 In contrast to most other (ypes of alteration, the process can be of a reductive
kind. The clearest and perhaps most instructive examples of this are found in the
Australian site Yaranda Cave and in the easternmost part of the Ossuaire, a section of
Pech Merle (Lot, France), where all stages of the process are present: the initial
speleothem, resembling the above Type |, is dissolved slowly (Figure [-4), The
disimegration affects the acweal finger lines at a much greater rate, apparently because

i

Fig, 3 « Section ol extrenwe speloothem
prowtl covering finger Minings:

| - primary reck of cave rool;

2 - mondmilch, bearing fnger Muting:
b« pearly exudations of carbonate
spebeathenm, the prrngement of which
reflects shat of the finger Mulings:
4« brown ofganic siam, parily
materstitkal and concemrated on the
bowest surfaces;

5 « wellowish-white efflosescence of
sulphales.

=y (i) cm

the compressed mondmilch lattice is more susceptible to the dissolving process, The
effect resembles the thawing of snow on a road: it melts faster in the vehicular tracks
where the snow (i.e. its crystal structure) has been compressed. The white mondmilch is
first dissolved in the finger grooves, their course being then indicated by stripes of
reappearing primary rock. As the precipitate decays further, its residoal arrangements
also wane until they completely disappear. Yet they are still perceptible even alier the
mondmileh is dissolved completely, because a dark film then remains behind - rather like
the dark residue one may detect after the spring thaw on the ground. On snow, this resi-
due may consist of dust and other airborne matter formerly dispersed in the snow matrix,
in the case of the mondmilch it is of non-carbonate matter, possibly of colloids, small
particles and organic matter that had been deposited in the lattice.

(53 A more extreme form of the selective deposition described above in (3} is mostly
restricted to ceilings, Distortion {*sagging') evident on similar deposits on sloping
surfaces indicates that gravity is involved in the precipitation process, The dominant
mechanism in the formation of these exudations appears 1o be that of selective deposition
along ridzes, as described above (Figure |-5; see also Figure 3).
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SPELEOTHEMS IN THE MT GAMBILER ROCK ART SITES

I 1ol [ located a sequence of calcareous speleothem deposits interstratilied with o
sequence of petroglyphs m Malangine Cave, i the M Gambier karst region of South
Australia. The ant series commences with mondmilch finger flutings, followed by deeply
carved, apparently non-iconic monfs (Bednarik F9%4b), Tn the southern part of the cave,
the later generation of rock at precedes the main spelecthem deposit, itself bearing
shallow Tine Ogures which were executed shonly before the deposit matured. Digital
futing oceurs mostly in the deeper parts of both Malangine Cave and nearby Koongime
Cave, but fortunately for the purpose of studying the rock an sequence., there are some
instances of supeimposition by later petroglyphs. The petroglyph generations in
Wlalangine Cave are thus sandwiched bevween laminae of speleothem deposits, as indeed
they are at several other sites: in Croze 0 Gontran as teported above, and in the
Australian sites Prung-kart { Bednank and Head 19951, Nung-kal and Kriton Caves.
[dentificution of 1he finger flutings as the oldest petroglyvph element present in these siles,
although adequately resolved by the spelecthem steatigraphy. finds support in the com-
plete lack of fnger markings on e sorfaces exposed by the cetling collapse in Koongine
Cave (which also truncated the mondmilch pancls), which appears to provide a
convenicnt erminus ame gquen for the petrogly ph production m that cave, The collapsed
mass of rock is now buried dnder some one or two metres of sediment, and s lower
portions may stll bear traces ol rock an (Bednarik 1985 11 a dmable occupation Moor
could be tocated beneath the vock fall it would provide a mas imuom date for the roof falt,
and help in establishing the age of the fnger futings. Other evidence relating 1o the
mvinimum age of the ant are the Moor sediment deposits that sometimes conceal the lower
part of the decoruted arcas. or that have rendered buman gocess (o then impossible, This

% 'i"la -

b

Fig. « Laminar cubnoss ceiling speleothent bearuke wmosty shalbow peeroghyplis on i sirface, while iself covering an
carleer generativa ol deeply carved petmglyphs which ane cxpoacd whseee thie deposit B bevome ¢ afodiated, Mabingine
Cave, Sowrh Aol Seals bndon
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can be observed in Koongine Cave {(on the east wall), as well as in other sites, such as
Malangine Cave (east wall) and Orchestra Shell Cave (new part).

The relative chronological framework attempted for the petroglyphs, calecite
deposits, sediments and associsted lithic assemblages in Malangine Cave was the first
comprehensive attempt of direet dating of rock an in the world {Bednarik 1981, 1981,
1993: Fig. 1), Abhout hall of the corbon contained in carbonate speleathems bs derived
from the simosphere, and in most environments fron respired carbon dioxide. The “C so
included in reprecipitated carbonates (be they spelesthems or pedogenctically derived
accretions: Bedparik |98 then decays at the known rate, enabling conventional
ralingcarbon dating of such deposits,

However, the ratio ol carbon isolopes in reprecipitated carbonaes is mther comples.
T render the limestone soluble, an excess of carbon dioxide s necessary, causing less
then Tl per cent of the bicarbonae s carbon (o be derived Trom the carbonate, and thus
b practically "C free. The method of estimating the proponion ol PC that should have
been precipitated oo stalagmite at the time of ns formation was conceived by Franke
195, 19510 only shortly after Libby et al.s (1949 imaoguration of the radiocarbon
method. Subsequent rescarch (Franke and Geyh 1970: Franke et al. 1958 Geyh 1964
Hendy 19641 sugeests an encauraging rehability for samples Irom stalagmates: the
duration of growih can be determined with great precision. Absolute ages have been
obtained of up 1o 45000 vears, but they are burdened with a potential eoror because the
initial " concentration is nod derived from the atmospheric “CAC ratio alone. 11is clear
fromnt reaction (17 above that a surplus of carbon from the atmosphere is necessary, and
while s surplus may theoretically be up o one hundred per cent (eguivalent toan error
of abour SO0 vears!s the carbon comtent in natural bicarbonate solutions nmges only

deposit contains within il finger |'||||i|-|13-, 1l cwmptse o which remeained vi-iide on e ot recenn srfaee of the Jepnsin
Mortherm passage. Prong -kan Csve. Soath Avssarabia
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can be diminished dramanically if the "C/C ratio in the modern vadose water is
determined.

However, there are still other qualifications. The most serious is the infiltration of
younger vadose solution and the interstitial deposition of further calcite in the crystal lati-
ce of the speleothem, with the resulting alteration of isotopic ratio. This possibility was
indtinlly appreciated by the European investigators, but as they limited their work 1o dense,
crystalline stalagmites, it had little or no effect on their results, Unfortunately nearly all of
the secondary carbonate deposits that can be related o rock art, be they speleothems or
pedogenetic precipitates. are decidedly porous and therefore invite such deposition, and the
rejuvenation it involves. In fact, we know with certainty that many of the former
mondmilch bearing finger Mutings hecame later fossilized through calcification, which
means that any radiocarbon age derived from such material is effectively a minimum age,
and probably quite conservative.

Another qualification refers 1o the past isotopic composition of atmospheric carbon,
consicering that plant communities have a significant effect on the dVC value of the
reprecipitated carbonate: values of between -12 and -10%0 apply 10 respiratory carbon
dioxide derived from C3 planis, while the d'*C compositions of carbonate in equilibrivm
with carbon dioxide respired from Cd plants range from -3 1o + 1 %0 (Cole and Monger
1994). C4 plants. so called because of the four-carbon acids as which carbon dioxide is
initially captured in their outer mesophyll cells, include about half of the world's grasses,
which have a physiological advamage over C3 planis in low atmosphenc carbon dioxide
concentrations {Robinson 1994, The later are directly related 1o world climate, and were
significantly lower during the Pleistocene glacials, as noted above. This introduces yet
another variable, the effect of which is an unknown factor and questions the utility of all
uncalibrated Pleistocene radiocarbon dates,

These considerations are only some of those that should temper our sometimes blind
reliance on so-called scientific dma. In the case of radiocarbon dating, there are others,
some of which 1 have rehearsed elsewhere, including those of the relevant statistical
constraints (Bednarik 1994¢), To test the proposition of isotopic rejuvenation through
calcification, and at the same time obtain the first dircet data for the age of the rock ant in
Malangine Cave, two samples from that site were analyzed for their isetopic carbon
composition in 1980, One was from the laminated and comparatively dense ceiling
depasit that separates the two basic ant rraditions present near that site's entrance (Figure
4y,

It yielded an adjusted age of 5550 + 55 years BP (Hyv-102411 which might be best
described as a minimum mean age for the entire lamina, Cutaneous speleothems of this
type require substantial time spans for their formation and, assuming a minimal post-
depositional rejuvenation from younger solute, it may be that precipitation commenced
some time before G000 BE, which would provide a conservative minimum age for the
deep petroglyph peneration. It may be relevant that *absolute’ radiocarbon ages for
several occupation deposits in the coastal region of south-castern South Australia are
from the carly Holocene (Tindale 1957:110; Luchbers 1978: 113-34), and therefore coin-
cide in their magnitude with the implied age of the pre-lamina petroglyphs in Malangine
Cave. Perhaps more pertinent still are the results of a ker excavation of Koongine Cave,
Just 105 metres 1o the west of Malangine, which vielded a series of radiocarbon dates
from sedimentary charcoal that is thought 1o have been introduced by human occupation
tFrankel 19863, There 15 a concentration of carly Holocene dates evident. and while this
may not reflect archacological reality or even relate to the human presence demonstrated
by the rock an, there is a good possibility thar some of the an of the two caves was
created during that apparent occupation phase.
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The second sample processed was from the stratigraphically older, pearly deposit in
the deep part of Malangine Cave, which clearly predates the deep petroglyphs and the
laminated deposit formed over them bt postdates the finger futings. The radiocarbon
age of 4425 + 75 years BP (Hv-10240) does not contradic) the result just cited. it
confirms the proposition that rejuvenation can significantly aiffect the isotopic
composition of the speleothem. The highly perous fossil mondmilch and the hard
excrescence covering it have in all probability remained moist for most of their existence;
the subcutancous siratum has retained a significant content of water 1o 1he present time,
The absence of any exfoliation suggesis that full dehydration may have, in faci, not
occurred al all, Grester moistness is apparent even in the recent past, Tor instance in
inscriptions of only seventy vears ago. Presemt hydrological conditions may have been
influenced by the elfects of pastoral land clearing, which would have led 1o reduced
moisture conservation and lower carbon dioxide production.

A second factor may be involved inthe low age of Hv- 102400 The sample contained
some of the brown colouring matter shown in Figure 3 which analysis has shown o be
almaost entirely organic (Bednarik 19945), Since it must be radiometrically younger than
the speleothem in whose pores it lodaed, further rejuvenation is likely through this
contamination,

More recently, another site, about 31 km from Malangine Cave. was subjected 1oa
similar study. In Prung-kan Cave, finger flutings have been preserved under a laminar
speleothem (o caleareous, laminated skin of reprecipitated carbonate in a cave) of 15 10
20 mm thickness (Figure 51,

After the natoral exfoliation of almost one square metre of this deposil, caused by
the fine roolets of an exelic e species (Pinus radiata), it was found that the cutaneous
deposit consists of over a doren distinctive laminae in section. They are alternatively
white and grey lavered and it was hoped that the darker layers had been caused by the
deposition of organic matter during periods of higher aquifer levels. Since the finger
flutings are sandwiched within this laminar deposit, it was separated imo inner {older)
and outer (younger) layers, and isotopic carbon was determined. The outermost portion
of the speleothem skin produced a radiocarbon age of 1150 £ 80 vears BP (ANU-6963B).
the innermost was 2590 + 80 BP (ANU-6963A ). The dark substance, unfortunately, did
nol contain adequate organic maner for conventional radiocarbon dating, and accelermor
mirss spectromelry dating wis not sttempted.

The age of ANU-6963A was recalculated as ANU-6963, a 2660 £ 70 BF, by basing
the calculution on a measured d'°C of <018 + (L1%0, not the estimate normally used in
routine calculations (5.0 % 2 0%e). A [urther sample from the inner steata then yielded a
date of 2950 £ 70 BP, 4"°C being -1.1 £ 0.1%0 this ime (ANU-8457 1. The measured
devimions of "C from that of standard maring limestone carbon are lower than was
estimaed, and muoch lower than in stmospheric carbon dioxide. This could suggest that
the carbon active in the speleothem skin formation derives almost entirely from inorganic
sources (gaseous voleanic emissions), or alternatively from C4 plants, The Mt Gambier
region has been subjected to much recent voleanic activity. peaking apparently during
the mid-Holocene (Blackburm 1966; Sheard 1953: Prescott 1994 ), and its Oligocene and
lower Miocene limestones are highly porous (Bednarik 1991¢ reports up o 50.8%
porosity by volume from Paroong Cave ). The retention of gaseous cave deposits may
well be Facilitated by the aquifer level of the region which is Trequemly close o the
surface (Holmes and Waterhouse 1983). For comparison. the measured d'C of the two
sumples of speleothem in Malangine Cave was +0.2%0 (Hv- 102407 and -4.8%0 (Hy-
1024 1) (Bednarik 198 1a), which suggests considerable Muctuation in the region,

The Prung-kart speleothems remain so porons that, without independent calibration
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ez, through organic matter deposited in the lavers, or by urmim-thorium dating). it
remains unknown how much of e deposit™s coystal intice actually predutes the rock art,
While the lavers Tound above the an must postdaie it entirely. o ceriain proportion of the
deposit beneath the an may still be younger than the art, Heonce radiocarbon analysis
would provide only mmimom vadaes of ceal age, Trom both deposits. Cm the ather hand,
il part ol the carhon dinxide in the solution process was not of atmospheric, but of
voleanic origin. as muy be the cose, then the dating resubis ane likely 1o overestimale the
age of the coleite formation by an mnkpown factor, Inoreality, the carbon dioxide may
have been derived [rom both sources (volcanic and biologicali, and during deposition
the relative proportions may have Mueneted through time i accordance with such
laciors as voleanic activity, aguifer level, ambient climate, vegernion regimes and so
[rartl.

CONCLUSION

These considerations show us how unlikely it s that relinble dating of such
reprecipitmed caleareous deposits can be abtained by simple radiocarbon delerminmion
alome. Swilarly, nxyeen isotope analyvsis is mot o sccure means of determaniog formaion
temperature, because the level of 180 0 the calcite precipitaed 1s not o functien of tem-
perture alone; it can be influenced by kinetic ismopic fractionanon (Hendy 1971)
Mevertheless, both the resulis obtained from radiocarbon dating of reprecipitated caleie
and the hewristic developments it facilitates are o significant help m ataining a better
understandimg of the comples world of carbonate speleothems, They may not provide us
with Tinite answers concerning the rock art such phenomena may spatially be associated
with, but 1they cenminly help us better to focus on the issues amd comples
interrelationships. Thes also open up new avenoes of Twtare research in this comples
arei. For instance, the mechanisms determining the interrelitionships berween
amospheric carbon diokide levels and temperatures, vegetation patierns, isolopic
fractiomation (and thus radiocarbon ages and past climaies can now be subjected o new
seruliny, [1 as the Antarctic e cores (Morgan 1993) sugpest, there is a solid correlation
berween climate and carbon divxide level, and another between carbon dioside level and
respired dV'CL by way of favoured plam communines, how does this atfect uncalibrated
radivcarbon dates? And how moch influence could plam communities have on
stmospheric tempersure? These ore conlentious issues, and they are very weighty
indeed, 1 hape 1o have shown in this paper that carbonate speleothems, themselves such
enormoisly complex phenomena, are among those that can play a role in the fulure
investigation of such nportnt ssues - ssues thak are not only relevant o archaeologiss
amd fowck At student<, but 1o the human imderstanding of the macro-ecology of the global
cnvironment.
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