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The age of a "pure" calcite speleothem can be determined from the ratio of the 23°Th to 234U contents. The straightforward age 
determination is upset if thorium or uranium bearing detrital contaminants are present in the calcite. The importance and possibility 
of correcting for detrital contamination is discussed and examples given of the magnitude of the corrections for particular samples 
from the Petralona cave in North Greece. 

1. Introduction 

The precipi tat ion of calcium carbona te  from cave 
waters may be accompanied by the deposit ion of a 
small  propor t ion  of uran ium (say, up to 5 ppm) but  
should be free from thor ium [1]. Thus, if nei ther  uranium 
nor  thorium migrate into or out of the calcite deposit,  
the format ion of 23°Th (half-life 75200y)  by the decay 
of 234U (half-life 247000y)  can provide a measure of 
the age of the deposit.  This dat ing technique has had 
considerable appl icat ion [2]. The sample of travertine of 
interest  is processed chemically to extract the thor ium 
and  the uran ium contents  as thin deposits for a lpha 
part icle spectrometry to determine the activities of the 
relevant  isotopes. Many  travertines of interest contain  
detri tal  material  inseparable  from the calcite, so that  
when  the travert ine sample is processed chemically the 
detr i tus may cont r ibute  thor ium and  uranium. Some 
procedures  have been aclopted or proposed to deal with 
this con tamina t ion  [2]. The thor ium from the detritus 
will conta in  both 23°Th and  232Th and so the alpha 

particles from the latter can provide a measure of the 
23°Th cont r ibut ion  from the detritus if the 23°Th: 232Th 

rat io can be measured for the detrital material  [3]. If 
several samples from the same travert ine deposit  with 
different  degrees of detri tal  con tamina t ion  are available 
the 23°Th: 234U content  ratio may be plot ted against the 
232Th:234U content  rat io as a measure of detrital 
thor ium contaminat ion .  Extrapolat ion to zero 232Th 

content  can then provide the 23°Th: 234U ratio for the 
pure calcite [4]. Commonly  the calcium carbona te  is 
dissolved in nitric acid as the first step in the chemical 
processing and  any insoluble residue (due to detritus) is 
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discarded. It is dur ing this process that  thor ium and 
uran ium may be leached from the detritus and so possi- 
bly lead to an error in age determinat ion.  In the present 
work the detri tal  residue was dissolved in another  rea- 
gent and was also analysed for thor ium and uran ium 
content .  A correction was then applied on the assump- 
tion that  the ratio of thor ium to u ran ium leached from 
the detritus when dissolving the calcium carbona te  is 
the same as in the detrital  residue [5]. Thus a correction 
can be made when there is no reason to assume a 
c o m m o n  age for several samples and  so when an ex- 
t rapolat ion approach,  such as proposed by Schwarcz [2], 
is not  possible. Travert ine samples from the Petralona 
cave in Nor th  Greece were investigated. Ages corrected 
from the detrital  residue analysis are compared  with 
uncorrected ages and  with ages corrected by the simpler 
procedure  [3] of assuming that  only detrital  thor ium is 
significant. 

2. Experimental procedure 

The thor ium and  uran ium were chemically separated 
from the calcium carbonate  of the travertine sample 
along the lines used previously [1] with improvement  to 
the thor ium extraction efficiency as proposed by 
H a r m o n  [6]. The chemical  procedure is summarised in 
the flow diagram, fig. 1. The thor ium and uran ium 
extract ion efficiencies were taken into account  by spik- 
ing the calcium carbonate  solution with a weak 228Th 
and  232U solution of known composit ion.  Thin  deposits 
of thor ium and uranium were formed by evaporat ion on 
stainless steel discs. The yields of the different isoptopes 
were determined by alpha particle spectroscopy using a 
silicon surface barr ier  detector  of surface area 350 mm 2 
at a distance of 8 m m  from the sample and with an 
energy resolution of 47 keV fwhm. Typical a lpha par- 



508 Y. Liritzis, R.B. Galloway / Dating of cave travertines 

Travert ine 20-100g)  ] 

dissalvq in 2N HNO 3 

f i l ter  

add 2ml 228Th/ 232U soln. 
2ml FelOH) 3 soln. 

soln. Ca, Mg,Sr. FI,Mn,Tb,U 

Detr l ta l  residue 
for  separate  

Th,U extract ion 

] 
boil 

prec ip i ta te  Fe,Mn,Th,U 

dissolve in S0ml 9N1 HCI ] 
i .o,n , . . o  , .  0 t . - - - - - -  

a d d  200ml isopropyl  ether [ 

1 F e  bearing ether ] p h a s e  discard i a c i d - e t h e i  emulsion I 

l.,+d ,be ,. "oTh U ] 
J .  

elut lon 350ml 9N H C l ~ i ° n n o A  ~ 

I 
I eluate Th, metal ions 

evapora te  to dryness 1 
add 5ml $N HNO 3 

I s o l n .  Th . . . . .  I ions I 

evapo ra te  to dryness ada Sml 5N HNO 3 
S0ml methanol 

add 200ml conc. NH4(OH) 

repeat 3 times 

I 
I absorbate U,Fe i 

I elution 2SO ml 0.IN HCI 

t .o°t. 0 I 
evaporate to dryness 
dissolve in 2ml 0"1N HNO 3 

I soln. U a t p H l " 2  ] 

add drops 0.3N NH4(OH) soln. Th, metal ions I 

elutio~ HNO3,methanol 1:10 add 2rnl 0-25N TTA/benzene 

+ ° :  +.+.  , . +  . . . . . . . . .  +onl I "*+d " ' j  I eluate discord discord 

CI- form 
~ l  absorb ]-t e Th 1 

elut ion 30ml 0"IN HNO 3 I 

t . ,  . . . .  T , ]  
evaporate to dryness ] 

] dissolve in 2ml 0-1N HNO 3 

evaporate onto SS disc 

I 'purif i-d U on SS disc ] 
f lame 

1 2 repeat 
t s°n T"° P" + o ~  

a d a  2ml 0-25N TTA/benzene I 
1 

° . id p.os. I I~c+d rTAIb . . . . . . . . .  ,s 
discord 

I evc~orate onto SS disc I 

[ p u r i f i . d  Th on SSdisc ] .... 

f lame 

Fig. l. Flow diagram of the thor~:;m and uranium chemical extraction Frocedure. 

ticle energy spectra are shown in fig. 2. From such 
spectra, knowing the 228Th:232U activity ratio for the 
spike solution, the age t of a "pure"  calcium carbonate 
travertine can be determined from, 

230 Th 238 U 
(1 - e  x .... ) 

234 U 234 U 

)k230 ( 238U ) 
+ X2~o-X~+ 1 ~ 4 ~  [ 1 - e  -(~ .... ~ o " ] ,  

where 23°Th/234U and 238U/234U are the measured 

activity ratios and X230 and X234 are the decay constants 
for 23°Th and 234U alpha decay respectively. Such an 
analysis gives the uncorrected ages in table 1. Of course 
if the alpha particle energy spectra indicate the presence 
of 232Th then there is some detrital contamination and 
the possibility of error in the deduced age+ 

The first approach [3] to correcting for detrital 23°Th 
indicated by the presence of 232Th was to estimate the 
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Fig. 2. Typical alpha particle energy spectra. 

23°Th act ivi ty app rop r i a t e  to the da t ing  of  the calcite 
f rom,  

(  0Wh 1 
23°Th = 230Thob s ~ ~ ] i232Thobs e - x  ... .  , 

whe re  (23°Th/232Th)~ is the  act ivi ty ra t io  for the detr i-  

tus  w h e n  i n c o r p o r a t e d  in to  the t raver t ine  on  format ion .  
Because  of  the long half- l ife o f  232Th (1.48 × 101° y) the 
act ivi ty rat io (23°Th/232Th)i  is a s sumed  to be the same 

as in p resen t  day  det r i ta l  samples .  Ages  d e t e r m i n e d  in 
this way  are ident i f ied  as " ini t ia l  Th  only  co r rec t ion"  in 

table  1. H o w e v e r  this cor rec t ion  takes  accoun t  only  of  
23°Th p resen t  in the  de t r i tus  at the t ime of  fo rma t ion  of  
the  t raver t ine  and  no t  of  23°Th fo rmed  by the decay  of  
234U in the detr i tus .  

M o r e  i n fo rma t ion  on the  tho r ium and u ran ium con-  
ten t  o f  the detr i ta l  c o m p o n e n t  of  the t raver t ine  was 
sought  by analysis  o f  the ni tr ic  acid insoluble  res idue 
f r o m  the d i sso lu t ion  of  the  ca lc ium carbona te .  The  
res idue  was comple te ly  dissolved in a mix ture  of  HC104 
and  H F  acids  and  the tho r ium and  u ran ium ex t rac ted  as 
in fig. 1 for a lpha  par t ic le  spec t roscopy  to de t e rmine  the 
23°Th, 232Th, 234U and  23Su activit ies o f  the det r i ta l  

residue.  It was a s sumed  that  the rat io of  t ho r ium to 
u r an i um leached f rom the  de t r i tus  when  dissolving the 
ca lc ium c a r b o n a t e  is the  s ame  as in the detr i ta l  residue.  
It fol lows f rom this a s sumpt ion  that  the 23°Th, 234U and 
238U activit ies for use in da t ing  the  calcite are given by, 

230 Yh = 230 Th o - 232 Th o(23°yh d / 2 3 2  Th d ) '  

234 U = 234U o - 232 Wh o (234Ud / 232 T h  d ) ,  

238 U = 23815o _ 232 Th o (Z~8Ud/232 Th d ) ,  

whe re  the suffix "0"  refers  to the activit ies obse rved  
f rom disso lu t ion  of  the  calcite and the suffix " d "  to the 
activi t ies d e t e r m i n e d  f rom d isso lu t ion  of  the detr i ta l  
residue.  Ages  d e d u c e d  f rom such cor rec ted  activit ies are 
ident i f ied  in table  1 as " T h / U  cor rec t ion" .  

The  detr i ta l  mater ia l  in the t raver t ines  inves t iga ted  
was  p r e d o m i n a n t l y  clay. The  re levant  activit ies leached 
f rom a clay sample  by weak nitr ic  acid, as used to 

Table 1 
23°Th/234U disequilibrium ages of travertine deposits from the Petralona cave, Greece. 

Sample P-ARST P-1B P-4-1 P-15A P-12 top P-13 

Th p.p.m, a 0.18 0.53 0.19 0.14 0.91 0.73 
U p.p.m, a 0.24 0.72 0.53 0.68 0.75 2.70 
( 230 Th/234 U )obs 0.63 + 0.04 0.79 + 0.09 0.79 ± 0.05 0.87 --+ 0.08 0.95 ÷ 0.05 0.98 + 0.05 
(23°Th/234U) . . . .  0.49--+0.06 0.68 -+0.10 0.76+0.06 b 0.78+0.04 0.78±0.04 
( 234 U/238 U)ob s 1.2 + 0.1 1.3 ± 0.1 1.128 + 0.004 1.07 ± 0.03 1.27 + 0.05 1.32 ± 0.03 
(234U/238U)corr 1.8 ± 0.3 4.0 + 0.6 1.34-+. 0.06 b 1.17 + 0.05 1.66 + 0.16 
( 23O Th/232 Th)obs c 3.0 4.4 49.0 13.8 3.0 15.0 
Age (103 y) 
uncorrected 104 + 13 152 + 43 160 + 23 + so 250 + 5o * 6o - I I  32 -19 .213-46 3s 27040 
( 23O Th/232 Th)i d 1.25 1.25 2.08 1.25 1.44 1.6 
Age (103 y) 
initial Th only 
correction 73+- 1516 1 2 8 + 5 ~ 4 0 1 3 7  + 2 6 2 3 2 0 4  + 8 5 5 0 2 0 0  ~5540 260 +6040 
Age ( 103 y) 
T h / U  correction 75 + t 1 2 1 1 0 5  + 2]2s .140 + 2023 b 155 + 2016 150 +1s13 

Accuracy approximately ± 3%. 
b No detrital residue in this case. 

Accuracy approximately + 5%. 
d The initial thorium isotope ratio was taken to be equal to the value measured for relevant detritus. 
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Table 2 
The leaching of thorium and uranium from clay by weak nitric acid. 

23°Th 234U Th (p.p.m.) 
232T,4 23~U (accuracy + 50%) 

U (p.p.m.) Th 

From filtrate solution in weak nitric acid 1.5 + 0.2 0.8 ÷ 0.3 1.1 
From dissolution of the residue 1.6+0.2 1.0~:0.3 24.5 
From dissolution of all of a sample of the clay 1.6 ~ 0.3 1.2 =* 0.3 28.4 

0.3 3.5~0.2 
8.1 3.140.2 
8.8 3 .2t0 .2  

dissolve the calcium carbona te  were compared with the 
activities found in the nitric acid insoluble residue and 
in a sample of the original clay, as shown in table2 .  
Wi th in  the l imited accuracy of such measurements  the 
T h / U  ratios were the same in the leached, residue and  
total  samples, as were the 23°Th/232Th and 234U/23*U 

activity ratios. It is also encouraging in relation to the 
correct ion procedure  that  the amounts  of thor ium and 
u ran ium leached from the clay by the nitric acid were 
qui te  small. 

3. Discussion 

Inspect ion of table  1 shows the impor tance  of cor- 
recting for thor ium and uranium leached from detri tus 
for travert ine samples from the Petralona cave, the 
correct ions ranging from a few percent  to almost a 
factor  of two. Ku et al. [7] also dissolved the detri tal  
residue in H F  HC10 4 reagent,  analysed it for thor ium 
and  uran ium content  and devised a correction scheme 
on the assumpt ions  that  initially the calcium carbona te  
conta ins  negligible amounts  of 23°Th and 232Th or that  
it has a 23°Th: 232Th ratio similar to that  in the detritus, 
that  secular equi l ibr ium exists in the detri tus and that  in 
the acid leaching of the detri tus no  fract ionat ion of the 
thor ium isotopes occurs. Their  scheme differs from the 
present  one in that  preferential  leaching of thor ium or 
of uranium from the detri tus is allowed for and secular 
equi l ibr ium is assumed whereas the present  scheme as- 
sumes the thor ium and  uran ium to be leached from the 
detr i tus  in propor t ion  to their content  in the detri tus 
and  avoids the assumpt ion  of secular equilibrium. 
Schwarcz [2] has proposed a scheme which avoids either 
of these assumpt ions  about  the detrital  cont r ibut ion  of 
thor ium and uran ium but  which requires the analysis of 
the ca rbona te  and the detrital  residue from a number  of 
samples of t ravert ine of c o m m o n  age, each sample 
providing by chance a different degree of detrital con- 

taminat ion  so that  extrapolat ion to zero con tamina t ion  
is possible. 

Unfor tuna te ly  no independen t  check on the cor- 
rected ages in table 1 is available. Similar ages would 
not  be expected for most  of the samples since they came 
from different parts  of the cave and from different 
t ravert ine layers. However it is encouraging to note that  
samples P-4-1 and P-12 top bo th  came from the top 
layer of travert ine at posi t ions separated by about  5 m. 
Thei r  uncorrected ages are quite different while their 
corrected ages agree as might be expected for the same 
layer of travert ine deposit.  

An account,  including further  dat ing work, of the 
anthropological  and  archaeological significance of the 
Petra lona cave dates is in preparat ion.  
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